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IN THIS ISSUE OF ASIAINTERVENTION

Carotid artery stenting or
endarterectomy; 0SA and PCI outcomes;
HQFR for side branch evaluation; new-
generation BVS versus metallic DES; OCT-
ACR in complex PCI; finding the optimal
biplane view for CTO PCI; and much
more...

Upendra Kaul, Editor-in-Chief

Dear friends,

We are delighted to extend a warm welcome to you on behalf of Asialntervention,
the official journal of AICT-AsiaPCR, and the Interventional Cardiology Foundation of
India (ISCL). We look forward to yet another captivating edition here in Singapore.

Asialntervention is thrilled to be onsite at AICT-AsiaPCR 2023, ensuring our active
participation. At this year’s Fellows Course, we will be present during a PCR clinical
research session featuring esteemed speakers Vijay Kunadian and James Howard, who
will discuss “Artificial intelligence in medical writing” and “Addressing the unmet
needs of our patients through clinical research”.

Throughout the year, Asialntervention has actively engaged in a handful of interna-
tional congresses, including INDIA LIVE 2023 and EuroPCR 2023. While it is cru-
cial for us to be physically present at these gatherings and connect directly with our
peers, it is our relentless efforts behind the scenes that contribute significantly to
our growth. Building on the success of our inclusion in PubMed Central in 2022, we
are proud to announce that we also received our first SCOPUS score in 2023. This
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achievement further propels us towards our goal. Moreover, we eagerly anticipate our first
impact factor, with our application currently in progress. We hope to receive this prestig-
ious recognition in 2024,

Without further ado, we are pleased to present the second volume of 2023. Thank you
for your unwavering support which continues to inspire us.

This issue kicks off with coronary interventions and a review of the impact of obstruc-
tive sleep apnoea (OSA) on coronary revascularisation outcomes. The article by Adrienne
Y.H. Chew and Chi-Hang Lee reports a high incidence of OSA in patients undergoing per-
cutaneous coronary intervention (PCI) or coronary artery bypass graft and suggests that
treating OSA could lead to improved outcomes. While routine screening may not be nec-
essary, patients who experience excessive sleep or difficult-to-control hypertension post-
revascularisation should be evaluated for OSA.

Jing Kan, Shao-Liang Chen and colleagues present a clinical research article detail-
ing a novel method for estimating a single-plane quantitative flow reserve (UQFR) in the
side branch after stenting the main vessel. Their study identifies a pQFR <0.80 in the
side branch as a predictor of adverse outcomes, compared to a pQFR >0.80. Antonella
Tommasino, Emiliano Navarra and Emanuele Barbato provide insightful comments on the
study in an accompanying editorial, highlighting its strengths and limitations.

In another research article, Rony Mathew Kadavil, Vijayakumar Subban and colleagues
report on their experience with optical coherence tomography (OCT) and accompanying
angiographic coregistration (ACR) in optimising the results of PCI. Their findings demon-
strate a significant improvement in outcomes for nearly all patients studied, with excel-
lent results observed at the 1-year mark. The accompanying invited editorial by Giulio
Guagliumi and Dario Pellegrini offers expert insights and commentary on the subject.

A translational research article by Qiuping Shi, Ming Chen and colleagues presents a
study comparing a three-dimensionally printed sirolimus-eluting bioresorbable vascular
scaffold (BRS) to a metallic sirolimus-eluting stent (SES) in a porcine model. The authors
evaluate the safety and efficacy of the BRS through periodic OCT and scanning electron
microscopic evaluations, spanning 169 days. The study showcases positive remodelling
of the BRS without compromising endothelialisation, demonstrating its comparability to
metallic SES. Adnan Kastrati and Masaru Seguchi provide an editorial critique, analysing
the experimental study's strengths and limitations.

In another translational research article, Hitoshi Kamiunten introduces a method for
facilitating chronic total occlusion (CTO) angioplasty using trigonometric vector designs



to determine the optimal angulation on standard biplane fluoroscopic equipment. The
article outlines the use of a calculator, using spreadsheet software, to minimise dead
angles in biplane fluoroscopy, aiding in CTO angioplasty.

The valvular interventions section features an article by Yutaka Konami, Junichi
Yamaguchi and colleagues discussing commissural alignment in the Evolut transcatheter
aortic valve replacement procedure, comparing conventional and hat marker-guided shaft
rotation methods.

This issue also hosts a variety of interventional flashlights, two related to coronary
interventions and three to structural interventions. Takashi Hiruma, Mitsuaki Isobe and
colleagues present a case of acute myocardial infarction complicated by a large ecta-
sia with a heavy thrombus burden, which was successfully managed using an excimer
atherectomy device. Marina S. Guérios, Zeferino Demartini Jr and Enio E. Guérios describe
a case of myocardial ischaemia caused by two remote non-cardiac stenoses.

Kento Kito, Ken Kozuma and colleagues showcase a paracentral MitraClip implantation
technique in a mitral valve with a small area due to rheumatic aetiology, whilst Hirofumi
Hioki, Ken Kozuma and colleagues highlight a transcatheter valve-in-valve procedure in
degenerative INSPIRIS RESILIA valves. Ramanathan Velayutham, A. Shaheer Ahmed and
Saurav Banerjee explain how they interpreted a calcified figure of eight found on fluoros-
copy during routine angiography.

In peripheral interventions, an informative review article delves into the long-stand-
ing controversy surrounding the treatment of significant carotid disease, comparing non-
surgical stenting, surgical endarterectomy, and optimal medical treatment. Sasko Kedev
rationalises the subject through a comprehensive review of randomised trials and guide-
lines. The article emphasises the advancements in stents, embolic protection devices,
and technique refinements that have significantly improved the safety and durability of
both procedures. While each approach may have advantages in specific situations, suc-
cessful treatment of severe stenosis, both symptomatic and asymptomatic, is achievable
by expert intervention.

Finally, we have an interesting exchange of letters on coronary bifurcation lesions by
Mohammad Reza Movahed and Shao-Ling Chen.

| sincerely hope that the contents of this issue pique your interest and prove beneficial
in your daily practice. As always, Asialntervention eagerly anticipates your valuable feed-
back and suggestions, to aid in enhancing the journal even further.

Wishing you a pleasant reading experience!
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EDITORIAL

Sharing knowledge and defining partnerships across
boundaries through AICT-AsiaPCR

We look forward to welcoming you all to AICT-AsiaPCR 2023,
the official meeting of the Asian Pacific Society of Interventional
Cardiology, being held on 21-22 September 2023 in Singapore. The
preparations started well in advance, and the course directors who
represent both APSIC and PCR, along with the meeting organis-
ers, Europa Group, have spent innumerable hours brainstorming to
achieve a most exciting educational programme. As the President of
APSIC, I invite you all to attend and enjoy the exchange of knowl-
edge, build camaraderie and develop academic partnerships across
boundaries, and to showcase your research and innovations. It is
a platform in the Asia-Pacific region for interacting with the world.
This is the first year since the COVID era began that we feel
confident COVID is behind us and our lives are back to normal.
This is also the first AICT-AsiaPCR in the post-COVID era with-
out COVID restrictions. The meeting has been made compact and
focused over 3 days only, with the first full day devoted to a Fellows
Course (for career interventionalists). Seven to eight live cases from
centres in Singapore, the UK, and India, as well as numerous ses-
sions on “complications” in partnership with the National Societies
of the Asia Pacific region, will be the highlight of the meeting, with
an emphasis on learning and sharing. Please take this opportunity to
share knowledge in the open spirit of friendship and camaraderie.

Ashok Seth*, FRCP, FACC, MSCALI, FAPSIC, DSc

President, Asian Pacific Society of Interventional Cardiology (APSIC)

The APSIC continues to strengthen bonds with its member coun-
tries to consolidate its representation of interventional cardiologists in
the Asia-Pacific region. Over the past year, we have inducted to the
board and officially nominated representatives of 12 more national
societies, namely the Afghanistan Cardiovascular Association
(ACA), Cardiological Society of India (CSI), Hong Kong Society of
Transcatheter Endo-Cardiovascular Therapeutics (HKSTENT), Iraqi
Cardiothoracic Society (ICS), Cardiovascular Society of Mauritius
(CSM), Mongolian Society of Interventional Cardiology (MSIC),
Cardiac Society of Nepal (CSN), Philippine Society of Cardiovascular
Catheterization and Intervention, Inc., (PSCCI), Saudi Arabian
Cardiac Interventional Society (SACIS), Cardiovascular Intervention
Association of Thailand (CIAT), Emirates Cardiac Society (ECS),
and the Vietnam Society of Interventional Cardiology (VSIC). Thus,
at this time, APSIC encompasses 29 countries across nine time zones,
from New Zealand in the east to Saudi Arabia in the west. This is
a great opportunity to work together on numerous combined regis-
tries to better understand the heart disease patterns in our region and
to tailor treatment options to achieve the best outcomes.

Over the past year, we have worked closely with the Asia
Pacific Society of Cardiology (our sister Society) to support and
endorse the creation of “consensus statements” on the Management
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of Left Main Stenosis, Transcatheter Aortic Valve Implantation,
and Management of Ischaemic Cardiogenic Shock. We have
also worked closely with regional societies to impart education
through sessions at their national meetings, like the National Heart
Association of Malaysia’s MYLIVE Congress 2022, GulfPCR-GIM
2022, Taiwan Transcatheter Therapeutics (TTT 2023), Pakistan Live
Interventional Cardiology (PSIC) meeting 2023, Saudi Arabian
Cardiac Interventional Society annual meeting 2023, Bangladesh
Society of Cardiovascular Intervention (BSCI)’s annual scientific
meeting “BD INTERVENTION” 2023, Asian Pacific Society of
Cardiology Congress 2023 (Singapore) and the annual meeting
of the Japanese Association of Cardiovascular Intervention and
Therapeutics (CVIT2023).

The creation of WIN-APSIC (Women-In-Asian Pacific Society
of Interventional Cardiology), a subcouncil of APSIC!, has stood
as one of the most important initiatives of our society’s contri-
bution to defining awareness of gender diversity, not just in the
understanding of cardiac disease processes and treatments, but
also for professional training, participation and career advance-
ment in interventional cardiology. In this regard, the leadership
and enthusiasm of Fazila Malik (Bangladesh) and Mirvat Alasnag
(Saudi Arabia) as Chair and Co-Chair, respectively, have been
admirable. The council now has women interventional cardiology

representatives from 13 countries. Lim Ing Haan, the organiser
of the WIN-APSIC Webinar Series, has planned a calendar of
important educational webcasts every 3 months. The first of these,
“Multivessel PCI in Women: Real World Challenges and How to
Achieve the Best Outcomes”, held on 3 May 2023, was acclaimed
by all faculty and participants for the knowledge and awareness of
its content. WIN-APSIC has also initiated an Asia-Pacific registry
for Spontaneous Coronary Artery Dissection (SCAD) in partner-
ship with the ongoing European Society of Cardiology (ESC) reg-
istry. Other important Asia-Pacific dedicated surveys are planned.

Let us together define a new era for interventional cardiology
in the Asia-Pacific region. Let us pool our immense professional
experience, our admired technical expertise, our defining techniques
and technology, and our pathbreaking research and innovations. Let
us inspire our younger generation of interventional cardiologists to

dream and deliver the best for cardiac patients across the world.
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EDITORIAL

A novel quantitative flow ratio in coronary hifurcations:
a simpler way to a real-time functional provisional stenting

strategy

Antonella Tommasino!, MD; Emiliano Navarra?, MD; Emanuele Barbato'3*, MD, PhD

1. Division of Cardiology, Sant’Andrea Hospital, Rome, Italy, 2. Division of Cardiac Surgery, Sant’Andrea

Hospztal Rome, Italy; 3. Department of Clinical and Molecular Medicine, Sapienza University of Rome, Rome, Italy

Percutaneous coronary interventions (PCI) in bifurcation lesions are
technically challenging because of the bifurcation angle, the extent
and severity of side branch (SB) disease, and dynamic changes
in plaque distribution that occur during the intervention. PCI in
bifurcations is often associated with suboptimal clinical outcomes
as compared to PCI in non-bifurcation lesions'. Provisional stent-
ing of the SB is the recommended strategy for most bifurcation
lesions, while an upfront two-stent strategy is reserved for bifur-
cation lesions with large SBs supplying significant myocardial ter-
ritory>. However, determining the clinical relevance of an SB has
always been extremely difficult. Recently, the Bifurcation Academic
Research Consortium (Bif-ARC) has proposed a standardised algo-
rithm consisting of a simple anatomical scoring system based on
angiographic estimates of the myocardial mass at risk’.

As SBs supply the myocardium less than the main branches
(MBs), the functional impact of SB stenosis in terms of significant
ischaemia as assessed by fractional flow reserve (FFR) is lower
than a similar stenosis in an MB®*. The use of FFR to guide PCI
of bifurcation lesions has consistently shown potential benefits in
optimising treatment decisions and improving clinical outcomes®.
However, there are technical considerations and limitations, such

as the “branch steal effect”, the potential variations in FFR values

due to wire position, the impact of the SB size and the interactions
between stenoses in the MB and SB?. All these factors can lead to
an underestimation in the SB functional assessment. Furthermore,
SB rewiring is not always feasible after MB stenting, depending
upon the geometrical and dynamic changes that occur at the level of
the bifurcation PCL In fact, in the DKCRUSH VI trial®, assessing
the FFR of the SB was not viable in up to 10% of cases, primarily
due to the challenging rewiring required with the pressure wire. In
this context, the availability of angiographic functional assessment,
such as quantitative flow ratio (QFR), Murray’s law-based quantita-
tive flow ratio (mQFR), virtual FFR (VFFR), etc., could enhance the
clinical adoption of functional assessment in the context of bifurca-
tion lesions. Unlike QFR, mQFR has the additional advantage of
requiring a single acquisition based on algorithms using fractal laws
(i.e., Murray’s law in quantitative flow ratio).

The diagnostic accuracy of a novel QFR (LQFR) has been pre-
viously described’; yet, in this issue of Asialntervention, Kan et
al® significantly contribute to the available evidence by reporting
on the prognostic impact of this functional analysis in bifurca-
tions previously treated with main branch stenting where the SB
is jailed. The study suggests that in a jailed SB, a pQFR measure-
ment can be a useful prognostic factor in patients with de novo
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true bifurcation lesions undergoing PCI, by identifying function-
ally relevant SBs with lower pQFR values (<0.80) that are asso-
ciated with poorer outcomes. Previous PCI and SB pQFR <0.80
were found to be independent predictors of clinical endpoints.
Article, see page 114

These data are interesting and promising, yet, sobering conclu-
sions should be drawn in consideration of the obvious limitations
owing to the retrospective study design, e.g., small sample size,
a potential selection bias in the group of patients with an SB nQFR
<0.80 that was older, with less complete revascularisation and/or
more complex or advanced coronary artery disease. Some impor-
tant variables were not considered in the analysis, like bifurcation
angles, the type of stents used, whether SB treatment was driven
by the functional assessment and finally, the impact of intravascu-
lar ultrasound (IVUS) guidance, which was actually used in less
than 35% of the patients. Despite these limitations, the investigators
should be commended for their study, which introduces a novel and
easier approach to functionally significant bifurcations. Whether
the real-time availability of pQFR in jailed SBs could be a relia-
ble guide for further intervention in SBs that are functionally and
prognostically significant is an interesting working hypothesis that
deserves further investigation in prospective studies.
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EDITORIAL

Angiography coregistration: time to fight clinician inertia

Time is a constant concern. No matter how fast we move, we are
always in an eternal fight against the clock. Even in our cathe-
terisation laboratories, the timetable is witness to the daily chal-
lenge between operators and the ever-growing list of scheduled
procedures.

Furthermore, procedural complexity is increasing. Nowadays,
operators have a wide array of supporting tools — ranging from
coronary physiology to intracoronary imaging — to quantify and
characterise epicardial and microvascular disease. In an ideal
world, we would use all of them to provide the best-in-class, top-
notch procedural results for our patients. But, let’s be honest. In
the real world, this is not possible. Every device has a cost, both
in terms of financial resources and time consumption, and these
factors influence our selection.

In particular, time has been one of the main limitations to the
diffusion of intracoronary imaging, despite the clear benefits of
imaging guidance (whether it is intravascular ultrasound [IVUS]
or optical coherence tomography [OCT]) both for immediate pro-
cedural results and long-term outcomes', especially in complex
lesions.

Thus, it is mandatory that, when we decide to invest time and
perform an imaging-guided procedure, we do our best to obtain

Giulio Guagliumi*, MD; Dario Pellegrini, MD

Cardiology Division, IRCCS Ospedale Galeazzi Sant’Ambrogio, Milan, Italy

the maximum amount of information from this technology and
make the procedure as cost-effective as possible.

From this perspective, it is disappointing to realise that angio-
graphy coregistration (ACR) is still limited to a very small niche
of centres. This technology automatically correlates each frame of
an intracoronary imaging run (e.g., OCT) to a specific point of
the coronary artery on angiography and provides an automated,
precise and smooth transition between the two modalities. ACR
can be applied to all kinds of intravascular imaging and coronary
physiology, but OCT is the setting where it finds its best applica-
tion, as the fast pullback of the OCT catheter prevents any real-
time localisation of the OCT image during acquisition (different
from IVUS, or a pressure wire pullback)?.

Without ACR, operators must rely on common relevant markers
(like a stent or a side branch) and perform a sort of “manual coreg-
istration”. Obviously, accuracy is limited with this method, and it
may impair the advantages provided by the high spatial resolu-
tion of OCT. In particular, inaccurate stent landing and geographi-
cal miss are relevant risks when anatomical markers are not clear
upon angiography. Therefore, ACR can fill a huge gap.

In this issue of Asialntervention, Kadavil and colleagues publish
the results of the iOPTICO study’. In this all-comer registry, the
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investigators found that ACR-OCT guidance triggered a change
in treatment strategy in 89% of procedures, compared to stand-
ard coronary angiography. The study protocol planned a stepwise
approach to the procedure, with the operator being asked to pro-
vide a treatment plan after being exposed to standard angiogra-
phy, OCT and ACR-OCT. Thus, the operators were also able to
assess the impact of ACR implementation over plain OCT, which
allowed for an additional 34% change in treatment strategy.
Article, see page 124

The obvious price to pay for using intracoronary imaging
(besides the financial cost) was an increase in procedural time.
Such a finding is not a surprise. The interesting point, however,
is that ACR provided an additional layer of valuable informa-
tion, without a significant increase in time (only +3.5 minutes
compared to OCT). Considering that in normal practice ACR
assessment is usually performed simultaneously with OCT (with
no need for a separation of the two modalities — these were per-
formed separately in the study for research purposes only), this
may even result in a reduction of the total procedure time, as the
machine dispenses with the “manual coregistration” of the oper-
ator, which otherwise costs valuable minutes. This is an afford-
able price to pay, considering the clear advantages in terms of
reduction in complications (and related interventions), or future
adverse events. Undoubtedly, a plain OCT-guided procedure may
still obtain a good final result, but it may come at the price of
additional stents (in case of detection of geographical miss) and
a higher workload for the operator.

Nevertheless, a remark should be made about the study. Although
ACR is a powerful tool, OCT should always remain the main refer-
ence. Decisions on device size, length and landing zone should be
based on OCT measurements. Changing the stent length or even
stent strategy, when moving from ACR to OCT, is, in our expe-
rience an uncommon practice and limited to very select cases. In
these cases, the changes should probably, in part, be attributed to the
judgement of the operators, who were looking for a reliable marker
for stent landing on angiography. We should also avoid the risk of
falling back into old habits. Angiography should bend to intrac-
oronary imaging, not the opposite. Similarly, it seems strange that
in 15% of cases, ACR made the operator decide to perform lesion
preparation, instead of a direct stenting strategy decided with OCT.
These decisions seem like remnants of an angiography-oriented
decision-making process, which the operators were probably not
entirely able to abandon. When you decide on an imaging-guided
procedure, and you decide to invest time and money in it, you
should follow the imaging guidance to the very end.

Indeed, this is probably the major limit of current coregistra-
tion: it is not translational. ACR data are real-time, but they refer
to a specific angiography, and they do not translate to subsequent
angiographic acquisitions. So, in the end, the operator will still
need to perform a visual comparison between the reference view
(with the OCT pullback and ACR) and the current working view.
And, obviously, he will use markers with which he is familiar,
a side branch, a curve, or something reliable as a marker.

The ideal development of ACR would be fusion imaging, which
may be able to display the precise point-by-point intracoronary
imaging findings on live angiography. This could provide an even
easier, streamlined process during stent implantation. It could be
useful, for example, in so-called “ostium nailing” in which pre-
cise landing of the stent, based only on angiography, is currently
a matter of luck.

Future iterations of these technologies may provide signifi-
cant support to all operators. Indeed, as shown by the OPTICO-
Integration study®, refinements in treatment strategies provided by
ACR compared to a previously defined strategy were independ-
ent from operator expertise. This is a crucial aspect: ACR is not
merely a tutorial for beginners, who may not know how to apply
imaging in the context of angiography, but a valuable tool which
provides the advantage of process streamlining and improved
accuracy at the same time.

So, if we want to use intracoronary imaging (and we should),
we should trust the whole process. But first, we should probably

fight our own inertia and eliminate old and outdated habits.
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New opportunities for bioresorbable scaffold technology

Adnan Kastrati?*, MD; Masaru Seguchi'?, MD

1. Klinik fiir Herz- und Kreislauferkrankungen, Deutsches Herzzentrum Miinchen, Technical University Munich,
Munich, Germnay 2. German Center for Cardiovascular Research (DZHK), Partner Site Munich Heart Alliance,

Munich, Germany; 3. Division of Cardiovascular Medicine, Saitama Medical Center, Jichi Medical University, Saitama, Japan

Bioresorbable scaffolds (BRS) are an attractive treatment option
for coronary artery disease due to their unique property of com-
plete degradation after implantation, potentially reducing compli-
cations associated with residual struts in the vessel wall. However,
the results of clinical trials have been disappointing, demonstrat-
ing an increased risk of scaffold thrombosis and restenosis'?.
Despite this setback, research and development efforts to improve
the safety and efficacy of BRS continue, with a focus on several
directions including strut thickness and scaffold material®>. Another
promising option may be to modify the strut shape to round struts,
which has the potential to improve the blood flow characteristics
in coronary arteries.

Three-dimensional (3D) printing technology has made remark-
able progress in recent years and is widely used in the develop-
ment of novel medical devices. This technology allows for flexible
scaffold manufacturing, enabling the customisation of devices with
varying strut thicknesses, shapes and architecture. In this issue of
Asialntervention, Shi et al share the results of a preclinical study
comparing the performance of a newly developed polymeric

sirolimus-eluting BRS (AMSorb; Beijing Advanced Medical
Technologies) manufactured using 3D printing technology with a
sirolimus-eluting metallic stent (SES; HELIOS [Kinhely Medical])*.
The AMSorb scaffold has a poly-L-lactic acid (PLLA) backbone
coated with a mixture of an amorphous matrix of poly (D, L-lactic
acid) and sirolimus. The struts of the BRS have a circular shape
with a thickness of 140 um. The control device (an SES) was a
metallic stent consisting of an 80 pum-thick cobalt-chromium alloy
coated with sirolimus and polylactic-co-glycolic acid. A total of 32
BRS and 32 SES were implanted in 32 porcine coronary arteries in
the present study. A comprehensive assessment, including angiogra-
phy, optical coherence tomography (OCT) and histopathology, was
performed to compare the performance of the study devices at 14,
28, 97, and 189 days after implantation.
Article, see page 133

Despite the quality of this study, there are some limitations.
Previous experience with BRS using the same material used in this
study has shown that complete polymer resorption takes >3 years.
A longer follow-up and a dedicated OCT methodology would have
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allowed the evaluation of this process for AMSorb. In addition, the
specific advantages of the 3D printing technology and the round
strut shape are best evaluated with an additional control group using
conventional BRS. Furthermore, the histopathological examination
did not include an evaluation of fibrin deposition in the 2 study
groups. Finally, scaffold discontinuity, a potentially important corre-
late of late thrombosis™®, was not assessed in this study.

Overall, the present study showed satisfactory results with this
novel BRS. OCT at 14 and 28 days after implantation showed sig-
nificantly smaller lumen and stent areas for the AMSorb scaffold
compared to the SES. However, at 97 and 189 days, no significant
differences were found between the 2 devices. Quantitative coro-
nary angiography analysis showed no significant differences in late
lumen loss at any time point. Histopathological examination showed
comparable levels of injury, inflammation and endothelialisation for
BRS and SES. Based on these findings, the authors concluded that
the safety and efficacy of this particular 3D-printed BRS in a por-
cine model are comparable to those observed with SES.

The absence of an Absorb (Abbott) control group in this study*
means that only indirect comparisons can be made. In a previous
porcine model, Absorb showed a higher injury score at 12 months
and more pronounced inflammation only at >6 months post-
implantation compared to metallic drug-eluting stents’. Therefore,
the lack of increased injury score and inflammation with the novel
device evaluated in the present study may well be related to the
shorter study period, although a positive contribution from the
rounded shape of the struts is also plausible?.

It is well known that thicker struts increase coronary flow sepa-
ration and stagnation, thereby enhancing platelet deposition and
thrombin and fibrin generation®. However, it is very unlikely that
the small difference in strut thickness between AMSorb and Absorb
(<20 um) makes a relevant difference in this regard. Previous in
vitro research has shown that not only greater strut thickness but
also rectangular strut geometry disturbs the local flow field creat-
ing peristrut recirculation zones with longer blood particle resi-
dence times and increased thrombus formation’. Round struts
were associated with reduced recirculation zones and fibrin depo-
sition and increased expression of protective endothelial thrombo-
modulin®. Therefore, the round struts created by the 3D printing
technology may also partly explain the good results observed in
the present study*. AMSorb was associated with a similar degree
of endothelialisation to that seen in the metallic DES group*.
Although it is possible that the strut shape and thickness of this
device contributed to this result, endothelialisation was also not
affected by device type (Absorb or XIENCE [Abbott]) in a previ-
ous animal study’.

In conclusion, the present porcine model study used a multi-
faceted evaluation methodology, including angiography, OCT and

histopathology, and showed very encouraging results with a novel
BRS based on 3D printing technology. This technology should
probably be incorporated in the effort to create BRS with thin-
ner and improved strut shapes, with greater chances of a safer
and more effective device for clinical practice. However, a look
at the past shows that even with the Absorb scaffold, preclini-
cal results were encouraging enough to justify the start of clini-
cal trials. The challenging question is which preclinical evaluation
method is more likely to avoid the kind of disappointment that we
have seen in clinical practice with older polymer-based and fully
resorbable scaffolds. The work of Shi and colleagues* has shown
that this technology may have a new lease of life, provided that
it is carefully evaluated and that the lessons of the past are taken

into account.
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Abstract

Obstructive sleep apnoea (OSA) is a chronic sleep disorder characterised by recurrent cyclical episodes
of upper airway collapse causing apnoea or hypopnoea. Despite being highly prevalent in patients with
cardiovascular conditions, OSA has been a neglected component in cardiovascular practice. Fortunately, in
the past few decades, increasing acknowledgement of the vulnerability of cardiac patients to OSA-related
stressors and its adverse cardiovascular outcomes has made it a recognised cardiovascular risk factor in
practice guidelines. Consequences of OSA include oxidative stress, endothelial dysfunction, autonomic dys-
function, and increased catecholamine release. The perturbations caused by OSA not only provide a clear
mechanistic link to cardiovascular disease but also to poor outcomes after coronary revascularisation. This
review article focuses on the correlation of OSA to coronary revascularisation outcomes. Our team reported
that OSA is present in approximately 50% of patients undergoing coronary revascularisation. Importantly,
untreated OSA was found to be an independent predictor of adverse events after both percutaneous coronary
intervention and coronary artery bypass grafting. Although randomised trials did not confirm the benefits
of OSA treatment in improving cardiovascular outcomes, these early trials were limited by poor treatment
adherence. For now, systematic screening for OSA in patients undergoing coronary revascularisation is not
indicated. Yet, with the proven benefit of OSA treatment in improving blood pressure control and quality of
life, screening for and treatment of OSA is still indicated if patients have reported excessive daytime sleepi-
ness and/or suboptimally controlled hypertension.
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Abbreviations

AASM  American Academy of Sleep Medicine
AHI apnoea-hypopnoea index

CABG  coronary artery bypass grafting

CPAP  continuous positive airway pressure
MACE  major adverse cardiac events

0SA obstructive sleep apnoea

PCI percutaneous coronary intervention

Introduction

The advent of coronary revascularisation in the early 20" century
and the arduous journey of its refinement have greatly influenced
and transformed the landscape of coronary artery disease manage-
ment', This is undeniably contributed to by the concurrent deep-
ening of our understanding of the pathophysiology of the disease
and its progression. In addition to medical therapy, the two princi-
pal options for revascularisation would be surgical correction with
coronary artery bypass graft (CABG) and percutaneous coronary
intervention (PCI).

CABG, an open surgical procedure, aims to achieve complete
revascularisation where a graft vessel is anastomosed to existing
coronary vasculature, bypassing atherosclerotic occlusions that
reduce luminal flow and, hence, re-establishing coronary blood
flow to the myocardium. A decade and a half after the discov-
ery of CABG, the pinnacle of revascularisation, the emergence of
an alternative procedure, namely PCI, came about. In contrast to
CABG, PCl is a minimally invasive procedure involving the inser-
tion of a device percutaneously through a peripheral arterial site
and threaded into the location of the stenosis or occlusion, where it
is inflated. It confers different degrees of disease intervention and
a myriad of choices of devices, from balloon angioplasty to bare
metal stents and, most recently, the use of drug-eluting stents?.
While some innovative stents have been withdrawn from the mar-
ket, drug-eluting stents have become the current standard of prac-
tice*. Although CABG and PCI fulfil similar roles in achieving
the end result of revascularisation, both show varying efficacy in

different patient groups.

Clinical outcomes of PCl and CABG in the
contemporary era
Landmark randomised controlled trials and meta-analyses have
established that, depending on the anatomical complexity, the
extent of coronary artery lesion involvement, and pre-existing
patient comorbidities, each revascularisation method has its own
relative merits in providing for an individual instead of casting
a blanket treatment on a patient’®. It has been generally accepted,
based on randomised trials, that CABG is the recognised gold
standard of choice for patients with diffuse multivessel coronary
artery disease and/or diabetes mellitus with a high anatomical
complexity score’.

Revascularisation effectively addresses obstructions in the coro-
nary vasculature that have already transpired and relieves car-
diac ischaemia. However, as described above, we are beginning

to recognise the importance of periprocedural patient optimisa-
tion, where addressing certain premorbid risk factors (such as
hyperlipidaemia and diabetes mellitus) contributes to an improved
procedural outcome!'*'2. One such risk factor, which has not been
widely researched, is obstructive sleep apnoea (OSA)'>'. In the
past decades, untreated OSA has been shown to be an independent
predictor of adverse cardiovascular outcomes in patients under-

going coronary revascularisation.

OSA - pathophysiology, diagnosis, and
prevalence

OSA is a chronic sleep disorder characterised by recurrent cyclical
episodes of upper airway collapse causing cessation of breathing
(apnoea) or a reduction in airflow (hypopnoea) during complete
and partial obstruction, respectively'®. This commonly presents as
snoring, choking, or absence of breathing during sleep and may
manifest in the form of oxygen desaturations, arousals, and frag-
mented sleep.

The pathophysiology of OSA is multifaceted, mainly stem-
ming from a sleep-induced dimensional reduction of the upper air-
way. Pharyngeal function and patency are controlled by static and
dynamic components, namely morphological skeletal and soft tis-
sue framework, as well as the synchronised neuromuscular tone
of more than 20 muscles. Craniofacial features, fatty tissue depo-
sitions, and inflammatory soft tissue oedema in the neck, which
can all reduce the airway diameter, and the rostral shift of fluid
to the neck during sleep are some examples of anatomical impair-
ments. Any alterations in sleep-related physiological phenomena
would result in variable pharyngeal collapsibility, causing a dis-
ruption in respiratory mechanics. A clinical measure used to quan-
tify this would be the passive critical occlusion pressure, which
is the endopharyngeal pressure associated with upper airway col-
lapse. In addition, studies have shown that other physiological fac-
tors associated with OSA include the loop gain (ventilatory control
instability) and arousal threshold (sleep-wake instability).

Statistics have shown that approximately 70% of patients have
more than one non-anatomical phenotype, with each phenotype
having a varying contribution to the degree and progression of the
disease, giving rise to a wide potential for disease severity. Hence,
qualitative phenotyping allows us to characterise the different
pathophysiological traits in OSA patients and, potentially, improve
the identification of more patients for diagnosis. A combina-
tion of both subjective and objective investigations is necessary
for the holistic evaluation and diagnosis of patients. Subjective
assessments, such as the Berlin Questionnaire and the Epworth
Sleepiness Scale Questionnaire, allow clinicians to qualify self-
reported nocturnal and daytime symptoms of OSA, taking into
consideration individual anthropometric characteristics.

Different methods to diagnose OSA are summarised in Table 1;
the level 1 overnight in-laboratory polysomnography, conducted
and supervised by a certified sleep technologist, remains the diag-
nostic gold standard. During the polysomnography, the following

parameters are recorded: airflow (nasal cannula and thermistor),
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Table 1. American Academy of Sleep Medicine classification of sleep apnoea evaluation.
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Level I. Standard Level Il. Comprehensive Level lll. Modified portable sleep .
olysomnography portable polysomnography apnoea testing . G RGO .

P bioparameter recording
Minimum EEG, EOG, chin EMG, | Same as for Level | except Recording of ventilation (at least 2 Only 1 or 2 physiological
recording ECG, airflow, heart rate instead of ECG is channels of respiratory movement, or variables need to be
channels respiratory effort, and | acceptable. respiratory movement and airflow), ECG | recorded.

oxygen saturation. or heart rate and oxygen saturation.

Other Body position must be

characteristics | documented or
objectively measured.
Leg movement
recording (EMG or
motion sensor) is
desirable but optional.

Personnel and | Trained personnel Personnel are needed for Personnel are needed for preparation. Personnel are needed for

ability to must be in constant preparation. Ability to Ability to intervene is not required for preparation. Ability to

intervene attendance and able intervene is not required for all | all studies. intervene is not required
to intervene. studies. for all studies.

ECG: electrocardiogram; EEG: electroencephalogram; EMG: electromyogram; EOG: electro-oculogram

respiratory movements (respiratory inductance plethysmography),  cardiovascular complications such as hypertension, atrial fibrilla-
oxygen saturation (as measured by pulse oximetry), snoring epi-  tion, coronary artery disease, congestive heart failure, stroke, dia-
sodes, electrocardiography, and body position. OSA was diagnosed  betes, and metabolic syndrome'“.
on the basis of the apnoea-hypopnoea index (AHI), quantified as
the total number of apnoeas or hypopnoeas recorded per hour of OSA - a novel cardiovascular risk factor
sleep. According to the American Academy of Sleep Medicine  As detailed above, OSA is a complex and heterogeneous disease
(AASM) guideline'®, apnoea is defined as a >90% decrease in  characterised by multiple underlying mechanisms. The immediate
airflow from baseline for at least 10 seconds, and hypopnoea is  effects of repeated attempts to inspire against an obstructed upper
defined as a >30% decrease in airflow from baseline for >10 sec-  airway include a drop in intrathoracic pressure, cortical arousal
onds, associated with either an oxygen desaturation of >3% (some  from sleep, hypoxia, and sympathetic activation. Each of these, in
centres use >4%) and/or arousal. Diagnosis of OSA entails the turn, gives rise to the adverse cardiovascular outcomes expounded
presence of daytime or nocturnal symptoms alongside an AHI =5  below.
or, in the absence of symptoms, AHI >15. Exposure to prolonged negative intrathoracic pressure results
There is a unanimous tacit consensus among physicians world-  in decreased left ventricular filling and increased afterload,
wide that OSA is an underdiagnosed disease entity. Exacerbating  ultimately reducing stroke volume. Furthermore, OSA causes
this state of the affair is the global prevalence of OSA, with an  marked, repeated BP elevation and tachycardia secondary to
estimated 1 billion people affected and with prevalence exceed-  sympathetic nerve hyperactivity'®. The sympathetic nervous sys-
ing 50% in several countries'®. According to The Lancet 2019'°,  tem is further augmented by decreased stroke volume and the
936 million (95% confidence interval [CI]: 903-970) adults (men  suppression of sympathetic inhibitory effects of lung stretch
and women) aged 30-69 years old have mild to severe OSA, and  receptors during apnoea. Sleep arousal and respiratory events
425 million (399-450) adults aged 30-69 years old have moder-  during OSA also result in peripheral vasoconstriction, the release
ate to severe OSA, globally, based on AASM 2012 diagnostic cri-  of catecholamines and a reduction in parasympathetic modula-
teria and the AHI threshold values of >5 events per hour and >15  tion of the heart, resulting in elevated blood pressure (BP) dur-
events per hour, for symptomatic and non-symptomatic disease,  ing the night.
respectively. A community-based study in Singapore'” exemplifies The net effect of increased left ventricular afterload, tachycar-
this, where the weighted estimates of the population prevalence of  dia, and BP elevation leads to myocardial oxygen supply-demand
moderate to severe OSA and sleep apnoea syndrome were 30.5%  mismatch, ultimately resulting in (i) acute predisposition to car-
and 18.1%, respectively'’. Essentially, 91.0% of subjects with an  diac ischaemia and arrhythmias and (ii) chronic predisposition to
AHI >15 events per hour were previously undiagnosed'”. left atrial enlargement and left ventricular hypertrophy. This is
It is well established that there is a strong predominance of OSA  aggravated by recurrent upper airway collapse which results in
in men and obese and middle-aged patients, with additional risk  increased oxidative stress and reduced production of endothelium-
factors encompassing family history, race, and ethnicity. More  dependent vasodilator substances®, such as nitric oxide, contrib-
importantly, OSA is increasingly becoming a recognised cause  uting to vascular dysfunction and systemic inflammation. These
of increased cardiovascular risk'®. It has been surmised that this  processes ultimately lead to myocardial fibrosis and left ventri-
may potentially be mediated, in part, by its strong association with  cular diastolic dysfunction.
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OSA is strongly associated with hypertension, and a dose-
response relationship exists between the severity of OSA and the
degree of hypertension. In addition, OSA plays an essential role
in resistant hypertension and may mediate the association with
cardiovascular disease. The perturbations caused by OSA not only
provide a clear mechanistic link to cardiovascular disease but also
to coronary revascularisation outcomes.

OSA and coronary revascularisation outcomes
OSA AND PCI

There is a lack of data from extensive cohort studies examin-
ing the prognostic significance of OSA in patients treated with
PCL. In the pre-drug-eluting stent era, single-centre studies found
OSA to be a predictor of restenosis and target vessel revascular-
isation?'?2, A non-randomised study suggested that patients who
received treatment for OSA had reduced cardiac mortality 5 years
after PCI compared with those who declined treatment®. OSA has
been linked with coronary plaque burden and an increased risk of
cardiovascular disease**; however, there were few studies on the
prognostic effect of OSA in patients undergoing PCI before the
Sleep and Stent Study (ClinicalTrials.gov: NCT02215317).
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The Sleep and Stent Study is the largest multinational cohort
study examining the effects of OSA on post-PCI cardiovascular
outcomes to date?®. The Sleep and Stent Study was a prospec-
tive, multicentre study designed to assess the association between
OSA and cardiovascular outcomes in patients treated with PCI.
Overall, a total of 1,748 patients who had undergone a success-
ful PCI in at least one coronary artery were enrolled in the study.
The prespecified primary endpoint was a major adverse cardiac
event (MACE): a composite of cardiovascular mortality, non-fatal
myocardial infarction, non-fatal stroke, and unplanned revasculari-
sation. In total, 1,311 patients completed a portable sleep study
within 7 days of their PCI procedure. OSA, defined as an AHI
>15 events per hour, was diagnosed in 45.3% of the patient cohort
(n=594). Patients with OSA were older, more likely to be male,
had a higher BMI, and had a higher prevalence of hypertension
and diabetes mellitus than those without OSA. During the median
follow-up of 1.9 years, a MACE occurred in 141 patients (3-year
cumulative incidence estimate: 16.4%), including cardiovascular
death in 24 patients. The incidence of MACE was higher in
patients with OSA than in those without (3-year estimate: 18.9%
vs 14.0%; p=0.001) (Figure 1). Cox regression analysis showed
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Figure 1. Kaplan-Meier cumulative incidence curves of study endpoints. Cumulative incidence of (A) the primary endpoint, (B) cardiovascular

mortality, (C) all-cause mortality, and (D) target vessel revascularisation. The primary endpoint comprises cardiovascular mortality, non-fatal

myocardial infarction, non-fatal stroke, and unplanned revascularisation. OSA: obstructive sleep apnoea



that OSA was an independent predictor of MACE (hazard ratio
[HR] 1.57, 95% CI: 1.10-2.24; p=0.013).

OSA AND CABG

The Undiagnosed Sleep Apnea and Bypass OperaTion (SABOT)
study was designed to evaluate the association between OSA and
MACE in patients undergoing non-emergent CABG?*. Patients
with multivessel coronary artery disease are often referred for
CABG, and it remains unknown if OSA is a risk marker. Patients
residing in Singapore and who were referred to a tertiary cardiac
centre for non-emergent CABG were eligible. The recruited partic-
ipants underwent an overnight sleep study using a wearable diag-
nostic device before undergoing CABG. Among the 1,007 patients
who completed the study, OSA (defined as an AHI >15 events per
hour) was diagnosed in 513 patients (50.9%). Over a mean follow-
up period of 2 years, 124 patients experienced the 4-component
MACE (2-year cumulative incidence estimate: 11.3%). There were
a total of 33 cardiac deaths (2.5%), 42 non-fatal myocardial infarc-
tions (3.7%), 50 non-fatal strokes (4.9%), and 36 unplanned revas-
cularisations (3.2%). The crude incidence of MACE was higher
in the OSA group than in the non-OSA group (2-year estimate:
14.7% vs 7.8%; p=0.002) (Figure 2). Similarly, the crude inci-
dence rates of all-cause mortality, cardiovascular mortality, sudden
cardiac death or resuscitated cardiac arrest, and hospitalisation for
heart failure were also higher in the OSA group (Figure 3). OSA
was a predictor of MACE in unadjusted Cox regression analysis
(HR 1.69), and the association remained statistically significant
after adjustment for the effects of confounding variables (adjusted
HR 1.57).
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Figure 2. Cumulative incidence of the composite primary endpoint of
major adverse cardiac events. Kaplan-Meier plot showing the
cumulative incidence of major adverse cardiac events in patients
with OSA (in red) and in patients without OSA (in blue).

MACE: major cardiac adverse events; OSA: obstructive sleep apnoea

An auxiliary study evaluated the association between OSA
and total heart failure hospitalisation (HFH) after CABG.
Approximately 10% of the 1,007 recruited patients had at least

OSA and revascularisation

one episode of HFH*"?%. At a mean follow-up of 3.3 years, a sub-
group of 37% of patients had recurrent events that accounted
for two-thirds of the total 179 HFH events. Using four robust
statistical methods (Poisson, negative binomial, Andersen-Gill,
and joint frailty models), we found that patients with OSA had
a 1.6- to 1.8-fold increased risk of recurrent HFH, even after
adjustment for differences in baseline demographic and clinical

characteristics.

Treatment of OSA to improve cardiovascular
outcomes

RICCADSA, SAVE, AND ISAACC

Despite ample evidence of the association between continuous
positive airway pressure (CPAP) treatment and improvement
in blood pressure and endothelial function®-°, this is not suffi-
cient to incorporate systematic OSA screening and treatment into
the cardiovascular guidelines without supportive data from ran-
domised clinical trials. In the past decade, three randomised con-
trolled trials have been conducted to explore the potential benefits
of CPAP in cardiovascular outcomes. These are summarised in
Table 2. The first of these is the Randomized Intervention With
CPAP in Coronary Artery Disease and Sleep Apnea - RICCADSA
Trial®'. In this single-centre trial, 244 patients with newly revas-
cularised coronary artery disease and OSA (AHI >15 events per
hour) were randomised to CPAP or usual care in a 1:1 ratio. The
primary endpoint was a composite of repeat coronary revascu-
larisation, myocardial infarction, stroke, or cardiovascular mortal-
ity. Over a median follow-up of 57 months, the incidence of the
primary endpoint was 18.1% (CPAP group) versus 22.1% (usual
care group) (p=0.449).

The Continuous Positive Airway Pressure Treatment of
Obstructive Sleep Apnea to Prevent Cardiovascular Disease
(SAVE) Study was a multicentre randomised trial and is the
largest of the three listed trials®?. In contrast to most trials,
where OSA was diagnosed based on the AHI, OSA was diag-
nosed based on an oxygen desaturation index >12 events per
hour in the SAVE Study. Patients with stable coronary artery
disease or cerebrovascular disease (n=2,717) and OSA were
randomised to CPAP (n=1,346) or usual care (n=1,341). The
primary outcome was a composite of death from cardiovascu-
lar causes, myocardial infarction, stroke or hospitalisation for
unstable angina, and heart failure or transient ischaemic attack.
Over a mean follow-up of 3.7 years, the incidence of the pri-
mary endpoint was 17.0% (CPAP group) versus 15.4% (usual
care group) (p=0.34).

The CPAP in Patients With Acute Coronary Syndrome and OSA
(ISAACC) Study was a multicentre randomised trial of patients
with acute coronary syndrome®. All patients underwent respira-
tory polygraphy during the acute phase, and patients with OSA
were randomised to CPAP (n=633) or usual care (n=631). Over
a median follow-up of 3.4 years, the incidence of the primary
endpoint (a composite of cardiovascular death or non-fatal events
[acute myocardial infarction, non-fatal stroke, hospital admission
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Figure 3. Cumulative incidence of secondary endpoints. Kaplan-Meier plots showing the cumulative incidences of all-cause mortality (A),

cardiovascular mortality (B), sudden cardiac death or resuscitated cardiac arrvest (C) and hospitalisation for heart failure (D), respectively, in

patients with OSA (in red) and in patients without OSA (in blue). HFH: heart failure hospitalisation;, OSA: obstructive sleep apnoea

for heart failure, and new hospitalisations for unstable angina or
transient ischaemic attack]) was 16% in the CPAP group versus
17% in the usual care group (p=0.40). The major limitation of
the ISAACC trial is the timing of the sleep study. A recent study
has demonstrated that after acute coronary syndrome, concurrent
changes occurred in the AHI, left ventricular ejection fraction, and
left ventricular end-systolic volume. Of the patients diagnosed
with OSA at the acute phase, resolution of OSA was seen in 48%
at 6 months*.

None of the three trials showed a clear benefit of OSA therapy
using CPAP in improving cardiovascular outcomes. However, fur-
ther data analysis revealed limitations in the design and execution
of the studies. The adherence to CPAP in these trials was low.
Indeed, all of these trials reported an average CPAP adherence of
<4 hours per night, which is below the minimum (>4 hours) needed
to derive benefits from CPAP3. Notably, these trials recruited
patients who had developed cardiovascular events. Such patients
differ from younger patients, whose CPAP may confer a benefit

in the primary prevention of cardiovascular disease, whereby they
may be more likely to adhere to CPAP use.

LOW CPAP ADHERENCE IN CLINICAL TRIALS AND ITS
IMPLICATIONS

All the research participants in the aforementioned trials pre-
sented with cardiovascular disease. These participants were una-
ble to tolerate the CPAP over the duration of the trials to achieve
clinically meaningful benefits, possibly due to excessive daytime
sleepiness or drug (angiotensin-converting enzyme inhibitor)-
induced airway hyperresponsiveness®. In the RICCADSA Trial,
38% of the participants in the CPAP group stopped using the
device within the first year. The adjusted on-treatment analysis
showed a cardiovascular risk reduction in those who used CPAP
for >4 versus <4 hours per night (p=0.026), suggesting that the
low CPAP adherence may have contributed to the overall nega-
tive results. In the SAVE trial, despite the initial run-in period
with sham CPAP achieving an average usage of 5.2 hours per
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Table 2. Summary of the three randomised controlled trials on the effects of CPAP on cardiovascular events.

Percentage
of patients
with CPAP

Average
. Mean ESS*
Definition (CPAP vs CPAP

Number of
patients

Single- or
multicentre

Study Key inclusion

Key exclusion criteria

€11-G01:6'€20Z UOUaAIBIIIEISY |

. period criteria of 0SA adherence
study recruited usual care) (h/night) adherence
>4 h/night)
RICCADSA | Single-centre | 244 2005-13 | Adult patients with | Patients with existing 0SA,
CAD who had daytime sleepiness (ESS M
undergone PCl or >10), and predominantly SR e NA NA NA
CABG in the previous | central apnoeas with
6 months Cheyne-Stokes respiration
SAVE Multicentre 2,717 2008-16 | Adults between 45 Severe daytime sleepiness
and 75 years of age | (ESS >15) or were considered
who had 0SA and to have an increased risk of DI+ 73436 s
. ) 33 ) o
stable coronary or an accident from falling 12 events/h 75436 3.3 h/night 42%
cerebrovascular asleep, very severe
disease hypoxaemia, or Cheyne-Stokes
respiration
ISAACC Multicentre 2,551 2011-18 | Aged >18 years, Previous treatment with CPAP
hospitalised for ACS | for OSA, inability to complete
questionnaires, known sleep
disorder, >50% central AHI 54+2.5vs . o
apnoeas or the presence of >15 events/h 5.3x25 Z:8livnight 38%
Cheyne-Stokes respiration,
and daytime sleepiness (ESS
>10)
*scores range from O to 24, with higher scores indicating greater severity. Daytime sleepiness generally defined as ESS >10. **the number of times per
hour during the oximetry recording that the blood oxygen saturation level drops by >4 percentage points from baseline. ACS: acute coronary syndrome;
AHI: apnoea-hypopnoea index; CABG: coronary artery bypass grafting; CAD: coronary artery disease; CPAP: continuous positive airway pressure;
ESS: Epworth Sleepiness Scale; ISAACC: CPAP in Patients With Acute Coronary Syndrome and OSA; NA: not available; ODI: oxygen desaturation index;
OSA: obstructive sleep apnoea; PCl: percutaneous coronary intervention; RICCADSA: Randomized Intervention With CPAP in Coronary Artery Disease
and Sleep Apnea; SAVE: Continuous Positive Airway Pressure Treatment of Obstructive Sleep Apnea to Prevent Cardiovascular Disease

night, CPAP usage declined over the first year to 3.5+2.4 hours
per night and was only 3.3+2.3 hours per night at the final fol-
low-up. Moreover, only 42% of participants in the CPAP group
achieved the conventional criteria for good adherence (>4 hours
per night). The propensity score-matched analyses showed that
the patients adhering to CPAP therapy had a lower risk of stroke
(p=0.05) and the composite endpoint of cerebral events (p=0.02)
than those in the usual care group. Similarly, adherence to CPAP
was extremely low in the ISAACC Study. Indeed, 1 year after
starting CPAP, the average adherence was only 2.8+2.6 hours per
night, with only 36% of the patients in the CPAP group achiev-
ing >4 hours per night. A propensity score analysis comparing
patients who achieved “good adherence” with those receiving
usual care showed an HR of 0.80, favouring the CPAP group®’.

It has long been recognised that some patients diagnosed with
OSA are not receptive to CPAP, despite it being a guideline-
mandated first-line treatment for OSA that improves snoring
and daytime sleepiness. Using recent data from 789,260 patients
initiated on CPAP in the US Centers for Medicare & Medicaid
Services database, the overall adherence rate (>4 hours of use
on 70% of nights over a consecutive 30-day period) in the first
90 days was only 72.6%*.

Despite the introduction and testing of many interventional
measures, these interventions have had limited success, and this

treatment modality continues to be plagued by a lack of adher-
ence. Indeed, overall non-adherence remains consistent at 30%-
40%, especially in health systems where the cost of CPAP is not

reimbursable3®40,

Conclusions

OSA is a prevalent, chronic sleep disorder that affects a patient’s
quality of life. In the past decades, there has been emerging evi-
dence that OSA is an independent predictor of adverse cardiovas-
cular outcomes in patients undergoing coronary revascularisation.
Affected individuals had a 50% higher risk of experiencing adverse
events if the OSA was untreated. CPAP, with positive airway pres-
sure applied through a nasal or oronasal interface to splint the upper
airway open, is the mainstay of therapy for OSA. CPAP is effec-
tive in alleviating OSA-associated sleepiness. Moreover, epidemi-
ological data have demonstrated that patients with OSA who use
CPAP have a lower risk of fatal and non-fatal cardiovascular events
than non-users. Similarly, randomised trials have shown the benefits
of CPAP in improving systolic blood pressure, inflammation, and
endothelial function. However, due to poor CPAP adherence, ran-
domised controlled trials have failed to verify the benefits of CPAP
in reducing cardiovascular events. For now, systematic screening
for OSA in patients undergoing coronary revascularisation is not
indicated. Although, screening for and treatment of OSA is still
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indicated if the patients have reported excessive daytime sleepiness

and/or suboptimally controlled hypertension.
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CORONARY INTERVENTIONS

Clinical prognostic value of a novel quantitative flow ratio
from a single projection in patients with coronary bifurcation
lesions treated with the provisional approach
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KEYWORDS Abstract o | _ . _
Background: A novel quantitative flow ratio (uWQFR) for bifurcated coronary vessels, derived from a sin-
« bifurcation gle projection, has been recently reported. Provisional stenting is effective for most bifurcation lesions.
o drug-eluting stent
e other imaging

modalities

However, the clinical value of the side branch (SB) pQFR in patients with coronary bifurcation lesions
undergoing provisional stenting remains unclear.

Aims: This study aims to determine the clinical predictive value of the SB uQFR after provisional stenting
in patients with coronary bifurcation lesions.

Methods: Between June 2015 and May 2018, 288 patients with true coronary bifurcation lesions who
underwent a provisional approach without SB treatment (including predilation, kissing balloon inflation or
stenting) were classified by an SB pQFR <0.8 (n=65) and >0.8 (n=223) groups. The primary endpoint was
the three-year composite of target vessel failure (TVF), including cardiac death, target vessel myocardial
infarction (TVMI), and revascularisation (TVR).

Results: Three years after the procedures, there were 43 (14.9%) TVFs, with 19 (29.2%) in the SB pQFR
<0.8 and 24 (10.8%) in the SB pQFR >0.8 groups (adjusted hazard ratio [HR] 2.45, 95% confidence
interval [CI] 1.39-5.54; p=0.003), mainly driven by increased TVMI (16.9% vs 5.4%, adjusted HR 3.29,
95% CI: 1.15-6.09; p=0.030) and TVR (15.4% vs 2.2%, adjusted HR 6.39, 95% CI: 2.04-13.48; p=0.007).
Baseline diameter stenosis at the ostial SB and SB lesion length were the two predictors of an SB pQFR
<0.8 immediately after stenting the main vessel, whereas previous percutaneous coronary intervention and
an SB pQFR <0.8 were the two independent factors of 3-year TVF.

Conclusions: An SB pQFR <0.8 immediately after the provisional approach is strongly associated with

clinical events. Further randomised studies with large patient populations are warranted.

*Corresponding author: Nanjing First Hospital, Nanjing Medical University, 140 Hanzhong Rd, Gulou, Nanjing, Jiangsu,
Nanjing 210029, People’s Republic of China. E-mail: chmengx@hotmail.com
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Abbreviations

KBI kissing balloon inflation

LAD left anterior descending coronary artery
LCx left circumflex coronary artery

Mi myocardial infarction

Mv main vessel

PCI percutaneous coronary intervention
HaFR novel quantitative flow ratio

SB side branch

ST stent thrombosis

TVF target vessel failure

Introduction

Coronary artery bifurcation is anatomically complicated; stent-
ing coronary bifurcation lesions yields suboptimal clinical results,
including frequent stent thrombosis (ST) and unplanned repeat
revascularisations, compared to non-bifurcation lesions'. While
the main vessel (MV) lesion is the primary determinant of clinical
outcome, in this modern era of percutaneous coronary intervention
(PCI) using drug-eluting stents (DES), when and how to treat side
branch (SB) lesions are still key questions?. This is largely because
of the dissociation between anatomical severity and functional
significance®*. The DKCRUSH VI study® is the only randomised
study analysing the differences in clinical outcome between frac-
tional flow reserve (FFR)-guided and angiography-guided stenting
of bifurcation lesions. The study failed to show a clinical benefit
of FFR guidance, except for a lower requirement for SB stent-
ing. One reason for this may be the high rate (9%) of failure to
access the SB using rigid pressure wires after stenting the MV.
Thus, angiography-derived quantitative flow ratio (QFR), without
the administration of adenosine or the use of costly and less man-
ageable pressure wires, is becoming a point of interest®.

Several studies have analysed the diagnostic performance of
the QFR in comparison with pressure wire-measured FFR®!3
and revealed that the QFR showed good agreement, diagnostic
accuracy, and predictive value compared with FFR%!%12 except
for borderline FFR zones with acute myocardial infarction
(AMD". However, the first-generation software for calculating
QFR requires two angiographic projections with angles 25" apart
and does not apply to SB QFR measurements. The accuracy of
an MV pQFR measurement from a single angiographic projection
has recently been demonstrated to have as good a diagnostic per-
formance as FFR!'* among patients in the FAVOR II China study'®.
In this study, however, the agreement between SB nQFR and FFR
was not reported. Furthermore, the predictive value of SB pQFR
immediately after provisional stenting (the predominant stenting
technique for uncomplicated bifurcation lesions) for short- and
long-term clinical outcomes is unclear. Accordingly, this study
aims to identify the prevalence of SB pQFR <0.8 after stenting
the MV without SB treatment (including predilation, kissing bal-
loon inflation or SB stenting) and the association of SB pQFR
with clinical events during 3 years of follow-up.

Editorial, see page 99

Novel quantitative flow ratio for coronary bifurcations

Methods

PATIENT POPULATION

Patients presenting with de novo coronary bifurcation lesions
intended for PCI at participating centres, between June 2015 and
May 2018, were evaluated for an intention-to-treat analysis in
the study. Patients were included if they had only one bifurca-
tion lesion treated with provisional stenting (MV stenting with
a jailed wire in the SB), were >18 years old, presented with silent
ischaemia, stable or unstable angina, or myocardial infarction (MI)
>24 hours prior to treatment. For study inclusion, all bifurcation
lesions were Medina 1, 1, 1 or 0, 1, 1 with a reference vessel
diameter (RVD) in the SB >2.5 mm by visual estimation. Patients
who had participated in other clinical trials were excluded from

this analysis.

PROVISIONAL STENTING PROCEDURE

The provisional stenting technique has been described previ-
ously?>1¢17. The MV and SB were wired. Predilating the SB was
not encouraged. A stent with a stent/artery ratio of 1.1:1 was
implanted in the MV, then the proximal optimisation technique
(POT) using non-compliant balloons (1:1 of balloon/stent ratio,
>18 atm) was performed. After MV stenting, ballooning or stent-
ing the SB was performed, if the SB Thrombolysis in Myocardial
Infarction (TIMI) flow was <3. Patients who had undergone SB
treatment (predilation, kissing balloon inflation or stenting) before

SB nQFR measurement were excluded from this analysis.

MEASUREMENT OF pQFR

The measurements of HQFR for the MV and all SBs have been
described elsewhere'*. The HQFR was computed using a prototype
software (AngioPlus Core, Pulse Medical Imaging Technology)
by three experienced technicians who were blinded to the objec-
tives of this study. The computation included 1) delineation of the
interrogated epicardial coronary artery during contrast injection
and calculation of contrast flow velocity based on the centreline
length divided by the contrast dye filling time; 2) selection of
the analysis frame with sharp lumen contour at the stenotic seg-
ment as the key frame; 3) delineation of the lumen contour of the
interrogated vessel and its SBs with diameters of >1.0 mm on
the key frame; 4) reconstruction of the reference diameter func-
tion with the step-down size across bifurcations; 5) modelling of
hyperaemic flow velocity based on the contrast flow velocity and
calculation of pressure drop based on fluid dynamics equations,
assuming a blood density of 1,060 kg/m* and viscosity of 0.0035
kg/(m.s).

INTRA- AND INTEROBSERVER ANALYSIS

To analyse intraobserver variability in pQFR measurements, 30
randomly selected vessels were analysed simultaneously by three
well-trained technicians who were blinded to the study objec-
tives. For interobserver variability analysis, 20 vessels were
randomly selected and reanalysed by the same technician and
a second technician 1 week later. The pQFR of the MV and SB
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were calculated at baseline and immediately after stenting the
MYV and POT.

MEDICATION AND FOLLOW-UP

Procedural anticoagulation was achieved with unfraction-
ated heparin. All patients were treated with aspirin preproce-
dure and received a 300 mg loading dose of clopidogrel if not
on chronic dual antiplatelet therapy. After the intervention, all
patients received 100 mg/day of aspirin indefinitely and clopi-
dogrel 75 mg/day for at least 12 months. Additional medications
for secondary prevention, including statins, B-blockers and angio-
tensin-converting enzyme inhibitors, were prescribed according to
current guidelines. Clinical follow-up was done through office vis-

its or telephone interviews at 1, 6, 12, 24, and 36 months.

ENDPOINTS AND DEFINITIONS

The primary endpoint was target vessel failure (TVF) at 3-year
follow-up, defined as the composite of cardiac death, target ves-
sel MI (TVMI), or clinically driven target vessel revascularisa-
tion (TVR). Death from cardiac causes was defined as any death
without a clear non-cardiac cause. Protocol-defined periprocedural
MI (within 48 hours) was defined as a creatine kinase myocar-
dial band (CK-MB) >10x the upper reference limit (URL) of the
assay, or >5x URL plus either i) new pathological Q waves in
>2 contiguous leads or new left bundle branch block (LBBB);
ii) angiographically documented graft or coronary artery occlu-
sion or new severe stenosis with thrombosis; iii) imaging evi-
dence of new loss of viable myocardium; or iv) new regional wall
motion abnormality. Spontaneous MI (after 48 hours) was defined
as a clinical syndrome of MI with CK-MB or troponin >1x the
URL and new ST-segment elevation or depression, or any of the
findings described above. All MIs were considered TVMI unless
there was clear evidence that they were attributable to a non-tar-
get vessel'®!”. Clinically driven TVR was defined as angina or
ischaemia attributable to the target vessel requiring repeat PCI or
coronary artery bypass graft. Secondary endpoints included car-
diac death, TVMI, clinically driven target lesion revascularisation
(TLR), and all-cause death. Definite or probable ST, according to
the Academic Research Consortium,'® was the major safety end-
point. All events were adjudicated by a central committee using
original source documents blinded to treatment. The function-
ally complete revascularisation was defined by a post-PCI pQFR
>0.80 in all treated vessels.

STATISTICAL ANALYSIS
Patients were assigned to the SB pQFR <0.8 and SB puQFR
>0.8 groups immediately after MV stenting with final POT.
Baseline characteristics are reported as counts and percentages or
as meantstandard deviation (SD). The chi-squared or Fisher’s exact
tests were used to compare categorical variables. The Student’s
t-test or Wilcoxon rank-sum scores for non-normally distributed
data were used to compare continuous variables. Time-to-first event
curves were generated using Kaplan-Meier analysis and compared

using the log-rank test. Landmark analysis was used to determine
the difference in TVF within 30 days, from 31 days to 1 year, and
from 1 to 3 years between the two groups. Cox regression analysis
was used to compare the differences in the primary endpoints and
to identify the predictors of 3-year TVF and SB pQFR <0.8 after
stenting the MV with POT, with outputs of hazard ratios (HR), 95%
confidence intervals (CI), and p-values. Baseline variables with
a p-value <0.05 between the groups were used for an adjusted anal-
ysis of endpoints. All statistical tests were two-sided, and a p-value
of <0.05 was considered statistically significant. All analyses were
performed with Stata v12.0 (StataCorp).

Results

PATIENT POPULATION

Between June 2015 and May 2018, 1,113 patients with true bifur-
cation lesions were screened (Figure 1). Of them, 825 patients
were excluded: chronic total occlusions (CTOs) in 89 patients
(60 CTOs in the MV, 16 in the SB, and 12 in both the MV and the
SB); a two-stent approach in 9 patients; poor imaging quality in
192 patients; and 535 undergoing SB treatment (including predila-
tion or kissing balloon inflation or stenting). Finally, 288 patients
were included in this study. Immediately after the PCI proce-
dures, 65 (22.6%) patients had an SB pnQFR <0.8 and 223 (77.4%)
patients had an SB pQFR >0.8.

| 1,113 patients with Medina 0,1,1 or 1,1,1 bifurcation lesions |

89 CTOs excluded
—60 CTOs in the MV alone »
— 16 CTOs in the SB alone
—12 CTOs in both MV/SB

201 exclusions

— 2-stent (n=9)
Poor imaging quality
— Before (n=102)
— After (n=90)

| 823 patients underwent provisional stenting |

| Main vessel stenting with jailed SB wire |

>| SB treatment excluded (n=535) |

v
| SB non-treatment (n=288) |

SB OFR<0.8 (n=65, 22.6%) | |SB pQFR=0.8 (=223, 77.4%)

| Primary endpoint: TVF at 3 years |

Figure 1. Study flowchart. Of 288 patients with true coronary
bifurcation lesions after stenting the main vessel (MV) without side
branch (SB) treatment (including predilation, or kissing balloon
inflation or stenting), 65 patients had an SB quantitative flow ratio
(LOFR) of <0.8 and 223 patients had an SB uQFR >0.8.

CTO: chronic total occlusion; TVF': target vessel failure

BASELINE CLINICAL CHARACTERISTICS
Patients in the SB nQFR <0.8 group were older (66.4+10.0 years
vs 64.449.9 years; p=0.017) and had more frequent previous PCI
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(32.3% vs 13.0%; p=0.001), compared to patients in the SB pQFR
>(.8 group (Table 1).

LESION AND PROCEDURAL CHARACTERISTICS

The lesion length in the MV was 37.5+12.4 mm in the SB uQFR
<0.8 group (Table 2), significantly longer than the 34.9+17.4 mm
in the SB pQFR >0.8 group (p=0.022). Baseline diameter ste-
nosis at the ostial SB (59.9% vs 52.0%; p=0.072) and SB
lesion length (14.5+£7.1 vs 13.4£9.2; p=0.382) were compara-
ble between the two groups. More lesions needed to be treated
(2.2340.86 vs 1.92+0.82; p<0.001) in the SB nQFR <0.8 group,
resulting in a higher rate of staged procedures (40.0% vs 26.0%;
p=0.043) and fewer complete revascularisations (40.0% vs
63.7%; p=0.001). Most procedures were performed using the

Table 1. Baseline characteristics of patients.

SB uGFR SB pQFR

<0.8 (n=65) | >0.8 (n=223) p-value

Age, years 66.4+10.0 64.4+9.9 0.017
Male, n (%) 51(78.5) 165 (74.0) 0.518
Body mass index, kg/m? 24.6+3.1 24.6+2.9 0.629
Body surface area, m? 1.86+0.16 1.86+0.17 0.888
Hypertension, n (%) 44 (67.7) 144 (64.6) 0.767
Diabetes, n (%) 23 (35.4) 69 (30.9) 0.546
Hyperlipidaemia, n (%) 34 (52.3) 107 (48.0) 0.575
Previous MI, n (%) 10 (15.4) 30(13.5) 0.686
Previous PCI, n (%) 21 (32.3) 29 (13.0) 0.001
Previous CABG, n (%) 0 2(0.9) 1.000
Renal dysfunction, n (%) 4(6.2) 8(3.6) 0.478
Current smoker, n (%) 14 (21.5) 41 (18.4) 0.592
Family history, n (%) 2(3.1) 11(4.9) 0.739
Gl bleeding, n (%) 2(3.1) 5(2.2) 0.658
Stroke, n (%) 7(10.8) 24 (10.8) 1.000
Peripheral artery disease, n (%) 1(1.5) 17 (7.6) 0.085
Heart failure, n (%) 8(12.3) 18 (12.6) 1.000
LVEF, % 59.4+8.4 60.8+7.5 0.583
Heart rate, bpm 72.7£10.9 74.1£11.1 0.695
Systolic blood pressure, mmHg 135.9+17.9 131.8+17.3 0.300
Diastolic blood pressure, mmHg 77.9+10.2 78.6+10.5 0.909
Clinical Silent ischaemia 3(4.6) 11 (4.9) 1.000
ﬁr(e%e)"ta“o"' Stable angina 13 (20.0) 12(188) | 0858
Unstable angina 34 (52.3) 122 (54.7) 0.778
AMI >24 h 15(23.1) 48 (21.5) 0.865
STEMI 6(9.2) 25(11.2) 0.821
NSTEMI 9(13.8) 23(10.3) 0.500
Data are mean=standard deviation or n (%). AMI: acute myocardial infarction;
CABG: coronary artery bypass graft; Gl: gastrointestinal; LVEF: left ventricular ejection
fraction; MI: myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction;
PCl: percutaneous coronary intervention; pQFR: novel quantitative flow ratio; SB: side
branch; STEMI: ST-segment elevation myocardial infarction

Novel quantitative flow ratio for coronary bifurcations

transradial approach. Intravscular ultrasound guidance was used

in fewer than 30% of patients.

DYNAMIC CHANGE OF pQFR
The inter- and intraobserver variances were less than 5%.

At baseline, the absolute value of pQFR in the SB uQFR
<0.8 group was lower than that in the SB pQFR >0.8 group
(0.61£0.19 vs 0.71+0.22; p=0.001) (Table 3), and the percent-
age of patients with an SB pQFR <0.8 was 90.8% (n=59), sig-
nificantly different from the 59.2% (n=132) in the SB pQFR
>0.8 group (p<0.001). However, the percentage of patients with a
baseline MV puQFR <0.8 did not differ significantly between the
two groups.

After stenting the MV and POT, the pQFR in the MV increased
to 0.93+0.07 in the SB pQFR >0.8 group, compared to 0.91+0.09
(p=0.008) in the SB pQFR <0.8 group, resulting in a higher rate
of nQFR <0.89 in the SB pQFR <0.8 group (23.1% vs 12.6%;
p=0.047).

For the SB, immediately after stenting the MV and POT, a more
profound increase of pQFR in the SB was measured in the SB
LQFR >0.8 group (0.20+0.22), compared to 0.03+0.21 in the SB
LQFR <0.8 group (p<0.001). Baseline diameter stenosis at the
ostial SB (odds ratio [OR] 9.55, 95% CI: 1.51-15.92; p=0.023)
and SB lesion length (OR 5.433, 95% CI: 1.201-10.93; p<0.001)
were the two predictors of a pQFR <0.8 in the SB immediately
after stenting the MV.

PRIMARY AND SECONDARY ENDPOINTS

At 30 days, the rate of endpoints was comparable between the
two groups after adjusted analysis (Table 4). Within one-year
after stenting, the incidence of TVMI and TVR in the SB pnQFR
<0.8 group were 15.4% and 12.3%, respectively, significantly dif-
ferent to the 4.9% and 1.3% in the SB pQFR >0.8 group, by either
unadjusted or adjusted analyses.

At 3-year follow-up, TVF was reported in 43 (20.0%) patients
overall, with 29.2% of patients in the SB nQFR <0.8 group and
10.8% in the SB nQFR >0.8 group (adjusted HR 2.45, 95% CI:
1.30-5.53; p=0.003) experiencing TVF, largely driven by increased
rates of TVMI (16.9% vs 5.4%, adjusted HR 3.29, 95% CI: 1.15-
6.09; p=0.030) and TVR (15.4% vs 2.2%, adjusted HR 6.39, 95%
CI: 2.04-13.48; p=0.007) (Table 4, Figure 2). Landmark analysis
between the two groups (Figure 3) showed a significant difference
in TVF within 30 days and at one year but not between one and
three years.

By multivariate analysis, previous PCI (OR 4.81, 95% CI: 1.07-
21.69; p=0.041) and an SB pQFR <0.8 (OR 6.88, 95% CI: 2.09-
22.64; p=0.002) were the two independent factors of 3-year TVF.

CORRELATION OF SB pQFR <0.8 WITH SB TIMI FLOW AND
TVF

Immediately after the procedures, SB TIMI flow grade <3 was
seen in 18 (6.3%) patients, with 15 (23.1%) in the SB nQFR
<0.8 group and 3 (1.3%) in the SB nQFR >0.8 group (p<0.001)
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Table 2. Lesions and procedural characteristics.

SB pQFR <0.8 (n=65) | SB pQFR >0.8 (n=223) p-value

No. of diseased vessels Single-vessel disease, n (%) 12 (18.5) 61 (27.4) 0.194
Two-vessel disease, n (%) 29 (44.6) 103 (46.2) 0.888
Three-vessel disease, n (%) 24 (36.9) 59 (26.5) 0.120
LM bifurcation lesions, n (%) 20 (30.8) 79 (35.4) 0.554
Moderate-severe calcification | Main vessel, n (%) 20 (30.8) 68 (30.5) 1.000
Side branch, n (%) 9(13.8) 19 (8.5) 0.234
Thrombus-containing lesion Main vessel, n (%) 2(3.1) 8 (3.6) 1.000
Side branch, n (%) 1(1.5) 0 0.226
TIMI flow grade 3 prior to Main vessel, n (%) 59 (90.8) 200 (89.7) 0.823
procedure Side branch, n (%) 62 (95.4) 213 (95.5) 0.334
Lesion length Main vessel, mm 37.5+12.4 34.9+17.4 0.022
Side branch, mm 14.5+7.1 13.4+9.2 0.382
Diameter stenosis Main vessel, % 54.3+14.0 52.2+17.8 0.243
Side branch, % 59.9+13.9 52.0+19.2 0.072
No. of lesions, n 2.34+0.87 2.14+0.91 <0.001
No. of treated lesions, n 2.23+0.86 1.92+0.82 <0.001
Transradial access, n (%) 50 (76.9) 187 (83.9) 0.201
IVUS guidance, n (%) 18 (27.7) 66 (29.6) 0.877
IABP, n (%) 0 1(0.4) 1.000
MV TIMI flow grade 3 post-procedure, n (%) 64 (98.5) 222 (99.6) 0.862
SB TIMI flow grade 3 post-procedure, n (%) 50 (76.9) 220 (98.7) <0.001
Staged PCI, n (%) 26 (40.0) 58 (26.0) 0.043
Complete revascularisation, n (%) 26 (40.0) 142 (63.7) 0.001
Data are meanzstandard deviation or n (%). IABP: intra-aortic balloon pumping; IVUS: intravascular ultrasound; LM: left main; MV: main vessel;
PCI: percutaneous coronary intervention; HQFR: novel quantitative flow ratio; SB: side branch; TIMI: Thrombolysis in Myocardial Infarction

Table 3. Dynamic change of quantitative flow ratio.
SBpQFR | SB pQFR >0.8

<08(n=65) | (n=223) | PVale
Target vessel, | LAD-LCx 16 (24.6) 65 (29.1)
n el LAD-diagonal 36 (55.4) 128 (57.4)
LCx-obtuse 11(16.9) 21(94) 0.386
marginal
Distal RCA 2(3.1) 9(4.0)
Main vessel | Baseline 0.61+0.22 0.61+0.24 0.046
HOrR <08,1(%) 46 (70.8) 167 (74.9) 0523
Post-procedure 0.91+0.09 0.93+0.07 0.008
<0.89, n (%) 15(23.1) 28 (12.6) 0.047
Side branch | Baseline 0.61+0.19 0.71+0.22 0.001
HOFR <0.8,n (%) 59(90.8) 132 (59.2) <0.001
Post-procedure 0.64+0.14 0.91+0.06 <0.001
ApQFR 0.03+0.21 0.20+0.22 <0.001
Data are mean=standard deviation or n (%). LAD: left anterior descending artery; LCx: left
circumflex; MV: main vessel; pQFR: novel quantitative flow ratio; RCA: right coronary artery;
SB: side branch

(Table 2). Of patients with SB TIMI flow grade <3, >33.0% of
patients suffered 3-year TVF (Figure 4), with no significant dif-
ference between the SB nQFR <0.8 and >0.8 groups. Notably,
of 270 patients with TIMI flow grade 3, the rate of 3-year TVF
was 28.0% (14/50) in patients with an SB pQFR <0.8 and
10.5% (23/220) in patients with an SB uQFR >0.8 (p=0.003)
(Figure 3).

Discussion

To the best of our knowledge, this is the first study to report the
clinical predictive value of the pQFR from a single projection in
patients with true coronary artery bifurcation lesions treated with
the provisional approach. We successfully measured the pQFR in
the MV and SB in 82.7% of patients and found that 1) baseline
diameter stenosis at the ostial SB and SB lesion length are pre-
dictors of an SB pQFR <0.8 immediately after stenting the MV;
2) a post-procedural SB pQFR <0.8 is strongly associated with
TVMI, TVR, and subsequent TVF, within one year of the proce-
dure; 3) previous PCI and an SB uQFR <0.8 predict the occur-
rence of three-year TVF.



Table 4. Primary and secondary endpoints.
SB HQFR <0.8 | SB yQFR >0.8

Novel quantitative flow ratio for coronary bifurcations

Unadjusted analysis Adjusted analysis

At 30 days
TVF 9 (13.8) 13 (56.8) 2.59 (1.06-6.38) 0.038 2.44 (0.67-5.25) 0.162
Cardiac death 0 3(1.3) = 0.997 - 0.944
TVMI 8(12.3) 11 (4.9) 2.71 (1.04-7.04) 0.041 2.57 (0.56-6.89) 0.227
PMI 8(12.3) 10 (4.5) 2.99 (1.13-7.92) 0.028 2.73 (0.79-6.61) 0.091
TVR 1(1.5) 0 — 0.995 — 0.994
ST 0 2(0.9) = 0.997 = 0.994
At 1 year
TVF 16 (24.6) 15 (6.7) 4.53 (2.09-9.78) <0.001 4.02 (1.77-6.83) 0.004
Cardiac death 1(1.5) 3(1.3) 1.15(0.12-11.21) 0.907 1.02 (0.10-1.12) 0.638
TVMI 10 (15.4) 11 (4.9) 3.50 (1.42-8.67) 0.007 3.35(1.03-7.33) 0.045
TVR 8(12.3) 3(1.3) 10.29 (2.65-40.04) 0.001 7.95(1.13-35.98) 0.037
ST 0 3(1.3) - 0.997 - 0.995
Any death 2(3.1) 5(2.2) 1.38 (0.26-7.31) 0.702 1.26 (0.21-5.45) 0.608
At 3 years
TVF 19 (29.2) 24 (10.8) 3.43(1.73-6.77) <0.001 2.45 (1.39-5.54) 0.003
Cardiac death 4 (6.2) 4(1.8) 3.59 (0.87-14.77) 0.077 1.02 (0.09-3.20) 0.987
TVMI 11 (16.9) 12 (5.4) 3.58 (1.49-8.56) 0.004 3.29 (1.15-6.09) 0.030
TVR 10 (15.4) 5(2.2) 7.93 (2.60-24.14) | <0.001 6.39 (2.04-13.48) 0.007
ST 2(3.1) 4(1.8) 1.74 (0.31-9.71) 0.529 1.48 (0.26-4.23) 0.390
Any death 6 (9.2) 13 (5.8) 1.64 (0.59-4.51) 0.335 1.58 (0.46-4.01) 0.995
Data are n(%). Parameters for adjusted analysis included age, history of percutaneous coronary intervention, peripheral artery disease, renal dysfunction,
heart failure, triple-vessel disease, lesion length in the main vessel and side branch, baseline diameter stenosis at the ostial side branch, number of
lesions, number of treated lesions, staged percutaneous coronary intervention, final two-stent techniques, and complete revascularisation.
Cl: confidence interval; HR: hazard ratio; MI: myocardial infarction; PMI: periprocedural myocardial infarction; pQFR: novel quantitative flow ratio;
SB: side branch; ST: stent thrombosis; TVF: target vessel failure; TVMI: target vessel myocardial infarction; TVR: target vessel revascularisation

The measurement of the pfQFR has the advantage of not requir-
ing the administration of adenosine (which may induce some side
effects, i.e., dyspnoea and bradyarrhythmia) or the use of a costly
pressure wire, and subsequently shortens the measuring time (usu-
ally 1-2 min)®. Since pQFR measurements rely largely on the identi-
fication of arterial boundaries from angiography, the reproducibility
of uQFR is a major issue. Kornowski et al’” reported that a high
degree of concordance was found between two measurements of
QFR performed by two different operators (interclass correlation
coefficient of 0.97; p<0.001), which is consistent with our results.
Since angiographic quality is the determinant of a successfully
measured QFR™, the failure of measurements varied from 5.9%
10 to 16%°, similar to our findings. The common feature of these
lesions is slow flow, with a QFR >0.80 due to no significant steno-
sis, but a TIMI flow grade <3. It is important to note that the pQFR
only assesses the presence of ischaemia caused by lesions in the
epicardial coronary vessels, so coronary microvascular lesions may
present with a normal QFR but slow blood flow. Recently, a meta-
analysis'® of 16 studies demonstrated that 18% of evaluated vessels
could not be analysed. Obviously, prospective analysis will promote

the successful measurement of QFR given that the quality of angi-
ography meets the requirements'. Diagnostic performance of the
QFR is another concern. Results from the WIFI II Study'® showed
that the overall sensitivity, specificity, and positive and negative pre-
dictive values of the QFR in a single vessel were 77%, 86%, 75%,
and 87%, respectively. The sensitivity and specificity of the QFR
increased to 86.5% and 88.9%, respectively, in the FAVOR II China
study'?, in line with a recent pooled analysis'. However, the accu-
racy of the SB pQFR was not analysed because of a lack of wire-
based FFR in the SB.

Coronary bifurcation lesions account for 20-25% of treated
lesions'?. Although a 3D model of a bifurcated vessel for QFR
measurement was introduced in 2015%, successful measurement of
the pQFR in both the MV and SB using a single projection was only
reported more recently' in 330 vessels in the FAVOR II China study
15, The vessel-based analysis demonstrated that not only had the sen-
sitivity remained stable, but the specificity had increased from 89%
¥ to 96.2%'. Contrary to the FAVOR II China study's, our study
included all bifurcation lesions needing treatment and reported
a much lower baseline HQFR for both the MV and SB. Another
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Figure 2. Comparison of primary and secondary endpoints. Comparison of A) cardiac death, B) target vessel myocardial infarction, C) target
vessel revascularisation, and D) target vessel failure between patients with a quantitative flow ratio in the SB (SB uQFR) <0.8 and >0.8.

HOFR: novel quantitative flow ratio,; SB: side branch

important finding was the MV nQFR <0.89 after the stenting proce-
dure, which was found in 124 (15.1%) patients, similar to the 13%
of 123 vessels with suboptimal results from the HAWKEYE study®.
Using wire-based FFR after stenting the MV, an SB FFR <0.75 was
seen in 26% of 110 patients with bifurcation lesions?', similar to the
22.6% in our study, using a cut-off of 0.8 for the pQFR.
Post-stenting wire-based FFR was the major predictor of clini-
cal events after bifurcation stenting*?'>*. Unfortunately, while
QFR has generally been accepted to be an alternative to func-
tional parameters for ischaemia, there is no study systemati-
cally analysing the association of SB nQFR after the provisional
approach with clinical outcomes. At 30 days after the proce-
dure in our study, the differences in TVF and TVMI (driven by
periprocedural MI) between the SB nQFR <0.8 and >0.8 groups
by unadjusted analysis became non-significant after the adjusted

analysis. However, the significant differences in TVMI, TVR, and
TVF were sustained through three years of follow-up by either
unadjusted or adjusted analyses (Table 4). Furthermore, landmark
analysis failed to show the difference in TVF from one year to
three years between the two groups. Consequently, the more solid
correlation of an SB pQFR <0.8 with the occurrence of TVMI,
TVR, and TVF within one year has emerged, as most TVFs took
place within one year.

The next concern is how to predict QFR in SBs after stenting
the MV. The reasons for a reduced FFR post-stenting are multifac-
torial and include the presence of a muscle bridge, distal lesions,
spasm, and microcirculatory dysfunction. In this study, age and
SB lesion length were predictors of an SB nQFR <0.8 after the
MYV intervention. As a result, measurement of the pQFR in the
SB after stenting the MV should be recommended, particularly
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Figure 4. Landmark analysis of target vessel failure. Landmark
analysis showed a significant difference in target vessel failure at

30 days and between 31 and 365 days, but not between 366 days and
3 years, for patients with an SB uQFR <0.8 and an SB uQFR >0.8.
CI: confidence interval; HR: hazard ratio; SB: side branch;

HOFR: novel quantitative flow ratio

for bifurcation lesions with long lesion lengths in the SB. We
also found that previous PCI and an SB pQFR <0.8 were the
two independent factors for TVF at three-year follow-up. The
important role of SB lesion length has been clearly studied in the
DEFINITION study?, in which a lesion length >10 mm in the SB
was the major criterion for defining complex bifurcation lesions.
The recently published DEFINITION 1I trial*> further confirmed
the superiority of the systematic two-stent approach to the pro-
visional approach for bifurcation lesions with complex coronary
bifurcation lesions. Another striking finding was that an SB nQFR

Novel quantitative flow ratio for coronary bifurcations

<0.8 was not rare (6.3%) among patients with SB TIMI flow grade
3; however, the underlying mechanisms may be correlated with
microcirculatory dysfunction. Altogether, routine measurement of
the LQFR in the SB after stenting the MV should be performed,
particularly for lesions with a long lesion length in the SB.

Limitations

This study has several limitations. First, the coronary angiographies
in the study were obtained without adherence to a dedicated QFR
acquisition protocol; therefore, the QFR could not be analysed in
17.3% of the lesions, which hampered a per-patient and intention-to-
treat analysis. The relatively high exclusion rate shows, in our opin-
ion, that the quality of the image matters and supports the theory that
there are optimal postures to expose lesions and improve measure-
ment accuracy. Second, only patients with bifurcation lesions treated
with the provisional approach were selected, which constituted
a selection bias and did not allow for calculation of the real rate of SB
HQFR <0.8 after both two- and one-stent techniques; however, this
study aimed to analyse the impact of the SB pQFR on clinical out-
comes for bifurcation lesions treated with provisional stenting only.
Third, intravascular imaging was used in fewer than 35% of lesions.
This may have increased the number of pQFR <0.89 in the MV and
the likelihood of pQFR <0.8 in the SB. Therefore, translating our
data into clinical practice should be done very cautiously. Fourth, as
a post hoc analysis of pHQFR measurements, patients with a reduced
SB pQFR could not be randomly studied. Finally, the SB pQFR was
not compared with pressure wire-based FFR. It is known that not
only SB stenosis but also bifurcation angles and the amount of myo-
cardium subtended contribute to FFR values in the SB. Therefore,
further elaboration on the potential impact of these factors on the SB
HQFR would be of interest. But our finding has linked the SB pQFR
to clinical outcomes, which means the SB pQFR is clinically rel-
evant. Altogether, further study is required to analyse the accuracy
of the SB nQFR and to compare the treatment effects of two-stent
vs one-stent techniques for an SB pQFR <0.8 after stenting the MV.

Conclusions
The pQFR can be reliably measured in most patients with coro-
nary bifurcation lesions. An SB pQFR <0.8 is strongly correlated

with clinical events.

Impact on daily practice

In coronary bifurcations, the novel pQFR derived from a single
angiographic projection has an acceptable performance as com-
pared to wire-based FFR. However, the relationship between the
side branch (SB) pQFR and clinical outcomes after provisional
stenting is unclear. In this study, we found a strong correla-
tion between an SB pQFR <0.8 and target vessel failure within
one year of MV stenting procedures. SB lesion length plays an
important role in predicting the SB nQFR and clinical events
after stenting the MV. The pQFR should be routinely measured
and used to guide the necessity of SB treatment.
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Abstract

KEYWORDS . ) . ) o
Background: The use of optical coherence tomography (OCT) with angiographic coregistration (ACR)

« ACS/NSTE-ACS during percutaneous coronary intervention (PCI) for procedural decision-making is evolving; however,

¢ optical coherence
tomography

e other imaging
modalities

large-scale data in real-world practice are lacking.

Aims: Our study aims to evaluate the real-time impact of OCT-ACR on clinician decision-making during
PCL

Methods: Patients with angiographic diameter stenosis >70% in at least one native coronary artery were
enrolled in the study. The pre- and post-PCI procedural strategies were prospectively assessed after angio-
graphy, OCT, and ACR.

Results: A total of 500 patients were enrolled in the study between November 2018 and March 2020.
Among these, data related to 472 patients with 483 lesions were considered for analysis. Preprocedural
OCT resulted in a change in PCI strategy in 80% of lesions: lesion preparation (25%), stent length (53%),
stent diameter (36%), and device landing zone (61%). ACR additionally impacted the treatment strategy in
34% of lesions. Postprocedural OCT demonstrated underexpansion (15%), malapposition (14%), and tis-
sue/thrombus prolapse (7%), thereby requiring further interventions in 30% of lesions. No further change
in strategy was observed with subsequent postprocedural ACR. Angiographic and procedural success was
achieved in 100% of patients, and the overall incidence of major adverse cardiovascular events at 1 year
was 0.85%.

Conclusions: The outcomes reflect the real-time impact of OCT-ACR on the overall procedural strategy in
patients undergoing PCI. ACR had a significant impact on the treatment strategy and was associated with
better clinical outcomes at 1 year after index PCI. OCT-ACR has become a practical tool for improving

outcomes in patients with complex lesions.
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Abbreviations

ACR angiographic coregistration

AHA American Heart Association

CA coronary angiography

MACE  major adverse cardiovascular events
ocT optical coherence tomography

PCI percutaneous coronary intervention
TLR target lesion revascularisation

TIMI Thrombolysis in Myocardial Infarction

Introduction
Coronary angiography (CA) is routinely used to assess the extent
and degree of coronary artery disease (CAD) and guide percutane-
ous coronary intervention (PCI). However, CA only provides a two-
dimensional luminogram and has inherent limitations in evaluating
the vessel wall pathology and lumen stenosis!, which makes it inad-
equate for strategising PCI procedures with precision. A growing
body of evidence suggests that intracoronary imaging, especially
intravascular ultrasound (IVUS) and optical coherence tomography
(OCT), is superior to CA in guiding PCI>*. Three-dimensional OCT
imaging, with its higher spatial resolution, provides unique insights
into plaque morphology and procedure-related complications and is
more valuable in managing complex lesion subsets, such as acute
coronary syndrome (ACS), bifurcation, and calcified lesions*®.
Angiographic coregistration (ACR; the OPTIS integrated system
[OPTISi; Abbott]) is a new technology that facilitates real-time
coregistration of OCT images with the angiogram in the catheteri-
sation laboratory’. This enables a matched side-by-side view of
OCT and angiography, eliminates the need for the currently used
stand-alone, mobile OCT carts, and provides accurate OCT meas-
urements, which might improve short- and long-term clinical out-
comes post-PCI”#, The OPTISi system is being increasingly used
in busy catheterisation laboratories in South Asia. However, clini-
cal outcomes in such settings are sparsely reported. The present
study evaluated the impact of real-time OCT and ACR on physi-
cian decision-making in a real-world scenario. The outcomes of
the study could further help PCI optimisation in South Asia.
Editorial, see page 101

Methods

STUDY DESIGN AND POPULATION

This was a multicentre, prospective, investigator-initiated, non-ran-
domised, observational study conducted between November 2018 and
March 2020 across nine centres in South Asia. Consecutive patients
scheduled for OCT-guided PCI who met the inclusion criteria and
were willing to participate in the study were enrolled. The detailed
protocol and patient flow are provided in Supplementary Appendix
1 and Supplementary Figure 1, respectively. The study enrolled
adults (aged >18 years) with angiographic diameter stenosis >70%
in at least one native coronary artery. Patients with extreme angula-
tion (>90°) or excessive vessel tortuosity, renal insufficiency (esti-
mated glomerular filtration rate <50 mL/min/1.73 m?) or any other
severe medical condition interfering with patients’ safety or study

IOPTICO study

results, contraindications to dual antiplatelet therapy up to 1 year,

and life expectancy of less than 1 year were excluded from the study.

PROCEDURES

The study was initiated after obtaining ethical committee approv-
als at the respective institutes. Angiographic lesion complexity was
classified according to the American Heart Association (AHA) con-
sensus statement. The patients underwent conventional angiography
followed by preprocedural OCT imaging and ACR. All study pro-
cedures were carried out using intracoronary OCT imaging by cli-
nicians experienced in PCI. OCT was performed with a Dragonfly
OPTIS imaging catheter (Abbott). The OCT catheter was intro-
duced using a standard 0.014 inch guidewire, and image acquisition
was done after the administration of intracoronary nitrates (100 pg).
Blood was cleared from the vessel by injecting contrast medium,
either manually or using an automated power injector. OCT was
performed at a frame rate of 180 frames/second and with a frame
density of 5 frames/mm. Real-time ACR (semiautomatic) was per-
formed with the OPTIS integrated system to coregister the angio-
gram recorded during the OCT pullback with the OCT image’. The
pre- and post-PCI procedural strategies were prospectively assessed
following angiography, OCT and ACR. The interventional strategy,
defined by the clinician, was recorded by an independent research
assistant in real time following (a) CA, (b) OCT imaging and (c)
ACR. As the OCT console is usually equipped to provide the ACR
details after performing OCT, the investigator was blinded to the
ACR details until the OCT-only-based strategy had been docu-
mented. The following preprocedural variables were collected as
a part of the clinician’s interventional strategy: need for predilata-
tion, intended need for lesion debulking by means of scoring/cutting
balloons and rotablation, vessel reference diameter, intended stent
length and diameter, device landing zone, and stenting strategy (i.e.,
1- vs 2-stent strategy). After documentation of the preprocedural
variables, PCI was performed by the clinician according to stand-
ard techniques and current guidelines. Post-PCI OCT imaging was
performed with ACR.

The need for further optimisation was based on the following vari-
ables: stent underexpansion, malapposition, geographic miss, edge
dissection, and tissue prolapse. All the angiographic and OCT images
were independently reviewed at the designated core lab (Indian
Cardiology Research Foundation). During the study, the core lab
trained all sites on image capturing, the transfer of images for assess-
ment and also provided real-time feedback to sites. Data related to
study enrolment and follow-up are summarised in Figure 1A and
Figure 1B. Overall, 28 patients were excluded because of inadequate
OCT image quality for analysis. All enrolled patients were followed
up, either telephonically or clinically, at 6 months and 1 year. Details
about the patient’s well-being and any hospitalisation/revascularisa-

tion after the initial PCI were recorded at follow-up.

ENDPOINTS
The primary endpoint was a change in the procedural strategy
pre- and post-PCI with ACR. Pre-PCI strategy change involved
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B Study enrolment and follow-up

500 patients enrolled between November 2018 and March 2020

from 9 sites across India and Bangladesh

472 patients included in the analysis (per protocol)

Follow-up at 6 months — 470 patients (completed)

- 12 months — 470 patients (completed)

28 patients excluded from
the primary endpoint
analysis due to inadequate
—>»{ imaging

— (2 patients died
(cardiac death) 3.5 months
| after PCI

Figure 1. Study flow, enrolment and follow-up. A) Study flowchart. B) Study enrolment and follow-up. ACR: angiographic coregistration;

OCT: optical coherence tomography, PCI: percutaneous coronary intervention

the need to change the intended stent length and size, stenting
strategy, and/or intended device landing zone. Post-PCI strategy
change involved the need for additional interventional procedures
for PCI optimisation after identification of stent underexpansion,
malapposition, geographic miss, edge dissections and/or tissue
prolapse.

The secondary endpoints included (a) procedural outcomes with
ACR-guided PCI in the entire study population; (b) the rate of
major adverse cardiovascular events (MACE; composite of car-
diac death, myocardial infarction [MI], and target lesion revascu-
larisation [TLR]) at 6 months and 1 year with ACR-guided PCI;
(c) total change in the procedural strategy pre-PCI with OCT
imaging versus angiography; and (d) time to conduct OCT and
ACR (pre- and post-PCI) and contrast volume used.

DEFINITIONS

Optimal stent expansion was defined as a minimum stent area
>80% of the average reference lumen area. Significant stent
malapposition was defined as a strut-to-vessel wall distance of
>400 um extending for >1 mm (measured from the endoluminal
strut surface to the lumen contour)!. Significant edge dissection
was defined as a flap meeting either one or more of the following

criteria: involving >60° of the vessel circumference, >2 mm in
longitudinal extension, and the involvement of media or deeper
layers'. Significant tissue protrusion was defined as intrastent
tissue protrusion/thrombus reducing the residual lumen area to
<4 mm? or a reduction in the flow area of >20%°. Angiographic
success was defined as <30% residual stenosis and Thrombolysis
in Myocardial Infarction (TIMI) grade 3 flow. Procedural success
was defined as angiographic success without major procedural or
in-hospital complications (death, MI, emergent bypass surgery, or
repeat PCI). All these events were adjudicated by the institutional
review board.

STATISTICAL ANALYSES

No formal sample size was calculated as it was a single-arm,
observational study. All the categorical variables are presented as
numbers and percentages and continuous data as mean and stand-
ard deviation (SD).

Results

BASELINE CHARACTERISTICS

Between November 2018 and March 2020, a total of 500 patients
with 511 lesions underwent PCI with OCT assessment. Of them,



472 patients (483 lesions), who had all parameters related to OCT
data, were considered for the final analysis. The mean age of the
study population (n=472) was 57.8+10.4 years, and 16.6% were
females. The major coronary risk factors were systemic hyper-
tension (58%) and diabetes mellitus (52%). About two-thirds of
patients presented with ACS. Baseline clinical characteristics are

summarised in Table 1.

Table 1. Baseline characteristics.

Demographics Patients (n=472)

Age, years (mean+SD) 57.8£10.49
Female 78 (16.6)
Male 394 (83.4)
DM 245 (52.1)
Dyslipidaemia 55(11.7)
Hypertension 274 (58.1)
FH CAD 108 (22.9)
Previous PCI 83 (17.6)
Previous CABG 22 (4.7)
Previous Ml 33 (7.0)
HF 10 (2.1)
Smoking 42 (9.0)
Alcohol 36 (7.4)
Renal disease 7 (1.5)
Bronchial asthma 8(1.7)

Indication for PCI

Unstable angina 117 (24.8)
Recent STEMI 95 (20.0)
Stable angina 83 (17.6)
NSTEMI 76 (16.1)
Asymptomatic positive stress test 37 (7.4)

Others 64 (13.7)

All data are presented as n (%) unless otherwise indicated.

CABG: coronary artery bypass grafting; CAD: coronary artery disease;
DM: diabetes mellitus; FH: familial hypercholesterolaemia; HF: heart
failure; MI: myocardial infarction; NSTEMI: non-ST-segment elevation
myocardial infarction; PCI: percutaneous coronary intervention;

SD: standard deviation; STEMI: ST-segment elevation myocardial
infarction

LESION CHARACTERISTICS AND PROCEDURAL DETAILS

Table 2 summarises the baseline vessel/lesion characteristics and
procedural details. The majority of the lesions were found in the
left anterior descending coronary artery (62%). In terms of lesion
characteristics, bifurcation lesions were the most common (14.3%),
whereas moderate or severe calcification was observed in 11.6% of
lesions. About 87% of lesions were classified as type B and type C
lesions (American College of Cardiology/AHA classification).

PRE-PCI STRATEGY CHANGE
Preprocedural OCT resulted in a change in PCI strategy in 80%
of lesions, which included the need for lesion preparation (25%)

IOPTICO study

Table 2. Lesion characteristics and procedural details.

Lesion characteristics (n=483 lesions)

Vessels treated LAD 300 (62.1)
RCA 111(22.7)
LCx 43(8.9)
M 25(5.2)
RI 4(0.8)
Lesion Ostial lesion 54 (11.2)
characteristics Thrombus 33(6.8)
CT0 6(1.2)
Bifurcation lesion 69 (14.3)
Calcification 232 (48)
Mild 171 (35.4)
Moderate 34(1.0)
Severe 27 (5.6)
Lesion length, mm (mean+SD) 25.5+12.0
Long lesions (>20 mm) 288 (60.0)
Preprocedure diameter stenosis, % 85.0+8.1
(mean=SD)
ACC/AHA A 62 (12.8)
classification Bl 191 (39.5)
B2 108 (22.4)
C 122 (25.3)
TIMI flow 1 34(7.0)
2 186 (38.5)
8 263 (54.5)
Time taken for OCT and ACR Preprocedure Post-procedure
0CT image acquisition, mins (mean=SD) 6.6+4.0 10.7+1.1
Assessment of OCT, mins (mean=SD) 3.6x2.2 8.3x1.1
Assessment of ACR, mins (mean=+SD) 3.9+2.3 7.3+0.9

All data are presented as n (%) unless otherwise indicated. ACC/AHA: American College of
Cardiology/American Heart Association; ACR: angiography coregistration; CTO: chronic total
occlusion; LAD: left anterior descending artery; LCx: left circumflex; LM: left main;

OCT: optimal coherence tomography; RCA: right coronary artery; RI: ramus intermedius;

SD: standard deviation; TIMI: Thrombolysis in Myocardial Infarction

and change in stent length (53%), stent diameter (36%), stenting
strategy (3%) and device landing zone (61%). The subsequent use
of ACR further altered the treatment strategy in 34% of lesions,
which included the need for lesion preparation (15%) and change
in stent length (10%), stent diameter (5%) and device landing
zone (16%) (Figure 2A, Figure 2B). Overall, preprocedural ACR
with OCT resulted in a strategy change in 86% of lesions. The
mean (£SD) stent lengths as assessed by CA, OCT and ACR were
29.6+12.2 mm, 32.5+13.3 mm and 33.0+13.4 mm, respectively. The
mean (+SD) stent diameters as assessed by CA, OCT and ACR were
2.95+0.43 mm, 3.00+0.45 mm and 3.00+0.45 mm, respectively.
The differences in the mean stent length were statistically significant
when CA versus OCT (p<0.0001), CA versus ACR (p<0.0001) and
OCT versus ACR (p=0.0006) were compared. The differences in the
mean stent diameter were statistically significant when CA versus
OCT (p=0.0004) and CA versus ACR (p=0.0003) were compared.
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Figure 2. Strategy changes with OCT and ACR. A) Change in strategy with OCT (n=483 lesions). B) Change in strategy with ACR (n=472 lesions).
ACR: angiographic coregistration;, OCT: optical coherence tomography

Further, the need for debulking was evident in a higher number
of cases following OCT-ACR (8.5%) compared to CA (5.4%). An
overall strategy change was noted in 17 (3.5%) cases following
OCT-ACR; debulking was carried out by means of scoring/cutting

and/or rotablation in these cases.

POST-PCI STRATEGY CHANGE

Postprocedural OCT demonstrated edge dissections (3%), underex-
pansion (15%), malapposition (14%), and tissue/thrombus prolapse
(7%), which required additional interventions (ballooning/stenting) in
30% of lesions (Figure 3). The addition of ACR to OCT did not result
in any further strategy change post-PCI. Thus, postprocedural ACR
with OCT resulted in an overall strategy change in 30% of lesions.

OVERALL STRATEGY CHANGE
Pre- and postprocedural ACR with OCT was associated with an
overall strategy change in 89% of the lesions (Central illustration).

SECONDARY OUTCOMES

Angiographic and procedural success was achieved in 100% of
patients. One-year follow-up data for 470 patients were available.
The incidence of MACE at 1 year was 0.85% (including cardiac
death in two patients [0.4%], MI in one patient [0.2%], and TLR
in one patient [0.2%]). The adverse events that resulted in hos-
pitalisation are provided in Supplementary Table 1. The total
amount of contrast used for the procedure was 210.0£106.6 mL,
which included 41.6+20.1 mL for OCT and ACR. The time taken
for OCT and ACR is summarised in Table 2.

Discussion
Detailed characterisation of the lesion morphology and accurate
vessel sizing with OCT can improve procedural outcomes. While
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pre-PCI OCT can guide the procedural strategy, post-PCI OCT
assists in detecting suboptimal stent deployment, which may not
be detected by angiography’. ACR along with OCT can further
improve PCI outcomes, and the feasibility of coregistration of
OCT with angiography during PCI has been established in earlier
studies’®.

The OPTICO-Integration study was one of the first studies in
the South East Asia region that evaluated OCT guidance with real-
time ACR in a cohort of 50 patients and reported that OCT plus
ACR improves PCI results. Notably, preprocedural OCT imag-
ing altered the PCI strategy in 71% of lesions in the OPTICO-
Integration study. Moreover, the use of ACR led to changes in PCI
strategy in 40.7% of lesions'®. The current multicentre, prospective
iOPTICO study was performed in a similar real-world setting with
a larger sample size (500 patients). Pre-PCI OCT was associated
with a change in PCI strategy in 80% of lesions, and the addi-
tion of real-time ACR to OCT led to a strategy change in 34% of
lesions. Optimisation was required in 30% of lesions when OCT
was performed post-PCI.

The use of ACR facilitates the localisation of OCT morphology
accurately on the angiogram monitor. This, in turn, enables precise
identification of the landing zones when there are no angiographic
markers, such as side branches, especially when the disease is
diffuse, in which case landing zones with lipid-rich plaque and
fibrous plaque appear similar on the angiogram. A previous study
has shown a significant reduction in edge restenosis when appro-
priate landing zones were identified with OCT!. In particular,
stent length and stent diameter can be more accurately assessed
with OCT and ACR compared to CA. A significant difference
was noted in the current study when the stent length and diam-
eter values assessed with CA were compared with OCT and ACR.
Accordingly, accurate identification of the landing zone following



IOPTICO study

Post- PCI optimisation (n=483 lesions)
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The addition of ACR to OCT did not result in any further strategy change post-PCI.

Figure 3. Post-PClI strategy change (OCT: n=483 lesions). ACR: angiographic coregistration; OCT: optical coherence tomography;

PCI: percutaneous coronary intervention

ACR in the current study led to a strategy change in over 50% of
lesions, including a change in the stent length and stent diameter
and further lesion preparation.

OCT after PCI also helps to identify markers of suboptimal
stent deployment that are not apparent on the angiogram. In the
CLI-OPCI study'?, OCT helped detect edge dissection, lumen nar-
rowing, stent malapposition, stent underexpansion and thrombi,
which could not be detected in the angio group in 34.7% of cases.
Similarly, in the ILUMIEN II trial®3, edge dissection, malapposi-
tion and underexpansion were observed post-PCI, which led to fur-
ther optimisation in 25% of patients. According to the ILUMIEN
II: OPTIMIZE PCI study', better resolution of OCT helped
detect more stent malapposition and edge dissections, compared to
IVUS or angiography. Similarly, the DOCTORS' and OCTACS!®
trials also reported a higher incidence of post-stent optimisation
procedures, such as post-dilatation and additional stent implanta-
tions with OCT-guided PCI versus angiography-guided PCI. In
the OPTICO-Integration study'®, postprocedural OCT led to PCI
optimisation in 52% of cases, which predominantly included stent
malapposition and stent underexpansion. Similarly, in the pre-
sent study, post-PCI optimisation was required in 30% of lesions,
owing to stent malapposition, underexpansion, edge dissection and
tissue prolapse.

In the OPTICO-Integration study'?, postprocedural ACR did not
have any further impact on the PCI strategy. Similarly, in the pre-
sent study, the addition of ACR to OCT did not yield any addi-
tional changes in the post-PCI strategy. The presence of a stent
with apposition and expansion indicators from the OCT pullback
itself serves as a roadmap for the physician; hence, ACR did not
likely influence post-PCI optimisation.

New insights from the LightLab initiative were presented
recently. According to the outcomes reported, CA guidance was
associated with inaccurate stent diameter assessment in 38% of the
lesions  (https://www.cardiovascular.abbott/content/dam/bss/divi-
sionalsites/cv/pdf/reports/Abbott-LightLab-ePCR-Presentation.
pdf. [Last accessed 04 March 2023]).

Lesion characteristics in the current study were similar to those
reported in the LightLab initiative, with the majority of the lesions

noted in the left anterior descending artery. The cumulative impact
of OCT in the LightLab initative was a change in PCI strategy in
88% of lesions, which was similar to the strategy change observed
in the present study. Further, while pre-PCI OCT led to a strategy
change in 83% of lesions, post-PCI OCT resulted in a PCI strategy
change in 31% of lesions in the LightLab study (https://www.car-
diovascular.abbott/content/dam/bss/divisionalsites/cv/pdf/reports/
Abbott-LightLab-ePCR-Presentation.pdf. [Last accessed 04 March
2023]). The corresponding figures in the present study were also
similar (86% and 30%, respectively).

The average time taken in the present study for OCT imaging
was 29 minutes, which was considerably lower compared to con-
temporary studies, such as the DOCTORS Study (56 mins)!” and
the OPTICO-integration II Study (40 mins)'®. The total amount
of contrast used (210.0£106.6 mL) was comparable to amount
used in the OPTICO-integration II Study (200 mL)" and the
DOCTORS Study (190 mL)".

PCI optimisation following the use of OCT improves clini-
cal outcomes in patients undergoing PCI'*?°. In the Pan-London
PCI cohort study, OCT-guided PCI was associated with better
procedural success rates and reduced in-hospital MACE, which
translated into a reduction in mortality at 4.8-year follow-up".
Moreover, mortality was significantly lower in the CA plus OCT-
guided group versus the CA group (hazard ratio [HR] 0.39, 95%
confidence interval [CI]: 0.21-0.77; p=0.0008) and similar to
the CA plus IVUS-guided group (HR 0.88, 95% CI: 0.61-1.38;
p=0.43)". The CLI-OPCI registry also observed an 8.3% reduc-
tion in the composite of cardiac death, MI, or repeat revasculari-
sation at 1 year when OCT guidance was used for PCI®. In the
present study, 100% procedural and angiographic success was
achieved with no in-hospital MACE. Further, the procedural strat-
egy with OCT- and ACR-guided PCI translated into better clini-
cal outcomes at 12 months, with the overall incidence of MACE
being <1%.

The outcomes related to the use of drug-eluting stents (DES)
in the present study can be compared with those of two real-
world studies, involving patients with complex lesions, conducted
in India and the USA (XIENCE V [XV] India? and XV USA?).
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A) An illustrative case of change in PCI strategy after OCT-ACR. A1, A2, and A3 show stent length, diameter and landing zone based on
angiogram, OCT and OCT-ACR, respectively. B) PCI strategy change with OCT-ACR. ACR: angiographic coregistration;, OCT: optical

The placement of DES in these two studies was based on findings
noted on CA. The XV India and XV USA studies reported a 1-year
MACE rate of 5% and 6.9%, respectively, following DES implan-
tation. Notably, the rates of death and TLR were significantly lower
in the present study compared to the XV USA study (p=0.0401 and
p<0.0001, respectively), and the incidence of MI was significantly
lower in the present study compared to both the XV USA and XV
India studies (p=0.0421 and p<0.0001, respectively) (Figure 4)*'22,
The low incidence of MACE seen in the current study could be
attributed to the use of OCT and ACR, which resulted in stent opti-
misation and, consequently, better 1-year outcomes.

Notably, the use of ACR with OCT is currently not limited to
clinical research and is being increasingly preferred as an option
in the busy catheterisation laboratories (despite the additional
time required) owing to improved MACE rates. The current study
reflects the actual benefits noted in a real-world scenario, espe-
cially in patients with complex lesions. The improved outcomes
noted in the study may be attributed to better characterisation of
the lesion morphology, accurate vessel sizing, and optimal strategy
change following pre- and postprocedural OCT with ACR (includ-
ing change in the stent length and stent diameter and additional
lesion preparation).
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Figure 4. Comparison of the iOPTICO endpoints with the XV India and XV USA studies. MI: myocardial infarction; TLR: target lesion

revascularisation

Limitations

The present study is limited by its observational and non-ran-
domised design. There is a possibility of “operator bias” as the
operators were not blinded to the study. Nevertheless, the iOP-
TICO study reiterates the findings reported in other studies, albeit
in a real-world scenario with a larger sample size. OCT with ACR
was associated with a higher percentage of change in PCI strategy
compared to earlier studies, suggesting a potential improvement in
the technology. Notably, the overall incidence of MACE was <1%,
which supports the belief that better procedural strategy with OCT-
and ACR-guided PCI translates into improved clinical outcomes.

Conclusions

The study reflects the real-time benefits of ACR with OCT in
patients undergoing PCI. The use of OCT resulted in a significant
change in the overall preprocedural strategy, while real-time ACR
had an additional significant impact on the treatment strategy with
good long-term outcomes at 1 year after the index PCL.

Impact on daily practice

Intracoronary imaging with OCT ushers in a precision era of
PCI planning and optimisation by providing enhanced visualisa-
tion and high-resolution imaging of the coronary artery. The cur-
rent iOPTICO study hypothesised that the utility of OCT along
with ACR will considerably impact the clinician’s decision-mak-
ing and overall procedural strategy compared to angiography.
Preprocedural OCT resulted in a change in PCI strategy in 80%
of lesions, with an additional change in treatment strategy in 34%
of lesions when ACR was used. Post-PCI, OCT helped identify
a need for further PCI optimisation in 30% of lesions. The impact
of OCT imaging on decision-making is pronounced, being addi-
tionally and incrementally beneficial when performed preproce-
durally with ACR. Post-PClI, identifying the need for additional
intervention with OCT helps in optimising stent implantation.
Taken together, this results in better clinical outcomes at 1 year;
hence, OCT with ACR may play an important role in decision-
making during coronary interventions and may translate into best
clinical practices, especially in complex coronary lesions.
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Abstract

Background: The effect of 3D-printed bioresorbable vascular scaffolds (BRS) in coronary heart disease
has not been clarified.

Aims: We aimed to compare the safety and efficacy of 3D-printed BRS with that of metallic sirolimus-
eluting stents (SES).

Methods: Thirty-two BRS and 32 SES were implanted into 64 porcine coronary arteries. Quantitative
coronary angiography (QCA) and optical coherence tomography (OCT) were performed at 14, 28, 97, and
189 days post-implantation. Scanning electron microscopy (SEM) and histopathological analyses were per-
formed at each assessment.

Results: All stents/scaffolds were successfully implanted. All animals survived for the duration of the
study. QCA showed the two devices had a similar stent/scaffold-to-artery ratio and acute percent recoil.
OCT showed the lumen area (LA) and scaffold/stent area (SA) of the BRS were significantly smaller
than those of the SES at 14 and 28 days post-implantation (14-day LA: BRS vs SES 4.524+0.41 mm? vs
5.69+1.11 mm?; p=0.03; 14-day SA: BRS vs SES 4.99+0.45 mm? vs 6.11£1.06 mm?; p=0.03; 28-day LA:
BRS vs SES 2.93+1.03 mm? vs 4.82+0.74 mm?, p=0.003; 28-day SA: BRS vs SES 3.86+0.98 mm?’ vs
5.75+0.71 mm?; p=0.03). Both the LA and SA of the BRS increased over time and were similar to those of
the SES at the 97-day and 189-day assessments. SEM and histomorphological analyses showed no signi-
ficant between-group differences in endothelialisation at each assessment.

Conclusions: The novel 3D-printed BRS showed safety and efficacy similar to that of SES in a porcine
model. The BRS also showed a long-term positive remodelling effect.

*Corresponding author: Department of Cardiology, Institute of Cardiovascular Disease, Peking University First Hospital, No.8
Xishiku Str, Xicheng District, Beijing 100034, People s Republic of China. E-mail: zhengbopatrick@163.com
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Abbreviations

3D three-dimensional

BRS bioresorbable vascular scaffold
CHD coronary heart disease

DES drug-eluting stent

LA lumen area

MLD minimal lumen diameter

NA neointimal area

ocT optical coherence tomography

PCI percutaneous coronary intervention
QCA quantitative coronary angiography
SA scaffold/stent area

SEM scanning electron microscopy
SES sirolimus-eluting stent

ST stent thrombosis

Introduction

The development of percutaneous coronary intervention (PCI) has
improved the prognosis of patients with coronary heart disease
(CHD). However, a permanent metallic implant may contribute
to late/very-late stent thrombosis (ST). A bioresorbable vascular
scaffold (BRS) has potential advantages over traditional metallic
drug-eluting stents (DES), including removal of the rigid caging
in the stented vessel and restoring the vessel to a physiological
state’?. Owing to its potential biodegradability, a BRS can theo-
retically reduce late/very-late ST°. However, recent studies have
revealed an increased incidence of ST and in-stent restenosis fol-
lowing implantation of BRS*S. There are several possible mechan-
ical causes of ST, including malapposition, incomplete coverage
of lesions, device-vessel mismatch, stent fracture, late stent dis-
continuity, stent overlap, uncovered struts, and neoatherosclero-
sis®. Procedural and lesion characteristics are crucial factors, and
most of the above-mentioned factors are also possibly related to
the scaffold design.

To compensate for the reduced radial strength of non-metallic
struts, a BRS requires an appropriate strut thickness. However,
thicker struts impede the healing process and increase the risk of
malapposition because of factors such as fracture or breaks in the
integrity of the BRS as a result of the absorption of the scaffold’.
Furthermore, the rectangular-shaped struts most often used in the
current BRS may affect the local haemodynamic microenviron-
ment in treated vessels and increase the risk of ST®. Therefore,
there is a need for a re-engineering of the scaffold, including con-
sideration of the type of polymer, the geometric shape and thick-
ness of the strut, and vessel wall coverage.

As is well-known, depending on the characteristics of coronary
artery anatomy, tapered coronary artery lesions are often encoun-
tered in clinical practice’ and subsequent stent edge dissection is
a predictor of an adverse clinical outcome'®!. Due to differences in
materials, the current BRS devices cannot be overexpanded in the
same way as metal stents and may have an increased risk of proxi-
mal malapposition, distal dissection, and haematoma when used in
vessels that are obviously tapered. Using 3D printing technology

combined with angiographic image processing, reconstruction, and
an innovative fabrication strategy, personalised stents can be pro-
duced, thus allowing the production of stents that are more suitable
for these lesions. The aim of this preclinical study was to evaluate
the safety and efficacy of a novel 3D-printed bioresorbable siroli-
mus-eluting scaffold with circular-shaped struts and a nanoparticle
coating with a fixed size in a normal porcine coronary artery.
Editorial, see page 103

Methods

STUDY SCAFFOLDS

The BRS used in this study was the AMSorb (Beijing Advanced
Medical Technologies) and the metallic SES used was the
HELIOS (Kinhely Medical). The BRS is a 3D-printed balloon-
expandable coronary scaffold, which consists of a polymer back-
bone of novel poly-L-lactic acid (PLLA) coated with a thin layer
of'a 1:1 mixture of an amorphous matrix of poly(D,L-lactic acid)
and 100 pg/cm? of the antiproliferative drug sirolimus. The struts
have a cross-sectional circular shape with a thickness of 140 um
(Figure 1, Table 1). The SES consists of an L605 cobalt chro-
mium alloy platform with a thickness of 80 um coated with
a layer of sirolimus (135 pg/cm?) with poly(lactic-co-glycolic
acid) (PLGA). The scaffold/stent size was fixed for the purposes
of this study at 3 mm in diameter and 12 mm in length for both
the BRS and SES.

g o o b
ATFFANY

Figure 1. Configuration and structure of the AMSorb scaffold.

ANIMALS

The study protocol was approved by the Institutional Animal Care
and Use Committee of Peking University First Hospital (reference
number J201612) and conducted in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals. Pigs of either sex (weight: 25-40 kg; age: 6-8 months)
were sourced from the China Agricultural University and fed

a standard laboratory chow diet without added lipids.

EXPERIMENT GROUPS AND PROCEDURE

All animals received pretreatment with 300 mg of aspirin and
75 mg of clopidogrel one day prior to the implantation of the allo-
cated device. Aspirin 100 mg/day and clopidogrel 75 mg/day were
administered through to the time each animal was euthanised.
A BRS or SES was implanted into either the left anterior descend-
ing artery, left circumflex artery, or right coronary artery in



Table 1. Different scaffold of Absorb BRS and AMSorh.

A novel 3D-printed bioresorbable scaffold in a porcine model

Device Backhone Coating Strut thickness
Absorb BRS Rounded rectangle PLLA PDLLA Everolimus 100 pg/cm? 157 ym
AMSorb Ellipse PLLA PDLLA Sirolimus 100 pg/cm? 140 pm

BRS: bioresorbable vascular scaffold; PLLA: poly-L-lactic acid; PDLLA: poly(D,L-lactide)

a randomised manner, so that two types of devices were implanted
in two different coronary arteries in each animal (Table 2). The
stent/scaffold-to-artery ratio was limited to 1.1-1.2:1 according
to the quantitative coronary angiography (QCA) analysis. The
method used to induce anaesthesia and the SES implantation pro-
cedure have been described previously'>. The BRS needed to be
in contact with blood for more than 90 seconds before delivery
to the target coronary segment and then inflated at a steady rate
over 10 seconds until it expanded to its maximum diameter. The
expansion pressure (generally 8-10 atm) was then maintained for
up to 30 seconds. Angiography was repeated after implantation to
confirm that no obvious dissection or thrombosis had occurred.

EVALUATION BY QUANTITATIVE CORONARY ANGIOGRAPHY

QCA was performed in eight animals at 14, 28, 97, and 189 days
after implantation using CAAS 5.9 QCA software (Pie Medical
Imaging). In each vessel, the stent/scaffold segment and the peri-
stent/scaffold segment (defined as 5 mm proximal and distal to the
stent/scaffold edge) were evaluated post-implantation and at each
assessment time. The evaluations were performed independently by
two cardiovascular experts (XG. Wang and B. Zhang). A third inves-
tigator (B. Zheng) checked their results. The following QCA param-
eters were measured: minimal lumen diameter (MLD) immediately
after implantation, reference vessel diameter, MLD at the various
assessment times, percentage diameter stenosis, and late lumen loss
(defined as the difference between the MLD post-implantation and
the MLD at the assessments post-implantation). We also evaluated
acute recoil, which was defined as the difference between the mean
diameter of the inflated balloon (X) and the mean lumen diameter of
the stent immediately after deflation of the balloon (Y). Acute per-
cent recoil was defined as (X-Y)/X and expressed as a percentage'.

OPTICAL COHERENCE TOMOGRAPHY IMAGING AND
EVALUATION

Optical coherence tomography (OCT) was performed at each
assessment using a C7XR Dragonfly imaging system (Abbott)
with a pullback speed of 2.5 cm/s (n=8 in each group). The OCT

measurements were repeated offline using the LightLab Imaging
workstation (Abbott). The OCT evaluations were performed inde-
pendently by two cardiovascular experts (XG. Wang and B. Zhang).
A third investigator (B. Zheng) checked their results. Contiguous
cross-sections were analysed at 1 mm longitudinal intervals within
the treated segment and at 5 mm proximal and distal to the stent/
scaffold edges to measure the proximal and distal reference vessel
areas (RVA). The RVA, lumen area (LA), stent/ scaffold area (SA),
neointimal area (NA), and percentage area of stenosis were calcu-
lated according to the methods used in previous studies'.

STENT/SCAFFOLD HARVEST AND EVALUATION OF
HISTOLOGY AND MORPHOLOGY

Eight animals were euthanised after the imaging examination at
each assessment time. Their hearts were removed and perfused
with heparinised saline for 30 minutes at a pressure of 100 mmHg
(1 mmHg=0.0133 kPa).

For histological and morphological evaluation, the stent/scaf-
fold vessel segment was separated rapidly, fixed in 10% formal-
dehyde solution, and stained with haematoxylin and eosin for
histopathological analysis. The following parameters were inves-
tigated according to published methods'>!®: LA, internal elastic
lamina area (IELA), NA (IELA — LA), and percent area of steno-
sis (IELA — LA/LAx100%) with morphological analysis of injury,
inflammation, and endothelialisation.

For scanning electron microscopy (SEM), the stented vessel seg-
ments were separated, cut along the longitudinal axis, and fixed
with 3% buffered glutaraldehyde and 1% buffered osmium tetrox-
ide (n=2 for SES, n=2 for BRS). The samples were then dehydrated
in a series of ethanol baths (50%, 75% and 100%), dried in liquid
CO, in a critical point dryer (72.8 atm, 31°C), and sputter-coated
for 3 min at 15 mA with gold. SEM images (H-450; Hitachi) were
acquired at low magnification (x18) to evaluate the overall neoin-
timal coverage of the stents and at various high magnifications to
identify the composition of the tissue covering the surfaces of the
stents. Endothelial cells were identified as sheets of closely con-
nected monolayer cells with a spindle or polygonal shape.

Table 2. Distribution of stents in the coronary arteries at the four assessment times.

189 days
BRS 5 3 0 7 1 0 8 0 0 4 g 1
SES 3 5 0 1 4 3 0 8 0 4 3 1

SES: metallic sirolimus-eluting stent

BRS: bioresorbable sirolimus-eluting scaffold (AMSorb); LAD: left anterior descending artery; LCx: left circumflex artery; RCA: right coronary artery;

=
@,
=
=
=
(1]
I
<
@
=
=
o
=
N
o
N
w
=
w
w
-
B
N




b
@,
=
=
—
@
2
<
@
=
=2
5
=
)
o
)
w
©
w
@
N
>
N

STATISTICAL ANALYSIS

Continuous values that were distributed normally are expressed
as the mean+tstandard deviation. Categorical data are expressed as
the percentage. n represents the number of stents of each type.
The independent two-sample t-test was used to detect between-
group differences. All statistical analyses of numerical data were
performed using SPSS Statistics 24.0 (IBM). A p-value <0.05 was

considered statistically significant.

Results

A total of 64 stents/scaffolds (BRS n=32, SES n=32) were suc-
cessfully implanted in the coronary arteries of 32 pigs. All animals
survived for the planned study duration without any complications

(angiographic stent thrombosis, migration, or fragmentation).

QUANTITATIVE CORONARY ANGIOGRAPHY ANALYSIS

The results of the QCA analysis at baseline and parameters assoc-
iated with acute recoil are presented in Table 3. There was no
difference in the diameter of the reference vessel between the
BRS and the SES (2.824+0.32 mm vs 2.76+0.28 mm; p=0.44)

at baseline. The stent-to-artery ratio for the BRS was simi-
lar to that for the SES (1.03+0.10 vs 1.07+0.10; p=0.13). The
acute absolute recoil was similar in both groups (0.07£0.21 mm
vs 0.08+0.17 mm; p=0.98), as was the acute percent recoil
(2.50+7.33% vs 2.44+5.78%; p=0.97). The results for MLD
immediately after the procedure, MLD at the various assessment
times, late lumen loss, and percent diameter of stenosis are pre-
sented in Tahle 4. The MLD was significantly smaller for the
BRS than for the SES at day 14 (1.90+0.30 mm vs 2.384+0.33 mm;
p=0.01) but not at any other assessment time. The late lumen loss
and percent diameter of stenosis were comparable between the
two groups at each assessment time. The greatest late lumen loss
with the BRS was 0.89+0.40 mm at 28 days and with the SES
was 0.80+£0.31 mm at 97 days.

ANALYSIS BY OPTICAL COHERENCE TOMOGRAPHY

OCT examination was performed successfully for all of the study
devices (Table 5). The appearance of the struts at each OCT
examination is shown in Figure 2. All struts had a preserved box-
like appearance with no ST, malapposition, dissection, or tissue

Table 3. QCA analysis at baseline and parameters associated with acute recoil.

Parameter Ens 93 p-value
(n=32) (n=32)

Reference vessel diameter (mm) 2.82+0.32 2.76+0.28 0.44
Stent-to-artery ratio 1.03+0.10 1.07+0.10 0.13
Mean diameter of inflated balloon (X, mm) 2.87+0.13 2.93+0.18 0.15
Mean diameter of stent immediately after balloon inflation (Y, mm) 2.79+0.22 2.85+0.20 0.29
Acute absolute recoil (X-Y, mm) 0.07+0.21 0.08+0.17 0.98
Acute percent recoil ([X-YI/X, %) 2.50+7.33 2.44+5.78 0.97
BRS: bioresorbable sirolimus-eluting scaffold (AMSorb); QCA: quantitative coronary angiography; SES: metallic sirolimus-eluting stent

Tahle 4. QCA analysis of late lumen loss and percentage diameter of stenosis.

14 days | IMLD (mm) | FU-MLD (m) | LLL (mm) | %DS (%)
BRS (n=8) 2.37+0.11 1.90+0.30 0.47+0.31 19.88+13.36
SES (n=8) 2.62+0.16 2.38+0.33 0.25+0.28 9.33+10.59
p-value 0.002* 0.01* 0.15 0.10
28 days | IMLD (mm) | FUMLD(mm) | LLL (mm) | %DS (%)
BRS (n=8) 2.67+0.28 1.78+0.29 0.89+0.40 32.62+13.26
SES (n=8) 2.66+0.20 2.17+0.45 0.49+0.39 18.54+14.89
p-value 0.94 0.08 0.08 0.09
BRS (n=8) 2.57+0.18 1.99+0.20 0.58+0.17 22.56+6.51
SES (n=8) 2.66+0.25 1.85+0.36 0.80+0.31 30.31+11.87
p-value 0.44 0.37 0.10 0.13
BRS (n=8) 2.66+0.16 2.17+0.47 0.49+0.51 17.89+18.75
SES (n=8) 2.72+0.19 2.05+0.25 0.67+0.13 24.91+4.37
p-value 0.52 0.51 0.35 0.33
*Statistically significant difference. FU-MLD: MLD at the various assessment times; IMLD: minimal lumen diameter immediately after implantation;
LLL: late lumen loss; %DS: percentage of diameter stenosis




Table 5. OCT analysis at each assessment of the BRS and SES.

14 days :Eg :3 p-value
RVA (mm?) 5.72£1.30 5.62+1.14 0.88
LA (mm?) 4.52+0.41 5.69x1.11 0.03*
SA (mm?) 4.99+0.45 6.11+1.06 0.03*
NA (mm?) 0.46+0.10 0.43+0.16 0.58
%AS 9.35+1.65 7.28+3.30 0.14

28 days ‘ n=8 ‘ n=8 ‘ p-value
RVA (mm?) 6.06+1.03 5.15+0.7 0.10
LA (mm?) 2.93+1.03 4.82+0.74 0.003*
SA (mm?) 3.86+0.98 5.75+0.71 0.002*
NA (mm?) 0.93+0.39 0.92+0.25 0.98
%AS 25.43+13.21 16.50+4.68 0.15

97 days ‘ n=8 ‘ n=8 ‘ p-value
RVA (mm?) 5.92+0.35 5.62+0.59 0.27
LA (mm?) 3.90+0.60 3.63+1.08 0.57
SA (mm?) 5.33+0.83 5.30+0.78 0.93
NA (mm?) 1.44+0.69 1.67+0.64 0.53
%AS 26.95+9.50 32.43+13.30 0.39

Sgion 1m0

RVA (mm?) 6.65+0.68 6.21+1.36 0.46
LA (mm?) 4.31+1.06 3.78+0.54 0.32
SA (mm?) 5.89+1.22 5.54+0.66 0.58
NA (mm?) 1.58+0.40 1.78+0.56 0.49
%AS 27.22+6.10 31.72+8.07 0.28
*Statistically significant difference. %AS: percentage area of stenosis; BRS: bioresorbable
sirolimus-eluting scaffold (AMSorb); LA: lumen area; NA: neointimal area; RVA: reference
vessel area; SA: stent area; SES: metallic sirolimus-eluting stent

BRS

SES

14 days

A novel 3D-printed bioresorbable scaffold in a porcine model

prolapse in either group. The RVA was similar between the two
groups at all assessment times. The LA of the BRS was signi-
ficantly smaller than that of the SES at 14 days (4.52+0.41 mm?’
vs 5.69£1.11 mm? p=0.03) and 28 days (2.93+1.03 mm? vs
4.82+0.74 mm?; p=0.003). The SA showed a pattern similar to that
of the LA. The SA of the BRS was significantly smaller than that
of the SES at 14 days (4.99+0.45 mm? vs 6.11+1.06 mm?; p=0.03)
and 28 days (3.86+£0.98 mm? vs 5.75+0.71 mm?; p=0.002). The
LA and SA of the BRS were numerically larger than those of the
SES at 97 days and 189 days, but the differences were not statisti-
cally significant (Figure 3). There was no significant difference in
NA or the percent area of stenosis between the BRS and SES at
any assessment time.

HISTOPATHOLOGICAL AND HISTOMORPHOLOGICAL
ANALYSES

The histopathological findings under light microscopy at each
assessment time are shown in Figure 4 (low magnification, 20x)
and Figure 5 (high magnification, 200%). At each assessment,
all BRS and SES devices were structurally intact and all stent/
scaffold beam surfaces were covered with endothelial cells. No
thrombus formation was observed in either group. The results of
the morphological analyses are shown in Tahle 6. There were no
statistically significant between-group differences in LA, IELA,
NA, or percentage area of stenosis at any assessment time. There
were also no significant differences in the injury, inflamma-
tion, or endothelialisation scores between the two groups at any
assessment (Table 7). The endothelialisation scores were similar
between the two groups and showed complete re-endothelialisa-
tion at 97 days and 189 days, which is consistent with the findings
on SEM (Figure 6, Figure 7).

Figure 2. Performance of the BRS and SES at each optical coherence tomography assessment. BRS: bioresorbable sirolimus-eluting scaffold
(AMSorb); SES: metallic sirolimus-eluting stent
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Figure 3. Lumen area and scaffold/stent area of the BRS and SES at each assessment time. BRS: bioresorbable sirolimus-eluting scaffold
(AMSorb); SES: metallic sirolimus-eluting stent

189 days

Figure 4. Histopathological findings for the BRS and SES at each assessment time (low magnification). BRS: bioresorbable sirolimus-eluting
scaffold (AMSorb), SES: metallic sirolimus-eluting stent

14 days 28 days 97 days 189 days

BRS

Figure 5. Histopathological findings for the BRS and SES at each assessment time (high magnification). BRS: bioresorbable sirolimus-eluting
scaffold (AMSorb); SES: metallic sirolimus-eluting stent
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Table 6. Histomorphometric parameters for BRS and SES at each assessment time.

|
>
wn,
<8
=
3
189 days 3
BRS n=6 SES n=6 BRS n=6 SES n=6 BRS n=6 SES n=6 BRS n=6 SES n=6 =)
LA (mm?2) 4.16:1.16 | 4.24+156 | 2.04+1.27 | 3.18+¢1.17 | 1.49:+0.61 | 2.29+1.27 | 1.96+0.96 | 2.78+0.92 S
p-value 0.92 0.14 0.19 0.17 T
IELA (mm?) | 477:1.20 | 5.28:131 | 3.58+139 | 4.91s1.07 | 5165277 | 531090 | 4.99:135 | 6.50:1.82 @
pvalue 0.50 0.09 0.90 0.13 3
NA (mm?) 0.61:0.20 | 1.04:085 | 1.54:028 | 1.73x1.22 | 3.67:3.20 | 3.02:1.27 | 3.03:1.83 | 3.73:2.36
pvalue 0.28 0.73 0.66 0.58
%AS 13.52+6.02 \20.03¢15.79 49.o9¢21.72\34.72¢20.44 62.80120.05‘57.26123.07 57.64119.49‘53.58120.45
pvalue 0.37 0.27 0.67 0.73
%AS: percentage area of stenosis; BRS: bioresorbable sirolimus-eluting scaffold (AMSorb); LA: lumen area; IELA: internal elastic lamina area;
NA: neointimal area; SES: metallic sirolimus-eluting stent

Table 7. Pathological scores for BRS and SES at each assessment time.

189 days
BRS n=6 BRSn=6 | SESn=6 SES n=6
'S';‘;'femma“"” 0.33£0.52 | 0.00+0.00 | 0.50+0.55 | 0.00:0.00 | 1.50+1.22 | 1.17+1.17 | 1.50+1.05 | 1.17£1.17
pvalue 0.18 0.08 0.64 0.62
Injury score 0.33:0.52 | 0.17<0.41 | 0.33:+0.52 | 0.0040.00 | 1.00¢1.10 | 1.00£1.10 | 0.67+0.82 | 0.33+0.52
pvalue 0.55 0.18 1.00 0.42

SEC”Odrgthe“a”satiO” 2.17:0.98 | 2.50+0.84 | 2.83+0.41 | 3.00:0.00 | 3.00:0.00 | 3.00+0.00 | 3.00+0.00 | 3.00+0.00

p-value 0.54 0.36 - -

BRS: bioresorbable sirolimus-eluting scaffold (AMSorb); SES: metallic sirolimus-eluting stent

14 days

fa

28 days 97 days 189 days

Jf q?

SES

Figure 6. Findings on scanning electron microscopy for the BRS and SES at each assessment time (low magnification). BRS: bioresorbable
sirolimus-eluting scaffold (AMSorb); SES: metallic sirolimus-eluting stent
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Figure 7. Findings on scanning electron microscopy for the BRS and SES at each assessment time (high magnification). BRS: bioresorbable

sirolimus-eluting scaffold (AMSorb); SES: metallic sirolimus-eluting stent

Discussion

3D printing technology is gradually being applied in several fields
of medicine, including fabrication of medical devices, advanced
visualisation, diagnosis planning, and simulation of surgical pro-
cedures!”. However, few systematic long-term studies have dem-
onstrated the feasibility of 3D-printed scaffolds for CHD in vivo'.
This preclinical study further validated the safety of a fully degra-
dable sirolimus-eluting 3D-printed scaffold by implanting it into
normal coronary arteries in a porcine model. All animals sur-
vived for the entire duration of the study without stent thrombo-
sis, migration, or fragmentation, confirming that the safety of the
BRS is comparable with that of the SES. Previous studies have
demonstrated the good biocompatibility of the PLLA bioabsorb-
able vascular stent (BVS)!”%. In our histopathological analysis,
there were no or few aggregations of inflammatory cells in the
BRS-stented arterial wall tissue, which suggests that this stent has
favourable biocompatibility. Moreover, it was noted to be inert and
non-thrombogenic at the 189-day assessment. In terms of inflam-
mation scores, the BRS seems to be better than BVS in previ-
ous studies®. The circular shape and smaller thickness of the BRS
may be one of the reasons for less inflammation, and the unsta-
ble injury score may be another confounding factor. A healthy,
intact, and functioning endothelial layer controls thrombosis and
thrombolysis, interactions between platelets and leukocytes, and
the release of vasodilating (e.g., nitric oxide) and vasoconstrict-
ing (e.g., endothelin-1) substances, as well as regulating vascu-
lar tone and growth?'. Early re-endothelialisation would be helpful
for suppressing neointimal hyperplasia, preventing restenosis,
and reducing complications of ST?. Our OCT and SEM analy-
ses showed that the BRS scaffolds had a good degree of endothe-
lial cell coverage at each assessment time. Pathological analysis
showed that the endothelialisation scores were similar for the two

stents; the BRS achieved early re-endothelialisation within 28
days and complete endothelialisation at 97 days, suggesting that,
unlike the SES, the BRS does not delay the re-endothelialisation
process. Two-stage degradation and the vascular characteristics of
the novel 3D-printed scaffold may demonstrate the potential of
this device to promote endothelial function®.

A bioabsorbable PLLA stent has several advantages due to its
good biocompatibility and ability to be moulded into scaffolds of
different shapes'®?. However, there is still a concern about the
acute stent recoil and radial strength of the scaffold because it
has material and structural characteristics that are different from
those of the metallic stent. In the ABSORB and SPIRIT trials,
the mean acute recoil of the bioabsorbable everolimus-eluting
coronary scaffold (Absorb BVS 1.0, Abbott; 6.85+6.96%) was
slightly higher than that of the metallic everolimus-eluting stent
(XIENCE V, Abbott; 4.27+7.08%)%*, and the improved Absorb
BVS revision 1.1 had an acute recoil similar to that of the Absorb
BVS revision 1.0%. In the present study, both the BRS and SES
had similar acute recoil (2.50+£7.33% vs 2.44+5.78%; p=0.97),
which suggests that, like the commercially available SES, the
BRS could provide sufficient radial strength to support a ves-
sel wall in the acute phase. OCT analysis showed that the LA
and SA of the stents in the BRS group were significantly smaller
than those in the SES group at the 14-day and 28-day assess-
ments but that there was no significant between-group difference
in the NA. Therefore, consideration should be given to the pos-
sibility of late recoil with the BRS caused by a decrease in radial
strength. However, at the 97-day and 189-day assessments, both
OCT and the histopathological examination showed that the BRS
scaffold beam remained intact. There was no significant between-
group difference in the LA or SA, and even the above-mentioned
parameters in the BRS group surpassed those in the SES group,



suggesting that the novel 3D-printed absorbable scaffold can pro-
vide enough support to resist elastic recoil and restrict neointimal
proliferation in porcine coronary arteries for at least 6 months.
This novel scaffold has a unique closed-loop unit structure with
a spiral arrangement and is circular in cross-section, which is
conducive to attachment to the inner wall of a blood vessel and
reducing the effect on local blood flow®. Therefore, in theory, the
novel scaffold could provide a better local haemodynamic micro-
environment in treated vessels, thereby reducing the risk of ST.
Furthermore, the novel nanoparticle coating on the scaffold effec-
tively inhibits proliferation of smooth muscle cells in vitro®. This
could be the reason for its good flexural properties, radial support
force, and limited neointimal proliferation. However, the lack of
immediate baseline OCT data in this study meant that it was not
possible to analyse the late stent recoil, and this will be the sub-
ject of a future study.

An earlier study of the Absorb BVS in a porcine coronary mod-
el* showed late lumen gain with an increase in the LA of the
BVS from 2.87+1.28 mm? at 28 days to 5.13+0.84 mm? at 2 years
and 6.85+1.25 mm? at 4 years. Serial assessment of this BVS in
patients showed a similar tendency, with further intravascular
ultrasound examination suggesting that reduction of plaque led to
late lumen enlargement rather than positive vessel remodelling®’.
An earlier preclinical study demonstrated that this late lumen gain
might be coupled with positive remodelling of the scaffold-treated
segment®. In our study, late lumen enlargement and SA enlarge-
ment of the BRS were similarly documented by OCT. Analysis
of the mean LA on OCT showed a significant increase from
2.93£1.03 mm? at 28 days to 4.31£1.06 mm? at 189 days and an
increase in SA from 3.86+0.98 mm? at 28 days to 5.89+1.22 mm?®
at 189 days. However, the OCT was performed in different animals
at each time point in this study; therefore, the late lumen enlarge-
ment might be a pseudomorph. Therefore, continuous intravascular
imaging, such as continuous OCT or intravascular ultrasound fol-
low-up studies, should be considered to validate this phenomenon.
In addition, we will make more efforts to characterise the change
in tissue composition during biodegradation by histopathology on
the neointimal tissue around the struts in the long-term evaluation,
per the European Society of Cardiology/European Association of
Percutaneous Cardiovascular Interventions Task Force’s executive
summary on bioresorbable scaffolds®.

Finally, the scaffold was manufactured by 3D printing tech-
nology and can be tailor-made for specific coronary lesions, to
help prevent device-vessel mismatch and associated malapposi-
tion, and avoid incomplete coverage of lesions, stent overlap, and
uncovered struts. Considering that this study primarily explored
the safety of this novel scaffold in porcine coronary arteries, this
potential advantage should be investigated in further preclinical
and clinical studies.

Limitations
This study had some limitations. First, it was performed in
healthy animals with no atherosclerotic lesions in the coronary

A novel 3D-printed bioresorbable scaffold in a porcine model

arteries. Therefore, it could not reflect complex clinical scenar-
ios. Moreover, the possibility that growth of the animals during
the study contributed to positive vessel remodelling cannot be
excluded. Second, different animal cohorts were examined at the
different assessment times without the benefit of serial observa-
tions in the same animals. The late scaffold discontinuity and late
recoil of BRS were two important influencing factors in determin-
ing late outcomes. A serial intravascular imaging study in the same
vessels and long-term histopathological analysis would be needed
to observe dynamic evolution. Third, we used only one size of
stent and did not tailor the stent to fit the vessel in each animal.
Therefore, this study did not fully reflect the characteristics of 3D
printing technology, and further research is needed to explore per-
sonalised percutaneous coronary intervention based on intravascu-

lar imaging and 3D printing technology.

Conclusions

This novel 3D-printed BRS showed safety and efficacy similar to
that of an SES in a porcine model and had a long-term positive
remodelling effect. Our preliminary findings for this novel stent
warrant further clinical evaluation in patients with coronary artery
disease.

Impact on daily practice

This preclinical study validated the safety and efficacy of
a fully degradable sirolimus-eluting 3D-printed scaffold by
implanting it into normal coronary arteries in a porcine model.
The scaffold could be tailor-made for specific coronary lesions,
which could help to prevent device-vessel mismatch and assoc-
iated malapposition, and avoid incomplete coverage of lesions,
stent overlap, and uncovered struts. Ultimately it may reduce

clinical events and improve patient outcomes.
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Abstract

Background: The concept of three-dimensional (3D) wiring for chronic total occlusion (CTO) percuta-
neous coronary intervention (PCI) is now widely accepted among coronary interventionalists. The 3 axes,
i.e., the 2 X-ray beams and the CTO segment, should intersect with each other at as close to a right angle
as possible. However, how to specify optimal fluoroscopic angulations for a given CTO segment has not
been well established.

Aims: We aimed to develop a simple and practical method to identify optimal fluoroscopic angulations for
CTO PCL

Methods: A CTO vector can be derived from slab maximum intensity projection (MIP) images of coro-
nary computed tomography (CT) angiography. Using trigonometric functions, the inner product of vectors
and the equation of a plane, we calculated 2 fluoroscopic vectors perpendicular to each other and to the
CTO vector.

Results: We applied this method to a patient with mid-left circumflex CTO and translated the resulting
fluoroscopic vectors into optimal fluoroscopic angulations. To facilitate its use, we developed a calculator
using spreadsheet software that can output optimal fluoroscopic angulations within a practical range by
inputting the x, y, and z components of the CTO vector. This approach also helps to minimise dead angles
in biplane fluoroscopy.

Conclusions: This method has the potential to make CTO PCI safer and easier, without requiring dedi-
cated equipment or software. Its effectiveness should be validated in clinical practice.
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Abbreviations

CCTA coronary CT angiography
CT computed tomography
CTO chronic total occlusion

LAO left anterior oblique
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MIP maximum intensity projection
PCI percutaneous coronary intervention
RAO right anterior oblique

3D three-dimensional

Introduction

The concept of three-dimensional (3D) wiring is widely accepted
among coronary interventionalists, especially among those who
are enthusiastic about chronic total occlusion (CTO) percutaneous
coronary intervention (PCI)'3.-Generally, during PCI it is impor-
tant to view the target lesion from multiple directions without fore-
shortening. For 3D wiring, it is even more crucial to see the CTO
segment from the correct angle, and, in addition, from 2 directions
perpendicular to each other?® (Figure 1A). However, how to find
the optimal fluoroscopic angulations for a given CTO segment has
not been well established. The CT TrueView (Philips) is a soft-
ware product which can display the optimal rotation and angu-
lation of a C-arm of a designated coronary segment’. However,
the software is not widely available because it is attached to
Allura (Philips), a fluoroscopic system that only provides a single

fluoroscopic plane angulation. We present a simple and practical

A

Ll luoro (R)

approach for determining the optimal biplane fluoroscopic angu-
lations. Our method utilises coronary computed tomography (CT)
angiography (CCTA) and basic mathematical principles, without
the need for specialised equipment or software.

Methods

Assuming a CTO segment to be a vector (CTO vector), optimal
fluoroscopic lines should lie on the plane which is perpendicular to
the vector (fluoroscopic plane) (Figure 1B). Fluoroscopic lines are
depicted as vectors (fluoroscopic vectors). The objective of this arti-
cle is to present a method for determining a CTO vector and, subse-
quently, identifying the fluoroscopic vectors. These vectors are then
translated into a combination of optimal right and left fluoroscopic
angulations. To achieve this goal, we will employ basic mathemati-
cal concepts such as trigonometric functions, inner products of vec-
tors, and equations of a plane, in addition to maximum intensity
projection (MIP) images of coronary CT angiography.

This study was exempt from the requirements of the Institutional
Review Board at Kitsuki City Yamaga Hospital because it con-

tains no patient-identifiable information.

BASICS OF TRIGONOMETRIC FUNCTIONS AND EQUATION
OF A PLANE

For two vectors making an angle 0, the formula of the inner prod-
uct describes the relationship between the inner product, their
lengths, and the angle between them (Figure 2A).

CTO (a,b,c)

Fluoro (L)

Fluoroscopic plane : ax+by+cz=0

Figure 1. Triaxial orthogonality and the application of the equation of a plane. A) Viewing the CTO segment without foreshortening from 2

directions perpendicular to each other. B) Optimal fluoroscopic lines lie on the fluoroscopic plane. Red bold axis: CTO segment; red bold

arrow: CTO vector, Fluoro (R): right fluoroscopic vector,; Fluoro (L): left fluoroscopic vector. CTO: chronic total occlusion
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Figure 2. Inner product of vectors. Inner product of vectors (A) and a specific case of 2 vectors making a right angle (B)

In the specific case where the 2 vectors make a right angle,
the inner product equals zero, as the cosine of 90 degrees is 0
(Figure 2B).

In the application on a plane, the relationship between a vector
(a, b, ¢) perpendicular to a plane and an arbitrary position vector
(x, y, z) on this plane is represented as ax + by + cz = 0 (equa-
tion of a plane) (Figure 1B). The vector (a, b, ¢) is referred to as
the normal vector of the plane. Assuming the normal vector to be
a CTO vector, the fluoroscopic vectors, shown here as Fluoro (R)
and Fluoro (L), would be located on this plane.

DERIVATION OF CTO VECTOR

In a virtual XYZ space overlaid on a patient’s body, we set refer-
ence X-, Y-, Z-axes and reference coronal, sagittal and transverse
planes (Figure 3). The CTO vector is represented by a bold red
arrow, with its x, y, and z components depicted as fine red lines.

Figure 3. CTO vector in a virtual XYZ space. The CTO vector is
shown as a red bold arrow, its x, y and z components as red fine

lines, and its projection vector onto the reference planes as red
dotted arrows. The CTO vector is noted as the simplest trigonometric
Sfunctions. CTO: chronic total occlusion

Drawing its projection vectors onto the reference planes (red dot-
ted arrows) and measuring the angle with the reference axis, the
CTO vector can be expressed using trigonometric functions. In
this paper, vectors are represented by the simplest trigonometric
functions, as only the direction of the vector is relevant for the
purposes of this study and not its magnitude.

Results

We will apply this to a patient with a mid-left circumflex (LCx)
CTO (Figure 4), using the image viewer to display 3 of the basic
cross-sections of a CCTA (Figure 5A). With the universally preva-
lent image viewers, you can set the thickness of slab MIP. Apply
a 9 mm thick slab, in this case on the coronal plane, and search for
an adequate slab that contains the whole length of the CTO. For
this case, calcifications at the origin, middle, and end of the CTO
help us orient the location of the CTO (Figure 5B). These allow
us to draw the projection line of the CTO onto the coronal plane,
and the angle with the Y-axis measures 23.6 degrees. Similarly, by
applying a 8 mm thick slab, drawing the projection line onto the
sagittal plane and measuring the angle with the Y-axis, we derived
25.6 degrees (Figure 5C). Using trigonometric functions, the CTO
vector in the left anterior oblique (LAO) cranial direction was

oA

uﬂa|30° o <o o

Figure 4. 4 case of mid-LCx CTO. Yellow dotted lines represent the
CTO segment of the mid-LCx. CTO: chronic total occlusion;
LCx: left circumflex
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Figure 5. Derivation of CTO vectors from coronary CT angiography. A) Basic cross-sections of coronary CT angiography. B) Slab MIP image
on coronal plane. A 9 mm-thick slab allows the operator to draw the projection line of the whole length of the CTO onto the coronal plane (red
dotted line) and to measure the angle with the Y-axis. C) A slab MIP image on the sagittal plane. An 8 mm-thick slab is applied to draw the
projection line onto the sagittal plane (red dotted line) and to measure the angle with the Y-axis. CT: computed tomography; CTO: chronic

total occlusion; MIP: maximum intensity projection

determined as (0.437, 1.000, 0.479) (Figure 6A, Supplementary
Figure 1).

The thickness of the slab required to project the entire length of
the CTO segment onto the coronal and sagittal planes is denoted
as tl and t2, respectively.

DERIVATION OF FLUOROSCOPIC VECTORS AND
ANGULATIONS
Using the equation of a plane, a plane perpendicular to the CTO
vector is represented as:
0.437x +y + 0.479z = 0 (equation of a fluoroscopic plane)
Both the right and left fluoroscopic vectors lie on it (Figure 6B).
There are numerous possibilities, so from a viewpoint of practical
utility, we set the right anterior oblique (RAO) angle at 30 degrees
for the right fluoroscopic vector. Here, we examined how to create

fluoroscopic angulations, such as LAO 45° caudal 30°, which
involves a series of rotations performed by the C-arm®. The C-arm
first rotates clockwise on the transverse plane by 45 degrees
(Figure 7A) and then rotates caudally by 30 degrees on the left
45-degree plane (Figure 7B). Note that for any vector on the left
45-degree plane, regardless of its cranial or caudal angulation, the
ratio of its x and z components is always 1:1. When RAO 30°
is applied, similarly the x and z components of the right fluoro-
scopic vector are automatically set as —1 and V3, respectively. By
assigning these values to the equation of the fluoroscopic plane,
the y component can be calculated, and the right fluoroscopic vec-
tor was determined, as shown in Supplementary Figure 2, and
Figure 8A.

Next, the method for converting a vector into a fluoroscopic
angulation is described (Figure 8A). Calculating the angle between
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Figure 6. Determination of the CTO vector of the mid-LCx and derivation of the fluoroscopic plane. A) Determination of the CTO vector from
angles measured in Figure 5 and trigonometric functions. tl is the thickness of slab needed for the projection of the whole length of the CTO
onto the coronal plane; 12 is the thickness of slab needed for the projection of the whole length of the CTO onto the sagittal plane. B) The
fluoroscopic plane is depicted in the virtual XYZ space along with the CTO vector (red bold arrow) as its normal vector. The combination of

optimal fluoroscopic vectors lie on this plane (black dotted arrows, Fluoro [R]: right fluoroscopic vector and Fluoro [L]: left fluoroscopic

vector). CTO: chronic total occlusion, LCx: left circumflex artery

Figure 7. How to create LAO 45° caudal 30°. A) Clockwise rotation of the C-arm on the transverse plane by 45 degrees, followed by (B)
rotating caudally on the left 45-degree plane by 30 degrees. LAO: left anterior oblique

the right fluoroscopic vector (the blue solid vector) and its pro-
jection vector onto the transverse plane (the blue dotted vector)
according to the formula for an inner product, the angle is 11.1
degrees (Figure 8B). The right fluoroscopic angulation is finally
determined as (RAO 30° caudal 11°).

Because the CTO, the right and left fluoroscopic vectors are
orthogonal to each other, the left fluoroscopic vector is calculated
as (2.32, —1.49, 1.00) by solving the system of the equations in
Supplementary Figure 3.

As mentioned for the right fluoroscopic vector, the LAO angle
is determined by the x and z components of the fluoroscopic vec-
tor. That is, the angle giving a tangent of 2.32/1.00 is 66.7 degrees
(Figure 8B). The angle between the left fluoroscopic vector and

its projection onto the transverse plane (2.32, 0, 1.00), according
to the formula of inner product, is determined to be 30.6 degrees.
Now we have identified one of the combinations of optimal
fluoroscopic angulations: (RAO 30° caudal 11°) and (LAO 67°
caudal 31°).

APPLICATION TO ANOTHER CTO CASE

Another case of PCI for mid-circumflex CTO, in which this method
was actually applied, is shown. Using slab MIP of CCTA and the
calculator, the combination of practical optimal fluoroscopic angu-
lations was calculated as (RAO 45° cranial 8°) and (LAO 46°
cranial 8°) (Supplementary Figure 4, Supplementary Figure 5,
Supplementary Table 1). We started the procedure with a bilateral
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Figure 8. Right and left fluoroscopic vectors and angulations.

A) Right fluoroscopic vector and angulation. The caudal angulation
is the angle between the right fluoroscopic vector (blue solid arrow)
and its projection vector onto the transverse plane (blue dotted
arrow). B) The caudal angulation can be calculated from the

formula of the inner product. C) Left fluoroscopic vector and

angulation. The left fluoroscopic angulation can be derived just as in
the right fluoroscopic angulation. Note that the LAO angle is
determined only by the x and z components of the fluoroscopic
vector. Red bold arrow: CTO vector; yellow solid arrow: left

fluoroscopic vector; yellow dotted arrow: projection vector onto the

transverse plane of the lefi fluoroscopic vector. CTO: chronic total
occlusion, LAO: left anterior oblique

approach. Bilateral tip injection allowed good visualisation of the
CTO at LAO 46° cranial 8° but the visualisation at RAO 45° cra-
nial 8° was poor because of the overlap of the guide and prosthe-
sis (Supplementary Figure 6). In order to avoid these obstacles,
alternative angulations (RAO 11° cranial 23°) were adopted for
the right fluoroscopic angulation (Supplementary Figure 7). We
used another calculator here (Supplementary Table 2), by which
the angle between the 2 vectors and the shortening rate can be

obtained. By entering the CTO vector in advance and entering
(RAO 11° cranial 23°) in the fluoroscopic angle cell, the angle
of 56.5 degrees is derived. Since 1 — sin 56.5° is equal to 0.166,
the shortening rate of the lesion when this fluoroscopic angula-
tion is adopted is 16.6%. Of course, for the ideal fluoroscopic
angulation, this angle would be 90 degrees, so the foreshorten-
ing would be 0%. The second row of the table shows the angle
between the 2 adopted fluoroscopic vectors. This calculator can
be used in the cath lab during the procedure. For the right fluoro-
scopic angulation, an alternative was used to proceed with the pro-
cedure, a tapered guidewire passed antegradely through the lesion
(Supplementary Figure 8), and finally, a drug-eluting stent was
implanted (Supplementary Figure 9).

DEVELOPMENT OF THE CALCULATOR

Because calculating complex formulas at each CTO vector requires
so much energy, we developed a calculator using spreadsheet soft-
ware (Table 1). Assigning the x, y and z components of a CTO
vector, the answers for designated RAO angles can be calculated
automatically. It will display combinations of the right and left
fluoroscopic angulations in 5-degree increments in the range from
RAO 0 to 60 degrees for practical use. Recalculations are done to
confirm if these complex calculations are true: the inner product of
any 2 of the 3 vectors should equal 0 and there should be no dis-
crepancy between fluoroscopic vectors derived from a CTO vec-
tor and those inversely translated from fluoroscopic angulations
(independently calculated from the original formulas) (Table 2).

Discussion

Minimising shortening is crucial not only for CTO but also for any
target lesion. When biplane fluoroscopy, which provides ortho-
gonal views as shown in Figure 1A, is available, the guidewire
tip behaviour can be accurately visualised, potentially enhanc-
ing procedural success and safety. However, identifying optimal
biplane fluoroscopic angulations is challenging. Here, we pro-
pose a method based on the equation of a plane. By adopting the
CTO vector as the plane’s normal vector, the fluoroscopic lines
will lie on this plane. We further utilised CCTA’s slab MIP images
to vectorise the CTO lesion, which can be achieved using stand-
ard image viewers without specialised software. With the use of
trigonometric functions and inner product formulas, fluoroscopic
vectors can be translated into multiple optimal fluoroscopic angu-
lations. It is important to note that due to different reference planes
and axes for each CTO lesion, careful attention must be paid to the
CTO vector’s direction while calculating the components to avoid
disorientation.

Images of CCTA are reconstructed from the data acquired
mainly during end systole or mid-diastole®®. In case of excessive
excursion during the cardiac cycle, as is often seen in the midpor-
tion of right coronary arteries, optimal fluoroscopic angulations
in other cardiac phases might differ significantly from what we
propose here. Nonetheless, the cardiac motion is minimal, and
accordingly, it is easy to observe a guidewire during these periods.



Table 1. Calculator for right and left fluoroscopic angulations.

Optimal fluoroscopic angulations for CTO PClI

CTO vector Right fluoroscopic vector Left fluoroscopic vector ngh:nf!gt:lt;;toiztr:loplc Lef;:l:slr:t?g::plc
Cranial Cranial

RO 0.437 1.000 0.479 0.000 -0.479 1.000 -5.874 2.087 1.000 0.0° -25.6° -80.3° 19.3°
R5 0.437 1.000 0.479 -0.087 -0.439 0.996 -11.521 4.554 1.000 5.0° -23.7° -85.0° 21.5°
R10 0.437 1.000 0.479 —0.174 —0.396 0.985 | 1,805.611 | —789.331 1.000 10.0° -21.6° 90.0° -23.6°
R15 0.437 1.000 0.479 -0.259 -0.350 0.966 10.690 -5.150 1.000 15.0° -19.3° 84.7° -25.6°
R20 0.437 1.000 0.479 -0.342 -0.301 0.940 5.146 -2.721 1.000 20.0° -16.7° 79.0° -27.5°
R25 0.437 1.000 0.479 -0.423 -0.250 0.906 3.272 -1.908 1.000 25.0° -14.0° 73.0° -29.2°
R30 0.437 1.000 0.479 -0.500 -0.196 0.866 2.318 -1.492 1.000 30.0° -11.1° 66.7° -30.6°
R35 0.437 1.000 0.479 -0.574 -0.142 0.819 1.734 -1.237 1.000 35.0° -8.1° 60.0° =31.7°
R40 0.437 1.000 0.479 —0.643 -0.086 0.766 1.334 -1.062 1.000 40.0° —4.9° 53.1° -32.5°
R45 0.437 1.000 0.479 -0.707 -0.030 0.707 1.039 -0.933 1.000 45.0° -1.7° 46.1° -32.9°
R50 0.437 1.000 0.479 —0.766 0.027 0.643 0.810 -0.833 1.000 50.0° 1.5° 39.0° -32.9°
R55 0.437 1.000 0.479 -0.819 0.083 0.574 0.624 -0.752 1.000 55.0° 4.7° 32.0° -32.5°
R60 0.437 1.000 0.479 -0.866 0.139 0.500 0.468 —0.683 1.000 60.0° 7.9° 25.1° -31.8°
Assigning the x, y and z components of a CTO vector (boxes with yellow figures), fluoroscopic vectors and fluoroscopic angulations for a designated RAO angle are automatically
calculated. RO~60 represent RAO angles. Negative values in cranial boxes demonstrate “caudal” angles. LAO: left anterior oblique; RAO: right anterior oblique

Thus, it is reasonable to employ images from CCTA to derive opti-
mal fluoroscopic angulations. PCI operators need to be aware of
the timing of acquisition shown on the summary of the relevant
coronary CT angiography.

Although it is possible to calculate optimal fluoroscopic angu-
lations for any CTO vectors, they sometimes do not work in
practice. For example, in case of a CTO vector parallel to the
Z (anteroposterior)-axis, fluoroscopic beams lie on the coronal
plane, which would not be clinically applicable because of the
inability to set the X-ray tube and the detector in place or an unac-
ceptable increase in X-ray dose (Figure 9). In such cases or the
actual application to PCI mentioned above, the calculator shown
in Supplementary Table 2 can be used to find the angle between
the adopted “realistic” fluoroscopic vector and the CTO segment
as well as the shortening rate. In this way, even if the ideal fluoro-
scopic angulations (where the 3 vectors are orthogonal) cannot be
used, it is important to proceed with the procedure while being
conscious of how obliquely the lesion is viewed and how much
the lesion is shortened.

The spreadsheet software developed in this study is capable of
displaying optimal fluoroscopic angulations by inputting the X, y
and z components of a CTO vector. However, when the CTO vec-
tor has a y component of 0 (lying on the transverse plane), the
software fails to output the correct solution due to a denominator
of 0 in the formula. In such cases, assigning a very small value to
the y component could yield a nearly correct solution.

This method is not applicable to bent sections, including the acute
margin of the right coronary arteries. However, the optimal fluoro-
scopic angulations for the proximal and distal straight-line portions
adjacent to bent sections, if any, can be separately calculated.

Although the methodology is relatively straightforward and does
not necessitate any specialised tools or applications, the derivation

Figure 9. CTO vector parallel to the Z-axis. It is virtually impossible
to continue a PCI procedure with a fluoroscopic vector on the
coronal plane. Red bold arrow: CTO vector, black dotted

arrows: fluoroscopic vectors. CTO: chronic total occlusion ;

PCI: percutaneous coronary intervention

of the CTO vector from the slab MIP may be deemed complex. To
streamline this aspect, the development of an application capable
of automatically computing the optimal angles by drawing CTO
lines on the angiographic view of CCTA or coronary angiogra-
phy would be highly advantageous. Such a tool would simplify
the process and render it more accessible to a wider range of PCI
operators, ultimately contributing to the advancement of the field.

Even when using biplane fluoroscopy, there may still be areas
where the guidewire appears to be inside the vessel despite actually
deviating outside (dead angle; blue dotted areas in Figure 10A). This
dead angle is minimised when sin 0 equals 1, which occurs when
the 2 fluoroscopic lines are orthogonal to each other (Figure 10B).
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Table 2. Recalculation table.

Recalculation

Recalculation
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Right fluoro_scopic Left fluoros_copic Loft fluoroscopic veetor
angulation angulation
Fluoro (R
Cranial Cranial FISI:JO%R) & .
Fluoro (L)
0.0° -25.6° -80.3° 19.3° 0.00 0.00 0.00 0.000 -0.479 1.000 -5.874 2.087 1.000
5.0° -23.7° -85.0° 21.5° 0.00 0.00 0.00 -0.087 -0.439 0.996 -11.521 4.554 1.000
10.0° -21.6° 90.0° -23.6° 0.00 0.00 0.00 -0.174 -0.396 0.985 1,805.611 | —789.331 1.000
15.0° -19.3° 84.7° -25.6° 0.00 0.00 0.00 -0.259 -0.350 0.966 10.690 -5.150 1.000
20.0° -16.7° 79.0° -21.5° 0.00 0.00 0.00 -0.342 -0.301 0.940 5.146 -2.727 1.000
25.0° -14.0° 73.0° -29.2° 0.00 0.00 0.00 -0.423 -0.250 0.906 3.272 -1.908 1.000
30.0° -11.1° 66.7° -30.6° 0.00 0.00 0.00 -0.500 —0.196 0.866 2.318 -1.492 1.000
35.0° -8.1° 60.0° -31.7° 0.00 0.00 0.00 -0.574 -0.142 0.819 1.734 -1.237 1.000
40.0° —4.9° 53.1° -32.5° 0.00 0.00 0.00 —0.643 —0.086 0.766 1.334 -1.062 1.000
45.0° -17° 46.1° -32.9° 0.00 0.00 0.00 -0.707 -0.030 0.707 1.039 -0.933 1.000
50.0° 1.5° 39.0° -32.9° 0.00 0.00 0.00 -0.766 0.027 0.643 0.810 -0.833 1.000
55.0° 47° 32.0° -32.5° 0.00 0.00 0.00 -0.819 0.083 0.574 0.624 -0.752 1.000
60.0° 7.9° 25.1° -31.8° 0.00 0.00 0.00 —0.866 0.139 0.500 0.468 —0.683 1.000
Right and left fluoroscopic vectors demonstrate right and left fluoroscopic vectors calculated inversely from the fluoroscopic angulations and independently of the original
formulas. CTO: chronic total occlusion vector; Fluoro (L): left fluoroscopic vector; Fluoro (R): right fluoroscopic vector; LAO: left anterior oblique; RAO: right anterior oblique
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Figure 10. Dead angle with biplane fluoroscopy. A black circlet demonstrates a guidewire deviating outside the vessel. The blue dotted area
demonstrates a dead angle of biplane fluoroscopy (4). It will be minimised when the fluoroscopic lines are orthogonal to each other (B).

Conclusions
In this study, we present a simple approach for identifying opti-

Therefore, by minimising the dead angle that cannot be completely
resolved even with biplane fluoroscopy, this method may reduce the
risk of vessel perforation and improve the safety of CTO PCI. mal fluoroscopic angulations for CTO PCI utilising slab MIP
images of CCTA and basic mathematical concepts, without spe-

Limitations cialised equipment or software. Specifically, we describe a pro-

At present, this method remains theoretical and has not yet been
tested in practice. Its efficacy should be evaluated in future
research, taking into account the success rate of the procedure, the
time required to perform it, the amount of dye and X-ray expo-
sure, and the comfort level of the operators.

cess whereby a CTO segment can be vectorised, as outlined in the
Central illustration. This approach has the potential to enhance
the safety of CTO PCI by reducing dead angles in biplane fluoro-
scopy. Future research may be warranted to further investigate the
effectiveness of this method.
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Conceptual images at a glance. After vectorising a CTO segment using slab MIP images of CCTA and trigonometric functions,
fluoroscopic vectors are calculated from the equation of a plane. They are finally translated into a combination of optimal fluoroscopic
angulations. To allow readers to better understand, 2 different perspectives are shown. Note that the CTO vector and the 2 fluoroscopic
vectors are orthogonal to each other. Fluoro (R): right fluoroscopic vector; Fluoro (L): left fluoroscopic vector. CCTA: coronary computed
tomography angiography,; CTO: chronic total occlusion;, MIP: maximum intensity projection
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Impact on daily practice

The proposed method detailed in this study provides precise
fluoroscopic angulations that are based on the exact direction
of a CTO segment, rather than relying on the subjective feel-
ings or experiences of operators. Even if the calculated optimal
angulations are not employed, operators can still appreciate the
difference between the correct answer and what they observe.
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Excimer laser coronary atherectomy for acute myocardial
infarction with coronary artery ectasia and massive
thrombosis
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Figure 1. Excimer laser coronary atherectomy for acute myocardial infarction with coronary artery ectasia and massive thrombus. A) The
initial coronary angiography (CAG) of the right coronary artery (RCA) showing total occlusion of the distal RCA (left anterior oblique cranial
view). B) CAG after thrombus aspiration, showing grade 1 TIMI flow. C) Intravascular ultrasound (IVUS) depicting a massive thrombus
(white asterisk). D, E) Angiography during excimer laser coronary atherectomy (ELCA; white arrow, left anterior oblique view). F) CAG after
ELCA, showing grade 3 TIMI flow. G) IVUS after ELCA presented a reduction of the thrombus (white asterisk). H) CAG performed on day 6,
showing almost complete disappearance of the thrombus. 1) Optical frequency domain imaging demonstrating a slight mural thrombus.

J) Multimodality computed tomography follow-up at the 2-year mark, showing no thrombus at the ectatic coronary artery (white arrowheads).
TIMI: Thrombolysis in Myocardial Infarction
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Percutaneous coronary intervention (PCI) for acute myocardial
infarction (AMI) with coronary artery ectasia and massive thrombus
remains technically challenging because standard techniques using
balloon angioplasty and stenting are unsuitable for such lesions.

A 73-year-old male patient with diabetes and dyslipidaemia was
referred to our hospital with a complaint of persistent chest pain.
The initial electrocardiogram showed ST-segment elevation in
the II, IIT and aVF leads. The patient was diagnosed with inferior
AMI. An emergency coronary angiography (CAG) revealed that
the distal right coronary artery (RCA) was completely occluded
with a massive thrombus (Figure 1A). Multiple rounds of thrombus
aspiration were performed, but few fibrin thrombi were removed,
and Thrombolysis in Myocardial Infarction (TIMI) flow remained
grade 1 (Figure 1B). Intravascular ultrasound (IVUS) revealed
a markedly positive remodelled ectatic vessel exceeding 8.0 mm,
filled with a massive thrombus (Figure 1C). We inserted an intra-
aortic balloon pump because the patient developed cardiogenic
shock, and attempted to reduce the thrombus using excimer laser
coronary atherectomy (ELCA). A 1.4 mm concentric-type laser
catheter was passed through the lesion and pulled back at a speed
of 1.0 mm/s with an additional injection of saline (initial fluency of
40 mJ/m?, repetition rate of 25 Hz) (Figure 1D, Figure 1E). After the
third round at the initial setting, the fluency and repetition rate sub-
sequently increased to 60 mJ/m? and 40 Hz, respectively. While the
floating thrombus remained at the ectatic lesion, TIMI flow grade
3 was achieved (Figure 1F). Additionally, IVUS showed a reduced
thrombus (Figure 1G). We finalised the procedure after consider-
ing the risk of distal embolism and slow flow/no-reflow pheno-
menon that could be caused by additional balloon angioplasty or
stenting. The patient was treated with 100 mg aspirin and 3.75 mg
prasugrel daily and unfractionated heparin (target activated clotting
time of 250-300 seconds) for 3 days. Subsequently, the medica-
tion was altered to 3.75 mg prasugrel and 10 mg apixaban. A CAG
performed on day 6 showed the near disappearance of the throm-
bus (Figure 1H), and optical frequency domain imaging revealed
a slight mural thrombus (Figure 11). No evident plaque ruptures
were observed. At two years, multimodality computed tomography
follow-up showed no thrombus (Figure 1J), and the patient was

free of cardiovascular events.

ELCA for ectatic thrombotic lesions

Coronary artery ectasia is a strong and independent predictor
of the no-reflow phenomenon after primary PCI for AMI'. ELCA
is a revascularisation therapy based on the effect of a catheter-
guided pulsed ultraviolet excimer laser light, which vaporises
the thrombus by emitting photomechanical, photochemical,
and photothermal energy?. In addition, exposure to the excimer
laser suppresses platelet aggregation and reduces platelet force
development capability, which is referred to as the “stunned
platelet phenomenon™. The standard strategy combines ELCA
with adjunctive balloon angioplasty or stenting*. In patients with
AMI, using ELCA before stenting improves procedural success
and reduces in-hospital cardiovascular events®. Although there
are limited data on ELCA use during primary PCI, our case
suggests that ELCA is feasible for emergent revascularisation
in ectatic coronary artery disease with a massive thrombus and
favourable midterm durability.
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Figure 1. Right vertebral artery angiography. A) Contrast injection in the right vertebral artery shows retrograde flow of left vertebral artery
supplying the left subclavian artery and left internal mammary artery (LIMA). B) Magnification depicts the left subclavian artery ostial
occlusion (thick arrow), LIMA (thin arrow) and ostial left vertebral artery stenosis (circle).
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Coronary angiography was indicated for a 66-year-old female
patient with a history of diabetes mellitus, dyslipidaemia and
hypertension who underwent myocardial revascularisation in 2014
(left internal mammary artery [LIMA] to left anterior descending
artery [LAD] and saphenous vein grafts [SVGs] to the right coro-
nary artery [RCA] and the first obtuse marginal branch [OM]).
She complained of progressive chest pain and effort dyspnoea.
Her stress test was positive, and her myocardial scintigraphy
showed anteroseptal ischaemia.

Angiography, performed using right femoral artery access,
demonstrated chronic occlusion of the distal left main (Moving
image 1), patency of both SVGs (Moving image 2, Moving
image 3), no collateral vessels to the LAD and normal left ven-
tricular (LV) function. An aortogram showed a calcified ostial
occlusion of the left subclavian artery (LSA) (Moving image 4).
Considering that LV function was normal and that there were
no collaterals to the LAD, the LIMA-to-LAD was considered
to be patent. However, since the LSA was chronically occluded
proximally, with no visible collateralisation, LIMA flow could
only come from the vertebral system. Hence, an angiography of
the right vertebral artery (VA) was performed. It demonstrated
a widely patent vessel that provided a good retrograde flow to
the left VA, which had a 90% ostial stenosis (Moving image 5,
Figure 1). A later Doppler ultrasound examination performed on
the ward confirmed inverted flow in the left vertebral artery, com-
patible with subclavian steal physiology. Selective LIMA-to-LAD
angiography performed by left radial artery access showed a good
functioning graft, with no significant stenoses in either vessels
(Moving image 6).

Although a percutaneous recanalisation of the chronically
occluded LSA would naturally be the first therapeutic choice for
a case like this, this procedure was considered very challenging in
this specific patient, as there was no proximal tapered stump, and
the occluded segment (as demonstrated by the angiography done
by left radial access) was long and calcified. Angioplasty of the

MI caused by remote non-cardiac stenoses

ostial left VA could also potentially alleviate myocardial ischae-
mia, but it would probably lead to subclavian steal symptoms.
Therefore, a left common carotid-to-LSA bypass was proposed
as a therapeutic strategy. However, despite a full explanation
of the clinical picture, the patient declined any further invasive
procedure.

Patients with subclavian steal syndrome are frequently asymp-
tomatic'. Cardiac ischaemia, however, may occur in patients
revascularised with mammary artery grafts while using their ipsi-
lateral arm. In this case, the concomitant left ostial VA stenosis
prevented subclavian steal symptoms but impaired flow to the
LSA and LIMA, leading to myocardial ischaemia. The case of this
patient underscores the need to look for symptoms of vertebrobasi-
lar insufficiency and for interarm blood pressure differences in
patients with myocardial ischaemia after surgical revascularisation

that used one or both internal mammary arteries.
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CLINICAL RESEARCH

INTERVENTIONS FOR VALVULAR DISEASE AND HEART FAILURE

Commissural alignment in the Evolut TAVR procedure:
conventional versus hat marker-guided shaft rotation

methods
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Abstract

Background: Coronary cannulation after TAVR is sometimes difficult due to an overlap between native
and neo-commissures, especially in Evolut devices with a supra-annular position. The Evolut C-tab corre-
sponds to a neo-commissure, and the hat marker is in a fixed position. Therefore, the orientation of the hat
marker can be adjusted to minimise overlaps.

Aims: We investigated whether the HAt marker-guided SHaft rotation method (HASH, stylised as the
#rotation method) is effective in facilitating coronary artery access after transcatheter aortic valve replace-
ment (TAVR) with an Evolut system.

Methods: We retrospectively analysed 95 patients who underwent electrocardiogram-gated cardiac com-
puted tomography after TAVR. In the #rotation method, the hat marker of the delivery catheter was adjusted
to face the greater curvature of the descending thoracic aorta in the left anterior oblique view. Its orientation
was maintained while the system passed through the aortic arch.

Results: In total, 60 and 35 patients underwent TAVR with the #rotation and non-#rotation methods,
respectively. A +15° angle between the native and neo-commissures was more frequent in the #rotation
group (p=0.001). Favourable angles and appropriate frame orientation for access to the left coronary artery
were significantly more frequent in the #rotation group than in the non-#rotation group (p<0.001 and
p=0.001). Although the #rotation method showed a higher rate of favourable angles and frames in the right
coronary artery, statistically significant differences were not found.

Conclusions: The #rotation method is useful for improving commissural post alignment in TAVR with
Evolut devices, especially in the ostium of the left coronary artery.

*Corresponding author: Division of Cardiology, Cardiovascular Center, Saiseikai Kumamoto Hospital, 5-3-1 Chikami,

Minami-ku, Kumamoto, 861-4193, Japan. E-mail: u.godwave@gmail.com

© Europa Digital & Publishing 2023. All rights reserved.

SUBMITTED ON 23/03/2023 - REVISION RECEIVED ON 25/05/2023 - ACCEPTED ON 20/06/2023


mailto:u.godwave@gmail.com

Abbreviations
#rotation method HAt marker-guided SHaft (HASH) rotation

method
CT computed tomography
LCA left coronary artery
LCC left coronary cusp
PCI percutaneous coronary intervention
RCA right coronary artery
RCC right coronary cusp
RLCC right/left coronary cusp commissure
TAVR transcatheter aortic valve replacement
THV transcatheter heart valve

Introduction

Transcatheter aortic valve replacement (TAVR) is widely accepted
as a definitive therapeutic option for patients with severe aor-
tic stenosis, and its effectiveness has been demonstrated in sev-
eral randomised trials'®. In recent years, TAVR has demonstrated
comparable results to surgical aortic valve replacement, even in
surgical low-risk patients’®. As a result, the indications for TAVR
have expanded to patients with longer life expectancy.

A relatively large number of patients with aortic stenosis have con-
comitant coronary artery disease’. In previous large trials, patients
with aortic stenosis complicated by coronary artery disease com-
prised 15-81% of the study population'®. This variation may have
been due to differences in the average age of participants. Since cor-
onary artery disease is a progressive disease, the likelihood of devel-
oping it increases with age. As the indications for TAVR gradually
shift towards younger patients, the need for post-TAVR percutaneous
coronary intervention (PCI) will inevitably increase, even if there
is no coronary lesion requiring intervention at the time of TAVR.

Following surgical aortic valve replacement, cannulation of the cor-
onary arteries is relatively straightforward because the bioprosthetic
valve is implanted to align the neo-commissure with the native com-
missures. However, it is not always possible to completely align a tran-
scatheter heart valve (THV) with the native commissures in a TAVR
procedure. Therefore, the THV neo-commissure is sometimes posi-
tioned to face the ostium of the coronary artery'®. A prosthesis in the
Evolut (Medtronic) series can be placed in a unique supra-annular posi-
tion, which may further complicate the process of engaging a catheter
in cases where the THV neo-commissure faces the coronary artery'!.

Aligning the THV neo-commissure with the native commissure
can facilitate coronary access after TAVR, especially when using
Evolut devices. Therefore, we investigated whether it is possible
to implant an Evolut device in a manner that allows access to the
coronary artery after TAVR. To do this, we adjusted the direction
of the delivery catheter, taking into account the structural charac-
teristics of the Evolut device.

Methods

STUDY POPULATION

In this study, we enrolled patients with severe aortic stenosis who
had undergone TAVR with an Evolut device at the Cardiovascular

Hat marker-guided shaft rotation method

Center of Saiseikai Kumamoto Hospital between March 2019 and
April 2022 and who had postoperative electrocardiogram-gated
contrast-enhanced cardiac computed tomography (CT) imaging.
During the first half of the study period, TAVR was performed
using the conventional technique, in which the delivery catheter
was advanced normally into the body to the aortic position. All of
these patients underwent contrast-enhanced CT at the time of their
outpatient visit, unless they met the exclusion criteria. In the latter
half, all patients underwent TAVR with adjustment of the delivery
catheter direction. Any patients who did not meet the exclusion
criteria underwent contrast-enhanced CT during hospitalisation.
We excluded the following cases from analysis: 1) TAVR per-
formed with approaches other than the transfemoral approach;
2) TAVR for failed surgical bioprostheses; 3) TAVR for a bicus-
pid aortic valve; 4) an estimated glomerular filtration rate <30 ml/
min/1.73 m? (increased risk of worsening renal function due to the
use of contrast media); 5) lack of patient consent for the use of
contrast media (Figure 1).

INTENTIONAL DELIVERY FOR COMMISSURAL ALIGNMENT
The method used to orient the hat marker and place it at the aortic
valve was called the HAt marker-guided SHaft (HASH) rotation
method (stylised as the #rotation method in this study) (Figure 2).
When the delivery system was initially inserted into the body, the
flush port was oriented at 3 o’clock. Next, we used the left anterior
oblique view to check whether the hat marker was facing the side
of the greater curvature of the descending thoracic aorta. If not,
the shaft of the delivery system was rotated so that the hat marker
faced the side of the greater curvature. This orientation of the hat
marker was maintained while the delivery system was passed
through the aortic arch to just above the aortic valve. Thereafter,
the angle of the fluoroscopy system was changed to the cusp-over-
lap view of the right and left coronary cusps (RCC/LCC). The
THYV was implanted after confirming that the hat marker was posi-
tioned centre front on the fluoroscopic display. Even though the
hat marker was displaced from the centre front position in this
location in the aortic valve, rotation of the delivery system in this
position was not performed because of concerns about the poten-
tial risk of access route injury. We also did not pull the delivery
system back to the descending aorta, because we thought it would
increase the risk of cerebral infarction. The non-#rotation method
in this study was the conventional technique, in which the flush
port orientation was at 12 o’clock at insertion and the orientation
of the hat marker was unknown after insertion.

ELECTROCARDIOGRAM-GATED CARDIAC CT IMAGES

Electrocardiogram-gated cardiac CT was performed with a col-
limation of 320x0.5 mm. The range of tube current values was
automatically set for each patient under model-based iterative
reconstruction conditions, and the tube potential was fixed at 100
kV. Images were reconstructed in 0.5 mm thick slices at 0.5 mm
intervals with no overlap. Iterative reconstruction was performed
with RR intervals of 10% ranging from 0% to 90%. CT images
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TAVR with Evolut devices:
n=205 patients
(03.2019~04.2022)

Non-#rotation method:
n=105 patients
(03.2019~09.2020)

- Alternative approach (n=3)

- Failed surgical bioprosthesis (n=9)
- Bicuspid valve (n=7)

- 6GFR <30 m/min/1.73 m2 (n=17)
- Lack of patient consent (n=34)

Contrast CT data availahle
n=35 patients

#rotation method:
n=100 patients
(10.2020~04.2022)

- Alternative approach (n=1)

- Failed surgical bioprosthesis (n=8)
- Bicuspid valve (n=5)

- eGFR <30 ml/min/1.73 m2 (n=21)
- Lack of patient consent (n=5)

Contrast CT data availahle
n=60 patients

Figure 1. Patient flow diagram and study design. #rotation method: HAt marker-guided Shaft (HASH) rotation method; CT: computed
tomography,; eGFR: estimated glomerular filtration rate; TAVR: transcatheter aortic valve replacement

were reconstructed using the 3mensio Valves software (version
9.1; Pie Medical Imaging) and analysed in our dedicated core lab-
oratory. The relationships between the THV neo-commissure and
the coronary artery (right: RCA; left: LCA) ostia were evaluated
with end-diastolic CT data. First, 3 orthogonal planes were used
for multiplanar reconstruction to create a centreline orthogonal to
the THV and to locate each THV neo-commissure. The inflow
level of each THV was checked, and the distance between the
THYV inflow and the inferior border of each ostium of the coronary

artery was measured. The angle between the native right/left cor-
onary cusp (RLCC) commissure and the C-tab commissure was
also evaluated (Figure 3).

STUDY ENDPOINTS

The primary endpoint of this study was to orient the THV frames
such that they faced the LCA/RCA ostium to a degree that allowed
coronary access after TAVR. As a secondary endpoint, we eval-
uated whether the angle between the C-tab commissure and the

A B

RLCC
commissure

Figure 2. The #rotation method. A) Positional relationship between the hat marker and the C-tab of the THV. B) The aortic valve viewed from
the angle of overlap between the RCC (green curve) and LCC (red curve). When the hat marker is located in the centre front position, the

C-tab is located near the native RLCC commissure. C,D) The hat marker (red arrow) should face the greater curvature of the descending

thoracic aorta. Otherwise, the shaft of the delivery catheter should be rotated. E) If the hat marker passes through the aortic arch facing the

greater curvature, it is positioned centre front (red arrow) at the position of the aortic valve (F). #rotation method: HAt marker-guided SHaft
(HASH) rotation method,; LCA: left coronary artery; LCC: left coronary cusp; RCA: right coronary artery; RCC: right coronary cusp;

RLCC: right/left coronary cusp; THV: transcatheter heart valve
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native RLCC
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<(native RLCC
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Figure 3. Examples of cardiac computed tomography measurements. Angles between (4) the native RLCC commissure and the LCA; B) the
C-tab commissure and the RCA or LCA, and (C) the C-tab commissure and the native RLCC commissure. When the native RLCC commissure
is oriented clockwise or counterclockwise relative to the C-tab, the angle is indicated with a positive or negative value, respectively. D) The
distance between the THV inflow and the inferior border of the LCA ostium (total length of the blue and yellow lines). LCA: left coronary
artery;, LCC: left coronary cusp, RCA: right coronary artery; RCC: right coronary cusp; RLCC: right/left coronary cusp, THV: transcatheter

heart valve

LCA/RCA ostium was suitable for coronary access after TAVR. In
Evolut devices, the structure of the prosthetic valve varies accord-
ing to its size. Therefore, favourable angles (relative to the C-tab
commissure) for coronary access were defined as 24-96° for the
23 mm valves and 36-84° for valves sized 26, 29, and 34 mm.
These estimates accounted for the fact that angles that overlap
with the commissural triangles of the THV should be avoided. In
this study, we used THV frames without a commissural triangle
or skirt.

ETHICAL STATEMENT

The study was conducted according to the principles of the
Declaration of Helsinki, and the protocol was approved by the
institutional review board or ethics committee of each participat-
ing centre. All participating patients gave written/oral consent.

STATISTICAL ANALYSIS

Continuous variables were denoted as the mean+standard devia-
tion (SD) or median (interquartile range [IQR]), as appropriate.
Categorical variables were reported as numbers and percentages.
Continuous variables were compared using the Student’s t-test or
Wilcoxon signed-rank sum test, depending on the distribution of
the variables. Categorical variables were compared using either
the chi-squared test or Fisher’s exact test, depending on the fre-
quencies in the contingency table. The JMP Pro software (version
16; SAS Institute) was used for all statistical analyses. A 2-sided
p-value<0.05 was considered to indicate statistical significance.

Results

Data were analysed from a total of 95 patients, including 35
who underwent TAVR with other methods (the non-#rotation
group) and 60 who underwent TAVR with the #rotation method.
The overall mean age was 84.6 years, and 66.3% of the partici-
pants were women, with no significant differences between the
2 groups (Table 1). There were no between-group differences in

renal function or history of coronary artery disease. Preoperative
transthoracic echocardiography showed that the severity of aortic
stenosis was similar across groups.

There were no between-group differences in the size of the
THYV, fluoroscopy time, or the percentage of patients who under-
went TAVR using an in-line sheath (Table 2). In the #rotation
method group, 42 patients (70.0%) did not require manual rota-
tion of the delivery catheter to properly orient the hat marker, and
18 patients (30.0%) required manual rotation. Among cases that
required rotation, no case presented any difficulty in maintain-
ing the orientation of the hat marker while the delivery system
was passed through the aortic arch. The #rotation method did not
increase the risk of vascular complications or postoperative cere-
bral infarction. On the other hand, in the non-#rotation group, only
23 out of 35 patients had a fluoroscopic record that could confirm
the orientation of the hat marker as it passed through the aortic
arch. Among them, the hat marker faced the greater curvature in
47.8% (11/23 patients).

In the preoperative electrocardiogram-gated cardiac CT, the
angles between the native RLCC commissure and the respective
coronary artery were 62.5+10.1° (LCA) and 77.0+14.2° (RCA)
(Table 3). The height of the coronary artery from the basal annu-
lar plane was 12.742.5 mm (for the LCA) and 16.0+2.6 mm (for
the RCA). There were no significant differences in these anatomi-
cal characteristics between the non-#rotation and #rotation groups.

We also compared postoperative electrocardiogram-gated car-
diac CT imaging data between the groups (Table 3). The mean
angles between the native RLCC and C-tab commissures were
not significantly different between groups (non-#rotation: —8.0°;
#rotation: 3.0°, p=0.79). However, the C-tab commissure was
placed within +£30° of the native RLCC commissure more fre-
quently in the #rotation group than in the non-#rotation group
(#rotation: 53 patients, 88.3%; non-#rotation: 13 patients, 42.9%;
p<0.001). Similar results were noted when the angle was limited
to +£15° (#rotation: 34 patients, 56.7%; non-#rotation: 7 patients,
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Table 1. Baseline clinical and echocardiographic characteristics of patients.

#rotation method

Non-#rotation method

p-value (#rotation method

(n=60) (n=35) vs non-#rotation method)
Age, years 84.6+5.1 84.8+£5.5 84.2+4.4 0.578
Female 63 (66.3) 37 (61.7) 25(71.4) 0.378
BMI, kg/m? 22.9+3.2 22.5+2.7 23.5+3.9 0.147
STS score, % 5.2+2.6 5.2+2.6 5.2+2.7 0.93
eGFR, ml/min/1.73 m? 53.9+15.6 52.3+16.3 56.7+£14.0 0.181
BNP, pg/dl 157.0 [65.9, 291.8] 172.0[54.9, 372.7] 122.9[57.1, 220.9] 0.241
Coronary artery disease 23 (24.2) 17 (28.3) 6(17.1) 0.321
Atrial fibrillation 18 (18.9) 13 (21.7) 5(14.3) 0.429
Prior permanent pacemaker 8 (8.4) 7(11.7) 1(2.9) 0.251
LVEF, % 64.0 [59.5, 68.0] 63.0 [55.8, 66.0] 66.0 [64.0, 69.5] 0.004
Peak aortic velocity, m/s 4.6+0.6 4.6+0.7 4.6+0.5 0.992
Aortic valve area, cm? 0.67+0.16 0.66+0.17 0.67+0.13 0.759
Values are n (%), mean+SD, or median [interquartile range]. #rotation method: HAt marker-guided SHaft (HASH) rotation method; BMI: body
mass index; BNP: brain natriuretic peptide; eGFR: estimated glomerular filtration rate; LVEF: left ventricular ejection fraction; SD: standard
deviation; STS: Society of Thoracic Surgeons

22.9%; p=0.001). This indicated that C-tab commissures placed
with the #rotation method were more closely aligned with the
native RLCC commissures (Figure 4).

The angle between the C-tab commissure and the LCA was sig-
nificantly smaller in the #rotation group than in the non-#rotation
group (#rotation: 67.1+20.9°; non-#rotation: 90.24+30.1°; p<0.001).
However, there was no between-group difference in the angle of
the C-tab commissure relative to the RCA (#rotation: 76.5+23.0°;
non-#rotation: 81.9433.5°; p=0.348). Favourable angles for post-
TAVR access to the LCA were significantly more frequent in the
#rotation group (#rotation: 55 patients, 91.7%; non-#rotation:
19 patients, 62.9%; p=0.001). For access to the RCA, there was
no significant between-group difference in the frequency of

Table 2. Procedural characteristics.

favourable angles (#rotation: 50 patients, 83.3%; non-#rotation:
24 patients, 68.6%; p=0.125) (Figure 5).

The distance between the THV inflow and the inferior border
of each ostium of the coronary artery was not significantly dif-
ferent between groups in either the LCA or the RCA. To visual-
ise the positional relationship between the THV and the coronary
artery, we generated a scatter plot with the angle between the
C-tab commissure and the coronary artery on the horizontal axis
and the distance between the THV inflow and the inferior border
of the ostium of the coronary artery on the vertical axis (Figure 6).
The sample size in the group with the 23 mm prosthetic valve
was too low for statistical comparisons. Therefore, we compared
the data among patients who had received the 26, 29, and 34 mm

Procedural characteristics

All #rotation method Non-#rotation method | p-value (#rotation method
(n=95) (GE)] (n=35) vs non-#rotation method)

THV size, 23 B (.3 3(5.0) 2(5.7)
mm 26 52 (54.7) 31(51.7) 21 (60.0) 0.406
29 33 (34.7) 21(35.0) 12 (34.3)
34 SY(53) 5(8.3) 0(0)
Contrast dye, ml 62.5 [59.0, 85.0] 57.0[47.0, 78.5] 70.0 [57.0, 101.0] 0.004
Fluoroscopy time, min 24.8[19.9, 28.8] 24.8[21.1, 29.3] 24.91[18.4, 27.7] 0.391
In-line sheath 85 (89.5) 55 (91.7) 30 (85.7) 0.49
Rotation of delivery system 18 (18.9) 18 (30.0) 0(0) <0.001
Complications 18 (18.9) 8(13.3) 10 (28.6) 0.102
Vascular complications 8 (8.4) 2(3.3) 6(17.1) 0.048
Cerebral infarction 3(3.2) 3 (5.0) 0(0) 0.295
New pacemaker implantation 8 (8.4) 4(6.7) 4(11.4) 0.461
Values are n (%), mean+SD, or median [interquartile range]. #rotation method: HAt marker-guided SHaft (HASH) rotation method; SD: standard
deviation; THV: transcatheter heart valve
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Table 3. Baseline and post-TAVR findings on multislice computed tomography.

#rotation method

Non-#rotation method

p-value (#rotation method

(n=60) (n=35) vs non-#rotation method)

Baseline MSCT

Area, mm? 400+65 410+68 377+53 0.027

Perimeter, mm 72.2+5.7 73.1+6.1 70.4+4.6 0.046

LCA height, mm 12.7+2.5 12.9+2.5 12.1+2.2 0.133

RCA height, mm 16.0+2.6 16.3+2.6 15.3+2.6 0.092

<(native RLCC commissure - LCA), ° 62.5+10.1 62.8+10.4 62.0+£9.5 0.728

<(native RLCC commissure - RCA), ° 77.0£14.2 78.6+13.0 73.7+16.2 0.13
Post-TAVR MSCT

THV inflow to LCA ostium 18.1+3.8 18.4+4.0 17.7+£3.3 0.4

THV inflow to RCA ostium 19.2+4.1 19.5+3.7 18.6+4.8 0.333

<(C-tab commissure - LCA), ° 75.6+27.0 67.1+20.9 90.2+30.1 <0.001

<(C-tab commissure - RCA), ° 78.5+27.3 76.5+23.0 81.9+33.5 0.348

<(C-tab commissure - native RLCC | 351530, 16.01| 3.01-16.0,14.0] | -8.0[-31.0, 64.5] 0.796

commissure),
Values are n (%), mean+SD, or median [interquartile range]. #rotation method: HAt marker-guided SHaft (HASH) rotation method; LCA: left coronary
artery; MSCT: multislice computed tomography; RCA: right coronary artery; RLCC: right/left coronary cusp; SD: standard deviation; TAVR: transcatheter
aortic valve replacement; THV: transcatheter heart valve

—15°< p < +15°

M Yes M No p-value=0.001

#rotation method
(n=60)

non-#rotation method
(n=35)

T T T T T 1
0% 20% 40% 60% 80% 100%

non-#rotation method

—30°< p < +30°

M Yes M No p-value<0.001

#rotation method
(n=60)

(n=35)

T T T T T 1
0% 20% 40% 60% 80% 100%

Figure 4. Angles between the native RLCC commissure and C-tab commissure (p). The percentage of patients in whom the C-tab commissure

is placed at £15° relative to the native RLCC commissure is significantly higher in the #rotation group (56.7%) than in the non-rotation

group (22.9%,). The percentage in the #rotation group is even higher (88.3%) when the permitted angle is increased to £30°. #rotation
method: HAt marker-guided SHaft (HASH) rotation method; RLCC: right/left coronary cusp

prosthetic valves. The orientation of the THV frame facilitated
post-TAVR access to the LCA more frequently in the #rotation
group (#rotation: 52 patients, 91.2%; non-#rotation: 21 patients,
63.6%; p=0.001). However, the #rotation method did not provide
such an advantage in the RCA (#rotation: 47 patients, 82.4%; non-
#rotation: 24 patients, 72.4%; p=0.34).

Discussion

We investigated whether an Evolut THV can be oriented in a way

that facilitates coronary access after TAVR. To achieve this, we

adjusted the orientation of the hat marker on the delivery system
when positioning it at the aortic valve. The main results of this
study are summarised below.

1. Compared with non-#rotation methods, the #rotation method
allowed us to place the C-tab commissure closer to the native
RLCC commissure.

2. The LCA ostium did not face the commissural triangle of
the THV and was positioned at a more favourable angle for

coronary artery access in the #rotation group than in the non-

#rotation group. In contrast, there was no significant between-

group difference in the angle in the RCA.

3. When distances between the THV inflow and the coronary
artery ostia were considered in addition to the orientation of the
THYV, the #rotation group had a higher probability of favour-
able frame alignment for post-TAVR access to the LCA than the
non-#rotation group.

As the indications for TAVR expand to include low-risk and
younger patients, the number of patients who require post-TAVR
PCI is expected to increase. Although there are limited data
regarding the incidence of coronary events after TAVR, acute cor-
onary syndrome after TAVR is known to result in high mortality'2.
Several factors complicate post-TAVR coronary access, includ-
ing device-related and procedural factors (such as the orientation
of the commissural tab, height of the sealing skirt, and depth of
the valve implant) and the patient’s anatomy'®. The orientation of
the THV is particularly important for coronary access when using
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Evolut prosthetic valves, as these have a taller frame than other
devices'.

Coronary access after THV implantation is a major concern after
TAVR and has been the subject of many studies'®"*!". Aligning
the THV neo-commissure with the native commissure can greatly
facilitate coronary access after TAVR'. In Evolut valves, the C-tab
paddle is located at a 90° angle clockwise from the hat marker
on the delivery catheter'”. Since the C-tab paddle coincides with
one of the THV neo-commissures, adjusting the hat marker to the
proper orientation can enable the proper deployment of the C-tab
commissure. Normally, when the hat marker passes through the
aortic arch facing the greater curvature of the descending thoracic
aorta in the left anterior oblique view, it is also at the centre front
in the RCC/LCC cusp-overlap view. In these cases, the native
RLCC commissure is located at the left edge of the fluoroscopic
display in the RCC/LCC cusp-overlap view. The hat marker being
in the centre front indicates that the C-tab commissure is close to
the native RLCC commissure.

Tang et al have recommended that the delivery system be
inserted with the flush port oriented towards the 3 o’clock posi-
tion, and the hat marker be tracked to see whether it faces the
greater curvature in the aortic arch and is positioned in the centre
front of the aortic valve position or not!’. Compared with the con-
ventional method, this method has a higher probability of implant-
ing the prosthetic valve in the preferred orientation. However, it

is not clear how often the hat marker did not face the greater cur-
vature and whether they rotated the delivery system that way. The
vascular tortuosity in the iliac artery and abdominal aorta has an
impact on the direction of the hat marker at the aortic arch. Indeed,
approximately 30% of the cases in this study required rotation of
the delivery system, even though the flush port was inserted in the
3 o’clock position.

Bieliauskas et al reported that adjusting the orientation of the
THV based on the fluoroscopic marker on the delivery cathe-
ter is useful for neo-commissural alignment®. Our present study
differs from this view in two respects. First, the authors evalu-
ated the angle deviations between the native aortic valve com-
missures and the THV neo-commissures, whereas we examined
the angle between the C-tab commissure and the LCA or RCA.
Second, they rotated the delivery catheter at the level of the aor-
tic valve, whereas we rotated it at the level of the descending
thoracic aorta. The Evolut delivery system has 2 shaft spines
that face each other. Therefore, adjusting the orientation of the
hat marker after crossing the aortic arch is difficult in terms of
operability and is not recommended because of the risk of vas-
cular injury and damage to the delivery catheter?!. Therefore,
if the orientation of the delivery system needs to be adjusted,
this should be done before it passes through the aortic arch. Our
results suggest that adjustment at the level of the descending tho-
racic aorta is appropriate.
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represent the ostium of the coronary artery in the #rotation and non-#rotation groups, respectively. THVs with a size of 23 mm were excluded

from analysis due to a low sample size. C) There is no between-group difference for THVs >26 mm with regard to coronary access to the
RCA. D) The #rotation method is superior for coronary access to the LCA. #rotation method: HAt marker-guided SHaft (HASH) rotation
method; LCA: left coronary artery; RCA: right coronary artery; RM: rotation method; TAVR: transcatheter aortic valve replacement;

THYV: transcatheter heart valve

In TAVR with Evolut devices, THV positions which are unfa-
vourable for future coronary access are more common in the
LCA than in the RCA'. In general, the LCA is a more important
myocardial perfusion territory than the RCA. As such, ensur-
ing access to the LCA is essential for long-term prognosis after
TAVR. The present study shows that the LCA is located approx-
imately 60° clockwise from the native RLCC commissure.
Therefore, placing the C-tab commissure closer to the native
RLCC commissure can reduce the risk of the LCA ostium facing
the commissural triangle of the THV. Moreover, the LCA tends
to be closer to the basal annular plane than the RCA. Considering
the presence of the sealing skirt, it is important to have a preop-
erative plan that adjusts the orientation of the THV in the #rota-
tion method and also places it at a depth that takes into account
the height of the coronary artery.

Previous studies have also reported that the success rate of
post-TAVR coronary angiography is lower for the RCA than for
the LCA?. Unfortunately, the #rotation method failed to dem-
onstrate superiority over the conventional method in facilitating
access to the RCA after TAVR. This may be because, compared

with the LCA, the RCA is oriented at a larger angle (~80° clock-
wise) relative to the native RLCC commissure. This makes the
RCA more susceptible to the effects of misalignment between
the C-tab commissure and the native RLCC commissure. If the
C-tab commissure could be aligned with the RCA-LCA-centred
line instead of the native RLCC commissure, it would be more
favourable for access to both coronary arteries. However, it is
technically difficult to align with the RCA-LCA-centred line at
present. Furthermore, it is generally known that the RCA ostium
is more eccentric than the LCA ostium?. Additionally, in this
study, the angle from the native RLCC to the RCA ostium had
a greater variation than the angle to the LCA ostium, which may
also have contributed to the lower percentage of cases where
access to the RCA was maintained. However, it was still pos-
sible to obtain a favourable orientation for coronary access in
83.3% of participants in this study, and this percentage is rela-
tively acceptable. To increase the success rate of access to the
RCA, devices need to evolve so that the orientation of the C-tab
commissure more accurately matches that of the native RLCC

commissure.
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Limitations

This study has some limitations. First, this was a single-centre,
retrospective, observational study, and the possibility of patient
selection bias is undeniable. However, consecutive patients
were enrolled with the same criteria for both groups, and the
results of the non-#rotation group were comparable to previ-
ous studies. Second, the orientation of the delivery catheter in
the #rotation method was not adjusted in the aortic valve posi-
tion but in the descending aorta. Therefore, there was some
deviation from the ideal orientation at the position of the aor-
tic valve. Moreover, the position of the hat marker might devi-
ate from the centre front at the aortic valve position due to too
much torque during the passage through the aortic arch. Future
improvements in devices may allow us to safely change the ori-
entation of the THV at the level of the aortic valve. Third, we
evaluated the ease of coronary access from the direction of the
implanted prosthetic valve but did not attempt to engage the
catheter in the coronary arteries. The ease of coronary access
is also related to anatomical factors, such as the width of the
sinus of Valsalva, length and calcification of the valve leaflet,
and other device-related factors (such as the frame of the pros-
thetic valve).

Conclusions

The #rotation method allowed the C-tab commissure of Evolut
to be positioned near the native RLCC commissure. This signi-
ficantly improved the probability of achieving a favourable THV
orientation for postoperative coronary access, especially for the
LCA.

Impact on daily practice

Close alignment between the transcatheter heart valve (THV)
neo-commissure and native commissure reduces the risk of
overlap between the coronary artery and the THV neo-commis-
sure. The hat marker of the delivery catheter and the C-tab of
the THV are in a fixed position, and the C-tab coincides with
the THV neo-commissure. By adjusting the orientation of the
hat marker on the fluoroscopic display, it may be possible to
implant the Evolut so that the C-tab commissure is adjacent to

the native commissure.
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Paracentral MitraClip implantation technique in a mitral valve
with a small area due to rheumatic change
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Figure 1. Transoesophageal echocardiography images at screening and during the procedure. En face commissure, and mitral valve pressure
gradient images, at screening (A-C) and during the procedure after the central (D-F) and paracentral full grasping (G-1). Yellow arrows
indicate the MitraClip. LA: left atrium; LAA: left atrial appendage; MVA: mitral valve area
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An 85-year-old woman was referred to our hospital with severely
symptomatic mitral regurgitation (MR). Transoesophageal echo-
cardiography (TOE) showed a small mitral valve (MV) area
(MVA) (2.21 cm? on three-dimensional multiplanar reconstruc-
tion); mean MV pressure gradient (MVPG) of 1 mmHg, with
restricted anterior mitral leaflet (AML) motion due to rheumatic
changes, and MR jet from the A2/P2 region (Figure 1A-Figure 1C,
Moving image 1, Moving image 2). Despite the rheumatic MV
anatomy, our Heart Team offered transcatheter edge-to-edge repair
because of the patient’s frailty and high surgical risk.

The procedure was performed on day 6 after admission.
The MitraClip G4 NT (Abbott) was selected, and full grasping
of the A2/P2 central region demonstrated worsened MR with
unacceptably elevated MVPG (14 mmHg) and reduced MVA
(0.43+0.35 cm?) (Figure 1D-Figure 1F, Moving image 3, Moving
image 4). The target region was changed to the medial area of
A2/P2, and full grasping showed a significant reduction of MR
from 4+ to 2+, with acceptable MVPG (4 mmHg) and MVA
(1.11+0.27 cm?) (Figure 1G-Figure 11, Moving image 5, Moving
image 6). The MitraClip was finally implanted without any com-
plications. Thereafter, the patient was discharged on postoperative
day 6 with reduced dyspnoea. One month after the procedure, the
transthoracic echocardiography showed no evidence of MV dam-
age, and the MR was reduced to 1+ with mildly elevated MVMG
(8 mmHg). The patient was in a good condition and had no heart
failure exacerbations during the 6-month follow-up.

Although the latest generation of MitraClip G4 NT was used in
this case, it made no difference to the treatment quality because
the clip size was the same as that of former generations. Central
MitraClip implantation in the A2/P2 region is favoured over the
paracentral position to prevent clinically relevant mitral steno-
sis'. As the AML is longest in the centre, implantation here yields
lower valve tension and greater stability. However, owing to the
reduced AML flexibility in rheumatic MVs, central implantation
may unacceptably increase the MV tension, resulting in failed MR
reduction and elevated MVPG due to significant residual MR,
together with smaller neo-MVA. In contrast, A2/P2 paracentral
implantation may stabilise the leaflet coaptation without exces-
sively increasing the valve tension and MVPG, as it preserves the
lateral AML motion. This technique provides a larger MVA and
more MR reduction than central implantation. While a rheumatic

Paracentral MitraClip implantation with small valve area

MYV anatomy is generally considered a relative contraindication,
the paracentral implantation technique may be useful to avoid

clinically significant mitral stenosis when a MitraClip is necessary.
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Supplementary data

Moving image 1. 3D-TOE video of the en face view before the
procedure shows a small mitral valve area (2.21 cm? measured by
3D-MPR) and restrictive mitral valve leaflet motion. (corresponds
to Figure 1A).

Moving image 2. 2D-TOE colour video of the commissure view
before the procedure shows severe MR jet from A2/P2 region
(corresponds to Figure 1B).

Moving image 3. 3D-TOE video of the en face view after full
grasping of the MitraClip NT to the A2/P2 central region shows
strikingly decreased mitral valve area (0.43+0.26 cm? measured by
3D-MPR) (corresponds to Figure 1D).

Moving image 4. 2D-TOE colour video of the commissure view
after full grasping of the MitraClip NT to the A2/P2 central region
shows severe split MR jets (corresponds to Figure 1E).

Moving image 5. 3D-TOE video of the en face view after full
grasping of the MitraClip NT to the A2/P2 medial region (para-
central) shows greater mitral valve area (1.11+0.27 cm? measured
by 3D-MPR) than that of the A2/P2 central region grasping (cor-
responds to Figure 1G).

Moving image 6. 2D-TOE colour video of the commissure view
after full grasping of the MitraClip NT to the A2/P2 medial
region shows decreased MR jets from 4+ to 2+ (corresponds to
Figure 1H).

The supplementary data are published online at:
https://www.asiaintervention.org/
doi/10.4244/41J-D-22-00063
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Attention when performing transcatheter valve-in-valve
procedures in degenerative INSPIRIS RESILIA valves: a case
of malfunction in the expansion zone
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Hideyuki Kawashima, MD, PhD; Ken Kozuma, MD, PhD
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Figure 1. Computed tomographic images before and after transcatheter valve-in-valve procedure. A) Area and perimeter of the INSPIRIS
RESILIA 23 mm valve. B) Coronary height and virtual transcatheter heart valve to coronary artery distance. C) Leaflet calcification on
INSPIRIS RESILIA valve. The only leaflet located in native left coronary cusp opened during systolic phase (arrow). D) Postprocedural
computed tomographic image demonstrating a funnel-shaped appearance of the SAPIEN 3 26 mm without frame expansion of the INSPIRIS
RESILIA valve. LCA: left coronary artery; RCA: right coronary artery; VIC: valve-to-coronary distance
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Transcatheter valve-in-valve (ViV) procedures have become an
effective option for failed surgical bioprosthesis implantation
in order to avoid a second surgical valve replacement!. As ViV
treatment becomes more common because of degenerative surgi-
cal valves, patients and doctors are increasingly choosing tissue
valves as the first valve in aortic valve replacement. The INSPIRIS
RESILIA aortic valve (Edwards Lifesciences) is the latest tissue
valve with a novel technology of a valve frame that can expand
to accomodate future ViV procedures. However, no published data
on the performance of this expansion technology in ViV treatment
are available. Here, we report a case of ViV treatment for a failed
INSPIRIS RESILIA valve with insights from the postprcedural
computed tomographic findings.

An 81-year-old female was admitted to undergo transcatheter
valve-in-valve treatment for a calcified INSPIRIS RESILIA
23 mm valve, resulting in severe aortic stenosis with a peak veloc-
ity of 4.26 m/s and a mean pressure gradient of 43 mmHg. She
had undergone surgical aortic valve replacement using a Perceval
(LivaNova) valve, size M, 2 years earlier. She subsequently had
another surgical aortic valve replacement due to infective endo-
carditis, and a 23 mm INSPIRIS RESILIA valve was implanted,
concomitant with a Bentall procedure, 1 year and 4 months
after the SAVR with the Perceval valve. Preprocedural com-
puted tomography (CT) demonstrated that the area of the 23 mm
INSPIRIS RESILIA was 343 mm? (perimeter 65.7 mm) (Figure
1A) and showed leaflet calcification of the bioprosthesis (Figure
1B). Though virtual, the valve to coronary ostium distance was
relatively short in both the right and left coronary arteries. We
planned to implant a 26 mm SAPIEN 3 (Edwards Lifesciences)
without coronary protection because she had a relatively enlarged
sinus of Valsalva due to the Bentall procedure (Figure 1C). The
26 mm SAPIEN 3 was successfully implanted without any com-
plications (Moving image 1, Moving image 2). Her dyspnoea dis-
appeared, and she was discharged 7 days after the transcatheter
aortic valve replacement (TAVR). Postprocedural echocardio-
graphy demonstrated a mean pressure gradient of 9 mmHg, and
the index effective orifice area was 1.11 cm*m?. The postproce-
dural CT demonstrated a funnel-shaped expansion throughout the

TAV in SAV for INSPIRIS

transcatheter aortic valve without the expected frame expansion of
the INSPIRIS (Figure 1D).

We demonstrated a ViV procedure for early structural valve dete-
rioration of the INSPIRIS, which might have been caused by inflam-
mation due to repeated surgical replacements, including the Bentall
procedure. The INSPIRIS RESILIA aortic valve has an expan-
sion zone that is designed to open to allow for upscaling in case of
future ViV procedures, though no clinical data on frame expansion
in ViV procedures are currently available’. In this case, however,
the expansion zone of the INSPIRIS RESILIA did not expand, even
after the implantation of a balloon-expandable valve. This might
have happened because of an excessive amount of abnormal scar
tissue caused by repeated surgical procedures, resulting in a rigid
aortic annulus. Indeed, in the second aortic valve replacement for
infective endocarditis, a bovine pericardial patch was used for the
reconstruction of an abscessed aortic root, which might have inter-
fered with the expansion. This is the first report of an unexpanded
INSPIRIS frame during transcatheter valve-in-valve in a patient
who underwent reconstruction of the aortic root.
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Supplementary data
Moving image 1. Transcatheter heart valve implantation.
Moving image 2. Final angiography after implantation.

The supplementary data are published online at:
https://www.asiaintervention.org/

doi/10.4244/A1J-D-22-00079
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Calcification with a figure of eight appearance found in
routine coronary angiography

Ramanathan Velayutham*, MD; A. Shaheer Ahmed, MD, DM; Saurav Banerjee, MD

Department of Cardiology, Jawaharlal Institute of Postgraduate Medical Education and Research, Puducherry,
India

Figure 1. Fluoroscopic LAO view. This figure shows calcium deposits in a figure of eight along the right coronary artery (A), the tricuspid
annulus (B), the left circumflex artery (C) and the mitral annulus (D). LAO: left anterior oblique
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A 65-year-old female with recent anterior wall myocardial infarc-
tion presented with exertional angina. The examination found
a pansystolic murmur at apex. Transthoracic echocardiography
showed hypokinesia of the anteroseptal region and mitral annular
calcification with severe mitral regurgitation.

Coronary angiography showed triple vessel disease.
Fluoroscopy in the left anterior oblique (LAO) view demon-
strated calcifications with a horizontal figure of eight appearance
(Figure 1).

This image illustrates the importance of understanding fluoro-
scopic anatomy. Drawing an oblique line in the middle of the fluor-
oscopic LAO view helps to differentiate the right- and left-sided

cardiac chambers'. The lower semicircle of the figure 8 was formed

Calcification with a figure of eight appearance

by annular calcification of the tricuspid valve and mitral valve
annulus, while the upper half was completed by calcium along the
right coronary artery and left circumflex artery on the right and left
sides, respectively. The patient was referred for surgical mitral valve
replacement with coronary artery bypass grafting.
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EXPERT REVIEW

PERIPHERAL INTERVENTIONS

Carotid artery interventions - endarterectomy versus stenting

Sasko Kedev*, MD

University Clinic of Cardiology, Faculty of Medicine, Ss. Cyril and Methodius University, Skopje, Republic of
North Macedonia

Abstract

Current management of patients with carotid artery stenosis is based on well-established guidelines, includ-

KEYWORDS

o bare metal stent ing surgical procedures — carotid endarterectomy (CEA) and endovascular carotid artery stenting (CAS)

o carotid

e drug-eluting stent

o stroke

e supra-aortic
disease

— and optimal medical treatment alone. Outcomes in the postprocedural period after CAS and CEA are
similar, suggesting strong clinical durability for both treatments. Recent advances, which include the emer-
gence of novel endovascular treatment tools and techniques, combined with more recent randomised trial
data shed new light on optimal patient selection and treatment in contemporary practice. Improved, modern
technologies including enhanced embolic protection devices and dual-layered micromesh stents yield bet-
ter outcomes and should result in further improvements in CAS. In centres of excellence, nowadays, the
majority of patients with severe carotid artery stenosis can be successfully treated with either CEA or CAS.
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Abbreviations

ASR average surgical risk

CABG  coronary artery bypass grafting
CAS carotid artery stenting

CEA carotid endarterectomy

CTA computed tomography angiography
DAPT  dual antiplatelet therapy

DLMS  dual-layer micromesh stents

DUS duplex ultrasonography

EPD embolic protection device

HSR high surgical risk

IEP integrated embolic protection
MACE  major adverse cardiac events

Mi myocardial infarction

MRA magnetic resonance angiography
MRI magnetic resonance imaging

oMT optimal medical therapy

PCI percutaneous coronary intervention
RCT randomised controlled trial

TCAR transcarotid artery revascularisation
TIA transient ischaemic attack

Introduction

Severely stenosed carotid arteries are predisposed to stroke, and
carotid artery revascularisation, with either carotid artery stenting
(CAS) or carotid endarterectomy (CEA), can restore patency and
reduce the long-term risk of ischaemic stroke. Open carotid endar-
terectomy completely removes the atheromatous material, but
CAS (introduced as an alternative to CEA in 1994) is a less inva-
sive procedure. Carotid endarterectomy 30-day stroke and death
rates have decreased over the last 50 years, and similarly, carotid
artery stenting 30-day stroke and death rates have declined in
a similar magnitude in the last 30 years. Outcomes in the postpro-
cedural period after CAS and CEA are similar, suggesting robust
clinical endurance for both treatments.

Several randomised clinical trials, related meta-analyses, and
expert opinions have reshaped the present guidelines on the diag-
nosis and treatment of carotid artery stenosis'?. Although the indi-
cations for carotid revascularisation are well defined, there is less
consensus on the preferred revascularisation technique (CEA or
CAS). In contemporary clinical practice, many patients are equally
suitable for both treatment options.

Currently, CAS is a standard procedure performed by operators
of different specialities (cardiologists, neuroradiologists, angiolo-
gists, vascular surgeons, and neurosurgeons)'. Regardless of the
medical speciality, the high proficiency of operators and site expe-
rience remain paramount for reducing periprocedural adverse cer-
ebral events’. However, the guidelines still seem to underestimate
the great importance of operator and site experience, as well as the
impact of healthcare providers’ decisions on outcomes'>*.

According to clinical presentation, patients with extracranial
carotid artery stenosis may be asymptomatic or symptomatic.
Patients classified as recently symptomatic include those with

Endarterectomy vs stenting

symptoms in the past 6 months. All patients with carotid steno-
sis should undergo an appropriate, independent neurological eval-
uation followed by duplex ultrasonography (DUS) as a first-line
imaging modality in everyday clinical practice'?. Before any deci-
sion for revascularisation is made, additional aspects, such as
a patient’s surgical risk profile, life expectancy, degree of steno-
sis, and symptomatic neurological status, should be considered.
Further clinical and imaging evaluations may be conducted if jus-
tified'**. The degree of carotid artery stenosis identifies patients
who would benefit from revascularisation, and the DUS consensus
criteria are used to determine stenosis severity according to cur-
rent guidelines'?.

DUS is frequently combined with additional imaging modalities,
such as computed tomography angiography (CTA) and magnetic
resonance angiography (MRA), for improved accuracy of steno-
sis assessment'. CTA or MRA can simultaneously delineate the
aortic arch, supra-aortic trunks, carotid bifurcation, distal internal
carotid artery (ICA) and intracranial circulation, which is particu-
larly useful if CAS is being considered. Contrast-enhanced MRA
has higher accuracy than non-contrast MRA but necessitates para-
magnetic contrast agents (gadolinium). A combination of 2 imag-
ing modalities (DUS + CTA or DUS + MRA) further improves
accuracy and is routinely practised in many centres. Furthermore,
postprocedural CTA or brain magnetic resonance imaging (MRI)
are usually recommended to characterise the strokes that can occur

as periprocedural complications of carotid revascularisation.

SYMPTOMATIC CAROTID STENOSIS

In patients with severe carotid artery stenosis, CAS and CEA both
carry procedural risks, which are about twice as great for sympto-
matic as for asymptomatic patients. The clinical benefit of revas-
cularisation for stroke risk reduction in patients with symptomatic
carotid artery stenosis >70% is well established'**. The revascu-
larisation of symptomatic lesions with 50-69% stenosis should also
be performed, but, due to the lower absolute stroke risk in these
patients, the treatment value should always be balanced against the
possible procedural risks, taking into consideration the patient’s
clinical presentation, age, and sex'**. Exceptionally, in patients
with recurrent symptoms despite best medical therapy and carotid
stenosis <50% or near occlusion with distal vessel collapse, upon
multidisciplinary team review, revascularisation may also be con-
sidered'*. As recommended in current guidelines, revascularisa-
tion should be performed within 2 weeks of the index event®.

The ongoing uncertainty for prevention of future strokes in
patients with symptomatic carotid stenosis stands in defining the
optimal candidates for either CEA or CAS. The current multiso-
cietal guideline recommendations agree that in symptomatic high
surgical risk (HSR) patients who qualify for carotid revascularisa-
tion, CAS is indicated and preferred over CEA.

Factors in favour of CAS include younger age, specific ana-
tomical features (such as very distal ICA stenosis or contralateral
occlusion), lack of ICA tortuosity, absence of or only minimal
plaque calcification, and local tissue scarring due to previous neck
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radiotherapy or complex surgery. Furthermore, a medical history of
congestive heart failure, myocardial ischaemia, or severe pulmo-
nary disease makes CAS preferable over CEA. Patients receiving
anticoagulation for indications such as atrial fibrillation might also
be more suitable for CAS without increasing access site bleeding
complications (particularly with transradial CAS). However, CAS
is still associated with infrequent periprocedural embolic cerebral
complications, resulting in a slightly higher rate of peri- and early
postprocedural (up to 30 days) minor ipsilateral strokes, compared
to CEA’. Although the frequency of such events has been signifi-
cantly reduced over the past years, cerebral embolisms remain the
main weakness of CAS®.

Certainly, advantages of CEA over CAS may be found in
patients >70 years of age, those with lesion elongation, extreme
calcification, visible thrombus presence, or those with challenging
anatomies (aortic arch type III or arch calcification)®.

ASYMPTOMATIC CAROTID STENOSIS

An asymptomatic carotid artery stenosis (ACS) indicates a steno-
sis which is detected in patients without any clinical history of
ischaemic stroke, transient ischaemic attack (TIA), or other neu-
rological symptoms which might be related to the carotid arteries.
Among asymptomatic patients with severe carotid artery steno-
sis but no recent stroke or TIA, either CAS or CEA can restore
patency and reduce long-term stroke risks.

The procedural risks of CAS and CEA have decreased over the
decades, but there is still about a 1% risk of disabling stroke or
death. There is also some procedural risk of non-disabling stroke
(particularly with CAS) or of non-fatal myocardial infarction or
cranial nerve palsy (particularly with CEA). Optimal medical
therapy (OMT) can likewise reduce stroke rates; however, patients
with severe carotid stenosis still have a 1% annual risk of disa-
bling stroke or death.

In contrast to symptomatic carotid patients, the benefit of revas-
cularisation to prevent future strokes in asymptomatic carotid
artery stenosis patients is still very much debated. Contrary to
the previous belief based on randomised trials comparing medi-
cal therapy to revascularisation®'?, Howard et al demonstrated
a strong and unique relationship between the risk of stroke and
the degree of asymptomatic carotid stenosis'>. Data from a pro-
spective population-based cohort study (OxVasc) screening 2,178
asymptomatic patients with carotid ultrasound between 2002 and
2017 were used, as well as a systematic review and meta-analysis
performed of previously concluded cohort studies on this subject
between 1980 and 2020.

The observed discrepancy in the evidence from the cohort stud-
ies compared with earlier randomised trials could result from
a potential recruitment bias in relation to the severity of steno-
sis, which would undermine any expected risk association in trial
cohorts'®. The authors observed that, in asymptomatic patients,
the risk of stroke or TIA strongly correlated with the degree of
ipsilateral carotid artery stenosis. The 5-year ipsilateral stroke risk
was 18.3% in those with 80-99% stenosis compared with 1.0% in

those with 50-79% stenosis (p<0.0001). Therefore, the degree of
asymptomatic carotid stenosis should be a primary consideration
for patient selection for revascularisation.

Patients on OMT, featuring high-grade asymptomatic carotid
stenosis (>70%), and particularly those with 80-99% artery nar-
rowing, can greatly benefit from carotid revascularisation'®. The
importance of a prudent approach to asymptomatic patients is
reflected in the most recent guideline updates. The German-
Austrian S3 (2020), the European Stroke Organisation (2021)
and the updated European Society for Vascular Surgery (ESVS;
2021) guidelines recommend the revascularisation of patients with
asymptomatic high-grade stenoses, provided a meticulous pre-
interventional assessment is done.*!'*!5. The guidelines also recom-
mend close monitoring of periprocedural stroke/death rate records
to ensure that decision-making and clinical care are optimised and
complications are kept to a minimum?®.

Recent randomised clinical evidence reflecting real-world
practice (the CREST, ACT-1, SPACE-2 and ACST-2 trials) dem-
onstrates that CAS and CEA are both safe and effective in well-
selected average surgical risk (ASR) asymptomatic patients'®'.
All randomised controlled trials (RCT) have shown comparable
outcomes for CAS and CEA for periprocedural complications
(death, stroke, and myocardial infarction [MI]) as well as rates of
ipsilateral stroke during follow-up.

The largest and most recently published trial, the ACST-2 trial,
randomised 3,625 patients and compared contemporary CAS ver-
sus CEA in asymptomatic patients with carotid artery stenosis.".
The main finding from the ACST-2 trial is that the effects of CAS
versus CEA on disabling or fatal events are approximately equal
in terms of procedural hazards (1.0% vs 0.9%; p=0.77). However,
there was a slight excess of early non-disabling strokes after
CAS and a slight excess of myocardial infarction after CEA. At
5 years, the risk of non-procedural fatal or disabling stroke was
equivalent (2.5% vs 2.5%) and there was no significant difference
for the incidence of any stroke (5.2% vs 4.5%) comparing CAS
with CEA. The results were consistent across patient subgroups
stratified by type of stroke, gender, age, and carotid artery dia-
meter stenosis. The trial is scheduled to collect 10-year data which
will provide additional evidence on the durability of their protec-
tive effects. Unfortunately, the ACST-2 study did not include an
OMT arm, so the analysis of early procedural risk versus long-
term benefit was not possible.

Furthermore, the investigators used the ACST-2 trial data to
update a meta-analysis of long-term outcomes of RCTs com-
paring CAS versus CEA in patients with asymptomatic (ACST-
2, CREST, SPACE-2, ACT-1) and symptomatic (ICSS, CREST,
SPACE, EVA-3S) carotid artery stenosis. The meta-analysis con-
firmed that the protective effects of CAS and CEA are similar
after the initial 30-day postprocedural period.

One of the most important current questions regarding carotid
revascularisation, whether OMT alone is as good as carotid revas-
cularisation with OMT, still remains to be answered. The reports
of a very low (~1%) annual stroke rate in asymptomatic carotid



stenosis patients® has led to 2 ongoing trials (the CREST-2 and
ECST-2 trials) investigating the potential benefit of revascularisa-
tion compared to modern OMT alone?'-*%.

In conclusion, properly selected asymptomatic patients can
greatly benefit from carotid artery revascularisation, and CAS is
a safe and efficient revascularisation alternative to CEA in sub-
jects at high risk for stroke on best available medical therapy.

OPTIMAL MEDICAL THERAPY

In patients with carotid artery disease, adequate concomitant med-
ication is of paramount importance. OMT including antiplatelet
agents, statins, blood pressure and diabetes control, smoking ces-
sation, and a healthy lifestyle are critical components of any revas-
cularisation strategy for stroke prevention.

Since atherosclerosis is a generalised condition, patients with
carotid artery stenosis would benefit from optimal medical ther-
apy, including antiplatelet and lipid-lowering drugs, irrespective
of the revascularisation method'~.

After CAS, dual antiplatelet therapy (DAPT) with aspirin and
clopidogrel is recommended for at least 3 weeks to 3 months
after the procedure, followed by lifelong antiplatelet monotherapy
thereafter'”*. There are limited data on the value of novel P2Y,
inhibitors (ticagrelor, prasugrel) after CAS. Some benefits from
prolonged DAPT treatment, up to 12 months, may be expected
in selected low bleeding risk CAS patients after recent myocar-
dial infarction, as part of the secondary cardiovascular preventive
strategy®. The type and duration of antithrombotic treatment dur-
ing and after CAS should be patient-tailored, always balancing the
risk of cerebral ischaemic events against the bleeding risks, espe-
cially in patients on oral anticoagulation therapy'. More dedicated
clinical trials are needed to eclucidate the optimal duration and
type of antithrombotic regimen during and post-CAS to standard-
ise current practice. Patients with severe carotid stenosis may fur-
ther benefit from more aggressive preventive treatments and more
frequent follow-up.

Arterial hypertension remains the most important, modifiable
stroke risk factor and blood pressure control is among the most
effective strategies for preventing both ischaemic and haemor-
rhagic stroke. Hypertension as a primary risk factor for stroke is
also a risk factor for atrial fibrillation and MI, which both increase
the likelihood of stroke. Statins, with ezetimibe as needed, should
target low-density lipoprotein cholesterol (LDL-C) <70 mg/dL
(<1.8 mmol/L) if not achieved with intensive statin therapy alone.
Glycaemic control should target a glycosylated haemoglobin <7%
if feasible.

NOVEL CAS TOOLS AND TECHNIQUES

CAS practices have evolved with better patient selection, fur-
ther refinement of technique, and advanced technology to
avoid periprocedural complications. Recently, several technical
improvements and new tools have been introduced into CAS prac-
tice to further improve the treatment outcomes by providing bet-
ter cerebral protection and optimal plaque scaffolding. However,

Endarterectomy vs stenting

anatomical difficulties, including aortic arch complexity, severe
calcification and target vessel tortuosity, need to be considered
before endovascular carotid artery revascularisation®. Selecting
optimal treatment tools and approaches for a smooth and unevent-
ful device delivery is of paramount importance for overall treat-
ment success and favourable mid- to long-term outcomes.

EMBOLIC PROTECTION DEVICES

Primary stenting with self-expanding stents using embolic cere-
bral protection is a default strategy of endovascular carotid ste-
nosis treatment'. According to the latest recommendations for
patients undergoing CAS, decisions regarding the choice of cer-
ebral protection (filter, proximal flow reversal) should be at the
discretion of the operator!. Of note, technical performance based
on embolic protection device (EPD) dwell time has been shown
to be a significant predictor for 30-day outcome (death, stroke,
MI)®. The selection of EPD should be based on operator experi-
ence, lesion characteristics, anatomical factors and current avail-
ability of devices. Using different types of embolic protection
devices in a more appropriate and individually tailored way may
further improve CAS outcomes.

The embolic risk during CAS is highest during the post-dilation
after stent deployment®%.

The majority of embolic particles are under 100 pm in size
and may reach the cerebral circulation, despite the use of conven-
tional distal filters, due to malapposition or through the filter pores
(larger than 100 pum in most filters) and may contribute to the
higher risk of procedural minor stroke seen with CAS?. Recently,
double filtration during CAS using a novel post-dilation balloon
with an integrated embolic protection (IEP) filter with 40 pm
pores showed a low 30-day death, stroke, or MI rate of 1%?.

Another innovative approach in CAS is illustrated by the
Neuroguard IEP (Contego Medical, Inc.), a 3-in-1 system com-
prising a carotid stent (with a closed-cell design), a post-dilation
balloon and an IEP 40 pm filter, designed to reduce the number of
CAS steps while maintaining macro- and microembolic cerebral
protection?’. Results from the preliminary study demonstrated that
the Neuroguard IEP system is safe and feasible for CAS of clini-
cally significant carotid artery stenosis with a stroke/death rate of
0% at 30 days?’. A large pivotal study is currently underway.

TRANSRADIAL CAS

The transradial approach (TRA) has become the standard of care
for cardiac catheterisation and coronary interventions. Its benefits
are also well documented in peripheral interventions, including
CAS, leading to a reduced risk of bleeding and access site compli-
cations, early ambulation and discharge and, ultimately, cost sav-
ing?.

The technical failure of CAS through the femoral approach in
most of the cases is due to a complex aortic arch. Features that
increase the risk of complications during CAS procedures are
some type 2 & 3 arches, bovine arch and plongeant innominate
arteries?.
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TRA has been a subject of interest in CAS as part of the strategy
to tackle some anatomical variants of the aortic arch and supra-
aortic vessels more safely. This alternative approach may reduce
the time for catheter manipulation in the aortic arch and supra-
aortic vessels, thus directly limiting the CAS-associated stroke
risk?. Devices featuring low crossing-profile delivery systems
are facilitating the TRA and yielding excellent results?®. However,
large-bore devices can be used only selectively in patients with
larger-size radial arteries. Furthermore, TRA CAS can be per-
formed safely while the patient is taking anticoagulants plus
antiplatelet therapy during the periprocedural period, without
increasing access site bleeding complications.

While the adoption of transradial access has been increas-
ing in CAS in recent years, more training initiatives and sharing
of best practices are needed to bring its full potential to every-
day clinical practice. Notably, the growing importance of alter-
native approaches (i.e., transradial and transcervical access) in
modern CAS practice has recently been recognised in the latest
ESVS guidelines update, with a recommendation that the 2 meth-
ods should be considered for cases in which the transfemoral (TF)

route may confer a higher risk of complications'.

TRANSCAROTID ARTERY REVASCULARISATION

Transcarotid artery revascularisation (TCAR) combines carotid
artery stent placement with cerebral protection by clamping the
proximal common carotid artery and reversing cerebral arterial
flow. The major advantage of TCAR compared with TF CAS
is avoiding catheter manipulation in the aortic arch with direct
carotid artery access. Some relative contraindications include
proximal lesions that are <5 cm cranial to the clavicle, severe tar-
get vessel tortuosity, a small or significantly diseased common
carotid artery (CCA) or depth of the CCA, which makes access
difficult. There are no randomised trials directly comparing TCAR
with any other method of carotid revascularisation.

Two recent systematic reviews and meta-analyses reported on
4,852 patients from 10 prospective registries and 8 retrospec-
tive studies®®, and the second also included 2,110 patients in
18 reports of outcomes with TCAR?'. Both reviews highlight low
rates of periprocedural complications with TCAR; in symptomatic
patients, the periprocedural risk of stroke or TIA was 2.5% com-
pared with 1.2% in asymptomatic patients. Further comparative
studies are warranted to overcome the potential for selection bias
and ascertainment bias in these reports.

CONVENTIONAL CAROTID STENT DESIGN

Regarding the different conventional stent types, devices with
open- and closed-cell designs are currently available. It has been
shown that, during CAS, the new ipsilateral changes in diffusion-
weighted brain MRI are reduced with the use of closed-cell versus
open-cell stents (51% vs 31%; p<0.01)*2. Consistently, the more
recent meta-analysis confirmed that open-cell stents are associated
with a 25% higher risk (p=0.03) of developing postprocedural
new ischaemic lesions than closed-cell stents®*. No difference,

however, in the short- and intermediate-term risk of stroke or
death was observed in patients during CAS with either open-cell
or closed-cell stents.

Simplified categorisation into open-cell and closed-cell stent
design might conceal true differences, since both stent types may
feature different free cell areas and strut connections. The risk for
postprocedural adverse cerebral events has been related to the size
of the carotid stent free cell area, indicating a significant impact
of carotid stent design on CAS outcome. Consistently, open-cell
stents with a free cell area >7.5 mm? have been associated with an
increased 30-day stroke risk3*.

Importantly, based on the CREST trial, around 40% of strokes in
the CAS treatment arm occurred 24 hours post-procedure (median
3.5 days)®. Significant incidence of serious cerebral ischaemic
complications after removing embolic protection further highlights
the importance of good plaque coverage for optimal CAS results.

DUAL-LAYER MICROMESH STENTS

Dual-layer micromesh stents (DLMS) are the next generation of
carotid stents with an additional built-in protective micromesh
which were specifically designed to provide sustained embolic
protection after the stent implantation period. The feasibility and
good clinical performance of DLMS have been confirmed in sev-
eral CAS clinical studies®®. Currently, there are two DLMS
available, Roadsaver (Terumo) and CGuard (InspireMD).

The CLEAR-ROAD study of the Roadsaver carotid stent
reported a 2.1% rate of major adverse events at 30 days in
100 treated patients, with only 1 patient suffering a minor ipsi-
lateral stroke due to atrial fibrillation with inadequate anticoagu-
lation®. An Italian multicentre registry reported excellent clinical
performance with no cerebrovascular events within 30 days after
CAS using the Roadsaver DLMS in 150 patients*. Another mul-
ticentre Italian study including 200 patients implanted with the
CGuard carotid stent resulted in 2 TIAs, 5 periprocedural minor
strokes (2.5%), including 1 thrombosis — solved by surgery — up
to 30 days post-procedure*!.

Of note, results of studies reporting mid- to long-term outcomes
(up to 6 years) of different DLMS support the efficacy and dura-
bility of this novel device class by showing relatively low ipsilat-
eral stroke, in-stent restenosis, and target lesion revascularisation
rates?4>4 Importantly, the latest German-Austrian S3 (2020)
recommendations for management of carotid stenosis revasculari-
sation updated the acceptable periprocedural (in-hospital) death/
stroke incidence (as monitored by expert neurologists) to <2% for
asymptomatic and <4% in symptomatic patients*. This is stricter
than the most recent ESVS guideline update, which recommends
30-day death/stroke incidence thresholds of <3% and <6% for the
two patient populations, respectively'.

In this regard, it is important that an individual patient-level
meta-analysis of 4 DLMS studies, including 556 asymptomatic or
symptomatic patients treated either with the Roadsaver or CGuard
carotid stents, showed very favourable 30-day safety results, with
periprocedural stroke noted in 1.07% (0 major strokes), 30-day



stroke in 1.25%, and death in 0.17% of patients®. Furthermore, no
independent predictors of peri- or postprocedural adverse events,
including symptomatic status, were identified. The investigators
concluded that the low rate of adverse events, independent of
clinical, anatomical and procedural characteristics, suggests that
DLMS as a device class are safe for usage in guideline-based CAS
and that they may have a possible clinical benefit over the conven-
tional single-layer stents®.

Comparably, a meta-analysis of 10 studies (combining the data
on 635 asymptomatic or symptomatic patients) confirmed a low
30-day stroke and death rate of 2% (p<0.0001) with DLMS, with-
out a major difference in the clinical performance of the 2 types of
DLMS (CGuard vs Roadsaver)*. Recently, other real-world studies
have also confirmed the excellent safety and performance of DLMS
during CAS in non-selected patient populations?43483152_ Finally, the
ROADSAVER study, the largest real-world DLMS study to date,
with close to 2,000 elective patients enrolled, further complements
the available clinical evidence on DLMS use in current CAS*.

In this all-comers patient cohort, reflecting pan-European con-
temporary CAS practice, the Roadsaver DLMS results in 30-day
death/stroke rates well below the strictest German-Austrian S3
recommendations®, 1.6% versus 2.0% in asymptomatic and 2.8%
versus 4.0% in symptomatic patients (data not published).

While the current guidelines do not explicitly support the use
of a particular stent type, stent designs providing better plaque
coverage, including closed-cell stents and particularly DLMS,
may actually limit plaque protrusion through the stent struts, thus
lowering the incidence of cerebral embolisation during and after

device implantation'.

FUTURE PERSPECTIVES

A quality assurance program adopting competency in practice-
based training and improvement, credentialing, and monitoring of
procedural technique and outcomes can ensure high-quality CAS
or CEA.

Table 1. Revascularisation risks and benefits of CAS and CEA.

CAS preferred
Clinical history

e Congestive heart failure
(NYHA Functional Class I11/1V)

e | eft ventricular ejection
fraction <30%

e Surgically inaccessible lesions:
above C2 or below the clavicle

® Previous ipsilateral neck
irradiation or complex neck

Endarterectomy vs stenting

A multidisciplinary team review (neurologists or stroke physi-
cians, vascular surgeons and interventional cardiologists or radiol-
ogists) is recommended to reach consensus decisions regarding the
indications and treatment of patients with carotid stenosis regard-
ing CEA, CAS or OMT alone. Shared decision-making, including
patient preferences after thoughtful informed consent, is vital in
selecting the more appropriate procedure for individual patients.
A thorough pre-revascularisation multidisciplinary assessment,
using multimodality imaging, with particular emphasis on the
degree of stenosis as one of the main factors determining the ben-
efits of revascularisation, may be the most appropriate approach
in eligible patients.

Based on current expertise, and considering recently published
data, contemporary CAS and CEA can be considered as comple-
mentary methods for treating asymptomatic patients with 70-99%
stenosis and symptomatic patients with 50-99% artery stenosis.
Considering anatomical and medical factors, it is particularly
important to identify patients who would benefit mostly from one
approach or the other (Table 1).

A recent analysis suggested that high operator volume was
associated with a lower risk of death or stroke following CAS™.
Consequently, the importance of the centre’s and operator’s expe-
rience, particularly the annual operator volume (a better predictor
of 30-day death or stroke rate after CAS than lifetime operator
volume), in performing CAS should always be emphasised®*.
Among appropriately trained, high-volume operators, satisfactory
short- and long-term CAS outcomes can be achieved regardless of
their specialisation®. Continuous training of operators while main-
taining a high procedural volume at both the centre and operator
level are crucial for successful carotid revascularisation practice.
In addition, quality assurance programs and continuous monitor-
ing of complications are required to maintain high-quality man-
agement. Decisively, a collaboration between interventionalists,
surgeons, and neurologists is essential to ensure proper patient
selection and choose the optimal treatment approach.

CEA preferred
Anatomical factors

e Elderly (>75y) e Extreme access challenges

(<30 days) ® Restenosis after CEA or CAS

e CAD with left main or
multivessel CAD

® Planned open heart surgery

(<30 days)

surgery
e Unstable angina o Contralateral carotid artery ¢ Bleeding disorder, e Complex and high-grade aortic
® Recent myocardial infarction occlusion contraindication for DAPT arch atheroma

e Circumferential target lesion
calcification
e Fresh thrombotic lesion

e Advanced COPD e Spinal neck immobility

e Extreme ICA tortuosity

e Contralateral laryngeal palsy e Tracheostoma

e Aneurismatic ICA morphology

C2: second cervical spine vertebral body; CAD: coronary artery disease; CAS: carotid artery stenting; CEA: carotid endarterectomy; COPD: chronic
obstructive pulmonary disease; DAPT: dual antiplatelet therapy; ICA: internal carotid artery; NYHA: New York Heart Association
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Conclusions

The recent trials of CAS versus CEA have provided better evi-
dence that both procedures carry similar risks and provide compa-
rable long-term benefits. Comparisons between the two modalities
often represent a false choice because the two therapies are bet-
ter viewed as complementary approaches rather than competitive
procedures. In centres of excellence, nowadays, the majority of
patients with severe carotid artery stenosis can be successfully
treated with either CEA or CAS. A multidisciplinary assessment
with a careful patient and lesion analysis based on inclusion and
exclusion criteria for both treatment options in high-volume cen-
tres of excellence in both strategies, are essential for selecting an
optimal treatment approach. Finally, the evaluation should be done
individually, tailoring the procedure to a specific patient in order

to achieve the best risk-to-benefit balance.
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LETTER TO THE EDITOR

Letter: Limitless suffixes for bifurcation classification with
the Movahed coronary bifurcation lesion classification
system

Mohammad Reza Movahed'**, MD

With great interest, I read the paper by Shao-Liang Chen published
in your Journal entitled “DEFINITION criteria for left main bifur-
cation stenting — from clinical need to a formula™. The author
correctly mentions the major limitations of the Medina bifurca-
tion classification: “However, this classification also has limita-
tions because it doesn’t include important descriptive features of
bifurcation lesions that could be helpful in determining the opti-
mum stent treatment strategy. Therefore, the lack of a comprehen-
sive stratification system defining the complexity of bifurcation
lesions remains an unmet clinical need”. Another detailed clas-
sification system, called the Movahed bifurcation classification
system, exists that is simpler than the Medina classification in its
basic structure and has unlimited suffixes that can be added in
order to describe any given bifurcation lesion anatomy for clini-
cal or research purposes. The Movahed classification?? simplifies
bifurcation lesions into three categories: in the so-called B2 (B for
bifurcation, 2 for both branches), both branches are involved; if
only the main branch is involved, it is called Blm (B for bifurca-
tion, 1m meaning only the main branch has disease); and if only

1. University of Arizona Sarver Heart Center, Tucson, AZ, USA; 2. University of Arizona, Phoenix, AZ, USA

the side branch is involved, it is called a Bls lesion (B for bifurca-
tion and 1s meaning only the side branch has the disease). Next,
the Movahed classification adds additional optional suffixes that
can describe any anatomical features of a given bifurcation classi-
fication that are needed for specific clinical or research purposes,
enabling succinct definitions. For example, describing the angio-
graphic criterion that was used in the DEFINITION study was
a lengthy affair, whereas, using the Movahed bifurcation classi-
fication, it could have been summarised as follows: B2LM SBL
>10 mm SBSD >70% CA MVD <2.5 TR MVL >25 (B2: both
branches have the disease; LM: left main lesion; SBL >10 mm:
side branch lesion length over 10 mm; SBSD >70%: side branch
stenosis diameter >70%; CA: significant calcification; MVD <2.5:
main vessel diameter <2.5 mm; TR: thrombus-containing; MVL
>25: main vessel lesion length >25 mm). We believe the widely
used Medina bifurcation classification should be abandoned in
favour of the Movahed classification due to the complexity and
lack of suffixes, in the former, for describing any needed anatomi-
cal description of a given coronary bifurcation lesion*$. Figure 1

*Corresponding author: University of Arizona Sarver Heart Center, 1501 North Campbell Avenue, Tucson, AZ 85724, USA.
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Figure 1. Comparison of the Movahed to the Medina coronary
bifurcation classification revealing the simplicity of the basic suffix
of the Movahed classification.

and Figure 2 describe the Movahed classification in comparison
to the Medina classification with a detailed description of the

Movahed classification when using additional suffixes.
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Movahed bifurcation classification system

Prefix ~ Suffix1  Suffix2  Suffix3 Suffix 4
B X X X XXX

Optional suffix for
detail if needed

c 1, v CA
N 1! T LM
S ? TR
L 10
LL20

Suffix 1:  C=Close to bifurcation
N=Nonsignificant side branch
S=Small proximal segment
|=Large proximal segment

Suffix2: ~ 1,=0nly main branch ostium diseased
1.=0nly side branch ostium diseased
2=Both main and side branch ostia diseased

Suffix3:  V=Angle between branch vessels less than 70°
T=Angle between branch vessels more than 70°

Suffix4.  CA=Calcified
LM=Left main involved in bifurcation
TR=Thrombus-containing
TO=Total occlusion
LL20=Lesion length of the main branch less than 20 mm

Figure 2. Details of the Movahed bifurcation classification with

limitless optional suffixes.
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REPLY TO THE LETTER TO THE EDITOR

Reply: Limitless suffixes for bifurcation classification with the
Movahed coronary hifurcation lesion classification system

Shao-Liang Chen, MD

We appreciate the interest shown by Dr Movahed' regarding our
review, “DEFINITION criteria for left main bifurcation stenting —
from clinical need to a formula”, which was recently published in
Asialntervention?.

The treatment of coronary bifurcation lesions is generally chal-
lenging, with Medina 1,1,1 and 0,0,1 subtypes associated with an
increased risk of target lesion failure’. The Movahed bifurcation
classification system tends to exclude the importance of Medina
0,1,1, but it indicates the importance of side branch lesions. Among
the different classifications for coronary bifurcation lesions, the
Medina stratification* is the most extensively used, although it
lacks some critical information correlated with clinical outcomes.
Thereafter, serial classification systems were introduced, including
the MADS (Main, Across, Distal, Side) classification system’> and
the Mohaved classification system®. These stratifications guide the
stenting selection based on the concept that a 2-stent technique is
more frequently required for severely diseased side branches, and
provisional side branch stenting may be associated with fewer clini-
cal events for “simple” lesions. The remaining unresolved ques-
tion is whether all “true” bifurcations are the same? This unmet
need drove the birth of the DEFINITION criteria®>. The subse-
quent DEFINITION II trial” has further confirmed the utility of the
DEFINITION criteria, represented by a higher rate of target lesion
failure after provisional stenting for complex bifurcation lesions.

Coronary bifurcation lesions are relatively common among
coronary artery lesions undergoing stenting. While the interven-
tional community has achieved dramatic progress in understand-
ing the mechanisms (particularly the abnormal distribution of
shear stress), the importance of intravascular imaging guidance

Nanjing First Hospital, Nanjing Medical University, Nanjing, People s Republic of China

and how to select a stenting approach, we are still facing a mass of
unclear topics. Further research is warranted to promote patients

with complex coronary bifurcation lesions.
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