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Peripheral Artery Disease

More than 20 million adults in Europe have peripheral arterial disease 

(PAD) and the worldwide prevalence of the disease increases to 

20% for patients over 70 years of age.1 The annual incidence of PAD 

is approximately 2.4%, while the annual incidence of critical limb 

ischaemia (CLI), the last and most severe stage of PAD, has been 

reported to be 0.4%.2 CLI is a limb-threatening pathology that has 

been correlated with exceedingly high amputation rates when prompt 

revascularisation is not offered. A mortality rate of over 50% at 5 years 

after the diagnosis has been reported.3,4 

The goal of revascularisation is the establishment of adequate 

reperfusion of the foot tissue to relieve ischaemic symptoms and 

enable wound healing, which is usually achieved by creating a straight 

line of blood flow to the distal foot. Patients with CLI usually present 

with multilevel vascular disease involving the iliac, femoropopliteal and 

infrapopliteal vessels. However, in CLI patients with comorbidities, such 

as diabetes or end-stage renal disease (or both), the involvement of 

infrapopliteal and pedal arch disease is characteristic and frequent.5

Endovascular angioplasty and/or stenting of infrapopliteal disease is 

an established treatment for CLI. The main reasons why distal bypass 

surgery is either not recommended or frequently not feasible include 

high surgical risk of the patient, unavailability of an autologous venous 

conduit, poor-quality arterial runoff and extensive pedal arch disease.6,7 

In contrast, minimally invasive infrapopliteal angioplasty and stenting 

does not necessitate general anaesthesia, requires less procedural 

time than open bypass surgery, results in low complication rates and 

can be easily repeated. Furthermore, the main technical advantages of 

endovascular treatment over open bypass surgery include the option to 

revascularise more than one infrapopliteal vessel and, most importantly, 

to treat outflow pedal vessel disease or even reconstitute the pedal arch. 

It was nearly 20 years ago when endovascular pioneers published the 

first data on infrapopliteal balloon angioplasty and stenting, paving the 

way towards more effective endovascular treatment of CLI.8–10 With 

the advent of novel, improved, dedicated infrapopliteal endovascular 

devices such as 0.014-inch guidewires and supporting catheters, 

as well as tapered, low-profile, angioplasty balloon catheters, the 

possibility of safe and feasible below-the-ankle and pedal arch vessel 

angioplasty has arisen. 

Moreover, the development of retrograde pedal arterial access using 

dedicated low-profile sheaths and novel revascularisation techniques 

including the subintimal arterial flossing with antegrade-retrograde 

intervention (SAFARI) dual access technique, have broadened the 

indications and further improved the success rates of previously 

technically impossible endovascular procedures.11

Data So Far
The first study to compare below-the-knee angioplasty with or without 

pedal arch angioplasty was published in 2009 by Manzi et al.11 This 

study employed the pedal-plantar loop technique first described in 

a case report by Fusaro et al. in 2007.12 Manzi et al. investigated 135 

consecutive CLI patients treated with the pedal-plantar loop technique 

in a prospectively maintained registry. These patients were compared 

with a retrospectively analysed cohort of 1,331 CLI patients who 
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underwent below-the-knee angioplasty only. Acute technical success 

in the pedal-plantar loop group was 85%, compared with 100% in the 

below-the-knee angioplasty group. The 1-year limb salvage rate was 

similar between the two groups. However, at the 15-day follow-up, a 

significant improvement in transcutaneous oxygen tension (TcPO2) was 

noted in the group of patients with successful revascularisation of the 

foot arteries, compared with patients with two below-the-knee vessels 

at the ankle level with partial foot outflow (p<0.001).11 

In 2010, Abdelhamid et al. reported longer-term outcomes following 

angioplasty of pedal and plantar arteries in 42 CLI cases. Technical 

success was 88.0% – similar to that reported by Manzi et al., while 

limb salvage was 81.9% at 2-year follow-up.13 Transdorsal-to-plantar 

or transplantar-to-dorsal balloon angioplasty for limb salvage in eight 

CLI patients with diabetes was also reported by Zhu et al. The authors 

managed to recanalise five out of eight patients (62.5%). Rest pain 

improved in all cases, wound healing or improvement was noted in two 

patients and no major amputation was necessary.14 

A year later, Alexandrescu et al. published the first results of 

angiosome-guided infrapopliteal angioplasty with the aim of improving 

wound healing. In the majority of the patients, additional pedal and 

plantar artery angioplasty was performed resulting in excellent limb 

salvage rates.15 The same year, Kawarada et al. published the first 

study of below-the-ankle stenting. In this retrospective analysis of 

40 critical ischaemic limbs (31 patients), balloon-expandable, bare-

metal stents were deployed following significant recoil, flow-limiting 

dissection, abrupt closure or repeat early reocclusion. Technical 

success was 93.0% and limb salvage was 82.1% at 2-year follow-up. 

However, the majority of the stents were deformed and two cases of 

acute or subacute stent occlusion were noted, while reintervention-

free rates were disappointing (39.6%, 39.6%, and 35.2%, at 6, 12, and 

24 months, respectively).16 

Following the unacceptably high clinically significant restenosis rates 

with bare-metal stents, Katsanos et al. reported outcomes of below-

the-ankle angioplasty and bail-out drug-eluting or self-expanding Nitinol 

stents in a series of 40 limbs in 37 CLI patients. Provisional stenting was 

used as a bail-out option following suboptimal angioplasty in 45.2% 

of the cases. Coronary drug-eluting stents (DES) were implanted in 

57.9% of the cases, and self-expanding Nitinol stents were implanted 

in the remaining 42.1%. Despite the fact that half of the DES implanted 

were deformed or fractured during follow-up, self-expanding stents 

were associated with significantly higher restenosis and lower primary 

patency rates compared with balloon angioplasty or DES. The overall 

binary restenosis rate was 64.1% and repeat intervention-free survival 

was 93.6% at 1-year follow-up.17 Stent deformation and fracture is 

common in this specific anatomical area, which can be described as 

‘stent non-friendly’.18 Stents (preferably DES) should be reserved for 

real bail-out cases, such as when the patient is facing amputation. 

Palena et al. retrospectively analysed 38 CLI patients who had undergone 

transmetatarsal arterial access and retrograde recanalisation of the 

foot and the tibial vessels, resulting in a satisfactory amputation-free 

survival rate of 81.5% at 1-year follow-up.19 

In 2016, in another retrospective single-centre study, Nakama et al.  

investigated the clinical utility of additional pedal angioplasty in 29 

CLI patients and, for the first time, an angiographic criterion for pedal 

angioplasty was described.20 Specifically, pedal arch angioplasty 

was performed only if no sufficient wound blush around the target 

wounds was noted following above-the-ankle, tibial revascularisation. 

The authors compared outcomes of 14 limbs with additional pedal 

arch angioplasty and 18 limbs without pedal arch angioplasty as a 

result of sufficient wound blush. Technical success rate was 93% 

(13 of 14 patients), and following successful pedal arch angioplasty 

sufficient wound blush was achieved. Interestingly, despite the 

fact that limb salvage, amputation-free survival and freedom from 

reintervention were similar between the two study groups, wound 

healing (93.0% versus 60.0%; p=0.05) and time to wound healing (86.0 

± 18.7 versus 152.0 ± 60.2 days; p=0.05) were significantly improved 

in patients who underwent pedal arch angioplasty. 

In 2017, the same group published the outcomes of the first large scale 

multicentre registry. 21 The Retrospective Analysis for the Clinical Impact 

of Pedal Artery Revascularization Versus Non-Revascularization Strategy 

for Patients With Critical Limb Ischemia (RENDEZVOUS) retrospective 

registry investigated a total of 257 CLI patients divided into two groups 

based on the performance of additional pedal angioplasty (n=140) or 

not (n=117). Again, wound healing and time to wound healing were 

significantly improved in the pedal angioplasty group compared with 

the no pedal angioplasty group (57.5% versus 37.3%; p=0.003 and 211 

days versus 365 days; p=0.008, respectively). However, after patient 

stratification into low-, medium- and high-risk groups according to a 

delayed wound healing score, adjunctive pedal arch angioplasty was 

found to improve the rate of wound healing only in the medium-risk 

population. In the high-risk population, additional pedal arch angioplasty 

did not contribute to an improvement in wound healing. 

Finally, in 2018 Teymen et al. published the results of a retrospective, 

single-centre study comparing patients who underwent additional 

below-the-ankle angioplasty (n=20) or below-the-knee angioplasty only 

(n=25), using drug-coated balloons.22 Mean lesion length was similar in 

the two groups (36.40 ± 8.14 mm versus 33.40 ± 7.25 mm in the below-

the-ankle and below-the-knee only groups, respectively). Interestingly, 

the 1-year restenosis rate was low in the below-the-ankle group, 

marginally missing the level of statistical significance (15.8% versus 

47.8%; p=0.059). However, amputation and survival rates were similar 

between the two groups. All available studies are summarised in Table 1.

Future Perspectives
Below-the-ankle angioplasty is part of everyday clinical practice in 

experienced vascular centres. Despite the initial positive clinical 

outcomes for CLI patients with small-vessel outflow disease and poor 

limb salvage prognosis, data for inframalleolar angioplasty remain limited 

to single-centre, mainly retrospective case series’ with a small number 

of patients and only one large, retrospective, multicentre registry. There 

is no solid evidence demonstrating that additional pedal angioplasty 

improves limb salvage rates, although there are strong indications that 

wound healing and time to wound healing are significantly improved 

in medium-risk patients. Several issues remain to be determined, such 

as clear indications for pedal angioplasty and the extent of pedal arch 

reconstruction, as well as the feasibility and effectiveness of various 

novel endovascular devices, such as drug-coated balloons, drug-

infusion catheters, lithoplasty, balloons that minimise dissections and 

atherectomy devices in the specific anatomical area. 

It should be highlighted that although limb salvage remains a clear 

clinical endpoint, wound healing and, more specifically, time to wound 

healing, should also be evaluated. Non-healing or slowly-healing ulcers 
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directly affect the patient’s quality of life, creating major economic and 

social consequences. Novel technologies currently under investigation 

have enabled assessment of the metabolic activity of the revascularised 

tissue as well as real-time tissue perfusion imaging to accurately 

quantify outcomes of tissue reperfusion following revascularisation.23 

To address these issues, large, prospective, controlled studies designed 

to quantify tissue perfusion and wound healing following endovascular 

treatment are awaited. 
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Table 1: Summary of Studies Investigating Below-the-ankle Endovascular Treatment

Author Design Patients Follow up Outcome

Manzi et al. 200911 Prospective registry with  

retrospective control

135 15 days Significantly improved TcPO2 in the plantar 

angioplasty group

Abdelhamid et al. 201013 Retrospective, single arm 42 2 years Limb salvage 81.9%

Zhu et al. 201014 Retrospective, single arm 8 9 months Limb salvage 100.0%

Kawarada et al. 201116 Retrospective, single arm 31 2 years Limb salvage 82.1% 

Katsanos et al.2013 17 Retrospective, single arm 37 3 years Limb salvage 85.0%

Palena et al. 201419 Retrospective, single arm 38 1 year Limb salvage 81.5%

Nakama et al. 201620 Retrospective controlled 29 1 year Wound healing and time to wound healing 

significantly improved in the pedal artery 

angioplasty group

Nakama et al. 2016721 Multicenter, prospective, controlled 257 1 year Wound healing and time to wound healing 

significantly improved in the pedal artery 

angioplasty group

Teymen et al. 201822 Retrospective, controlled 45 1 year Similar limb salvage rates after additional  

pedal angioplasty

TcPO2 = transcutaneous oxygen tension.


