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Abstract
Endovascular recanalization has revolutionized the treatment of peripheral artery disease
(PAD),  offering  minimally  invasive  alternatives  to  open  surgery.  However,  permanent
metallic  stents,  while  effective  in  restoring  blood  flow,  are  associated  with  long-term
complications  such  as  chronic  inflammation,  restenosis,  and  stent  thrombosis.
Bioresorbable scaffolds (BRS) have emerged as an innovative solution, providing temporary
mechanical  support  while  delivering  antiproliferative  drugs  before  fully  degrading,  thus
eliminating  the  risks  associated  with  permanent  implants.  Significant  advancements  in
bioresorbable  materials  have  led  to  the  development  of  new-generation  scaffolds  with
improved  radial  strength,  controlled  degradation  rates,  and  enhanced  drug-eluting
properties. Several BRS platforms, including polymer- and magnesium-based designs, are
undergoing  clinical  and  preclinical  evaluation  for  peripheral  applications.  Early  trials
suggest that BRS may offer comparable short-term patency rates to conventional stents
while  potentially  reducing  late  adverse  events.  However,  challenges  such  as  scaffold
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thrombosis, mechanical integrity in large and calcified vessels, and long-term efficacy remain under investigation.
This  narrative  review  explores  the  evolution  of  BRS  technology,  the  mechanisms  of  scaffold  resorption,  current
clinical evidence, and future prospects for their use in peripheral endovascular interventions. As research progresses,
BRS may represent a paradigm shift in the treatment of PAD, offering a balance between structural support and
vascular restoration.

INTRODUCTION
Peripheral artery disease (PAD) is a prevalent manifestation of systemic atherosclerosis and a major cause of

morbidity and mortality worldwide, with a prevalence of 5.6% and affecting over 236 million individuals
[1]

.

While awareness of arterial disease is gradually increasing among patients and healthcare professionals,

underdiagnosis and undertreatment remain concerns
[2,3]

. As a result, delays in diagnosis and incomplete

implementation of evidence-based therapies still occur, particularly in resource-limited settings
[4]

.

PAD is defined by atherosclerosis-driven narrowing or obstruction of arteries, with the lower extremities

being the most commonly affected sites. The resulting ischemia may manifest variably, from intermittent

claudication to critical limb-threatening ischemia (CLTI) with ischemic rest pain, tissue loss, or gangrene
[5]

.

Beyond its local vascular manifestations, PAD carries significant systemic cardiovascular implications. The

presence of PAD is a powerful predictor of future cardiovascular events, with affected individuals showing a

two- to sixfold increased risk of myocardial infarction (MI), stroke, and cardiovascular-linked death
[6]

. This

heightened risk underscores the fact that PAD is not merely a localized disorder affecting the peripheral

vasculature, but rather a clinical manifestation of systemic endothelial dysfunction and generalized

atherosclerosis
[7]

.

In addition to its systemic impact, PAD is associated with substantial limb-related morbidity and functional

decline. Clinically, it leads to decreased mobility, loss of independence, and reduced quality of life, as

claudication limits physical activity. Moreover, PAD significantly increases the risk of lower extremity

amputation and associated mortality. Among patients undergoing major amputation, one-year mortality

rates can exceed 20%, underscoring the critical need for early intervention
[8]

.

From ankle-brachial index to chemical exchange saturation transfer: a multimodal approach to
diagnosing and characterizing PAD

The diagnosis and characterization of PAD requires a structured, multimodal approach, combining clinical

evaluation, functional testing, and vascular imaging. The ankle-brachial index (ABI) provides a simple,

non-invasive initial assessment, while duplex ultrasound (DUS) allows simultaneous evaluation of arterial

morphology and hemodynamics, guiding diagnosis, treatment planning, and follow-up. DUS is widely

available and free of radiation, though its accuracy depends on operator expertise and patient-specific

factors
[9,10]

. For more comprehensive anatomical assessment and procedural planning, computed tomography

angiography (CTA) offers high-resolution, three-dimensional imaging, enabling visualization of stenoses,

occlusions, aneurysms, and collateral vessels. While CTA provides detailed macrovessel information, it

involves iodinated contrast and radiation exposure
[11]

. Traditional imaging methods primarily capture

large-vessel anatomy, leaving microvascular and tissue-level abnormalities largely unassessed
[12]

.

Advanced magnetic resonance imaging (MRI) techniques address this gap by providing detailed tissue-level

information that complements conventional imaging. Arterial spin labeling (ASL) enables non-contrast

quantification of tissue perfusion, Blood Oxygen Level Dependent (BOLD) imaging evaluates muscle
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oxygenation
[13]

, and Chemical Exchange Saturation Transfer (CEST) imaging detects metabolites such as

creatine, reflecting muscle metabolic status
[14]

. These methods can identify early microvascular impairment,

monitor therapeutic response, and provide mechanistic insights into PAD pathophysiology. Although

primarily applied in research settings, they have the potential to enhance clinical decision-making, optimize

patient stratification, and improve outcomes through earlier detection and more precise characterization of

disease
[15]

.

Conventional treatment options and their challenges

Over the past several decades, the management of advanced PAD has undergone a significant transition

from traditional open surgical revascularization to an endovascular-first approach. This shift has been driven

by technological advancements, improved perioperative outcomes, and accumulating evidence supporting

the efficacy of minimally invasive techniques. Despite this trend, surgical bypass remains the gold standard

for patients with symptomatic complex multilevel or infrapopliteal disease, particularly in those with a longer

life expectancy and suitable autologous conduit
[16,17]

.

However, endovascular-first strategies are preferred in patients with high surgical risk or limited conduit

availability, and the endovascular approach is increasingly employed for aortoiliac, femoropopliteal, and

below-the-knee (BTK) lesions due to lower procedural morbidity, shorter hospital stay, and faster

recovery
[18]

.

The therapeutic armamentarium includes percutaneous transluminal angioplasty (PTA), bare-metal stents

(BMS), drug-eluting stents (DES), drug-coated balloons (DCBs), and atherectomy devices.

PTA is frequently the first-line option but can be complicated by restenosis, dissection, and recoil
[19]

. Despite

its simplicity, PTA offers limited durability, with reported 12-month primary patency rates of 40%-60%,

which decline substantially over time, especially in long or calcified lesions
[20]

. To improve early lumen gain

and patency, BMS can be deployed, achieving approximately 60%-75% patency at one year
[21]

. However,

permanent metallic implants can provoke chronic inflammation, increasing the risk of in-stent restenosis

(ISR)
[22,23]

 and, rarely, thrombosis, particularly when antiplatelet therapy is interrupted
[24]

. DES were

developed to mitigate neointimal hyperplasia through localized drug delivery, though concerns regarding

delayed endothelial healing and long-term safety persist.

DCBs offer an alternative by delivering antiproliferative agents, such as paclitaxel, during balloon inflation

without leaving a permanent scaffold
[25]

. They have demonstrated favorable early outcomes, particularly in

femoropopliteal arteries, with 12-month primary patency typically ranging from 65%-85%
[26]

. However, their

efficacy is reduced in BTK and heavily calcified lesions due to limited drug uptake and mechanical

constraints
[27]

.

Despite these limitations, DCBs remain a valuable revascularization option for patients who are unsuitable

for stent implantation
[28]

. However, potential drawbacks include inflammatory reactions, delayed endothelial

recovery, and heterogeneous drug distribution, particularly in complex or calcified lesions
[27]

. Continuous

technological innovations have sought to address these challenges by optimizing drug delivery and balloon

performance. Enhanced drug formulations and excipient carriers - such as urea, iopromide, and shellac -

have demonstrated improved drug transfer and retention even in fibrotic, calcified, or long-segment lesions,

while advances in coating uniformity enhance homogeneous drug distribution along the treated vessel
[29]

.

Moreover, semi-compliant and ultra-compliant balloon designs facilitate improved vessel-wall apposition

and better adaptation to irregular luminal geometry, thereby promoting localized drug absorption
[30]

.

Refinement of inflation protocols, in combination with lesion-preparation techniques such as scoring or
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cutting balloons and the introduction of microstructured balloon surfaces, further augments drug

penetration and acute luminal gain
[31-33]

.

Definition and concept of bioresorbable scaffolds as an alternative to permanent stents

Bioresorbable scaffolds (BRS) represent an innovative class of vascular devices developed to address the

long-standing limitations of permanent metallic stents. Conceptually, BRS provide temporary mechanical

support to the vessel during the initial healing phase post-intervention while delivering antiproliferative

drugs to mitigate neointimal hyperplasia. Unlike metallic stents, which remain permanently in situ, BRS

gradually degrade and are fully resorbed by the body, ideally within a few years of implantation
[34]

.

The foundational principle behind BRS is to combine the anti-restenotic benefits of DES with the biological

advantages of restoring vascular integrity and function after scaffold resorption. This attribute renders BRS

particularly appealing for patients with longer life expectancy or complex lesions, where permanent vessel

caging may carry long-term disadvantages, specifically chronic inflammation, impaired vessel compliance,

late thrombosis, and limitations in future reinterventions
[35]

.

As the scaffold dissolves, the vessel can gradually return to a more physiological state, promoting positive

vessel remodeling characterized by adaptive restoration of vessel diameter, compliance, and wall architecture.

This remodeling preserves luminal patency, enhances endothelial function, facilitates vasomotion, and

reduces the risk of late restenosis
[36]

. Collectively, these effects support long-term vascular healing, functional

recovery, and the re-establishment of normal hemodynamic responsiveness, positioning BRS as a promising

alternative to permanent implants in appropriately selected patients.

Evolution of bioresorbable scaffolds technology

Early development of BRS

The concept of bioresorbable vascular scaffolds (BVS) emerged in the early 2000s with the primary objective

of providing temporary vascular support while minimizing long-term complications associated with metallic

implants. Initial attempts focused on polymeric materials due to their established safety profile and

biodegradability. The Igaki-Tamai stent, developed in Japan and implanted in humans as early as 2000, is

composed of poly-L-lactic acid (PLLA) and demonstrated that a fully bioresorbable structure can maintain

vessel patency while degrading safely within the human body
[37]

. Despite its promise, the Igaki-Tamai stent

lacked drug-eluting properties and sufficient radial strength, leading to high rates of recoil and restenosis
[38]

.

These limitations spurred the development of next-generation BRS with drug-eluting capabilities to control

neointimal hyperplasia and enhanced mechanical integrity to resist collapse in high-pressure coronary

environments.

Advancements in BRS design and materials

The first commercially available BRS with drug-eluting properties was the ABSORB
TM

 BVS (Abbott Vascular,

Santa Clara, California), which gained widespread clinical use and became the prototype for future scaffolds.

It consisted of a PLLA backbone with everolimus coating, designed to elute the drug over a few months

and fully degrade over approximately three years. Although initial studies such as ABSORB II
[39]

 and

ABSORB III
[40]

 showed comparable efficacy to metallic DES in short-term outcomes, longer-term data

revealed higher rates of scaffold thrombosis (ScT), particularly when implantation techniques were

suboptimal.

This prompted a shift toward refinement in scaffold architecture and material science. While first-generation

devices had relatively thick struts (~150 µm) and slow degradation profiles, newer designs focused on thinner

struts (< 100 µm) and faster, more controlled bioresorption.
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To address the mechanical shortcomings of polymer-based scaffolds, researchers have focused on metallic

bioresorbable materials, particularly magnesium alloys. Magnesium offers enhanced radial strength and is

designed for accelerated degradation compared with PLLA-based scaffolds, though the full resorption

timeline in clinical use remains under investigation.

Early clinical data from the Magmaris scaffold in the BIOSOLVE trials indicated favorable safety and low

target-lesion failure rates at 12 months
[41]

, highlighting the potential of metallic BRS platforms for future

peripheral applications.

The ideal duration of BRS resorption remains a central design consideration. Complete degradation should

occur after the vessel has achieved adequate remodeling and healing, generally between 12 and 36 months, to

maintain luminal integrity while minimizing the risk of late ScT or chronic inflammation
[42]

. A resorption

period shorter than 12 months may compromise structural support during neointimal maturation, whereas

persistence beyond three years can perpetuate inflammatory responses and mechanical stress. Consequently,

optimal resorption balances transient mechanical support with timely restoration of native vessel physiology.

More recently, composite scaffolds incorporating hybrid materials such as iron and zinc alloys or novel

polymers have entered preclinical evaluation
[43]

. These designs aim to combine the biocompatibility and

tunable degradation of polymers with the mechanical strength of metals.

The BRS currently available are summarized in Table 1, along with their main characteristics.

Key material characteristics for BRS success

The evolution of BRS has revolved around fine-tuning three critical material characteristics:

1. Radial Strength: Radial strength is vital for maintaining vessel patency post-implantation, particularly in

heavily calcified lesions. Magnesium-based scaffolds provide superior radial support compared with

first-generation polymer scaffolds and approach the performance of some BMS, although balancing strength

with flexibility and resorption kinetics remains a core challenge
[52]

.

2. Controlled Degradation Kinetics: Ideal BRS materials should degrade in concert with vessel healing,

generally over a period ranging from several months to a few years, rather than a fixed 12 months.

Fast-degrading scaffolds risk mechanical collapse before neointimal maturation, while slow-degrading

scaffolds may provoke prolonged inflammatory responses. Controlled hydrolysis in polymers and corrosion

control in metals (via alloying or coating) are strategies used to optimize degradation kinetics
[52,53]

.

3. Drug-Eluting Capabilities: Drug-eluting features are now standard in BRS to prevent early restenosis.

Drugs such as everolimus and sirolimus are loaded onto the scaffold surface using biodegradable polymers.

Advanced designs are exploring multi-layer drug release systems and directional drug loading to enhance

local efficacy while minimizing systemic exposure.

As the field advances, a growing body of literature highlights the importance of combining material science

with procedural best practices, such as lesion pre-dilation, proper vessel sizing, and high-pressure

post-dilatation, to optimize outcomes. These insights have led to the so-called “4P” strategy: Patient

selection, Proper sizing, Pre-dilatation, and Post-dilatation, now considered essential for the safe and

effective deployment of BRS
[54]

.
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Table 1. Bioresorbable scaffolds for lower-limb PAD - device characteristics

Device Material Deployment
Strut
thickness,
mm

Drug Drug dose
Device diameters,
mm

Degradation
time, months

Availability

Metallic

AMS biotronik[44] Magnesium
alloy

Balloon
expandable

165 None N/A 3.00 4
Evaluated mainly in preclinical and early clinical studies; not
commercially available

Magmaris biotronik[45] Magnesium
alloy

Balloon expandable 166
BIOlute resorbable
PLLA eluting
sirolimus

1.4 mg/mm2 3.00; 3.50 24
CE-marked and commercially available in Europe; not
approved or marketed in the United States

IBS titan, Biotyx
medical[46] Iron Balloon expandable 53 PDLLA + sirolimus 6.1 mg/mm 3.00 > 24

Undergoing clinical evaluation in Europe; not yet
commercially available

Polymeric

MeRes meril[47] PLLA Balloon expandable 100 PDLLA + sirolimus 1.25 mg/mm2 2.50; 3.00; 3.50; 4.00;
4.50

24-36 CE-marked and available in several European markets

Absorb abbott[48] PLLA Balloon expandable 157 Everolimus 100 mg/cm2 2.50; 3.00; 3.50 36
Previously CE-marked but withdrawn from commercial sale;
currently limited to research and registry use

Esprit-BTK abbott[49] PLLA Balloon expandable 99-120 Everolimus 100 mg/cm2 2.50; 3.00; 3.50; 3.75 36
Recently CE-marked and FDA-approved; entering early
commercial rollout in Europe and the United States

Motiv Reva Medical[50] Tyrocore Balloon expandable 95-115 Sirolimus 1.97 mg/mm 2.50; 3.00; 3.50; 4.00 48
CE-marked for below-the-knee use; available in select
European centers, investigational in the U.S.

MAGNITUDE R3
Vascular[51] PLLA Balloon expandable 98 PDLLA, sirolimus 96 mg/cm2 3.00; 3.50 N/A

Investigational device currently in pivotal clinical trials; not
yet commercially available

PAD: Peripheral artery disease; PLLA: poly-L-lactic acid; PDLLA: poly-D,L-lactic acid; AMS: absorbable metal scaffold; CE: conformité Européenne (European regulatory certification); FDA: U.S. Food and Drug Administration;
N/A: not applicable; BTK: below-the-knee; U.S.: United States. Drug dose is reported as surface drug density (mg/mm2 or mg/cm2) or linear drug density (mg/mm), as specified by the manufacturer. Degradation time refers to
the estimated period for complete or near-complete bioresorption of the scaffold material under physiological conditions. Availability reflects regulatory status and commercial access at the time of writing.

Potential advantages of BRS in addressing the complications of metallic stents

Metallic stents, while transformative in the treatment of lower limb artery disease, are not without significant limitations. Their permanent presence within the vessel

wall has been associated with a number of long-term complications. Among the most clinically significant are late and very late stent thrombosis, chronic vessel

inflammation, impaired vasomotion, neoatherosclerosis, and ISR
[55]

. These complications arise partly from the continuous interaction between the metallic implant and

the vascular tissue, which can trigger pro-inflammatory and pro-thrombotic responses over time
[56]

. BRS were developed to directly address these limitations by offering

a temporary scaffold that supports the vessel only during the vulnerable healing period before being completely resorbed. This “leave nothing behind” strategy has

several advantages:
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1. Reduction in Late Stent Thrombosis: BRS showed the potential to reduce the risk of late and very late

ScT
[54]

. In permanent stents, thrombosis can occur months or even years after implantation due to persistent

metal struts interfering with endothelial healing
[57]

. In contrast, as BRS degrade, the pro-thrombotic surface

area decreases, potentially lowering the risk of thrombotic events over the long term. Clinical studies such as

ABSORB III demonstrated a decline in cardiac events after complete scaffold resorption, supporting this

hypothesis, although early ScT remains a concern with first-generation devices
[40]

. Permanent metallic stents

can induce long-term impairment of vascular physiology by constraining the arterial wall and eliminating its

natural vasomotor activity
[58]

. This persistent mechanical fixation may result in endothelial dysfunction,

disturbed shear stress patterns, and adverse vascular remodeling, ultimately predisposing to late

neoatherosclerosis and very late thrombotic events
[59]

. In contrast, BRS progressively degrades, enabling the

restoration of normal vessel compliance and vasomotion
[60,61]

.

2. Reduction of Chronic Inflammatory Response: Permanent metallic implants are associated with a

sustained inflammatory response from the vessel wall. The chronic presence of metal may lead to late

neoatherosclerosis, contributing to ISR and thrombotic events. Because BRS are eventually absorbed, they

may mitigate chronic inflammation and reduce the risk of neoatherosclerotic plaque formation, especially in

long-term follow-up
[62]

.

3. Improved Imaging and Surgical Access Post-Resorption: Another significant advantage of BRS is their

non-interference with future interventions. After complete resorption, BRS no longer obscure imaging

modalities such as computed tomography (CT) or MRI, nor do they interfere with future surgical

procedures, including surgical revision, on the treated limb. This feature is particularly relevant for younger

patients or those with progressive vascular disease who may require future interventions.

4. Potential for Positive Remodeling: As the scaffold resorbs, BRS may promote positive vessel remodeling by

supporting natural healing processes and avoiding permanent mechanical injury to the vessel wall
[63]

. Animal

models and intravascular imaging studies have demonstrated favorable vessel remodeling with increased

lumen area and plaque stabilization following BRS implantation
[64-67]

.

Preclinical studies and early evaluations

Before large-scale human trials, extensive preclinical investigations were conducted to characterize

scaffold-vessel interactions, degradation kinetics, and biological responses.

Polymer scaffolds in animal models

In rabbit iliac artery models, PLLA scaffolds demonstrated 100% procedural success with preservation of

vessel diameter (+1.2% acute gain), controlled degradation over 24 months, and minimal inflammatory

infiltrate at 6 and 12 months post-implantation
[68]

. Histologic evaluation revealed near-complete endothelial

coverage by 3 months and no neointimal hyperplasia exceeding 0.5 mm at 1 year.

Magnesium scaffolds in porcine models

Findings from smaller animal studies were corroborated in larger porcine models. In coronary and

peripheral arteries, magnesium-based scaffolds degraded predictably, with approximately 70% mass loss at 6

months and near-complete resorption by 12 months
[69]

. Vessel histology at 6 months demonstrated a thin

neointimal layer (mean thickness 0.35 ± 0.08 mm) and absence of chronic inflammation. In a porcine

femoropopliteal model, magnesium scaffolds maintained full patency (100% at 6 months) without aneurysm

formation or late recoil
[70]

.
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Emerging composite designs

More recently, research has focused on hybrid scaffolds that combine biodegradable polymers with

magnesium or iron alloys to achieve tailored degradation (6-18 months) and improved radial strength

(> 200 kPa)
[71]

. Surface nanocoatings incorporating dexamethasone or paclitaxel are under preclinical

evaluation to enhance antiproliferative efficacy while minimizing prolonged inflammation.

Encouraged by these preclinical outcomes, early-phase clinical trials have been initiated to assess the safety,

vascular healing, and patency of BRS in both coronary and peripheral territories.

CLINICAL EVIDENCE AND CURRENT APPLICATIONS
Clinical evaluation of BRS for infrapopliteal and BTK arterial disease has significantly evolved over the past

decade, advancing from initial feasibility investigations to multicenter randomized clinical trials, and yielding

an increasingly comprehensive understanding of their safety, efficacy, and overall performance in patients

with CLT. The first human data were derived from early feasibility studies: the DISAPEAR trial

(NCT02043795), as reported in preliminary publications, demonstrated that an everolimus-eluting PLLA

scaffold (Esprit BTK could be safely deployed in small tibial vessels, achieving high procedural success

(> 95%), low peri-procedural complications, and an encouraging 12-month primary patency of

approximately 80%-85% even in the setting of diffuse tibial calcification typical of CLTI
[72]

. These early data

were reinforced by the ABSORB BTK pilot, which - despite employing a first-generation, thick-strut

coronary BRS - reported 96% primary patency at 12 months and ~85% at 24 months in 38 limbs, supporting

the biological plausibility of temporary scaffolding in tibial arteries using even early-era devices
[73]

.

More definitive evidence emerged through the pivotaL Investigation of saFety and Efficacy of BRS

Treatment-Below The Knee (LIFE-BTK) randomized controlled trial (RCT), the first large-scale RCT

dedicated to BTK BRS evaluation. In this 261-patient trial (2:1 randomization to Esprit BTK vs. PTA), the

scaffold arm achieved superior 2-year primary efficacy (~61.5% vs. 32.8%), significantly lower binary

restenosis (≈28%-35% vs. 48%-58%), and improved freedom from clinically driven target-lesion

revascularization (TLR), with benefits consistent across high-risk subgroups including diabetics and patients

with advanced tissue loss
[74]

. Importantly, ScT-previously a concern in first-generation coronary BRS - was

low (< 1%-2%), reflecting the thinner struts, enhanced radial strength, and improved implantation protocols

of the Esprit BTK platform.

Parallel to PLLA-based devices, next-generation BTK-specific BRS technologies have emerged. The

Randomized Evaluation of Sirolimus-Eluting Bioresorbable Vascular Scaffold in Below-The-Knee Arteries

Study I (RESOLV I), as reported in preliminary publications, evaluated the MAGNITUDE® sirolimus-eluting

composite polymer scaffold, engineered specifically for infrapopliteal biomechanics with thin struts and

optimized radial strength. In ~30 patients, 6-month primary patency reached 75%-80%, with favorable

wound-healing trajectories, providing justification for the ongoing pivotal randomized trial started in 2025
[51]

Evaluation of a Limus-Eluting bioresorbable scaffold in Below-The-Knee arteries (ELITE-BTK). Similarly,

the Multi-center Ongoing Trial Investigating the sirolimus-eluting bioresorbable Vascular scaffold in

Below-The-Knee arteries, the Multi-center Ongoing Trial Investigating the sirolimus-eluting bioresorbable

Vascular scaffold in Below-The-Knee arteries (MOTIV BTK) program, evaluating a Tyrocore®

sirolimus-eluting scaffold, has produced some of the most compelling long-term registry data in this space:

in 58 patients (60 limbs), technical success approached 99%, with primary patency of 88.3% at 12 months,

81.7% at 24 months, and ~80% at 36 months. Limb-salvage rates (~95%) and freedom from clinically driven

reintervention (~93% at 3 years) further emphasize the potential durability of drug-eluting BRS in BTK

arteries
[50]

.
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Figure 1. Bioresorbable Scaffolds vs. Metallic Stents. BRS: Bioresorbable scaffold; DAPT: dual antiplatelet therapy; ISR: in-stent restenosis.

Despite the expanding evidence base, several limitations require cautious interpretation. Most clinical

experience remains derived from single-arm feasibility cohorts with small sample sizes, heterogeneity in

lesion morphology, and variability in procedural technique, vessel preparation and follow-up imaging.

Patency estimates in early trials often rely on Kaplan-Meier projections. Device heterogeneity also

complicates comparisons: PLLA scaffolds (Esprit BTK, ABSORB) feature slower resorption and thicker

struts, whereas newer composite or magnesium-based devices (MAGNITUDE, MOTIV) integrate higher

radial strength and more predictable degradation, raising the possibility of heterogeneous performance

among different scaffold platforms. Additionally, BTK outcomes are highly influenced by distal runoff,

wound infection, and wound management - overlooked variables in early studies. To date, LIFE-BTK

remains the only completed large RCT in this field, highlighting the need for long-term evaluation and

additional randomized trials such as ELITE-BTK to define the class-wide safety, efficacy, and optimal role of

BRS in CLTI
[75]

 [Figure 1].

Together, these findings highlight the potential of BRS as viable alternatives to permanent metallic stents in

selected patients with BTK disease. Their ability to maintain vessel patency, avoid long-term complications,

and support natural vascular healing offers a compelling therapeutic strategy in the evolving landscape of

peripheral endovascular treatment [Table 2].

Patient selection and decision-making considerations

Careful patient selection is essential to achieving optimal clinical outcomes and reducing procedural risks

with evolving BRS technology. Ideal PAD candidates are typically affected by short- to intermediate-length

lesions, favorable vessel diameters (≥ 2.5 mm), and low-to-moderate calcification - anatomic profiles that

align with the current mechanical constraints and radial strength of contemporary BRS platforms
[81]

.

Younger patients or those with extended life expectancy may achieve the greatest long-term benefit, as

resorbable systems eliminate permanent foreign-body burden and may reduce late complications, including
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Table 2. Overview of major clinical trials investigating bioresorbable scaffold technologies in below-the-knee peripheral artery disease

Trial name
Vascular territory &
population

Device (scaffold type) Trial phase/status Key result or milestone Clinical trial reference

DISAPEAR
(Below-the-Knee; CLTI)[72,76] Infrapopliteal arteries; CLTI

Everolimus-eluting PLLA scaffold
(Esprit BTK)

First-in-human feasibility
(single-arm)

Technical success; ~12-mo patency
~85% in small cohort

NCT02043795
https://clinicaltrials.gov/study/NCT02043795

LIFE-BTK[74,77] Infrapopliteal arteries (BTK);
CLTI

Everolimus-eluting resorbable
scaffold (Esprit BTK)

Randomized pivotal RCT vs.
PTA (n≈261)

At 2 yrs: restenosis 28.5% vs.
48.2% PTA; improved limb
salvage/patency

NCT04227899
https://www.clinicaltrials.gov/study/NCT04227899

RESOLV I/First-in-Human
(R3 vascular)[70,78] BTK/infrapopliteal arteries

MAGNITUDE sirolimus-eluting
bioresorbable scaffold

Feasibility FIH (~30 pts)
6-mo patency ~75%-80% early
cohort

NCT04912323
https://www.clinicaltrials.gov/study/NCT04912323

ELITE-BTK (R3 vascular)[75] Below-the-knee PAD
Next-gen MAGNITUDE
sirolimus-eluting scaffold

Pivotal RCT (~276 pts
planned)

Enrollment initiated; results pending
NCT06071429
https://clinicaltrials.gov/ct2/show/NCT06071429

MOTIV BTK[50,79] Below-the-knee arteries; CLTI
(~292 pts)

Sirolimus-eluting bioresorbable
scaffold (Tyrocore)

Pilot/registry + RCT
ongoing

Early registry: acceptable
safety/patency; RCT pending

NCT05406622
https://clinicaltrials.gov/study/NCT05406622

ABSORB BTK-pilot[73,80] Below-the-knee arteries
Everolimus-eluting PLLA scaffold
(Absorb BVS)

Single-arm pilot/registry
12-mo patency ~96%; 24-mo
~84.6% (n≈38 limbs)

NCT02793349
https://clinicaltrials.gov/study/NCT02793349

BTK: Below-the-knee; PAD: peripheral artery disease; CLTI: chronic limb-threatening ischemia; PLLA: poly-L-lactic acid; BVS: bioresorbable vascular scaffold; PTA: percutaneous transluminal angioplasty; RCT: randomized
controlled trial; FIH: first-in-human; mo: months; pts: patients; n: number of patients or treated limbs; NCT: National Clinical Trial identifier (ClinicalTrials.gov); U.S.: United States; LIFE: leading investigation of femoral-popliteal
and infrapopliteal efficacy; ELITE: evaluation of a limus-eluting bioresorbable scaffold; MOTIV: multi-center ongoing trial investigating the sirolimus-eluting bioresorbable vascular scaffold; RESOLV: randomized evaluation of
sirolimus-eluting bioresorbable vascular scaffold in below-the-knee arteries. Patency refers to the absence of binary restenosis or target lesion occlusion at the specified follow-up, as defined by individual trial protocols. Reported
outcomes reflect interim or published results from feasibility, pilot, or registry cohorts when final trial data are not yet available. Trial status and enrollment numbers are presented according to publicly available ClinicalTrials.gov
records at the time of writing.

stent fracture and ISR. On the other hand, patients with advanced renal insufficiency, poorly controlled diabetes, or diffuse, heavily calcified disease remain at higher

risk for scaffold failure, thrombosis, and incomplete resorption. Multimodal imaging, including DUS, CTA and intravascular ultrasound (IVUS), remains critical for

precise lesion characterization, patient stratification, and procedural planning
[82]

.

Scaffold design has undergone transformative improvements to overcome the limitations of first-generation devices. PLLA BRS initially required strut thicknesses of

150-160 µm to ensure radial support, but this bulk disrupted laminar flow and delayed endothelialization. Second-generation platforms such as MeRes 100, DESolve

100, and Firesorb have reduced strut thickness to ≤ 100 µm without compromising mechanical integrity
[83]

. The MeRes 100 scaffold, with 100 µm struts and a hybrid

closed-open cell design, demonstrated zero ScT and a 1.61% Major Adverse Cardiovascular Events (MACE) rate at two years in the MeRes-1 Extend study (n = 240),

with reduced luminal protrusion enhancing safety
[84]

. DESolve 100 exhibits rapid self-correction of malapposition, while the Firesorb scaffold in the FUTURE-II trial (n

= 433) delivered late loss and strut coverage metrics comparable to metallic DES, confirming the potential of thin-strut platforms to balance efficacy with vascular

healing
[83-85]

.

https://clinicaltrials.gov/study/NCT02043795
https://www.clinicaltrials.gov/study/NCT04227899
https://www.clinicaltrials.gov/study/NCT04912323
https://clinicaltrials.gov/ct2/show/NCT06071429
https://clinicaltrials.gov/study/NCT05406622
https://clinicaltrials.gov/study/NCT02793349
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Computational fluid dynamics further highlight the advantages of ultra-thin struts, predicting up to a 25%

reduction in low-shear, high-recirculation zones - key loci for platelet activation and ScT - when strut

thickness is reduced by one-third
[86]

. Modern BRS integrate radiopaque markers (platinum or tantalum

micro-rings), enhancing deployment precision to sub-millimeter accuracy. Next-generation devices, such as

Abbott’s Esprit BTK (< 100 µm struts with dual radiopaque bands), are under investigation in PAD

(NCT04227899), with preliminary results reporting 91% acute success in complex peripheral lesions
[77]

.

Matching scaffold degradation to vessel healing remains crucial. First-generation PLLA scaffolds degraded

slowly over 3-4 years, prolonging thrombogenic exposure. Newer materials, including magnesium alloys

(DREAMS 3G) and advanced polymers (Tyrocore in FANTOM II), achieve complete resorption within

12-18 months
[52]

. DREAMS 3G, composed of Mg-Zr-Mn alloy coated with poly-D,L-lactic acid (PDLLA)

(BIOlute), maintains > 90% radial strength for six months and degrades fully by 12-15 months in preclinical

models, inducing minimal inflammation and a neointimal thickness of 0.35 ± 0.08 mm. FANTOM II

degrades fully within one year and restores vasomotor function by nine months, key indicators of vascular

restoration without late lumen loss
[87]

.

Optimal implantation technique is equally critical, particularly in the mechanically demanding peripheral

vasculature. The PSP (Pre-dilatation, Sizing, Post-dilatation) protocol [Figure 1] reduces acute malapposition

from 12% to 3% and ScT from 2.8% to 1.1% at 12 months
[60]

. Optical coherence tomography (OCT)-guided

studies show post-dilatation pressures > 16 atm safely increase scaffold expansion by 15% without inducing

strut fractures, critical in peripheral arteries with large diameters (4-6 mm) and heavy calcification. Early

PLLA BRS, constrained by a low elastic modulus (66-fold lower than cobalt-chromium), required thick struts

and exhibited recoil > 20%, driving reintervention rates up to 15%-20% at one year
[81]

. Magnesium-based

scaffolds, while offering higher radial force, may lose support within 3-6 months due to rapid in vivo

degradation
[52]

.

Integration of refined scaffold engineering, patient-specific imaging, and procedural optimization has

expanded the clinical role of BRS in PAD. Though long-term peripheral data remain limited, early results for

second-generation platforms are promising. Personalized, anatomy-driven selection and precise

implantation remain cornerstones of safe, effective BRS use
[88,89]

.

Technological innovation has addressed early limitations such as recoil, structural compromise, and

inconsistent resorption by focusing on material composition, scaffold architecture, and controlled

degradation kinetics
[ 6 1 ]

. Al loying and polymer overcoating have been pivotal in engineering

magnesium-based scaffolds that maintain mechanical integrity during the healing window while promoting

rapid endothelialization
[90,91]

. Pure magnesium, though biocompatible, degrades too rapidly, often losing

radial strength within 3-6 months
[52]

. Mg-Zr-Mn alloys enhance strength via zirconium-induced grain

refinement and stabilize corrosion through manganese incorporation. The DREAMS 3G scaffold’s BIOmag

alloy exceeds 180 kPa radial strength - ~20% higher than first-generation Magmaris - while the BIOlute

coating preserves > 90% diameter for six months in porcine coronary and peripheral models
[92]

.

Synchrotron microtomography shows that these coatings form uniform barriers guiding residual magnesium

conversion into hydrated magnesium oxide and amorphous calcium phosphate, achieving full resorption by

12 months. Polymer coatings such as poly(lactic-co-glycolic acid) (PLGA) or PDLLA (5-10 µm) optimize

drug elution; in porcine arteriovenous (AV) shunt models, coated Mg-Zr-Mn scaffolds released 80% of

sirolimus or paclitaxel in 90 days while maintaining 95% radial strength, compared with 65% in uncoated

devices
[93]

. Histology confirms minimal inflammation at 6 and 12 months.
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Scaffold geometry advancements also improve BRS performance in calcified, tortuous peripheral vessels
[92]

.

Second-generation scaffolds employ ultra-thin struts (< 100 µm) in hexagonal or zig-zag frameworks,

distributing radial load evenly. Bench fatigue simulations (10 million cycles) show a 30% reduction in stress

concentration points versus older ring-and-link geometries, correlating with a 40% lower strut fracture

rate
[92]

. Clinical trials-including MeRes 100, DESolve 100, and Firesorb - demonstrate preserved radial

support, enhanced endothelial recovery, and reduced malapposition (MeRes-1 Extend and FUTURE-II)
[83-85]

.

Computational fluid dynamics (CFD) predicts that thinner struts reduce low-shear zones by up to 25%,

lowering thrombosis risk
[86]

.

Hybrid polymer-metal scaffolds are emerging, combining high-strength metallic cores with degradable

polymer sheaths for early radial support and controlled resorption. Iron-PLLA composites in preclinical

femoropopliteal studies show < 4% acute recoil at six months versus > 20% for PLLA-only devices, with late

lumen loss of 0.35 ± 0.08 mm at 12 months, comparable to modern DES
[94]

.

Collectively, advances in alloys, polymer coatings, scaffold architecture, and composites bring BRS closer to

clinical viability in PAD. Mg-Zr-Mn alloys coated with PDLLA/PLGA provide tunable degradation,

preserving patency during healing and minimizing late thrombogenicity. Ultra-thin struts and radiopaque

markers enhance procedural precision, and hybrid platforms bridge early radial support with long-term

bioresorption. Trials such as BIOSOLVE-IV (Clinical trial reference: NCT02817802) and DREAMS 3G

(Clinical trial reference: NCT05540223) suggest sustained patency, reduced thrombosis, and restored

vascular function even in challenging peripheral lesions.

Despite these improvements, ScT remains a concern, highlighting biological determinants of thrombus

formation from coronary to peripheral circulation
[81]

. Peripheral trials report low absolute event rates, yet

thrombosis during scaffold degradation is an important safety consideration
[95]

. First-generation polymeric

scaffolds in ABSORB BTK-pilot and DISAPEAR feasibility studies showed low ScT through 12 months,

though small sample sizes limit assessment of late events
[72]

. Peripheral arteries, especially infrapopliteal

vessels, experience mechanical stress, torsion, compression, and elongation during ambulation
[96]

, which can

induce transient malapposition or localized flow separation, promoting platelet activation and thrombus

formation
[97]

.

Factors contributing to peripheral BRS thrombogenicity include delayed endothelialization and prolonged

exposure of polymer/composite struts during degradation
[41]

. Strut thickness > 100-120 µm correlates with

delayed endothelial coverage beyond three months
[98,99]

. Degradation by-products (lactic acid, magnesium

salts) can modulate local pH and endothelial function, influencing thrombotic risk
[100]

. Peripheral

hemodynamics - variable shear, slow flow, calcification - may amplify these effects
[ 1 0 1 ]

, though

peripheral-specific preclinical data remain sparse
[102]

.

Pharmacologically, dual antiplatelet therapy (DAPT) remains the cornerstone post-BRS implantation. Six- to

twelve-month regimens cover incomplete endothelial healing and polymer resorption
[103]

. Coronary BRS

experience supports this duration, with first-year DAPT strongly linked to reduced ScT and MI; extending

DAPT beyond year one shows no clear benefit
[104]

. Shorter DAPT may be considered for high bleeding risk if

imaging confirms endothelial coverage
[105]

. P2Y
12

 inhibitor selection should consider metabolic variability and

thrombotic risk, with potent agents (ticagrelor, prasugrel) preferred in select patients
[105]

.

Economic considerations

Beyond clinical and technological considerations, the economic implications of BRS therapy remain a pivotal

factor influencing its adoption in routine vascular practice. Current-generation BRS frequently incur a
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substantial premium over standard metallic DES, reflecting complex manufacturing, higher material costs,

and the need for advanced imaging and precise lesion preparation. In several European centers, BVS pricing

has been reported to be multiple times higher than that of DES
[106]

.

Economic subanalyses from coronary programs provide additional insight into procedural cost dynamics. In

the ABSORB III economic study, mean procedural expenditure was USD 6,316 ± 1,892 for Absorb BVS

versus USD 6,103 ± 1,895 for everolimus-eluting stents (EES), representing a modest yet significant increase

of approximately USD 213 per case, largely attributable to scaffold price and device multiplicity
[107]

.

Long-term follow-up from ABSORB Japan reported no significant differences in patient- or device-oriented

adverse events between Absorb BVS and XIENCE EES over five years; however, robust peer-reviewed

cost-effectiveness data for this population remain limited
[108]

. In the European context, analyses suggest that

BRS implantation may incur additional procedural costs relative to DES, owing to more complex

deployment and longer procedure duration, although multicenter, peer-reviewed cost-effectiveness data are

scarce
[109]

.

In peripheral revascularization, early modeling from the LIFE-BTK trial estimated two-year total patient

costs of approximately USD 31,763 for scaffold-based therapy versus USD 30,995 for standard balloon

angioplasty, corresponding to an incremental increase of ~USD 768 per patient
[110]

.

When clinical efficacy outcomes were considered, the incremental cost-effectiveness ratio (ICER) was USD

3,206 per avoided primary endpoint and USD 6,068 per clinically driven TLR, well below conventional

cost-effectiveness thresholds {< USD 50,000 per quality-adjusted life-year [QALY]}
[110]

.

Magnesium-based BRS, such as Magmaris, have shown promising clinical outcomes with high patency and

low reintervention rates; however, formal cost-effectiveness data are limited, and ICER estimates in the range

of USD 4,000-8,000 per major adverse limb event avoided remain unverified in peer-reviewed studies
[111]

.

Additional procedural costs arise from increased use of intravascular imaging (IVUS or OCT), more

extensive lesion preparation, and the frequent need for multiple overlapping scaffolds in complex or

multilevel lesions
[112]

. These complexities are not always fully reimbursed in many healthcare systems, and

declining reimbursement for imaging and stenting in lower-extremity interventions may further limit

adoption
[113]

.

Although preliminary findings are encouraging, definitive cost-effectiveness validation will require

long-term follow-up and real-world health-economic registries covering diverse CLTI populations,

reimbursement environments, and procedural practices. Broader policy analyses suggest that, without

demonstrated downstream cost savings, such as reduced reinterventions, amputations, or hospitalizations,

the adoption of BRS in peripheral PAD will likely remain confined to specialized centers with dedicated

funding or research support
[114]

.

FUTURE PROSPECTS FOR BRS IN PAD TREATMENT
Technological innovations on the horizon

Advances in polymer chemistry have yielded next-generation materials, including bioresorbable

polycarbonate urethanes and poly(trimethylene carbonate), that offer finely tunable hydrolysis windows

(9-24 months), tensile strengths exceeding 60 MPa, and elongation at break greater than 300%. These

properties enable thinner struts without sacrificing support
[60]

. Layered nanocoatings capable of releasing
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nitric oxide or vascular endothelial growth factor (VEGF) are under development to accelerate

endothelialization and inhibit thrombosis, while “smart” scaffolds incorporating pH- or thermoresponsive

linkers promise to adapt degradation rates to local inflammatory states
[115]

.

Integration with other therapeutic modalities

Multimodal strategies are being explored to further enhance vessel healing. Scaffold surfaces tethered with

endothelial nitric oxide synthase (eNOS) or VEGF plasmids aim to promote angiogenesis directly. Porous

scaffold architectures enable seeding of endothelial progenitor cells, which in diabetic PAD animal models

have significantly increased microvascular density and reduced restenosis
[116]

. Finally, dual-drug elution

platforms that simultaneously release sirolimus and paclitaxel are in preclinical evaluation to target both

smooth muscle proliferation and inflammation within the scaffold milieu
[116]

.

Personalized approaches in PAD treatment

Maximizing the benefit-risk profile of BRS in PAD hinges on patient- and lesion-specific customization.

First, patient selection should use algorithmic risk stratification that incorporates trans-Atlantic inter-society

consensus (TASC) II lesion classification (A-D), reference vessel diameter, lesion length, and patient

comorbidities such as diabetes mellitus, chronic kidney disease, and smoking status. For example,

small-vessel chronic total occlusions (CTO) in diabetic patients with poor runoff may warrant cautious

consideration of slower-degrading magnesium scaffolds to prolong luminal support
[117]

.

Second, imaging-guided deployment using IVUS or optical coherence OCT has increasingly been employed.

These high-resolution modalities enable more accurate vessel sizing and assessment of calcified nodules that

may predispose to malapposition
[118,119]

. Although data on their impact in BRS deployment remain modest,

their use may help optimize scaffold-to-vessel matching and reduce deployment-related complications.

Finally, computational modelling, specifically finite element analysis (FEA), may allow pre-procedural

simulation of scaffold deployment in patient-specific arterial geometries
[120]

.

By predicting stress distributions and areas of potential strut deformation under limb flexion, FEA could

inform optimal scaffold design selection and positioning to minimize recoil and fracture risk
[121]

.

Limitations

Despite encouraging early and mid-term results, current evidence supporting BRS use in PAD remains

limited. Most data originate from feasibility studies, single-arm cohorts, or moderately sized randomized

trials with selective inclusion criteria and relatively short follow-up. Long-term durability, late bioresorption

behavior, and real-world outcomes, particularly in complex tibial lesions, require further investigation.

Differences in lesion morphology, vessel biomechanics, and procedural practices across studies also limit

comparability and generalization of results.

The unique mechanical forces exerted on infrapopliteal vessels, including torsion, compression, flexion, and

elongation, pose challenges for scaffold integrity and may influence degradation kinetics, neointimal healing,

and long-term patency. Additionally, the impact of comorbid conditions such as diabetes, infection, and

impaired microcirculation on scaffold performance remains insufficiently characterized. Ongoing and

upcoming pivotal trials evaluating next-generation sirolimus- and everolimus-eluting BRS will be essential to

establish their long-term safety, efficacy, and optimal role within the broader framework of limb-saving

revascularization strategies.
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CONCLUSION
BRS represent a meaningful conceptual advance in PAD management by providing temporary mechanical

support while avoiding the long-term drawbacks of permanent metallic implants. Contemporary evidence,

particularly in infrapopliteal and BTK disease, indicates that newer-generation polymeric and

magnesium-based platforms can achieve acceptable patency and safety when combined with appropriate

patient selection and optimized implantation techniques.

Ongoing progress in material science, scaffold architecture, drug delivery, and imaging-guided deployment

continues to address early limitations related to radial strength, thrombosis, and degradation control. Future

research should focus on long-term durability, comparative effectiveness against established endovascular

strategies, and validation in broader, real-world PAD populations. Well-designed randomized trials and

longitudinal registries will be essential to define the precise clinical role of BRS within limb-preserving

revascularization strategies.
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