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Abstract
Background: The novel sirolimus-eluting resorbable scaffold DREAMS 3G was designed as a third-gen-
eration development of its predecessor, the Magmaris scaffold.
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Aims: This preclinical study aimed to examine the qualitative and temporal course of the degradation of
the DREAMS 3G relative to the Magmaris scaffold.

Methods: Forty-nine DREAMS 3G and 24 Magmaris scaffolds were implanted into 48 mini swine for
degradation kinetics analysis. Another DREAMS 3G was implanted into one mini swine for crystallinity
analysis of the degradation end product after 730 days. Degradation kinetics were determined at 28, 90,
120, 180, and 365 days.

Results: Discontinuity density in DREAMS 3G was significantly lower than that in Magmaris scaf-
folds for the follow-up timepoints of 90 and 120 days. Planimetric analysis indicated 99.6% back-
bone degradation for DREAMS 3G at 12 months. Compared to the Magmaris scaffold, individual strut
degradation in DREAMS 3G showed less variability and the remaining backbone core was more homo-
geneous. The degradation end product of DREAMS 3G manifested as calcium phosphate with a minor
share of aluminium phosphate.

Conclusions: DREAMS 3G showed almost complete degradation after one year, with amorphous calcium
and aluminium phosphate as the end products of degradation. Despite its thinner struts, scaffold disconti-
nuity was significantly lower in the DREAMS 3G than in the Magmaris scaffold, likely providing a longer

scaffolding time.
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Germany. E-mail: joner(@dhm.mhn.de
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Abbreviations

BRS bioresorbable scaffold

DREAMS drug-eluting resorbable magnesium scaffold
EDX energy dispersive X-ray analysis

LLL late lumen loss

PMMA  polymethylmethacrylate

RMS resorbable magnesium scaffold
TLR target lesion revascularisation
ScT scaffold thrombosis

XRD X-ray diffraction

pcT micro-computed tomography

Introduction

Magnesium and its alloys are promising compounds for resorba-
ble implants owing to their light weight and their relatively rapid
degradation into benign minerals. Physiologically, this element
has an antithrombotic effect and plays a crucial role in maintain-
ing endothelial cell functions'?. Based on these outstanding material
properties, it is known to exhibit low thrombogenicity, which makes
it an excellent candidate as a backbone for bioresorbable scaffolds
(BRS). Considering this advantage, resorbable magnesium scaffolds
(RMS) have been developed since the late 1990s, and their perfor-
mance has been improving as a result of device iteration and tech-
nical refinement. After extensive research in the manufacturing of
magnesium-based BRS technology, BIOTRONIK AG developed
a first-generation paclitaxel-eluting RMS adapted from a magne-
sium alloy, coated with a matrix consisting of polylactic-co-gly-
colic acid releasing paclitaxel (drug concentration of 7.4 pg/cm?).
This was eventually replaced by the Magmaris scaffold (Magmaris
is a registered trademark of BIOTRONIK), a second-generation
magnesium alloy-based BRS technology, this time releasing siroli-
mus (drug concentration of 140 pg/cm?) from a bioresorbable
poly-L-lactic acid polymer backbone, and was the first European
Conformity (CE)-marked magnesium scaffold validated for clini-
cal efficacy and safety®. In a large clinical registry, BIOSOLVE-IV
(BIOTRONIKS - Safety and Performance in de Novo Lesion
of NatiVE Coronary Arteries With Magmaris- Registry), 2,066
patients were enrolled and implanted with the Magmaris scaffold;
they showed incidences of scaffold thrombosis (ScT) and target
lesion revascularisation (TLR) of 0.8% and 4.5% at 1 year, respec-
tively (Wlodarczaka et al. Full cohort BIOSOLVE-IV. Euro PCR
2022. Paris, France). In the first cohort of 1,075 patients at 3-year
follow-up, the incidence of ScT and clinically driven TLR was 0.6%
and 6.8%, respectively (Torzewski et al. Safety and performance
of Magmaris at 36-months: BIOSOLVE-IV first cohort. EuroPCR
2022. Paris, France). Thus, this RMS has shown favourable clinical
performance, but its mean late lumen loss (LLL) still has room for
improvement, mostly with more challenging lesion types*. In this
regard, late scaffold recoil was reported to correlate with increased
LLL, which may have resulted in TLR®. For the next generation of
RMS, a major goal was to further improve the qualitative and quan-
titative aspects of degradation, which have been suggested to result
in homogenous resorption and, consequently, improved temporal

stability of the magnesium backbone within the critical time span of
vascular healing and remodelling.

The novel sirolimus-eluting RMS named “drug-eluting resorb-
able magnesium scaffold (DREAMS) 3G” (BIOTRONIK) was
designed as a third-generation development of its predecessor
model, the Magmaris scaffold. By replacing rare earth elements
with aluminium in a proprietary magnesium alloy (BIOmag
alloy), the DREAMS 3G has improved mechanical properties
over the Magmaris scaffold despite having a thinner-strut thick-
ness compared to its predecessor in all profiles (the strut thickness
of the DREAMS 3G varies with the scaffold diameters: 99 um,
117 pm, and 147 pm for the diameters 2.5 mm, 3.0/3.5 mm, and
4.0 mm, respectively). In addition, the total surface area could
also be slightly reduced in this RMS compared to its predeces-
sor (DREAMS 3G: 7.8 mm? per mm scaffold length vs Magmaris
scaffold: 9.2 mm? per mm scaffold length).

Our group previously reported the basic principles and characteri-
sation of degradation of the Magmaris scaffold in bench-side and
preclinical animal studies®. Against this background, we aimed to
examine the qualitative and temporal course of degradation of the
latest generation of RMS (DREAMS 3G) in healthy, juvenile swine,
to enable relative comparison to the benchmark Magmaris scaffold.

Methods

TEST AND CONTROL DEVICES

Supplementary Table 1 shows the characteristics of each scaffold.
The test device, DREAMS 3G, refers to the most recent drug-
eluting resorbable metal scaffold consisting of a balloon-expand-
able delivery system carrying a 3.0x18 mm proprietary magnesium
alloy (BIOmag alloy, 93.75 percentage by weight [wt%] magne-
sium plus 6.25 wt% aluminium) scaffold with 6-crown 2-link
rectangular-shaped struts at a thickness of 117pm and width
of 150um. The BIOlute drug-eluting coating on the scaffold is
composed of a bioresorbable poly-L-lactic acid (PLLA) polymer
matrix loaded with sirolimus (140 pg/cm?).

The control device, Magmaris RMS (known in its previous iter-
ation as DREAMS 2G; BIOTRONIK), refers to the CE-marked
3.0x20 mm magnesium scaffold with the BIOlute coating and with
the same drug density. The strut thickness and width are 150 and
150 um, respectively.

For crystallinity analysis of the degradation product, DREAMS
3G prototypes (BIOTRONIK) were used that had the final
DREAMS 3G backbone (BIOmag alloy) and coating material
(BIOlute coating) but the scaffold geometry of the Magmaris RMS.

ANIMAL MODEL

A juvenile porcine coronary stent model was used to assess
the quantitative (time course of degradation) and qualitative
degradation process. Segments of all three main coronary arter-
ies with favourable anatomy and diameter were selected by angio-
graphy at the discretion of the interventionalist, and the devices
were implanted targeting a balloon-to-artery ratio of 1.05 to 1.2,
as previously described®.



Actotal of 49 DREAMS 3G and 24 Magmaris RMS were implanted
into the coronary arteries of 48 Yucatan mini swine (Supplementary
Figure 1). The following timepoints and animal/device numbers
were applied: 28 days (14 animals/8 DREAMS 3G/8 Magmaris
RMS), 90 days (11/9/8), 120 days (6/8/8) 180 days (8/9/0), 1 year
(9/15/0). For the qualitative degradation process, only a subset of
the DREAMS 3G scaffolds was analysed (3 per timepoint). After
excision, the arteries including the scaffold were immersion-fixed
in neutral buffered formalin, processed to 100% glycerol, embedded
in polymethylmethacrylate (PMMA), and cut into three blocks after
the micro-computed tomography (LCT) analysis.

To investigate the crystallinity of degradation products,
a DREAMS 3G prototype was implanted into a coronary artery
of one Goettingen mini swine while a non-implanted DREAMS
3G prototype, as well as a naive artery and a porcine rib bone
segment, served as controls. The implanted device was harvested
after 730 days to ensure complete degradation of the scaffold; the
artery including the scaffold was kept in saline and cooled at 0°C
and analysed after transport without freezing and thawing.

Animal husbandry, medication administration, and scaffold
implantation were performed according to practice standards as pre-
viously reported’. Study protocols were approved by the Institutional
Animal Care and Use Committee of the testing facility (Charles
River Laboratories Montreal ULC, Boisbriand, Quebec, Canada)
and the state administration of Saxony-Anhalt (Germany, 42502-3-
763 IMTR) and followed the requirements and guidelines of the
commission directive 86/609/EEC, the German Animal Protection
Act (version May 18 2006, amended on 9 December 2018) and the
Canadian Council on Animal Care regulations.

DISCONTINUITY DENSITY BY MICRO-COMPUTED
TOMOGRAPHY

A three-dimensional (3D) model of the (partially) degraded scaffold
inside the vessel embedded in PMMA was computed based on X-ray
imaging (SKYSCAN 1272, Bruker; resolution: 7.0 um) of the rotat-
ing sample for all follow-up timepoints as previously described®. In
brief, based on this 3D visualisation, the number of strut discontinui-
ties of the whole scaffold was determined and divided by the scaf-
fold length to get the discontinuity density (1/mm). All DREAMS
3G and Magmaris scaffold samples up to and including 180 days
were analysed for discontinuity density. The interobserver variability
for strut discontinuities assessed by pCT was described previously®.

QUANTITATIVE ANALYSIS OF BACKBONE DEGRADATION BY
OPTICAL MICROSCOPY PLANIMETRY

To determine the degree of degradation, the PMMA blocks were
polished on one cross-section side, and the individual strut cross-
sections were imaged by optical polarised light microscopy
(BX51M; Olympus GmbH) that showed a high contrast between
the non-degraded metal alloy and degradation product. The ini-
tial strut cross-section area (A, ) and the non-degraded metal alloy
(A ey Were determined with the software OLYMPUS Stream
2.3.2 (EVIDENT) as previously described®.

Preclinical evaluation of DREAMS 3G degradation

A total of 260 struts in 24 sections for the DREAMS 3G and
270 struts in 24 sections for the Magmaris scaffold at 28 days,
292 struts in 27 sections for the DREAMS 3G and 256 struts in
24 sections for the Magmaris scaffold at 90 days, 274 struts in
24 sections for the DREAMS 3G and 259 struts in 24 sections for
the Magmaris scaffold at 120 days, and 282 struts in 27 sections
at 180 days and 439 struts in 45 sections for the DREAMS 3G at
1 year were analysed.

The mean backbone degradation degree per scaffold was cal-
culated via the ratio of summed up partial areas of all strut cross-
sections per scaffold: 100% - ZA deg/EAim.

VARIABILITY ANALYSIS OF DEGRADATION PER STRUT
CROSS-SECTION

For the degradation variability analysis per device type and fol-
low-up time of 28, 90, 120, 180 and 365 days, the degradation
per individual strut cross-section of DREAMS 3G and Magmaris
RMS (where applicable) was used, resulting in individual data
points for the degree of degradation per strut.

INHOMOGENEITY INDEX OF DEGRADATION PER STRUT
CROSS-SECTION

The inhomogeneity index of degradation per strut cross-section
(InI,) was established to provide quantitative means in shape uni-
formity of the remaining metallic magnesium core during degra-
dation. InID was evaluated for each strut of DREAMS 3G and
Magmaris RMS designated for quantitative analysis of back-
bone degradation (full details and exceptions are provided in
Supplementary Appendix 1).

Ideally, uniform shapes of A with equally degraded layer

undeg
thickness on all four sides result in Inl =1, whereas non-uniform

shapes of A with a minimal width or height within the shape

undeg®

result in Inl >1 (Supplementary Figure 2).

BACKBONE DEGRADATION MECHANISM AND PRODUCTS
BY SCANNING ELECTRON MICROSCOPY AND ENERGY
DISPERSIVE X-RAY SPECTROSCOPY

The elemental composition and morphology of the metal-
lic DREAMS 3G backbone and its degradation products of the
PMMA-embedded strut cross-sections were examined by scan-
ning electron microscopy (SEM; EVO LS15; ZEISS; backscat-
tered electron imaging) and energy dispersive X-ray spectroscopy
(EDX; XFlash 5010; Bruker; line scans across strut cross-sections
with quantification of selected elements of interest and qualita-
tive elemental maps of complete strut cross-sections) analysis
with spatial resolution of a few micrometres. Twelve DREAMS
3G samples were analysed at 28-day, 90-day, 180-day and 1-year
follow-up (n=3 per timepoint).

CRYSTALLINITY OF BACKBONE DEGRADATION PRODUCTS
BY X-RAY DIFFRACTION

X-ray diffraction (XRD) analysis was performed on the DREAMS
3G prototypes (one 2-year in vivo degraded scaffold, and one
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non-degraded scaffold) and on a naive artery without scaffold,
as well as on a porcine rib bone sample, using a two-dimen-
sional general area detector diffraction system (2D GADDS) with
a focusing unit (Bruker AXS GmbH).

STATISTICAL METHODS
Continuous data are presented as meantstandard deviations if
data were normally distributed and as median with interquartile
range in case of non-parametric distribution. For the comparison
of mean values, a two-sample t-test (Welch’s method) was used
but replaced by a non-parametrical Mann-Whitney U Test for non-
normal data or too small sample sizes to check normality reliably.
For the comparison of variabilities, a Bonett test was used.

All tests were done with Minitab 20.4 Statistical Software
(Minitab) and a p-value <0.05 was considered statistically
significant.

Results

DISCONTINUITY DENSITY BY MICRO-COMPUTED
TOMOGRAPHY

Scaffold discontinuity density was assessed in volumetric low res-
olution pCT images, where all degradation phases, the original
magnesium backbone material, as well as the intermediate prod-
ucts and amorphous calcium phosphate, were visible in a single
greyscale image (Figure 1A, Figure 1B). The structural integrity
of the DREAMS 3G scaffold marginally decreased with a low
mean discontinuity density in the scaffold segments (without con-
nectors) of 0.29 per mm at 28 days, and further progressed with
longer follow-up times.

The discontinuity density mean values of DREAMS 3G were
significantly lower compared to Magmaris RMS for the follow-up
timepoints of 90 days (means of 2.63/mm vs 4.30/mm; p=0.02)
and 120 days (2.54/mm vs 3.96/mm; p=0.03) (Figure 1C). At
180 days after implantation, DREAMS 3G showed a discontinuity
density of 4.94 per mm.

QUANTITATIVE ANALYSIS OF BACKBONE DEGRADATION BY
OPTICAL MICROSCOPY PLANIMETRY: MEAN DEGRADATION
PER FOLLOW-UP TIMEPOINT

Quantitative backbone degradation of DREAMS 3G and
Magmaris RMS revealed comparable magnesium resorption kinet-
ics that progressed over time, with significant differences seen at
28 days (16.8% and 14.2%; p=0.04) and 120 days (45.7% and
33.5%; p<0.01) (Table 1). At 180 days, 64.9% of the magnesium
was resorbed in DREAMS 3G, while at one year, the scaffold was
almost completely degraded (99.6%).

VARIABILITY ANALYSIS OF DEGRADATION PER STRUT
CROSS-SECTION

Variability analysis of backbone degradation on a strut cross-
sectional level revealed a decreased scattering range of individ-
ual data points as well as significantly lower variance (VAR) and
standard deviation (SD) in DREAMS 3G compared to Magmaris

Table 1. Backhone degradation (%) of individual scaffolds with
mean value and standard deviation per follow-up timepoint and
device group determined by optical microscopy planimetry.

Timepoint DREAMS 3G Magmaris RMS p-value
28d 16.8+5.4% 14.2+6.8% 0.04
90d 42.6+7.9% 37.5+7.8% 0.31
120d 45.7+6.0% 33.5+9.0% <0.01
180 d 64.9+4.0% n.a. n.a.
365d 99.6+0.5% n.a. n.a.

d: days; n.a.: not available; RMS: resorbable magnesium scaffold

RMS at 90 and 120 days (DREAMS 3G vs Magmaris RMS: SD
0.21 vs 0.32, VAR: 0.04 vs 0.10; p<0.001 for 90 days; SD: 0.18 vs
0.28, VAR: 0.03 vs 0.08; p<0.001 for 120 days) (Supplementary
Figure 3).

INHOMOGENEITY INDEX OF DEGRADATION PER STRUT
CROSS-SECTION

The inhomogeneity index (Inl,) of individual strut cross-sections
per follow-up timepoint and device group was evaluated for all
struts. For all follow-up timepoints, the Inl; of DREAMS 3G
showed lower mean values and standard deviations than Magmaris
RMS (all statistical comparison tests for means and standard
deviations: p<0.001; SD: DREAMS 3G vs Magmaris RMS: 28
days: 0.35 vs 0.80, 90 days: 0.16 vs 0.56, 120 days: 0.13 vs 0.70)
(Figure 2), indicating more uniform degradation of the backbone
in DREAMS 3G versus Magmaris RMS.

CRYSTALLINITY OF BACKBONE DEGRADATION PRODUCTS
BY X-RAY DIFFRACTION

The characterisation of crystalline phases was evaluated using
X-ray diffraction analysis of DREAMS 3G prototypes at 2 years
after implantation. XRD patterns revealed an absence of any
crystalline phases in the completely degraded scaffold (except
for a small peak of the polymer-drug coating) and in the naive
artery without scaffold (Figure 3, violet and blue patterns). In
contrast, a control device (non-implanted DREAMS 3G proto-
type), as well as a porcine bone sample, showed characteristic
peaks of either metallic magnesium or mineral apatite (a crystal-
line calcium phosphate derivate), respectively (Figure 3, red and
green patterns).

BACKBONE DEGRADATION MECHANISM AND PRODUCTS
BY SCANNING ELECTRON MICROSCOPY AND ENERGY
DISPERSIVE X-RAY SPECTROSCOPY
Selected backscattered electron images and EDX elemental map-
pings of DREAMS 3G strut cross-sections during and after full
degradation using pseudo-colour visualisation of the main ele-
ments are shown in Figure 4.

The depicted EDX mapping images are raw data without cor-
rection for matrix effects and each element’s intensity is scaled to

its maximum for each image individually. Both during and after
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Figure 1. Comparison of discontinuity density. uCT images used for discontinuity density evaluation (indicated by arrowheads) of DREAMS
3G (A) and Magmaris RMS (B) at 90 days after implantation. C) Discontinuity density (1/mm) (without connectors) of individual scaffolds per
follow-up timepoint and device group determined by uCT. The numbers represent the “meantstandard deviation” for each item. uCT:
micro-computed tomography, d: days, n.a.: not available, n.s.: not significant; RMS. resorbable magnesium scaffold

full degradation of the DREAMS 3G scaffold, the degradation
product appeared to be a calcium- and phosphate-rich material,
evenly distributed over the entire strut footprint. Meanwhile, the
residual magnesium decreased significantly in the degradation
product compared to the undegraded core.

Discussion

The present study aimed to investigate the qualitative and tempo-
ral course of degradation of the DREAMS 3G bioresorbable scaf-
fold in healthy juvenile swine. In this regard, the main findings
can be described as follows:

(i) DREAMS 3G showed overall decreased discontinuity den-
sity compared to Magmaris RMS, which reached significance at
90 and 120 days.

(i) Cross-sectional planimetry of DREAMS 3G revealed
comparable degradation kinetics compared to Magmaris RMS
with almost complete degradation at one year.

(iii) Compared to Magmaris RMS, individual strut degradation
showed less variability and was more homogeneous with regards
to uniform shapes of the remaining magnesium core on a cross-
sectional level in DREAMS 3G.

(iv) The final degradation product of DREAMS 3G is amor-
phous calcium phosphate with a high water content, plus a minor
share of aluminium phosphate.

DEGRADATION MECHANISM AND PRODUCTS

Elemental mass percentage ratios from quantified line scans, com-
bined with chemical theoretical considerations based on availabil-
ity of ions in vivo and solubility tables, lead to the assumption that
the final degradation product comprises a combination of amor-
phous calcium phosphate (or a derivative of the latter, possibly
containing a share of magnesium instead of calcium, especially in
early stages of the process) and a minor share of aluminium phos-
phate. However, other anions (hydroxides, oxides, or carbonates)
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Figure 2. Inhomogeneity index of backbone degradation of individual strut cross-section including mean value and 95 % confidence interval

per follow-up timepoint and device group determined by optical microscopy planimetry. d: days; n.a.: not available.

Crystallinity of backbone degradation products
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Angle (°2Theta)

Figure 3. Overlaid XRD patterns of naive artery without scaffold (blue), non-degraded DREAMS 3G prototype scaffold (red, characteristic
crystalline peak positions for metallic magnesium are indicated with Mg), porcine bone sample (green, characteristic crystalline peak
positions for mineral apatite are indicated with MA), and two-year in vivo degraded DREAMS 3G prototype scaffold (violet).

may still contribute to the degradation product. For aluminium,
there is no evidence of redistribution or migration beyond the
strut borders during one year within the sensitivity limits of EDX
analysis. Furthermore, high water content of the degradation prod-
uct can be inferred from its low density (as visible in SEM back-
scattered electron images) and its open morphology that allows for
percolation (concluded from microstructure analysis).

Figure 5 shows simplified assumed reaction pathways of the
degradation of the DREAMS 3G alloy (BIOmag alloy). Since
a pure hydroxide phase without phosphorus is not observed for
DREAMS 3G (in contrast to Magmaris RMS*), a direct precipita-
tion of phosphates (aluminium phosphate and magnesium phos-
phate, but, partly, also directly calcium phosphate), driven by the
reaction of magnesium with water, is assumed to be the main

reaction path; this is dependent on the local availability of hydro-
gen phosphate ions and calcium ions.

STRUT DISCONTINUITY AND MECHANICAL PERFORMANCE
OF DREAMS 3G

DREAMS 3G was designed as a third-generation development of
its predecessor, Magmaris RMS, with the intention to maintain
the overall resorption time of approximately 1 year, but to reduce
strut thickness, while improving radial strength and scaffolding
time to avoid premature collapse during critical phases of vascu-
lar remodelling by replacing rare earth elements with aluminium
in the alloy. In this regard, a prolonged integrity of the magne-
sium scaffold could be achieved, as DREAMS 3G had signi-
ficantly less scaffold discontinuity density than Magmaris RMS at



Figure 4. Qualitative elemental mappings by SEM/EDX of
representative DREAMS 3G strut cross-sections for: A) 90 days; and
B) 365 days. Top line: Backscattered electron images. Bottom right
of each column: Overlay images of selected constituents: Ca (red), P
(green), Mg (blue). Qualitative data for illustrative purposes only;
EDX mapping images are raw data without correction for matrix
effects and each element s intensity is scaled to its maximum for each
image individually. It is to be noted, that in the non-degraded
BIOmag alloy, the aluminium signal is erroneously low due to
uncorrected absorption (different weight per volume of matrix.and
difficulty in quantification of the aluminium peak due to closeness of
intense Mg peak as the main component of the alloy). Ca: calcium;
EDX: energy dispersive X-ray analysis; Mg: magnesium;

P: phosphorus; SEM: scanning electron microscopy

the follow-up timepoints of 90 and 120 days in a porcine coronary
model. Despite a faster pace of degradation evaluated by plani-
metry, which reflects the overall time course of cross-sectional
strut degradation, DREAMS 3G exhibited more homogenous
and uniform shapes of the remaining metallic magnesium cores
and, overall, decreased variability in strut degradation. As a con-
sequence, individual breaks in stent struts relevant for backbone
integrity were reduced, which resulted in lower strut discontinu-
ity density relative to Magmaris RMS despite lower strut thick-
ness (Figure 6). In addition, refinement of backbone material with

Mg-Hydroxide
Al-Hydroxide

+Water +HPO,% ions

DREAMS 3G
BlOmag alloy

N
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proprietary magnesium alloy enabled scaffold manufacturing with
increased stability and radial strength, which may eventually result
in improved clinical performance.

Scaffold discontinuity is an inherent and intended phenomenon in
RMS that is not observed with permanent metallic stents. It weak-
ens radial strength by disrupting strut continuity and overall stent
geometry. Ueki et al investigated the mechanism of restenosis cases
in Magmaris RMS using optical coherence tomography, which indi-
cated a significant correlation between LLL and late scaffold recoil®.
Notably, greater late recoil was observed in fibrotic plaques than in
lipid or calcified plaques. Since fibrous plaques are predominantly
composed of smooth muscle cells and extracellular matrix rich in
collagenous and elastic fibres, dilatation of such lesions leads to
significant vessel stretch, and, in consequence, to increased chronic
force exerted on the scaffold. Subsequently, increased radial strength
and a longer scaffolding ability is required to withstand constrictive
vessel forces in the early period of vascular remodelling following
scaffold implantation. While the exact duration of this critical phase
remains to be determined, experience from clinical studies with the
Magmaris scaffold® suggested that increasing the mean scaffolding
time may also result in an improved outcome in more challenging

plaque compositions, such as fibrotic plaques.

TEMPORAL COURSE OF SCAFFOLD DEGRADATION
Planimetric analysis of the cross-sectional strut corrosion area
revealed that approximately two-thirds of stent struts were
degraded by 180 days, while almost complete degradation was
achieved at 365 days. DREAMS 3G showed more advanced
degradation than Magmaris RMS at 28 and 120 days after implan-
tation in the present study. Our group previously reported back-
bone degradation of 66.5% and 94.8% for Magmaris RMS at 180
and 365 days, respectively® (DREAMS 3G in the present study
showed 64.9% and 99.6% at 6 and 12 months, respectively), indi-
cating that these two RMS have a comparable overall resorption
time. Although DREAMS 3G degrades faster in the early phase
compared to the Magmaris scaffold, the new RMS showed fewer
discontinuities despite its thinner struts. This finding may be
explained by both improved inherent material properties (tensile
strength) for the alloy used in DREAMS 3G and a more homoge-
neous degradation with sustained strut integrity, despite the faster
degradation progress in the early phase after implantation.
Compared to the Absorb bioresorbable vascular scaffold
(Absorb BVS; Abbott Vascular), which required 36 to 42 months

Amorphous

calcium
Mg-Phosphate 24 i hosphate
Al-Phosphate b P (A(l:]P)

+Al-Phosphate

+Water +Ca? ions +HPO,% ions =

Figure 5. Simplified degradation mechanism and justifiably assumed degradation products for DREAMS 3G (reaction pathways).

Al aluminium; Ca: calcium; HPO [ : hydrogen phosphate; Mg: magnesium
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Figure 6. Schematic illustration of reduced discontinuity density of DREAMS 3G versus Magmaris RMS despite lower strut thickness and
similar degradation kinetics. More homogenous and uniform shapes of the remaining metallic magnesium core in DREAMS 3G (A4) versus
Magmaris RMS (B) plus overall decreased variability in strut degradation in DREAMS 3G (C) versus Magmaris RMS (D) plus inherently
improved material properties of the BlOmag alloy versus the Magmaris RMS alloy (E) resulting in a reduced discontinuity density of
DREAMS 3G (F) versus Magmaris RMS (G) as evaluated by uCT. uCT: micro-computed tomography; RMS. resorbable magnesium scaffold

for full resorption’, DREAMS 3G has a much shorter resorption
time. In a study identifying the causes of late/very late ScT of the
Absorb BVS, strut malapposition was the most common finding in
cases with late/very late ScT followed by late scaffold discontinu-
ity'?. Considering the feature of almost complete strut degradation
in DREAMS 3G at 12 months, its short resorption time may pos-
itively affect long-term clinical performance. Along these lines,
prolonged resorption time beyond the required time frame of vas-
cular remodelling may limit the benefits of BRS technology; this
prolongation may result in sustained local foreign body reactions
and inflammation, caging of the vessel, and an increased possibil-
ity of late scaffold discontinuities. In addition, a longer resorption
time may require prolonged dual antiplatelet therapy following
BRS implantation. In this regard, DREAMS 3G achieved compar-
able complete resorption time to Magmaris RMS despite its
prolonged scaffolding time. However, it should be noted that vali-
dation in clinical trials is needed to determine whether this novel

RMS exhibits improved clinical performance.

Limitations

This study was performed in non-diseased juvenile porcine cor-
onary arteries, thereby making translation to human disease
conditions difficult. Since there is an absence of stenosis with ath-
erosclerotic disease, the temporal course of degradation and strut
discontinuity density may not be directly extrapolated to clinical
conditions.

The results of degradation kinetics should also be interpreted
carefully since their translation into human patients is uncertain.
However, previous Magmaris RMS studies showed the difference
in degradation kinetics was minimal among humans and pigs.
Since major components of the scaffold alloy remained unmodi-
fied during the transition from Magmaris RMS to DREAMS 3G
(93.75 wt% vs 93.0 wt% of magnesium, respectively), the dif-
ferences in degradation kinetics are expected to remain minimal
among humans and pigs.

Since Magmaris RMS was investigated as a control scaffold
regarding the temporary scaffolding behaviour and not as a tar-
get scaffold of this study, its discontinuity density and backbone

degradation could be evaluated only for up to 120 days. Hence,
whether our findings are consistent in a chronic phase such as
180 and 365 days after the implantation has not been validated. In
addition, this study did not assess the scaffold discontinuity imme-
diately after the procedure. Therefore, our results might not reflect
the scaffold injury at the time of implantation.

Conclusions

DREAMS 3G showed almost complete degradation at one year
after implantation in porcine coronary arteries, with amorphous
calcium phosphate with a minor share of aluminium phosphate as
the final end-product of degradation. Scaffold discontinuity den-
sity was significantly lower in DREAMS 3G than in Magmaris
RMS, despite its thinner struts. Clinical validation is required to
translate these results into the clinical setting.

Impact on daily practice

DREAMS 3G was designed as a third-generation development
of its predecessor, Magmaris RMS, with the intention to reduce
strut thickness, while improving radial strength and scaffold-
ing time to avoid premature collapse during critical phases of
vascular remodelling. Indeed, less scaffold discontinuity was
observed in DREAMS 3G than in Magmaris RMS despite its
thinner struts, likely improving its clinical performance.
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Supplementary Appendix 1. Inhomogeneity index of degradation
per strut cross-section (Inl).
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Supplementary Figure 1. Study flowchart.

Supplementary Figure 2. Illustration of inhomogeneity index
determination.

Supplementary Figure 3. Scatter plot of backbone degradation of
individual strut cross-sections per follow-up timepoint and device
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tion of the variability per strut cross-section.
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Supplementary data

Supplementary Appendix 1. Inhomogeneity index of degradation per strut cross-section

(InIp).

The inhomogeneity index of degradation per strut cross-section (Inlp) was defined as a
quantitative unitless measure based on the planimetry data that is sensitive to the shape of the
undegraded area Aundeg Within the initial area Aini of an individual strut cross-section, while
being independent of the degradation degree and of the aspect ratio of the strut cross-section
side lengths which can vary by strut design and by cutting angle. Ideally, uniform shapes of
Aundeg With equal degraded layer thickness at all four sides result in Inlp = 1, whereas non-
uniform shapes of Aundeg With a minimal width or height within the shape result in Inlp > 1
(Supplementary Figure 2). Certain irregular shapes of Aundeg (€.g. trapezial) can lead to
Inlp < 1. Since the frequency of such strut-cross sections could differ between scaffold type
groups, strut cross-sections with Inlp < 0.85 are excluded from evaluation to avoid unequal

effects on the group mean values of Inlp, while still allowing a certain scattering around 1.00.

The formula used to determine the inhomogeneity index of each strut is

Inlp

100% — minimum degree of undegraded distance *

degradation degree of strut cross-section normalized to square-shaped A;,;’

D 2

100% _< min,undeg)
Din;

Ayngeg + 0.5(02 — A, JAZ + 44, 0404)
(r Aini)

InID =

100% —

With the following measures taken from planimetry (Supplemental figure2)

A: = side length difference (long — short) from measured strut cross-section

r = side aspect ratio (short/long) from measured strut cross-section

Dnminundeg = minimal width or height (approx. parallel to sides of Aini) within Aundeg
through the mass center of Aundeg

Dini = diameter of initial strut cross-section (without coating) in the main direction of

Duminundeg (parallel to strut thickness or width)



The independence of the degradation degree was realized by squaring the minimum degree of
undegraded distance. Thus, a non-uniform shape of Aundeg With smaller scale, thus having a
higher degradation degree, results in the same Inlp value as the bigger scaled Aundeg With same
shape and lower degradation degree. The independence of the aspect ratio » was realized by
normalization of degradation degree to square-shaped Ain; (replacement of Aundeg /Aini by

fraction including the rescaling terms with A; and 7).



Supplementary Table 1. Comparison of scaffold design and features.

DREAMS 3G

Magmaris™ scaffold

BIOmag™ alloy: 93.75 wt%

WEA43 based alloy: 93 wt%

eluting drug

Backbone alloy magnesium plus 6.25 wt% magnesium plus 7 wt% rare
aluminum earth elements™
BIOlute™ coating: drug-eluting coating on the scaffold is
Coated polymer and the

composed of a bioresorbable poly-L-lactic acid (PLLA)

polymer matrix loaded with sirolimus (140 pg/cm?).

1.4 mm (for 4.0 mm size)

Scaffold geometry Six-crown and two-link design

Strut thickness 99 /117 /147 pm 150 pm
1.3 mm (for 2.5 - 3.5 mm size)

Crossing profile 1.5 mm

* from reference '!




Time-course of degradation and evaluation of Crystallinity of degradation product:
qualitative degradation process:

48 pigs implanted with 49 DREAMS 3G and 24 1 pig implanted with 1 DREAMS 3G

Magmaris™ RMS prototype

Acute Unimplanted (1 DREAMS 3G prototype): XRD

v
14 Yucatan mini (8 DREAMS 3G / 8 Magmaris™ RMS):
28 days planimetry, variability and inhemogeneity (8/8)

+ low res. uCT (8/8) + EDX (3/0)

11 Yucatan mini (9 DREAMS 3G / 8 Magmaris™ RMS):
90 days planimetry, variability and inhomogeneity (9/8)
+ low res. uCT (9/8) + EDX (3/0)

6 Yucatan mini (8 DREAMS 3G / 8 Magmaris™ RMS):
120 days planimetry, variability and inhemogeneity (8/8)
+ low res. uCT (8/8)

8 Yucatan mini (9 DREAMS 3G / 0 Magmaris™ RMS):
180 days planimetry, variability and inhomogeneity (9/0)
+ EDX (3/0)

9 Yucatan mini (15 DREAMS 3G / 0 Magmaris™ RMS):
1 year planimetry, variability and inhomogeneity (15/0)
+ EDX (3/0)

1 Goettinger mini swine (1 DREAMS 3G / 1 rib
2 years bone sample / 1 naive artery): XRD

Supplementary Figure 1. Study flowchart.

Number of animals, total devices per group and devices assigned to specific analysis methods.
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= Inly = 1.00 > Inly > 1.00
(ideally homogeneous) here e.g. 1.12
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Inly= [100% - {Min DUD)'] / DD
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Supplementary Figure 2. [llustration of inhomogeneity index determination.

(A) Schematical illustration of ideal homogenous degrading strut cross-section with
InID=1.00 and (B) an example of more inhomogeneous degrading strut cross-section with

InID=1.12.

(C, D) Schematic illustration of inhomogeneous degrading strut cross-section including the
measures extracted from partial areas Aundeg and Aini that were used in the formula for the

inhomogeneity index, in this example leading to InID=1.12.

Used abbreviations (besides the ones defined in the text): DD = degradation degree; DUA =
degree of undegraded area; Min DUD = Minimum degree of undegraded distance; DD[] and

DUAL[] = same meanings, but after normalization to square-shaped strut cross-section.



Backbone degradation of individual strut cross-sections

Follow-up time
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Supplementary Figure 3. Scatter plot of backbone degradation of individual strut cross-

sections per follow-up timepoint and device group determined by optical microscopy

planimetry as visualisation of the variability per strut cross-section.

n.a.: not available




