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Abstract
Introduction Popliteal artery occlusion is common in elderly, smokers, and patients with diabetes, with globally rising incidence.
Angioplasty and stenting are common treatment options available to manage lower limb occlusive diseases. As popliteal artery
experiences high biomechanical stress, Supera stent is designed to reduce the risk of stent fractures and for better patency across
the knee joint.
Aim & Objectives The aim of this study is to evaluate the Supera stent in the management of popliteal artery occlusive disease.
The objectives of this study are (1) to evaluate the efficacy of Supera stent in the management of popliteal artery occlusive disease
and (2) to prove it as a relatively safe to use option.
Material & Methods Patients who underwent stent implantation in popliteal artery were analyzed with regular/serial follow-up.
Critical limb ischemia and intermittent claudication patients were included. Medical records, radiographs, and procedural data
were examined. The patients were classified according to Trans-Atlantic Inter Society Consensus II criteria. The femoropopliteal
lesions which were classified into TASCB and C categories were included in the study. Stents of 5 mm and 5.5 mm diameter and
with various lengths were used to treat all the patients.
Results A total number of patients with tissue loss and rest pain analyzed were eighty-six and all of them were treated by
implanting stents in popliteal artery. In 71.4% of cases, the lesions were found in the proximal segment of the artery. In nearly
95% of cases, technical success was achieved with the use of single stent. The primary and assisted primary patency rates at
24 months were found to be 86.04% and 95.34%, respectively. Notwithstanding the stent placement at a region of high
biomechanical stress, there was no case of stent fracture. The limb salvage rate was 100%. The patients who died due to unrelated
causes within 90 days of procedure were two.
Conclusion The present study demonstrated that Supera stent is a safe and effective procedure for treating claudication and limb
ischemia due to popliteal artery disease.
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Introduction

Atherosclerotic lesions, with or without calcification, are a
common cause of peripheral artery disease (PAD) of the lower
limbs [1] and may also lead to cardiovascular mortality and
amputation [1, 2]. Additionally, patients often present at later
stages when only limited treatment options are available [1,
3]. Some common treatment options for lower limb occlusive
diseases include surgical bypass grafting, balloon angioplasty,
atherectomy, and endovascular stenting. The success with
self-expanding endoprostheses and angioplasty is progressing
with the use of stents. Nitinol stents with laser cut or stents
made of new metal alloys, drug-eluting technology, and bio-
absorbable structural support system have been used in the
recent times [4, 5].

However, although the stents give the advantage of mini-
mal, improved durability, and shorter recovery times, the as-
sociated complications like in-stent restenosis (ISR) causing
re-intervention cannot be overlooked. The ISR remains a ma-
jor concern for interventional radiologists [6]. As reported in
different retrospective studies, in terms of incidence of reste-
nosis and requirement of re-intervention, bypass surgery gives
better results than endovascular stenting [1, 6–8].

The Supera nitinol stent is developed to have superior
strength and resistance as compared with laser cut nitinol
stents, especially for occlusions close to highly mobile joints
and to withstand the stressors along the knee joint [5, 9].
Stents generally fall short for providing long-term solutions
in complex lesions. The Supera stent (Abbott Vascular), a
self-expanding, interwoven nitinol stent (US FDA approved
in 2014), has certain advantages over the earlier available
stents [10].

The optimal patency of lower extremities depends upon the
artery’s anatomical location. Due to the high mobility of knee
joint, there are concerns for fracture, compression, or occlu-
sion of the stents in the popliteal artery. Another risk is the ISR
[11, 12], which is also dependent on various predictors like
vessel diameter and staging of restenosis [11].

There are evidences of Supera stent use for superficial fem-
oral artery, and femoropopliteal artery from theWestern coun-
tries [5, 13]. However, similar evidence for popliteal artery
occlusions, especially in Indian population, is required. This
study represents the Indian experience with Supera stent to
manage popliteal artery atherosclerotic disease by analyzing
its use in popliteal artery occlusion among Indian population.

Methods

This case series analysis, longitudinal, observational study
was conducted from January 2015 to January 2019 in
SevenHills Hospitals, Vishakhapatnam. During this period, a
total of 170 patients underwent angioplasty with stenting of

the lower limbs. Out of 170 patients, eighty-six patients had
stents in the popliteal artery and were included in the present
study. Inpatient and outpatient medical records, radiographic
imaging, and procedural data were analyzed. Demographic
features including age, race, gender, history of smoking or
of tobacco use, continuing use of anti-coagulants, and risk
factors including presence of co-morbid conditions like dia-
betes, hypertension, coronary artery disease (CAD), chronic
obstructive pulmonary disease, hyperlipidemia, renal dys-
function (elevation of serum creatinine levels > 1.2 at any
point before or after stenting procedure), and presence of pe-
ripheral arterial disease elsewhere in the body were recorded.
The American Society of Anesthesiologists Physical Status
classification was used. Pre- and post-procedural creatinine
and ankle-brachial indices were recorded with procedural
characteristics including laterality, duration of intervention,
fluoroscopy, and iodinated contrast volume.

Patient Population

Patients with intermittent and lifestyle-limiting claudication,
pain at rest in the affected limb or with ipsilateral tissue loss,
and with lesions in popliteal artery were included. The pres-
ence of at least one leg artery for distal runoff was an essential
inclusion criterion.

However, patients with creatinine clearance < 30 mL/kg/
min, history of severe allergy to iodinated contrasts, and with
significant atherosclerotic disease in aortoiliac and/or femoral
territories were excluded. Pre-operative arteriography classi-
fied the lesions according to the following: (1) the Trans-
Atlantic Inter Society Consensus II (TASC-II) 7 criteria: A,
B, C, or D. The lesions which were classified into TASC B
and C categories were included in the study (2) type: stenosis,
occlusion, dissection, or restenosis; (3) location relative to the
articular line: proximal, middle, or distal; and (4) length.

Definitions (Table 1)

Primary patency, cumulative primary assisted patency, reste-
nosis, complication, and limb salvage rates were calculated
using Doppler ultrasonography (USG) imaging and findings
of angiography, wherever available.

Treatment

Clopidogrel (75 mg/day) or ticagrelor 90 mg/twice a day and
aspirin (150 mg) once a day were started at least 3 days before
procedure. Clopidogrel (75 mg/day) or ticagrelor 90 mg/twice
a day was stopped at 6 months. Tab ecosprin was continued
lifelong. Treatment with antimicrobial prophylaxis of
cefuroxime axetil (1.5 g) immediately before the beginning
of the procedure was given.
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Radiographic control was obtained with a Siemens Artis
Zee Flat Panel Cath Lab (Siemens Healthcare Sector,
Forchheim, Germany).

Endovascular Procedure

All procedures were performed by the same team of doctors at
study site. The preferential approach was through the ipsilat-
eral common femoral artery, with anterograde puncture, using
a 6F valved cook sheath (Cook Medical LLC, Bloomington
USA). In case of impossibility of using the access route or
crossing the target lesion, a retrograde access by puncturing
one of the leg arteries (ATA/PTA) was chosen with 4F Cook
micro puncture set and 5F sheath. Through the pedal sheath,
5F MPA-1, and/or 5F cobra diagnostic catheters (Cordis
Corporation, Warren, USA), diagnostic angiogram was ob-
tained in fluoroscopic and digital subtraction mode
(Fig. 1a, b).

Post lesion imaging, the occlusion were crossed by lu-
minal or sub-luminal route, through a RadiofocusR
(Terumo interventional Systems, Somerset, United States)
hydrophilic guide wire (size, 0.035″ * 150 cm) or V14
control wire and Rubicon 0.014 catheter (Boston
Scientific Corporation, Marlborough, MA, USA). Pre-
dilatation of lesions was done prior to stent deployment.
In all cases, the Supera (Abbott Laboratories, Abbott Park,
USA) nitinol stent was deployed through pre-dilation. Post
stent angiogram was obtained to check for flow across and
distal to the lesion (Fig. 1c, d).

In contralateral lesions, after crossing with 150 cm
RadiofocusR (Terumo interventional Systems, Somerset,
USA) hydrophilic guide wire, the wire was exchanged for
an Amplatz super stiff 300 cm wire for possible angioplasty.
Subsequently, the Amplatz super stiff wire was exchanged for
0.018 wire for stent deployment.

Flow-limiting distal embolus was seen in 10 of these 86
cases, which could be aspirated with aspiration catheter. Post-
procedural, local hemostasis was performed with manual
compression for 30 min and patients were observed in ICU/
ward for possible contrast-related /hemodynamic
complications.

Post-operative Follow-up

The follow-up initiated with outpatient evaluation,
consisting of physical examination and ankle-brachial in-
dex (ABI) determination at 15, 30, 90, 180, and 365 days
and at the end of 24 months after angioplasty. The control
with Doppler ultrasound (USG-D) was performed at 30,
90, and 180 days and at the end of 24 months after surgery,
aimed at identifying significant restenosis (> 50% resteno-
sis based on USG-derived velocity parameters, peak sys-
tolic velocity ratio 2.0). Radiographs of the knee joint in
posteroanterior (PA) and lateral views were performed at
30 and 180 days and at the end of 24 months, aimed at
identifying stent fractures.

Table 1 Classification of femoropopliteal lesions according to Trans-
Atlantic Inter Society Consensus II (TASC-II)

Type A • Single stenosis ≤ 10 cm in length
• Single stenosis ≤ 5 cm in length

Type B • Multiple lesions (stenosis or occlusions) each
≤ 5 cm

• Single stenosis or occlusion ≤ 15 cm involving the
infra geniculate popliteal artery

• Single or multiple lesions in the absence of
continuous inflow for a distal bypass

• Heavily calcified occlusion ≤ 5 cm
• Single popliteal stenosis

Type C • Multiple stenosis or occlusions totaling > 15 cm
with or without heavy calcification

• Recurrent stenosis or occlusions that need
treatment after two endovascular interventions

Type D • Chronic total occlusion of CFA or SFA (> 20 cm,
involving popliteal artery)

• Chronic total occlusion of popliteal artery and
proximal trifurcation vessels

CFA—common
femoral artery;
SFA—superficial
femoral artery

TASC A Lesions that produce the best results and that should
be treated by endovascular route

TASC B Lesions that produce sufficiently good results with
endovascular methods, so that this is preferred
approach, unless surgical revascularization is
required to treat other lesions in the same
anatomic area

TASC C Lesions exhibiting superior long-term results with
surgery, so that endovascular methods should be
used only in patients at high surgical risk

TASC D Lesions that do not produce good enough results
with endovascular methods to justify those as
primary treatment

Ankle-brachial pressure index

Value > 1.3 abnormal, non-compressible vessels; > 1.0 normal; ≤ 0.9
peripheral artery disease, ≤ 0.6 to 0.8 borderline, ≤ 0.5 severe ischemia,
< 0.4 critical ischemia, limb threatened

Restenosis:

Significant
restenosis:

More than 50% restenosis based on ultrasonography
derived velocity parameters (peak systolic
velocity ratio 2.0)

Patency

Primary patency Defined as exempt from restenosis of the target
lesion during follow-up

Primary assisted
patency

Defines durability of an intervention that failed initially
but not to the level of thrombosis and was retreated

Secondary
patency

Patency of the target lesion after treatment of
(re)occlusion of the index lesion
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Outcomes

The analyzed outcomes were the following:

(1) Immediate technical success, when the target lesion was
treated as planned, with residual lesion < 30% in the
angiographic control;

(2) Primary patency, indicating an uninterrupted permeabil-
ity after the revascularization procedure; and assisted pri-
mary patency, indicating cases with new percutaneous
intervention applied, in order to prevent the impending
occlusion or the progression of stenosis;

(3) Peri-operative morbidity/mortality, for complications
and deaths recorded up to 30 days postoperatively;

(4) Major amputation: trans-femoral and trans-tibial
amputations;

(5) Restenosis, for in-stent lesions > 50% detected with
USG-D, with peak systolic velocity > 200 cm/s or a
pre- and post-stenosis rate ≥ 2;

(6) Fractures, for disconnection or twisting of stent meshes;
and

(7) Rate of limb salvage

All patients underwent physical examination, duplex
ultrasound imaging, and radiographic imaging during
the clinical follow-up period. One radiologist and one
vascular interventionalist reviewed the results indepen-
dently. The study was conducted according to the
Declaration of Helsinki and approved by the hospital
ethics committee.

Statistical Analysis

Data are shown as mean ± SD for continuous variables or
as percentages for dichotomous variables, unless
otherwise noted. A P < 0.05 was considered statistically
significant.

Fig. 1 a Angiogram
demonstrating occlusion of
popliteal artery in a patient of
critical limb ischemia with
nonhealing forefoot ulcer. b
Digital subtraction angiogram
showing popliteal artery
occlusion. c Post angioplasty and
stenting with Supera
demonstrating good flow across
the popliteal artery. d Post
angioplasty and stenting of
popliteal artery demonstrating
good distal flow.

Indian J Surg (April 2021) 83(2):487–494490



Results

Patients with symptomatic POAD treated with primary angio-
plasty (without employing other adjuvant methods of arterial
unblocking) with stent implantation in popliteal arteries were
eighty-six, and all were included in the study.

Patient Demographics

The age of the patients ranged from 42 to 78 years, of which
49 were male and 37 were female patients. Among them, 36
had a history of diabetes, and 41 patients had history of
smoking. There was history of coronary artery disease in 38
patients, while claudication pain was complained by 22 of
them. Patients with minor tissue loss were 64. Left leg was
the most frequently treated limb (57.1%) and all patients had
trophic lesions with tissue loss.

Characteristics of Lesions

The lesions were classified into TASC B (50%) and C (50%)
categories. Nearly, 71.4% of lesions were in the proximal
segment of popliteal artery (P1), while in 28.6% of the cases,
they were in the middle and distal segments, in equal propor-
tion (P2 and P3). In 68 cases (79.06%), the stents were im-
planted in previously occluded vessels through pre-dilation. In
the runoff bed, majority of patients had only one patent artery
(68.6%) and the fibular artery was the most frequently ob-
served. A mean of 2.2 arteries by treated limb was obtained.
All cases allowed for target lesion revascularization, with
technical success in 95%. The average extent of lesion cover-
age was 138 ± 24mm. All stents to treat the patients were used
with a diameter of 5 mm and 5.5 mm (Fig. 2).

Outcomes

All the vessels could have successfully recanalized. The
areas of more frequent stent landing were the distal segment
of popliteal artery (P3) crossing the knee joint. Mean fluo-
roscopy time was 67 ± 25 min. Mean volume of iodinated
contrast used was 74 ± 38 mL. Due to the impossibility of
crossing the target lesion by the anterograde technique, distal
retrograde access by the dorsalis pedis and PTA access from
foot were performed in 36 and 12 cases, respectively. No
complications concerning the puncture site were observed.
The primary patency rate was 86.04% at 24 months (74 out
of 86 patients). In 12 cases (13.96%), a new balloon angio-
plasty had to be performed for treatment of ISR, yielding
good result in 8 of them. The patency rate at the end of
15 months was 82.34%.

Follow-up

The mean follow-up was 24 months. There were no intra-
operative or procedure-related deaths and USG-D demonstrat-
ed proper flow across the stent (Fig. 3). Patients who died due
to unrelated causes within 90 days of procedure were two
(2.32%). All-cause mortality rate was 2.32%. The limb sal-
vage rate was 100%. There was no major amputation during
the follow-up. However, one patient had forefoot amputation.
Three patients developed trophic lesions; two of these lesions
(2.32%) were caused by in-stent stenosis on the 60th and 90th
day of follow-up and treated by balloon dilation. The third
injury occurred due to infectious complications resulting in
minor amputation. The ABI increased from 0.4 ± 0.15 preop-
eratively to 0.8 ± 0.13 at the time of hospital discharge. There
were no stent fractures documented by radiographs of the knee
joint (Fig. 3).

Discussion

Substantially, severe atherosclerotic disease can cause popli-
teal artery occlusion. Thus, a thorough workup determining
operative morbidity and mortality risks is necessary.
Conservatively, patients with CAD and consequently in-
creased morbidity and mortality would be treated using either
conservative therapies or extreme limb amputation [5].
However, with developed technologies, a number of percuta-
neous endovascular procedures are being given to patients
with PAD. Options of various stents (bare metal,
biodegradable, drug-eluting, and covered) are available in or-
der to yield better treatment and reduced risk of various com-
plications associated with open surgical interventions [14].

The anatomical placement of popliteal artery causes in-
creased biomechanical stress, thus impeding the management
of atherosclerotic lesions in popliteal artery segment. Surgical
interventions like grafts (either great saphenous vein, GSV, or
prosthetic grafts) for treating popliteal artery occlusions in-
volve occlusion bypass. The popliteal artery is accessed via
medial thigh and calf incisions. Due to the anatomic location
and the fact that the popliteal artery is not enclosed within
muscle, this vascular patch faces significant mechanical stress
during knee flexion/extension. Consequently, the manage-
ment of atherosclerotic lesions in the popliteal artery segments
is difficult and raises concerns regarding the suitability of
stenting, followed by increased risk of stent fracture.
Complex rotational, tensile, compressive, and stretching
forces act simultaneously on the short arterial segment and
the stent. Earlier, these lesions were treated by surgical
grafting using autologous vein, with high primary and second-
ary patency rates of 63–75% and 80–83%, respectively, after
5 years and a low peri-operative mortality of 1–3%. However,
these rates are accompanied by considerable peri-operative
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morbidity, as are the subsequent multiple surgical procedures
and hospital readmissions [15].

As reviewed in a study [16–18], improved endovascular
materials have led to increased number of minimally invasive
procedures for the treatment of popliteal lesions [15].
Generally, balloon angioplasty or mechanical/laser
arterectomy are the preferred choices for the treatment of ar-
terial lesions behind the knee due to the lack of metallic de-
vices capable of withstanding the forces exerted on this arte-
rial segment [16–18].

RESILENT (Randomized Study Comparing the Edwards
Self-Expanding LifeStent vs. Angioplasty Alone In Lesions
Involving the SFA and/or Proximal Popliteal artery) was the
first large study comparing treatment with balloon angioplasty
vs. stenting in the femoropopliteal segment in patients with
femoropopliteal occlusive lesions (that caused intermittent
claudication) with length < 15 cm and diameter of the vessel

between 4 and 6.5 mm. The results showed the superiority of
the LifeStentR (Bard Peripheral Vascular, Tempe, USA) over
balloon angioplasty in the femoropopliteal segment [19]. The
second phase allowed the treatment of more than one lesion,
provided they did not exceed the length of 15 cm. The primary
patency of target vessel at 12 months was 80% vs. 38% for the
LifeStentR vs. balloon angioplasty respectively [20].

Notwithstanding the efforts and advances, the efficacy of
these techniques is limited. However, the Supera stent is de-
signed like a braid of nickel-titanium alloy to withstand the
mechanical stressors of the knee joint [21]. We conducted this
study to analyze the safety and efficacy of nitinol Supera stent
among Indian patients undergoing stent implantation for oc-
clusion of popliteal artery.

Stent characteristics (diameter, length, flexibility, durabili-
ty, and resistance to fracture) and lesion anatomic characteris-
tics (location, degree of calcification) play significant role in
choosing the stent. Stent implants in the popliteal artery have
limitations including the insufficient radial force to maintain
the vessel patency, and the possibility of folding and fracture
of the device [14]. Stent fracture leads to restenosis and oc-
clusions. Another study radiographically detected 64 fractures
in 261 stents (24.5%) used in the treatment of femoropopliteal
lesions [22].

However, Supera stent is reportedly better in extreme me-
chanical stress and also for lesions of long lengths as well [5].
In SUPERB study [13, 23] among 325 patients with lower
limb arterial obstructive diseases, it showed the primary pa-
tency with nitinol stent to be 78.9% (p < 0.001) at 12 months,
and primary patency by Kaplan-Meier analysis to be 86.3% at
12 months, and 99.2% patients freed from death, target lesion
revascularization, or any amputation of the index limb after
30 days [13, 23].

In fact, several studies have showed better efficacy and
safety with new nitinol stents. One such study (22) reported
better flexibility, fracture prevention, and improved patency

Fig. 2 USG Doppler study of
popliteal artery with Supera stent,
showing good flow across the
stent during 6-month follow-up

Fig. 3 X-ray of the right knee joint with a Supera stent in popliteal artery.
There is no kinking or fracture of the stent with knee joint flexion
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(primary patency rates of 83.5% and 78.6%, at 6 and
12 months, respectively) with the Supera helica interwoven
nitinol stent [8]. In another study, Durability-200 [8] observed
that primary patency after 6 and 12 months of implantation of
stents in the femoropopliteal segment to be 85.4% and 64.8%,
respectively, patients [24]. Another study [25] reported a pri-
mary patency rate of 82% and 100% limb salvage rate. In our
study among patients with arteriographic lesions of TASC B
and C categories, the primary patency and assisted primary
patency were 85.7% and 92.8%, respectively.

Most studies have included patients with claudication, crit-
ical limb ischemia, rest pain, or tissue loss or calcification, and
stenting has been studied among elderly patients [3, 5, 13, 23].
Like ours, some studies have also not reported any stent frac-
tures [3, 5, 13, 23].

However, a fracture of Supera stent can lead to complete
loss of integrity making it collapse [26].

Another study among patients with symptomatic athero-
sclerotic disease of popliteal artery also shows that after a
mean follow-up of 16.5 months, the primary patency rates
were 89.6%, and the primary assisted patency rates were
93.8%; and the in-stent restenosis was associated with age >
75 years, female gender and TASC-II D lesions, and not with
implantation defects [27].

Failure of patency or occurrence of ADRs has been limited
in the earlier studies. Reasons for failure include stent intus-
susceptions, compromised inflow or outflow, lesion length,
wrong size of the stent, and compression or elongation during
deployment [13, 23].

Another study has, however, reported eight major amputa-
tions and overall mortality of 11.6% during study period [5].

Our study reported similar limb salvage rate post 24 month
follow-up; however, the primary patency and assisted primary
patency were 85.7% and 92.8%, respectively, among patients
with critical ischemia of Rutherford classes 5 and 6, and in
arteriographic lesions of TASC B and C categories, compared
with patency rates obtained during other studies. During the
clinical follow-up, ABI improved from 0.4 ± 0.15 pre-
operatively to 0.8 ± 0.13 at the time of discharge.
Additionally, trophic lesions improved in 78.6% cases.

The measurement of ABI has been overestimated due to
high prevalence of DM in our population (64.3%), consider-
ing that the predominance of arterial calcifications in the distal
portions of leg arteries of diabetic patients overestimates the
measurement of the index.

However, smaller population, heterogeneous group of seg-
ments treated in the popliteal artery, short follow-up period,
and the lacking established algorithm for clinical follow-up
might have influenced the results of this study. Further studies
are required to establish the superiority of Supera stent over
other stents in popliteal arteries, with specific mention of the
segments of popliteal artery being treated and having a longer
follow-up period.

Conclusions

Popliteal artery stenting is emerging as a viable option in
treatment of disabling claudication and limb ischemia.
Supera stent demonstrated safety and efficacy in the manage-
ment of popliteal artery disease. Comparative trials of the
Supera stent system directly with other stent systems as well
as to angioplasty alone are needed, to establish the superiority
of Supera interwoven nitinol stent system.

Compliance with Ethical Standards

Institutional Review Board Approval The study involves using Supera
stent, which is an FDA-approved product. The stent has been used in a
manner it is intended to be used. Hence, Institutional Review Board
committee approval was not required.
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