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ARTICLE INFO ABSTRACT

Atticle history: Introduction and objective: The edge vascular response (EVR) remains unknown in second generation drug-

Received 29 November 2018 eluting Resorbable Magnesium Scaffold (RMS), such as Magmaris. The aim of the study was to evaluate tissue

Received in revised form 11 January 2019 modifications in the RMS edges over time, assessed by different invasive imaging modalities.

Accepted 13 February 2019 Methods: The patients treated with the device were assessed by optical coherence tomography (OCT), grayscale
- intravascular ultrasound (IVUS), and virtual histology IVUS at baseline and 12 months. The EVR study performed

ﬁ:gvn‘:::iss' a segment- and frame-level analysis of the 5 mm segments proximal and distal of the actual RMS.

Edge vascular response Results: The segment-level grayscale IVUS (n = 10), virtual histology IVUS (n = 10), and OCT (n = 18) analysis
Optical coherence tomography did not show any significant changes after 12 months, except for a fibrous plaque area (FPA) reduction of 0.5mm?
Grayscale intravascular ultrasound (p = 0.017) in the proximal segment compared to baseline. In the frame-level analysis, [IVUS evaluation revealed
Virtual histology a vessel area decreased 2.80 + 1.43 mm? (p = 0.012) and 2.49 + 1.53 mm? (p = 0.022) in 2 proximal frames.
This was accompanied by plaque area reduction of 0.88 & 0.70 mm? (p = 0.048) and a FPA decreased by 0.63
+ 048 mm? (p = 0.004) in one proximal frame. In 1 distal frame, there was a dense calcium area reduction of
0.10 £ 0.12 mm? (p = 0.045), FPA and fibrous fatty plaque increased 0.54 4+ 0.53 mm? (p = 0.023) and 0.17
+ 0.16 mm? (p = 0.016), respectively. By OCT, there was a lumen area decrease of 0.76 4+ 1.51 mm? (p =
0.045) in a distal frame.
Conclusion: At 12 months, Magmaris EVR assessment does not show overall significant changes, except for a fi-
brous plaque area reduction in the proximal segment. This could be translated as a benign healing process at
the edges of the RMS.
Summary: The edge vascular response (EVR) remains unknown in second generation drug-eluting absorbable
metal scaffolds (RMS), such as Magmaris. Patients treated with the device were assessed by multi invasive
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imaging modalities [i.e. optical coherence tomography (OCT), grayscale intravascular ultrasound (IVUS), and vir-
tual histology IVUS] evaluating the tissue changes over time in the segment- and frame-level analysis of the 5 mm
segments proximal and distal of the actual RMS. As a result, after 12 months, Magmaris EVR assessment does not
show overall significant changes, except for a fibrous plaque area reduction in the proximal segment, translating
a benign healing process at the edges of the RMS.

© 2019 Elsevier Inc. All rights reserved.

1. Background

The permanent metal encaging of the vessel wall promoted by the
presence of bare metal stents (BMS) and drug-eluting stents (DES) in
the coronary artery perpetuates inflammatory response and induces tis-
sue changes at the stented segment including the proximal and distal
device edges [1-8]. This phenomenon is denominated as edge vascular
response (EVR). The EVR in metallic stents, BMS or DES (first and second
generations), varies depending on the stent frame platform (polymer
type and eluting-drug) [9-11]. For example, newer generation DES
(i.e. second-generation and presumably more recent ones), EVR may
present as luminal reduction at the proximal segment and positive re-
modeling of the vessel without luminal loss at the distal segment [11].
This occurrence, however, has not been described using second genera-
tion drug-eluting absorbable metal scaffolds, such as Magmaris
(DREAMS-2G, Biotronik AG, Biilach, Switzerland) [12-15]. The aim of
this study is to evaluate and compare the geometrical data and tissue
composition of Magmaris EVR at baseline and 12-month follow-up
using grayscale intravascular ultrasound (IVUS), virtual histology IVUS
(VH-IVUS), and optical coherence tomography (OCT) [16,17].

2. Methods

The Biosolve I (NCT01960504) first-in-man trial details were de-
scribed previously by Haude et al. [14,15]. In brief, Biosolve Il was a
multi-national, multi-center, single arm, non-randomized trial that en-
rolled 123 patients (n = 123 lesions) treated with Magmaris. The
study population consisted of patients who were >18 years and
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<80 years old with either stable angina, unstable angina, or documented
silent ischemia in the presence of de novo lesions with <21 mm in
length and visually estimated percentage of diameter stenosis between
>50% and <99%. The study excluded ostial lesion, bifurcation lesion, se-
vere calcified lesion, arterial or venous graft on the target lesion, or rota-
tion atherectomy. The EVR assessment of the device edges, proximal
and distal segments (up to 5 mm each), was performed using grayscale
IVUS, VH-IVUS, or OCT at baseline and after 12-month follow-up, com-
paring the differences between the phases (Fig. 1).

Grayscale IVUS and VH-IVUS images were attained by means of a
20 MHz catheter (Eagle Eye; Volcano Cooperation, Rancho Cordova,
CA) or a 45 MHz catheter (Revolution; Volcano Cooperation, Rancho
Cordova, CA). The OCT assessment was performed using frequency
domain Ilumien system (St Jude Medical, Westford, MA, USA). The
invasive imaging acquisition details were previously described
elsewhere [15,16].

The different intravascular imaging methods were assessed at an in-
dependent core laboratory. The grayscale IVUS, VH-IVUS, and OCT base-
line and the 12-month data evaluation were performed at Medstar
Health Research Institute's Invasive coronary imaging Core Laboratory
(Washington, DC, USA). The invasive imagining offline analysis was per-
formed with dedicated software (QIVUS v3.0; MEDIS, Leiden,
Netherlands) [16]. Grayscale IVUS assessments included the mean ves-
sel, lumen, and plaque areas. VH-IVUS provided information on fibrous,
fibrous-fatty, dense calcium and necrotic core areas [17]. The OCT anal-
ysis appraised the mean lumen area of every selected frame [18].

We performed a 2-level analysis. First, a segment level assessment of
the entire 5 mm proximal or distal to the actual device edges, and sec-
ond, a frame level evaluation of every 1 mm interval of each segment.
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Fig. 1. Magmaris edge vascular response study flow diagram. Abbreviations: EVR = edges vascular response; [VUS = intravascular ultrasound; VH = virtual histology; OCT = optical

coherence tomography.
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Fig. 2. Magmaris edge vascular response segment and frame level analysis panel. Intravascular ultrasound (A); and optical coherence tomography (B).

The segment level analysis data, for the proximal and distal device edges
segment, were obtained by averaging the results of every 1 mm interval
frame included in the frame level analysis. In the frame level analysis,
the individual frames were labeled according to their position in the
proximal or distal segments and were numbered 1 to 5 depending on
the distance to device. Thus, proximal frame 1 and distal frame 5 were
the closest frames to the scaffold edges. The selected frames in the seg-
ment and frame level analysis, at baseline and 12 months, were paired
and matched for quantitative analysis (Fig. 2).

In the statistical analysis, the comparisons were tested using paired
t-test. Results were considered significant at <0.05 level of significance.
The products were presented using means and standard deviation. The
analysis was performed using R-Statistics V.3.0 (R Foundation for Statis-
tical Computing, Vienna, Austria) [19].

3. Results

Magmaris EVR invasive imaging analysis included 20 patients (n =
20 lesions) in the baseline to 12 months comparison (Fig. 1). Of whom,
10 lesions were assessed by grayscale IVUS and VH-IVUS, and 18 lesions
were evaluated by OCT. The baseline characteristics are presented in
Table 1. The study population mean age was 68.6 4+ 9.6 years, 60%
male patients, 75% stable angina, and 50% type B2 or C lesions. Lesion
and procedural characteristics are shown in Table 2. The pre-
procedure lesion length was 14.0 4 4.0 mm, reference vessel diameter
was 2.8 + 0.3 mm, and the percentage of diameter stenosis was 54.7 +
12.8% |by quantitative coronary angiography (QCA)]. All the target le-
sions were pre-dilated. The peri-procedure balloon diameter by artery
diameter ratio was 1.04 4 0.13, the scaffold diameter by artery

diameter ratio was 1.1 4 0.09, and the mean scaffold implantation pres-
sure was 14.2 £ 2.2 atm. The post-procedure percentage of diameter
stenosis in-scaffold and in-segment were 9.8 £+ 6.8% and 17.8 & 6.6%,
respectively.

The segment level grayscale IVUS analysis did not reveal significant
differences in mean vessel, lumen, or plaque areas in the proximal or
distal segments after 12 months (Table 3). In the frame level assessment
of the baseline to 12-month follow-up comparison, the mean vessel
area reduced by 2.80 + 1.43 mm? (p = 0.012) and by 2.49 +
1.53 mm? (p = 0.022) in the proximal frames 4 and 5, respectively.
There were no significant lumen area changes over time. The mean
plaque area decreased 0.88 + 0.70 mm? (p = 0.048) in the proximal
frame 5 (Fig. 3).

In the segment level VH-IVUS analysis of the plaque composition, fi-
brous plaque area showed a mean reduction of 0.5 mm? (p = 0.017) in
the proximal segment after 12 months. There were no statistically sig-
nificant differences in fibrous plaque, fibrous fatty plaque, dense cal-
cium, or necrotic core areas in the distal segment over time (Table 3).
The frame level assessment of the fibrous plaque area revealed a reduc-
tion 0of 0.63 & 0.48 mm? (p = 0.004) in the proximal frame 2 and an in-
crease of 0.54 & 0.53 mm? (p = 0.023) in the distal frame 4. The fibrous
fatty plaque area incremented 0.17 & 0.16 mm? (p = 0.016) in the dis-
tal frame 4, and dense calcium area decreased 0.10 + 0.12 mm? (p =
0.045) in the distal frame 4 (Fig. 4).

The segment level OCT analysis of mean lumen area by OCT did not
change in the baseline to 12-month follow-up comparison (Table 3).
However, there was a significant reduction of mean lumen area in the
frame level evaluation of 0.76 + 1.51 mm? (p = 0.045) in the distal
frame 2 after 12 months (Fig. 5).
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Table 1
Baseline characteristics.
Magmaris (N = 20)
N %

Age, years (mean = SD) 68.6 +9.6
Male gender 12 60.0
Risk factors

History of hypertension 17 85.0

History of hypercholesterolemia 9 45.0

History of diabetes mellitus 5 25.0

History of smoking 9 45.0

History of myocardial infarction 5 25.0

Previous revascularization® 12 60.0
Clinical presentation

Stable angina 15 75.0

Unstable angina 2 10.0

Silent ischemia 3 15.0
Medications

ASA 20 100.0

Clopidogrel 20 100.0

Statins 16 80.0
Multi-vessel disease 20 100.0
Target vessel

LMCA 0 0.0

LAD 8 40.0

LCx 5 25.0

RCA 7 35.0
ACC/AHA lesion classification

Type A 1 5.0

Type B1 9 45.0

Type B2 8 40.0

Type C 2 10.0

Abbreviations: ACC = American College of Cardiology; AHA = American Heart Association; ASA = acetylsalicylic acid; CABG = coronary artery bypass graft; LAD = left anterior descending artery;

LCx = left circumflex artery; LMCA = left main coronary artery; PCI = percutaneous coronary intervention; RCA = right coronary artery; SD = standard deviation.

2 PCl or CABG.

Table 2
Lesion and procedural characteristics.

Magmaris (N = 20)

Mean +SD
Pre-procedure characteristics
Lesion length, mm 14.0 +4.0
MLD, mm 13 +04
RVD, mm 2.8 +0.3
Pre-procedure %DS, % 54.7 +12.8
Peri-procedure characteristics
Balloon pre-dilation
Pre-dilation, N (%) 20 (100)
Diameter, mm 29 +0.2
Pre-dilation length, mm 12.8 +1.3
Pre-dilation balloon length/stent length ratio 0.61 +0.07
Balloon diameter/artery diameter ratio 1.04 +0.13
Scaffold
Length, mm 21.0 +2.1
Diameter, mm 3.1 +0.2
MLD, mm 2.5 +0.3
Implantation pressure, atm 14.2 +2.2
Scaffold diameter/artery diameter ratio 1.1 +0.09
Balloon post-dilation
Post-dilation balloon diameter, mm 3.2 +0.3
Post-dilation balloon length, mm 141 +4.5
Post-procedure characteristics
In-stent
MLD, mm 2.5 +0.3
RVD, mm 2.8 +0.3
%DS, % 9.8 +6.8
In-segment
MLD, mm 2.3 +0.3
RVD, mm 2.7 +0.3
%DS, % 17.8 +6.6

Abbreviations: %DS = percentage of diameter stenosis; MLD = minimum lumen diameter; RVD = reference vessel diameter; SD = standard deviation.
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Magmaris edge vascular response segment level analysis in the Baseline to 12-month follow-up comparison assessed by grayscale IVUS, VH-IVUS and OCT.

Grayscale IVUS VH-IVUS OCT
Fibrous Fatty Dense
Vessel Area, Lumen Plaque Area, Plaque Lumen Area,
mm? Area, mm®> mm? Burden, % Area, mm? Area, mm? mm'
(mean+SD) (mean+SD) (mean+SD) (mean=SD) (mean+SD)  (mean+SD) (mean=SD)
Proximal (N=9) (N=9) (N=17)
Baseline 15£2.8 7.6+2.4 7.5+1.0 50.6+8.0 2.6+0.7 0.4+0.2 0.5+0.4 1.0£0.3 7.8+2.8
12 months 14.3+2.2 7.2+2.0 7.1£1.0 50.5+7.0 2.1+0.7 0.3x0.2 0.6+0.3 0.9+0.4 7.7£2.9
p-value 0.390 0.550 0.270 0.960 0.017 0.14 0.180 0.480 0.840
Distal segment  (N=10) (N=10) (N=18)
Baseline 12.4+2.2 6.9+2.0 5.5+1.3 44.4+10.2  1.5+0.6 0.2+0.2 0.3x0.2 0.6+0.4 6.4+2.1
12 months 11.8+£2.2 6.2+1.2 57«14 47.7£7.5 1.7+0.7 0.3+0.2 0.3x0.2 0.6+0.3 5.8+1.3
p-value 0.280 0.160 0.370 0.130 0.150 0.120 0.870 0.540 0.094

Abbreviations: IVUS = intravascular ultrasound; OCT = optical coherence tomography; VH = virtual histology; SD = standard deviation.

4. Discussion

The present study is the first report of Magmaris EVR assessed by
grayscale IVUS, VH-IVUS, and OCT at 12 months. There are 3 main find-
ings from our analysis: 1) The grayscale IVUS did not indicate any rele-
vant changes in vessel, lumen, or plaque areas in the proximal or distal
segments over time; albeit, there were considerable small vessel and
plaque areas in 2 proximal and 1 proximal frames, respectively;
2) There was a noticeable decrease in fibrous plaque area in the proxi-
mal segment, a fibrous plaque area reduction in 1 proximal frame, and
an increase of fibrous and fibrous fatty plaque areas with a decrease of
dense calcium area in 1 distal frame; and 3) The luminal area by OCT
did not change significantly in the proximal or distal frames or seg-
ments, except for a statistically relevant lumen area reduction in 1 distal
frame.

The development of DES, first and second generations, reduced in-
stent restenosis rates compared to bare metal stent-era results (i.e.
5-10%) and changed the in-stent restenosis pattern at the stented seg-
ment as well as at the device edges [11,20,21]. EVR in the DES era was
heavily dictated by the differences in stent platforms, drugs, polymers,
tissue composition, and geographical miss [10,11]. At the device

edges, the vascular response in DES was known to be more intense
(i.e.luminal reduction) in the proximal segment compared to the distal,
most likely due to uncovered residual plaque (i.e. geographical miss)
[11]. In contrast to previous published DES and bioresorbable vascular
scaffold EVR data at 12 months, Magmaris EVR did not experience any
relevant changes at the segment level although the frame level findings
confirmed a reduction of mean plaque and vessel areas without any
lumen area difference in the frame level analysis compared to baseline.
Different than in metallic stents, Magmaris EVR can be partially ex-
plained by the fact that Magmaris promotes a transient scaffolding of
the coronary vessel wall, avoiding the perpetuation of the inflammatory
stimuli between baseline and 12 months, when >95% of the device
struts were already absorbed.

The physiopathologic changes of the response-to-injury process at
the stented segment and at the device edges of metallic and polymeric
devices induces tissue composition alterations secondary to permanent
or prolonged encaging of the vessel wall. Albeit, these changes are also
determined by shear stress condition modifications in the treated seg-
ment and extensive vessel wall injury (e.g. intra-procedure instrumen-
tation or spontaneous events) [11,20]. A serial invasive imaging study of
the EVR changes, the BETAX trial, described a positive remodeling in
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both edges at 6 months, mostly due to fibrous fatty plaque increase [10],
which by VH-IVUS is associated to the presence of extracellular matrix, a
neointimal growth factor [22-24]. Magmaris EVR tissue composition
findings at 12 months showed a reduction of fibrous plaque area in
the proximal segment. In the frame level comparison, there was a rele-
vant increase of fibrous and fibrous fatty areas and a reduction of dense
calcium area in 1 distal frame. Magmaris EVR at 12 months can be par-
tially explained by careful peri-procedure implantation technique and a
faster absorption time of the device, reducing the chronic inflammation
process expressively over the stented segment and especially over the
distal and proximal device edges [23,25].

Recently, the results reported by Zhang et al. in Absorb EVR assessed by
OCT revealed a luminal area gain at 6 months followed by a significant lu-
minal area decrease at 1, 2, and 3 years [26]. The luminal loss was present

in the proximal and distal segments, particularly in the adjacent frames to
the actual device edges [26]. On the other hand, Magmaris EVR segment
level OCT findings did not show any relevant difference in lumen area
over 12 months, albeit, the frame level comparison revealed an isolated
but significant luminal area change in 1 distal frame in the same period
of time, and not adjacent to Magmaris actual distal edge. It is true that Ab-
sorb and Magmaris are different in their very essence, but both are absorb-
able devices, which makes reasonable a parallel between the devices since
Absorb takes, on average, at least 3 times as long as Magmaris to be
absorbed. Magmaris EVR overall results at 6 and 12 months seem to be fa-
vorable compared to Absorb findings at 6 and 36 months.

The limitations apparent in the present study are listed as follows:
1) The present study was performed in a small cohort and therefore it
was intended to be an exploratory analysis; 2) The number of patients
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assessed by grayscale and VH-IVUS was considerably lower than those
evaluated by OCT; 3) Considering the mean absorption time of the
Magmaris, there was no point to evaluate EVR after 1 year follow-up
(95% of absorption); and 4) The tissue characterization between the
edges and the in-scaffold segment was not performed in the
12 months analysis.

The transient scaffolding promoted by Magmaris (DREAMS 2G),
assessed by grayscale IVUS, VH-IVUS, and OCT over a year did not pres-
ent significant EVR changes in tissue composition and vessel, lumen,
and plaque areas in the proximal or distal segments, except for a reduc-
tion in fibrous plaque area in the proximal segment.
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