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Second-generation drug-eluting absorbable metal scaffold (DREAMS 2G) is used for
treating coronary lesions. However, the natural history of the jailed side-branch (SB) after
DREAMS 2G implantation remains to be elucidated. The aim of this study is to investigate
the effect of scaffold struts on jailed SBs as assessed by 3-dimensional (3D) optical coher-
ence tomography (OCT) after implantation of DREAMS 2G. We enrolled the patients
who received a DREAMS 2G implantation and where OCT was performed at postproce-
dure and 12-month follow-up in the BIOSOLVE-II trial. The area of the ostium of jailed
SBs and number of compartments divided by scaffold struts were assessed by cut-plane
analysis using 3D OCT. A total of 24 patients with 61 jailed SBs were analyzed in this
study. The number of compartments was significantly decreased (postprocedure; 1.98 §
0.84 vs 12 months; 1.10 § 0.30, p <0.001) during the 12 months. Since most of the struts
disappeared, the ostium area was increased in 62% of jailed SBs at 12 months, however,
not significantly different from postprocedure (postprocedure; 0.74 [0.34 to 1.46] mm2 vs
12 months; 0.78 [0.41 to 1.68] mm2, p = 0.055). The number of compartments created by
scaffold struts and branching angle at postprocedure had no effect on the changes of SB
ostium area. DREAMS 2G has a favorable absorption process in the jailed SBs up to
12 months and may be considered as an optional therapy for treating lesions that involve
SBs. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:1044−1051)
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The feasibility with favorable safety and performance of
the second-generation drug-eluting absorbable metal scaffold
(DREAMS 2G; Biotronik AG, Buelach, Switzerland) have
been demonstrated in the BIOSOLVE-II trial.1−3 Restoration
of the vessel geometry and bioresorption signs were confirmed
up to 12 months using intracoronary optical coherence tomog-
raphy (OCT), with the halting of the neointimal growth.4 Fur-
thermore, irrespective of the implantation technique, excellent
healing was verified in the scaffolded segment up to 12
months assessed by OCT.5 Bioabsorbable vascular scaffolds
have revealed favorable outcomes with jailed side-branches
(SBs),6 but they have a very slow absorption process. The
absorption process of absorbable metal scaffolds is much
faster; however, the specific behavior of DREAMS 2G in
bifurcations has never been previously described. OCT can
evaluate the details of stent struts and also absorbable scaf-
folds with its high resolution. Frequency domain OCT enables
3-dimensional (3D) reconstruction of the coronary artery and
permits a direct visualization of the jailed SBs and struts in
vivo.7 3D OCT reconstruction is feasible with respect to the
evaluation of the orifices of the jailed SB.8 We therefore eval-
uated the effect of scaffold struts on jailed SBs in terms of
patency and orifice area as assessed by 3D OCT at 12 months
after implantation of DREAMS 2G.
Methods

The present analysis is a substudy of the BIOSOLVE-II
trial. We enrolled the patients who received a DREAMS

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2018.12.029&domain=pdf
http://dx.doi.org/10.13039/501100005035
https://clinicaltrials.gov/ct2/show/NCT01960504
mailto:hector.m.garciagarcia@medstar.net
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Figure 1. Flow chart of patient selection. A total of 71 patients underwent OCT postprocedure in BIOSOLVE-II. Forty patients were excluded as no OCT was

available at 12-month follow-up and the remaining 31 patients were evaluated for eligibility for analysis. Additionally, 3 patients with no jailed SB and 4

patients with poor imaging quality due to an insufficient flushing, guide-wire, or motion artifact were excluded. Ultimately, a total of 24 patients with 61 jailed

SBs were assessed using 3-dimensional OCT.

*Due to insufficient flushing, guide-wire or motion artifact.

3D = 3-dimensional; OCT = optical coherence tomography; SB = side-branch.
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2G implantation in the lesion with SB and where OCT was
performed at postprocedure and 12-month follow-up in the
BIOSOLVE-II trial. Figure 1 shows the flow chart of the
patient selection for this OCT substudy.

BIOSOLVE-II was a prospective, multicenter, first-in-
man study assessing the safety and performance of
DREAMS 2G in patients with de-novo coronary artery
lesions between October 2013 and May 2015. In this study,
eligible patients were older than 18 years, younger than
80 years, and had stable or unstable angina or documented
silent ischemia. A maximum of 2 single de-novo lesions in
2 separate coronary arteries were allowed to be treated per
patient (reference vessel diameter between 2.2 and 3.7 mm,
lesion length of ≤21 mm, and a diameter stenosis between
50% and 99%). Patients with a left ventricular ejection frac-
tion of less than 30%, thrombus in the target vessel, severe
calcification, three-vessel disease, ostial lesion, target
lesion involving a SB of >2.0 mm in diameter, target lesion
located in or supplied by an arterial or venous bypass graft,
and unsuccessful predilatation were excluded. The full list
of inclusion and exclusion criteria can be accessed at clini-
caltrials.gov (NCT01960504).

The study was in compliance with the Declaration of
Helsinki, Good Clinical Practice, and ISO14155 and was
approved by the institutional ethics committees at each par-
ticipating institutions in Europe, South America, and
Asia and all patients gave written informed consent before
inclusion.
DREAMS 2G is a drug-eluting absorbable metal scaf-
fold system comprised of a magnesium alloy with 2 perma-
nent radiopaque markers made from tantalum at the distal
and proximal scaffold end, premounted on a balloon-
expandable delivery system. The struts are 150 mm thick,
have a width of 150 mm, and are laser-polished, and their
surface is completely coated with bioresorbable poly-L-lac-
tide acid, which incorporates sirolimus.1

The lesions were treated with standard interventional
techniques using DREAM 2G after a mandatory predilata-
tion, and postdilatation was performed at the operator’s dis-
cretion. The size of the predilatation balloon had to be
≤0.5 mm smaller than the reference vessel diameter and the
length had to be shorter than or the same as the lesion
length. DREAMS 2G implantation and sizing was done in
accordance with the instructions-for-use document. The
postballoon size was not permitted to exceed the maximum
inner diameter of the DREAMS 2G and the length had to
be shorter than the scaffold. A 2.5£ 20 3.0£ 20 mm, or
3.5£ 25 mm DREAMS 2G was available to operators.1

Intracoronary OCT imaging was performed after
DREAMS 2G implantation and 12-month follow-up. A fre-
quency domain ILUMIEN system (St. Jude Medical, West-
ford, MA) with a nonocclusive imaging technique
following the administration of nitroglycerine was used.9

Frequency-domain OCT images were calibrated with
adjustment for the Z-offset before image acquisition to
obtain accurate measurement. Analysis of contiguous cross



Figure 2. Methodology of the cut-plane analysis. (A) The scheme of the cut-plane line. In the cross-sectional image, the cut-plane line, indicated by the red

dotted line, was adjusted vertical to the lumen center, through the jailed struts at the SB ostium. In the longitudinal image, the cut-plane line, indicated by the

red dotted circle, was rotated parallel to the longitudinal strut line. (B, C) The images of the cut-plane line in the cross-sectional and longitudinal in QAn-

gioOCT, respectively. (D, H) The corresponding 3D rendering images. (E) The cut-plane image at the ostium of jailed SB at postprocedure. The area was

divided into 2 compartments by the scaffold. (F) The scaffold was visible at the SB orifice and the area was excluded from the traced area. (G) The corre-

sponding cross-sectional image at 12 months. (I, J) The cut-plane image at the ostium of jailed SB at 12 months. The scaffolds have completely disappeared

and the area was traced. Calcium marked by *.

3D = 3-dimensional; MV =main vessel; OCT = optical coherence tomography; SB = side-branch.
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section at 0.2 mm longitudinal intervals within the scaf-
folded segment was performed. The 3D OCT images were
reconstructed using QAngioOCT (MEDIS, Leiden, the
Netherlands). Offline OCT data analysis was performed by
an independent core laboratory (MedStar Cardiovascular
Research Network, Washington, DC). The number of com-
partments divided by scaffolds was counted under 3D OCT
construction (Figure 2). Furthermore, the area of the ostium
of jailed SBs was measured by cut-plane analysis as previ-
ously described.10 The position and orientation of the cut-
plane line at the SB orifice was set based on the cross sec-
tional and longitudinal images. In the cross-sectional image,
the cut-plane line was adjusted vertical to the lumen center,
through the jailed scaffolds at the SB ostium. In the longitudi-
nal image, the cut-plane angle was arranged parallel to the
longitudinal scaffold line. The position of the created cut-
plane was confirmed in the 3D renderings. If the scaffold with
or without tissue was visible at the SB orifice, we excluded its
area from the traced area. Branching angle was measured
with the specific longitudinal OCT image where both the
carina and the SB ostium could be identified clearly with the
narrowest carina angle. On the basis of the selected longitudi-
nal image, branching angle was defined as the angle between
the main vessel lumen contour line and the SB lumen contour
line at the surface of the carina (Figure 3).11

Categorical variables are presented as number (percent-
age) with comparison using chi-square or Fisher’s exact
test (for an expected cell value <5). Continuous variables
were presented as mean § standard deviation or median
(interquartile range) and compared using Student’s t test
or Mann-Whitney U test (between-group comparison) or
Wilcoxon signed rank test (if variables were compared
between postprocedure and 12-month follow-up) (accord-
ing to Shapiro-Wilk test). Bivariate correlation was
assessed with Pearson’s method or alternatively with
Spearman’s method if the variable values were not nor-
mally distributed. All statistical analyses were performed
with JMP Pro software version 12.2 (SAS Institute, Inc.,
Cary, NC). A p value <0.05 was considered statistically
significant.

www.ajconline.org


Figure 3. Measurements of branching angle. Branching angle was defined as the angle between the main vessel lumen contour line and the SB lumen contour

line at the surface of the carina using longitudinal reconstruction OCT image.

MV =main vessel; OCT = optical coherence tomography; SB = side-branch.
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Results

A total of 71 patients underwent OCT postprocedure
in BIOSOLVE-II. Forty patients were excluded as no
OCT was available at 12-month follow-up and the remain-
ing 31 patients were evaluated for eligibility for analysis.
An additional 7 patients were excluded as following: 3
patients had no jailed SB and 4 patients were unable to be
analyzed due to poor imaging quality with an insufficient
flushing, guide-wire, or motion artifact. Ultimately, the
present study population comprises of a total of 24 patients
with 24 lesions who had OCT at both postprocedure and
12-month follow-up in the BIOSOLVE-II trial. A total of
61 jailed SBs were analyzed using 3D OCT in this study.
Baseline clinical and lesion characteristics are summarized
in Table 1.

Table 2 shows the characteristics and quantitative analy-
sis of jailed SBs. Of 61 jailed SBs, 20 SBs which had no
struts at the orifice were classified into nonscaffold type
and 41 SBs were classified into I type, V type, or Y type
according to the layout of the struts at the SB orifice. Most
of the scaffolds jailing SBs at postprocedure have disap-
peared at 12 months (Figure 4). On the other hand, a few of
them remained and continued jailing SBs as shown in
Figure 5. Two jailed SBs that were occluded during
DREAMS 2G implantation opened and were detected at
12-month follow-up. Along with the disappearance of the
struts, the number of compartments significantly decreased
(postprocedure; 1.98 § 0.84 vs 12 months; 1.10 § 0.30,
p <0.001) at 12-month follow-up. The area of SB ostium
tended to increase but not significantly at 12 months (post-
procedure; 0.74 [0.34 to 1.46] mm2 vs 12 months; 0.78
[0.41 to 1.68] mm2, p = 0.055). The ostium area increased
in 38 jailed SBs (62%) as shown in Figure 6. Furthermore,
the changes of ostium area of SBs during the 12 months
had no significant correlation with both the ostium area
(r =¡0.061, p = 0.642) and number of strut jailed SB at
postprocedure (r =¡0.229, p = 0.075).

No significant differences were observed between the
SBs with increased ostium area and those with decreased
ostium area in terms of procedure characteristics including
target vessel, position of SB within the scaffold, scaffold
diameter, postballoon diameter, and postballoon inflation
pressure (Table 3). Moreover, the number of compartments
created by scaffold struts (increase; 2.1 § 0.8 vs decrease;
1.9 § 0.9, p = 0.296) and branching angle (increase; 86 [85



Table 1

Baseline clinical and lesion characteristics

All patients (n = 24)

Age (years) 66.3 § 9.5

Men 16 (67%)

Women 8 (33%)

Hypertensiony 18 (75%)

Hyperlipidemia# 14 (58%)

Diabetes mellitus 4 (17%)

History of smoking 14 (58%)

Previous PCI 7 (29%)

Previous coronary bypass 4 (17%)

History of myocardial infarction 4 (17%)

Renal failure* 0 (0%)

Congestive heart failure 2 (8%)

Prior stroke or TIA 1 (4%)

Stable angina pectoris 16 (67%)

Unstable angina pectoris 5 (21%)

Silent myocardial ischemia 1 (4%)

All lesions (n = 24)

Target coronary artery

Left anterior descending 11 (46%)

Left circumflex 6 (25%)

Right 6 (25%)

Intermediate branch 1 (4%)

AHA/ACC classification (Type)

A 0 (0%)

B1 14 (58%)

B2 9 (38%)

C 1 (4%)

Data are mean § SD (standard deviation) or n (%).
yDefined as patients taking any antihypertensive treatments.
# Defined as patients taking any antilipidemic treatments.

*Defined as patients undergoing dialysis or those with elevated creati-

nine values.AHA/ACC = American Heart Association/American College

of Cardiology; PCI = percutaneous coronary intervention; TIA = transient

ischemic attack.

Table 3

Comparison of procedural characteristics between the SBs with increased

and decreased ostium area

Jailed SBs (n = 61)

Decrease

(n = 23)

Increase

(n = 38)

p value

Target coronary artery 0.403

Left anterior descending 9 (39%) 19 (50%)

Left circumflex 5 (22%) 11 (29%)

Right 8 (35%) 6 (16%)

Intermediate branch 1 (4%) 2 (5%)

Position of SB within scaffold 0.801

Distal 8 (35%) 12 (32%)

Middle 9 (39%) 13 (34%)

Proximal 6 (26%) 13 (34%)

Scaffold diameter (mm) 3.20 § 0.25 3.12 § 0.22 0.225

Post balloon dilatation 16 (70%) 27 (71%) 0.902

Post balloon diameter (mm) 3.31 § 0.42 3.27 § 0.43 0.474

Inflation pressure of

post balloon (atm)

15.9 § 4.0 17.6 § 3.9 0.182

Data are mean § SD (standard deviation) or n (%).

SB = side-branch.
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to 98] degree vs decrease; 93 [85 to 99] degree, p = 0.461)
at postprocedure showed no significant difference between
the SBs with increased and decreased ostium area.
Discussion

The main finding in this substudy of BIOSOLVE-II was
that DREAMS 2G has a favorable absorption process at
Table 2

OCT findings

Jailed SBs (n = 61) Postprocedure 12 months p value

Jailed type*

Non-scaffold type 20 (32%) 55 (90%) −
I 16 (26%) 4 (7%) −
V 18 (29%) 2 (3%) −
Y 8 (13%) 0 (0%) −

N of struts jailed SB 7.62 § 6.37 0.34 § 1.02 <0.001
N of compartments 1.98 § 0.84 1.10 § 0.30 <0.001
Area of SB ostium (mm2) 0.74 (0.34 to 1.46) 0.78 (0.41 to 1.68) 0.055

Branching angle (degree) 93 (85 to 98) 92 (85 to 100) 0.618

Data are mean § SD (standard deviation), median (interquartile range),

or n (%).

*One case included type I and V at postprocedure.N = number;

OCT = optical coherence tomography; SB = side-branch.
jailed SBs up to 12 months regardless of the number of
compartments divided by scaffolds and branching angle.
This study is the first demonstrating the serial assessment
of SBs jailed by DREAMS 2G using 3D OCT.

In the clinical setting, SB orifices would be usually
occluded or narrowed after stent implantation. The possible
mechanism for this occlusion is involved in plaque shift,
plaque embolization, spasm and dissection at the ostium,
and interference by the stent struts.12 In a previous report
about the assessment of stent struts across SBs, uncovered
stent struts across the SBs were more common with first-
generation drug-eluting stents (DES).13 Similar findings
were observed in second-generation DES as well.14 As pre-
viously described, neointimal coverage with bare metal
stents is higher compared with that with DES.15 The neoin-
timal proliferation on the jailed struts would have an effect
on the ostium area of jailed SBs at follow-up. In terms of
bioabsorbable scaffolds, especially polymer scaffolds, most
of the scaffolds would be absorbed and disappear within
5 years after implantation.16 Onuma et al reported that in
the subgroup analysis of the ABSORB cohort B trial, the
SB ostial area initially decreased; however, the ostial area
increased between 2 to 3 years and 5 years with full scaf-
fold bioresorption in the most of patients.17 The same
mechanism supposedly occurred after DREAMS 2G
implantation. At first, tissue growth surrounding the jailed
struts decreases the SB ostial area, and the area increases
after complete bioresorption of metal scaffolds. The differ-
ent point is bioresorption period between polymer scaffolds
(i.e., bioresorbable vascular scaffolds) and DREAMS 2G.
For absorbable metallic scaffolds, the resorption period is
less than 12 months. In our previous study, most of the scaf-
folds have disappeared and OCT findings demonstrated the
excellent healing of dissection, incomplete scaffold apposi-
tion, and intraluminal mass at 6 months.5

The lumen area and diameter of the SB ostium measured
by OCT increased at follow-up in patients treated with
DES.18 Some of the most probable explanations for this

www.ajconline.org


Figure 4. Representative case of disappeared scaffolds at 12 months.

(A) SB was jailed by some scaffolds at postprocedure. (B) The cut-plane image shows the ostium area is divided by the scaffold. (C) In the corresponding

frame at 12 months, scaffolds jailed SB have completely disappeared. (D) The cut-plane image shows no scaffolds jail SB. Calcium marked by *.

SB = side-branch.
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phenomenon are as follows: (1) regression of the plaque at
the origin of SB after increase of the coronary flow in the
main vessel following scaffold implantation; (2) release of
a spasm after implantation; (3) healing of the injury such as
dissection; and (4) disappearance of tissue protrusion and
thrombus.19,20 In the case of absorbable metallic scaffolds,
this increase might be due to the resorption of scaffold
struts that jailed SBs in addition to the regression of the pla-
que, release of a spasm, healing of the injury, and disap-
pearance of tissue protrusion and thrombus at the SBs.

Watanabe et al demonstrated that branching angle influ-
enced the neointimal coverage over DES struts at coronary
bifurcation lesions.11 Another report assessing jailed SB
ostium by second-generation DES showed that the number
of compartments was significantly decreased at follow-up.
The authors also demonstrated that the changes in SB area
depend on jailed types; the area with a more complex jail
type was significantly decreased at follow-up. However, no
differences were observed overall.21 We revealed that no
relationship between the branching angle and SB ostium
area after implantation of DREAMS 2G was observed in
this study. On the other hand, the number of compartments
was significantly decreased, and the SB area was not differ-
ent at 12 months. These results were concordant with the
previous report.

This study has some limitations which are listed as fol-
lowing. First, since this is a retrospective substudy
involving a small number of patients with only a small
number of SBs in which serial assessment was available,
there is a potential selection bias for this substudy. Second,
our results may not be applicable to all patients with coro-
nary artery disease because the BIOSOLVE-II trial was a
cohort of patients with less complex lesions and excluded
some patients with lower ejection fraction, severe calcifica-
tion, three-vessel disease, and target lesion located in or
supplied by an arterial or venous bypass graft. In the target
segments with small SBs, operators did not perform SB
treatment such as kissing balloon technique, and the
patients with a target lesion involving a SB of >2.0 mm in
diameter were also excluded. Therefore, a large clinical
study of SBs with a diameter of >2.0 mm and/or requiring
treatment is needed to confirm the results in the future.
Finally, some small SBs might have been occluded when
DREAMS 2G was implanted due to thicker and wider struts
than current standard metallic stents. However, the actual
percentage of small SBs that were occluded (if any) after
DREAMS 2G implantation is unknown because we had
only postprocedure OCT imaging (no preprocedure OCT
imaging).

In conclusion, DREAMS 2G has a favorable absorption
process in jailed SBs up to 12 months in the substudy of
BIOSOLVE-II. These findings suggest that DREAMS 2G
also may be considered as an optional therapy for lesions
with small SBs.



Figure 6. Differences of the ostium area of jailed SB between postprocedure and 12 months.

The ostium area was increased in 38 SBs (62%) and decreased in 23 SBs, respectively.

SB = side-branch.

Figure 5. Representative case of a persistent strut jailed SB at 12months.

(A) The cross-sectional image at the SB ostium. (B) The cut-plane image shows the area is divided into 3 compartments by the scaffold. (C) The strut (white

arrow) remains in the corresponding frame at 12 months. (D) The cut-plane image shows that the area is still divided by the strut.

SB = side-branch.
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www.ajconline.org


Coronary Artery Disease/DREAMS 2G and Side-Branch 1051
Disclosures

Yuichi Ozaki: Supported by a grant from Uehara Memo-
rial Foundation (Japan). Michael Haude: Study grants and
personal fees: Biotronik, Abbott Vascular, Cardiac dimen-
sions, and Philips. Alexandre Abizaid: Grants: Biotronik.
Ralph T€olg: Personal fees: Biotronik and Abbott Vascular.
Pedro Alves Lemos: Grants: Biotronik. Clemens von Birge-
len: Unpaid consultant: Biotronik and other device
manufacturing companies; Institutional research grants: Bio-
tronik, Medtronic, Boston Scientific, and AstraZeneca. Evald
H�j Christiansen: Speakers’ honoraria and research grants:
Biotronik. William Wijns: Institutional grants: Abbott Vas-
cular, Biotronik, MicroPort, and Terumo; Non-executive
board member and shareholder: Argonauts Partners, Celyad;
Speakers fees: Biotronik and MicroPort. Ron Waksman:
Advisory Board: Abbott Vascular, Amgen, Boston Scien-
tific, Medtronic, Philips Volcano, Pi-Cardia Ltd., Cardioset;
Consultant: Abbott Vascular, Amgen, Biosensors, Biotronik,
Boston Scientific, Medtronic, Philips Volcano, Pi-Cardia
Ltd., Cardioset; Grant Support: Abbott Vascular, AstraZe-
neca, Biosensors, Biotronik, Boston Scientific, Chiesi;
Speakers Bureau: AstraZeneca, Chiesi; Investor: MedAl-
liance. All other authors have no conflicts of interest to
disclose.

1. Haude M, Ince H, Abizaid A, Toelg R, Lemos PA, von Birgelen C,
Christiansen EH, Wijns W, Neumann F-J, Kaiser C, Eeckhout E, Lim
ST, Escaned J, Garcia-Garcia HM, Waksman R. Safety and perfor-
mance of the second-generation drug-eluting absorbable metal scaffold
in patients with de-novo coronary artery lesions (BIOSOLVE-II): 6
month results of a prospective, multicentre, non-randomised, first-in-
man trial. Lancet 2016;387:31–39.

2. Haude M, Ince H, Abizaid A, Toelg R, Lemos PA, von Birgelen C,
Christiansen EH, Wijns W, Neumann FJ, Kaiser C, Eeckhout E, Lim
ST, Escaned J, Onuma Y, Garcia-Garcia HM, Waksman R. Sustained
safety and performance of the second-generation drug-eluting absorb-
able metal scaffold in patients with de novo coronary lesions: 12-
month clinical results and angiographic findings of the BIOSOLVE-II
first-in-man trial. Eur Heart J 2016;37:2701–2709.

3. Haude M, Ince H, Kische S, Abizaid A, Tolg R, Alves Lemos P, Van
Mieghem NM, Verheye S, von Birgelen C, Christiansen EH, Wijns W,
Garcia-Garcia HM, Waksman R. Sustained safety and clinical perfor-
mance of a drug-eluting absorbable metal scaffold up to 24 months:
pooled outcomes of BIOSOLVE-II and BIOSOLVE-III. EuroInterven-
tion 2017;13:432–439.

4. Garcia-Garcia HM, Haude M, Kuku K, Hideo-Kajita A, Ince H, Abi-
zaid A, Tolg R, Lemos PA, von Birgelen C, Christiansen EH, Wijns
W, Escaned J, Dijkstra J, Waksman R. In vivo serial invasive imaging
of the second-generation drug-eluting absorbable metal scaffold (Mag-
maris - DREAMS 2G) in de novo coronary lesions: Insights from the
BIOSOLVE-II First-In-Man Trial. Int J Cardiol 2018;255:22–28.

5. Ozaki Y, Garcia-Garcia HM, Hideo-Kajita A, Kuku KO, Haude M,
Ince H, Abizaid A, T€olg R, Lemos PA, von Birgelen C, Christiansen
EH, Wijns W, Escaned J, Dijkstra J, Waksman R. Impact of procedural
characteristics on coronary vessel wall healing following implantation
of second-generation drug-eluting absorbable metal scaffold in
patients with de-novo coronary artery lesions: an optical coherence
tomography analysis. Eur Heart J Cardiovasc Imaging 2018. [E-pub
ahead of print], https://doi.org/10.1093/ehjci/jey210.

6. Ojeda S, Pan M, Suarez de Lezo J, Martin P, Mazuelos F, Romero M,
Novoa J, Espejo S, Segura J, Morenate C, Medina A, Suarez de Lezo
J. Patency of coronary side branches covered by an everolimus-eluting
bioresorbable vascular scaffold: clinical outcomes and computed
tomography scan follow-up. EuroIntervention 2016;11:e1283–1290.

7. Tearney GJ, Waxman S, Shishkov M, Vakoc BJ, Suter MJ, Freilich
MI, Desjardins AE, Oh WY, Bartlett LA, Rosenberg M, Bouma BE.
Three-dimensional coronary artery microscopy by intracoronary
optical frequency domain imaging. JACC Cardiovasc Imaging
2008;1:752–761.

8. Okamura T, Onuma Y, Garcia-Garcia HM, Regar E, Wykrzykowska
JJ, Koolen J, Thuesen L, Windecker S, Whitbourn R, McClean DR,
Ormiston JA, Serruys PW. Investigators ACB. 3-Dimensional optical
coherence tomography assessment of jailed side branches by biore-
sorbable vascular scaffolds: a proposal for classification. JACC Cardi-
ovasc Interv 2010;3:836–844.

9. Windecker S, Haude M, Neumann FJ, Stangl K, Witzenbichler B,
Slagboom T, Sabate M, Goicolea J, Barragan P, Cook S, Piot C,
Richardt G, Merkely B, Schneider H, Bilger J, Erne P, Waksman R,
Zaugg S, Juni P, Lefevre T. Comparison of a novel biodegradable
polymer sirolimus-eluting stent with a durable polymer everolimus-
eluting stent: results of the randomized BIOFLOW-II trial. Circ Cardi-
ovasc Interv 2015;8:e001441.

10. Karanasos A, Tu S, van Ditzhuijzen NS, Ligthart JM, Witberg K, Van
Mieghem N, van Geuns RJ, de Jaegere P, Zijlstra F, Reiber JH,
Regar E. A novel method to assess coronary artery bifurcations by OCT:
cut-plane analysis for side-branch ostial assessment from a main-vessel
pullback. Eur Heart J Cardiovasc Imaging 2015;16:177–189.

11. Watanabe M, Uemura S, Kita Y, Sugawara Y, Goryo Y, Ueda T,
Soeda T, Okayama S, Okura H, Kume T, Saito Y. Impact of branching
angle on neointimal coverage of drug-eluting stents implanted in bifur-
cation lesions. Coron Artery Dis 2016;27:682–689.

12. Alfonso F, Hern�andez C, P�erez-Vizcayno MaJ, Hern�andez R, Fern�an-
dez-Ort{́z A, Escaned J, Ba~nuelos C, Sabat�e M, Sanmart{́n M, Fern�an-
dez C, Macaya C. Fate of stent-related side branches after coronary
intervention in patients with in-stent restenosis. J Am Coll Cardiol
2000;36:1549–1556.

13. Liu Y, Imanishi T, Kubo T, Tanaka A, Kitabata H, Tanimoto T, Ino Y,
Ikejima H, Tsujioka H, Komukai K, Ishibashi K, Kashiwagi M, Ozaki Y,
Hirata K, Mizukoshi M, Akasaka T. Assessment by optical coherence
tomography of stent struts across side branch. Circ J 2011;75:106–112.

14. Gutierrez-Chico JL, Regar E, Nuesch E, Okamura T, Wykrzykowska
J, di Mario C, Windecker S, van Es GA, Gobbens P, Juni P, Serruys
PW. Delayed coverage in malapposed and side-branch struts
with respect to well-apposed struts in drug-eluting stents: in vivo
assessment with optical coherence tomography. Circulation
2011;124:612–623.

15. Guagliumi G, Musumeci G, Sirbu V, Bezerra HG, Suzuki N, Fiocca L,
Matiashvili A, Lortkipanidze N, Trivisonno A, Valsecchi O, Biondi-
Zoccai G, Costa MA, Investigators OT. Optical coherence tomography
assessment of in vivo vascular response after implantation of overlap-
ping bare-metal and drug-eluting stents. JACC Cardiovasc Interv
2010;3:531–539.

16. Paradies V, Smits PC, Vachojannis GJ, Royaards KJ, Wassing J, van
der Ent M. Long-term invasive follow-up of bioresorbable vascular
scaffold: optical coherence tomography assessment of jailed side
branches. Cardiovasc Revasc Med 2018;19:279–285.

17. Onuma Y, Grundeken MJ, Nakatani S, Asano T, Sotomi Y, Foin N, Ng
J, Okamura T, Wykrzykowska JJ, de Winter RJ, van Geuns R-J, Koo-
len J, Christiansen E, Whitbourn R, McClean D, Smits P, Windecker
S, Ormiston JA, Serruys PW. Serial 5-year evaluation of side branches
jailed by bioresorbable vascular scaffolds using 3-dimensional optical
coherence tomography. Circ Cardiovasc Interv 2017;10:e004393.

18. Lee BK, Kim YH, Park DW, Yun SC, Ahn JM, Song HG, Lee JY,
Kim WJ, Kang SJ, Lee SW, Lee CW, Lee JH, Seong IW, Park SW,
Park SJ. Acute and long-term angiographic outcomes of side branch
stenosis after randomized treatment of zotarolimus-, sirolimus-, and
paclitaxel-eluting stent for coronary artery stenosis. J Korean Med
Sci 2012;27:1499–1506.

19. Poerner TC, Kralev S, Voelker W, Sueselbeck T, Latsch A, Pfleger S,
Schumacher B, Borggrefe M, Haase KK. Natural history of small and
medium-sized side branches after coronary stent implantation. Am
Heart J 2002;143:627–635.

20. Tanabe K, Serruys PW, Degertekin M, Regar E, van Domburg RT,
Sousa JE, W€ulfert E, Morice MC. Fate of side branches after coronary
arterial SES implantation. Am J Cardiol 2002;90:937–941.

21. Nakamura T, Okamura T, Fujimura T, Yamada J, Nao T, Tateishi
H, Maeda T, Oda T, Shiraishi K, Nakashima T, Nishimura S, Miura
T, Matsuzaki M, Yano M. Serial changes in the three-dimensional
aspect of the side-branch ostium jailed by a drug-eluting stent
assessed by optical coherence tomography. Int J Cardiovasc Imag-
ing 2017;33:797–806.

http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0004
https://doi.org/10.1093/ehjci/jey210
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30032-3/sbref0021

	Serial 3-Dimensional Optical Coherence Tomography Assessment of Jailed Side-Branch by Second-Generation Drug-Eluting Absorbable Metal Scaffold (from the BIOSOLVE-II Trial)
	Methods
	Results
	Discussion
	Disclosures


