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Abstract: Background: Diabetes mellitus (DM) is one of the major risk factors contributing to Acute
Coronary Syndromes (ACS) and is associated with an increased risk of adverse clinical outcomes
following percutaneous coronary intervention (PCI), even when the second generation of drug-
eluting stents (DES) is used. In order to overcome the disadvantages of permanent caging of a
vessel with metallic DES, bioresorbable scaffold (BRS) technology has been recently developed.
However, the prognosis of patients with DM and ACS treated with PCI via subsequent implantation
of Magmaris (Biotronik, Berlin, Germany)—a novel magnesium-bioresorbable scaffold—is poorly
investigated. Methods: A total of 193 consecutive subjects with non-ST elevation acute coronary
syndrome (NSTE-ACS) who, from October 2016 to March 2020, received one or more Magmaris
scaffolds were enrolled in this study. The diabetic group was compared with non-diabetic subjects.
Results: There were no significant differences in the occurrence of primary endpoints (cardiovascular
death, myocardial infarction, and in-stent thrombosis) and principal secondary endpoints (target-
lesion failure, scaffold restenosis, death from any reason, and other cardiovascular events) between
the two compared groups in a 1-year follow-up period. Conclusions: The early 1-year-outcome of
magnesium bioresorbable scaffold (Magmaris) seems to be favorable and suggests that this novel
BRS is safe and effective in subjects with NSTE-ACS and co-existing DM.

Keywords: diabetes mellitus (DM); acute coronary syndrome (ACS); magnesium bioresorbable
scaffold (BRS); Magmaris; percutaneous coronary intervention (PCI); coronary artery disease (CAD)

1. Introduction

Acute coronary syndrome (ACS), despite advances in pharmacological treatment
and revascularization techniques, remains a significant cause of mortality and morbidity
worldwide. Diabetes mellitus (DM) is one of the major risk factors of coronary artery
disease (CAD), and its prevalence is still increasing among developed and developing
countries [1]. Although the new generation of drug-eluting stents improved the outcomes
of percutaneous coronary intervention (PCI), there is still a higher rate of major cardio-
vascular adverse events in diabetic patients [2], which is related to a disturbance in the
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artery healing caused by the presence of a metallic scaffold in the lumen of the vessel. It
results in the activation of a chronic local inflammation and abnormalities in the vessel
architecture with coexisting impairments in vasomotor function [3,4]. To counteract these
processes, the first bioresorbable scaffolds (BRS) were introduced more than 10 years ago.
The main concept of this vessel-supporting technology was to provide short-term equiv-
alent performance to existing drug-eluting stents (DES), avoiding permanent caging of
the vessel due to reabsorption of the scaffold after complete vessel healing and leading to
the restoration of normal vascular. Shortly after its appearance on the market, the Absorb
scaffold (Abbott Vascular, Santa Clara, CA, USA) became the leading BRS. However, opti-
mism associated with the preliminary studies was restrained by results of the ABSORB II
trial [5], and due to safety concerns, this technology was withdrawn from commercial use
and is restricted nowadays only to clinical trials. Despite initial difficulties, the BRS concept
continues to evolve, and a novel promising magnesium bioresorbable scaffold—Magmaris
(Biotronik, Berlin, Germany)—has been recently introduced on the market [6]. Recently
published data suggest that the use of Magmaris BRS in patients with ACS is associated
with favorable early clinical outcomes [7]. Since particularly diabetes is a predictor of
device-related thrombosis and target-lesion failure in the Absorb scaffold [8], we designed
this trial in order to evaluate the early (1-year) outcome of patients with diabetes treated
with Magmaris.

2. Materials and Methods
2.1. Study Population

This investigator-initiated, single-center, single-arm observational study enrolled
consecutive 193 patients with no ST-Elevation Myocardial Infarction (NSTEMI) or unstable
angina (UA) who received one or more Magmaris BRS at the Cardiology Department of the
Cooper Health Center in Lubin between October 2016 and March 2020 during the initial
PCI. The study population was selected out of all consecutive patients with ACS who
qualified for PCI at the department. A total of 4110 ACS patients were pre-screened at that
time; in the first step, due to current expert recommendations [9], we excluded patients
with STEMI. Out of all remaining ACS cases (n = 3310) following assessment using the
inclusion and exclusion criteria, we selected the study population. Figure 1 presents a flow
chart of the study design

Patients with diabetes mellitus (n = 72) were compared with a non-diabetic group
(n = 121). Clinical follow-up was obtained on the 30th day and after 1 year following
the office visits or telephone interviews. All of the data obtained using a standardized
questionnaire were collected by trained medical staff and entered retrospectively into an
electronic database.
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was available in diameters of 3.0 and 3.5 mm and lengths of 15, 20, and 25 mm. The deci-
sion to perform PCI was based on current guidelines for ACS management. The selection 
of lesions qualified for treatment with Magmaris was carried out in accordance with the 
current recommendations and with the consensus of experts [9]. All implantations were 
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Figure 1. Study procedure, and inclusion and exclusion criteria. Abbreviations: NSTEMI—non-ST
elevation myocardial infraction; UA—unstable angina; STEMI—ST elevation myocardial infraction;
PCI—percutaneous coronary intervention; TIMI—thrombolysis in myocardial infraction; BRS—
bioresorbable scaffolds; DM2—diabetes mellitus type 2.

2.2. Device and Procedures

The Magmaris is a second-generation metallic (magnesium) sirolimus-eluting biore-
sorbable scaffold containing an active bioabsorbable coating—BIOlute Poly-L-Lactide
(PLLA)—with controlled drug release up to 90 days and with an average time of full
scaffold absorption amounting to approximately one year. The Magmaris used in this
study was available in diameters of 3.0 and 3.5 mm and lengths of 15, 20, and 25 mm.
The decision to perform PCI was based on current guidelines for ACS management. The
selection of lesions qualified for treatment with Magmaris was carried out in accordance
with the current recommendations and with the consensus of experts [9]. All implantations
were performed with the 4P strategy, which includes patient selection (de novo lesions with
a vessel diameter and lesion length matching Magmaris sizes); proper sizing (reference
vessel diameter in a range from 2.7 mm up to 3.7 mm); pre-dilatation (mandatory with a
non-compliant (NC) balloon-sized 1:1 balloon-to-artery ratio, without significant residual
stenosis); and post-dilatation (mandatory, high-pressure (not less than 16 atm) with NC
balloon-sized 1:1 balloon/scaffold ratio or up to 0.5 mm longer). The decision to use
intravascular imaging for guidance was left to the operators. Standard pharmacotherapy
was followed according to the current ESC/ESH guidelines for non-ST segment elevation
myocardial infarct (NSTEMI) [10,11], and dual antiplatelet therapy lasted 12 months.

2.3. Endpoints and Definitions

The primary outcome was a safety composite of cardiovascular death, myocardial
infarction, and definite or probable in-stent thrombosis at 30-days and 1-year follow-up.
The principal secondary outcome was an effectiveness outcome of target-lesion failure
(TLF) defined as cardiac death, target vessel myocardial infarction (TV-MI), or target
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lesion revascularization (TLR). Other secondary outcomes included scaffold restenosis,
death from any reason, cerebrovascular episodes, revascularization procedures, as well as
myocardial infarction, defined according to the Fourth Universal Definition of Myocardial
Infarction [12].

2.4. Statistical Analysis

The analyses were conducted using the R language [13]. Continuous variables were
characterized with their mean and standard deviation, while frequencies were used for
categorical variables. The patients were compared between groups with the nonparametric
two-sample Mann–Whitney’s test for continuous variables and Fisher’s Exact Test for
categorical variables. Bonferroni correction was applied to adjust for multiple comparisons.
p-values ≤ 0.05 were accepted as a threshold for statistical significance.

3. Results

Following the inclusion and exclusion criteria, finally, a total of 193 patients with acute
coronary syndrome were enrolled in this study and their baseline clinical characteristic
is shown in Table 1. Between October 2016 and March 2020, n = 72 DM patients with
ACS underwent PCI with 74 BRS implantation, of which 58 (80.5%) patients were treated
with oral medication and 14 (19.5%) patients were treated with insulin. The majority of
patients were male (80.5%), with NSTEMI as an initial clinical manifestation (80.5%). The
anatomical complexity of lesions in both groups was relatively low-type A/B1 lesions
dominated in the diabetic population (77.8%) and the control group (80.9%).

Table 1. Baseline clinical characteristic of both groups.

Diabetes Patients
N = 72

Non-Diabetes Patients
N = 121 p-Value

Age 65.3 ± 7.9 63.2 ± 9.5 p = 0.127
Gander—male (ratio) 58 (80.5%) 92 (76.0%) p = 0.592

Unstable angina 14 (19.5%) 16 (13.2%) p = 0.305
NSTEMI 58 (80.5%) 105 (86.7%) p = 0.305

Oral anti-diabetic Treatment 58 (80.5%) NA -
Insulin 14 (19.5%) NA -

Hypertension 69 (95.8%) 102 (84.2%) p = 0.018
Hyperlipidemia 58 (80.5%) 94 (77.0%) p = 0.718

Atrial Fibrillation 2 (2.7%) 7 (5.7%) p = 0.488
Previously PCI 36 (50%) 42 (34.7%) p = 0.048

Primary Diagnosis MI 28 (38.8%) 31 (25.6%) p = 0.075
Current smoker 22 (30.5%) 35 (28.9%) p = 0.871

LV-EF 57.7% ± 10.7 59.4% ± 16.0 p = 0.050
Total Cholesterol (mmol/L) 4.3 ± 1.3 4.8 ± 1.3 p = 0.008

LDL (mmol/L) 2.1 ± 0.9 2.8 ± 1.2 p < 0.001
Triglycerides (mmol/L) 1.9 ± 1.1 1.8 ± 2.1 p = 0.213

Creatine (µmol/L) 82.3 ± 21.5 85.1 ± 22.5 p = 0.431
Days of hospitalization 2.9 ± 2.0 2.7 ± 1.6 p = 0.866

Abbreviations: NSTEMI—non-ST elevation myocardial infraction; PCI—percutaneous coronary intervention;
MI—myocardial infraction; LV-EF-LV—left ventricular ejection fraction. Bold data- mark statistically significant
(p < 0.05) differences between two groups. Bold data mark statistically significant differences.

The success rate for device implantation (204 Magmaris BRS) was 100%. There were
121 patients in the control non-diabetic group. Additionally, this group consisted mainly
of males (76%) with a clinical diagnosis of NSTEMI (86.7%). The diabetic group had a
significantly higher prevalence of hypertension and a past history of PCI. In contrast, a
non-diabetic group had significantly higher serum lipid levels as well as left ventricular
ejection fraction. All procedural-related data are presented in Table 2; postprocedural TIMI
grade 3 was observed after all procedures.
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Table 2. Procedural characteristic of both groups.

Diabetes Patients
N = 72

Non-Diabetes Patients
N = 121 p-Value

Treated vessel:
LAD 31 (43%) 49 (40.5%) p > 0.999
LCx 18 (25%) 31 (25.6%) p > 0.999
RCA 22 (30.6%) 39 (32.2%) p > 0.999
IM 1 (1.4%) 2 (1.7%) p > 0.999
Predilatation balloon:
Mean diameter (mm) 3.20 ± 0.24 3.24 ± 0.27 p = 0.273
Mean pressure (atm) 17.75 ± 0.75 17.57 ± 0.91 p = 0.209
Average scaffold number 1.03 ± 0.17 1.07 ± 0.26 p = 0.179
Scaffold diameter:
3.0 (mm) 35 (47.2%) 53 (40.7%) p = 0.552
3.5 (mm) 39 (52.7%) 77 (59.3%) p = 0.225
Average scaffold length (mm) 21.11 ± 3.27 20.62 ± 3.26 p = 0.308
Post-dilatation balloon:
-Mean diameter (mm) 3.51 ± 0.31 3.55 ± 0.29 p = 0.495
-Mean pressure (atm) 17.69 ± 0.80 17.72 ± 0.83 p = 0.924
-0.0 mm greater than scaffold 12 (16.6%) 19 (15.7%) p = 0.843
-0.25 mm greater than scaffold 47 (65.2%) 83 (68.6%) p = 0.638
-0.5 mm greater than scaffold 13 (18.2%) 19 (15.7%) p = 0.692
Syntax Score 7.7 ± 4.2 7.5 ± 4.5 -
AHA/ACC classification type:
A/B1 56 (77.8%) 98 (80.9%) p = 0.871
B2/C 16 (22.2%) 23 (19.1%) p = 0.866
Contrast Volume (mL) 153.22 ± 76.76 150.21 ± 57.64 p = 0.337
Dose of radiation (mGy) 1120.18 ± 843.89 1014.70 ± 591.75 p = 0.934
OCT-guided PCI 13 (18%) 28 (23.1%) p = 0.469
Number of edge dissection: 3 (4.1%) 4 (3.3%) p = 0.713
-treated with Magmaris 0 (0%) 3 (2.4%) p = 0.295
-treated with DES 3 (4.1%) 1 (0.8%) p = 0.147
Side branch occlusion 0 (0%) 2 (1.6%) p = 0.530
Antiplatelet Drug:
ASA 72 (100%) 121 (100%) -
Clopidogrel 26 (36.1%) 50 (41.3%) p = 0.543
Ticagrelor 46 (63.9%) 71 (58.7%) p = 0.543

Abbreviations: OCT—optical coherence tomography; PCI—percutaneous coronary intervention; ASA—
acetylsalicylic acid; AHA—American Heart Association; ACC—American College of Cardiology.

In the diabetic group between 1–12 months after the index PCI procedure, two fatal
stroke cases were recognized compared to one non-fatal TIA episode in the control group.
No scaffold thrombosis occurred during the observation period; however, two cases of
in-stent restenosis with one ACS-NSTEMI case were recognized in the DM group. Seven
diabetic patients were scheduled for stage procedures of a non-culprit vessel after the index
PCI. During those procedures, one case of asymptomatic scaffold restenosis was diagnosed.
For comparison in the non-diabetic group, six patients underwent scheduled PCI. The
one-year follow-ups did not show any significant differences regarding primary outcome
(cardiac death, myocardial infarction, and stent thrombosis). In the diabetic group, we
found a higher rate of principal secondary outcome (just beyond statistical significance
p = 0.051). It is connected with the fact that diabetic patients were more prone to experience
target vessel revascularization (p = 0.051) and target vessel myocardial infarct (p = 0.138).
Table 3 summarizes the 30-day and 1-year follow-ups.
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Table 3. Clinical outcomes.

Diabetes Patients
N = 72

Non-Diabetes Patients
N = 121 p-Value

30-Day FU Primary outcome:
cardiac death, myocardial
infarction, stent thrombosis

0 (0%) 0 (0%) -

30-Day FU Principal secondary
outcome: Target lesion failure
(cardiac death, target vessel
myocardial infract, target
lesion-revascularization)

0 (0%) 0 (0%) -

30-Day FU Death:
-Any death 0 (0%) 0 (0%) -
-Cardiac death 0 (0%) 0 (0%) -
30-Day FU Myocardial
infraction:
-Any MI 0 (0%) 0 (0%) -
-Target vessel myocardial
infract 0 (0%) 0 (0%) -

30-Day FU Scaffold thrombosis 0 (0%) 0 (0%) -
Scaffold restenosis 0 (0%) 0 (0%) -
30-Day FU Stroke 0 (0%) 0 (0%) -
TIA 0 (0%) 0 (0%) -
30-Day FU Revascularization:
-Target lesion revascularization 0 (0%) 0 (0%) -
-Target vessel revascularization 0 (0%) 0 (0%) -
-Any revascularization 0 (0%) 0 (0%) -
1-Year FU Primary outcome:
cardiac death, myocardial
infarction, stent thrombosis

2 (2.7%) 1 (0.8%) p = 0.557

1-Year FU Principal secondary
outcome: Target lesion failure
(cardiac death, target vessel
myocardial infract, target
lesion-revascularization)

3 (4.1%) 0 (0%) p = 0.051

1-Year FU Death
-Any death 2 (2.7%) 0(0%) p = 0.138
-Cardiac death 0 (0%) 0(0%) -
1-Year FU Myocardial
infraction:
-Any MI 2 (2.7%) 1 (0.8%) p = 0.557
-Target vessel myocardial
infract 2 (1.3%) 0 (0%) p = 0.138

1-Year FU Scaffold thrombosis 0 (0%) 0 (0%) -
Scaffold restenosis 2 (2.7%) 0 (0%) p = 0.138
1-Year FU Stroke 2 (2.7%) 0 (0%) p = 0.138
TIA 0 (0%) 1 (0.8%) p > 0.999
1-Year FU Revascularization:
-Target lesion revascularization 2 (2.7%) 0 (0%) p = 0.138
-Target vessel revascularization 3 (2.7%) 0 (0%) p = 0.051
-Any revascularization 10 (13.8%) 8 (6.6%) p = 0.124

Abbreviations: TIA—transient ischemic attack; PCI—percutaneous coronary intervention; ASA—acetylsalicylic
acid; MI—myocardial infraction.

4. Discussion

Diabetes mellitus (DM) is one of the major risk factors increasing mortality in the
course of ACS. Diabetic patients more often presented with NSTEMI. Moreover, due to co-
morbidities, they less frequently undergo percutaneous coronary angioplasty [14]. Despite
advancements in pharmacologic agents and devices, PCI in the diabetic population is still
associated with a higher rate of adverse events [15]. Multivessel CAD remains a strong indi-
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cation for surgical treatment and even intensive glucose control after PCI does not improve
the clinical outcome [16]. Increased rates of restenosis and stent thrombosis [17] are related
to a chronic inflammatory response that accelerates neointimal hyperplasia and promotes
platelet activation and adhesion. To minimize these phenomena, the bioresorbable scaffold
had been developed. Theoretically, BRS provides a short-term vessel patency equivalent
to the DES and offers complete reabsorption of the scaffold within specified time frames.
Thus far, there are no data capable of evaluating the outcome of Magmaris in diabetes
patients.

The data related to BRS implantation in diabetic patients are mainly based on the
studies dedicated to the Absorb scaffold. In view of the preliminary encouraging re-
sults [18], Absorb (Abbott Vascular, Santa Clara, CA, USA) scaffolds have become the
most frequently implanted BRS. Additionally, the short-term data regarding the use of
Absorb BVS in anatomically low-risk patients with DM was favorable [19] and revealed
acceptable safety and efficacy outcomes at 1-year, which is consistent with our results
obtained after Magmaris implantation. Analogous to our data, the previously mentioned
Absorb registry included mainly single, large-diameter BVS implanted with subsequent
aggressive post-dilation. In our registry, over 80% of all implanted BRS was post-dilatated
over the nominal scaffold size. It seems to be crucial in obtaining satisfactory angioplasty
results.

The AIDA-trial sub-study focusing on the diabetes population long-term follow-
up [20] also did not reveal a significant difference in the clinical events between DES and
Absorb yet revealed a higher rate of device-related thrombosis in the Absorb group. This
study confirmed the negative impact of diabetes on the prognosis of patients after PCI
regardless of the type of scaffold used.

However, due to the unfavorable long-term outcomes in the Absorb II [5] and Absorb
III studies [21], the widespread use of this BVS was suspended. The main recognized
reasons for these compromised safety outcomes included insufficient lesion preparation;
under-sizing; increased loss of vessel diameter along with the distal device implantation;
asymmetric or heterogeneous degradation; neo-atherosclerosis, leading finally to an in-
creased rate of in-stent restenosis; and acute or late stent thrombosis [22,23] All of these
phenomena are particularly pronounced in the low-diameter stents (less than 3 mm) [9].
Therefore, the “4P technique“ (patient selection, proper sizing, pre-dilatation, and post-
dilatation strategy) was proposed for appropriate stent optimization and was an essential
part of the BRS implantation procedure in this study. This optimal implantation tech-
nique allowed us to partially reset the negative impact of diabetes on patients treated with
BRS-ABSORB implantation [24,25]. However, the rate of peri-procedural complications
remained higher than that in DES. In our study, we did not observe a similar correlation.
Particularly important seems to be a safety concern related to the thrombotic issue. Pooled
data from the Absorb studies [26] showed an increased amount of device thrombosis in
relation to “classical” drug-eluting stents. Diabetes, especially treated with insulin, is a
well-established risk factor of Absorb device thrombosis [27].

Our registry does not confirm the observations that the first generation of BRS in-
creased the rate of acute and late thrombosis even in the diabetic population. These data
appear to be consistent with the outcomes of a preclinical study [28]. Noteworthily, in our
registry consisting of ACS cases (extended thrombotic process), none of the stent throm-
bosis in a 1-year period occurred. However, there is a noticeable trend of an increased
rate of in-stent restenosis in the diabetic group leading to an increased rate of target lesion
failure. However, both effects are without statistical significance. Towards, it resulted in an
increased rate of principal secondary outcomes related to a statistically insignificant higher
number of target vessel revascularization and target vessel myocardial infarct. Moreover,
subsequent studies with a higher number of patients and a longer period of observation
are needed in order to define this trend as clinically relevant. However, taking into account
the data collected for DES studies [29,30], it seems promising.
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Our favorable results in both the diabetic and non-diabetic groups might be also
connected to the itemized lesion selection. We avoided lesions with challenging tortuosity
or angulation, heavy calcification, or thrombus presence. We exercised cautious in lesion
selection regarding the Magmaris manufacturer’s recommendations as well as unfavorable
experience with the first-generation BRS. The COMPARE-ABSORB trial [31] randomly
recruited high-risk in-stent restenosis (BVS or DES) patients and was discontinued prema-
turely due to a high rate of scaffold thrombosis and TVMI in the BRS arm.

Limitations

This was a single-center, non-randomized study with retrospective data collection in
the relatively short observation period (1-year follow-up). The study population was not
very large, and the rate of intravascular guidance PCI in this study was comparatively low.

5. Conclusions

To the best of our knowledge, this is the first human study designed to demonstrate
the efficacy and safety of Magmaris, a novel magnesium bioresorbable scaffold, in a diabetic
population in ACS settings. Our early outcome seems to be favorable and suggests that
this novel BRS is safe and effective in low-risk patients with ACS and concomitant DM.
Nevertheless, there is a strong need for large multicenter, randomized, prospective studies
with a longer observation period in order to perform a full assessment of this novel device
in diabetic patients with ACS.
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