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BACKGROUND: A clear patency benefit of a drug-eluting stent (DES) over bare metal stents (BMSs) for treating peripheral
artery disease of the femoropopliteal segment has not been definitively demonstrated. The EMINENT study (Trial Comparing
Eluvia Versus Bare Metal Stent in Treatment of Superficial Femoral and/or Proximal Popliteal Artery) was designed to
evaluate the patency of the Eluvia DES (Boston Scientific, Marlborough, MA), a polymer-coated paclitaxel-eluting stent,
compared with BMSs for the treatment of femoropopliteal artery lesions.

METHODS: EMINENT is a prospective, randomized, controlled, multicenter European study with blinded participants
and outcome assessment. Patients with symptomatic peripheral artery disease (Rutherford category 2, 3, or 4) of
the native superficial femoral artery or proximal popliteal artery with stenosis 270%, vessel diameter of 4 to 6 mm,
and total lesion length of 30 to 210 mm were randomly assigned 2:1 to treatment with DES or BMS. The primary
effectiveness outcome was primary patency at 12 months, defined as independent core laboratory—assessed duplex
ultrasound peak systolic velocity ratio <2.4 in the absence of clinically driven target lesion revascularization or
surgical bypass of the target lesion. Primary sustained clinical improvement was a secondary outcome defined as
a decrease in Rutherford classification of >1 categories compared with baseline without a repeat target lesion
revascularization. Health-related quality of life and walking function were assessed.

RESULTS: A total of 775 patients were randomly assigned to treatment with DES (n=508) or commercially available BMSs
(n=267). Baseline clinical, demographic, and lesion characteristics were similar between the study groups. Mean lesion
length was 75.6+£50.3 and 72.2+47.0 mm in the DES and BMS groups, respectively. The 12-month incidence of primary
patency for DES treatment (83.2% [337 of 405]) was significantly greater than for BMS (74.3% [165 of 222]; ”<0.01).
Incidence of primary sustained clinical improvement was greater among patients treated with the DES than among those
who received a BMS (83.0% versus 76.6%; P=0.045). The health-related quality of life dimensions of mobility and pain/
discomfort improved for the majority of patients in both groups (for 66.4% and 53.6% of DES-treated and for 64.2% and
58.1% of BMS-treated patients, respectively) but did not differ significantly. At 12 months, no statistical difference was
observed in all-cause mortality between patients treated with the DES or BMS (2.7% [13 of 474] versus 1.1% [3 of 263];
relative risk, 2.4 [95% Cl, 0.69-8.36]; ~=0.15).

Correspondence to: Yann Gouéffic, MD, PhD, Groupe Hospitalier Paris St. Joseph, Department of Vascular and Endovascular Surgery, 185 Rue Raymond Losserand,
Paris, 75014-France. Email ygoueffic@ghpsj.fr

Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.122.069606.

For Sources of Funding and Disclosures, see page 1574—1575.

© 2022 The Authors. Circulation is published on behalf of the American Heart Association, Inc,, by Wolters Kluwer Health, Inc. This is an open access article under the
terms of the Creative Commons Attribution Non-Commercial License, which permits use, distribution, and reproduction in any medium, provided that the original work
is properly cited and is not used for commercial purposes.

Circulation is available at www.ahajournals.org/journal/circ

1664 November 22, 2022 Circulation. 2022;146:15664-1576. DOI: 10.1161/CIRCULATIONAHA.122.059606


mailto:ygoueffic@ghpsj.fr

€20z ‘. Areniged uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Gouéffic et al

Primary Results of the EMINENT Randomized Trial

CONCLUSIONS: By demonstrating superior 1-year primary patency, the results of the EMINENT randomized study support the
benefit of using a polymer-based paclitaxel-eluting stent as a first-line stent-based intervention for patients with symptomatic

peripheral artery disease attributable to femoropopliteal lesions.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT02921230.
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Editorial, see p 1577

Clinical Perspective

What Is New?

* With 775 patients, EMINENT (Trial Comparing Elu-
via Versus Bare Metal Stent in Treatment of Super-
ficial Femoral and/or Proximal Popliteal Artery) is
the largest randomized trial of drug-eluting stent
treatment for symptomatic femoropopliteal arterial
disease to report patency results to date.

* Primary effectiveness analysis from the EMINENT
randomized study demonstrated superior 1-year
primary patency for the paclitaxel-eluting poly-
mer-based Eluvia drug-eluting stent versus bare
metal stents (83.2% versus 74.3%; P<0.01), and
drug-eluting stent treatment was associated with
a greater incidence of Rutherford classification
improvement without the need for reintervention.
Functional parameters demonstrated improve-
ments in both groups.

* No statistical difference was observed in 1-year mor-
tality between patients treated with the paclitaxel-
eluting stent and those treated with bare metal stents.

What Are the Clinical Implications?

» High-level evidence supports the 1-year benefit of
polymer-based paclitaxel elution over bare metal
stents to treat superficial femoral artery or proximal
popliteal artery lesions.

transluminal angioplasty and stent implantation
are common methods for the treatment of symp-
tomatic femoropopliteal artery disease in cases in which
lifestyle modification, exercise, and pharmacological risk
factor management yield an inadequate response.'?
Randomized controlled trials have shown the benefit of
paclitaxel-based devices in decreasing the need for repeat
procedures, but the majority used percutaneous trans-
luminal angioplasty with an uncoated (ie, plain, not drug
coated) balloon as the control group,®® which is currently
not considered the standard of care for most femoropop-
liteal artery lesions. Bare metal stent (BMS) implantation,
however, remains a routine treatment for femoropopliteal
artery lesions because the patency benefit of drug-eluting
stents (DESs) over BMSs has not yet been definitively

Endovascular therapies such as percutaneous
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Nonstandard Abbreviations and Acronyms

BATTLE Bare Metal Stent vs. Paclitaxel Eluting
Stent in the Setting of Primary Stenting
of Intermediate-Length Femoropopliteal
Lesions

BMS bare metal stent

CD-TLR clinically driven target lesion

revascularization

COVID-19 coronavirus disease 2019

DES drug-eluting stent

EMINENT Trial Comparing Eluvia Versus Bare
Metal Stent in Treatment of Superficial
Femoral and/or Proximal Popliteal Artery

EQ-5D-5L EuroQol 5-dimension 5-level questionnaire

IMPERIAL ELUVIA™ Drug-eluting Stent Versus
Zilver® PTX® Stent

MAE major adverse event
SFA superficial femoral artery
TLR target lesion revascularization

shown. Two prior randomized have studies contributed to
the evidence addressing this question, but 1 study did not
show a significant reduction of in-stent restenosis for a
polymer-free paclitaxel-coated stent versus a BMS? and
the other addressed the question with a secondary ran-
domization in the provisional stenting setting.®

Clinical evidence for the Eluvia DES (Boston Scien-
tific, Marlborough, MA), a polymer-based paclitaxel-elut-
ing stent, does not currently address how performance
compares with BMSs; therefore, the objective of the
EMINENT study (Trial Comparing Eluvia Versus Bare
Metal Stent in Treatment of Superficial Femoral and/or
Proximal Popliteal Artery) was to confirm the superior
effectiveness of the Eluvia DES compared with BMSs
for treating superficial femoral artery (SFA) or proximal
popliteal artery lesions up to 210 mm in length.

METHOD
Study Design

EMINENT is a prospective, randomized, multicenter,
international study with blinded patients and outcome
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assessment. Patients were randomly assigned 2:1 to treat-
ment with the Eluvia DES or BMS. Trial personnel are listed
in Tables S1 and S2).

Approval from the site-applicable Ethics Committee was
required before patient enroliment (Table S1). Written informed
consent was required from eligible patients before administra-
tion of any study-specific procedure. The study was performed in
accordance with International Organization for Standardization
14155:2011(E) and principles of the Declaration of Helsinki.
EMINENT was registered at ClinicalTrials.gov (URL: http://
www.clinicaltrials.gov. Unique identifier: NCT02921230).

The first author had full access to all the data in the study
and takes responsibility for its integrity and the data analysis.
The data and study protocol for this clinical trial might be made
available to other researchers in accordance with the Boston
Scientific Data Sharing Policy, available online.”

Study Population

Complete eligibility criteria for the EMINENT study are included
in the Supplemental Methods and briefly summarized here.
All inclusion criteria were required to be met. These included
the following: presentation with Rutherford category 2, 3, or 4
symptomatology; lesions in the native SFA or proximal popliteal
artery with stenosis >70% by visual angiographic assessment;
vessel diameter of 4 to 6 mm; and total lesion length of 30
to 210 mm. Presence of any of the exclusion criteria justified
exclusion. These criteria included dialysis treatment; target
lesion or vessel previously treated with a drug-coated balloon
within the prior 12 months or previously stented; prior SFA or
proximal popliteal artery surgery in the target limb; heavy calci-
fication; and intraprocedural use of atherectomy, laser, or other
debulking devices.

Study Devices

The interventional device was the Eluvia DES, a self-expand-
ing nitinol stent coated with a fluorinated polymer and pacli-
taxel at a dose density of 0.167 ug/mm? stent surface area.
When patient enrollment began in October 2016, the DES
system was available in lengths between 40 and 150 mm.
In accordance with the Instructions for Use, 140-mm maxi-
mum lesion length was allowed. In November 2017, Boston
Scientific initiated a voluntary removal of the 150-mm length
from the market as a result of elevated complaint rates for
partial stent deployment, although no deployment issues were
reported in EMINENT. The 120-mm length was then the lon-
gest DES available through the study enroliment duration; the
maximum lesion length was extended to 210 mm, and over-
lapping stents were permitted.

Control devices were BMSs, specifically self-expanding
bare nitinol stents commercially available in Europe that
were indicated for improving luminal diameter for the treat-
ment of de novo or restenotic symptomatic lesions in native
vascular disease of above-the-knee femoropopliteal arteries.
Permitted stents were Complete SE Vascular Stent (Medtronic,
Minneapolis, MN), Everflex Peripheral Self-Expanding Stent
(Covidien/Medtronic, Minneapolis, MN), Innova Vascular Self-
Expanding Stent (Boston Scientific, Marlborough, MA, US),
Lifestent Vascular Stent (BD, Franklin Lakes, NJ), Misago
Self-Expanding Peripheral Stent (Terumo, Tokyo, Japan),
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Pulsar-18 (Biotronik, Lake Oswego, OR), SMAART. Flex
Vascular Stent and SMAR.T. CONTROL Vascular Stent
(Cordis, Santa Clara, CA), and Supera Stent (Abbott, Abbott
Park, IL). Stent selection among permitted BMSs was at the
discretion of the treating investigator.

Procedures and Follow-Up

Investigators were expected to follow standard practices to
manage cardiovascular risk factors and comorbidities for each
patient. Anticoagulant therapy consistent with guidelines and
hospital standards was used during stenting procedures.

lliac artery lesions were allowed to be treated during the
index procedure before target lesion treatment, provided that
non—drug-eluting commercially available devices were used,
the treatment resulted in residual stenosis <30%, and no clini-
cal events such as embolization or perforation occurred.

Lower-extremity angiographic assessment was performed
with standard techniques based on core laboratory guidelines.
All angiographic images from the index procedure, as well as
those obtained during any target vessel reinterventions, were
provided to the angiographic core laboratory (coreLab Black
Forest GmbH, Bad Krozingen, Germany).

Patients who met all inclusion and exclusion criteria, includ-
ing angiographic eligibility criteria, were considered eligible to
be randomized. Randomization to either the DES test device
or BMS control device group occurred after the target lesion
was successfully crossed with a guide wire. Randomization
was stratified by study site and lesion length. For each site, a
computer-generated list of random treatment allocations using
random permuted blocks of various sizes within each stratum
was used to assign subjects to treatments in a 2:1 ratio by
lesion length (ie, <110 mm versus >110 mm).

Patients in both the DES and BMS groups were treated
with 1 or 2 stents sized to adequately cover the target lesion.
Sizing and procedural device use were according to the DES
Instructions for Use for patients assigned to the DES group
and according to the respective BMS Instructions for Use
for the appropriate control stent for patients assigned to the
BMS group.

Target lesions could include >2 tandem lesions, provided
that the entire tandem lesion segment was <210 mm and could
be covered with 1 single stent or 2 overlapping stents accord-
ing to the Instructions for Use for each device. Occlusions
necessitating reentry device use were required to be <180 mm
to allow the target lesion and reentry area to be covered with
1 or 2 stents. Vessel preparation including predilatation with
optimally sized (ie, nominal artery size) balloons was recom-
mended. Postdilatation was performed at the investigator's dis-
cretion to ensure full stent contact with the arterial wall. Only
balloons without drug coating were to be used for predilata-
tion and postdilatation. Peristent dissections could be treated
with low-pressure prolonged balloon inflation or with additional
study stent implantation per standard practice. If an additional
stent was required, it was to be of the same type used to treat
the target lesion.

Antiplatelet medication prescription after the procedure
was consistent with current local clinical practice and the
Instructions for Use for each device. European guidelines’ rec-
ommend dual antiplatelet therapy for at least 1 month after
stent implantation, regardless of BMS or DES type. Per the
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Instructions for Use, dual antiplatelet therapy after DES implan-
tation is required for a minimum of 60 days.

To screen for the hypoechogenic halo ultrasound phenom-
enon which has been reported in prior DES studies®'° sys-
tematic B-mode transverse plane duplex ultrasound imaging
optimized to identify this phenomenon with blinded core labo-
ratory adjudication was implemented during the 1-year follow-
up beginning in May 2019 (ie, after the 1-year follow-up was
already underway). The ultrasound core laboratory identified
hypoechogenic halo as an echolucent layer with regular well-
defined borders seen adjacent to/surrounding the stented seg-
ment of artery in a transverse view with no detectable flow.

Calcification grade definitions applied by the angiographic
core laboratory were as follows: mild (any readily apparent
densities noted within the vascular wall at the site of stenosis),
moderate (radiopacities on 1 side of the arterial wall or both
sides but <1 cm of length before contrast injection or digital
subtraction angiography), and severe (radiopacities noted on
both sides of the arterial wall and extending >1 cm of length
before contrast injection or digital subtraction angiography).

Study staff were trained to maintain patient blinding to
treatment assignment through completion of all primary out-
come (12-month follow-up) visits, and site personnel conduct-
ing clinical follow-up assessments were blinded to treatment
assignment whenever possible. Core laboratory personnel
and the Clinical Events Committee were blinded to treatment
assignment.

Clinical follow-up visits were scheduled at 1 month (if stan-
dard of care), 6 months, and 12 months (primary outcome)
after the index procedure and will also occur at 24 and 36
months. In addition to duplex ultrasound imaging for patency
assessment, follow-up visits included assessments of clinical
and hemodynamic improvement, walking function (Walking
Impairment Questionnaire), and health-related quality of life
(EuroQol 5-dimension 5-level questionnaire [EQ-5D-5L]).
The 6-minute hall walk was performed at baseline and the
12-month follow up. Long-term collection of vital status, major
adverse events (MAEs), and adverse device effects will occur
by telephone calls, medical chart review, or public record review
at 48 and 60 months.

Outcome Definitions

The primary effectiveness outcome was primary patency at 12
months, defined as duplex ultrasound peak systolic velocity
ratio <2.4 at the 12-month visit (36530 days), as assessed by
the independent ultrasound core laboratory (VasCore, Boston,
MA), in the absence of clinically driven target lesion revascular-
ization (CD-TLR) or target lesion bypass. CD-TLR was defined
as any reintervention within 5 mm proximal or distal to the origi-
nal treatment segment for >60% angiographic diameter steno-
sis, in the presence of recurrent symptoms (ie, >1 increase in
Rutherford class) or associated with ankle-brachial index/toe
brachial index decrease of >20% or >0.15 versus baseline in
the treated segment.

Secondary outcomes included primary sustained clini-
cal improvement, defined as an improvement (decrease) in
Rutherford classification by >1 categories compared with base-
line without the need for repeat target lesion revascularization
(TLR). Hemodynamic improvement was defined as an increase
in ankle-brachial index to >0.90 or by >0.10 compared with
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before the procedure without the need for repeat TLR. The
changes in Walking Impairment Questionnaire, EQ-5D-5L, and
6-minute hall walk measures from baseline to 12 months were
considered secondary outcomes. The EQ-BD-5L health-related
quality of life index maximum value of 1 represents full health."!

The MAE incidence was considered an additional out-
come. MAEs were assessed in the as-treated data set and
were defined as all-cause death, target limb major (ie, ankle
level or above) amputation, and TLR. The independent Clinical
Events Committee reviewed all deaths, TLR/target vessel
revascularization, target limb amputations, and stent thrombo-
sis as reported by site investigators, and adjudicated MAEs and
causes of death, which were categorized as cardiac, vascular,
or noncardiovascular.

Statistical Analysis

The overall sample size was driven by the primary outcome
(effectiveness). To preserve adequate statistical testing power
(ie, 85% power), at least 630 evaluable patients were deter-
mined to be required at 12 months on the basis of the follow-
ing assumptions: 12-month primary patency of 85% for the
DES group and 756% for the BMS group (based on clinical
literature), using the ¥ test at 1-sided test significance level
(o) of 2.5%, 2 test method, and 2-to-1 sample allocation (test
versus control). Enrollment of 750 was targeted to account
for 16% attrition rate.

The primary effectiveness hypothesis was that the 12-month
primary patency in the DES group was superior to that of the
BMS group at a 1-sided significance level of 2.5%. If 12-month
primary patency was greater for DES than for BMS and y? test
<0.05, then DES would be considered superior to BMS. The
95% Cls of the risk difference using the Wald method are also
presented. The intention-to-treat population was the primary
analysis set for the primary outcome. Patients with available
diagnostic duplex ultrasound images were included for the
analysis; those with missing duplex ultrasound data within the
12-month window were imputed as patent if a later duplex
ultrasound assessment demonstrated patency, provided that
they did not experience a CD-TLR before that assessment.

The Kaplan-Meier product-limit method was also used
to estimate the proportion of patients with patent vessels
through 1 year. The Kaplan-Meier curve for primary patency
is based on duplex ultrasound measurement with core labora-
tory—determined peak systolic velocity ratio >2.4 (or a stent
segment with reported restenosis >b60% if duplex ultrasound
is missing) at the 12-month clinical assessment or occur-
rence of CD-TLR or bypass at any time. Patients without any
of these events were censored on their last study visit date or
at the visit window upper limit (ie, day 396 for the 12-month
visit). The time to event was compared between treatment
groups with a log-rank test.

No formal hypothesis tests were planned for secondary or
additional outcomes. Pvalues for comparisons of secondary or
additional outcomes within or between treatment groups (eg,
t tests for continuous variables, y? test or Fisher exact test for
categorical variables if assumptions for y? were not met) were
performed for exploratory purposes, and no adjustments for
multiple comparisons were used. EQ-5D-5L index values were
based on the US model."" Statistical analyses were performed
with SAS (SAS Institute Inc, Cary, NC) version 9.4 or higher.
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RESULTS

Trial Conduct

Between October 2016 and March 2020, 775 patients
from 58 sites in 10 European countries (Austria, Bel-
gium, France, Germany, Ireland, Italy, Spain, Switzerland,
The Netherlands, the United Kingdom) were enrolled and
randomly assigned to treatment with the DES (n=508)
or a BMS (n=267). A total of 453 patients in the DES
group and 249 patients in the BMS group completed
12-month follow-up visits (Figure 1).

Patient and Procedural Characteristics

Baseline patient and lesion characteristics did not dif-
fer between the study groups (Table 1). The majority of
study patients were male (70.1%) and White (86.2%).
Mean lesion length was 75.6 mm for DES and 72.2 mm
for BMS. The proportions of patients with occlusions did
not differ between groups, with 42.3% of patients in the
DES group and 39.9% of those in the BMS group af-
fected. Approximately half of patients in both groups had
moderate to severe calcification.

As shown in Table 2, both predilatation and postdila-
tation were routinely performed. A total of seventeen
150-mm-long DESs were implanted in EMINENT patients
before market removal, accounting for <3% of all DESs
implanted for the study. The proportions of patients treated
with 1 or 2 stents were similar between groups (Table 2).
The most used stent diameter in both study groups was 6
mm. Implanted stent sizes are shown in Table S3.

Primary Outcome

As shown in Table 3, the DES demonstrated superior
12-month primary patency compared with BMSs. Re-
sults from the per-protocol analysis were consistent with
the intention-to-treat analysis (F<0.01). Sensitivity anal-
yses showed that the conclusion was not affected by du-
plex ultrasound data imputation (Table S4). These binary
observed results were also consistent with the Kaplan-
Meier estimates that showed improved maintenance of

N=775
Randomly assigned
I
¥ ¥

N=508 N=267
Eluvia DES BMS
l,| 20 withdrew l,| 8 withdrew
. 12 died il 3 died

249 clinical visit at 12 months
7 missed visit/no data/out of
window

453 clinical visit at 12 months
23 missed visit/no data/out of
window

Figure 1. Patient enroliment and flow.

Deaths include those occurring up to <395 days with no 12-month
clinical follow-up performed. One patient completed the 12-month
visit and died before 395 days. BMS indicates bare metal stent; and
DES, drug-eluting stent.
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primary patency through 1 year for patients treated with
DES, with a log-rank value of A<0.01 (Figure S1).

Safety

MAE-free incidences were not statistically different be-
tween groups through 12 months (88.2% [418 of 474]
versus 88.2% [232 of 263]; P=0.99); the MAE and
component incidences are shown in Table 3. The MAE
definition included all TLRs. For 2 patients in the DES
group, TLRs did not meet the criteria for clinically driven;
thus the CD-TLR incidence was 8.4% (40 of 474) ver-
sus 10.6% (28 of 263; P=0.32). Neither of the non—-CD-
TLRs were for restenosis within the borders of the study
stent. In the first case, the patient had a pseudoaneu-
rysm in the distal SFA/proximal popliteal artery where
the study stents were implanted that resolved with cov-
ered stent placement; the patient had no claudication
symptoms, and no areas of restenosis were seen within
the target lesion. The second patient had stenosis out-
side the study stent borders both proximally and distally;
the patient underwent angioplasty proximal to and an-
gioplasty plus stent placement distal to the study stent.
One patient in the DES group underwent major ampu-
tation (below the knee). The patient was a 76-year-old
man with severe dilated cardiomyopathy. The inclusion
assessment at baseline was Rutherford category 4; how-
ever, the patient was admitted to the hospital 17 days
after the index procedure for wound debridement on the
heel of the index limb. The stented segment in the SFA/
proximal popliteal artery was patent on duplex ultrasound
examination, but the posterior tibial artery was occluded.
The patient underwent additional debridement 11 days
after the previous procedure with further evolution of the
wound and exposure of the calcaneus and poor granu-
lating tissue. At this point, the treating physician recom-
mended a below-the-knee amputation.

No statistical difference was observed in all-cause mor-
tality incidence between patients treated with the paclitaxel-
eluting stent and those treated with BMSs (Table 3). The
relative risk of death was 2.4 (95% Cl, 0.69-8.36). For the
DES and BMS groups, the mortality incidences in each
category adjudicated by the Clinical Events Committee
were 1.1% (5 of 474) versus 0.8% (2 of 263) for cardiac
(FP=1.00), 0.6% (3 of 474) versus 0% for vascular (F=0.56),
and 1.1% (5 of 474) versus 0.4% (1 of 263) for noncar-
diovascular (P=0.43), respectively. In the noncardiovascular
category, the b site-reported causes of death in the DES
group were 2 malignancies (preexisting) and 3 infection/
sepsis. These are unrelated to paclitaxel exposure.

Hypoechogenic Halo Assessment by Duplex
Ultrasound

The transverse plane B-mode duplex ultrasound imag-
ing protocol was performed on 419 patients (54% of
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Table 1. Baseline Demographic, Clinical, and Lesion
Characteristics of Patients Enrolled in EMINENT

Drug-eluting Bare metal
Variable stent (n=508) stents (n=267)
Age, y 68.948.7 68.949.1

Female, % (n/N)

28.5 (145/508)

32.6 (87/267)

Race/ethnicity, % (n/N)

White 85.4 (434/508) 87.6 (234/267)
American Indian or Alaska Native | 0.2 (1/508) 0.0 (0/267)
Black of African heritage 0.2 (1/508) 0.7 (2/267)
Hispanic or Latino 0.2 (1/508) 0.4 (1/267)
Asian 0.0 (0/508) 0.4 (1/267)
Native Hawaiian or other Pacific | 0.0 (0/508) 0.0 (0/267)
Islander

Other 3.1 (16/508) 3.0 (8/267)

Not disclosed

10.8 (55/508)

7.9 (21/267)

Smoking history, % (n/N)

Current 36.0 (183/508) 36.0 (96/267)
Never 17.9 (91/508) 16.5 (44/267)
Previous 39.6 (201/508) | 41.6 (111/267)
Unknown 6.5 (33/508) 6.0 (16/267)

Medically-treated diabetes, % (n/N)

31.9 (162/508)

32.6 (87/267)

Hyperlipidemia, % (n/N)

67.1 (341/508)

68.2 (182/267)

Hypertension, % (n/N)

78.1 (397/508)

76.0 (203/267)

Chronic obstructive pulmonary dis-
ease, % (n/N)

12.8 (65/508)

12.4 (33/267)

Coronary artery disease, % (n/N)

31.3 (159/508)

36.0 (96/267)

History of myocardial infarction,
% (n/N)

14.8 (75/508)

15.4 (41/267)

History of congestive heart failure,
% (n/N)

6.9 (356/508)

4.9 (13/267)

History of renal insufficiency, %
(n/N)

11.6 (59/508)

8.2 (22/267)

Rutherford class, % (n/N)

1 0.2 (1/507) 0.0 (0/267)

2 29.6 (150/507) | 35.2 (94/267)

3 66.3 (336/507) | 62.2 (166/267)

4 3.6 (18/507) 2.6 (7/267)

5 0.4 (2/507) 0.0 (0/267)
Ankle brachial index 0.7+0.2 0.7£0.2
Lesion characteristics*

Arterial segments, % (n/N)

Ostial 0.4 (2/472) 0.4 (1/253)

Proximal superficial femoral
artery

7.6 (36/472)

7.5 (19/253)

Mid superficial femoral artery

50.0 (236/472)

49.8 (126/253)

Distal superficial femoral artery

71.4 (337/472)

70.4 (178/253)

Proximal popliteal

18.0 (85/472)

19.4 (49/253)

Circulation. 2022;146:1564-1576. DOI: 10.1161/CIRCULATIONAHA.122.059606

Reference vessel diameter, mm 5.1£0.6 5.0£0.6
Percent diameter stenosis, % 86.6+15.2 85.5+15.3
(Continued)
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Table 1. Continued

Drug-eluting Bare metal
Variable stent (n=508) stents (n=267)
Occlusion (100% stenosis), % 42.3 (195/461) | 39.9 (101/253)
(n/N)
Target lesion length, mm 75.6+50.3 72.2+47.0
Stented length, mm 105.8+48.4 109.2+49.8
Calcification, % (n/N)t
None 13.0 (62/476) 12.2 (31/254)
Mild 31.1 (148/476) | 28.3 (72/254)
Moderate 21.6 (103/476) | 26.0 (66/254)
Severe 30.3 (144/476) 31.1 (79/254)
Unknown 4.0 (19/476) 2.4 (6/254)

Patency to foot, % (n/N)

No infrapopliteal vessels 7.1 (34/476) 6.3 (16/254)

Anterior tibial artery 44.7 (213/476) 43.7 (111/254)

Posterior tibial artery 44.3 (211/476) 41.7 (106/254)

Peroneal artery 49.8 (237/476) 49.2 (125/254)

Data are shown as meantSD when appropriate.

EMINENT indicates Trial Comparing Eluvia Versus Bare Metal Stent in Treat-
ment of Superficial Femoral and/or Proximal Popliteal Artery.

*Angiographic core laboratory.

tCalcification grading: mild (any readily apparent densities noted within the
vascular wall at the site of stenosis), moderate (radiopacities on 1 side of the
arterial wall or both sides but <1 cm of length before contrast injection or digi-
tal subtraction angiography), severe (radiopacities noted on both sides of the
arterial wall and extending >1 cm of length before contrast injection or digital
subtraction angiography).

enrolled patients), and 182 had transverse plane images
that were of diagnostic quality for the core laboratory.
Representative examples of the halo imaging phenom-
enon are shown in Figure 2. With this systematic screen-
ing, hypoechogenic halo was observed in both study
arms with no statistical difference in frequency (26.1%
[30 of 115] for DES versus 17.9% [12 of 67] for BMS;
P=0.21). Halo imaging characteristics were not indica-
tive of aneurysm, and hypoechogenic halo presence was
not associated with any symptoms, increased TLR inci-
dence, or other clinical sequelae in either study group.

Clinical Outcomes

Hemodynamic improvement (ie, ankle-brachial index
increase to 20.90 or by >0.10 compared with before
the procedure, without the need for repeat TLR) was
observed among 79.0% (331 of 419) and 76.8% (179
of 233) of patients in each treatment group, respec-
tively (P=0.52).

Mean baseline EQ-5D-5L index values were
0.7%0.1 for patients in both the DES and BMS groups,
improving to 0.9x£0.2 for patients in the DES group
and 0.9%0.1 for patients in the BMS group at 12
months. The majority of patients reported improvement
in the dimensions of mobility and pain/discomfort, as
shown in Table 4. No between-group differences in the
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Table 2. Study Stents

Variable

Drug-eluting stent
(n=508)

Bare metal
stents (n=267)

Predilatation performed*

86.8 (440/507)

82.3 (219/266)

Postdeployment dilatation®

93.5 (474/507)

90.2 (240/266)

Study stentst 583 294
Innova vascular stent NA 22.4 (66/294)
Supera stent NA 17.3 (51/294)
Lifestent vascular stent NA 16.0 (47/294)

Everflex peripheral self-expand- | NA 15.6 (46/294)

ing stent

S.M.A.R.T. Flex vascular stent NA 6.8 (20/294)

S.M.A.R.T. Control vascular NA 5.8 (17/294)
stent

Pulsar-18 NA 4.8 (14/294)
Complete SE Vascular Stent NA 4.1 (12/294)
Misago peripheral stent NA 0.0 (0/294)
Other NA 7.1 (21/294)

No. of stents

1 79.7 (392/492) 78.4 (214/273)
2 18.1 (89/492) 16.8 (46/273)
>2 2.2 (11/492) 4.8 (13/273)

Value are % (n/N). NA indicates not applicable.
*Site-reported.
tAs-treated.

proportions of patients with improved dimensions were
observed. Both Walking Impairment Questionnaire
and 6-minute Walk Test walking function measures
improved from baseline to 12 months for both groups,
as shown in Tables b and 6.

The Rutherford category distribution shifted down-
ward (improved) after treatment, with 84.1% (371 of
441) of patients in the DES group and 77.5% (189 of
244) of those in the BMS group presenting as category
0 or 1 at 12 months (Figure 3A). As shown in Figure 3B,
incidence of Rutherford classification improvement with-
out TLR (ie, primary sustained clinical improvement) did
not differ statistically between study groups at 6 months,
but improvement occurred more frequently at 12 months
among patients treated with a DES than among those

Table 3. The 12-Month Efficacy and Safety

Primary Results of the EMINENT Randomized Trial

who received a BMS (83.0% versus 76.6%, P=0.045;
relative risk, 1.08 [95% CI, 1.00-1.17]).

Antiplatelet Medications

Antiplatelet therapy was reported by all patients at 12
months with acetylsalicylic acid the most common, re-
ported for 80.0% (335 of 419) and 82.8% (192 of
232) of the DES group and BMS group, respectively, at
12 months (P=0.38). Clopidogrel, which is recommend-
ed as a first-line treatment in European guidelines,’ was
reported for 48.2% (202 of 419) and 43.5% (101 of
239), respectively, at 12 months (F=0.25). Dual anti-
platelet therapy was reported by 85.7% (397 of 463)
and 85.0% (216 of 254) at 1 month (A=0.80) and
38.4% (1610f 419) and 35.3% (82 of 232), respec-
tively, at 12 months (P=0.44).

DISCUSSION

EMINENT is the largest randomized trial of DES treat-
ment for symptomatic artery disease in the femoropop-
liteal artery circulation to report efficacy outcomes to
date. This prospective randomized controlled trial pro-
vides quality evidence in a powered primary analysis to
show that polymer-based DES treatment yielded supe-
rior 1-year primary patency compared with BMS. DES
treatment was also associated with a clinical benefit
without the need for reintervention. One-year mortality
incidences were not statistically different between the
paclitaxel-treated and BMS groups, and the hypoecho-
genic halo imaging finding was observed in both study
arms with no statistical difference in frequency or appar-
ent effect on safety.

EMINENT adds to the body of clinical evidence for
polymer-based DES efficacy relative to other contem-
porary endovascular options. EMINENT met its primary
outcome of 12-month primary patency, yielding robust
conclusions across the primary intention-to-treat analy-
sis, as well as the per-protocol and Kaplan-Meier analy-
ses and sensitivity analyses for imputation. EMINENT
results add to the consistently high 1-year incidence of

Drug-eluting stent Bare metal stents
(n=508), % (n/N) (n=267), % (n/N) Difference (95% CI), % | Pvalue
Primary patency* 83.2 (337/405) 74.3 (165/222) 8.9 (2.1t0 15.7) <0.01
Major adverse eventt 11.8 (56/474) 11.8 (31/263) 0.0 (—4.8 to 4.9) 0.99
All-cause death 2.7 (13/474) 1.1 (3/263) 1.6 (—0.3 to 3.6) 0.15
Target limb major amputation 0.2 (1/474) 0.0 (0/263) 0.2 (0.2 to 0.6) >0.99
Target lesion revascularization 8.9 (42/474) 10.6 (28/263) —1.8 (—6.3 t0 2.7) 0.43

*Intention-to-treat data set. Defined as peak systolic velocity ratio <2.4 at the 12-month visit in the absence of clinically driven target lesion

revascularization or bypass of the target lesion.

tAs-treated data set. Includes events occurring through the upper limit of the visit window (day 395); patients with an event or who
reached the lower limit for the visit window (day 335) are included in the denominator.
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Figure 2. Hypoechogenic halo.

B-mode, transverse plane duplex ultrasound images obtained at the 12-month visit showing hypoechogenic halo in vessels treated with drug-

eluting stent (DES) or bare metal stent (BMS).

primary patency the polymer-based DES has demon-
strated across clinical studies.'?™'*

The prior BATTLE trial (Bare Metal Stent vs. Pacli-
taxel Eluting Stent in the Setting of Primary Stenting
of Intermediate-Length Femoropopliteal Lesions)®
and Zilver PTX randomized trial® provide context for
EMINENT results but with important caveats. In a pri-
mary analysis from the randomized BATTLE trial® the
paclitaxel-coated polymer-free stent failed to show
a significant in-stent restenosis reduction at 1 year
compared with a BMS. The Zilver PTX randomized
trial® compared the paclitaxel-coated polymer-free
stent with percutaneous transluminal angioplasty with
an uncoated balloon in the primary randomization and
with BMS in a secondary randomization for provisional
stenting. The paclitaxel-coated stent showed a signifi-
cant and sustained primary patency versus percutane-
ous transluminal angioplasty with an uncoated balloon
and greater 1-year primary patency versus BMS in the
provisional setting, but the study was not designed to

Table 4. EQ-5D-5L Improvement at 12 Months

conclusively compare groups in this secondary ran-
domization arm.

In the IMPERIAL randomized study (ELUVIA™ Drug-
eluting Stent Versus Zilver® PTX® Stent), the durable
polymer-coated Eluvia DES showed a superior incidence
of primary patency at 1 year versus the paclitaxel-coated
polymer-free stent.'? The DES platform, the coating com-
position, and the amount of drug loaded on the stent dif-
fer from that of the paclitaxel-coated polymer-free stent.
A lower drug concentration is loaded on the Eluvia DES
(0.167 pg versus 3 ug paclitaxel per 1 mm? stent surface
area); the polymer coating controls its sustained release
over time,'® whereas the polymer-free Zilver PTX delivers
most of its drug within a short time frame.'®

Although comparisons across studies are inherently
limited, the eligibility criteria and mean lesion length rep-
resented in EMINENT are similar to those of the BAT-
TLE,® IMPERIAL,'? and Zilver PTX randomized controlled
trials® (ie, Trans-Atlantic Inter-Society Consensus Docu-
ment on Management of Peripheral Arterial Disease ||

Drug-eluting stent Bare metal stents
Variable (n=508), % (n/N) (n=267), % (n/N) Difference (95% Cl), % P value
Mobility 66.4 (295/444) 64.2 (158/246) 2.2 (—5.2 t0 9.6) 0.56
Self-care 8.8 (39/445) 7.7 (19/246) 1.0 (—8.2t05.3) 0.64
Usual activities 38.0 (169/445) 37.0 (91/246) 1.0 (6.5 to 8.5) 0.80
Pain/discomfort 53.6 (238/444) 58.1 (143/246) —4.5(—12.21t03.2) 0.25
Anxiety/depression 22.5 (100/444) 20.0 (49/245) 2.5 (—3.8t0 8.9) 0.44

Percentage of patients with improved scores at 12 months.

EQ-5D-5L indicates EuroQol 5-dimension 5-level questionnaire.

Circulation. 2022;146:1564-1576. DOI: 10.1161/CIRCULATIONAHA.122.059606
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Table 5. Walking Impairment Questionnaire Score 12-Month Improvement

Drug-eluting stent

Bare metal stents

Variable (n=508), % (n/N) (n=267), % (n/N) Difference (95% CI) | Pvalue
Peripheral artery disease-specific question* | 79.5 (360/453) 73.9 (184/249) 5.6 (—1.0t0 12.2) 0.09
Distance 82.1 (372/453) 81.9 (204/249) 0.2 (5.7 to 6.1) 0.95
Speed 70.9 (821/453) 69.5 (173/249) 1.4 (5.7 to 8.5) 0.70
Stair climbing 66.2 (300/453) 63.9 (159/249) 2.4 (—5.0 t0 9.8) 0.53

Percentage of patients with improved scores at 12 months.
*Pain, aching, or cramps in calves or buttocks.

A/B, range of mean length, 66.4-86.5 mm across stud-
ies). The EMINENT efficacy conclusions for DES ver-
sus BMS differ from what was found in BATTLES In
that study (N=186), the drug-coated polymer-free stent
failed to demonstrate superiority in preventing in-stent
restenosis compared with a BMS, although it had dem-
onstrated greater 1-year primary patency versus BMS in
the secondary randomization arm (ie, provisional stent-
ing) from the earlier Zilver PTX randomized trial® The
BATTLE authors postulated that the lack of superiority
of the paclitaxel-coated stent over BMS could be caused
by the polymer-free stent coating, which does not sus-
tain drug release over the 1-year period in which in-stent
restenosis mainly occurs.61817

The 1-year incidence of TLR did not differ statistically
between EMINENT treatment groups, but the study was
not designed with adequate power to assess this sec-
ondary outcome. The TLR incidence was also similar to
those reported for both BATTLE study arms® and IMPE-
RIAL."? Although incidence was similar to that in prior
studies, it is possible that health care resource limitations

Table 6. The 6-Minute Walk Test

Variable Baseline At12 mo P value

Drug-eluting stent

Total walk time (range), | 4.7+1.9 5.6+2.4 (0.9— <0.01

min (0.2-16.6) 45.0)
No. 461 382

Total distance, m 258.4+153.4 392.4+286.0 <0.01
No. 468 386

Speed, m/min 55.5+26.0 68.7+22.7 <0.01
No. 461 382

Bare metal stents

Total walk time (range), | 4.5+1.9 5.3+1.4 (1.0- <0.01

min (0.3-10.2) 10.0)
No. 246 219

Total distance, m 239.1+150.0 361.9+176.2 <0.01
No. 251 221

Speed, m/min 52.8+21.1 65.9+27.7 <0.01
No. 246 219

Data are shown as meantSD. Patients who did not complete the assess-
ment or who had O entered for distance or time were excluded from the analysis.
Total time >6 minutes is attributable to inclusion of rest time at some sites.

or reluctance for patients to access health care during
the coronavirus disease 2019 (COVID-19) pandemic
dampened reintervention rates.

The proportion of patients with Rutherford category
improvement without TLR (ie, primary sustained clinical
improvement) was greater in the DES arm of EMINENT.
No difference in this measure was observed between
arms in BATTLES This difference at 12 months, along
with the difference in primary patency (driven by the
duplex ultrasound restenosis component), may preview
a differential need for future reintervention assuming
a delayed relationship between restenosis and TLR. A
distinguishing effect of sustained drug release may also
become more apparent beyond the 1-year mark; indeed
the between-group difference in TLR became more pro-
nounced in favor of the polymer-based DES over 2 years
in IMPERIAL.? Longer-term follow-up is ongoing for EMI-
NENT, and reintervention rates will be further assessed
at future time points. Although the primary sustained
clinical improvement result was greater for the DES arm
at 12 months, health-related quality of life and walking
function measures did not show a differential improve-
ment between study arms overall. However, the primary
sustained clinical improvement measure accounts for
potential TLR-based effects on Rutherford category
improvement, whereas the other functional outcome
measures did not (e, patients were included in the out-
come assessment regardless of whether they had under-
gone TLR). Moreover, stronger conclusions based on the
6-minute walk test are limited because of inconsistent
adherence to the time limit. Functional and health-related
quality of life outcomes did improve in both groups, dem-
onstrating functional benefits of stenting among patients
with claudication. Proportions of patients with EQ-5D
dimension improvements were similar to those reported
after stenting in the IMPERIAL trial.”

Incidence of all-cause mortality observed in EMI-
NENT at 1 year was not statistically different between
the paclitaxel-eluting and uncoated stent study arms
and in the range expected for patients with intermittent
claudication.’® The specific causes of death reported (ie,
noncardiovascular-adjudicated preexisting malignancies
and infection/sepsis) do not suggest a link to paclitaxel
or the DES. Although the 1-year time frame is insuffi-
cient to evaluate differential mortality in this cohort and
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Figure 3. Rutherford category distribution (A) and primary sustained clinical improvement (B).

BMS indicates bare metal stents; and DES, drug-eluting stent.

vital status follow-up is scheduled through 5 years, these
results add to the numerous efforts undertaken to more
thoroughly analyze the relationship between paclitaxel
devices and mortality. Evidence is accumulating that pro-
vides important and reassuring information reinforcing
the safety profile of paclitaxel-containing devices.'®24
Incidence of duplex ultrasound hypoechogenic halo
detection was not statistically different for the DES and
BMS study arms, challenging any suggestion of a puta-
tive link to paclitaxel or the DES polymer. Halo imaging
characteristics were not suggestive of aneurysm, and
similar imaging findings have previously been reported
after non—drug-coated stent implantation in the SFA,252¢

in a case of nitinol allergy with a bare stent?” and in
vasculitis,?® which supports the possibility of a localized
infammatory reaction attributable to the presence of
a metallic implant for which some patients may have a
higher sensitivity. Halo prevalence among DES-treated
patients at 1 year (26.1%) was similar to that observed
for patients in IMPERIAL treated with DES (33.7%) and
polymer-free paclitaxel-coated stent (21.4%) at 2 years
(ie, systematic screening was implemented at the 2-year
follow-up in IMPERIAL).® Consistent with the reports by
Stavroulakis et al® and lida et al,’® the imaging finding
was not associated with increased TLR risk among EMI-
NENT patients. Halo was not assessed in all EMINENT

Circulation. 2022;146:1564-1576. DOI: 10.1161/CIRCULATIONAHA.122.059606 November 22, 2022 1573
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patients at 1 year because of the implementation timing
of the transverse plane imaging protocol. The evolution
of the phenomenon over time is not known, but trans-
verse plane duplex ultrasound imaging will be repeated
at 2 and 3 years.

Like many other European-based paclitaxel device
studies for femoropopliteal artery treatment, the EMI-
NENT sample was predominantly White with fewer than
one-third women. Lesion characteristics in EMINENT
patients were comparable to those represented in other
randomized trials of DES?2%'? with moderate length
and more than half with moderate to severe calcifica-
tion. Occlusion prevalence was greater in EMINENT at
~41% compared with 30% to 38% in the noted prior
studies.®®™? Current shortcomings related to represen-
tativeness of patient populations and lesion complexity
in DES trials may be addressed with future analyses of
data from the ELEGANCE Registry (Drug-Eluting Reg-
istry: Real-World Treatment of Lesions in the Peripheral
Vasculature; URL: http://www.clinicaltrials.gov. Unique
identifier: NCT04674969), which is intended to yield
real-world data from diverse patient populations.

Limitations of the study include the poor represen-
tation of women and populations that are not White
despite multinational study sites. With inclusion eligibil-
ity confined to Rutherford category 2 to 4, the study
sample is representative of patients with peripheral
artery disease and intermittent claudication or rest
pain but not with chronic limb-threatening ischemia
with tissue loss. The study reflects common practice in
a limited geographic region (Western Europe). Average
lesion length was shorter than anticipated given the
long lesion length allowances. Thus, results are appli-
cable to moderate-length lesions, but the study is not
conclusive for long Trans-Atlantic Inter-Society Con-
sensus Document on Management of Peripheral Arte-
rial Disease || C/D lesion types. In addition, adjunctive
debulking devices were not allowed in the study proce-
dures. These might typically be used for the moderate
to severe lesion calcification observed in approximately
half of the study patients. Because device costs dif-
fer between DESs and BMSs, longer term follow up—
which is ongoing—and dedicated cost-effectiveness
analyses are needed to evaluate the impact of preserv-
ing patency on TLR rates and associated economic
benefits. Bias in procedural follow-up in this trial set-
ting (eg, closer follow-up) is another potential limita-
tion: Although patients and assessors were blinded to
the study arm, the treating investigator was not.

Analytical limitations are inherent in the pooled com-
parator group design. The study was designed to com-
pare the Eluvia DES group with the pooled BMS group,
and BMS use was distributed across multiple different
devices. This design is valid for comparison with the BMS
class, but comparisons between DES and any 1 small
BMS subgroup could not be considered purely random-
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ized and would likely be insufficiently powered to demon-
strate statistical superiority.

Last, follow-up occurred during the COVID-19 pan-
demic, which affected clinical trial conduct generally.2%3°
Pandemic-related circumstances could have affected
follow-up procedures and increased the threshold for
patients to seek symptom-driven care, thereby poten-
tially reducing reintervention rates. Patients might also be
more likely to delay or miss study follow-up visits, which
(along with nondiagnostic imaging) contributes to missing
duplex ultrasound data for the primary end point patency
evaluation. Attrition in EMINENT remained within the ini-
tially anticipated levels, and 1-year visit compliance was
in the expected range, but imputation was used in the
primary effectiveness analysis with the intention of mini-
mizing missing data resulting from patients being unable
to complete their duplex ultrasound assessments within
the specified visit window. Sensitivity analyses performed
to assess the influence of imputation yielded conclusions
consistent with the primary analysis.

Conclusions

Eluvia is the first DES to demonstrate superior 1-year
primary patency compared with any globally marketed
BMS in an adequately designed randomized trial. The
EMINENT and IMPERIAL randomized trials together
support the benefit of a polymer-based paclitaxel-eluting
stent for treating SFA or proximal popliteal artery lesions
of intermediate length.
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