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Introduction: Percutaneous coronary intervention with implantation of a bioresorbable scaffold (BRS) provide the
vessel support for a limited period allowing the vessel to restore normal vasomotion after degradation of the BRS,
opposed to treatment with drug-eluting stents where the metal persist in the vessel wall. Late lumen loss and
reduction in lumen area after implantation have been reported. The purpose of this study was to investigate
whether intense pre-dilatation before BRS implantation resulted in less reduction of minimal lumen area at 6-
and 12-month follow-up after implantation of a Magmaris BRS (MgBRS). Coronary imaging with optical
coherence tomography (OCT) and intravascular ultrasound (IVUS) was assessed to track changes in lumen and
vessel dimensions.

Methods: The prospective Optimal lesion PreparaTion before Implantation of the Magmaris bioresorbable scaffold
In patients with coronary artery Stenosis (OPTIMIS) study randomly assigned eighty-two patients with chronic
coronary syndrome to two pre-dilatation treatment strategies. Patients were randomized in a 1:1 ratio to pre-
dilatation with either a non-compliant scoring balloon or a standard non-compliant balloon prior to implanta-
tion of a MgBRS. The treated segment was evaluated with OCT and IVUS at baseline, after 6 and 12 months to
assess changes in lumen and vessel dimensions. The hypothesis was that more intense pre-dilatation with a non-
compliant scoring balloon before MgBRS implantation can reduce the risk of late lumen reduction compared to
standard pre-dilatation. The power calculation used expected MLA after 6 months (6.22 mm? for the scoring
balloon and 5.01 mm? for the standard non-compliant balloon), power of 80 %, significance level of 0.05 and
expected drop-out rate of 15 %, requiring 82 patients to be enrolled.

Results: Eighty-two patients were included in the study. Enrollment was from December 2020 to September 2023.
Conclusion: The hypothesis was that more intense pre-dilatation with a non-compliant scoring balloon before
MgBRS implantation can reduce the risk of late lumen reduction compared to standard pre-dilatation.

1. Introduction in a coronary artery lesion provides the vessel support for a limited

period allowing the vessel to obtain its original function and flexibility

The treatment of coronary artery stenosis with percutaneous coro-
nary intervention (PCI) has continued to improve throughout the years
[1]. Bioresorbable scaffolds (BRS) have been developed to overcome
safety and efficacy issues of bare-metal stents (BMS) and drug-eluting
stents (DES) [2], such as late stent thrombosis. Implantation of a BRS

after the BRS has vanished [3,4]. Previous studies have shown that
coronary lesions treated with early generation Magmaris BRS (Biotronik
AG, Biilach, Switzerland) (MgBRS) resulted in lumen area reduction
within the first year after implantation [5-7]. The exact mechanism is
unclear, but increased plaque burden compromising the scaffold area,
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increased neointimal formation in the early phase of vascular healing,
fast BRS resolution or constrictive remodeling have been considered as
contributing factors [8,9]. Due to lower radial strength of the BRS
compared to metal stents [10], repeat post-dilatation after implantation
should be avoided, because of increased risk of dismantling causing BRS
collapse and recoil. Instead, plaque modification with more intense
lesion preparation prior to BRS implantation may be necessary to obtain
optimal result [9,11].

The vascular healing and resorption of the BRS have been evaluated
with intravascular ultrasound (IVUS) and optical coherence tomography
(OCT) [12-14]. OCT provides detailed information about neointimal
coverage, scaffold apposition, and vascular healing on microscopic level
emphasizing luminal structures, while IVUS with its deeper tissue
penetration provides better information on the abluminal level enabling
assessment of vessel remodeling [14]. Conventional stent evaluation
with intravascular imaging is based on visible struts and includes
in-scaffold parameters such as scaffold area, strut coverage, and
incomplete strut apposition. Metallic struts appear as reflective struc-
tures causing a shadow cast behind it in OCT assessment. However,
degradation of the BRS over time makes conventional stent analysis less
feasible as the majority of struts are often vanished at follow-up [15]. In
previous BRS studies, OCT has been used to investigate the vascular
healing of the BRS, but optimal consensus is not yet obtained [6,7,
16-20].

The hypothesis of the Optimal lesion PreparaTion before Implanta-
tion of the Magmaris bioresorbable scaffold In patients with coronary
artery Stenosis (OPTIMIS study) was that intensive lesion preparation
and pre-dilatation with a scoring balloon prior to implantation of a
MgBRS may reduce lumen area reduction at 6 months follow-up
compared to a standard lesion preparation with a non-compliant
balloon.

2. Methods
2.1. Study design

The study was a prospective, single-centered, open-label randomized
trial conducted at Odense University Hospital, Denmark comparing
intense lesion preparation and pre-dilatation with a scoring balloon to
lesions preparation with a standard non-compliant balloon, prior to
implantation of a MgBRS. Enrollment was from December 2020 to
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September 2023. The patients were randomly allocated to the two
treatment methods in a 1:1 ratio (Fig. 1). The physician analyzing the
offline images was to the pre-dilatation method.

2.2. Ethics

The study was approved by the Regional Committees on Health
Research Ethics for Southern Denmark (Project-ID: S-20200114) and
Danish Data Agency (Journal no.: 20/49900), and was registered with
ClinicalTrials.gov (NCT04666584).

All patients provided written informed consent for trial participation
before randomization. A physician informed all patients before the
baseline procedure about the procedure, potential complications and
possibility of trial participation. A written patient information form in
Danish was given to the patients prior to the procedure, and they were
given a consideration period before inclusion. The patients gave written
consent to a physician to participate in the OPTIMIS trial including
clinical follow-up and angiography with IVUS and OCT after 6 months.
All patients were informed of their right to withdrawn consent if wanted.

2.3. Patient population

Patients with chronic coronary syndrome were eligible, if they met
inclusion and exclusion criteria (Table 1). Patients were screened for
protocol inclusion and exclusion criteria before enrolment. Enrolled
patients underwent clinical and invasive imaging follow-up with OCT
and IVUS after 6 months, and the first 41 enrolled patients underwent
additional invasive imaging follow-up after 12 months. Clinical and
procedural characteristic are presented in Table 2.

2.4. Device

The MgBRS (Biotronik AG, Biilach, Switzerland) is a CE-marked
metallic based BRS based on a magnesium alloy and coated with bio-
resorbable poly-i-lactic acid carrying the eluted drug sirolimus. The
antiproliferative drug is applied to the scaffold at a dose of approxi-
mately 1.4 pg per mm? scaffold and is released completely after 100
days. The BRS is designed with 6 peaks and valleys forming an in-phase
sinusoidal ring, linked with 2 slopes of connectors. The strut thickness is
150 pm. The magnesium alloy is first absorbed when it reacts to water
creating magnesium-hydroxide which slowly transforms to amorphous

| Inclusion of 82 patients with SAP |

[ re-dilatation with a 2.0 mm balloon (optional) |

| Pre-interventional imaging with IVUS and OCT |

Randomization 1:1 predilatation with a
scoring balloon vs. non-compliant balloon

Pre-dilatation with a scoring balloon (41 ptt)
with a 1:1 balloon-artery-ratio

Pre-dilatation with a standard balloon (41 ptt)
with a 1:1 balloon-artery-ratio

[ implantation af a Magmaris BRS |

I

Postdilatation with a non-compliant balloon
same size or 0.5 mm larger than the BRS
(mandatory)

Post-interventional imaging with IVUS and OCT
of final result

Follow-up imaging with IVUS and OCT at
6-month (82 ptt)

Follow-up imaging with IVUS and OCT at
12-month (41 ptt)

Fig. 1. Flow-chart.
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Table 1
Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Patients with chronic coronary
syndrome scheduled for PCI in a
native coronary artery

Age >18 years and <80 years

Ostial lesions (cannot be cleared with
flushed contrast by OCT)

Significantly calcified lesions defined
with an arc >180° and calcium thickness
>0.5 mm and calcium length of >5 mm
evaluated with IVUS and/or OCT).
Lesions longer than 40 mm

Tortuous coronary arteries where the PCI-
operator estimated that the introduction
of an OCT-catheter would not be possible
or would be associated with increased risk
Allergy to aspirin, ticagrelor, clopidogrel,
prasugrel or sirolimus

eGFR <30 ml/min or creatinine >150 pg/
L (due to the required amount of contrast
by OCT)

Expected survival <1 year

Patients participating in other
randomized stent studies

Lesions treatable with a 3.0 or 3.5 mm
Magmaris scaffold (coronary artery
diameter between >2.75 mm and
<4.0 mm)

Abbreviations: IVUS; IntraVascular UltraSound OCT = Optical Coherence To-
mography; PCI = Percutaneous Coronary Intervention.

Table 2
Patient baseline characteristics.

Scoring balloon Standard balloon

N =141 N =41

Age, years 64.9 + 8.95 64.8 +£7.89
Male, n (%) 27 (65.9) 28 (68.3)
Family history of IHD, n (%) 19 (46.3) 17 (41.5)
History of smoking, n (%)

Current smoker 6 (14.6) 6 (14.6)

Previous smoker 21 (51.2) 11 (26.8)
Hypertension, n (%) 17 (41.5) 25 (61.0)
Hypercholesterolemia, n (%) 11 (26.8) 13 (31.7)
Diabetes mellitus, n (%) 4 (9.8) 8 (19.5)
BMI. mean (SD). kg/m2 27.9 +£9.7 27.9 + 3.7
eGFR, ml/min 79.7 £12.5 82.1 £11.6
Creatinin, pmol/L 79.8 £17.2 77.7 £15.2
Previous ML, n (%) 9 (22.0) 4 (9.8)
Previous PCI, n (%) 11 (26.8) 6 (14.6)
Previous CABG, n (%) 0 (0.0) 0 (0.0)
Treated coronary artery, n (%)

Left anterior descending 23 (56.1) 24 (58.5)

Left circumflex 6 (14.6) 8 (19.5)

Right coronary artery 12 (29.3) 9 (22.0)

Baseline characteristics did not differ significantly among the two groups.

calcium phosphate with high water content. The MgBRS is completely
absorbed after 1 year [21]. The scaffold are available in sizes with a
diameter of 3.0 mm and 3.5 mm, and lengths of 15, 20 and 25 mm.

The ScoreFlex non-compliante scoring angioplasty catheter (Orbus-
Neich Medical Trading, Inc., Fort Lauderdale, FL) is a mono-rail type
scoring balloon with an integral nitinol wire fixed around the balloon
acting as scoring element, when the balloon is inflated. The dual-wire
semi-compliant balloon system allows focused force dilatation and
safe and controlled plaque modification. The ScoreFlex balloon is
available in diameters spanning from 1.75 to 4.0 mm and lengths of
10-20 mm [22].

2.5. Procedure strategy

The procedural method is illustrated in Fig. 1. Study lesions were
treated with a MgBRS in all patients. Patients received a dose of heparin
(70 UI/kg) prior to the PCI procedure. The coronary stenosis was
identified by the PCI operator’s interpretation of the angiographic
findings. Imaging with OCT and IVUS was performed to evaluate vessel
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size, length and plaque morphology of the lesion to assure that the lesion
was treatable with a MgBRS. Pre-dilatation with a 2.0 mm balloon was
allowed if necessary. The scaffold size was based on IVUS measurements
of the proximal and distal reference external elastic membrane (EEM)
diameters. If the EEM was visible in >180° of the CSA, the smaller EEM
rounded down to the nearest 0.25 mm was used to determine scaffold
diameter. If the EEM was visible in <180°, the scaffold diameter was
based on the lumen diameter [23]. Patients were randomized 1:1 to
either 1) lesion preparation with a scoring balloon, or 2) standard
pre-dilatation with a non-compliant balloon. The lesion was predilated
with the randomized treatment technique in a 1:1 balloon-artery ratio
with a residual stenosis of less than 20 %. If the pre-dilatation goal was
not achieved, up-scaling to a 0.5 mm larger scoring balloon was allowed
in the study arm randomized to treatment with a scoring balloon. In the
standard treatment study arm, upscaling to a 0.5 mm larger
non-compliant balloon was allowed.

After lesion preparation, a MgBRS was implanted. Inflation pressure
at scaffold implantation was maintained for 25-30 s. Post-dilatation was
perfomed with a non-compliant balloon the same size as the scaffold or
maximally 0.5 mm larger than the scaffold applying nominal pressure.
Finally, OCT- and IVUS images were acquired and controlled by the PCI-
operator and an on-site dedicated OCT-analyst. Additional post-
dilatation with a non-compliant balloon was only allowed if there was
major under-expansion (defined as MSA <4.5 mm?) or major malap-
position (defined as strut >0.3 pm from the lumen wall for >3 mm)
assessed with OCT. Additional scaffolding was allowed in the presence
of significant edge dissection or residual stenosis <5 mm proximal or
distal to the scaffold (causing MLA <4 mm?). OCT and IVUS images of
the final result were obtained. Follow-up OCT and IVUS were performed
after 6 and 12 months. Patient characteristics are presented in Table 2.

2.6. Intravascular imaging and analysis

2.6.1. Optical coherence tomography

OCT will be performed at baseline, at 6-month follow-up for all pa-
tients and 12-month follow-up for the first 41 enrolled patients. The
imaging procedures will be preceded by administration of 200 pg of
intracoronary nitroglycerin. OCT will be performed with frequency-
domain OPTIS OCT system (Illumien OCT system; Abbott Vascular,
Santa Clara, CA) and the Dragonfly™ Imaging catheter. The catheter
will be placed approximately 10 mm distally to the lesion. The coronary
artery is flushed with 15 ml contrast injection to clear the coronary ar-
tery of blood for optimal imaging quality during automated pullback at a
rate of 20 mm/s over a distance of 70 mm. An independent imaging-
analyst blinded to the pre-dilatation technique will use the OCT off-
line software (Offline Review Workstation; St. Jude) for quantitative
OCT analysis. The analysis of the scaffold-treated segment will be
analyzed at cross section area (CSA) level with a distance of 1 mm (every
5 frames).

2.6.2. Intravascular ultrasound

Intravascular imaging with IVUS will be performed at baseline
before and after stenting, and after 6-month for all patients and after 12-
month follow-up for the first 41 of the patients. The OptiCross 2.6 Fr
IVUS-catheter will be positioned at least 10 mm distally to the lesion or
stented segment. Imaging acquisition using motorized IVUS pullbacks
will be performed with pullback speed of 0.5 mm/s after intracoronary
bolus of 200 pg nitroglycerine at 40 MHz (Boston Scientific, Marl-
borough, MA, USA). The baseline IVUS pullbacks will be matched with
the follow-up IVUS imaging using anatomical landmarks. IVUS pull-
backs will be analyzed by an independent analysist blinded to pre-
dilatation method with the commercially available program for
computerized analysis (Echoplaque, INDEC Systems, Inc., Santa Clara,
CA, USA). The IVUS measurements will be analyzed at a cross-sectional
level at baseline and follow-up, and are calculated every 1 mm within
the scaffold-treated segment.
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3. OCT and IVUS measurements

OCT imaging measurements include lumen dimensions available at
baseline and follow-up: MLA, mean lumen area (LA), lumen volume, and
change in MLA (baseline MLA - follow-up MLA) in the scaffold-treated
segment. Scaffold dimensions include minimal scaffold area (MSA),
mean scaffold area (SA), minimum scaffold diameter (MSD), scaffold
volume, number of struts at baseline and strut remnants at follow-up,
and scaffold expansion (MSD/manufacturer’s compliance chart-
predicted MSD). Quantitative analysis on scaffold level is limited to
baseline images to some extent due to fast absorption of the scaffold,
which makes the detection of struts difficult at follow-up. Incomplete
scaffold apposition is defined as malapposed when the distance between
the abluminal surface of the strut and the luminal surface of the vessel
wall exceeds the struts thickness of 150 pm. At baseline, malapposition
area, distance and volume will be analyzed. At follow-up, visible struts
or strut remnant will be categorized as malapposed when the abluminal
border of the strut/remnant is separated from the lumen surface by a
visible space exceeding 150 pm. The malapposition observations will be
matched from baseline to follow-up and will be divided into acute/late,
resolved, persistent or acquired malapposition. OCT images of the
MgBRS at baseline and follow-up is represented in Fig. 2.

IVUS imaging measurements include lumen and scaffold dimensions
as described above. Quantitative analysis includes measurements of
external elastic membrane (EEM), peri-scaffold plaque (EEM area — SA),
scaffold-edge plaque (EEM area — LA), total plaque area (EEM area — LA),
remodeling index (RI) (lesion EEM CSA/(EEM CSA proximal + EEM CSA
distal reference)/2) and change in RI (RI at follow-up — RI at baseline).
Serial evaluation of remodeling will be performed. The EEM at MLA in
the lesion before treatment will be measured and matched to the com-
parable cross section site post-procedure and at follow-up. The change in
EEM from baseline to follow-up will determine the change in remodeling
over time. Negative remodeling is defined as a decrease in EEM area
over time, and positive remodeling is defined as enlargement of the EEM
area. Serial comparison between OCT and IVUS in a MgMRS treated
artery is represented in Fig. 3.

Baseline

6-month follow-up
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3.1. Primary endpoint

The primary endpoint is MLA in the scaffold-treated segment after 6
months assessed with OCT.

3.2. Secondary endpoint

The secondary endpoints are change in MLA from baseline to follow-
up after 6 and 12 months, serial change in RI, and percentage of
incomplete scaffold apposition.

3.3. Statistical analysis

Assuming data are normally distributed, categorical data will be
presented as numbers and frequencies and compared using chi2-test.
Continuous data will be presented as mean + SD and compared using
Student t-test. For variables not normally distributed non-parametric
testing with Mann-Whitney U test will be performed, and the median
and interquartile ranges will be reported. SPSS version 26.0 will be used
for the statistical analysis. The estimated sample size is based on data,
from the Coronary Artery Healing Process after Optical Coherence To-
mography Guided Percutaneous Coronary Intervention with Magmaris
Bioresorbable Scaffold in Patients with Non-ST-Segment-Elevation
Myocardial Infarction (the HONEST study) [9]. In the HONEST study,
all lesions were predilated with a standard non-compliant balloon prior
to implantation of a MgBRS. MLA at 6-month follow-up was measured
with OCT and showed a reduction from 6.99 mm? to 5.01 mm? The
power analysis in the current study was also based on OCT measurement
of MLA 6 month after implantation, and the results from the HONST
study was used as our reference group. In the standard non-compliant
balloon lesion preparation group, the expected reduction of MLA was
6.99 mm? to 5.01 mm (27 %) 6 months after implantation of the MgBRS.
In the scoring balloon lesion preparation group, the expected reduction
of MLA was 6.99 mm2-6.22 mm? (11 %). A power calculation is con-
ducted using the expected MLA after 6 months (6.22 mm? for the scoring
balloon and 5.01 mm? for the standard non-compliant balloon). Inclu-
sion of 35 patients in each group is necessary to reach statistical

12-month follow-up

Fig. 2. Vascular healing after implantation of a Magmaris bioresorbable scaffold. Two serial OCT-images of vascular healing after implantation of a Magmaris
bioresorbable scaffold. At baseline (A + D), analyzable struts are visible in the circumference of the vessel. Due to construction similarities between a metallic BRS
and a drug-eluting stent, conventional analysis methodology is applicable to the Magmaris BRS at baseline. At follow-up, after 6-month (B + E) only few struts
remnants are visible (B + E), and almost completely vanished after 12 month (C + F). At follow-up, the analysis is limited to in-segment measurements such as lumen
dimensions. Favorable vascular healing is illustrated in the serial OCT-images (A-C) with unchanged lumen dimensions from baseline to 12-month follow-up,
compared to poor vascular healing illustrated in the serial OCT images (D-F), where lumen area is reduced from baseline to follow-up.
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Fig. 3. Serial intravascular evaluation of the Magmaris bioresobable scaffold at baseline, 6- and 12-month follow-up. Serial intravascular evaluation at baseline (A +
D), 6-month follow-up (B + E) and 12-month follow-up (C + F) with optical coherence tomography (OCT) (D-F) and intravascular ultrasound (IVUS) (A-C) after
implantation of a Magmaris bioresobable scaffold (MgBRS). The cross sections are presented without (1) and with (2) analyzable measurements. Comparing IVUS
(A-C) and OCT (D-F), lumen contours (solid line) are visible with both imaging modalities (A2-F2), but the external elastic membrane (EEM) (dashed line) is only
detectable with IVUS (A2-C2). A1+A2 show the MgBRS treated segment at baseline, where scaffold struts (arrows) are visible at 5 to 10 o’clock. D14+D2 show the
same segment with OCT. Scaffold struts are detectable (arrows) in the whole circumference of the artery. At 6-month follow-up (B + E), scaffold strut remnants
(arrows) are detectable with both IVUS and OCT after 6-month. With IVUS (B), the remnants are still visible from 5 to 9 o’clock, but with OCT (E), the struts are
partly dissolved and remnants are only analyzable at 5, 7, 9 and 12 o’clock. At 12-month follow-up (C + F), a part of scaffold remnants are still visible at 5, 7, 8 and 8
o’clock (C), but with OCT no struts seem to be discernible (F). Imaging catheter (*).

significance in case of 2-tailed significance level of 0.05 and power of 80
%. Loss to follow-up and poor image quality finalize an expected
drop-out rate of 15 %, thereby requiring 82 patients in total.
4. Results

Enrollment was completed by September 8th’ 2023. Baseline clinical
characteristics are presented in Table 1. The treatment groups were well-
matched without differences in baseline characteristics.

5. Discussion

The BRSs have been developed to provide temporary vessel support

following PCI before degradation leaving the coronary artery to restore
normal vasomotion and flexibility [3,4]. However, concerns about
lumen reduction after implantation have been reported [7,9,16,18,24].
The aim of the study is to investigate whether a more intense lesion
preparation with a scoring balloon compared to a standard
non-compliant balloon will minimize lumen reduction after implanta-
tion of a MgBRS.

First-generation BRS (Absorb BRS, Abbott Vascular, Santa Clara, Ca)
provided with an alternative approach to transient vascular support
without permanent caging of the DES [25]. The Absorb BRS was
composed of a poly-1-lactide polymer backbone and thicker struts to
compensate for reduced radial strength compare to DES [24]. Even
though promising functional testing showed sign of reestablishment of
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normal vasomotion [26], an increased event rate of especially very late
scaffold thrombosis was observed over time [27,28]. Other available
biodegradable polymer scaffolds, such as the DESolve BRS (Elixir
Medical Corp., Sunnyvale, USA) and the Fantom BRS (REVA medical,
San Diego, USA) have longer absorption time of up to 2 and 4 years,
respectively. Lumen reduction has been observed in both BRS after
6-months, but long-term imaging follow-up is not available [16,18].
Compared to biodegradable polymer scaffolds, the second-generation
metallic BRS such as the MgBRS is made of a magnesium alloy and ex-
pected to have a higher radial strength but shorter absorption time
compared to other BRS [29,30]. Even though long-term follow-up
showed no scaffold thrombosis up to three years after implantation [5,
31], observations of decrease in lumen area assessed with intravascular
imaging over time [5,9,32,33] have raised questions about efficacy and
concerns of higher restenosis rates compared to DES [6,7,9]. Due to
lower radial strength of the MgBRS compared to DES, manipulation and
repeated post-dilation after implantation may increase the risk of frac-
turing and dismantling of the BRS possibly leading to collapse and recoil
[8,9]. It should be possible to avoid repeat post-dilatation after place-
ment of the scaffold, if optimal lesion preparation is obtained.
Register-based observational studies reported target-lesion revasculari-
zation (TLR) rate of 2.7-8.5 % after one year, and increasing up to 14 %
after 5 years [34,35]. The prospective BIOSOLVE studies (BIOtroniks —
Safety and performance in de nOvo Lesion of natiVE coronary arteries
with Magmaris) including the largescale BIOSOLVE-IV trial showed low
TLR rates of 1.6-3.9 % within one year in an all-comer population [36,
371, and sustained efficacy after 5 years with a TLR rate of 5.9 %
observed in a smaller population [38]. In contrast, the MAGSTEMI study
(MAGnesium-based bioresorbable scaffold in ST-segment Elevation
Myocardial Infarction) comparing a sirolimus-eluting stent to the
MgBRS revealed TLR rate of 16.2 % within the first year [39] in patients
presenting with STEMI with no difference between year 1 and 3 [40].
Several prospective studies have evaluated the change in lumen area
with OCT or IVUS after implantation of the MgBRS, reporting reduction
in lumen area over time [5-7,9,33,41]. Speculations of the mechanism
behind scaffold restenosis and late scaffold recoil may be associated with
negative remodeling, early scaffold absorption, premature loss in radial
strength and impact of underlying plaque [8]. Optimal lesion prepara-
tion and pre-dilatation before implantation of the MgBRS may be crucial
to overcome the issue of scaffold recoil. Vessel force and its effect on
rapidly dissolving BRSs is until now uncertain, but vascular remodeling
assessed with IVUS may help to clarify the mechanisms behind recoil
and lumen reduction after implantation of the BRS.

In previous BRS studies, OCT has been used to investigate the
vascular healing of the BRS, but optimal consensus has not yet been
obtained [6,7,16-20]. Due to difference in degradation time, the
measurable OCT parameters may differ among the BRS types. Table 3
shows an overview of four BRS types and the available intravascular
measurements at baseline and 6-month follow-up. At 6-month, con-
ventional analysis methodology is applicable for evaluation of Absorb
BRS, Fantom BRS and DESolve BRS [16,24,42], but analysis requiring
struts visibility — strut coverage, malapposition and scaffold dimensions
— is not available at follow-up for analysis of the MgBRS due to a faster
resorption [6,7,9] (Table 1). Therefore, the analysis at follow-up relies
on lumen measurements and remodeling analysis alone.

Serial intravascular evaluation of the scaffold degradation over time
show the need for a new technique to describe the healing process.
Nakatani et al. [15] express the need for a different methodological
approach when analyzing BRS compared to permanent stents and
highlight that only flow area based on lumen contour is assessable at
long-term follow-up. Other studies have invented new terminology with
different healing states or stages to describe the OCT quantitative find-
ings at follow-up [9,41,43] based on the discernibility of the remained
struts. However, the quantitative OCT findings are usually limited to
lumen measurements in the scaffold treated area. There is no clear
consensus on how to report intravascular imaging analysis of BRSs at
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Table 3
Intravascular measurements available at baseline and 6-month follow-up for
four bioresorbable scaffolds.

Absorb  Desolve  Fantom  Magmaris

OCT Baseline measurements

Lumen (area, diameter, X X X X
volume)

Vessel (area, diameter,
volume)

Plaque (area, diameter,
volume)

Scaffold (area, diameter, X X X X
volume)

Malapposition X X X X

Strut coverage - - - -
(percentage of uncovered
struts, neointimal
hyperplasia)

Acute recoil (%) X X X X
Follow-up measurements

Lumen (area, diameter, X X X X
volume)

Vessel (area, diameter,
volume)

Plaque (area, diameter,
volume)

Scaffold (area, diameter, X X X
volume)

Malapposition x) x) )

Strut coverage x) ) x)
(percentage of uncovered
struts, neointimal
hyperplasia)

Acute recoil (%)

IVUS Baseline measurements

Lumen (area, diameter, X X X X
volume)

Vessel (area, diameter, X X X X
volume)

Plaque (area, diameter, X X X X
volume)

Scaffold (area, diameter, X X X X
volume)

Malapposition X X X X

Strut coverage - - - -
(percentage of uncovered
struts, neointimal
hyperplasia)

Acute recoil (%) X X X X
Follow-up measurements

Lumen (area, diameter, X X X X
volume)

Vessel (area, diameter, X X X X
volume)

Plaque (area, diameter, X X X X
volume)

Scaffold (area, diameter, X X X X
volume)

Malapposition X X X x)

Strut coverage X X X x)

Acute recoil (%)

Abbreviations: IVUS = intravascular ultrasound, NIH = Neointimal hyperplasia,
OCT = optical coherence tomography.

follow-up as scaffold struts may or may not be visible.

The study had potential limitation. The primary endpoint was not
clinically driven, but based on intravascular imaging findings, due to
small sample size. The study was open-label, as the operator knew what
kind of balloon was used for lesion preparation. Both the patients and
the OCT and IVUS analysists were blinded to the type of balloon used for
lesion preparation.

The OPTIMIS trial will focus on vessel reaction and the vascular
mechanisms following the implantation of a MgBRS during the degra-
dation up to 1 year after implantation. The study will investigate if
intensive lesion preparation can optimize the treatment result and
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minimize the lumen reduction over time.
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