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Abstract 

Background: The permanence of contemporary coronary stents is associated with chronic 
complications, particularly in-stent restenosis and stent thrombosis. Poly-L-lactic-acid-
based bioresorbable stents were withdrawn given late stent thrombosis risk. Magnesium-
based bioresorbable stents (MgBRS) have emerged as promising alternatives. This study 
documents the safety and efficacy profile of MgBRS generations. Methods: A systematic 
review was performed using EMBASE, MEDLINE and Web of Science (2007 to August 
2025). Studies include individuals requiring percutaneous coronary intervention for cor-
onary artery disease with MgBRS. Primary outcomes were cardiac death, definite/proba-
ble scaffold thrombosis and target vessel failure (TVF), organised into ≤12, ≤24, ≤36 and 
≤60 months. The secondary outcome was late lumen loss (LLL). Results: Four MgBRS 
generations were identified: AMS-1, DREAMS 1G, Magmaris and Freesolve; and 25 stud-
ies were included. Cardiac death and stent thrombosis rates were under 1.0% up to 24 
months for all, and 0% with Freesolve at 36 months. AMS-1 had the highest TVF rate at 
44.4% at 12 months, improving to 3.6% at 36 months in Freesolve. Only Magmaris had 60-
month data, showing 3.4% cardiac death, 2.7% stent thrombosis and 16.4% TVF rates. The 
data suggest improvement in 12-month LLL: DREAMS 1G (0.4 ± 0.3 mm), Magmaris (0.5 
± 1.1 mm) and Freesolve (0.2 ± 0.4 mm). Conclusions: Each successive generation demon-
strated improvement in all studied outcomes since the underperformance of AMS-1. The 
favourable performance of Freesolve is comparable to contemporary drug-eluting stents. 
Results of randomised head-to-head trials are anticipated. 
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1. Introduction 
Interventional cardiology has evolved significantly since the first attempt at treating 

coronary artery disease in 1977 [1]. Initially, balloon angioplasty was developed to me-
chanically dilate stenotic regions of coronary arteries, but this carried risks of acute occlu-
sion, elastic recoil, and vascular complications such as intimal dissections. To address 
these limitations, bare metal stents were introduced which provided the radial force nec-
essary to counteract acute elastic recoil [2]. These stainless-steel scaffolds still have a high 
risk of in-stent thrombosis and in-stent restenosis due to their thrombogenicity and 
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relatively low biocompatibility [3,4]. The risk of acute in-stent thrombosis was mitigated 
by the addition of single- and dual-antiplatelet therapy, at the expense of an increased risk 
of haemorrhagic complications [5]. 

Subsequent studies identifying neointimal hyperplasia as a major determinant of in-
stent restenosis prompted the development of stents that were capable of releasing anti-
proliferative agents, thereby dampening vascular remodelling secondary to inflamma-
tion, proliferation and migration of vascular smooth muscle cells into the intima [6]. First- 
and second-generation DES consisted of a polymeric coating embedded with antiprolif-
erative agents around a stent platform providing mechanical support [7]. The first-gener-
ation DES used sirolimus or paclitaxel antiproliferative drugs built around stainless-steel 
platforms; the second-generation DES platforms were changed to more biocompatible me-
tallic alloys (e.g., cobalt-chromium or platinum-chromium) which also allowed for thinner 
struts and more flexibility and deliverability [8,9]. These polymers were essential not only 
as a drug carrier but also to modulate the controlled release of the drug over time. Their 
presence, however, has been implicated in the pathogenesis of short- and medium-term 
target vessel failure due to delayed epithelialisation and risk for stent thrombosis [10,11]. 
This prompted the development of third-generation DES characterised by biodegradable 
polymer coatings applied to metallic platforms enabling thinner struts, more flexibility 
and optimised drug release [12]. However, this generation has shown limited improve-
ment in clinical outcomes over second-generation DES, limiting their adoption [13,14]. 

Despite their undoubted success in improving the treatment of obstructive coronary 
artery disease, these permanent implants still pose a risk of longer-term complications 
including in-stent restenosis, neoatherosclerosis and stent thrombosis [10,11,15,16]. As a 
proposed superior alternative, bioresorbable scaffolds were developed to degrade over 
time to address the temporary need for mechanical support while avoiding the late com-
plications of permanent stents. Poly-L-lactic acid-based coronary scaffolds showed initial 
promise as a bioresorbable medium; however, they were associated with higher rates of 
stent-related complications [17], particularly stent thrombosis [18]. As an alternative de-
sign, Magnesium-based bioresorbable stents (MgBRS) have gained favour with regard to 
their bioresorbable profile and safety outcomes. 

Four generations of MgBRS were identified and their characteristics are summarised 
in Table 1. The first-generation Absorbable Metal Stent (AMS-1, Biotronik AG, Bülach, 
Switzerland) MgBRS has the thickest strut and is the only MgBRS without an antiprolif-
erative drug coating [19]. Since AMS-1, three versions of balloon-expandable Magnesium-
based Drug-Eluting Absorbable Metal Scaffolds (DREAMS)) were produced: second-gen-
eration DREAMS 1G (Biotronik AG, Bülach, Switzerland), third-generation DREAMS 2G 
(commercial name “Magmaris”, Biotronik AG, Bülach, Switzerland), and fourth-genera-
tion DREAMS 3G (commercial name “Freesolve”, Biotronik AG, Bülach, Switzerland). 
This study is a systematic review and descriptive synthesis of the collected data which 
aims to compare the performance of the different generations of MgBRS with regard to 
key safety and efficacy outcomes. 

Table 1. MgBRS characteristics from included trials. 

Stent Name 
First Pub-

lication 
Manufac-

turer 
Deploy-

ment Material 
Antiprolifer-

ative Drug 

Approximate 
Resorption 

Time (Months) 

Available Sizes 
(mm) 

Strut 
Thickness 

(µm) 

Relative 
Struct 

Thickness 

AMS-1 2007 Biotronik 
Balloon ex-
pandable 

Mg stent None 1 
⌀ 3.0, 3.5 

Length: 10, 15 
165 
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DREAMS 1G 2013 Biotronik 
Balloon ex-
pandable 

Mg stent, 
PLGA coat-

ing 
Paclitaxel 9–12 

⌀ 3.25, 3.5 
Length: 15 

120 

 

‘Magmaris”—
DREAMS 2G 

2016 Biotronik 
Balloon ex-
pandable 

Mg stent, 
PLLA coat-

ing 
Sirolimus 12 

⌀ 2.5, 3.0, 3.5 
Length: 15, 20, 

25 
150 

 

“Freesolve”—
DREAMS 3G 

2023 Biotronik 
Balloon ex-
pandable 

Mg stent, 
PLLA coat-

ing 
Sirolimus 12 

⌀ 2.5, 3.0, 3.5, 4.0 
Length: 

13, 18, 22, 26, 30 
99 

 

The cross-sectional area of each device relative to each other is represented in red, with strut thick-
ness represented either in yellow (paclitaxel) or green (sirolimus). Mg, Magnesium; ⌀, diameter; 
PLGA, poly-lactic-co-glycolic acid; PLLA, poly-L-lactic acid. 

2. Materials and Methods 
This review was designed with the framework of the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) guidelines (Table S1). No patient or 
public involvement was required. All data collected was anonymous and no data protec-
tion issues were identified. 

To be eligible for inclusion, a study must be published in English and have included 
individuals who required percutaneous coronary intervention for coronary artery disease 
and were subsequently treated with MgBRS. A publication was required to report the 
primary outcome of interest, able to be extracted as incidence rates on an intention-to-treat 
(ITT) basis. Studies were still included if the secondary outcome was not performed or 
unavailable. 

The primary efficacy and safety outcomes collected were cardiac death, target vessel 
failure (TVF), and definite/probable scaffold thrombosis, which were organised into time 
periods of ≤12 months, ≤24 months, ≤36 months and ≤60 months. The secondary efficacy 
outcome of late lumen loss, as assessed by quantitative coronary angiography (QCA) or 
intravascular imaging, was collected where available, and converted to a standardised 
millimetre cross-sectional area for comparison. 

A keyword systematic review was performed utilising databases EMBASE, MED-
LINE and Web of Science, with date parameters from 2007 to August 2025. The year of 
2007 was selected as this is the year of publication of the first in-human implantation of 
MgBRS. 

The search utilised the following keywords 

• Magnesium OR Mg OR Magmaris OR Freesolve. 
• AND Bioresorbable OR Bioabsorbable OR Absorbable OR Dissolv*. 
• AND Coronary (MeSH) and Stent (MeSH). 
• AND Stent* OR Scaffold* OR Vascular scaffold* (MESH). 

All clinical data, including single-arm observational studies, were included for 
screening. Restrictions of human-only trials, published from 2007 to present, were ap-
plied. Trade names of clinically studied MgBRS were included. Duplicate articles were 
removed and publications were screened by title and abstract for eligibility. Publications 
were subsequently retrieved for assessment. Reference lists of the included articles were 
also screened for missing publications. The details of the search strategy, screening and 
exclusions are summarised in Figure 1. 
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Figure 1. Magnesium-Based Bioresorbable Coronary Stents search strategy and study selection—
completed using Preferred Reporting Items for Systematic Reviews and Meta-analyses flow dia-
gram. 

Data from included publications were pooled for analysis. Notably, discrepancies 
exist in the technical method of assessment for late lumen loss (LLL) measurements which 
are detailed in Table 2. All publications recorded LLL as the difference between the diam-
eters at baseline and at follow-up in millimetres except for Fallesen et al. (a Magmaris 
study) which measured the difference between the areas at baseline and at follow-up in 
millimetre squared. To facilitate comparison, this was converted to diameters assuming a 
perfect circle and pooled with other Magmaris data in Table 3. 
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Table 2. Characteristics of publications that measured late lumen loss at 12 months. 

Study Name 
Qualitative 

Method Follow-Up Late Lumen Loss 

BIOSOLVE-1 QCA/IVUS 73.9% 
0.4 ± 0.3 mm 

1.3 ± 0.7 mm2 (MLA IVUS-guided) 
MAGSTEMI QCA 87.8% 0.4 ± 0.5 mm 

Guitierrez-Bar-
rios et al. 

QCA 36.7% 0.6 ± 0.8 mm 

PRAGUE-22 QCA/OCT 60% 0.5 ± 0.7 mm (QCA) 
0.6 ± 0.4 mm (OCT) 

Fallesen et al. OCT 84% 
2.3 ± 1.6 mm2 (MLA OCT-guided) 

1.4 ± 1.4 mm2 (MLA Angiography-guided) 
BIOMAG-1 QCA 86.0% 0.2 ± 0.4 mm 

QCA, quantitative coronary angiography; IVUS, intravascular ultrasonography; MLA, minimal lu-
minal area; OCT, optical coherence tomography. 

Table 3. Pooled late lumen loss outcomes from included trials, standardised to diameters. 

Stent Name ≤12 Months (mm) 

AMS-1 NA 

DREAMS 1G 0.4 ± 0.3 

MAGMARIS 0.5 ± 1.1 

FREESOLVE 0.2 ± 0.4 

NA, not available. 

3. Results 
The combined searches identified 875 records, with 739 remaining after removing 

duplicates. After initial screening, a further 601 were excluded following the review of the 
title and abstract. Of the remaining 138 studies, 113 were excluded. Twenty-five studies 
involving the use of MgBRS were eligible for inclusion into this study: one study involving 
63 patients for AMS-1; one study involving 46 patients for DREAMS 1G; 21 studies total-
ling 3582 patients for Magmaris; and two studies with 116 patients for Freesolve. All of 
the individual studies for AMS-1, DREAMS 1G and Freesolve were prospective single-
arm trials; and of the 21 Magmaris studies, three were randomised controlled trials, one 
was a retrospective observational single-arm study and the remaining 17 were prospec-
tive observational single-arm studies. The studies are summarised in Table S2. 

Furthermore, AMS-1, DREAMS 1G and Freesolve publications included only de 
novo coronary artery lesions. At least 30% of Magmaris interventions and 79% with Free-
solve were graded to be ACC/AHA Lesion Classification B2/C. In the MgBRS trials, 20 of 
25 reported on the use of intravascular imaging, with a range of 8.8–100%; however, a 
majority reported >50% use. Importantly, the BIOMAG-1 study, the only study investi-
gating the 4th-generation Freesolve MgBRS, reports a 97% penetrance of intravascular im-
aging use. Patient, lesion and procedural characteristics of the included MgBRS trials have 
been included in Table S3. 

3.1. Risk of Bias Assessment 

Risk of Bias assessment was made using the Cochrane Risk of Bias tool for random-
ised studies (RoB 2), and Cochrane Risk of Bias tool for non-randomised studies (ROBINS-
1) [20,21]. A summary of these findings is provided in Table 4. The Risk of Bias in non-
randomised trials of MgBRS was variable given the heterogeneity of trial designs. 
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Multiple studies allowed proceduralists select patients for MgBRS implantation by utilis-
ing clinical experience and without specific criteria to guide appropriateness for inclusion. 
Although crossover to conventional stenting with DES during the index MgBRS proce-
dure was relatively rare, some trials reported a disproportionately high rate (such as >25% 
in BIFSORB PILOT-II). Lastly, while clinical follow-up was excellent across the majority 
of trials (Table S4), the MAGMARIS ACS REGISTRY, BIFSORB PILOT-II and IT MAS-
TERS REGISTRY reported follow-up rates below 80%. 

Table 4. Risk of Bias assessment for included Magnesium-based Bioresorbable Coronary Stents. 

 
Random-

isation 
Process 

Selection 
of Partici-

pants 

Classifica-
tion of Inter-

ventions 

Deviations 
from Intended 
Interventions 

Missing 
Outcome 

Data 

Outcome 
Measure-

ment 

Selection of 
the Reported 

Result 

Over-
all Bias 

PROGRESS-
AMS [22] 

 Some Low Some Low Low Low Some 

BIOSOLVE-I 
[23,24] 

 Low Low Low Low Low Low Low 

BIOSOLVE-II 
[25–28] 

 Low Low Low Low Low Low Low 

BIOSOLVE-III 
[29,30] 

 Low Low Low Low Low Low Low 

BEST-MAG [31]  Low Low Low Low Low Low Low 
MAGMARIS 

ACS REGISTRY 
[32,33] 

 Low Low Low Some Low Low Some 

MAGSTEMI 
[34,35] 

Low Low Low Low Low Low Low Low 

Ghafari et al. 
[36] 

 Low Low Low Low Low Low Low 

Carlier et al. [37]  Some Low Low Low Low Low Some 
BIOSOLVE-IV 

[38,39] 
 Low Low Low Low Low Low Low 

CardioHULA 
REGISTRY [40] 

 Low Low Low Low Low Low Low 

Franze et al. [41]  Some Low Low Low Low Low Some 
Guitierrez-Bar-
rios et al. [42] 

 Low Low Low Low Low Low Low 

BIFSORB Pilot II 
[43] 

 Some Low Some Some Low Low Some 

PRAGUE-22 [44] Low Low Low Low Low Low Some Some 
Fallesen et al. 

[45] 
Low Some Low Low Low Low Low Some 

MULTICENTRE 
ITALIAN REG-

ISTRY [46] 

 Low Low Low Low Low Low Some 

Al Nooryani et 
al. [47] 

 Some Low Low Low Low Low Some 

Bossard et al. 
[48] 

 Some Low Low Low Low Low Some 

Truong et al. 
[49] 

 Low Low Low Low Low Low Low 

INTERNA-
TIONAL MUL-

TICENTRE 
DISCO REGIS-

TRY [50] 

 Low Low Low Low Low Low Low 
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SHERPA 
MAGIC STUDY 

[51] 

 Low Low Low Low Low Low Low 

IT MASTERS 
REGISTRY [52] 

 Low Low Low Some Low Low Some 

BIOMAG-1 
[53,54] 

 Low Low Low Low Low Low Low 

3.2. Primary and Secondary Outcomes 

3.2.1. Cardiac Death 

Rates of cardiac death remained low across all four generations. Patients receiving 
AMS-1 and DREAMS 1G MgBRS had no recorded cardiac deaths at the 12-month follow-
up. Magmaris was the only stent with a 60-month follow-up, showing a low risk of cardiac 
death at 0.6% at 24 months which increased to 3.4% at 60 months. To date, fourth-genera-
tion Freesolve has 0% cardiac death risk at 36 months. Cardiac death outcomes are shown 
in Table 5. 

Table 5. Pooled cardiac death outcomes from included trials. 

Stent Name ≤12 Months ≤24 Months ≤36 Months ≤60 Months 

AMS-1 0/63 (0%) NA NA NA 

DREAMS 1G 0/43 (0%) NA NA NA 

MAGMARIS 12/3198 (0.4%) 18/2813 (0.6%) 10/486 (2.1%) 5/146 (3.4%) 

FREESOLVE 0/114 (0%) 0/115 (0%) 0/112 (0%) NA 

NA, not available. 

3.2.2. Target Vessel Failure 

The original MgBRS design AMS-1 performed poorly with regard to TVF, showing a 
44.4% TVF rate at 12 months. With the introduction of drug-eluting design, the TVF rates 
of MgBRS designs dropped to 7.0% with DREAMS 1G at 12 months and further declined 
to 3.6% with Freesolve at 36 months. Once again, Magmaris was the only MgBRS with 60-
month data, showing a 7.3% and 16.4% TVF rates at 24 and 60 months respectively. TVF 
outcomes are shown in Table 6. 

Table 6. Pooled target vessel failure outcomes from included trials. 

Stent Name ≤12 Months ≤24 Months ≤36 Months ≤60 Months 

AMS-1 28/63 (44.4%) NA NA NA 

DREAMS 1G 3/43 (7.0%) NA NA NA 

MAGMARIS 177/3198 (5.5%) 205/2813 (7.3%) 50/486 (10.3%) 24/146 (16.4%) 

FREESOLVE 4/116 (3.5%) 4/115 (3.5%) 4/112 (3.6%) NA 

NA, not available. 

3.2.3. Definite or Probable Stent Thrombosis 

Stent thrombosis remained low in all MgBRS groups. There were no recorded cases 
of definite or probable stent thrombosis at 12 months with AMS-1 and DREAMS 1G. At 
12 months, Magmaris had a 0.8% stent thrombosis risk which remained low at 2.7% dur-
ing the 60-month follow-up. Thus far, Freesolve has demonstrated excellent performance 
with no cases of stent thrombosis at 36 months. Define or probable stent thrombosis out-
comes are shown in Table 7. 
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Table 7. Pooled definite or probable stent thrombosis outcomes from included trials. 

Stent Name ≤12 Months ≤24 Months ≤36 Months ≤60 Months 

AMS-1 0/63 (0%) NA NA NA 

DREAMS 1G 0/43 (0%) NA NA NA 

MAGMARIS 25/3193 (0.8%) 22/2813 (0.8%) 8/486 (1.7%) 4/146 (2.7%) 

FREESOLVE 0/114 (0%) 0/115 (0%) 0/112 (0%) NA 

NA., not available. 

3.2.4. Late Lumen Loss 

Late lumen loss outcome data was not reported in AMS-1 and only five of the 21 
Magmaris studies evaluated LLL. Only 12-month follow-up data were available. Here, the 
data suggests an improvement in late lumen loss at 12 months with each generation: 
DREAMS 1G (0.4 ± 0.3 mm), Magmaris (0.5 ± 1.1 mm) and Freesolve (0.2 ± 0.4 mm). LLL 
outcomes are shown in Table 3. 

4. Discussion 
Despite only being tested in a small trial, the performance of the first generation 

MgBRS was significantly inferior compared to its subsequent MgBRS generations, espe-
cially with regard to rates of target vessel failure. Without any drug-eluting properties 
and a thicker strut, particularly when compared to contemporary generation DES of 
everolimus-eluting stents and zotarolimus-eluting stents, in retrospect, the suboptimal 
performance of AMS-1 is not unexpected [55,56]. With better design which included thin-
ner struts and drug-elution, the third and fourth MgBRS generations have demonstrated 
favourable 12- and 24-month clinical outcomes. 

In the wake of the suboptimal performance of PLLA bioresorbable coronary stents 
[17], stent thrombosis should be reviewed with particular importance for bioresorbable 
scaffolds. This complication is theorised to arise from the thrombogenic foreign material 
of the coronary scaffolds prior to endothelialisation [11]. For example, Yamaji et al. 
founded that the leading mechanism of very late stent thrombosis in PLLA bioresorbable 
coronary stents were from scaffold discontinuity which may suggest an unfavourable re-
sorption profile, followed by device malapposition and neoatherosclerosis [57]. With cur-
rent MgBRS devices, endothelialisation progresses as the scaffold resorbs, such that com-
plete or near-complete resorption will have occurred by 12 months following implanta-
tion [58]. For instance, over 99% of patients with fourth-generation Freesolve MgBRS 
showed homogenous resorption at 12 months using optical coherence tomography [53]. 
The risk of very late stent thrombosis should, thus, quiesce following complete resorption 
of the polymer, contrasting with the chronic risk of permanent metallic scaffolds. Notably, 
Freesolve appears to have significantly outperformed its predecessor Magmaris in this 
regard, as demonstrated in in vivo and in vitro studies. In addition, the Magnesium pol-
ymer is theorised to have native antithrombotic properties which may aid in its superior 
performance. A novel in vitro experiment by Müller et al. measured the thrombogenicity 
of MgBRS using platelet-containing plasma from the same healthy human donor. In this 
experiment, Freesolve exhibits significantly less irreversible platelet adhesion, in keeping 
with the findings of the BIOMAG-1 trial [59]. Interestingly, the observed rise in percentage 
of definite or probable stent thrombosis following resorption in Magmaris MgBRS at 36 
and 60 months may be due to follow-up bias, with a disproportionate decline in the total 
number of patients followed-up compared to those with probable or definite stent throm-
bosis. This is further suggested by the similar absolute number of recorded cases at 24 
months following implantation (i.e., 12 months following resorption) from a 12-month 
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follow-up. Other possible mechanisms may include edge dissections, residual un-re-
sorbed fragments or irregular resorption patterns [60–62]. Further research is required to 
guide the recommended duration of dual antiplatelet therapy following complete MgBRS 
resorption in patients without other significant coronary artery disease. 

At present, the evidence surrounding long-term intravascular imaging outcomes in 
patients who have been treated with MgBRS remains limited. While MgBRS presents a 
promising alternative to permanent coronary stents due to its ability to gradually resorb 
and thus avoid permanent foreign material in the vessel, the exact effects on vascular heal-
ing and remodelling remain incompletely understood. Available imaging studies suggest 
at least partial LLL compared to baseline. Early on, paclitaxel-coated DREAMS 1G had a 
higher LLL than contemporary DES; however, a switch to limus-derived antiproliferative 
MgBRS and better scaffold design (e.g., thinner struts) has resulted in comparable LLL in 
Freesolve MgBRS [63,64]. The vascular response after completed scaffold bioresorption 
may include significant LLL and vascular remodelling, which is critical to understanding 
the performance of MgBRS and guiding future use. As such, longitudinal studies should 
consider incorporating routine angiographic and intravascular evaluation beyond 36 
months to improve our understanding of vascular remodelling following scaffold absorp-
tion [65], and ultimately inform clinical decision making in the management of coronary 
syndromes requiring percutaneous coronary intervention. 

Limitations 

Given the recency of the inception of MgBRS technology, a significant number of 
publications analysed were single-arm trials. As described, this includes all AMS-1, 
DREAMS 1G and Freesolve individual publications, and 18 of 21 Magmaris publications 
(17 prospective, one retrospective). In most of these, patients were included into the 
MgBRS arm based on the discretion of the operator which may introduce selection bias. 
Of those Magmaris studies that reported lesion complexity, however, coronary artery le-
sions which were classified as ACC/AHA B2 or C lesions accounted for at least 30% of 
cases. Of note, most of Freesolve recipients (approximately 77%) were classified as 
ACC/AHA B2 or C lesions. 

The use of intravascular imaging (either OCT or IVUS) varies greatly across studies, 
ranging from 7% to 100% use. Intravascular imaging was not used or reported in 5 stud-
ies—all of which were Magmaris studies. This may confound the interpretation of the 
clinical outcomes as their success is significantly influenced by intravascular imaging 
guidance. However, due to the heterogeneity of data and limitations in reporting between 
studies, a subgroup analysis stratifying clinical outcomes based on high or low use of in-
travascular imaging could not be performed. Of note, most contemporary trials mandate 
the use of intravascular imaging, and BIOMAG-1, a 2023 Freesolve study, reported a 97% 
rate of intravascular imaging use. 

Pooling and comparing data with regard to LLL was difficult as there was significant 
paucity of follow-up data, and, where available, differing methods were employed to ob-
jectively measure the degree of late lumen loss. To facilitate comparison between the stud-
ies, LLL measurements in Fallesen et al.�s study which calculated the difference in the 
minimal areas at baseline and at follow-up (in mm2) were converted to difference in the 
diameters as measured by all remaining publications. This geometrical conversion (de-
tailed in Equation (S1) and Table S5) makes the assumption that the cross-sectional areas 
represent a perfect circle and that orthogonal measurements to the coronary arteries were 
made. This methodological choice provides an exploratory analysis with some abstract 
values for comparison between studies; however, more robust prospective studies with 
prespecified imaging protocols are required to confidently understand the relationship of 
lumen loss to MgBRS. Future studies should also aim to perform intravascular imaging 
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as a default with standardised measurement protocols clearly defined in their study pro-
tocols. 

While Magmaris was evaluated in the greatest number of studies, there was a signif-
icant reduction in patient outcomes measured at 36 and 60 months with only 486 and 146 
patients outcomes respectively. This relative drop in available patient outcome data was 
predominantly contributed by the BIOSOLVE IV study which provided the highest num-
ber of patient outcomes up to 24 months only. This may have implications to the accuracy 
and generalisability of this review, particularly with regard to Magmaris MgBRS after 24 
months. Furthermore, as Freesolve was only evaluated in a significantly smaller number 
of patients compared to Magmaris, broad conclusions directly comparing the efficacy be-
tween these two devices cannot be drawn. 

5. Conclusions 
MgBRS technology has the potential for providing temporary vascular support and 

facilitating revascularisation while gradually degrading after fulfilling their immediate 
scaffolding function. This avoids the longer-term complications of permanent stents in-
cluding in-stent restenosis, neoatherosclerosis and stent thrombosis, in addition to being 
able to allow all future options for coronary intervention. This systematic review has 
demonstrated notable performance improvements with each subsequent MgBRS genera-
tion; however, there is limited long-term data beyond 24 months. Large randomised con-
trol trials with good short- and long-term follow-up, along with planned late angiographic 
assessment to evaluate vascular response following bioresorption of MgBRS are necessary 
before any recommendations for general use can be made. The results of the randomised 
BIOMAG-II study comparing MgBRS to contemporary DES are eagerly awaited to guide 
future use (ClinicalTrials.gov identifier: NCT05540223) [66]. With continual advancement 
in bioresorbable stent technologies, MgBRS has the potential to vastly improve options 
for contemporary treatment of obstructive coronary artery disease. 
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sorbable Coronary Stent Trials.; Table S4: Clinical Follow-Up Rates from Included Magnesium-
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MgBRS Magnesium-based bioresorbable stents 
MLA Minimal luminal area 
NA Not available 
OCT Optical coherence tomography 
PLGA Poly-lactic-co-glycolic acid 
PLLA Poly-L-lactic acid 
PRISMA Preferred Reporting Items for Systematic Reviews and Metaanalyses 
QCA Quantitative coronary angiography 
TVF Target vessel failure 

References 
1. Gruntzig, A. Transluminal dilatation of coronary-artery stenosis. Lancet 1978, 1, 263. 
2. Sigwart, U.; Puel, J.; Mirkovitch, V.; Joffre, F.; Kappenberger, L. Intravascular Stents to Prevent Occlusion and Re-Stenosis after 

Transluminal Angioplasty. N. Engl. J. Med. 1987, 316, 701–706. 
3. Serruys, P.W.; Jaegere, P.d.; Kiemeneij, F.; Macaya, C.; Rutsch, W.; Heyndrickx, G.; Emanuelsson, H.; Marco, J.; Legrand, V.; 

Materne, P.; et al. A Comparison of Balloon-Expandable-Stent Implantation with Balloon Angioplasty in Patients with Coronary 
Artery Disease. N. Engl. J. Med. 1994, 331, 489–495. 

4. Fischman, D.L.; Leon, M.B.; Baim, D.S.; Schatz, R.A.; Savage, M.P.; Penn, I.; Detre, K.; Veltri, L.; Ricci, D.; Nobuyoshi, M.; et al. 
A Randomized Comparison of Coronary-Stent Placement and Balloon Angioplasty in the Treatment of Coronary Artery 
Disease. N. Engl. J. Med. 1994, 331, 496–501. 

5. Kereiakes, D.J.; Yeh, R.W.; Massaro, J.M.; Driscoll-Shempp, P.; Cutlip, D.E.; Steg, P.G.; Gershlick, A.H.; Darius, H.; Meredith, 
I.T.; Ormiston, J.; et al. Stent Thrombosis in Drug-Eluting or Bare-Metal Stents in Patients Receiving Dual Antiplatelet Therapy. 
JACC Cardiovasc. Interv. 2015, 8, 1552–1562. 

6. Hoffmann, R.; Mintz, G.S.; Dussaillant, G.R.; Popma, J.J.; Pichard, A.D.; Satler, L.F.; Kent, K.M.; Griffin, J.; Leon, M.B. Patterns 
and mechanisms of in-stent restenosis. A serial intravascular ultrasound study. Circulation 1996, 94, 1247–1254. 

7. Sousa, J.E.; Serruys, P.W.; Costa, M.A. New Frontiers in Cardiology. Circulation 2003, 107, 2383–2389. 
8. Leone, A.; Simonetti, F.; Avvedimento, M.; Angellotti, D.; Immobile Molaro, M.; Franzone, A.; Esposito, G.; Piccolo, R. Ultrathin 

Struts Drug-Eluting Stents: A State-of-the-Art Review. J. Pers. Med. 2022, 12, 1378. 
9. Palmerini, T.; Biondi-Zoccai, G.; Della Riva, D.; Stettler, C.; Sangiorgi, D.; D�Ascenzo, F.; Kimura, T.; Briguori, C.; Sabatè, M.; 

Kim, H.S.; et al. Stent thrombosis with drug-eluting and bare-metal stents: Evidence from a comprehensive network meta-
analysis. Lancet 2012, 379, 1393–1402. 

10. Finn, A.V.; Nakazawa, G.; Joner, M.; Kolodgie, F.D.; Mont, E.K.; Gold, H.K.; Virmani, R. Vascular responses to drug eluting 
stents: Importance of delayed healing. Arterioscler. Thromb. Vasc. Biol. 2007, 27, 1500–1510. 

11. Taniwaki, M.; Radu, M.D.; Zaugg, S.; Amabile, N.; Garcia-Garcia, H.M.; Yamaji, K.; Jørgensen, E.; Kelbæk, H.; Pilgrim, T.; 
Caussin, C.; et al. Mechanisms of Very Late Drug-Eluting Stent Thrombosis Assessed by Optical Coherence Tomography. 
Circulation 2016, 133, 650–660. 

12. Bravo Baptista, S. The third generation of drug-eluting stents: Reassuring data while we wait for the next one. Rev. Port. Cardiol. 
2021, 40, 77–80. 

13. Xu, N.; Jiang, L.; Yao, Y.; Xu, J.; Liu, R.; Wang, H.; Song, Y.; Gao, L.; Gao, Z.; Zhao, X.; et al. Five-year outcomes of biodegradable 
versus second-generation durable polymer drug-eluting stents used in complex percutaneous coronary intervention. Chin. Med. 
J. 2023, 136, 322–330. 



J. Clin. Med. 2026, 15, 5003 12 of 15 
 

https://doi.org/10.3390/jcm15135003 

14. Lee, S.J.; Choi, D.W.; Suh, Y.; Hong, S.J.; Ahn, C.M.; Kim, J.S.; Kim, B.K.; Ko, Y.G.; Choi, D.; Park, E.C.; et al. Long-Term Clinical 
Outcomes Between Biodegradable and Durable Polymer Drug-Eluting Stents: A Nationwide Cohort Study. Front. Cardiovasc. 
Med. 2022, 9, 873114. 

15. Windecker, S.; Meier, B. Late Coronary Stent Thrombosis. Circulation 2007, 116, 1952–1965. 
16. McFadden, E.P.; Stabile, E.; Regar, E.; Cheneau, E.; Ong, A.T.; Kinnaird, T.; Suddath, W.O.; Weissman, N.J.; Torguson, R.; Kent, 

K.M.; et al. Late thrombosis in drug-eluting coronary stents after discontinuation of antiplatelet therapy. Lancet 2004, 364, 1519–
1521. 

17. Capodanno, D.; Gori, T.; Nef, H.; Latib, A.; Mehilli, J.; Lesiak, M.; Caramanno, G.; Naber, C.; Di Mario, C.; Colombo, A.; et al. 
Percutaneous coronary intervention with everolimus-eluting bioresorbable vascular scaffolds in routine clinical practice: Early 
and midterm outcomes from the European multicentre GHOST-EU registry. EuroIntervention 2015, 10, 1144–1153. 

18. Capodanno, D.; Joner, M.; Zimarino, M. What about the risk of thrombosis with bioresorbable scaffolds? EuroIntervention 2015, 
11, V181-184. 

19. Campos, C.M.; Muramatsu, T.; Iqbal, J.; Zhang, Y.J.; Onuma, Y.; Garcia-Garcia, H.M.; Haude, M.; Lemos, P.A.; Warnack, B.; 
Serruys, P.W. Bioresorbable drug-eluting magnesium-alloy scaffold for treatment of coronary artery disease. Int. J. Mol. Sci. 
2013, 14, 24492–24500. 

20. Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge, 
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. 

21. Sterne, J.A.; Hernán, M.A.; Reeves, B.C.; Savović, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T.; 
Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 2016, 355, i4919. 

22. Erbel, R.; Di Mario, C.; Bartunek, J.; Bonnier, J.; de Bruyne, B.; Eberli, F.R.; Erne, P.; Haude, M.; Heublein, B.; Horrigan, M.; et al. 
Temporary scaffolding of coronary arteries with bioabsorbable magnesium stents: A prospective, non-randomised multicentre 
trial. Lancet 2007, 369, 1869–1875. 

23. Haude, M.; Erbel, R.; Erne, P.; Verheye, S.; Degen, H.; Böse, D.; Vermeersch, P.; Wijnbergen, I.; Weissman, N.; Prati, F.; et al. 
Safety and performance of the drug-eluting absorbable metal scaffold (DREAMS) in patients with de-novo coronary lesions: 12 
month results of the prospective, multicentre, first-in-man BIOSOLVE-I trial. Lancet 2013, 381, 836–844. 

24. Haude, M.; Erbel, R.; Erne, P.; Verheye, S.; Degen, H.; Vermeersch, P.; Weissman, N.; Prati, F.; Bruining, N.; Waksman, R.; et al. 
Safety and performance of the DRug-Eluting Absorbable Metal Scaffold (DREAMS) in patients with de novo coronary lesions: 
3-year results of the prospective, multicentre, first-in-man BIOSOLVE-I trial. EuroIntervention 2016, 12, e160–e166. 

25. Haude, M.; Ince, H.; Abizaid, A.; Toelg, R.; Lemos, P.A.; von Birgelen, C.; Christiansen, E.H.; Wijns, W.; Neumann, F.-J.; Kaiser, 
C.; et al. Safety and performance of the second-generation drug-eluting absorbable metal scaffold in patients with de-novo 
coronary artery lesions (BIOSOLVE-II): 6 month results of a prospective, multicentre, non-randomised, first-in-man trial. Lancet 
2016, 387, 31–39. 

26. Haude, M.; Ince, H.; Toelg, R.; Lemos, P.A.; von Birgelen, C.; Christiansen, E.H.; Wijns, W.; Neumann, F.-J.; Eeckhout, E.; Garcia-
Garcia, H.M.; et al. Safety and performance of the second-generation drug-eluting absorbable metal scaffold (DREAMS 2G) in 
patients with de novo coronary lesions: Three-year clinical results and angiographic findings of the BIOSOLVE-II first-in-man 
trial. EuroIntervention 2020, 15, e1375–e1382. 

27. Haude, M.; Toelg, R.; Lemos, P.A.; Christiansen, E.H.; Abizaid, A.; von Birgelen, C.; Neumann, F.J.; Wijns, W.; Ince, H.; Kaiser, 
C.; et al. Sustained Safety and Performance of a Second-Generation Sirolimus-Eluting Absorbable Metal Scaffold: Long-Term 
Data of the BIOSOLVE-II First-in-Man Trial at 5 Years. Cardiovasc. Revasc. Med. 2022, 38, 106–110. 

28. Haude, M.; Ince, H.; Abizaid, A.; Toelg, R.; Lemos, P.A.; von Birgelen, C.; Christiansen, E.H.; Wijns, W.; Neumann, F.J.; Kaiser, 
C.; et al. Sustained safety and performance of the second-generation drug-eluting absorbable metal scaffold in patients with de 
novo coronary lesions: 12-month clinical results and angiographic findings of the BIOSOLVE-II first-in-man trial. Eur. Heart J. 
2016, 37, 2701–2709. 

29. Haude, M.; Ince, H.; Kische, S.; Abizaid, A.A.; Toelg, R.; Lemos, P.A.; Van Mieghem, N.M.; Verheye, S.; von Birgelen, C.; 
Christiansen, E.H.; et al. Sustained safety and clinical performance of a drug-eluting absorbable metal scaffold up to 24 months: 
Pooled outcomes of BIOSOLVE-II and BIOSOLVE-III. EuroIntervention 2017, 13, 432–439. 

30. Haude, M.; Ince, H.; Kische, S.; Abizaid, A.; Tölg, R.; Alves Lemos, P.; Van Mieghem, N.M.; Verheye, S.; von Birgelen, C.; 
Christiansen, E.H.; et al. Safety and clinical performance of a drug eluting absorbable metal scaffold in the treatment of subjects 
with de novo lesions in native coronary arteries: Pooled 12-month outcomes of BIOSOLVE-II and BIOSOLVE-III. Catheter. 
Cardiovasc. Interv. 2018, 92, E502–E511. 



J. Clin. Med. 2026, 15, 5003 13 of 15 
 

https://doi.org/10.3390/jcm15135003 

31. de Hemptinne, Q.; Xaplanteris, P.; Guédès, A.; Demeure, F.; Vandeloo, B.; Dugauquier, C.; Picard, F.; Warne, D.W.; Pilgrim, T.; 
Iglesias, J.F.; et al. Magmaris Resorbable Magnesium Scaffold Versus Conventional Drug-Eluting Stent in ST-Segment Elevation 
Myocardial Infarction: 1-Year Results of a Propensity-Score-Matching Comparison. Cardiovasc. Revasc. Med. 2022, 43, 28–35. 

32. Wlodarczak, A.; Lanocha, M.; Jastrzebski, A.; Pecherzewski, M.; Szudrowicz, M.; Jastrzebski, W.; Nawrot, J.; Lesiak, M. Early 
outcome of magnesium bioresorbable scaffold implantation in acute coronary syndrome-the initial report from the Magmaris-
ACS registry. Catheter. Cardiovasc. Interv. 2019, 93, E287–E292. 

33. Włodarczak, A.; Rola, P.; Włodarczak, S.; Szudrowicz, M.; Jaroszewska-Pozorska, J.; Barycki, M.; Furtan, Ł.; Kędzierska, M.; 
Doroszko, A.; Lesiak, M. Magnesium bioresorbable scaffold (Magmaris) versus polymer biodegradable ultrathin drug-eluting 
stent (Ultimaster) in acute coronary syndrome. Mid-term outcomes (2 years). Adv. Interv. Cardiol. 2024, 20, 67–75. 

34. Sabaté, M.; Alfonso, F.; Cequier, A.; Romaní, S.; Bordes, P.; Serra, A.; Iñiguez, A.; Salinas, P.; García Del Blanco, B.; Goicolea, J.; 
et al. Magnesium-Based Resorbable Scaffold Versus Permanent Metallic Sirolimus-Eluting Stent in Patients With ST-Segment 
Elevation Myocardial Infarction: The MAGSTEMI Randomized Clinical Trial. Circulation 2019, 140, 1904–1916. 

35. Ortega-Paz, L.; Brugaletta, S.; Gomez-Lara, J.; Alfonso, F.; Cequier, A.; Romaní, S.; Bordes, P.; Serra, A.; Iñiguez, A.; Salinas, P.; 
et al. Magnesium-based resorbable scaffold vs. permanent metallic sirolimus-eluting stent in patients with ST-segment elevation 
myocardial infarction: 3-year results of the MAGSTEMI randomised controlled trial. EuroIntervention 2022, 18, e389–e396. 

36. Ghafari, C.; Brassart, N.; Delmotte, P.; Brunner, P.; Thayse, K.; Carlier, S.G. P5637A novel bioresorbable magnesium-based stent: 
Initial clinical results and 6-months follow-up by coronary computed tomography angiography scan. Eur. Heart J. 2019, 40, 
ehz746.0580. 

37. Carlier, S.; Ghafari, C.; Delmotte, P.; Brassart, N.; Tanaka, K.; Thayse, K.; Brunner, P. DIFFERENTIAL EFFICACY OF A NEW 
MAGNESIUM-BASED BIORESORBABLE STENT IN CHRONIC AND ACUTE CORONARY SYNDROMES. JACC 2020, 75, 
1504. 

38. Verheye, S.; Wlodarczak, A.; Montorsi, P.; Torzewski, J.; Bennett, J.; Haude, M.; Starmer, G.; Buck, T.; Wiemer, M.; Nuruddin, 
A.A.B.; et al. BIOSOLVE-IV-registry: Safety and performance of the Magmaris scaffold: 12-month outcomes of the first cohort 
of 1,075 patients. Catheter. Cardiovasc. Interv. 2021, 98, E1–E8. 

39. Wlodarczak, A.; Montorsi, P.; Torzewski, J.; Bennett, J.; Starmer, G.; Buck, T.; Haude, M.; Moccetti, M.; Wiemer, M.; Lee, M.K.; 
et al. One- and two-year clinical outcomes of treatment with resorbable magnesium scaffolds for coronary artery disease: The 
prospective, international, multicentre BIOSOLVE-IV registry. EuroIntervention 2023, 19, 232–239. 

40. Abellas-Sequeiros, R.A.; Ocaranza-Sanchez, R.; Bayon-Lorenzo, J.; Santas-Alvarez, M.; Gonzalez-Juanatey, C. 12-month clinical 
outcomes after Magmaris percutaneous coronary intervention in a real-world cohort of patients: Results from the CardioHULA 
registry. Rev. Port. Cardiol. 2020, 39, 421–425. 

41. Franze, A. Twelve-month outcome of resorbable magnesium scaffold in real-world complex percutaneous coronary 
interventions: The Magic Registry. 52nd ANMCO Congress Abstracts e-Posters. Eur. Heart J. Suppl. 2021, 23, C49–C127. 
Available online: https://academic.oup.com/eurheartjsupp/article/23/Supplement_C/C49/6357815 (accessed on 15 June 2026) 

42. Gutiérrez-Barrios, A.; Gheorghe, L.L.; Camacho Freire, S.; Silva, E.; Gómez Menchero, A.; Francisco Jose, M.P.; Cañadas Pruaño, 
D.; Martínez Capoccioni, U.; Gomez Lara, J.; Bretones Del Pino, T.; et al. Long-term clinical, angiographic, and optical coherence 
tomography findings of Mg-based bioresorbable scaffold in patients with acute coronary syndrome. Catheter. Cardiovasc. Interv. 
2021, 98, E69–E77. 

43. Barkholt, T.; Neghabat, O.; Holck, E.N.; Andreasen, L.N.; Christiansen, E.H.; Holm, N.R. Bioresorbable magnesium scaffold in 
the treatment of simple coronary bifurcation lesions: The BIFSORB pilot II study. Catheter. Cardiovasc. Interv. 2022, 99, 1075–
1083. 

44. Toušek, P.; Lazarák, T.; Varvařovský, I.; Nováčková, M.; Neuberg, M.; Kočka, V. Comparison of a Bioresorbable, Magnesium-
Based Sirolimus-Eluting Stent with a Permanent, Everolimus-Eluting Metallic Stent for Treating Patients with Acute Coronary 
Syndrome: The PRAGUE-22 Study. Cardiovasc. Drugs Ther. 2022, 36, 1129–1136. 

45. Fallesen, C.O.; Antonsen, L.; Maehara, A.; Noori, M.; Hougaard, M.; Hansen, K.N.; Ellert, J.; Ahlehoff, O.; Veien, K.T.; Lassen, 
J.F.; et al. Optical Coherence Tomography- Versus Angiography-Guided Magnesium Bioresorbable Scaffold Implantation in 
NSTEMI Patients. Cardiovasc. Revasc. Med. 2022, 40, 101–110. 

46. Galli, S.; Troiano, S.; Palloshi, A.; Rapetto, C.; Pisano, F.; Aprigliano, G.; Leoncini, M.; Ravagnani, P.; Del Maestro, M.; Montorsi, 
P. Sustained Safety and Efficacy of Magnesium Reabsorbable Scaffold: 2-Year Follow-Up Analysis From First Magmaris 
Multicenter Italian Registry. Cardiovasc. Revasc. Med. 2022, 41, 69–75. 



J. Clin. Med. 2026, 15, 5003 14 of 15 
 

https://doi.org/10.3390/jcm15135003 

47. Al Nooryani, A.; Aboushokka, W.; AlBaba, B.; Kerfes, J.; Abudaqa, L.; Bhatia, A.; Mansoor, A.; Nageeb, R.; Aleksandric, S.; 
Beleslin, B. Long-Term Performance of the Magmaris Drug-Eluting Bioresorbable Metallic Scaffold in All-Comers Patients� 
Population. J. Clin. Med. 2022, 11, 3726. 

48. Bossard, M.; Madanchi, M.; Avdijaj, D.; Attinger-Toller, A.; Cioffi, G.M.; Seiler, T.; Tersalvi, G.; Kobza, R.; Schüpfer, G.; Cuculi, 
F. Long-Term Outcomes After Implantation of Magnesium-Based Bioresorbable Scaffolds-Insights From an All-Comer Registry. 
Front. Cardiovasc. Med. 2022, 9, 856930. 

49. Truong, B.Q.; Tran, H.; Nguyen, V.X.; Nguyen, C.D.; Nguyen, K.D.; Vu, V.H. Mid-term safe and effective profile of the 
Magmaris scaffold in percutaneous coronary intervention: A prospective, single-center study. Front. Cardiovasc. Med. 2023, 10, 
1194933. 

50. Giacobbe, F.; Cerrato, E.; Pavani, M.; Rolfo, C.; Biolé, C.; Bianco, M.; Franzé, A.; Zanda, G.; Piedimonte, G.; Lo Savio, L.; et al. 
C54 ACUTE AND LONG TERM PERFORMANCE OF MAGMARIS BIORESORBABLE SCAFFOLD IMPLANTATION IN 
SPONTANEOUS CORONARY ARTERY DISSECTION (SCAD): THE EXPERIENCE OF THE COORDINATOR CENTER OF 
THE INTERNATIONAL MULTICENTER REGISTRY DISCO. Eur. Heart J. Suppl. 2023, 25, D22–D23. 

51. Pompei, G.; Campo, G.; Ruggiero, R.; Maffeo, D.; Sgura, F.; Arrotti, S.; Preti, G.; Iannaccone, M.; Erriquez, A.; Biscaglia, S.; et al. 
Long-term outcomes of patients treated with sirolimus-eluting resorbable magnesium scaffolds: Insights from the SHERPA-
MAGIC study. Int. J. Cardiol. 2023, 383, 1–7. 

52. Galli, S.; Tavella, D.; Sesana, M.; Varbella, F.; Bernelli, C.; Saccà, S.; Leoncini, M.; Buccheri, D.; Pisano, F.; Fraccaro, C.; et al. TCT-
141 Preliminary Results of the Resorbable Magnesium Scaffold (Magmaris) in Long and Multivessel Lesions: Data from the IT-
Masters Registry. J. Am. Coll. Cardiol. 2023, 82, B55. 

53. Haude, M.; Wlodarczak, A.; van der Schaaf, R.J.; Torzewski, J.; Ferdinande, B.; Escaned, J.; Iglesias, J.F.; Bennett, J.; Toth, G.G.; 
Joner, M.; et al. A new resorbable magnesium scaffold for de novo coronary lesions (DREAMS 3): One-year results of the 
BIOMAG-I first-in-human study. EuroIntervention 2023, 19, e414–e422. 

54. Haude, M.; Wlodarczak, A.; van der Schaaf, R.J.; Torzewski, J.; Ferdinande, B.; Escaned, J.; Iglesias, J.F.; Bennett, J.; Toth, G.; 
Joner, M.; et al. Clinical outcomes of the third-generation resorbable magnesium scaffold for coronary artery lesions: Three-year 
results of the BIOMAG-I study. EuroIntervention 2025, 21, 971–973. 

55. Hassan, A.; Amin, A.M.; Gadelmawla, A.F.; Mansour, A.; Mostafa, H.A.; Desouki, M.T.; Naguib, M.M.; Ali, B.; Siraj, A.; Suppah, 
M.; et al. Comparative effectiveness of ultrathin vs. standard strut drug-eluting stents: Insights from a large-scale meta-analysis 
with extended follow-up. Eur. J. Med. Res. 2024, 29, 388. 

56. Saito, A.; Dai, Z.; Ono, M.; Kanie, T.; Takaoka, Y.; Mizuno, A.; Komiyama, N.; Asano, T. The relationship between coronary 
stent strut thickness and the incidences of clinical outcomes after drug-eluting stent implantation: A systematic review and 
meta-regression analysis. Catheter. Cardiovasc. Interv. 2022, 99, 575–582. 

57. Yamaji, K.; Ueki, Y.; Souteyrand, G.; Daemen, J.; Wiebe, J.; Nef, H.; Adriaenssens, T.; Loh, J.P.; Lattuca, B.; Wykrzykowska, J.J.; 
et al. Mechanisms of Very Late Bioresorbable Scaffold Thrombosis. J. Am. Coll. Cardiol. 2017, 70, 2330–2344. 

58. Joner, M.; Ruppelt, P.; Zumstein, P.; Lapointe-Corriveau, C.; Leclerc, G.; Bulin, A.; Castellanos, M.I.; Wittchow, E.; Haude, M.; 
Waksman, R. Preclinical evaluation of degradation kinetics and elemental mapping of first- and second-generation 
bioresorbable magnesium scaffolds. EuroIntervention 2018, 14, e1040–e1048. 

59. Müller, M.; Ludwig, L.; Englert, H.; Riedl, K.A.; Müller, M.C.; Hemkemeyer, S.A.; Beerens, M.; Mailer, R.K.; Renné, T.; Lang, S.; 
et al. A novel stent flow chamber system demonstrates reduced thrombogenicity of bioresorbable magnesium scaffolds. Sci. 
Rep. 2024, 14, 26691. 

60. Hong, M.-K.; Park, S.-W.; Lee, N.-H.; Nah, D.-Y.; Lee, C.W.; Kang, D.-H.; Song, J.-K.; Kim, J.-J.; Park, S.-J. Long-term outcomes 
of minor dissection at the edge of stents detected with intravascular ultrasound. Am. J. Cardiol. 2000, 86, 791–795. 

61. Räber, L.; Brugaletta, S.; Yamaji, K.; O�Sullivan, C.J.; Otsuki, S.; Koppara, T.; Taniwaki, M.; Onuma, Y.; Freixa, X.; Eberli, F.R.; et 
al. Very Late Scaffold Thrombosis: Intracoronary Imaging and Histopathological and Spectroscopic Findings. J. Am. Coll. 
Cardiol. 2015, 66, 1901–1914. 

62. Arroyo, D.; Cook, S.; Puricel, S. Mechanisms of Late and Very Late Bioresorbable Vascular Scaffold Thrombosis. J. Am. Coll. 
Cardiol. 2016, 67, 1259–1260. 

63. Brener, S.J.; Prasad, A.J.; Khan, Z.; Sacchi, T.J. The relationship between late lumen loss and restenosis among various drug-
eluting stents: A systematic review and meta-regression analysis of randomized clinical trials. Atherosclerosis 2011, 214, 158–162. 

64. Rittersma, S.Z.H.; de Winter, R.J.; Koch, K.T.; Bax, M.; Schotborgh, C.E.; Mulder, K.J.; Tijssen, J.G.P.; Piek, J.J. Impact of strut 
thickness on late luminal loss after coronary artery stent placement. Am. J. Cardiol. 2004, 93, 477–480. 



J. Clin. Med. 2026, 15, 5003 15 of 15 
 

https://doi.org/10.3390/jcm15135003 

65. Strandberg, E.; Zeltinger, J.; Schulz, D.G.; Kaluza, G.L. Late positive remodeling and late lumen gain contribute to vascular 
restoration by a non-drug eluting bioresorbable scaffold: A four-year intravascular ultrasound study in normal porcine 
coronary arteries. Circ. Cardiovasc. Interv. 2012, 5, 39–46. 

66. Biotronik, A.G. Safety and Clinical Performance of the Drug Eluting Resorbable Coronary Magnesium Scaffold System (Free-
solve®) in the Treatment of Subjects with De Novo Lesions in Native Coronary Arteries: BIOMAG-II: A Randomized Controlled 
Trial. 2022. Available online: https://clinicaltrials.gov/study/NCT05540223 (accessed on 15 January 2026). 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


