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Abstract

Coronary artery bifurcation lesions comprise approximately 15-20% of all percutaneous coronary interven-
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« bifurcation tions (PCI) and constitute a complex lesion subgroup. Intravascular optical coherence tomography (OCT) is

e bioresorbable
scaffolds

e drug-eluting stent

e optical coherence
tomography

a promising adjunctive tool for guiding coronary bifurcation with its unrivalled high resolution. Compared
to angiography, intravascular OCT has a clear advantage in that it depicts ostial lesion(s) in bifurcation
without the misleading two-dimensional appearance of conventional angiography such as overlap and fore-
shortening. In addition, OCT has the ability to reconstruct a bifurcation in three dimensions and to assess
the side branch ostium from 3D reconstruction of the main vessel pullback, which can be applied to ensure
the optimal recrossing position of the wire after main vessel stenting. Recently, online co-registration of
OCT and angiography became widely available, helping the operator to position a stent in precise landing
zones, reducing the risk of geographic miss. Despite these technological advances, the currently available
clinical data are based mainly on observational studies with a small number of patients; there is little evi-
dence from randomised trials. The joint working group of the European Bifurcation Club and the Japanese
Bifurcation Club reviewed all the available literature regarding OCT use in bifurcation lesions and here pro-

vides recommendations on OCT guiding of coronary interventions in bifurcation lesions.
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Abbreviations
BRS bioresorbable scaffold

CT computed tomography

DES drug-eluting stent

EEM external elastic membrane

FD frequency domain

FFR fractional flow reserve

FKBI final kissing balloon inflation
IVUS intravascular ultrasound

LA lumen area

LM left main

MLA minimum lumen area

MSA minimum stent area

Mv main vessel

ocT optical coherence tomography
OFDI optical frequency domain imaging
PCI percutaneous coronary intervention(s)
POT proximal optimisation technique

QCA quantitative coronary angiography
SB side branch

TAP T and protrusion

TCFA thin-cap fibroatheroma

WSS wall shear stress

Introduction

A coronary bifurcation lesion is a lesion occurring at, or adjacent
to, a significant division of a major epicardial coronary artery'.
Coronary artery bifurcation lesions comprise approximately
15-20% of all percutaneous coronary interventions (PCI)* and
constitute a complex lesion subgroup. Due to the complex three-
dimensional structure of bifurcations causing overlapping and
foreshortening, conventional angiography has an inherent limita-
tion in the quantitative assessment of bifurcation lesions?.

Intravascular optical coherence tomography (OCT) is a promising
adjunctive tool for guiding coronary bifurcations with its unrivalled
high resolution (10-20 pm) (Supplementary Appendix 1). Currently,
two systems are commercially available, OCT and optical frequency
domain imaging (OFDI), using the same fundamental technology of
optical frequency domain imaging, each with a different commer-
cial implementation. Compared to angiography, intravascular OCT
has a clear advantage in that it depicts ostial lesion(s) in bifurcation
without the misleading two-dimensional appearance of conventional
angiography such as overlap and foreshortening. In addition, OCT
has the ability to reconstruct a bifurcation in three dimensions and
to assess the side branch (SB) ostium from a three-dimensional (3D)
reconstruction of the main vessel (MV) pullback.

Although all the potential benefits of adequately using the
OCT information are highly appealing, its clinical value remains
to be established. The currently available clinical data are based
mainly on observational studies with a small number of patients
(Supplementary Table 1). There are as yet few prospective clinical
data to suggest clinical benefits of OCT guidance for bifurcation
lesions (Supplementary Table 2). In the prospective randomised

OCT consensus in coronary bifurcation lesions

OPINION trial, comparing OCT and IVUS guidance in terms of
patient outcome (n=829), 38% of lesions involved bifurcation®.
However, no specific guidance protocol for bifurcation was avail-
able. In the ILUMIEN III trial, comparing IVUS and OCT guid-
ance (n=450), bifurcation lesions requiring a two-stent strategy
were excluded by protocol®. In the meantime, with the increas-
ing complexity of bifurcation lesions and treatment, clinicians are
more frequently implementing OCT imaging in bifurcation PCIC.
Comparisons between OCT and IVUS in bifurcation lesions are
summarised in Supplementary Table 3.

The European Bifurcation Club is an academic consortium cre-
ated in 2004 whose goal has been to assess and recommend the
appropriate strategies to manage bifurcation lesions. The Japanese
Bifurcation Club was established and endorsed by the Japanese
Association of Cardiovascular Intervention and Therapeutics in 2012
and shares the same aim as the European Bifurcation Club. This
document provides the recommendations of the two bifurcation clubs
on the OCT guiding of coronary interventions in bifurcation lesions.
— OCT may be of particular value in guiding bifurcation PCI,

without the limitations of conventional angiography such as

foreshortening or overlap.
Editorial, see page 1537

OCT ACQUISITION IN BIFURCATION LESIONS
Current OCT catheters (Dragonfly™ OPTIS™ [Abbott Vascular,
Santa Clara, CA, USA] and Lunawave® OFDI [Terumo Corp.,
Tokyo, Japan]) are used with a standard 0.014-inch steerable
guidewire with a monorail system. During image acquisition, typi-
cally, contrast medium is injected at a speed of 3-5 ml/s. With
a pullback speed of 10-40 mm/s, image acquisition usually finishes
in 5-10 seconds. Recent consoles enable an automatic detection of
luminal border as well as online 3D reconstruction, which could
foster the understanding of the complex anatomy of bifurcations’®.
In bifurcations, special attention is needed to acquire an optimal
OCT image (Supplementary Table 4)°. Due to the difference in
diameter of distal and proximal vessels, the scan range should be
adjusted according to the size of the proximal vessel. The evalu-
ation of a side branch ostium is often of interest; however, the
guidewire shadow can hide the ostium partially or entirely. In such
a case, repeat pullback after manipulation of the guidewire may
be required. The nature of the bifurcation should be taken into
account, including the tapering of the vessel according to conser-
vation of flow and plaque distribution, especially on the opposite
side of the carina. Predilatation of the SB is often necessary for

successful OCT acquisition in the SB.

CO-REGISTRATION OF OCT AND ANGIOGRAPHY

The recent OCT consoles can co-register optical cross-section
images with cineangiography acquired during a pullback, by auto-
matic detection of the radiopaque marker of the optical lens on
cineangiography. Practically, it is essential to acquire the cinean-
giography during the whole pullback, starting angiographic acqui-
sition just before the start of pullback. In a complex bifurcation
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lesion, it is often a challenge to co-register OCT and angiography
accurately due to the overlap and foreshortening of bifurcation
anatomy on angiography®. It is important to select the angio-
graphic view with the best visualisation of the bifurcation with
minimal overlap and foreshortening.

The online co-registration could help the operator to position
a stent in a precise landing zone according to the OCT finding,
and potentially reduce the risk of geographic miss as well as sub-
sequent adverse outcomes'®!!. The DOCTOR fusion study, com-
paring frequency domain (FD)-OCT guidance and angiographic
guidance in general PCI, demonstrated that, in the absence of such
a co-registration, the target lesion (plaque) indicated by FD-OCT
was not fully covered by the implanted stent in approximately
70% of cases!®'%. Although co-registration may be of help in stent
positioning, it should be noted that eventually the stent needs to be
deployed using angiographic guidance alone.
—Use of online co-registration of OCT and angiography may

facilitate the precise guidance of bifurcation PCIL.

THREE-DIMENSIONAL OCT IN BIFURCATION

The application of 3D reconstruction of the coronary bifurcation
has been described previously®. With two-dimensional (2D) imag-
ing it is difficult and not always feasible to visualise the complex
anatomy of the bifurcation and the effects of intervention. With 3D
OCT it is easier to recognise the anatomical changes after inter-
vention than with 2D OCT. For example, in the endoscopic 3D
view of the coronary artery, it was clearly demonstrated that after
stenting in the MV the carina was shifted towards the side branch,
creating a stenosis at the ostium (Supplementary Figure 1)°.

ONLINE AND OFF-LINE SOFTWARE FOR 3D OCT
Recently, 3D reconstruction has become feasible online. The
ILUMIEN™ Optis™ system (Abbott Vascular) has a 3D bifurca-
tion mode, in which software automatically recognises the carina
as well as side branch ostia with a diameter of >1.5 mm. With
automatic stent enhancement, the recrossing point in bifurcation
is depicted in a 3D view (Figure 1). In a “stent roadmap” view,
the lumen profile reconstructed from automatic lumen delinea-
tion allows a superimposition of malapposed struts'4. The Terumo
OFDI console has online software of 3D imaging with stent
enhancement, which enables online reconstruction within one
minute (Figure 2)'.

The Medis company (Leiden, the Netherlands) has developed
a dedicated OCT software, in which 3D angiography and OCT
are co-registered. In addition, this software enables quantitative
assessment of the side branch ostium by using an OCT pull-
back from the main branch (MB) in a cross-section which is per-
pendicular to the side branch centreline'>. For precise sizing of
a side branch ostium, OCT pullbacks could be performed in both
the MV and SB, which is often challenging in clinical practice
due to safety concerns including the use of an excessive amount
of contrast media. Although OCT assessment in SB OCT pull-
back remains the gold standard, measurements of the side branch

OCT Pullback

End Review

Figure 1. Overview of online 3D reconstruction. A) “Stent roadmap”
indicates the location of the minimal lumen area and suggests the
proximal and distal landing zones for the stent placement based on
the mean lumen area measurements. At the same time bookmarks are
provided on the co-registered angiogram to assist in the overall
orientation. 1) Angio co-registration, 2) cross-sectional view,

3) lumen profile view, 4) longitudinal view, 5) fold-out tabs,

6) apposition indicators, 7) stent roadmap, *) invalid frame.

Panels B to J represent an overview of online 3D OCT images
reconstructed by the ILUMIEN™ Optis™ system (Abbott Vascular).
B) In the dedicated panels for 3D reconstruction, the particular
options such as “view” (i.e., longitudinal, stent display) and
“display” (i.e., stent, tissue, lumen, and guidewires) are available for
several types of 3D image. C) 3D navigation view with stent display.
D) 3D navigation view with stent and guidewires. E) 3D navigation
view (fly-through) with stent and guidewires. F) 3D bifurcation view
with tissue display. G) 3D bifurcation view with stent display.

H) 3D bifurcation view with stent and guidewires. 1) 3D navigation
view with lumen display mode. J) 3D navigation view only with stent
display. (Reproduced from OCT Atlas, 2 edition)

ostium performed online by cut-plane analysis of an OCT pull-
back of the MV have a high correlation with reference measure-
ments performed in an SB OCT pullback and also lower errors
compared with conventional analysis'. Use of such software is
preferable since the insertion of the OCT catheter through the
MV struts into the side branch is not always easy, may deform
the stent and implies additional contrast medium (Figure 3).



Figure 2. Online 3D reconstruction images by OFDI. Online 3D
images reconstructed by OFDI (Lunawave® system, Terumo, Tokyo,

Japan) are shown. A) Vessel view before kissing balloon dilatation
(KBD). B) Carpet view before KBD. C) Vessel view after KBD.
D) Carpet view after KBD.

Quantitative assessment on 3D OCT is commonly used in clini-

cal trials (Supplementary Table 5). The CAAS IV-LINQ software

(Pie Medical, Maastricht, the Netherlands) provides the real-time

co-registration of angiography with intravascular imaging, while

CAAS IntraVascular software enables 3D reconstruction of the SB

ostium on OCT.

— Whenever available, use of online 3D reconstruction is recom-
mended to facilitate the understanding of complex coronary ana-
tomy and device-vessel interaction during bifurcation PCIL.

— Unlike with IVUS, 3D assessment of the ostial area from OCT
pullback of the MV is a good substitute for a pullback from the SB.

PREPROCEDURAL LESION ASSESSMENT
Preprocedural assessment of lumen and plaque distribution in bifur-
cation on OCT may provide essential information on treatment indi-
cation and planning of bifurcation PCI. Although the functional
assessment of stenosis is a standard of care for angiographically
intermediate lesions, interpretation of fractional flow reserve (FFR)
results is challenging, for example, in a bifurcation lesion with
proximal stenosis, or downstream stenosis due to the so-called
“branch-steal” phenomenon'®. There are several cut-off criteria of
OCT-derived minimum lumen area (MLA) to predict significant
FFR; however, such a threshold should be used considering the dis-
tal myocardial mass beyond each branch of the bifurcation lesion. In
other words, there is no single threshold to be used'”"°. Conversely,
functional assessment without anatomical information cannot pre-
dict the anatomical changes after stenting (e.g., carina shift), which
is essential for bifurcation PCI planning.

Atherosclerotic change in bifurcation is influenced by distri-
bution of wall shear stress. Coronary plaque was mostly present
in low wall shear stress (WSS) regions®. In bifurcation lesions,

OCT consensus in coronary bifurcation lesions

Figure 3. Analysis using reconstructed OCT images: cut-plane
analysis using pullback from MV and angle measurement in side
branch in longitudinal view. A) Measurements of the SB ostium can
be performed in the main branch (MB) pullback (B) by cut-plane
analysis. C) The 2D cross-section is adjusted to capture the true
vessel morphology perpendicular to the SB centreline. Modified from
Karanasos et al”®. For angle measurement in the side branch (D), the
specific longitudinal reconstruction image was determined when
both carina and the SB ostium could be identified clearly, as well as
showing the narrowest carina angle: (a) distal reference site, (b)
carina tip, (c) proximal branching point, (d) proximal reference site.
E) The length between the proximal branching point and the carina
tip (BP-CT length). F) Side branch angle (SB angle). G) Carina tip
angle (CT angle). Modified from Watanabe et al*’.

plaque grows from the outer wall (low WSS) of the bifurcation
towards the flow divider (high WSS). These findings were con-
firmed in an OCT study?!, demonstrating that thin-cap fibroath-
eroma (TCFA) was localised predominantly in the region opposite
the flow divider, whereas the flow divider was rarely affected.
Lipid accumulation tends to develop in the zone opposite the side
branch. In a multi-modality assessment of bifurcation with IVUS
virtual histology and OCT, the proximal rim of the ostium of the
side branch was identified as a region more likely to contain thin
fibrous cap and a greater proportion of necrotic core**?*. However,
it remains to be demonstrated how we can integrate this informa-
tion to guide bifurcation intervention.

Assessment of calcification by OCT could indicate which
lesion preparation should be performed. Since calcification does
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not scatter light, OCT could evaluate the circumferential exten-
sion and the depth (superficial vs. deep) of calcification. In gen-
eral, extensive calcification on OCT is associated with suboptimal
stent expansion, stent malapposition, and failure of device deliv-
ery'®23 The latter may be especially important for the delivery
of a dedicated bifurcation device or bioresorbable scaffold with
a large profile. For superficial and/or circumferential calcification,
atherectomy using a rotablator or orbital atherectomy system may
be preferred, whereas deep calcification may preferably be treated
with a cutting or scoring balloon through incisions between calci-
fied and non-calcified plaque'®3'-34. However, whether the informa-
tion on calcium by OCT may be used to select specific strategies
aimed at improving final results still remains unproven.

OCT assessment of the preprocedural bifurcation angle could
be derived from OCT pullback in the MV. The carina tip angle
is measured in a longitudinal view of OCT of the MV pullback
as an angulation of the proximity of the carina (Figure 3G). It
has been demonstrated that the OCT-derived bifurcation angle
has a good agreement with the computed tomography-derived
bifurcation angle (mean bias=2.6, SD=11.4°)%. The preprocedu-
ral carina tip angle as assessed on OCT has an impact on side
branch complication and strut coverage after stenting. The OCT
study by Watanabe et al demonstrated that a carina tip angle less
than 50° and a branching point-carina tip length less than 1.70 mm
were independent predictors of side branch complication after MV
stent implantation®. In the side branch ostium region, a significant
negative correlation was found between the uncovered strut per-
centage and OCT-derived branching angle (r=—0.41, p=0.0024;
r=-0.33, p=0.0167, respectively)*.

— In preprocedural OCT, assessment of plaque distribution, calci-
fication and lipidic plaque is important in planning the stenting
strategy. Special attention should be paid in case of a narrow
carina tip angle (<50°) as assessed on OCT.

EEM VS. LUMEN MEASUREMENT FOR CHOICE OF STENT
SIZE

It remains controversial whether lumen area (LA)-based meas-
urement or external elastic membrane (EEM)-based measurement
should be used as a sizing parameter. Due to the aforementioned
limited penetration depth of OCT, visualisation of the external
elastic lamina (EEL) is often not possible — especially in a large
coronary vessel with significant plaque burden, or in a vessel with
a lipidic plaque*’. The presence of lipid or macrophage in a super-
ficial layer of plaque could also hinder the visibility of deep plaque
by OCT, because both lipid and macrophage scatter and attenuate
the OCT light®. As a result, vessel area and plaque area, which
have been used for IVUS guidance, are not always available with
OCT measurement.

In the recent randomised trials comparing IVUS and OCT
(OPINION and ILUMIEN III), lumen-based and EEM-based algo-
rithms were developed (Figure 4). In the OPINION trial*, the ref-
erence site was set at a cross-section adjacent to the target lesion
that was most normal looking and free of lipid plaque (defined as

a signal-poor region with a diffuse border). Then, the stent diameter
was decided by measuring the lumen diameter at the proximal and
distal reference sites, and stent length was decided by measuring the
distance from the distal to proximal reference sites. In ILUMIEN
111, the mean of EEL diameters at the proximal and distal references
was measured and the smallest of these diameters was rounded
down to the nearest 0.25 mm to determine the stent diameter. When
the EEL could not be visualised, the proximal and distal reference
lumen diameters were used. The investigators identified EEL in
>180° of vessel circumference in 84% of cases, whereas the core
lab reported the assessability of 95%. The EEL-based criteria were
used in approximately 70% of cases, compared to the lumen-based
criteria in 30%°. By using the EEL-EEL measurements on OCT,
equal stent expansion indices between [IVUS and OCT were demon-
strated®. In the OPINION trial, the lumen area-based algorithm led
to consistently lower stent sizes and minimum stent area (MSA) in
the OCT group than in the IVUS group**#!. However, in both stud-
ies, the clinical impact of the observed difference in stent expansion
was not fully investigated®*-4!.

It should be noted that both the ILUMIEN III and OPINION
trials were not studies dedicated to bifurcation. In the absence
of sufficient clinical data dedicated to bifurcation, both methods
(EEM and lumen area-based) could be used for sizing of a bifur-
cation lesion. It is important to avoid as a landing zone a segment
with a large plaque burden or with a lipidic plaque. Whenever the
vessel, especially the proximal vessel, is too large to measure the
vessel area despite the maximal scan range, the lumen area-based
algorithm is recommended.

In a bifurcation lesion, it is of importance to select a size of
stent and to form the stent according to the tapering of the bifurca-
tion, in order to restore fractal geometry with the law of flow con-
servation®’. The choice of stent size should therefore be based on
measurement of the reference site(s) in the proximal MV, the dis-
tal MV and/or the distal SB according to the stenting strategy. As
previously recommended by EBC consensus, the MV stent should
be sized according to the distal MV reference diameter, whereas
the MV stent should allow for expansion to the reference diameter
of the proximal MV2.

— Either external elastic membrane areas or lumen areas can be
used for sizing of the vessel. Whenever the proximal vessel is
too large to measure the EEM, stent sizing according to lumen
area measurement is recommended (Figure 4).

— The size of stent should be selected aiming at the fractal geo-
metry of bifurcation according to the law of flow conservation.
The MV stent should be sized according to the distal MV refer-
ence diameter, whereas the MV stent should allow for expansion
to the reference diameter of the proximal MV2,

LENGTH AND POSITIONING OF STENT IN BIFURCATIONS

In terms of stent length evaluation on OCT, the operator should
aim to cover the bifurcation stenosis segment at least 6-8 mm
from the proximal stent edge to the bifurcation carina, to enable
the appropriate proximal optimisation technique (POT) with the



Reconstructed 2D
view of SB ostium

2.34 mm?

Lumen diameter: 2.71 mm
EEL diameter: 3.29 mm
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Reconstructed 3D
view of SB ostium

™

Lumen diameter: 3.10 mm
EEL diameter: 3.76 mm

Figure 4. Lumen-based or EEL-based guidance for stent sizing. A distal RCA bifurcation with distal and proximal reference cross-sections is

shown. According to the lumen-based stent sizing used in the OPINION trial, the lumen-guided stent diameter is calculated as 2.75 mm
(0-0.25 mm greater than the lumen diameter at the distal reference site). On the other hand, the smallest EEL diameter from both distal and
proximal reference segments is 3.29 mm (distal reference). According to EEL-based sizing used in the ILUMIEN 111 trial, this was rounded

down to the nearest 0.25 mm and thus a 3.25 mm diameter stent will be chosen. Stent length was decided as 24 mm by measuring the distance

from the distal to the proximal reference site (vellow arrow). The operator should aim to cover the bifurcation stenosis segment at least 8§ mm

from the proximal stent edge to the bifurcation carina (red arrow) considering the available length of the balloon for POT. EEL: external

elastic lamina; MV: main vessel;, POT: proximal optimisation technique; RCA: right coronary artery

shortest available balloon when indicated (Figure 4)2. POT is cur-

rently recommended just after implanting the stent with the distal

MV diameter, whatever complementary technique may be used. In

bench testing it was demonstrated that POT significantly reduced

SB ostium strut obstruction, from 34.0% to 26.0%, concomi-

tantly increasing the distal cell area ratio from 22.1% to 28.7%

(p<0.05)*. As mentioned above, use of co-registration of OCT and

angiography should facilitate the execution of precise stent posi-

tioning according to OCT findings.

— As far as the stent length is concerned on OCT, the operator
should aim to cover the bifurcation stenosis segment at least
6-8 mm from the proximal stent edge to the bifurcation carina to
enable subsequent POT with a short balloon.

DECISION MAKING ON STENTING STRATEGY USING OCT

According to the latest EBC recommendation®, the provisional SB
stenting strategy is considered the “standard” approach for treat-
ment of the vast majority of bifurcation lesions. Upfront use of
two stents may basically only be needed in very complex lesions
with large calcified side branches with ostial disease extending
>5 mm from the carina and in bifurcations with side branches

whose access is particularly challenging and where the SB should
be secured by stenting once accessed.

Following this recommendation, OCT from the SB could be
used to evaluate the distribution of the calcified lesion in the
side branch. In the presence of a severe ostial lesion in the SB,
blood clearance is sometimes incomplete for obtaining clear OCT
images in the SB. Therefore, predilatation with a small balloon
may be required.

GUIDANCE OF THE REWIRING IN A DISTAL CELL OF THE
STENT OVERHANGING A SIDE BRANCH OSTIUM

After placing the stent in the bifurcation using either a one-stent
or two-stent technique, kissing balloon inflations are used in order
to form the stent in bifurcation fractal geometry®. To minimise the
risk of struts being pushed inside the MV by kissing balloon infla-
tion by creating a so-called de novo “metal carina” in the MV, it is
important to rewire in the distal cell of the jailed side branch ostium
(Figure 5)°. The protrusion of the metal carina into the MV is deter-
mined mainly by the recrossing point. In general, distal recrossing
promotes a better ostial side branch stent coverage and apposition,
while proximal recrossing results in unusual strut deflection, a lower
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Figure 5. Impact of the rewiring position and strut malapposition in
bifurcation. Left column (A, C, E, G, I and K) and right column

(B, D, E H, J, L) show distal rewiring and proximal rewiring,
respectively. Panels C and D are longitudinal OFDI images. The
computational flow simulation of the shear rate is shown in panels E
and F. Panels G and H show the 3D reconstruction of struts in
phantom. Panels I and J indicate the wiring position in 3D OCT in
human coronary bifurcation before kissing balloon dilatation (KBD),
whereas panels K and L are 3D reconstruction images after KBD.

strut coverage of the side branch ostium and more overhang-
ing metal into the SB, resulting in a high shear rate region at the
overhanging struts and a low shear rate behind them (Figure 5)*.

The optimal position of wire recrossing after MV stenting is
influenced not only by the distal position of the wire but also by
the stent design and configuration of jailing struts*<. The pres-
ence of a longitudinal link between the rings in front of the ostium
was associated with more frequent malapposition compared to the
cases without a longitudinal link (Supplementary Figure 2).

Taking into account the design of stent, the presence or absence
of a strut link in front of the ostium and the distal positioning
of the recrossing wire, the proposed optimal wire position is pre-
sented in Figure 6 (modified from Okamura et al*). In principle,
the optimal recrossing point is in the distal compartment deline-
ated by the bifurcation carina (yellow in Figure 6, panels A, A’)
and the most distal ring of the stent within the bifurcation. When
the most distal stent ring is in contact with the rim of the carina
(Figure 6, panels B, B”), a second distal compartment is consid-
ered the optimal cell to be recrossed with a wire. In the presence
of multiple second distal compartments (Figure 6, panels C, C*),
a larger compartment should be selected.

The feasibility of OCT guidance in selecting the recrossing point
(with either 2D or 3D images) and its potential benefit have been
assessed in a few studies (Supplementary Table 1). Alegria-Barrero
et al* reported that, in 52 patients undergoing elective treatment of
bifurcation lesions using provisional stenting as the default strategy,
lesions that were recrossed with OCT guidance (n=12) had a signi-
ficantly lower number of malapposed stent struts, especially in the
quadrants towards the SB ostium (9.5% [7.5-17.4] in the OCT-
guided group vs. 42.3% [31.2-54.7] in the angiography-guided
group, p<0.0001). In this study, OCT guidance was based mainly
on 2D cross-sections. In a prospective registry with 3D OCT acqui-
sition in bifurcation, Okamura et al demonstrated that the feasibility
of assessment of the guidewire recrossing point after MV stenting
was 89.9% (Figure 7)*4, However, the evidence stemming from
these two studies is limited to mechanistic observation.

While randomised trials such as DOCTOR Recross, OCTOBER
and OPTIMUM (Supplementary Table 2) are ongoing to inves-
tigate the clinical benefit of online 3D OCT guidance in bifurca-
tion treatment, it is recommended that 3D OCT imaging on the
recrossing position after main vessel stenting is performed before
final kissing balloon, to ensure the optimal position of the wire.
The repeated 3D OCT imaging should be performed cautiously
taking into account the cumulative amount of contrast agent.

— Prior to kissing balloon after stenting, it is important to recross
the side branch ostium strut cell with a wire in the most distal
cell to minimise the risk of pushing struts towards the MV.

—Use of OCT is recommended to exclude accidental abluminal
rewiring and to assess the position of the recrossing wire. On 3D
OCT, the optimal recrossing point is in the distal compartment
without compromising the bifurcation carina (Figure 6). When
the wiring position is not optimal, repositioning of the wire may
be considered (Figure 7).

POST-PROCEDURAL ASSESSMENT (STENT EXPANSION,
DISSECTION, MALAPPOSITION, TISSUE PROTRUSION, SIDE
BRANCH OSTIUM)

After PCI in a bifurcation, OCT is used to evaluate stent underex-
pansion, malapposition, tissue protrusion, dissection, geographic
miss and thrombus®. Stent expansion is evaluated either as an
absolute measurement of the minimum stent cross-sectional area

or as a relative expansion compared with the predefined reference
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Figure 6. Oprimal recrossing point in the side branch ostium according to different configurations of overhanging struts. The upper row
depicts struts with out-of-phase, peak-to-peak design placed on the side branch ostium. The lower row depicts struts with in-phase, peak-to-
valley design placed on the side branch ostium. In principle, the optimal recrossing point is in the distal compartment delineated by the
bifurcation carina (vellow line) and the most distal ring of the stent within the bifurcation (ved strut) (configuration 1: A and A’). When the
most distal stent ring is in contact with the rim of the carina (configuration 2: B and B’), a second distal compartment is considered as the
optimal cell to be recrossed with a wire. In the presence of multiple second distal compartments (configuration 3: C and C°), a larger
compartment should be selected.

Figure 7. Confirmation of the recrossing position of the wire after stent implantation by 3D OCT image. A metallic stent (Nobori 3.5/18 mm;
Terumo) was implanted from the LM to LAD crossing over the LCx. OCT was performed after wire recrossing. 3D OCT images revealed that
the position of the wire was located in the proximal cell (A). After a second attempt at rewiring, the distal recrossing was confirmed by 3D
OCT (B). No malapposed struts were observed after KBD (C). Coronary angiography after KBD is shown in panel D.
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area. In a bifurcation, considering its fractal anatomy, stent expan-
sion should be evaluated separately in the proximal MV, distal MV
and SB, with respect to each reference area®'. Larger stent expan-
sion is generally associated with better clinical outcomes. It has
been demonstrated that stent malapposition is more common at the
proximal MV and tissue prolapse or dissection at the distal MV
segment. In addition, previous studies have demonstrated the fea-
sibility of 3D OCT for correction of eccentricity in the ostium area
of the side branch®!>3*% In patients with complex bifurcation ste-
nosis undergoing PCI with a dedicated bifurcation system, FKBI
is associated with improved anatomical and functional results at
the SB ostium, without compromising the result at the MB*.

In general, a small edge dissection found on OCT which is unde-
tected on angiography most likely does not have a clinical impact®*->°.
However, the following factors need to be considered: the long-
itudinal (>3 mm) and circumferential extension (>60 degrees) of the
dissection, the intra-dissection lumen area respective to the refer-
ence (<90%) and the depth of the dissection (media or even adven-
titia). In ILUMIEN 111, edge dissections were categorised as major
if they constituted >60 degrees of the circumference of the vessel
at the site of dissection and/or were >3 mm in length. In that trial,
when the intra-dissection lumen area was <90% of the respective
reference area, additional stent implantation was considered. In the
CLI-OPCI 1I trial, dissection was defined on OCT as a linear rim of
tissue with a width of >0.2 mm and a clear separation from the ves-
sel wall or underlying plaque. In this retrospective multicentre reg-
istry, the acute dissection in the distal stent edge was an independent
predictor of major adverse cardiac events®.

So far, no specific study on bifurcation is available covering this
aspect. If the malapposition distance from the endoluminal lining
of the strut to the vessel wall is <250 pum, such struts are likely
to come into contact with the vessel wall at follow-up. Therefore,
such small malapposition may be less relevant®-®*, The clinical
relevance of acute malapposition on stent failure has not yet been
fully established®$*%. Acute strut malapposition could persist
(persistent malapposition) or resolve at follow-up (resolved malap-
position), whereas strut malapposition could also develop during
follow-up (late acquired malapposition). The temporal evolution
and disappearance of malapposition has made the investigation
of the clinical relevance of strut malapposition more complicated.
— The proximal MV is predisposed to more frequent malapposi-

tion whereas the distal MV is predisposed to more frequent tis-

sue prolapse.

— Acute incomplete stent apposition with a distance of <300
microns is likely to be resolved at follow-up. Additional post-
dilatation is considered when the malapposition distance is >300
microns with a longitudinal extension >1 mm.

— Most edge dissection detected on OCT is clinically silent,
whereas additional stenting may be performed if the width of
the distal edge dissection is >200 microns®.

LEFT MAIN BIFURCATION

Acquisition of OCT images in the left main (LM) trunk is challeng-

ing; documentation of the ostial region is in principle impossible

due to cannulation of the guiding catheter beyond the ostium.
Even if the guiding catheter is withdrawn from the ostium, image
acquisition is difficult due to incomplete elimination of red blood
cells in the aorta. In the current European guidelines for myocar-
dial revascularisation, OCT is not considered for LM intervention,
whereas IVUS is recommended as class IIa for this indication?.

Nevertheless, a few studies have demonstrated that frequency
domain OCT for sizing in the non-ostial LM coronary artery is
feasible®®®, In 54 patients with non-ostial LM disease, Burzotta et
al demonstrated that 81% of frames were analysable and that the
majority of non-analysable, artefact frames were in the proximal
LM®. In the recent IDEAL-LM trial randomising XIENCE (Abbott
Vascular, Santa Clara, CA, USA) and SYNERGY™ (Boston
Scientific, Marlborough, MA, USA) stents in LM lesion PCI, post-
implantation FD-OCT results were available in 91% of lesions.

In a study by Fujino et al, post-procedure, malapposed struts
were more frequently observed in the proximal segment of the
LM treated with drug-eluting stents, compared to the distal seg-
ment. At nine months, malapposition and uncovered struts were
also more frequently observed in the proximal segment”. Taking
into account the physiological significance of overhanging struts
in front of the circumflex ostium or LAD ostium, the importance
of 3D OCT guidance for the recrossing point through the cell strut
is also emphasised in LM stenting (Figure 7). In the randomised
EXCEL trial, acute LM stent deformation assessed by IVUS was
most frequently observed in the LM ostium (5.4%) and was assoc-
iated with a higher lesion failure (HR 2.15, 95% CI: 1.05, 4.40,
p=0.04). On OCT, longitudinal measurement as well as 3D recon-
struction is useful to detect the longitudinal deformation, although
OCT is limited in the assessment of an ostial lesion.

In post-procedural evaluation, an IVUS study suggested certain
cut-offs for minimal lumen areas after left main stenting”'. Similar
cut-offs using OCT still need to be validated; however, consider-
ing that OCT provides slightly smaller yet comparable correspond-
ing measures, the values may safely be applied with OCT as well’.
— In interventions of non-ostial LM disease, OCT guidance is feas-

ible and may be considered as long as the proximal stent edge is

not covering the LM ostium.

OCT TO EVALUATE BIFURCATION-DEDICATED STENTS AND
NEW TECHNOLOGIES
OCT has also been used to assess the procedural success of
new bifurcation stenting technologies and bioresorbable scaf-
folds (Supplementary Appendix 2-Supplementary Appendix 7,
Supplementary Figure 3-Supplementary Figure 5). Most case
reports visualise the complex anatomical structure of bifurcation-
dedicated stents in 3D OCT (Supplementary Table 6). There are
also several studies reported (Supplementary Table 7) or ongo-
ing (Supplementary Table 8) with endpoints defined by OCT
measurements.
— OCT is used to assess the acute and chronic efficacy of a dedi-
cated bifurcation stent system. 3D OCT facilitates the under-
standing of the device structures in vivo.



Conclusion

This consensus document is based on expert opinion of the members
of the European Bifurcation Club and Japanese Bifurcation Club on
the usage of OCT in coronary bifurcation PCI. With recent techni-
cal and technological advances, it is feasible to use OCT in guid-
ing complex procedures in bifurcations. Although the recent clinical
evidence starts to support OCT guidance, dedicated evidence for
bifurcation treatment is still warranted. This document should be
updated and expanded in the future according to the upcoming clini-

cal evidence stemming from ongoing trials and investigations.
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Supplementary data

Supplementary Appendix 1. OCT in comparison to QCA and IVUS

OCT has the highest resolution (10-20 microns) amongst imaging modalities used in the cath
lab. Flushing with contrast media (or diluted contrast/plasma expander) is required to
eliminate red blood cells which scatter the light. OCT provides a clear view of the border
between the lumen and the endoluminal lining of the vessel wall, which enables precise
automatic lumen detection. However, due to the limited penetration of light, the assessment
of the full thickness of the vessel wall is often impossible, especially in the coronary artery
with atherosclerotic plaque. In general, there is an inherent difference in the measurement of
lumen dimensions using QCA, IVUS and OCT. Previous studies consistently showed the
following ranking in luminal dimensions assessed by these modalities: QCA<OCT<IVUS.
OCT is the most accurate in lumen measurement according to the previous phantom,
histomorphometric and clinical studies’®"°. Recently, in the OPUS-CLASS study, Kubo et al
confirmed this relationship of lumen dimensions assessed by OCT, IVUS and QCA in a
clinical and a phantom study’®7”.

Supplementary Appendix 2. OCT to evaluate bifurcation-dedicated stents

OCT has also been used to assess the procedural success of new bifurcation stenting
technologies. Most case reports visualise the complex anatomical structure of bifurcation-
dedicated stents in 3D OCT (Supplementary Table 6). Clinical studies with bifurcation-
dedicated stents are shown in Supplementary Table 7. Those studies analysed strut
apposition’®8 and strut coverage’®884%6 in bifurcation dedicated-stents such as BiOSS LIM
(Balton, Warsaw, Poland), Tryton (Tryton Medical, Inc., Durham, NC, USA), Axxess"™"

(Biosensors Europe SA, Morges, Switzerland).

Ferrante et al used OCT to assess the efficacy of the Tryton dedicated side branch stent in
nine patients, and found that malapposed stent struts were more frequently seen at the level of
the bifurcation than in the proximal and distal stent in the MV. In particular, the highest

proportion of malapposed struts was seen “towards the ostium of the side branch”®’.

Recently, the COBRA trial compared the Axxess bifurcation stent in the proximal MV and
additional BioMatrix stents in the branches (Biosensors Europe SA), versus a culotte
technique using XIENCE stents (Abbott VVascular, Santa Clara, CA, USA). At 9 months, the



percentages of uncovered struts were similar; however, a strategy using Axxess resulted in a
significantly larger lumen in the proximal MV both acutely (minimum lumen diameter
3.03£0.51 vs. 2.71+0.44 mm, p=0.04) and at follow-up (mean lumen area 10.0+2.1 vs.
7.1+1.8 mm?, p<0.001)%*. These studies demonstrate that the use of OCT will be important in
the development of new stenting technologies designed to challenge complex bifurcation
lesions. Other ongoing device trials in bifurcation using OCT are shown in Supplementary
Table 8.

Supplementary Appendix 3. OCT for the bioresorbable scaffold

Fully bioresorbable scaffolds (BRS) are a novel treatment approach for coronary narrowing
which provide transient vessel support with drug delivery capability’38-, Currently, five
products have received a CE mark (Absorb™ [Abbott VVascular], Magmaris™ [Biotronik,
Bulach, Switzerland], DESolve® [Elixir Medical Corporation, Milpitas, CA, USA], Fantom®
[REVA Medical, San Diego, CA, USA] and ART [Arterial Remodeling Technologies, Paris,
France]), although the Absorb scaffold has been withdrawn from the market by the

manufacturer.

However, the mechanical properties of the bioresorbable materials, typically poly-lactide or
magnesium, are weaker than those of permanent metals (tensile strength, Young’s modulus
and % elongation at break). This results in a scaffold design with thicker and wider struts and
a large crossing profile of the delivery system, potentially resulting in increased acute
thrombogenicity®®. These limitations of BRS warrant dedicated implantation methods,

especially in bifurcation.

Supplementary Appendix 4. Polymeric bioresorbable scaffolds
Usage of polymeric scaffolds in bifurcation lesions is currently limited, mainly due to the risk
of acute mechanical disruption of scaffold struts when typical bifurcation techniques are

applied?.

In an experimental bifurcation bench model with the Absorb scaffold, side branch
fenestration with a 2.5 or 3.0 mm balloon and pressure >10 atm increased the risk of breaking
connectors or hoops®. To avoid mechanical disruption due to overexpansion of the proximal

part by the classic kissing balloon technique, the “snuggling” technique or “mini-kissing



balloon” technique, with minimal overlap of the balloons, is recommended®,

The provisional approach remains the default strategy for treating bifurcations with a
polymeric bioresorbable scaffold®*®. In case the provisional strategy turns into a two-device
technique, the culotte and crush techniques have to be avoided to prevent excessive
overlapping of the thick struts and structural deformation of the scaffold®. If the SB is
compromised, open a cell with an undersized NC balloon (<2.5 mm) and use POT with a
larger balloon in the proximal MV to correct scaffold malapposition (the sequential strategy:
POT+SB opening+final POT)%"%,

OCT is essential to diagnose acute disruptions and late discontinuities of the polymeric BRS,
since angiography and/or IVUS are not able (or limited) to detect such a complication. 3D
OCT facilitates the detection of acute disruption in case of overlap in bifurcation
(Supplementary Figure 3). The 3D image could be used to classify the jailed side branch
according to the number of compartments created by the criss-cross of the struts as well as
the configuration of the jailing struts (Supplementary Figure 4)%. In serial assessment, the
3D image demonstrated the alteration of the carina due to the bioresorption process

(Supplementary Figure 5).

Supplementary Appendix 5. Magnesium scaffold

So far, scarce clinical data are available for bifurcation treatment using the Magmaris
magnesium-based bioresorbable scaffold. Expert opinion does not recommend treatment of a
bifurcation lesion with this device in the presence of a significant side branch®. OCT could

be used as a “safeguard” to select appropriate lesions*®.

According to a recent preclinical experiment!®, bifurcation stenting using the Magmaris
appears feasible, and provisional scaffolding with additional TAP whenever needed seems a
reasonable approach. Whenever a two-stent technique is planned, TAP appears most
favourable, whilst modified-T and culotte stenting should probably be avoided due to the

increased rate of scaffold fracture.

Supplementary Appendix 6. OCT in bench testing and preclinical study
In bench testing, micro-computed tomography (micro-CT) is the gold standard for the
evaluation of stents and stent techniques. OCT can be used for bench evaluation using



translucent silicone phantoms yielding results almost comparable to micro-CT. The current
EAPCI task force for DES and BRS recommends OCT as a measurement of lumen area in

preclinical study, since histological evaluation of the lumen is biased by shrinkage of tissue
induced during the histological fixation process.

Supplementary Appendix 7. Flow-velocity and pressure simulation in bifurcation using
OCT and 3D angiography

In combination with 3D angiography, OCT could provide a high-quality 3D reconstruction of
coronary bifurcation, which enables computational flow dynamics, simulation of flow
velocity and pressure (fractional flow reserve)'%2. Although further technological
development is warranted, online simulation of shear stress and pressure drop in bifurcation
lesions could potentially improve the treatment approach to bifurcation lesions. Ongoing
studies such as the FORECAST trial will further inform us as to the clinical impact of this

new combined methodology.



Supplementary Figure 1. Carina shift in the distal right coronary artery visualised on 3D
OCT. After implantation of the Resolute Integrity (2.5/18 mm) stent (Medtronic,
Minneapolis, MN, USA) in #3-#4PD, a carina shift was observed in 3D OCT images (white
arrow). The kissing balloon technique was performed, followed by the dilatation of the side

branch orifice seen in both 3D OCT and coronary angiography.
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Supplementary Figure 2. Configurations of overhanging struts in front of the side branch
ostium and the results of KBD.

In free carina type configuration with distal rewiring (A), no ISA was observed in front of the
side branch ostium (A’). In the connecting to carina type configuration, even though distal
rewiring was achieved (B), malapposed struts were detected (B’).

A) LMT-LAD, SB LCX, Resolute Integrity 2.5-22 mm (Medtronic, Minneapolis, MN,
USA), Link(-), distal rewiring.

A’)  KBD (2.5 mm stent balloon for MV, Glider™ balloon 2.0 mm [QT Vascular Ltd,
Singapore]), POT 3.5 mm ballooning.

B) LAD mid, diagonal, after deployment of Nobori 3.5-18 mm (Terumo, Tokyo, Japan),
Link(+), distal rewiring.

B’)  LAD mid, diagonal, after KBD (MV 3 mm, SB 2 mm).

ISA: incomplete stent apposition; L, L’: link, SB: side branch; SBGW: side branch guidewire



Supplementary Figure 3. Hybrid treatment of bifurcation lesion with BVS and metallic

stent.

A left anterior descending artery/diagonal bifurcation lesion (A) was treated with an Absorb
bioresorbable scaffold (main branch) and a metallic stent (side branch) (B). Final kissing
balloon inflation was then performed at 4 atmospheres. 3D OCT reconstruction (C & D) was
performed to ensure the preserved integrity of the BVS rings (yellow arrows) and complete

opening of the side branch ostium.



Supplementary Figure 4.
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Supplementary Figure 4. The jailed side branch with the number of compartments created
by the criss-cross of the struts as well as the configuration of the jailing struts.

The images in the first column (A-1, B-1, C-1 and D-1) show the classification of the jailed
side branch ostium according to the number of compartments created by the overhanging
struts with different configurations (i.e., V, T and H type). The images in the second column
are fly-through images for each classification. The images in the third column show the

configuration of the jailing struts.
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Supplementary Figure 5. Serial assessment of jailed side branch over five years.

Serial OCT images of the small side branch jailed by the bioresorbable scaffold struts. At
baseline, polymeric struts formed three compartments with the side branch ostium. As the
neointima grew, compartment #2 was covered at one year and compartment #3 was covered
at three years, resulting in the reduction of the ostium area. At five years, the struts were no
longer visible on OCT and the remaining compartment #1 enlarged.

OA: ostial area



Supplementary Table 1. Published clinical studies on OCT-guided PCI in bifurcation.

Publication References
Author year Study design Device Comparison Endpoint Results
XIENCE, 47
BioMatrix .
. . ' OCT guidance 0
Alegria- R.etrospectlve PROMUS (n=12) vs. % of OCT guidance had a significantly lower number of malapposed stent
Barrero et 2012 single-centre Element, . malapposed - : =
angiography struts (7.5%) compared to angiography guidance (15.8%, p=0.0009)
al study Resolute, uidance (n=40) struts
CYPHER, 9 -
TAXUS
103
E’?S(; rS One-stent (n=30 Lesions treated with stenting of both MV and SB had a higher total
. : . LoV rate of malapposition than those treated with stenting of the MV only
. Retrospective CYPHER, bifurcations) vs. % of R 1 : .
Viceconte - (17.6% vs. 9.5%; p=0.0014). In MV only group, lesions treated with
2013 single-centre Endeavor, two-stent malapposed i - - _
etal - _ FD OCT-guided stent implantation (n=13) presented a lower rate of
study Resolute, technique (n=15 struts | ition than th d with ional anai h
XIENCE bifurcations) malapposition than those treated with conventional angiography-
' guided stent implantation (n=17) (7.1% vs. 17.5%; p=0.005).
Endeavor
45
Endeavor The recrossing position was clearly visualised in 18/22 (81.8%) cases.
Retrospective Nobori ! Single arm (OCT % of In 13 cases, serial 3D OCT could be assessed both before and after
Okamura CIrosp ' 9 _ incomplete final kissing balloon post-dilation (FKBD). %ISA of free carina type
2014 single-centre PROMUS guidance) (n=22 _ . - S
et al stud Element bifurcations) stent (n=7) at the bifurcation segment after FKBD was significantly smaller
y XIENCE’ apposition than that of the connecting to carina type (n=6) (0.7+£0.9% vs.
12.2+6.5%, p=0.0074).
Conservative 104
(n=58 patients)
and
Retrospective revascularised TVE-free TVF-free rate survival was not different between patients undergoing
Dato et al 2017 single-centre DES group (n=64 survival conservative management vs. revascularisation (HR 0.40, 95% ClI:
study patients) 0.10-1.61, p=0.20).
according to the
FD OCT LM
criteria
Minimum 51
expansion
. . index (MEI)
Nakamura 2017 F:ientr?;f);crﬂ\r/: EES SISi%En?:LT ((rgﬂ— by novel The frequency of the underexpansion (<80%) was significantly greater
etal g guidance) (n= volumetric  in MEI compared with MSA [21 (47.7%) and 11 (25.0%), p=0.045].
study patients) .
metrics and
minimum

stent area




Publication References
Author year Study design Device Comparison Endpoint Results
(MSA) as
conventional
method




Supplementary Table 2. Randomised controlled trials of OCT versus angiography-guided or IVUS-guided drug-eluting stent
implantation with or without bifurcation lesions. Adapted from Mintz et al®.

Number of Bifurcation Endpoint OCT Angiography  1VUS ?8/(&31!??/3 p-value
patients angiography) (OCT vs. IVUS)
OCT after PCI
. 450 (OCT:158, NA (planned two- minimum stent 0-001 non-
ILUMIEN-III: . - . 5-79 mm? 5-49 mm? 5-89 mm? P
i 5 angiography:146, stent bifurcations area (non- 47 0. @ P 0-12 inferiority; 0-42 for
OPTIMIZE-PC trial IVUS:146) excluded) inferiority vs. (4-54-7-34) “-32-¢P) (4-67-7-80) superiority
IVUS)
7-2 mm?
70 . IVUS stent
. NA (exclusion . 6-1 mm2 (2:2) (2-5) 0-04
Habara et al'%6* (OCT:35, o expansion 0 0
IVUS:35) criteria) after PCI (64-7% [13-7]) ﬁgjﬁo (0-002)
240 ] ) . )
DOCTORS trial®®’ (OCT:120, NA FFR after PCI ?095‘ 4')“m ?0955;“”‘ 0-005
angiography:120)
829 Oc&lfo‘/”)“ 13 L-month TVFY Lo 0-042
OPINION trial* (OCT:414, VUS: '15;/405 (non-inferiority Tvg of 5¥2% 4.90% non-inferiority
IVUS:415) (38.8%) vs. IVUS) (log-rank 0-83)
Cross-sectional
stent strut
malapposition in
. . the main vessel
DOCTOR Recross 60 (angiography: Dedicated for . -
(ongoing)™8 30, OCT: 30) bifurcation bifurcation NA NA NA

segment facing
the side branch
ostium after
procedure



103 (angiography- Acute incomplete

OPTIMUM : Dedicated for strut
(ongoing)10® gu!geg: gg OcT- bifurcation malappositionin N\ NA NA
Quided: 53) bifurcation
To compare
median two-year
clinical outcome
1,200 after OCT-guided
OCTOBER (angiography- Dedicated for ~ V5: standard
(ongoing)° guided: 600, OCT- bifurcation guided NA NA NA
guided: 600) revasqularlsatlon
of patients

requiring complex
bifurcation stent
implantation

Data are median (IQR) and mean (SD) unless otherwise indicated.

*The frequency of TVF is indicated by the frequency (SD) in parentheses in the OCT and IVUS columns, and the p-value in parentheses in the
comparison between the two technigues.

+TVF is a composite of cardiac death, target vessel-related myocardial infarction, and ischaemia-driven target vessel revascularisation.

FFR: fractional flow reserve; ISA: incomplete stent apposition; IVUS: intravascular ultrasound; NA: not available; OCT: optical coherence
tomography; PCI: percutaneous coronary intervention; TVF: target vessel failure



Supplementary Table 3. Comparison of intravascular ultrasound versus optical coherence tomography in bifurcation treatment.

++ ++
++ +
++ ++
++ +
++ +
X ++
++ ++
X ++
++ ++
++ ++
+ ++
+ ++
++ +*

*except for ostial lesions. x: not usable; +: available; ++: helpful; ISA: incomplete stent apposition; IVUS: intravascular ultrasound; LMT: left
main trunk; OCT: optical coherence tomography



Supplementary Table 4. OCT acquisition in bifurcations: tips and tricks.
Adapted from Holm et al°

Main vessel pullback

Evaluate if side branch ostium is visible after pullback. In case of conflicting wire shadow, consider manipulating
wires and repeating pullback

Side branch pullback

Consider risk of side branch dissection before wiring

Avoid advancing an OCT catheter into a jailed side branch before opening of strut cells at side branch ostium

Ensure that side branch pullback extends into the main vessel

Left main coronary artery pullback

Aorto-ostial evaluation is not possible

Select maximum scan range to show widest possible image

Consider increased flow of flushing agent

Consider large guiding catheter for improved vessel clearing




Supplementary Table 5. Clinical studies with qualitative or quantitative endpoint using 3D OCT.

Quialitative or

Author Publication Study design Enr.olled Device guantitative Results of 3D OCT analysis
year patients L
analysis in 3D
XIENCE,
] . BioMatrix, . . .
Baﬁ::gré?; " 2012 Smgslti-gentre 52 PROMUS Element, Qualitative 2 case examples of (riéﬁ:i:]ewmng and proximal
y Resolute, CYPHER, g
TAXUS
Fujino et al”® 2013 Single-centre 33 SES, EES Qualitative Presentation of a case with uncovered and
study malapposed struts
— . . 0
Grundflellien et 2013 Single-centre 12 Tryton Qualitative Presentation of a case with 10_0 % strut coverage
al study and an open ostium.
Grundeken et Single-centre - 2 separate compartments in SB ostia: 2 patients,
al™® 2014 study 10 Tryton Qualitative single compartment: 4 patients.
Okamura et Single-centre Endeavor, Nobori, I . . . o
Al 2014 study 22 PROMUS, XIENCE Qualitative Recrossing at the most distal cell: 10/13 (76.9%)
Sinale-centre MLA of jailed side branch ostium by 3D OCT:
Yang et al®? 2015 gstud 41 SES, BES, EES Quantitative 2.67 at post-intervention, 2.35 at 3-6M, 2.44 mm?
Y at 1-2Y post-intervention (p=0.098).
SB ostial area by 3D cut-plane analysis from MB
Karanasos et Sinale-centre pullback better correlated with conventional
2015 g 31 DES, BRS Quantitative analysis from SB pullback (R=0.927) than

a|15

study

conventional analysis from MB with conventional
analysis in SB (R=0.870, p=0.256).



Qualitative or

Author Publication Study design Enr_olled Device guantitative Results of 3D OCT analysis
year patients L
analysis in 3D
Strut shape in SB ostium: V shape (2), T shape (1),
Grundeken et Single-centre I double T shape (1), "T and V" shape (1), a “T and
al™ 2015 study 10 Tryton+Absorb Qualitative double V” shape (1), and an “H and double V”
shape (1)
Multicentre No stent links bridging from a carina: 90.9 in the
Nakao et al*? 2016 stud 21 Nobori Qualitative LM-LCx stenting vs. 45.0% in the LM-LAD
y stenting (p=0.02).
The 3D OCT-measured MLA of the jailed side
Sinale-centre branch ostium: 2.91 before intervention, 2.37 mm?
Cho et al®? 2016 gstu d 109 DES Quantitative after intervention (p<0.01). Eccentricity index:
y 1.40 before intervention, 1.71 after intervention
(p<0.01).
Sinale-centre PROMUS, Nobori, SB orifice obstruction by neointima in the link
Kume et al'3 2017 gstud 29 XIENCE, Resolute, Quantitative group: 26.8%, in the no-link group: 9.5% (p =
Y Endeavor 0.049) at 18M
Multicentre I Ostial area free from struts: 0.75 at baseline, 0.68
114 ’
Onuma et al 2017 study 29 Absorb Quantitative at 6M or 1Y, 0.63 at 2 or 3Y, 0.89 mm? at 5Y
" Single-centre " The narrowing of LCX ostial area at 9M: 29.16%
46
Fujino et al 2017 study 38 SES, EES Quantitative in SES vs. 2.46% in EES (p=0.001).
Single-centre Tryton+DES (EES, I FKBI increased SB ostial area (4.93 vs. 7.43 mm?,
55
Pyxaras et al 2017 study 10 ZES) Quantitative p<0.001)
i o - i i i 0,
Kini et al1s 2017 Single-centre 30 PROMUS Quantitative Post-stenting SB ostial stenosis (>50% area

study

reduction) was observed in 30% of patients.



Supplementary Table 6. Case reports of bifurcation-dedicated stents with OCT evaluation.

Author

Publication year

Investigated device

Results of OCT analysis

Magro et al*'®

Adriaenssens et
alll?

Pyxaras et al'*®

Antoniadis et
a|119

van Ditzhuijzen
et al'?

Chan et al*®

Hiltrop et al*?

2010
2012
2013

2013

2014

2014

2016

Tryton
XIENCE SBA
Tryton

AXXESS

Nile Pax
Axxess and BioMatrix

Axxess and BioMatrix

Good apposition was confirmed.

OCT documented good apposition of struts at the ostium of the SB
and absence of free floating struts at the level of the carina.

3D visualisation of bifurcation carina.

In reconstructed model using OCT and angiogram, flow velocity
was higher in the central flow divider region and lower at the
lateral aspects of the bifurcation.

After dissection induced by guidewire, OCT image could
distinguish true lumen.

The segment covered by Axxess peeled away from the overlapping
BioMatrix.

3D IV-OCT reconstructions illustrate distal flaring of the Axxess
device providing optimal SB coverage.



Supplementary Table 7. Clinical studies of bifurcation-dedicated stents with OCT evaluation.

Author Year Study design Patients Inve_estlgated Primary Secondary outcome Results of OCT analysis
enrolled  device outcome
. . - - Total % of malapposed struts per patient post
82 -
Tyczynski et al 2009 Single-centre study 9 Tryton Not specified Not specified procedure: 18.1%.,
Verheye et al®? 2009 Multicentre study 40 Stentys Procedural Clinical, safety and Complete apposition of the stent struts post
success angiographic parameters procedure (non-quantitative analysis by OCT)
_— OCT image in a case with good apposition at
Verheye et al®° 2011 Multicentre study 60 Stentys BMS vs. 6M MACE Complications, QCA, baseline, complete strut coverage and wide open
Stentys DES IVUS . -
ostium of the side branch at 6M.
Magro et al8! 2011 Multicentre study 96 Tryton Not specified Not specified ,:rgs:gjéample of OCT with good apposition post-
Slmndeken et 2013 Single-centre study 12 Tryton Not specified Not specified 3D OCT at 1Y for case illustration purposes.
Tryton and Uncovered struts at 9M: 4.0, 0.7, 0, and 2.5% in the
Dubois et al®® 2013 Single-centre study 20 XIENCE Not specified Not specified proximal MV, distal MV, SB, and polygon of
confluence, respectively.
Uncovered strut at 1Y: 0.7%. Incompletely apposed
Grundeken et . Tryton and - - strut: 0.8%. Mean NIH thickness: 0.14+0.11 in the
al® 2014 Single-centre study 10 Absorb Not specified  Not specified proximal MB, 0.19+0.11 in distal MB, and 0.340.19
mm in SB.
Cappella
Sideguard and
. balloon- - - Strut coverage at the bifurcation site at 6M: 100% in
85
Ma et al 2014 Multicentre study 28 expandable DES Not specified Not specified CS. 61% in DES.
[EES, SES, PES,
BES, and ZES]
Grundeken et — Tryton and - - Incomplete apposition in the bifurcation area post-
al® 2015 Single-centre study 10 Absorb Not specified Not specified procedure: 26%.



Author Year Study design Patients Invgstlgated Primary Secondary outcome Results of OCT analysis
enrolled  device outcome
_ Axxesst Lumen and stent area. and 9M uncovered struts in 'the proximal MV (17.8% vs.
Dubois et al® 2016 Prospectlve 0 BioMatrix Vs % of uncovered neointimal thickness énd 6.8%; p:O:19), bifurcation core (9.5% vs. 4.0%); _
multicentre RCT Culotte XIENCE struts at 9M area p=0.17), distal MV (2.6% vs. 2.2%; p=0.09) and side
' branch (5.7% vs. 1.9%; p=0.14).
MB FFR; OCT metrics:
minimum SB ostial
diameter, maximum SB
ostial diameter, SB ostial
area; two-dimensional
quantitative coronary
Changes in angiography (2D QCA) Post-procedural change in SB ostial area: 4.93 vs.
Pyxaras et al®® 2017 Single-centre study 10 Tryton-SBS FFR in the SB metrics: reference vessel 7.43 mmz, p<0.001, SB maximum diameter: 3.12 vs.
following FKBI  diameter (RVD), minimal 3.82 mm, p=0.003.

lumen diameter (MLD) in
proximal and distal MB
and SB; three-dimensional
(3D) QCA metrics: RVD,
MLD in proximal and
distal MB and SB.



Supplementary Table 8. Ongoing device trials in bifurcation using OCT.

Name Study design Arms Sample size  Purpose Primary endpoint SRtZt:E;utment Reference
1. To compare the safety and efficacy of
el with Aocess
Biolimus A9 Eluting OCT-guided PCI vs. Angio- Withdrawn P bifurcation diseasz y Late loss of side
Bifurcation Stent in Treating Randomised guided PCI and Axxess vs. before i T branch at 9 months Withdrawn 123
Coronary Artery Bifurcation BioMatrix Flex enrolment 2. To assess the impact of optical after procedure
Disease coherence tomography (OCT) guidance
on clinical outcomes following the stent
type.
To compare healing responses on OCT .
COBRA II Randomised Axxess+Absorb vs. Modified T 60 after treatment of complex bifurcation CI:?:i?]ZSi ;Ter;';';ng I Not yet 124
using Absorb lesions with Axxess+Absorb vs. months recruiting
Modified T using Absorb.
Clinical safety
e ol (sl Stopatde o
BIFSORB Randomised Absorb vs. DESolve 120 \ g . . P infarction, discontinuation 125
bifurcation lesions with Absorb and L £ Absorb sal
DESolve BRS revascularisation, of Absorb sales
’ death) at 6 months
Lesion preparation using To predict any changes in the side Side branch
ORBID-FFR Randomised rotational atherectomy vs. 150 branch after stenting the main branch compromise at dav 1 Recruiting 126
cutting balloon angioplasty blood vessel using 3D OCT. P y
Combined endpoint
of major procedural
myocardial
To investigate the feasibility and safety infarction, non-
. Bifurcation lesions treated with and one-month healing pattern on OCT procedural -
BIFSORB P-II Observational Magmaris BRS 20 of the Magmaris BRS for treatment of myocardial Recruiting 127
coronary bifurcation lesions. infarction, target
lesion failure and
cardiac death at 1
month
To compare vessel healing at 6 months
OCTOBER (China) Observational Excel DES with a biodegradable 100 using OCT in Excel DES with a Neointimal stent strut Unknown status 128
polymer vs. CYPHER DES

biodegradable polymer vs. CYPHER
DES.

coverage at 6 months



Paclitaxel-eluting PTCA-
balloon dilation (SeQuent
PEBCBLO Observational Please) in SB and drug-eluting 30
stent (EXCEL stent)
deployment in the main branch

To investigate the efficacy of Paclitaxel-
eluting PTCA-balloon in SB and drug
eluting stent (EXCEL stent) deployment
in the main branch.

In-segment late
lumen loss at 9 Unknown status 129
months
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