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Peripheral arterial disease (PAD) is affecting millions of people all around the world. The different kind of
stents to treat PAD has been in use from last couple of decades. In-stent restenosis is common problem, faced by
endovascular specialists that is still challenging to treat. In this article, we reviewed the different options available

to treat in-stent restenosis of the femoral-popliteal artery.
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Introduction

As early as the 1960s, Charles Dotter introduced the idea
of arterial remodeling by performing percutaneous therapy
of femoropopliteal disease. Over two decades, there was a
progressive development of angioplasty devices as well as
strategies. Although these devices permitted the reconstruction
of blood flow in stenotic arteries but the issues like vessel
dissection and restenosis due to intimal hyperplasia remained
torment to these interventions throughout follow-up. After these
treatments, primary patency was substantially impacted by these
factors and was significantly less than surgical revascularization
options. To handle the acute issues of vessel recoil as well
as flow-limiting dissection, operators began utilizing self-
expanding nitinol stents developed for the biliary tree in an
off-label style with reasonably great results in the femoral
and popliteal arteries [2]. In randomized control trials these
devices demonstrated enhanced optimum walking distance and
decreased restenosis after 1 year follow up. The development
of drug-coated balloon (DCB) as a primary treatment for
femoro-popliteal stenotic lesions without the use of long-term
implants was a big advancement in the field of endovascular
intervention. Studies that used Drug Coating Balloon (DCB)
showed a remarkable vessel patency rate between 75% to 85%.
Additionally, lower bailout stent percentage of 3% to 7%,
recommending that these all-new drug-eluting modalities may
delegate stents to a therapy algorithm of the past. Nonetheless,
these randomized trials have concentrated on highly picked
out lesions of lowered complexness, as well as several large
registries demonstrated that with increase lesion complexity
i.e., enhancing size and degree of calcification) stent placement
still needed. Although DCBs and newer scaffold designs might

minimize the complication of in-stent restenosis (ISR) moving
on, interventionalists will still certainly continue to have a
problem with this clinical conundrum [1,3, 4].

Definition, Incidence and Classification

In-stent restenosis (ISR) is defined as loss of luminal volume
either from in growth of cells, extracellular matrix, or thrombus
within the lumen of stented artery. Incidence of ISR within
first year has been reported between 15--40% of patients in
femoropopliteal area, rates are even higher after 1 year. A
classification system for FP ISR was introduced by Tosaka in
which ISR lesions are categorized into three distinct categories
based on angiographic appearance Class I (focal ISR): lesions
<50 mm Class II (diffuse ISR) lesions > 50 mm whereas Class
IIT represent ISR that is totally occluded [5, 6].

Pathophysiology of In-Stent restenosis

After balloon angioplasty or self-expandable stent deployment,
the local vasculature reacts with an inflammatory reaction that
triggers neointimal hyperplasia (NIH). Besides lesion, specific
factors, such as smaller sized vessel diameter and longer lesions,
patient characteristics, including diabetes mellitus as well as
cigarette smoking history, can enhance the risk of ISR. Stent
implantations is related to mechanical stress factors consisting
of vessel prolongation, torsion, flexion, and expansion that
further increase femoropopliteal in-stent restenosis (FP-ISR).
Various other clinical and angiographic risk factors for bad
outcomes are diabetes mellitus, lengthy lesions, existence, and
persistent total blockage [9, 10].
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Brief review of different options available to treat FP-artery
ISR are given below.

Plain and cutting balloon angioplasty to treat FP artery
ISR did not yield very successful result and had high target
lesion revascularization (TLR) rate [24-26]. As compared to
conventional balloon drug-coated balloon (DCB) has shown
much better result. They are typical catheters with surface coated
with a layer of the anti-proliferative drug. Randomized trials
have shown that drug-coated balloon (DCB) is related to much
less restenosis and TLR (Target Lesion Revascularization) than
conventional balloon angioplasty (BA). The benefits of DCB
to treat FP-ISR include inhibition of neointimal hyperplasia by
delivering anti-proliferative drug and no addition of new metal
and which has been shown in different trials (FAIR, PACUBA,
DEBATE-ISR). The Femoral Artery In-Stent Restenosis trial

(FAIR) revealed that for FP artery-ISR, DCB was associated
with much less recurrent restenosis and a greater outcome than
conventional BA. Freedom from TLR was significantly greater
in the DCB group than in the traditional (90.8% vs. 52.6% at
12 months; p < 0.001) [7]. The PACUBA trial, also showed
that DCB is superior to BA with a much better vessel patency
rate (40.7% versus 13.4%). Another important trial (DEBATE-
ISR) showed the use of DCB resulted in a considerable
decrease in restenosis compared to traditional BA. At 1 year,
the TLR was 13% in the DCB and 31% in the conventional BA,
with 1-year patency rate of 80.5% in DCB group. However,
follow-up after 3 years shows that drug-coated balloon had a
similar rate of restenosis as compared to conventional balloon
angioplasty that suggested drug-coated balloon in associated
with late catch phenomena. Currently different size and lengths
of drug-coated balloons are available by different companies
like Stellarex (Phillips), In. PACT (Med-tronic) and Ranger
(Boston scientific) [11,12,18].

FP-artery ISR treatment via
Endovascular Methods
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Figure : Illustration diagram showing treatment options for Femoro-popliteal in-stent restenosis.
(Created on biorender.com)

Stent in stent techniques have also been evaluated to overcome
the previously placed femoral artery in-stent restenosis
problem. Drug eluting stent (DES), Covered stent and nitinol
(self-expandable) are various kinds of available stent.

In Reline Trial VIABHAN stent graft versus angioplasty was
compared as treatment option for femoral-popliteal in-stent
restenosis. In this trial 39 patients were treated with VIABHAN
endoprosthesis and 44 with plain balloon angioplasty. The
end results showed freedom from TLR was much higher in
VIABHAN group plus also better patency rate [19].

One of the important trials that evaluated drug-eluting stent
to treat in-stent restenosis in femoral artery is Zilver-PTX. In
this trial 108 patients with in-stent restenosis were treated with
resolute drug-eluting stent. The mean lesion length was 133
mm. 31% lesion has total occlusion. The result of this trial
showed primary patency at 6-month was 95% at that 12-month
was 78%. Regarding target lesion revascularization, freedom
from TLR 96.2%, 81% and 60.8% at 6 months, 1 year and 2
years respectively. This trial showed a stent fracture rate of
1.2% at 1 year [20].

Atherectomy can debulk the plaque within the vessel wall
which is a different approach as compared to use of stent
and balloon that displaced the plaque against vessel walls.
Different types of atherectomy methods are available to treat
in-stent restenosis.

Laser atherectomy is one of those methods that proved to be
useful. It used UV light to vaporize the intravascular material
and useful in soft or moderate calcific plaques. Three diverse
types of lasers are available including turbo elite, turbo power
and turbo tandem. The efficacy of laser is evaluated in a couple
of trials. The PATENT trial study was one of trials in which
99 patients with a target lesion length of 123 mm £ 96 mm
were treated with Turbo-Elite and Turbo-Booster laser and
adjunctive balloon angioplasty was also done in 87% of cases.
At 12 months evaluation showed vessel patency rate was close
to 38% in general but class I1I lesions have patency rate of only
24%. The EXCITE-ISR trial was one of the important trials
using excimer laser as a treatment option. It is a randomized
control trial comparing laser versus balloon angioplasty. The
average length lesion was 19 cm with 20% of patients had
lesion more than 30 cm. Angioplasty was also used as adjuvant



in laser group. The result of this trial showed that at 6 months
showed with excimer laser plus PTA has higher freedom from
target lesion revascularization (94.2% vs. 79.2%) as compared
to PTA alone group [21, 22].

Atherectomy via mechanical means also has been tried
for ISR. There are 3 methods of mechanical atherectomy
including directional atherectomy, orbital atherectomy, and
rotational atherectomy. Directional atherectomy devices are
Silver Hawk and Turbo Hawk. One single- center study using
Silver Hawk for femoral-popliteal ISR showed TLR rate of
31% anterior rate of 24% after 1 year. This device is currently
not FDA (Food and Drug Administration) approved. Jetstream
(Boston scientific) atherectomy is an example of rotational
atherectomy. One smaller study of 29 patients showed TLR
rate of 14% at 6-month and 41% at 12-month with no new stent
fractures. Vessel patency was 72% at 6-month by ultrasound
duplex. The jet stream should be avoided when an advanced
stent fracture exists. Studies have also shown efficacy of the
combined approach of atherectomy plus balloon angioplasty
(8,23, 24].

The prevention as well as treatment of FP-ISR is an uphill
battle in the endovascular field. Endovascular treatment for
more complex FP-ISR remains to have high failure rates,
although treatment options developing with time, they continue
to be limited. Current trials results with available modern
technologies have been heterogeneous regarding angiographic
patterns including various other anatomic factors, contrast
groups, and main endpoints, which makes an assessment of
this clinical entity challenging, larger-scale randomized trials
with follow-up are needed to additionally define the efficacy
of all therapies.
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