REVIEW ARTICLE

Current status of infrapopliteal artery stenting in
patients with critical limb ischemia

Estado atual do uso de stents na artéria infrapolitea em pacientes
com isquemia critica do membro
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Abstract

Due to the fear that early thrombosis and late luminal loss resulting
from intimal hyperplasia might impede sustained patency of
small-caliber arteries, such as those of the infrapopliteal bed, stent
implantation in below-knee vessels remains controversial and is
generally reserved for cases with a suboptimal outcome after
percutaneous transluminal angioplasty (i.e. > 50% residual stenosis,
flow-limiting dissection). Although evidence starts to build, favoring
the use of stenting in the tibial area, results of well-conducted
randomized controlled trials have to be awaited to change this strategy.
Because of diameter similarities with coronary arteries, the first stents
applied in the infrapopliteal vessels were all coronary devices. Once
the feasibility of the stenting approach with these coronary products
was shown, device manufacturers started to develop a dedicated
infrapopliteal product range. To date, a broad spectrum of stent types
has been used and investigated for the given indication. This article
overviews the available literature and results of different
balloon-expandable (bare metal, passive coated, drug eluting),
self-expanding and absorbable stent types available for below-the-knee
application and gives recommendations for future device technology
advancements.
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Introduction

Critical limb ischemia (CLI) is an end-stage manifes-
tation of peripheral artery disease (PAD) and typically
describes patients with ischemic rest pain (Rutherford
category 4), or patients with ischemic skin lesions, either
ulcers or gangrene (Rutherford category 5-6)."

CLI may cause, or contribute to, significant chronic
pain, local and systemic sepsis, tissue loss, other local
and systemic complications, eventual amputation or even

Resumo

Devido ao receio de que a trombose precoce ou a estenose tardia
por hiperplasia intimal possam impedir a manuten¢do da perviedade
em vasos de pequeno calibre, 0 uso de stents pos-angioplastia no leito
arterial infrapopliteo permanece controverso e geralmente ¢ reservado
aos casos de resultado subotimo apos angioplastia transluminal
percutéanea (isto ¢, estenose residual > 50% ou dissec¢do com limitagao
do fluxo). Apesar de evidéncias comegarem a favorecer o uso de stents
no segmento tibial, ¢ necessario aguardar o resultado de ensaios
controlados, randomizados e bem conduzidos para mudar esta
estratégia. Sendo estes vasos infrapopliteos de didmetro similar as
artérias corondrias, os primeiros stents usados neste segmento eram
todos stents coronarios. Uma vez que se mostrou exeqiiivel o uso destes
stents, a industria iniciou o desenvolvimento de uma linha de produtos
especificos ao segmento infrapopliteo. Atualmente uma gama de stents
tem sido usada e investigada para este fim. Este artigo revé resultados
disponiveis na literatura com diferentes stents expansiveis por baldo
(metal nao-recoberto, revestimento passivo, eluicdo de farmacos),
auto-expansiveis e absorviveis disponiveis para o segmento
infrapopliteo e apresenta recomendagdes para os futuros avangos
tecnologicos dos dispositivos.
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death. Complication management of untreated CLI con-
sumes a significant amount of healthcare resources.
Amputation remains a common procedure and is likely
to be higher due to an aging population, increasing rec-
ognition of CLI in the aged and a recognized trend
towards a higher occurrence of diabetes. Patients requir-
ing major amputation face a diminished quality of life,
an unfavorable natural history and need extensive
resources for their post-amputation rehabilitation and
course. Such resources would be better deployed in an
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aggressive approach to save affected limbs in those suf-
fering from CLI early after identification of pathology
in order to prevent progression to more serious compli-
cations.

Distal bypass for limb salvage with autogenous con-
duit is an excellent option for patients who are good can-
didates for surgical revascularization. However,
prohibitive comorbidities, inadequate conduit, and lack
of suitable distal targets for revascularization all con-
spire to erode the pool of good surgical bypass candi-
dates significantly. Moreover, with the advent of feasible
techniques for endovascular therapy for below-knee
(BK) lesions causing CLI, there is a need to reevaluate
current reporting standards for lower extremity revas-
cularization. Morbidity following infrageniculate bypass
surgery (IBS) is relatively underweighted in our present
strategy of assessing post-bypass surgery outcomes.
Markers of perioperative morbidity such as index limb
reoperation in 3 months, hospital readmission follow-
ing IBS, or wound healing time exceeding 3 months have
all been reported to run in the 50% range and are
examples of factors which may favor endovascular thera-
peutic strategies.

Thus, although surgery remains a good option for
some patients with CLI, endovascular therapy offers the
advantages of local anesthesia and potentially reduced
costs (even anticipating the need for reintervention in
many patients) and shorter hospital stays when com-
pared with IBS.? The bypass vs. angioplasty in severe
ischemia of the leg (BASIL) trial participants con-
cluded based on the results of their randomized con-
trolled trial (RCT) comparing PTA vs. bypass surgery
in CLI-patients after 1 year that PTA is cheaper as first-
line treatment and that both interventions have similar
outcomes in terms of amputation-free survival.®
Although the BASIL trial is the first to validate, based
on level-1 evidence, the endovascular treatment strate-
gies as an acceptable option for CLI-patients, it should
be remembered that the number of patients eligible for
randomization only represented 30% of those with CLI
and 2% of those with PAD.” This resulted in an impor-
tant selection bias for the trial and potentially precludes
the application of the BASIL trial results to the general
population. More importantly, the recently renewed
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Trans-Atlantic Inter-Society Consensus Document on
Management of PAD (TASC II) indicates there is
increasing evidence to support a recommendation for
angioplasty in patients with CLI and BK artery occlu-
sion where in-line flow to the foot can be reestablished
and where there is medical comorbidity. Furthermore,
they summarize that in the case of infrapopliteal percu-
taneous transluminal angioplasty (PTA), technical suc-
cess may approach 90% with resultant clinical success
of approximately 70% in some series of patients with
CLI. Salvage rates are reported as being slightly higher.

The treatment strategy for BK lesions in CLI-
patients is rapidly evolving, but although the use of stents
is common in other peripheral vessels, their application
in the infrapopliteal bed remains controversial. The fear
that early thrombosis and late luminal loss due to inti-
mal hyperplasia formation potentially leads to insuffi-
cient long-term patency rates can explain the reluctance
of implanting stents in these small-diameter vessels.
Therefore, infrapopliteal stent implantation is generally
reserved for cases with a suboptimal outcome after PTA
(i.e. > 50% residual stenosis, flow-limiting dissection).

Only recently has evidence started to be built, favor-
ing use of stents in the tibial area. Because of diameter
similarities with coronary arteries, the first stents applied
in the infrapopliteal vessels were all coronary devices.
Once the feasibility of the stenting approach with these
coronary products was shown, device manufacturers
started to develop a dedicated infrapopliteal product
range (Figure 1).

Bare metal balloon expandable stents

The Multilink Vision (Abbott Vascular, Redwood
City, CA, USA) is a premounted bare metal balloon-
expandable stent L-605 Cobalt Chromium alloy (CoCr)
coronary stent with radial strength and fluoroscopic vis-
ibility superior to stainless steel stents. A recent publi-
cation described our experience with this type of stent
in a cohort of 50 patients with CLI who were all diag-
nosed with infragenicular occlusive arterial disease. After
1 year a limb salvage rate of 89.3% was calculated with
a duplex derived primary patency of the treated vessel
of only 62.8%.% Other studies using bare metal stents
(BMS) supported our findings. Scheinert et al. found a
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Figure 1 - Stenting currently remains reserved for subopti-
mal percutaneous transluminal angioplasty: A) pre-
operative angiographic imaging shows lesion at the
level of the tibiofibular trunk, which is B) subopti-
mally treated with percutaneous transluminal
angioplasty followed by C) successful stenting with
Chromis Deep (Invatec, Roncadelle, Italy)

Figure 2 - A) Preoperative angiographic imaging showing
total occlusion of the infragenicular vascular bed
treated by B) percutaneous transluminal angio-
plasty resulting in flow limiting dissection and C)
optimized by the implantation of two Multilink
Vision stents (Abbott Vascular, Redwood City, CA,
USA)

6-month binary restenosis rate of 39.1% using the BX
Sonic (Cordis, Miami, FL, USA) stent,” while Siablis et
al. reported 12-month binary in-stent restenosis on
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angiography of 78.6% with a remarkable 100% limb sal-
vage rate after having used a range of commercially avail-
able uncoated coronary BMS.'” Although satisfactory
limb salvage rates are observed using coronary BMS in
the lower leg, the long-term vessel patency seems to be
too low to guarantee sustained interventional success
(Figure 2).

Invatec was the first company to develop a dedicated
infrapopliteal CoCr BMS; the Chromis Deep (Invatec,
Roncadelle, Italy). The stent is available in longer lengths
(up to 78 mm), has a higher radial force than coronary-
derived BMS and because of its closed cell design it
offers homogeneous scaffolding of the vessel wall. Fur-
thermore, the stent struts have low thickness, which pro-
vides better flexibility than coronary stent. Our group
has performed BK stenting, using this device, in 50
patients with CLI and is currently awaiting the 6-month
control data, which might show the value of this
enhanced stent design (Figure 3).

Passive coated balloon-expandable stents

A first attempt to optimize the outcome of infrapo-
pliteal stenting is application of passive stent coatings
(carbon or silicon-carbide), which inhibit the deposi-
tion of thrombocytes and erythrocytes on the stent sur-
face, preventing early thrombosis and intimal
hyperplasia due to thrombus formation.

Peeters et al. presented our unpublished first infrapo-
pliteal experience using the Silicon-Carbide coated Lek-
ton (Biotronik AG, Biilach, Switzerland) at the TCT
2003 (Transcatheter Cardiovascular Therapeutics, Wash-
ington, USA). Our series of 50 consecutive patients
treated with Lekton-stent implants in infrapopliteal
lesions showed a 6-month primary patency rate of 91.1%
on duplex and a limb salvage rate of 100%.

More important was the RCT of the Vienna group:
they were the first to prove that the angiographic out-
come after stenting, using a stent with a passive coating,
is superior to PTA alone in infrapopliteal vessels. Fifty-
one patients presenting with CLI due to infrapopliteal
lesions were randomized for treatment by PTA (53
lesions in 27 patients) or stent application (42 lesions in
24 patients). All patients in the stent arm received the
coronary balloon-expandable carbon coated InPeria
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Figure 3 - A) Pre- and B) postoperative view of long occlu-
sion of posterior tibial artery treated with a long
dedicated infrapopliteal Chromis Deep stent
(Invatec, Roncadelle, Italy)

Carbostent (Sorin, Biomedica, Italy). For the stent group
the cumulative primary patency at 6 months was 83.7%
at the 70% restenosis threshold, and 79.7% at the 50%
restenosis threshold. For PTA, the primary patency at 6
months was 61.1% at the 70% restenosis threshold and
45.6% at the 50% restenosis threshold. Both results were
statistically significant (p < 0.05)."!

Drug eluting balloon-expandable stents

In order to further improve infrapopliteal stent out-
come, another coronary stent technique was transferred
to the infrapopliteal vascular bed: the use of drug-
eluting stents (DES). An active stent coating (sirolimus
or paclitaxel) inhibits the inflammatory response and
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smooth muscle cell proliferation in the vessel wall dur-
ing a certain period, but in fact merely delays the pro-
cess of intimal hyperplasia as demonstrated by the 2-year
results of the SIROCCO study.'?

Feiring et al. were the first to demonstrate the safety
and utility of using coronary DES in the tibial vessels
and paved the way for a more widespread application of

DES for treating infrapopliteal disease.'

Based on the outcome of four independent
investigator-initiated studies, the Cypher sirolimus-
eluting stent (SES) (Cordis, Miami, FL, USA), has been
CE-marked for the BK indication.”'*!'® Our own study
published in 2006 evaluating the Cypher stent for BK
applications in 18 CLI patients (Rutherford 4 and 5)
resulted in a 6-month limb salvage rate of 94.4% with
an angiographic late lumen loss of only 0.38 mm in the
surviving patients.'> Commeau et al. used SES to treat
30 consecutive patients with CLI (Rutherford category
3-6) and a minimum of two diseased infrapopliteal ves-
sels. A limb salvage rate of 100% was achieved at a mean
follow-up of 7.7 months, and all surviving patients
treated with Cypher stents had marked clinical improve-
ment with 97% primary patency as measured by target
lesion revascularization (TLR).!® Siablis et al. com-
pared the outcome of 29 CLI patients treated with the
sirolimus-eluting Cypher stent with another 29 CLI
patients receiving a BMS for infrapopliteal revascular-
ization. The 6-month primary patency rate was signifi-
cantly higher in the Cypher group compared to the BMS
group (92.0 and 68.1% respectively, p < 0.002). Angio-
graphic follow-up 6 months after index intervention
revealed a binary in-stent restenosis of only 4.0% after
Cypher stent implantation, while the rate was as high as
55.3% after BMS implantation (p < 0.001).'* Siablis et
al. also published their 1-year follow-up results showing
86.4% primary patency in patients with DES, whereas
patients with BMS had primary patency of 40.5% (p <
0.001). Likewise, the binary in-stent restenosis was bet-
ter with DES, 36.7% in the Cypher stent group and
78.6% in the BMS group (p < 0.001).'° The same highly
significant difference in 6-month angiographic outcome
between the Cypher and the non-drug-eluting BX Sonic
stent (Cordis, Miami, FL, USA) was confirmed by Schei-
nert et al. in a non-randomized study. The study evalu-
ated 60 consecutive patients presenting with
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infrapopliteal lesions. The binary restenosis rate was
found to be 0% in the Cypher arm and 56.5% in the
control BMS arm (p < 0.001).°

Feiring et al. recently proposed a new technique for
combining antegrade popliteal arterial access with tibial
DES implantation in patients with SFA occlusions. Five
patients scheduled for BK amputations successfully
received overlapping infrapopliteal DES via this
approach. After a mean follow-up period of 29 months,
no deaths, no amputations and no TLR were recorded.”

To date, there is one publication on the use of
paclitaxel-eluting stents (PES) in the given indication.
Siablis et al. reported the 1-year angiographic and clini-
cal outcomes of their prospective study investigating the
infrapopliteal use of the Taxus PES (Boston Scientific
Corp, Natick, MA, USA) in a group of 29 CLI patients
(32 limbs, 50 lesions, 62 PES). At 1 year after index inter-
vention, the limb salvage rate was 88.5%. The published
angiographic in-stent primary patency rate was only
30.0%, with an in-stent binary (> 50%) restenosis of
77.4%. The l-year incidence of clinically-driven repeat
interventions was 30.5%. From their first experience with
infrapopliteal PES, they concluded to have reached
acceptable clinical results, even though PES implanta-
tion failed to inhibit vascular restenosis and to decrease
the need for repeat interventions.'®

Although evidence currently indicates that implan-
tation of DES in the infrapopliteal vasculature leads to
favorable outcomes with high mid-term primary patency
and limb salvages rates, further support for the use of
DES in patients with CLI and BK lesions will be gained
from well-designed RCT. Such trials are about to start
in conjunction with industry support. Another concern
using DES in the infrapopliteal arteries is the delayed
endothelialization around the stent struts as seen in coro-
naries, which makes the stent more susceptible to throm-
bosis. Despite the fact that DES thrombosis in the
peripheral circulation has not the lethal consequences it
has in coronary, dual antiplatelet therapy after DES is
also warranted for PAOD to guarantee optimal stent per-
formance and patient clinical well-being. Nevertheless,
the use of dual antiplatelet therapy is associated with an
increased incidence (1-2% per year) of major bleeding
complications and is expensive.!”?° The duration of
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Figure 4 - A) Preoperative and B, C) postoperative angio-
graphic control of stenting with a sirolimus-eluting
Cypher stent (Cordis, Miami FL, USA) of a short
focal infrapopliteal occlusion

treatment with dual antiplatelet therapy after both coro-
nary and peripheral implantation of DES remains a sub-
ject of ongoing debate. Based on emerging evidence,
many cardiologists are recommending a minimum of 12
months of aspirin and clopidogrel, but some are advo-
cating indefinite use of dual antiplatelet therapy after
DES implantation.?! One year of clopidogrel costs
approximately US$1,000.00. This expense is in addition
to the cost already incurred by using a DES, which is
usually fourfold greater than the bare metal equivalent;
one coronary BMS costs US$800.00 while one DES costs
up to US$ 2,500.00%* (Figure 4).

Nitinol self-expanding stents

Despite those good outcomes in published trials,
balloon-expandable stents are prone to fractures, as was
recently documented by Schwarzmaier-D’Assie et al.>®
Keeping in mind the findings in the superficial femoral
artery, where Scheinert et al. found a direct link between
stent fractures and lesion reocclusions, the fracture-
prone nature of balloon-expandable stainless steel could
potentially lead to less encouraging long-term out-
comes.>* Therefore it has been opted to develop self-
expanding nitinol stents for the infrapopliteal vessels.
The potential advantage of nitinol could probably be
explained by the crush-resistant, highly flexible nature
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Figure 5 - Quantitative vessel analysis of patient treated with 6 x 60 Xpert
nitinol stent (Abbott Vascular, Redwood City, CA, USA) for a
total occlusion of the tibiofibular trunk (TFT). A) Preproce-
dural image showing total occlusion of the TFT; B) location of
stent implantation; C) immediate postoperative image showing <
10 % residual stenosis; D) 1-year angiographical control showed a
late lumen loss (LLL) of only 0.1 mm (LLL-index 3.2%)

of the alloy. Moreover, the design of dedicated small-
vessel nitinol stents such as Xpert (Abbott Vascular, Red-
wood City, CA, USA), Astron Pulsar (Biotronik AG,
Biilach, Switzerland) and Maris Deep (Invatec,
Roncadelle, Italy) intends to improve results by a reduced
strut profile, lowering the wall-coverage up to 20%, inde-
pendent of stent diameter. The rationale behind is that
optimal maintenance of flow dynamics in the infrapo-
pliteal arteries decreases lumen loss and improves
patency rates.

Kickuth et al. were the first to present initial experi-
ence with the Xpert nitinol stent in the given indication
with good clinical outcome after 6 months.>> Our group
published the 1-year angiographic outcome of 47 CLI
patients that received 67 Xpert stents for the treatment
of 58 infrapopliteal lesions in 51 limbs. Angiographic
control and subsequent quantitative vessel analysis
(QVA) after 1 year showed a binary restenosis rate of
20.45%. Kaplan Meier analysis reported 1-year pri-
mary patency and limb salvage rates of 76.3 and 95.9%,
respectively?® (Figure 5).

Absorbable stents

With all of presented stent types, the permanent pres-
ence of an artificial implant is believed to be the poten-
tial trigger for late restenosis. Recently, the stenting

technology has moved towards the development of tem-
porary implants composed of biocompatible materials
which mechanically support the vessel during the period
of high risk for recoil and then completely degrade on
the long-term.>'*’2° Therefore, bioabsorbable stents are
regarded as a means of combining mechanical preven-
tion of vessel recoil with various long-term advantages,
when compared with permanent implants, including the
possibility of late outward vessel remodeling and
improved reintervention options.”® The bioabsorbable
magnesium-alloy stent (AMS) (Biotronik AG, Biilach,
Switzerland) was the first of its kind to be proved that it
could be implanted safely in human arteries and that it
was absorbed as intended.?”*® In the AMS BK study,
clinical results using AMS stents for treatment of
infrapopliteal lesions in 20 patients with CLI were pre-
sented. After 12 months, primary clinical patency and
limb salvage rates were 73.3 and 94.7%, respectively.*”
Based on these findings, the AMS INSIGHT-1 RCT was
set up to give further proof of the AMS safety and effi-
cacy. The AMS INSIGHT-1 investigators have enrolled
117 CLI patients with BK 149 lesions. The patients were
randomized to implantation of an AMS (60 patients, 74
lesions) or stand-alone PTA (57 patients, 75 lesions).
Seven patients in the PTA group “crossed over” to AMS
stenting. The primary safety endpoint was defined as
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Figure 6 - Angiographic control of a A) 80% stenosis of the
tibiofibular trunk, with B) 5% residual stenosis
after AMS (Biotronik AG, Biilach, Switzerland)
implantation and C) 36% in-stent restenosis at 6
months after index procedure

absence of major amputation and/or death within 30
days after index intervention and the primary efficacy
endpoint was the 6-month angiographic patency rate as
confirmed by core-lab quality assurance (QA). The
6-month clinical follow-up and efficacy data based on
6-month angiographic results for the AMS INSIGHT-1
study are expected to be published shortly (Figure 6).

Conclusions

Limb preservation should be the goal in patients with
CLI due to tibial occlusive disease. With a prompt diag-
nosis, treatment can be started early and serious conse-
quences may be avoided. Any type of revascularization
that can prevent amputation must be applied to overall
treatment strategy.31

To date, the PTA first strategy remains the standard
of care, as it gives an acceptable clinical outcome at a
low procedural cost. In case of suboptimal PTA, stent
implantation with dedicated BK stents improves both
the clinical outcome and decreases the need for TLR.
For short focal lesions, current single center studies indi-
cate that primary BK stenting can be a viable option in
the infragenicular bed, but we will have to await future
RCT comparing stenting vs. PTA in order to tell whether
current or future stent improvements will change the idea
about the optimal endovascular strategy.

Taking into account the findings of this literature
review and the theory on the different stent designs, the
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authors believe that the future of infrapopliteal stents
might lay in the development of small vessel sirolimus-
eluting, self-expanding nitinol stents or of sirolimus-
eluting absorbable stents.
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