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Singapore: a tradition of “state of the art” cardiology
Huay Cheem Tan*, MBBS, Co-Chief Editor, AsiaIntervention
Department of Cardiology, National University Heart Centre, Singapore

In less than 50 years, Singapore has established itself as a centre
for cardiovascular excellence. With a population of approximately
5.5 million people, great attention has been paid to the creation
of our healthcare and emergency healthcare system and, today,
Singapore has the third highest life expectancy in the world with
an average lifespan for both males and females of 84.6 years.
Within the realm of interventional cardiology, Singapore has
long been seen as a leader in Asia in the adoption of percutaneous
technologies. The first balloon angioplasty was performed in 1984
in our country by our pioneering interventionalist Richard Ng in
19 patients. The first drug-eluting stent implantation in Singapore
and Asia occurred during the 11th Singapore LIVE Course in 2002.
Asia’s first percutaneous aortic valve replacement was performed
in Singapore in 2009.

Interventional cardiovascular care today

Challenges
The challenge today is not the number of qualified operators,
which in itself is very good considering that the volume of PCI
procedures continues to rise. In fact, for Singapore, the biggest
challenge today is in the management of patients with myocardial
infarction. Primary PCI is the universally accepted modality for
the treatment of myocardial infarction in this country with 99.9%
of patients receiving primary angioplasty coupled with impressive reductions in the overall mortality rate. Currently, the mortality rate for treatment within 12 hours of onset is 6.6% – and
that includes patients with cardiogenic shock – and the 30-day
mortality, excluding cardiogenic shock, is 4%. The Singaporean
reduction in mortality rates is due to two important factors, firstly
the national healthcare system, including the well-developed

*Corresponding author: Department of Cardiology, National University Heart Centre, 5 Lower Kent Ridge Road, Singapore,
119074, Singapore. E-mail: tanhuaycheem@gmail.com
© Europa Digital & Publishing 2016. All rights reserved.
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Relative to the rest of the world, Singapore has a healthy population. Still, there is an increased number of patients with cardiovascular disease but, when this is adjusted for age, it is seen
that this is not increasing statistically in terms of the population as a whole. At present, there are six public hospitals and an
equal number of private hospitals certified to perform angioplasty.
Concerning the evolution of interventional treatments, the number
of angioplasties continues to grow, while the numbers of CABG
are dropping. Reviewing the trend from 2010-2014 concerning
PCI, a 5% growth can be seen. However, with respect to CABG,

from 2013-2014, a decrease of 3.4% is evident. Taken together,
this amounts to a 6:1 ratio in terms of PCI to CABG procedures.
Most of this increase originates in emergency PCI rather than elective PCI.
In Singapore, an active structural programme has matured over
the last six or seven years – more than 300 TAVIs have now been
performed. Also, MitraClip and left atrial appendage closure are
standard procedures. As the number of patients receiving these
treatments has increased, Singapore has concurrently become
an international centre of reference with patients coming from,
amongst other countries, India and Indonesia.

The opinions expressed in this article are not necessarily those of the Editors of AsiaIntervention.
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emergency care system. The average time in which an ambulance
will reach the site of call is eight minutes, and 90% of the time
the ambulance will reach the site of the call in less than 11 minutes. Secondly, overall door-to-balloon time has been reduced.
This reduction is due to refinements in our organisation: when
an ambulance picks up a patient with a suspected heart attack,
an ECG is performed immediately and transmitted to the nearest
PCI-capable hospital so that, by the time the patient arrives at that
hospital, the team is already activated and ready. This pre-hospital, ambulance-based and transmissible ECG significantly shortens
the time to treatment for the patient with a myocardial infarction.

Education and the future
The educational value of live case demonstration meetings has
been an important element of Singapore’s professional development and indeed Singapore was the first country to host live case
demonstration courses in this part of the world in 1989 (known
as Singapore LIVE). It also started the Asian Interventional
Cardiovascular Therapeutics (AICT) meeting, along with several regional member countries, which has evolved to become
the official scientific meeting of the Asia-Pacific Society of
Interventional Cardiology (APSIC). Furthermore, Singapore has
a tradition of sharing its know-how and expertise with physicians

74

from around the world and has established itself as the training centre for many developing countries. Indeed, the interventional training programme at the National University Heart
Centre, Singapore (NUHCS) started in 2000 with over 50 interventional cardiologists trained from all over the world, including China, India and recently also Europe and South America.
In the near future, more comprehensive programmes in interventional training will be developed. Considering that the interventional field has flourished beyond the initial expectations from
coronary to structural interventions, what is now imperative is an
evolving educational approach that will be inclusive of every different aspect of interventional cardiology as these aspects develop
over the coming years. The modern-day fellows in interventional
cardiology should not limit themselves to coronary, but should
also be required to have a grasp of other endovascular procedures,
structural as well as peripheral.
The future requires that we continue to build from the strong
foundations we have created at present, to ensure the ongoing
evolution of our practice, here in Singapore, and throughout our
region and the world.

Conflict of interest statement
The author has no conflicts of interest to declare.
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“What’s past is prologue”: the saga of percutaneous
coronary intervention
José Ribamar Costa Jr1,2, MD, PhD; Alexandre Abizaid1,2,3*, MD, PhD;
J. Eduardo Sousa1,2, MD, PhD
1. Instituto Dante Pazzanese de Cardiologia, São Paulo, Brazil; 2. Hospital do Coração - Associação do Sanatorio Sírio,
São Paulo, Brazil; 3. Hospital Israelita Albert Einstein, São Paulo, Brazil

In parallel to the broad incorporation of such devices into clinical practice, reports of new varieties of adverse events, such as
very late stent restenosis and thrombosis, started to appear, raising concerns about the durability and long-term safety of the first
generation of DES5-9.
In the current edition of the AsiaIntervention Journal, Kuramitsu
et al10 present the very long-term results of their “real-world experience” with the CYPHER DES, including 985 consecutive patients
Article, see page 93

(1,307 lesions) treated solely with this device. The authors should
be congratulated for their meticulous scientific work. Important
observations can be derived from their experience.
First, invasive follow-up with angiography was obtained in 88%
of the total cohort. Although currently routine repeat angiography
is not recommended for the majority of patients treated with PCI,
at the time of the recruitment (more than a decade ago!) little was
known about the performance of that novel technology in complex scenarios, which explains the interest of our colleagues in
obtaining this valuable information. We did the same with the first
patients treated with CYPHER, who generously agreed to undergo

*Corresponding author: Instituto Dante Pazzanese de Cardiologia, Av. Dr. Dante Pazzanese, 500, Ibirapuera, São Paulo,
SP-04012-180, Brazil. E-mail: aabizaid@uol.com.br
© Europa Digital & Publishing 2016. All rights reserved.
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Drug-eluting stents (DES) were conceived to reduce in-stent
neointimal formation, minimising the occurrence of restenosis.
Their development was pioneered through a combination of the
increased understanding of the biology of restenosis, the selection
of drugs that target one or more pathways in the restenotic process, controlled-release drug delivery strategies, and the use of the
stent as a delivery platform.
The first successful DES programme, the CYPHER® sirolimuseluting stent (Cordis Corporation, Johnson & Johnson, Warren, NJ,
USA), was initiated in our centre in São Paulo, Brazil. Between
December 1999 and January 2000, 30 patients were enrolled in the
sirolimus-eluting FIM trial and received the moderate (n=15) and
slow-release (n=15) formulations of this device. Four months later,
in only two days, we performed the follow-up of both cohorts,
with quantitative coronary angiography (QCA) and intravascular
ultrasound (IVUS) evaluation1. At that moment, with no sophisticated study design (not even a control group!), we were sure we
were looking at a new technology which would revolutionise the
interventional coronary field, as was later confirmed in hundreds
of randomised clinical trials and “real-world” registries2-4.

The opinions expressed in this article are not necessarily those of the Editors of AsiaIntervention.
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angiography at 4, 12, 24 and 48 months1,11-13. On the other hand,
this systematic approach of routine invasive follow-up, combined
with the high complexity angiographic profile enrolled in their
registry (including bifurcations, coronary total occlusions, previous ISR, left main stem, etc.), might explain the relatively high
target lesion restenosis (TLR) rates described in this publication
(11.8% within the first year). Most of the “real-world” publications, including our local DESIRE registry14, pointed to a single
digit TLR rate within 12 months of the procedure. Of note, due to
the systematic invasive follow-up, the authors were able to identify stent fracture as one of the main determinants of CYPHER
failure.
A recurrent criticism in the interventional cardiology field
is that the results of studies are limited to midterm follow-up.
In the present manuscript, our Japanese colleagues have shown
that it is possible to deliver high-quality, very long-term clinical data (median of 8.6 years). Among their main observations,
the authors observed a continuous growth in target lesion revascularisation after the first year of the PCI (2.2%/year) as well as
in the incidence of definitive very late stent thrombosis (0.22%/
year). The incidence of these events was not tempered by the
years, still occurring up to ten years after the index procedure.
Although many other registries have been able to demonstrate the
steady increase in thrombosis and restenosis of first-generation
DES after one year of their deployment, most of them have their
follow-up limited to five years. Again, we think it is interesting
to establish a parallel to our DESIRE registry, in São Paulo. Our
registry, currently with close to 7,000 patients, was initiated in
May 2002 and has successfully clinically followed 98.2% of the
entire population treated with DES (first- and second-generation)
in a single-centre tertiary institution (Hospital do Coração, São
Paulo, Brazil). As in the present study, we observed a continual
increase in the occurrence of DES thrombosis and TLR of 0.3%/
year and 1.6%/year, respectively, after the first year of the procedure, with cases happening after the first decade of the PCI.
Likewise, the predictors of MACE varied according to the time
point. In Table 1, we present the independent MACE predictors
in the DESIRE registry.
It is important to highlight that, despite these untoward events
experienced with the first generation of DES, these devices were
instrumental in positioning PCI where it is nowadays - the preferred revascularisation strategy for the majority of patients with
coronary artery disease. Also, the drawbacks observed with those
devices were necessary to prompt the development of a next generation of DES, combining thinner and more flexible platforms
made of new alloys (cobalt-chromium, platinum chromium, etc.),
more biocompatible (e.g., fluoro polymer, phosphorylcholine, etc.)
or even absorbable polymers (PLLA, PGLA, etc.) and novel antiproliferative agents (mostly sirolimus analogues or derivatives)
or reduced doses of currently approved antiproliferative drugs.
The efficacy and long-term safety achieved with the current
new generation of DES systems are very high and difficult to surpass; therefore, we believe that PCI will continue to play a pivotal

Table 1. Independent predictors of acute, mid and very long-term
MACE (cardiac death, non-fatal myocardial infarct and ischaemiadriven target lesion revascularisation) in the DESIRE registry.
Acute DES performance (in-hospital phase)
Variable

HR

95% CI

p-value

Stent length

1.02

1.020-1.028

<0.001

Age

1.02

1.01-1.04

<0.001

Residual stenosis

1.04

1.01-1.06

0.003

Use of first-generation DES

1.45

1.15-1.84

0.002

Treatment of SVG lesions

1.82

1.29-2.56

0.001

Midterm DES performance (>hospital discharge <365 days)
Variable

HR

95% CI

p-value

Age

1.02

1.0-1.02

0.04

Residual stenosis

1.02

1.0-1.04

0.04

Stent length

1.86

1.29-2.67

0.01

Smoking

1.98

1.31-2.97

0.01

Treatment of SVG lesions

3.0

1.86-4.86

<0.001

Very long-term DES performance
(>365 days [up to 13 years, median of 7.2 years])
HR

95% CI

p-value

Age

Variable

1.01

1.0-1.03

0.004

Residual stenosis

1.02

1.0-1.04

0.009

Stent length

1.23

1.1-1.48

<0.001

Smoking

1.46

1.4-1.9

0.003

Previous CABG

1.54

1.12-2.11

0.007

Renal insufficiency

1.66

1.18-2.31

0.003

ACS

1.72

1.28-2.30

<0.001

Treatment of SVG

1.87

1.3-2.7

0.001

Use of second-generation DES

0.77

0.58-0.99

0.04

ACS: acute coronary syndrome; CABG: coronary artery bypass graft;
CI: confidence interval; DES: drug-eluting stent; HR: hazard ratio;
SVG: saphenous vein graft

role in the treatment of coronary artery disease. The current focus
on metallic DES research is based on the development of technologies to promote faster and safer vessel healing, allowing the
shortening of dual antiplatelet therapy and therefore minimising
the bleeding risks associated with these medications.
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The Absorb bioresorbable vascular scaffold (A-BVS) (Abbott
Vascular, Santa Clara, CA, USA) represents a significant advance
in the treatment of coronary artery disease. In use increasingly
around the world, over the last year it has had to its credit three
seminal trials (ABSORB China, ABSORB Japan and ABSORB
III) which have demonstrated that A-BVS is as good as the best
in class second-generation metallic drug-eluting stent (DES)
both for safety and effectiveness at one year. These findings have
also led to its approval in the USA two months ago. Over the last
three years, clinical uptake of this revolutionary therapy has fluctuated between scepticism and optimism, confidence and caution
and clarity and confusion – and all this because of the single
fact that the A-BVS does not behave like the thin-strut, lowerprofile user-friendly third-generation DES, which makes life so
“simple” for the busy interventional cardiologist, even in complex lesions. The dreaded complication of stent thrombosis is
also rare for DES as they are “technically forgiving” despite, in
many instances, suboptimal implantation. The A-BVS is a “new
device” and has a unique set of deployment and implantation
characteristics, hence it requires its own set of “tips and tricks”
for safe and effective implantation.
In this issue of AsiaIntervention, Sengottuvelu et al1 publish
a review of A-BVS use in the Asia-Pacific region. This review is
Article, see page 82

important, especially as this region has a high prevalence of diabetes, and advanced and diffuse coronary artery disease in smaller
vessels. Experience with the A-BVS is rapidly expanding in this
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region, and the lessons learnt by some of the experienced users
and key opinion leaders provide not just insights, but important
guidance for the interventional community at large for its safe
and effective use. The document is originally based on a meeting
which was convened in order to come up with a consensus around
important “practice points”. This meeting took place nearly a year
and a half ago (April 2015), after GHOST-EU2 had created an
atmosphere of fear regarding higher scaffold thrombosis rates.
Today, however, we are far wiser and certainly more confident.
The document emphasises what we have said before:
– Firstly, there is a learning curve and operators should gradually make the transition from simple to more complex cases.
This helps the operator get the “feel” of the device, its crossability and deliverability characteristics, the nuances of gradual inflation, recrossing with balloons and wires, its appearance
on intravascular imaging with OCT/IVUS, etc. After approximately 15-20 cases, one can then progress to more “real-world”
complex cases.
– Secondly, meticulous attention to implantation techniques affects
outcomes. Clearly the “seven mantras” to success with the BVS
are strongly amplified in this document (Figure 1). Of these,
for me the most important is high-pressure post-dilatation of
the scaffold with a 0.25 mm larger non-compliant balloon up to
18-20 atm. This optimises the expansion, enlarges the lumen and
also embeds the thick struts into the vessel wall3 resulting in low
thrombosis rates and improved outcomes similar to the latestgeneration DES4.

The opinions expressed in this article are not necessarily those of the Editors of AsiaIntervention.

BVS use – 7 mantras

1.
2.
3.
4.
5.

Have good guide catheter and guidewire support
Size the vessel accurately after intracoronary nitroglycerine
Prepare the lesion well with near optimal size balloon dilatation
Deploy the BVS slowly and appropriately matched to the vessel size
Post-dilate with a 0.25 mm larger non-compliant balloon
to high pressures
6. Use OCT/IVUS when in doubt regarding vessel size or result
7. Pay meticulous attention to antiplatelet therapy
Figure 1. Seven “mantras” to success with BVS.

– Thirdly, while I strongly recommend imaging by OCT in specific clinical scenarios such as for accurate sizing of large vessels to determine if they are greater than 4 mm (which would
preclude the use of the A-BVS), for bifurcation lesions, where
a two-scaffold strategy is deployed, for “full plastic jacket” and
small vessels diffuse disease, the routine use of intravascular
imaging is not necessary if high-pressure post-dilatation is routinely performed as advised above. One should keep in mind
that intravascular imaging is not available at all centres and also
adds to cost. The more practical philosophy is to “post-dilate all
and image a few” rather than “image all and post-dilate a few”.
Despite exciting technical promise and robust scientific proof,
the uptake of the A-BVS will remain slow until those concerns
which brought about this era of caution are further clarified in
order to achieve confidence. There is also a reluctance related
to the greater time and hardware spent in deploying an invisible device with meticulous, painstaking precision and a routine
that requires post-dilatation interspersed with imaging – and all
this in an age when we have become used to the rapid “deploy
and done” technique with the latest-generation DES where we
have no need to remember any “mantras”. I would argue that the
potential long-term benefits of this temporary scaffold are physiologically sound, and clinically attractive (though this will only
be proven through ongoing, long-term studies). Therefore, really,
what is a few more minutes of your time if it gives the patient
a “lifetime”.
Finally, the consensus regarding type and duration of DAPT
therapy in the Asia-Pacific region remains unclear and seems to
follow that of the West. This is despite the fact that many studies from the West show an increased incidence of clopidogrel

resistance in patients of Asian origin. There are no systematic
studies today regarding this from Asia. While this may not be
so important for the “forgiving DES”, it takes on a different and
important connotation for the thick-strutted A-BVS where DAPT
using the newer P2Y12 inhibitors, at least initially, could be more
predictable and safe in complex “real-world” patients. This is
clearly an area for prospective investigation.
It is heartening that the initial clinical experience with first-generation BVS has led to the evolution of an “optimal technique”
of BVS implantation which offers us third-generation DES-like
safety and outcomes. Further refinements in technology, iterations
in design, and the thinning of struts and pruning of costs would
overcome many of the present limitations and concerns, hopefully
making BVS the strategy of choice for most patients with coronary artery disease rather than just the select few.

AsiaIntervention 2016;2:78-79
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Introduction

DOI: 10.4244/AsiaInterv_V2I2A19

Under the leadership of the Chief Editors of AsiaIntervention,
Runlin Gao, Upendra Kaul, Takeshi Kimura, Seung-Jung Park and
Huay Cheem Tan, the Editorial Board of AsiaIntervention convoked a “think tank” meeting during the recent EuroPCR meeting
in Paris, France, May 2016. The objective of this think tank meeting was to stimulate discussions concerning the promotion of the
journal and, equally, encourage a further increase of manuscript
submissions to AsiaIntervention.
Unique to this meeting was the request from the Chief Editors
that young interventionalists should be the focus group of the meeting, something which was reflected in the invitees list along with
consideration for their geographical origin which encompassed
a broad spectrum of experiences within the Asia-Pacific region.
Furthermore, Huay Cheem Tan provided insights and guidance
in his role as Co-Chief Editor of AsiaIntervention, complemented
by the experience of EuroIntervention Editorial Board members
Robert Byrne and Christoph Naber, who were also present.

A brief history
The first issue of AsiaIntervention was published in Januay 2015
and – to date – it remains the only journal in the Asia-Pacific
region dedicated soley to interventional cardiology. The Journal’s
© Europa Digital & Publishing 2016. All rights reserved.
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editorial structure, although challenging, is unique in that it is led
by the five Chief Editors as opposed to what is generally considered the norm, a single Chief Editor. The publisher’s rationale for
this structure is their desire to embrace “inclusiveness”, ensuring
as best as possible that all the major countries of the region are
represented.
Echoing a growing movement within the European Society
of Cardiology (ESC) with the formation of the ESC Young
Community and its subgroups – and, in particular the European
Association of Percutaneous Cardiovascular Interventions (EAPCI)
Young subgroup – the AsiaIntervention think tank attendees aimed
to develop new initiatives for the journal through open and frank
discussions.

Promotion
The AsiaIntervention website, http://www.asiaintervention.org, was
launched in September 2015 together with social media platforms
such as Facebook, Twitter and LinkedIn. Furthermore, through
the publisher’s links to the Europa Organisation and the PCR
meetings, AsiaIntervention has enjoyed the benefit of Europa’s
mailing list (>70,000 worldwide). Moreover, AsiaIntervention is
promoted at several key Asia-Pacific regional meetings (such as
CIT, TCTAP, ACIT, AsiaPCR, CVIT). Nonetheless, the consensus
The opinions expressed in this article are not necessarily those of the Editors of AsiaIntervention.

Long-term outcomes of SES

Encouragement of manuscript submissions
The group discussed the current culture of scientific output in the
region. The culture of medical writing has not yet matured to the
levels of the West and to reach this level it will take time. The writing sessions discussed above are a compelling tool to aid younger
interventionalists in understanding the publication process and its
maturation. Furthermore, a significant element to promote submissions for the group is the importance of PubMed indexing for
accepted papers and, although at the time of this report the application for AsiaIntervention indexing has been submitted, the group
stressed that it was critical to emphasise that previously published
papers will also be indexed retrospectively. Furthermore, a promotional strategy should be developed so that the community becomes
aware when the indexing application has been successful.
Concerning the Impact Factor, it was noted that this generally
takes three years after the journal has obtained indexed coverage

such as PubMed. In a future think tank meeting, the group would
like to develop a strategy for obtaining a high first impact factor
and, hereafter, to increase its value systematically.
Initally, AsiaIntervention received submissions via a transfer
recommendation system from its sister journal, EuroIntervention.
However, while it was reported that this route accounts for 40%
of submissions at present, this figure carries with it the positive implication that 60% of submissions now come directly to
AsiaIntervention itself.
A number of proposals for submissions were further discussed
including soliciting expert reviews with a focus on the AsiaPacific community. Similar to EuroIntervention, international consensus documents and international surveys relevant to the local
interventional community should be encouraged. Also, and once
again similar to EuroIntervention, the group proposed dedicating
a page within the journal for the promotion of each national interventional working group.
With respect to supplements, further thought was recommended
concerning the feasibility of linking AsiaIntervention supplement
publications with dedicated meetings such as bifurcation PCI and
valvular interventions in both China and Japan.

AsiaIntervention 2016;2:80-81

of the think tank attendees was that a presence at other meetings
is required to increase exposure. Currently the AsiaIntervention is
not linked to any meeting or professional working groups in the
region. This aspect was considered to fall outside the remit of the
think tank meeting; nevertheless, it was deemed important that the
publisher recognise that this could be a positive strategy to pursue
in order to move forward.
Presently, AsiaIntervention is invited yearly to build a “how
to write/review a medical paper” session at AsiaPCR/SingLIVE.
The group proposed that other congress meetings in the region
should be approached to investigate if similar sessions under the
AsiaIntervention branding could be considered, noting the mutual
benefit for both parties. Also, the suggestion to invite the authors
of the best abstracts at these meetings to submit their work in full
as complete articles to AsiaIntervention was positively welcomed.

Conclusion
Huay Cheem Tan, Co-Chief Editor, concluded that the first
AsiaIntervention think tank meeting was fruitful in developing
proposals for advancing the growth of the journal. Secondary to
the goals of the meeting, he thanked the invitees for their attendance, noting that this platform will certainly help to increase their
profile within their international networks and hopefully be the
foundation for new friendships and professional relationships.
A second meeting will be held in early 2017 during AsiaPCR/
SingLIVE.
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Abstract
Aims: Although the use of the bioresorbable vascular scaffold (BVS) in percutaneous coronary intervention
(PCI) has been under investigation in clinical trials and real-world settings since its launch in 2010, these
reports have come largely from the perspectives of European patients and physicians. Patient characteristics
and physician preferences often differ in the Asia-Pacific region with respect to device implantation techniques, lesion complexity, access to intravascular imaging and patient management strategies. This has led
to the need for a consensus on recommendations for deployment in Asia-Pacific populations. This document therefore serves as an overview of region-customised recommendations describing the best practices
for these populations, in order to achieve more consistent and optimal clinical outcomes.

Methods and results: A comprehensive multiple choice questionnaire was disseminated to 28 interven-

DOI: 10.4244/AsiaInterv_V2I2A20

tional cardiologists from 13 countries in the Asia-Pacific region. The collated survey results then provided
a backdrop to detailed discussion at a scientific meeting, the goal of which was accurate evaluation and
understanding of the current BVS implantation and patient management practices of this group of physicians. Critical information from the discussions at the meeting was then compiled to generate technical
recommendations, the purpose of which is to educate other cardiologists, both in the region and globally.

Conclusions: Practices, tips and techniques for the successful use of the Absorb BVS (A-BVS) in Asia were
examined and used to assemble key recommendations that would foster confidence and encourage wider implementation of the device in the region. This included considerations for lesion selection, predilatation, deployment,
post-dilatation, antiplatelet therapy, and management of complications. Additionally, the techniques used by interventional cardiologists in the Asia-Pacific region for specific complex lesion subtypes were also discussed.

*Corresponding author: Abbott Vascular Inc., 3200 Lakeside Dr., Santa Clara, CA 95054, USA.
E-mail: krishna.sudhir@av.abbott.com
© Europa Digital & Publishing 2016. All rights reserved.
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Recommendations for Absorb BVS usage in Asian patients

Potential benefits of BVS

Important advances have been made in the last thirty years in the
management and treatment of cardiovascular disease, through the
use of coronary artery bypass, balloon angioplasty and other surgical and percutaneous interventions. However, as heart disease
continues to be the leading cause of death globally1, the approach
to its management must be regularly updated and optimised. Over
75% of deaths from cardiovascular disease now occur in low- and
middle-income countries2, with the Asia-Pacific region accounting
for nearly 50% of the worldwide burden of mortality3.
Bioresorbable vascular scaffolds (BVS) represent a significant
advance in coronary interventional technology. Although guidelines exist for the use of BVS in European patients4, no specific
recommendations are available for the Asia-Pacific region. This
document therefore seeks to provide clarity on the best practices
for the implementation of the Absorb BVS (A-BVS) (Abbott
Vascular, Santa Clara, CA, USA) in percutaneous coronary intervention (PCI) in Asian patients, by leveraging the combined clinical experiences and professional opinions of 28 of the region’s
interventional cardiologists (“the authors”).

Asia-Pacific interventional cardiologists perceived the A-BVS as
effective in restoring the treated vessel’s natural architecture and
functionality, and potentially lowering long-term adverse event
(AE) rates compared to drug-eluting stents (DES). Its most significant benefit is its temporary nature, allowing vessel enlargement
through expansive vascular remodelling upon its disappearance.
Many authors suggested that a scaffold would only be needed for
three to six months to treat the lesion, and a temporary device that
disappeared completely after two to three years was ideal.
BVS use would preserve future treatment options, such as coronary artery bypass graft (CABG) surgery in patients with progressive coronary artery disease (CAD) and replace the use of
full-metal jackets with full-polymer ones in diffuse lesions (the
so-called endoluminal bypass). It was also considered potentially beneficial for patients with diabetes mellitus and for young
patients who might suffer from progressive and often aggressive
CAD, and thus require repeat reinterventions. In such recurrent
disease, implantation of additional BVS is feasible. In cases of
in-scaffold restenosis (ISR), the use of metal-over-metal could be
avoided by using BVS instead. With no permanent metal implant,
concerns over very late stent thrombosis (ST) could potentially
be reduced in the long term, especially beyond the time of complete resorption. In principle, the administration of long-term dual
antiplatelet therapy (DAPT) may also be unnecessary beyond the
period of resorption, although this would need to be confirmed in
longer-term trials. BVS can also be used with computed tomography (CT), which is emerging as a non-invasive approach for evaluating patients with CAD (Table 1).

Editorial, see page 78

The A-BVS has undergone extensive preclinical testing5 and
clinical evaluation in Europe in simple coronary lesion settings6,7
and has received the CE mark of approval (2010). It is now used
increasingly in complex clinical settings such as ST-segment elevation myocardial infarctions (STEMI), long lesions, chronic total
occlusions (CTO) and bifurcations.

Survey methodology
Twenty-eight interventional cardiologists from 13 countries in the
Asia-Pacific region (Australia, New Zealand, Thailand, Malaysia,
Vietnam, Singapore, Taiwan, Indonesia, India, China, Hong Kong,
Japan and South Korea) who had prior experience with the implantation of coronary stents were invited to complete a survey. Briefly,
the detailed survey comprised both quantitative and qualitative
questions to determine the level of their experience and expertise
with coronary scaffold technology and, in particular, their usage
of the A-BVS device. The primary results of the survey have been
published elsewhere8. Following the completion of the survey, the
physicians gathered at a meeting sponsored by the device manufacturer (Abbott Vascular) in Singapore in April 2015. This meeting was also attended by the company’s own representatives. The
goal of the meeting was to understand the rationale and motivation behind the physicians’ responses, in order to provide a more
accurate perspective of scaffold delivery practices by physicians in
the region. Importantly, the information derived from discussions
during the meeting was used to drive recommendations for A-BVS
deployment and use in the Asia-Pacific region, based on the collective experience of these physicians. The goal was to allow further education of physicians in these countries who are either new
to, less experienced with, or encountering problems with the implementation of the A-BVS in their own practice. The following is
a detailed account of the discussions at the meeting.
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Background and introduction

Table 1. Perceived benefits of BVS.
Twenty-eight interventional cardiologists from countries in the
Asia-Pacific region were asked to state the advantages of implanting
BVS compared to alternatives such as drug-eluting metallic stents.

Benefits of BVS as perceived or experienced
by Asian interventional cardiologists
Restores vessel’s natural
architecture and function

Could potentially reduce risk of
late adverse events beyond the
time of complete resorption

Temporary implant

Restores vasomotor function

Capping off of vulnerable plaques

Late lumen gain

Preserves future therapeutic
options

Avoids full-metal jacket in diffuse
lesions

Use of multiple BVS is beneficial
for recurrent or progressive
disease

May avoid need for long-term
DAPT

Avoids metal-over-metal in ISR
cases

Allows imaging, e.g., CT

Possible reasons for heterogeneous clinical
outcomes
Utilisation of A-BVS varied among the authors, with one of the
major concerns being the incidence of acute or subacute ST. Success
with BVS was thought to be primarily dependent on adequate
lesion preparation and post-dilatation (Table 2). Authors agreed that
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Table 2. Reasons for heterogeneous clinical outcomes.
Authors were asked to consider the problems faced in their own
practices with A-BVS deployment, in order to understand the reason
for heterogeneous clinical outcomes.

Possible reasons for heterogeneous clinical outcomes
Irregular use of post-dilatation
Inadequate lesion preparation

Table 3. General guidelines for BVS implantation.
The 28 authors surveyed listed their personal experience and
learning from the use of the A-BVS in their own patients to create
a set of general guidelines for new users of the device.

General guidelines for BVS implantation
Lesions to begin
with

Operator inexperience with new device

Inadequate post-dilatation pressures
Operator skill

Not heavily calcified
Lesions to progress Long, diffuse lesions
to
STEMI/ACS
Simple bifurcations

Incorrect vessel sizing
DAPT resistance

a large majority of the ST observed in the early post-market experience appeared to be due to a lack of or inadequate post-dilatation,
or inadequate vessel and scaffold sizing. A smaller proportion is due
to DAPT discontinuance, interruption or resistance.

General recommendations for BVS implantation
PATIENT AND LESION SUITABILITY
Ideal lesions for physicians to begin A-BVS implantation practices would be simple, straightforward, focal ones, e.g., type A/
B1 lesions without heavy calcification or a major side branch
(SB). The authors recommend successfully treating at least 20
simple lesions before attempting more complex ones (e.g., long
diffuse lesions, CTOs, bifurcations). Only confident operators
should attempt tortuous, extremely angulated and heavily calcified lesions. Left main (LM) and SB implantations should also
be avoided initially, or until more suitable A-BVS sizes become
available.
At the beginning of their practice, physicians should learn the
“feel” of A-BVS deployment (i.e., pushability, strut flexibility)
prior to progressing to more complicated lesions. The use of imaging techniques such as optical coherence tomography (OCT) is
especially helpful when treating such lesions. For calcified lesions,
the use of cutting balloons and rotablation is important in lesion
preparation (Table 3).
Due to the device’s relative newness in the Asia-Pacific region
(or unavailability so far, as in Japan and China), and the need to
master implantation techniques, it is important that newer operators understand the patient and lesion types that may not benefit
from A-BVS. Ideal lesions for treatment with A-BVS would be
those which can be optimally expanded. Complex lesions would
require more preparation and post-dilation and operator experience, and include heavily calcified lesions, long vein grafts, and
true ostial lesions in either the right coronary artery or LM that
are also fibrotic.
A-BVS may be less beneficial to elderly patients with numerous metallic implants. Operators must consider the currently available device lengths and diameters, expansion limits and profiles
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Focal
A/B1

DAPT non-compliance or discontinuation
Residual stenosis, suboptimal procedural result

Simple

CTOs
Lesions or cases to
avoid

Heavily calcified
Long vein grafts
True ostial lesions
Larger than 4 mm
Smaller than 2.25 mm

Tools & techniques Imaging (IVUS, OCT) when necessary/available
to use
Plaque modification
(with cutting balloons, Rotablator™)

during deployment in challenging settings (e.g., in small vessels
and tapering arteries). Patients who cannot be prescribed or comply with DAPT should not be treated with A-BVS.
PREDILATATION AND SIZING
Vessel sizing and scaffold selection, lesion preparation and intravascular imaging are important pre-implantation considerations
(Figure 1). Proper scaffold selection is essential and depends on
accurate target vessel sizing, for example, by intravascular imaging (IVUS and OCT), especially for complex lesions. However,
due to the cost and limited availability of intravascular imaging,
some authors preferred visual estimation against a catheter or predilatation balloon, quantitative coronary angiography or a pre-procedural CT coronary angiogram. For angiography, either proximal,
interpolated or distal vessel reference diameters may be used for
sizing. Sizing could also be facilitated by prior administration
of nitrates. To determine whether an A-BVS could be advanced
across a tough lesion, the lesion could be initially crossed and sized
using a winged or deflated non-compliant balloon. Predilatation
to the same size as the vessel (1:1), or to slightly less, could be
performed with a non-compliant balloon dilatation catheter, especially if the lesion does not open with a semi-compliant balloon.
Direct A-BVS implantation may rarely be performed in acute coronary syndromes (ACS) after thrombus aspiration.
For lesion preparation, predilatation with a non-compliant balloon was the most preferred method. For severely calcified lesions,
the use of a cutting or scoring balloon or rotablation was highly
advised. The authors recommended that the maximum amount of
residual stenosis before scaffold implantation be at least less than
40% and, ideally, less than 20%.

Recommendations for Absorb BVS usage in Asian patients

Administer nitrate medications such as glyceryl trinitrate.
Perform vessel sizing: use intravascular imaging (e.g,. IVUS, OCT) only if necessary,
or use predilatation balloon, GC, for sizing.
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Overview of protocol for BVS use

Perform lesion preparation: predilation - use non-compliant balloon; cutting balloon,
scoring balloon or rotablation for calcific lesions. Ideally, following predilation, the lesion should allow
a balloon of nominal scaffold size to be completely inflated at 10 atm.
Deploy the stent: Use guiding tools, e.g., buddy wire where necessary. Inflate the scaffold by 2 atm
every 5 seconds, to reach a minimum pressure of 10 atm and no more than 16 atm (or the rated burst pressure).
Maintain inflation for at least 30 seconds. Deflate and re-inflate if patient experiences chest pain.
Post-dilate up to or beyond rated burst pressure (>16 atm) but restrict scaffold expansion to +0.5 mm
above the nominal scaffold size. Check that full expansion of scaffold is achieved.
Dual antiplatelet therapy should be administered for a minimum of 6 months and ideally for at least 1 year.
Consider newer agents (e.g., prasugrel or ticagrelor), at least for 1-3 months for complex lesions.

Figure 1. Flow chart of treatment algorithm. Key steps in the deployment of the A-BVS device are summarised, following in-depth discussions
by the authors to derive practical guidance on the most important aspects for practice.

DEPLOYMENT: SCAFFOLD IMPLANTATION AND LESION
CROSSING
The use of guidance tools can be integrated into BVS deployment practice. Buddy wires are often used to assist with tracking BVS deployment, as are GuideLiners® (Vascular Solutions
Inc., Minneapolis, MN, USA), extra support wires or mother-anddaughter catheters. Optimal expansion and slow, gradual inflation
during deployment were the most critical factors in ensuring successful implantation (Figure 1). Although the scaffold should not
be excessively overexpanded beyond its limits, expansion must
be optimised. Balloon inflation should be maintained for at least
30 seconds and up to one minute, with pressures of 11-16 atm.
Physicians must also be mindful of risking edge dissections, especially when deploying at very high pressures. To avoid this, the
use of 8-10 atm for inflation was recommended by some authors,
although expansion up to rated burst pressures is feasible.
The use of overlapping scaffolds may be necessary to ensure
full coverage of the lesion and area treated by the balloon. The
manufacturer recommends that the scaffolds be overlapped by at
least 1 mm and up to 4 mm, to prevent gap-related restenosis.
Overlapping should be performed by placing the balloon marker
bands of the second A-BVS device on the inside of the first,
already deployed scaffold, before expansion. This prevents gaps
occurring between scaffolds.
Where possible, marker-to-marker overlapping should be used,
although marker-over-marker and scaffold-to-scaffold techniques

are also used. Precision is essential to avoid geographic miss.
Physicians must understand that malapposition occurs more frequently at overlapping regions and calcified lesions. Overlapping
A-BVS should also be avoided in small vessels.
POST-DILATATION: SCAFFOLD OPTIMISATION AND
INTRAVASCULAR IMAGING
Post-dilatation using a high-pressure non-compliant balloon is recommended by both the manufacturer and the authors. The authors
suggest a post-dilatation balloon that is slightly larger (by 0.25
to 0.5 mm) than the selected A-BVS device. Non-compliant balloons should be inflated to a maximum pressure of 15-20 atm,
but expansion must be kept to no greater than 0.5 mm above the
nominal scaffold diameter (Figure 1). Higher pressures may be
required in tough fibrocalcific lesions. The preferred duration for
post-dilatation balloon inflation is 15-30 seconds but, depending
on lesion complexity and the patient’s tolerance to pain, inflation
for either 31-60 seconds or less than 15 seconds may be preferred.
Physicians are advised that balloon expansion in vivo differs from
that shown in compliance charts.
ADJUNCTIVE ANTITHROMBOTIC THERAPY (DAPT)
DAPT recommendations currently in use by cardiologists in the
Asia-Pacific region are adapted from those formulated by the
American College of Cardiology, the American Heart Association
and/or the European Society of Cardiology, for Caucasian patients.
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East Asian patients may have different drug responses, and this
must be considered when devising PCI strategies for ACS.
These differences include ethnic-specific proclivities for thrombogenicity and bleeding, and a different window of time for optimal
DAPT efficacy.
East Asian patients may have risk profiles for both thrombosis and bleeding which differ from Western populations9. In Asia,
DAPT is usually prescribed for at least one year for complex
lesions, with patients often maintained on DAPT long-term as secondary prevention. If clopidogrel therapy was initiated and resistance subsequently detected, transition to ticagrelor or prasugrel
would be necessary. This highlights the necessity of customising
DAPT prescriptions to the patient’s clinical and genetic profile to
ensure safety and efficacy.
For stable angina patients, a period of six months to one year or
one to two years of DAPT (Table 4) was preferred. In ACS presentations, namely NSTEMI and STEMI, the authors were divided
almost equally between durations of six months, six months to one

Table 4. DAPT duration preferences for the treatment of A-BVSimplanted patients with stable angina, complex lesions, NSTE-ACS
and STEMI complex lesions by authors surveyed for this
manuscript.
In general, more authors chose either six months to one year or one
to two years, rather than choosing up to six months or more than two
years. Usage of prasugrel or ticagrelor was also surveyed.

Rank order of preferred DAPT durations for cardiovascular
indications treated with A-BVS
Stable angina (1: most preferred, 4: least preferred, *: tie)
Up to 6 months

2*

6 months - 1 year

1*

1 - 2 years
More than 2 years

2*

Complex lesions (bifurcations, long, CTO)
(1: most preferred, 4: least preferred)
Up to 6 months

4

6 months - 1 year

1

1 - 2 years

3

More than 2 years

2

year, one to two years, or more than two years, and there was no
agreement on the optimal duration of DAPT. For patients with complex lesions such as CTO, long lesions or bifurcations, longer DAPT
duration should be considered. In patients with ACS or STEMI,
prasugrel or ticagrelor was preferred over clopidogrel (Table 4).
If long-term OCT data in humans (in excess of three years) successfully confirm the total resorption of A-BVS, then there might
be no need for long-term DAPT, i.e., beyond 2.5-3 years. More
general descriptions of antiplatelet strategies and best practices for
East Asian patients are available in recently published reviews10.

Recommendations for specific lesion subsets
LONG LESIONS
To avoid full-metal jackets in long lesions, the use of A-BVS is
attractive, especially in young patients with long, diseased left
anterior descending arteries (LAD), when options for future surgery need to be preserved and the anastomotic site must remain
metal-free. Pre-implantation imaging is helpful for initial assessments in long lesions, as well as in the evaluation of tapering in
such vessels. Imaging can help choose between implanting a single scaffold (using the interpolated diameter), or using two scaffolds instead. When sizing long lesions in tapering vessels, two
scaffolds of different sizes may be used. Two different non-compliant balloons, one to treat the distal site, and a larger one to treat
the proximal site, may also be used.
The treatment of long lesions with BVS requires suitable support (e.g., at least 7 Fr guide catheter, buddy wires, etc.) and
meticulous vessel preparation (Table 5). For deployment, the distal scaffold should be implanted first and all scaffolds should be
optimally expanded. In general, implanting scaffolds distally to
proximally is recommended. However, proximal A-BVS deployment can also be performed first when accurate placement is
essential, e.g., in ostial lesions that require overlap and avoidance
of a large side branch. This can be followed by post-dilatation and
subsequent crossing with a distal scaffold.
Table 5. Factors to consider for the use of A-BVS in long lesions.
Treatment of long lesions with A-BVS
Imaging

Verify possibility of use of 1 interpolated size scaffold

NSTE-ACS and STEMI (1: most preferred, 4: least preferred)

Verify need for 2 different-sized scaffolds

Up to 6 months

4

6 months - 1 year

1

Use interpolated diameter

1 - 2 years

3

Use 2 different-sized non-compliant balloons

More than 2 years

2

Use of prasugrel or ticagrelor (%)
Patient lesion type

% of authors who prescribe
prasugrel or ticagrelor

NSTE-ACS or STEMI

66

All patients regardless of symptoms

26

N/A (physician only prescribes
clopidogrel)
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Assess extent of taper

8

Sizing

If >1 mm disparity, use 2 different-sized scaffolds

Preferred
tools and
techniques

Use good guide support

Issues to
note

If using multiple BVS, ensure precise positioning and
optimal inflation

Prepare vessel thoroughly
Marker-to-marker overlap

Avoid or minimise scaffold overlap
Overlap is not recommended in smaller vessels
(<2.5 mm)

Recommendations for Absorb BVS usage in Asian patients

CHRONIC TOTAL OCCLUSION (CTO)
As most CTOs are long lesions, using A-BVS keeps them free from
full-metal jacketing for future surgical interventions. However,
A-BVS is best avoided in certain CTO-associated lesions, e.g.,
heavily calcified lesions. The use of subintimal dissection and reentry techniques for A-BVS in CTO is feasible. The regular use
of invasive imaging techniques (IVUS and OCT) is advocated for
BVS selection and follow-up in CTOs. In addition, when long
CTOs are treated with overlapping BVS, optimal implantation can
be verified with intravascular imaging during the index procedure,
and at follow-up.
At six-month follow-up, the CTO-ABSORB pilot study11 of
BVS in 35 CTO lesions demonstrated the safety of A-BVS in this
setting, as there were no MACE events in that study. Importantly,
this trial emphasised adequate lesion preparation in these lesions
to facilitate BVS expansion.
THROMBOTIC LESIONS (e.g., ACS, STEMI)
Real-world data from Singapore show that A-BVS can safely
be used in patients with STEMI undergoing primary PCI12.

The European multicentre randomised TROFI-II trial13 demonstrated that stenting of culprit lesions with Absorb in the setting
of STEMI resulted in a nearly complete arterial healing, which
was comparable with that of the XIENCE EES at six months. In
thrombotic lesions, using A-BVS may prevent late malapposition.
Moreover, the greater intimal coverage afforded by the struts of
A-BVS may potentially reduce distal embolisation. In younger
patients with ACS and STEMI, the use of A-BVS can restore longterm vasomotion, lumen gain and vessel remodelling. Although the
authors felt that A-BVS was appropriate for thrombotic lesions,
the need for larger trials and more long-term data was emphasised.
To size STEMI lesions, the proximal reference diameters should
be used after restoring flow and size recovery of the vessel following thrombus aspiration and nitrate treatment. Optimal sizing
could be achieved using a larger balloon, although some oversizing (the largest scaffold that can be tolerated by the vessel) may
be necessary. Imaging was also recommended to assist in determining the level of thrombus burden or whether plaque rupture
had occurred.
The authors advised using the proximal reference marker, and
deploying the scaffold slowly and gradually, to slightly higher than
nominal pressures, visually verifying expansion, and performing
post-dilatation to ensure optimal proximal apposition. Aggressive
post-dilatation (over 14-16 atm) was generally not recommended
due to the risk of no reflow, which can be minimised by thorough thrombus aspiration and/or intracoronary glycoprotein IIb/
IIIa administration (Table 6).
Direct scaffolding of STEMI lesions should only be performed
if the level of plaque burden and proximal and distal vessel segments can be clearly seen following thrombus aspiration, and the
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For overlapping, marker-to-marker was the most recommended
approach. Ideally, the distal scaffold is deployed first, and the
marker of the A-BVS scaffold checked to ensure appropriate
overlap with the marker of the proximal scaffold balloon. When
implanting full-polymer jackets, overlap should be minimal, and
the technique of scaffold-to-scaffold placement (edge-to-edge) can
be used. With small vessel diameters, layering of thick struts may
compromise the lumen; therefore, overlap of A-BVS is not recommended in smaller vessels (<2.5 mm) (Table 5).

Table 6. Factors to consider for the use of A-BVS in thrombotic lesions (ACS, STEMI).
Treatment of thrombotic lesions with A-BVS
Techniques

Prepare lesion:

Thorough thrombus aspiration
Restore flow to vessel

Sizing:

Use proximal reference diameter
Size after restoring flow to vessel

Implantation and
post-dilatation:

Deploy scaffold slowly
Implant a slightly oversized or largest size scaffold possible
Direct scaffold only if thrombus aspiration is optimal, vessel is clearly visible and lesion is short,
with little residual stenosis
Avoid aggressive post-dilatation, >14-16 atm is not recommended

DAPT
recommendations

1 year of DAPT is advised, e.g., one year of clopidogrel
Preload with DAPT
Use newer drugs or change to ticagrelor or prasugrel
Start with combinations such as aspirin and ticagrelor or prasugrel

Issues to note

Reference vessel may be difficult to observe and size
Undersizing may occur
Plaque morphology may be unclear
Plaque resists expansion or ruptures
Risk of no reflow can be minimised by thrombus aspiration and/or intracoronary GP IIb/IIIa administration
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lesion is short with minimal residual stenosis. This would ensure
that the lesion is sized accurately and thoroughly covered by the
scaffold. Concerns included highly fibrotic and expansion-resistant plaques, or situations where the morphology of the plaque is
unclear, especially if direct scaffolding with A-BVS is planned.
The consensus on the duration of antiplatelet therapy in thrombotic lesions following A-BVS implantation was one year of
DAPT, with preloading and the use of newer thienopyridine medications such as ticagrelor or prasugrel. The manufacturer currently
advocates at least six months of DAPT. Asia-Pacific interventional
cardiologists preferentially use prasugrel and ticagrelor for ACS
and STEMI. In complex lesions in general, the threshold for using
prasugrel and ticagrelor tends to be lower. Patients can also begin
with ticagrelor or prasugrel with aspirin but change to clopidogrel
and aspirin during the first year, or after one year.
Potential issues with the use of A-BVS in thrombotic lesions
include inflammation, spasm, occlusion and difficulties in visualising the vessel reference, which would affect vessel sizing.
Importantly, these factors are also similarly present with the use
of DES. Patients in cardiogenic shock should not be treated with
A-BVS, since proper vessel sizing is time-consuming and may
jeopardise the patient.

device can cause adventitial strain; therefore, lesion preparation is
an essential first step and will determine the extent of expansion
that can be achieved. However, BVS can provide long-term benefits if proper apposition and scaffold expansion are achieved. In
order to use A-BVS, the level of calcifications must be no more
than mild to moderate.
The use of cutting or scoring balloon or rotablation is recommended for lesion preparation. High-pressure dilatation with a noncompliant balloon (over 20 atm) can be performed to attempt full
balloon expansion (preferably a 1:1 balloon:artery ratio). Where
possible, no residual stenosis should persist. After lesion preparation, imaging (OCT or IVUS) is useful to assess the level of residual calcification, and whether it spans the entire circumference of
the vessel, or is focal or eccentric. IVUS can determine if the calcification has cracked following balloon dilatation, which would
make it more suitable for A-BVS. Besides sizing, IVUS can also
be used post implantation to verify that, in all arterial segments,
the implanted A-BVS is well expanded, and all struts circumferentially and longitudinally well apposed. Analysis of the lesion by
CT angiography prior to the implantation procedure is also helpful
in calcified lesions. The CT angiogram provides information on
the extent and distribution of calcification (Table 7).

CALCIFIED LESIONS
Since significant calcification probably disrupts intimal physio
logy, vasomotor benefits following A-BVS may be limited in calcified lesions. Such compromised physiology may also impair
local delivery of drugs to the calcified lesion; therefore, lesion
preparation is essential. In calcific settings, overstretching the

BIFURCATIONS
In bifurcation lesions, the use of A-BVS over DES would prevent
long-term stent jailing of the side branch. However, this lesion
type should be treated by operators with significant expertise and
experience. Due to the discrepancy between proximal and distal
vessels, the operator should select the proximal vessel diameter

Table 7. Guidelines and considerations for the treatment of calcified lesions with the A-BVS.
Treatment of calcified lesions with A-BVS
Techniques

Lesion
preparation:

Use balloon dilatation to crack calcified plaque
Cutting balloon, scoring balloon or rotablation can also be used on plaques
Attempt to achieve no residual stenosis

Imaging & sizing:

Use imaging for assessment of plaque density and distribution
Use imaging for vessel sizing
Size artery using non-compliant balloon to get 1:1 dimensions
CT angiography may be helpful in assessing extent and distribution of calcium

Deployment and
post-deployment:

Gentle manipulation must be used for deployment
Use high-pressure dilatation (>20 atm) with non-compliant balloon
Use IVUS imaging to confirm that struts are well apposed, concentric and exposed

Issues to note

Overstretching can cause adventitial straining
Suboptimal deployment increases restenosis and thrombosis risk
Compromised DAPT delivery to calcified lesion
Not for highly calcified lesions
Disruption of intimal physiology
Early restenosis
Strut disruption/fractures if forcefully deployed
Lower vasomotor benefits
Diabetic patients may have more restenosis
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(mini-KBPD). When 3.0 mm diameter balloons were used for
side branch dilatation or mini-KBPD in 3.0 mm A-BVS, strut
fracture did not occur at or below inflation pressures of 10 and
5 atm, respectively. Above these thresholds, the likelihood of strut
fracture increased with increasing pressure. The clinical implications of scaffold fractures in bifurcations remain unclear, and use
of a 3 mm balloon for side branch dilatation is not advocated by
the manufacturers. Other considerations include malapposition,
recrossing and calcifications. Scaffold malapposition in proximal
vessels and/or severely tapered vessels may occur; therefore, the
use of imaging techniques to assess vessel size and plaque distribution is recommended. When recrossing an implanted BVS
with a second A-BVS is difficult, the authors advise using a short
metallic DES. Calcification may impact on A-BVS deliverability
(e.g., to side branches) and, in such situations, it must be used
carefully or not used at all.
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for scaffold sizing for bifurcation lesions, keeping in mind the limits of post-dilatation of the scaffold. Adequate imaging should be
strongly considered, to establish vessel size and plaque distribution. If the distal vessel is small, it is critical not to oversize and
risk distal vessel edge dissection; therefore, two overlapping scaffolds should be considered where possible, particularly in highly
tapered vessels.
The use of kissing dilatation should also be minimised, and
single, provisional scaffolding is the recommended strategy.
Sequential non-compliant balloon inflations in the side branch and
subsequently in the main branch may be used. Another option is
to use snuggle balloon dilatation with two non-compliant balloons,
and minimal overlapping of the balloons. While the use of final
kissing balloon dilatation is generally not preferred, in selected
cases low-pressure kissing balloon dilatation can be cautiously
performed, preferably with imaging guidance.
Recommended strategies include the provisional 1-scaffold
technique14 with a side branch balloon, and the 2-scaffold technique with either TAP (with two BVS, or one BVS and one
DES) or T stenting. If the anatomy is suitable for Medina 0,1,1
bifurcations, the V-scaffold technique is advocated. The “keep it
open” approach is recommended for bifurcations with the side
branch under 2.5 mm. If pinching of the side branch is significant, sequential balloon dilatation with low pressures (<10 atm)
is advised, beginning with the side branch and finishing with
the proximal optimisation technique (POT) in the main vessel.
Kissing balloon dilatation with low pressures may be used, while
a drug-eluting balloon (DEB) can be used for treatment of the
side branch.
To treat the side branch, ballooning or DEBs could be used if
the side branch is less than 2.5 mm in diameter. For wider side
branches, either a DES or a BVS could be used, depending on the
degree of angulation, diffuseness of disease or extent of calcification. To facilitate side branch treatment, the main branch BVS
must be post-dilated optimally first, followed by gradual dilatation
of the side branch through the struts using a balloon not more than
2.5 mm in diameter, after which a second BVS may be deployed
in the side branch. The POT approach can also be used, as long as
the expansion limits of the A-BVS are respected.
Post-procedure imaging, particularly with OCT, provides useful
information on malapposition, underexpansion, scaffold fracture,
edge dissection and side branch ostium, and should be strongly
considered. Overdilatation of A-BVS in the main vessel can lead
to issues including scaffold fracture, especially during proximal
optimisation and final upsizing in the proximal vessel with an
oversized balloon. Culotte or traditional crush techniques should
generally be avoided in bifurcations. Ormiston et al15 have shown
in bench studies that dilatation through the side of an A-BVS scaffold displaced struts from the side branch lumen, but caused main
branch malapposition opposite the side branch, main branch scaffold narrowing beyond the side branch, and protrusion of struts
into the side branch. Scaffold distortion was corrected by main
branch post-dilatation or by mini-kissing balloon post-dilatation

Management of complications
Data on the incidence of periprocedural scaffold thrombosis are
conflicting; however, there is general consensus that the occurrence of such events is often related to suboptimal deployment.
To treat early or late scaffold thrombosis, the preferred approach
is plain balloon angioplasty with or without thrombectomy, followed by DES implantation (especially in cases of BVS fracture
confirmed by OCT), and lastly by implantation of a new A-BVS.
Also, the authors suggested administering glycoprotein inhibitors
to dissolve the thrombus, since aggressive post-dilatation may also
induce slow flow or no flow.
In dealing with in-scaffold restenosis (ISR), substantial plaque
prolapse or associated thrombus is sometimes seen within the
scaffold by IVUS/OCT. Since the occurrence of ISR after A-BVS
implantation is still relatively uncommon, the best treatment strategy has not been evaluated. Use of a drug-eluting balloon or plain
balloon angioplasty in this setting has the potential advantage
of “leaving nothing behind”, especially if the restenosis is early.
Occasionally a second A-BVS has also been used in this setting
for the same reason. However, many experts choose to treat restenosis following A-BVS with a metallic DES.

Limitations
This document was drafted based on the opinion of twenty-eight
interventional cardiologists. Where there were differences of
opinion, consensus was arrived at through thorough discussion.
The opinions here reflect experience with optimal deployment
and short-term outcomes. While all authors were comfortable
with deploying A-BVS in simple lesions and patients, caution
was recommended for more complex lesions where data are more
limited. Long-term clinical studies are currently under way, and
will help confirm whether such recommendations translate to the
best long-term outcomes. A few pivotal trials have been published
since the meeting; while the authors did not have the opportunity
to discuss these, the additional trials are referenced in the discussion section below.
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Summary of recommendations and discussion
BVS is generally regarded as the technology of the future by the
authors and, in six to eight years, is expected to be widely used
in the majority of cardiac catheterisation laboratories. Ongoing
randomised controlled trials comparing A-BVS to the XIENCE
stent include ABSORB II, III, CHINA, and JAPAN as well as
ABSORB IV which is actively enrolling. In patients from Europe
and New Zealand, ABSORB II16 has thus far demonstrated comparable clinical event rates of A-BVS to XIENCE at one year,
with reduced rates of angina, nitrate use and revascularisation in
BVS-treated patients. ABSORB JAPAN, which compared A-BVS
to XIENCE EES in Japanese patients with a maximum of two
de novo target lesions in separate coronary arteries, has met the
primary clinical and secondary angiographic endpoints of target
lesion failure at one year and angiographic in-segment late lumen
loss at 13 months, respectively17. Updated data from randomised
controlled studies, including the large cohort (>2,000 patients)
in ABSORB III at one year18, demonstrated comparable target
lesion failure and adverse event rates between the A-BVS and the
XIENCE scaffold (TLF 7.8% vs. 6.1%, p<0.007), thus meeting the
study’s primary endpoint goals. The ABSORB China trial, which
also compared A-BVS to XIENCE and was conducted to support
device approval in China19, achieved the one-year non-inferiority
primary endpoint of in-segment late loss in 480 Chinese patients
(A-BVS 0.19±0.38 mm vs. XIENCE 0.13±0.38 mm, p=0.01). In
a patient-level, pooled meta-analysis of the above four randomised
trials of 3,389 patients with stable coronary artery disease or a stabilised acute coronary syndrome, A-BVS event rates of composite patient-oriented and device-oriented adverse events did not
differ at one-year follow-up compared with the XIENCE EES20.
Together, these results indicate that A-BVS is non-inferior to the
current best-in-class XIENCE metallic stent. Further results are
anticipated from longer-term follow-up of these randomised trials.
In a prospective, real-world Australian study21 of 152 lesions in
100 patients, A-BVS was associated with low rates of target lesion
revascularisation, myocardial infarction, and scaffold thrombosis at 12 months. This was attributed to a strategy of meticulous lesion preparation, routine post-dilation, and 12 months of
dual antiplatelet therapy. This Asia-Pacific experience supports
the recommendations for optimising lesion preparation and postdilatation procedures. Other real-world European studies have
addressed the heterogeneity in patient outcomes reported by previous studies. In one small all-comers study by Costopoulos et al22,
where A-BVS-treated patients were lesion-matched to XIENCEtreated patients, no ST was detected. In that study, because postdilatation was performed in >90% of A-BVS-treated patients and
maximum inflation pressure was 21 atm, a reasonable inference is
that high-pressure post-dilatation contributed to low to no adverse
events. In another European study, the POLAR ACS study23 in
which post-dilatation was performed in 81% of patients, only one
case of myocardial infarction (MI), attributed to scaffold thrombosis, was detected at one year. A single incidence of target lesion
revascularisation (TLR) was observed, leading the investigators to

conclude that the use of BVS for the treatment of acute coronary
syndrome patients was both safe and effective. The controversial
GHOST-EU trial24 included all-comers with a fairly complex disease profile; the overall post-dilation rate in that report was only
52.3%, and the ST rate was 1.9% at six months and 2.0% at one
year. More recently, however, a propensity-matched analysis of
GHOST-EU patients versus those from the XIENCE V USA registry showed that the combined rate of ischaemic events at one year
was low and not significantly different to matched patients treated
with XIENCE EES25. Importantly, in a recent European all-comers
registry, scaffold thrombosis could be significantly reduced with
optimised implantation26, a strategy now widely recognised as critical to the best clinical outcomes and lowest adverse event rates.
A summary of the recommendations of the group is as follows. Initial experience with A-BVS should consist of simple
lesions and patients, such as type A/B1 lesions, the absence of
heavy calcification and the avoidance of major side branches.
A learning curve of approximately 20 procedures was considered reasonable, after which operators might expand their use to
more complex lesion and patient types. Vessel sizing and scaffold selection, lesion preparation and intravascular imaging were
emphasised as important pre-implantation considerations. Proper
scaffold selection is essential and depends on accurate target vessel sizing, for example, by intravascular imaging, especially for
complex lesions. However, due to the cost and limited availability of IVUS and OCT, many authors preferred visual estimation,
quantitative coronary angiography or a pre-procedural CT coronary angiogram. Adequate predilatation to the same size as the
vessel (1:1) is critical, if necessary with a non-compliant balloon catheter. Cutting or scoring balloons or rotablation were
strongly recommended for calcified lesions. Post-dilatation was
strongly recommended using non-compliant balloons inflated to
a maximum pressure of 15-20 atm, or higher if necessary, with
expansion limited to 0.5 mm above the nominal diameter of the
scaffold. A period of six to 12 months of DAPT was considered
ideal for simple lesion and patient types, whereas 12 months or
longer was recommended for complex lesions. Many authors
preferred newer P2Y12 inhibitors, namely ticagrelor or prasugrel, especially in ACS and STEMI patients. These recommendations are very similar to those from Europe by Tamburino et al,
in which consensus criteria for patient and lesion selection, BVS
implantation and optimisation, use of intravascular imaging guidance, approach to multiple patient and lesion scenarios, and management of complications, were identified4. The authors noted
that the current A-BVS device has thicker struts than currentgeneration DES, and noted that future generations of the device
with a thinner strut profile would probably be easier to use, with
a potential for even better clinical outcomes.
This document highlights how the current practice and experience of Asia-Pacific interventional cardiologists mirror those in
Europe, regardless of lesion complexity. It is expected that longterm clinical trial data will support the present results, potentially
showing improvements in long-term efficacy and safety over DES.

Recommendations for Absorb BVS usage in Asian patients
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Abstract
Aims: Late adverse events such as very late stent thrombosis (VLST) or late target lesion revascularisation (TLR) after sirolimus-eluting stent (SES) implantation remain an important concern. However, clinical
outcomes beyond five years after SES implantation remain unclear. We sought to assess the very long-term
(7-10 years) clinical outcome after SES implantation.

Methods and results: Between April 2004 and March 2008, a total of 985 consecutive patients with
1,307 lesions underwent percutaneous coronary intervention only with SES. Cumulative incidence of TLR
within the first year was 11.8%. Late TLR beyond one year continued to occur without attenuation or
acceleration up to 10 years (2.6%/year, and cumulative 10-year incidence, 35.2%). Cumulative incidence of
definite stent thrombosis was low (30 days, 0.31%; one year, 0.63%; five years, 1.1%; and 10 years, 2.6%),
whereas definite VLST also continued to occur without attenuation or acceleration (0.22%/year).

Conclusions: Late adverse events such as VLST and late TLR beyond one year after SES implantation
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continue to occur up to 10 years without attenuation or acceleration of their annual incidences. Careful
clinical follow-up is mandatory in patients who have already been treated with SES.
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Academic Research Consortium
CABG
coronary artery bypass graft
CREDO-Kyoto Coronary Revascularisation Demonstrating
Outcome study in Kyoto
DAPT
dual antiplatelet therapy
DES
drug-eluting stent
eGFR
estimated glomerular filtration rate
ISA
incomplete stent apposition
IVUS
intravascular ultrasound
LST
late stent thrombosis
MI
myocardial infarction
OCT
optical coherence tomography
PCI
percutaneous coronary intervention
PSS
persistent contrast staining
SES
sirolimus-eluting stent
SF
stent fracture
ST
stent thrombosis
TLR
target lesion revascularisation
VLST
very late stent thrombosis

Introduction
The sirolimus-eluting stent (SES) was the most widely used firstgeneration drug-eluting stent (DES) and dramatically reduced the
rate of in-stent restenosis and subsequent target lesion revascularisation (TLR) compared with bare metal stents (BMS)1. Pivotal randomised clinical trials have demonstrated that the efficacy of SES
was sustained without any significant increase of stent thrombosis (ST) up to four to five years after implantation2,3. However, in
real-world clinical practice, late adverse events such as very late ST
(VLST) and late TLR beyond one year have emerged as unsolved
issues after SES implantation4-8. The j-Cypher Registry demonstrated that VLST and late TLR beyond one year continued to occur
without attenuation up to five years after SES implantation (0.26%/
year and 2.2%/year, respectively)8. Furthermore, the CREDOKyoto (Coronary Revascularisation Demonstrating Outcome study
in Kyoto) percutaneous coronary intervention (PCI)/coronary artery
bypass graft (CABG) registry cohort-2 also reported that VLST and
late TLR beyond one year after SES implantation occurred constantly and without attenuation up to seven years (0.24%/year and
2.0%/year, respectively)9. Although these findings suggested that
late adverse events such as VLST and late TLR beyond one year
are a continuous hazard, lasting at least up to seven years after SES
implantation, there is a paucity of reports evaluating clinical outcomes beyond seven years after SES implantation. Therefore, we
sought to assess very long-term (7 to 10 years) clinical outcomes of
SES in the present single-centre study.
Editorial, see page 75

Methods
PATIENT POPULATION AND PROCEDURAL PROTOCOL
From April 2004 to March 2008, a total of 4,603 consecutive patients
with 5,514 lesions underwent percutaneous coronary intervention
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with stent implantation in Kokura Memorial Hospital, Kitakyushu,
Japan. Of these, 985 consecutive patients (1,307 lesions) treated
only with SES (CYPHER®; Cordis, Johnson & Johnson, Warren,
NJ, USA) were enrolled in the present study (Figure 1). All interventions were performed using standard techniques. Predilatation,
post-dilatation, and the use of intravascular ultrasound (IVUS)
were left to the operator’s discretion. After the procedure, all
patients were advised to continue aspirin (81-162 mg daily) for life
unless contraindicated. Either ticlopidine (200 mg daily) or clopidogrel (75 mg daily) was also prescribed for at least three months
after stent implantation. A routine follow-up angiography six to
12 months after SES implantation was recommended to the patients
regardless of clinical symptoms. All patients gave written informed
consent for the procedure and the follow-up protocol, which was
approved by the ethics committee of Kokura Memorial Hospital.
4,603 consecutive patients (5,514 lesions) treated with stent implantation
between April 2004 and March 2008
3,618 patients excluded due to implantation of other stents:
- 3,444 bare metal stents
- 99 paclitaxel-eluting stents
- 48 combination of sirolimus-eluting stents and paclitaxel-eluting stents
- 16 combination of sirolimus-eluting stents and bare metal stents
- 11 other drug-eluting stents
985 patients (1,307 lesions) treated only with sirolimus-eluting stent
Figure 1. Study flow chart.
STUDY ENDPOINTS AND DEFINITIONS
The major study endpoints included VLST, late TLR beyond one
year, and clinically driven late TLR beyond one year. All-cause death,
cardiac death, non-cardiac death, myocardial infarction (MI), stroke,
CABG, and any coronary revascularisation were also assessed as
endpoints. Death was regarded as cardiac in origin unless obvious
non-cardiac causes could be identified. MI was defined according
to the Academic Research Consortium (ARC) definition10. TLR was
defined as either PCI or CABG resulting from restenosis or thrombosis of the SES-treated target lesion that included the proximal
and distal edge to the stent (within 5 mm) and the ostium of side
branches8. Clinically driven TLR was defined as TLR performed
because of ischaemic symptoms, electrocardiographic changes at
rest or positive stress test results8. Clinically driven TLR on a patient
basis was censored when non-clinically driven TLR was performed
in all the target lesions. The timing and diagnostic certainty of ST
were assessed according to the ARC definition10. Stroke during the
follow-up was defined as ischaemic or haemorrhagic stroke requiring hospitalisation with symptoms lasting >24 hours.
CLINICAL FOLLOW-UP
Clinical follow-up data were obtained either from a review of the
hospital records or by telephone contacts with the patients, relatives,

Long-term outcomes of SES

STATISTICAL ANALYSIS
Categorical variables are presented as numbers and percentages.
Continuous variables are presented as mean±SD or median (interquartile range). Cumulative incidences were estimated by the
Kaplan-Meier method. To evaluate the late events beyond one year,
we used landmark analysis at one year. Those patients with individual endpoint events before one year were excluded in the landmark
analysis. A Cox proportional hazards model was used to identify
independent risk factors of TLR (within the first year and beyond
one year). We used the 23 variables listed in Table 1 as potential
independent variables (Online Table 1). The continuous variables
were dichotomised by clinically meaningful reference values. To
determine the independent risk factors, we first selected variables
with p-values <0.10 in the univariate Cox models. We then included
them simultaneously in the multivariable models and obtained the
adjusted hazard ratios and their 95% confidence intervals. To evaluate the risk factors for TLR beyond one year, we included only
those patients who completed the one-year follow-up without TLR.
Statistical analysis was performed with the use of JMP software,
version 10.0 (SAS Institute Inc., Cary, NC, USA). A two-sided
p-value of <0.05 was considered statistically significant.

Table 1. Patient characteristics.
Characteristics
Number of patients

985

Age (years)

68.7±9.6

>80 years

103 (10.5%)

Male

756 (76.8%)

Hypertension

756 (76.8%)

Diabetes mellitus

479 (48.6%)

Insulin-treated

83 (8.4%)

Dyslipidaemia
Chronic
kidney
disease

534 (54.2%)
eGFR <30 ml/min/1.73 m2
without haemodialysis
Haemodialysis

48 (4.9%)
61 (6.2%)

Current smoker

151 (15.3%)

Multivessel disease

350 (35.5%)

Target lesion involving chronic total occlusion

116 (11.8%)

Target lesion involving in-stent restenosis

331 (33.6%)

Target lesion involving bifurcation treated with
two stents

38 (3.9%)

Target lesion involving ostial right coronary artery

68 (6.9%)

Target lesion involving severe calcification

69 (7.0%)

Total stent length >28 mm

298 (30.3%)

Number of
diseased
vessels

1

635 (64.5%)

2

272 (27.6%)

≥3

78 (7.9%)

Results

Prior myocardial infarction

333 (33.8%)

BASELINE CHARACTERISTICS
The current study population included predominantly patients
with stable coronary artery disease. However, the great majority
of patients had high-risk features such as advanced age, diabetes
mellitus, prior PCI, prior MI, and multivessel disease (Table 1).
Also, the great majority of patients had AHA/ACC type B2/C
lesions with complex lesion characteristics such as bifurcation, instent restenosis, severe calcification, and chronic total occlusion
(Table 2). The prevalence of post-dilatation after SES implantation was low, and intravascular ultrasound was used infrequently
(Table 2). The prescription rates of the evidence-based medications such as statins and beta-blockers were low at the time of
hospital discharge (Table 1). Median follow-up duration of survivors was 8.6 (first and third quartiles [Q1-Q3]: 7.6-9.4; and
range: 0-11.0) years. Ten-year clinical follow-up was completed
in 138 patients (90.2%) among 153 patients eligible for 10-year
follow-up.

Prior percutaneous coronary intervention

664 (67.4%)

CLINICAL OUTCOMES
The cumulative 10-year incidence of all-cause death and cardiac
death was 30.3% and 8.1%, respectively (Table 3, Figure 2A).
Cardiac death constituted 23.9% of all-cause death. The cumulative 10-year incidence of MI was low (annual incidence of 0.6%).
In this cohort, 88.0% of patients underwent angiographic follow-up within one year. The cumulative incidence of TLR within
the first year was relatively high (11.8%). Among the 201 patients

Prior coronary artery bypass grafting
Prior stroke
Clinical
status

67 (6.8%)
77 (7.8%)

Stable coronary artery disease
Acute coronary syndrome

Left ventricular ejection fraction (%)
≤40%
Medications
at discharge

AsiaIntervention 2016;2:93-100

or referring physicians. Patients who were lost to follow-up were
censored on the last day with follow-up information. Follow-up
intervals were calculated from the day of the index procedure.

962 (97.7%)
23 (2.3%)
61.0 (50.0-68.0)
106 (10.8%)

Aspirin

985 (100%)

Thienopyridine

985 (100%)

Beta-blockers

264 (26.9%)

ACE-I/ARB

544 (55.2%)

Statins

512 (52.1%)

Oral hypoglycaemic agent

317 (32.1%)

Data are presented as mean±SD, median (interquartile range), or
number (%). ACE-I: angiotensin-converting enzyme inhibitor;
ARB: angiotensin II receptor blocker

undergoing TLR within the first year, 74 patients (66.7%) underwent plain old balloon angioplasty, 27 patients (24.3%) another
SES implantation, eight patients (7.2%) coronary artery bypass
graft, and two patients (1.8%) paclitaxel-eluting stent implantation. Late TLR beyond one year also continued to occur constantly without attenuation or acceleration up to 10 years (2.6%/
year) (Figure 2B, Figure 3). Clinically driven TLR within the first
year was relatively low (5.2%), but it continued to occur with
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Table 2. Lesion and procedural characteristics.
Characteristics
Number of lesions
Location of target
lesion

1,307
LAD

628 (48.1%)

RCA

385 (29.5%)

LCX

328 (25.1%)

LMCA

38 (2.9%)

SVG
AHA/ACC lesion type

6 (0.5%)

A

34 (2.6%)

B1

304 (23.2%)

B2

385 (29.5%)

C

584 (44.7%)

In-stent restenosis

368 (28.2%)

Severe calcification

89 (6.8%)

Bifurcation

454 (34.7%)

Treated with two stents

53 (4.1%)

Ostial location

93 (7.1%)

Chronic total occlusion

119 (9.1%)

Procedural characteristics
Number of stents per
lesion

1

1,003 (76.8%)

2

244 (18.7%)

≥3

60 (4.5%)

Total stent length (mm)

23.0 (18.0-33.0)

Overlapping stent

313 (24.0%)

Post-dilatation

463 (37.3%)

Maximal inflation pressure (atm)
IVUS use

16.5±2.6

a constant rate of 1.6%/year beyond one year (Figure 2B). NonTLR continued with a similar frequency to TLR with an annual
incidence of 2.3% (Figure 2B).
The cumulative incidence of definite ST was also low (30day, 0.31%; one-year, 0.63%; five-year, 1.1%; and 10-year,
2.6%). VLST continued to occur constantly without attenuation
or acceleration up to 10 years after SES implantation (0.22%/
year) (Table 3, Figure 4A, Figure 4B). Among 19 ST events up to
10 years, 18 (94.7%) resulted in MI. ST was the cause of MI during follow-up in 39.1% of 46 MI episodes. All patients with early
ST and late ST had continued dual antiplatelet therapy (DAPT)
at the time of ST, whereas DAPT had been continued in seven
(53.8%) of 13 patients with VLST. No patient had discontinued
both aspirin and thienopyridine before the onset of ST.
Stent fracture (SF) was observed in 43 (13.3%) of 323 TLR
lesions and in four (21.1%) of 19 ST lesions (one LST and three
VLST). The incidence of SF as a cause for TLR or ST was higher
in the right coronary artery than in other vessels (30 [69.8%] of 43
SF-related TLR lesions; three [75.0%] of four SF-related ST lesions).
Independent risk factors for TLR within one year included such
target lesions as the ostial RCA, total stent length >28 mm, instent restenosis, age >80 years, bifurcation lesions treated with
two stents (Table 4). Independent risk factors for late TLR beyond
one year included such target lesions as in-stent restenosis, total
stent length >28 mm, estimated glomerular filtration rate (eGFR)
<30 ml/min/1.73 m2 without haemodialysis (Table 4).

Discussion

217 (16.6%)

Data are presented as mean±SD, median (interquartile range), or
number (%). AHA/ACC: American Heart Association/American College of
Cardiology; IVUS: intravascular ultrasound; LAD: left anterior descending
coronary artery; LCX: left circumflex artery; LMCA: left main coronary
artery; RCA: right coronary artery; SVG: saphenous vein graft

The main finding of the present study is that late adverse events
such as VLST and late TLR beyond one year after SES implantation continue to occur up to 10 years without attenuation or acceleration of their annual incidences.

Table 3. Clinical event rates up to 10 years.
Number of patients with events (Cumulative incidence)
30-day
Death

All-cause death

0 (0%)

Cardiac death

0 (0%)

Sudden death

0 (0%)

Myocardial infarction
Stent thrombosis

3 (0.31%)

13 (1.4%)
5 (0.51%)
1 (0.11%)
10 (1.2%)

5-year

10-year

128 (14.0%)

244 (30.3%)

32 (3.7%)

60 (8.1%)

9 (1.1%)

27 (3.7%)

25 (2.9%)

46 (6.5%)

Definite

3 (0.31%)

6 (0.63%)

10 (1.1%)

19 (2.6%)

Definite/probable

3 (0.31%)

7 (0.73%)

11 (1.2%)

20 (2.7%)

Definite/probable/possible

3 (0.31%)

7 (0.73%)

22 (2.5%)

46 (6.4%)

Stroke

4 (0.41%)

6 (0.63%)

24 (2.7%)

36 (6.2%)

Target lesion revascularisation

4 (0.41%)

111 (11.8%)

220 (24.2%)

290 (35.2%)

Clinically driven target lesion revascularisation

4 (0.41%)

48 (5.2%)

112 (13.5%)

159 (21.7%)

Non-target lesion revascularisation

5 (0.51%)

107 (11.6%)

207 (23.0%)

259 (32.5%)

Coronary artery bypass grafting

1 (0.10%)

13 (1.5%)

27 (4.3%)

58 (7.4%)

Any coronary revascularisation

8 (0.82%)

217 (23.0%)

381 (41.7%)

475 (57.0%)

Cumulative incidences of events were calculated by the Kaplan-Meier method.
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Figure 2. Cumulative incidence of clinical events up to 10 years after SES implantation. A) All-cause death, cardiac death and sudden death.
B) TLR, clinically driven TLR, and non-TLR. SES: sirolimus-eluting stent; TLR: target lesion revascularisation

Widespread use of first-generation DES has raised several unresolved, clinically relevant issues. Particular concerns have been
the late complications including VLST and late TLR. VLST is
a reassuringly rare, but potentially life-threatening complication.
Recently, several large-scale DES registries have demonstrated
that the annual incidences of VLST were 0.21 to 0.53%/year up to
three to five years3-8. More recently, Natsuaki et al reported from
the CREDO-Kyoto 2 registry that VLST beyond one year after
SES implantation occurred constantly and without attenuation up
to seven years (0.24%/year)9. Although these results suggested

that the risk of VLST is sustained without attenuation up to
seven years after SES implantation, there are few data evaluating
>7 years’ follow-up of SES. In the present study, VLST continued
to occur without attenuation up to 10 years after SES implantation
(0.22%/year). This annual incidence of VLST is consistent with
that reported from the j-Cypher Registry and the CREDO-Kyoto
2 registry8,9. Considering these findings, VLST remains a concerning problem at least up to 10 years after SES implantation, while
it was reassuring that we did not see a signal suggesting acceleration in the occurrence of VLST, although a pathological study
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Figure 3. Cumulative incidence of TLR during the entire follow-up period (A), within one year, and between one and 10 years by the one-year
landmark analysis (B). SES: sirolimus-eluting stent; TLR: target lesion revascularisation
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Figure 4. Cumulative incidence of definite stent thrombosis during the entire follow-up period (A), within one year, and between one and
10 years by the one-year landmark analysis (B). SES: sirolimus-eluting stent
suggested more pronounced neoatherosclerosis formation with
longer time intervals after coronary stent implantation11-13.
In the present study, late TLR beyond one year also continued
to occur constantly without attenuation up to 10 years after SES
implantation with an annual incidence of 2.6%/year. This annual
incidence of late TLR is also consistent with that reported from
previous large-scale DES registries8,9. Recently, Palhais et al were
the first to report a 10-year clinical follow-up of 200 patients with
SES implantation, demonstrating that the cumulative 10-year incidence of TLR was 8% and the risk of TLR was maximal at three
to six years after SES implantation and decreased thereafter14.
Compared with the present study, the cumulative incidence of

TLR was much lower and the trend was quite different. The current study had a larger study population with a higher-risk patient
profile and more complex lesion characteristics, such as a high
prevalence of DM, ISR, bifurcation lesion, chronic total occlusion,
and long total stent length. After the introduction of SES in realworld clinical practice, SES were widely used in high-risk patients
as shown in the current study, which might have led to the sustained occurrence of late TLR.
The underlying mechanisms for the continuous occurrence of
late adverse events after SES implantation have not been fully
understood. Previous studies have demonstrated that inflammatory reaction, hypersensitivity, endothelial dysfunction, and

Table 4. Univariate and multivariable Cox models for target lesion revascularisation.
Variables

Present events/
patients, n (%)

Univariate

Multivariable

Absent events/
patients, n (%)

HR (95% CI)

p-value

HR (95% CI)

p-value

TLR within 1 year
Target lesion involving ostial RCA

22/68 (35.0)

88/917 (10.0)

3.92 (2.40-6.13)

<0.001

3.60 (2.17-5.75)

<0.001

Total stent length >28 mm

48/298 (16.8)

62/687 (9.5)

1.81 (1.24-2.64)

0.002

1.84 (1.24-2.72)

0.003

Target of ISR

50/331 (15.9)

60/654 (9.6)

1.73 (1.19-2.52)

0.005

1.72 (1.17-2.52)

0.006

Age ≥80 years

5/103 (5.2)

105/882 (12.4)

0.41 (0.14-0.90)

0.02

0.38 (0.13-0.85)

0.02

Target of a bifurcation lesion treated with two stents

10/38 (26.3)

100/947 (11.1)

2.58 (1.26-4.69)

0.01

2.43 (1.17-2.52)

0.02

Haemodialysis

14/61 (25.8)

96/924 (10.8)

2.73 (1.49-4.62)

0.002

1.92 (0.99-3.49)

0.054

Insulin use

16/83 (19.7)

94/902 (10.9)

1.90 (1.08-3.13)

0.03

1.74 (0.97-2.91)

0.06

Target lesion involving severe calcification

13/69 (21.4)

97/916 (11.0)

2.10 (1.12-3.61)

0.02

1.40 (0.72-2.55)

0.31

Target lesion involving ISR

70/257 (34.0)

108/560 (22.9)

1.44 (1.06-1.94)

0.02

1.43 (1.05-1.93)

0.02

Total stent length >28 mm

59/234 (29.6)

119/583 (25.1)

1.35 (0.98-1.83)

0.07

1.41 (1.02-1.92)

0.036

eGFR <30 ml/min/1.73 m without haemodialysis

10/33 (48.0)

167/783 (25.7)

2.09 (1.03-3.76)

0.04

2.06 (1.01-3.71)

0.046

Target lesion involving ostial RCA

13/40 (46.2)

165/777 (25.3)

1.83 (0.99-3.09)

0.056

1.71 (0.92-2.89)

0.09

Prior stroke

18/62 (36.3)

160/755 (25.7)

1.62 (0.96-2.57)

0.07

1.48 (0.87-2.35)

0.14

TLR beyond 1 year

2

Only variables with univariate p<0.10 are shown. Incidences of events were calculated by the Kaplan-Meier method. CI: confidence interval; eGFR: estimated glomerular filtration rate;
HR: hazard ratio; ISR: in-stent restenosis; RCA: right coronary artery.
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Limitations
There are several limitations in the present study. First, this study
was a retrospective, single-centre study that did not include a control
group. Therefore, we could not assess whether the very long-term
outcomes of SES are different from those of BMS and/or secondgeneration DES based on the results of the current study. Second,
the present study included a very small number of patients with
acute coronary syndrome. Third, the overall incidence and clinical
impact of SF and PSS, which are reported to be strong risk factors for ST after SES implantation, were not assessed in the present
study24,25. Fourth, we did not have information on bleeding complications and antiplatelet therapy during the follow-up. Finally, firstgeneration SES are no longer used in current practice. However,

many millions of patients have already undergone first-generation
SES implantation. Therefore, it is important to continue evaluating
the very long-term clinical outcomes of patients receiving first-generation SES implantation to improve the care of these patients.

Impact on daily practice
Late adverse events such as VLST and late TLR beyond one
year after SES implantation continue to occur up to 10 years
without attenuation or acceleration of their annual incidences.
Careful clinical follow-up is mandatory in patients who have
already been treated with SES.

AsiaIntervention 2016;2:93-100

neoatherosclerosis could be suggested as the causes of VLST as
well as late TLR beyond one year15-19. Recently, an OCT analysis in
50 patients with ISR after DES implantation demonstrated that 52%
of lesions had at least one thin-cap fibroatheroma containing neointima, 58% had in-stent neointimal rupture, and 58% showed intraluminal thrombi20. More recently, Kang et al reported that, using
OCT, VLST was associated with in-stent neointimal rupture in 63%
of DES-treated lesions21. Furthermore, stent fracture (SF) is also one
of the risk factors for ST and TLR after DES implantation and may
be likely to occur due to increased metallic fatigue over time22,23.
Indeed, Ohya et al reported that SF after SES implantation was
consistently associated with higher rates of VLST and TLR during eight-year follow-up24. In the present study, SF was observed in
a significant proportion of lesions with TLR and/or ST. Furthermore,
persistent contrast staining (PSS), which might be related to inflammation and remodelling of the stented vessel, was reported to be
a potent risk factor for VLST of SES25. These findings support the
belief that neoatherosclerosis, SF and PSS are the causes of late
adverse events in some SES-treated patients. Long-term DAPT after
SES implantation might be necessary in some selected patients with
potent angiographic risk factors of VLST such as SF and/or PSS.
The current study showed that late adverse events such as VLST
and late TLR beyond one year after SES implantation continue to
occur up to 10 years without attenuation or acceleration of their
annual incidences. These findings indicate that there may be no
end in sight for the late adverse events after SES implantation.
Therefore, further careful follow-up is mandatory to assess the very
long-term outcomes of patients who have already received SES
implantation. Although the mechanisms for late adverse events after
SES implantation are multifactorial, the most significant contributing factor might be different according to the timing and type of
late adverse events. Indeed, the j-Cypher Registry suggested that the
risk factors of late TLR are similar to those of early TLR, whereas
the predictors for VLST are quite different from those for early ST
and LST8. Although the current study could not provide the predictors for VLST, target lesions involving in-stent restenosis, total stent
length, and eGFR <30 ml/min/1.73 m2 without haemodialysis were
independent predictors for late TLR beyond one year. Therefore,
more careful follow-up may be required in those patients.
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Abstract
Aims: The Resolute™ zotarolimus-eluting stent (ZES) has been associated with excellent and sustained
safety and efficacy in real-world populations undergoing percutaneous coronary intervention (PCI).
However, limited real-world clinical outcome data beyond one year are available in an Asian population.
The aim of this article is to report the three-year outcomes of the RESOLUTE China Registry.

Methods and results: The RESOLUTE China Registry is a prospective, observational registry con-

Conclusions: In the largest study of Asian patients treated with the Resolute ZES, the incidence of adverse
cardiac events was low and sustained at three years, highlighting the continued safety and efficacy of the
Resolute ZES in a real-world Chinese population.
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ducted among patients with symptomatic coronary artery disease at 30 sites in China with minimal exclusion criteria. Among 1,800 patients enrolled, mean age was 61±11 years, 29% had a history of diabetes and
68% underwent PCI of long lesions (≥18 mm), 43% of small vessels (≤2.75 mm), and 7% of chronic total
occlusions. Total stent length was 42.2±28.3 mm per patient. At three years, target lesion failure was 6.3%,
with a 2.4% incidence of clinically driven target lesion revascularisation, 4.4% incidence of cardiac death
or target vessel myocardial infarction, and 0.8% definite or probable stent thrombosis. Clinical outcomes
were favourable across complex subsets, including patients with diabetes, chronic total occlusion, and small
vessel treatment.

SUBMITTED ON 28/01/2016 - REVISION RECEIVED ON 1st 09/08/2016 / 2 nd 25/08/2016 - ACCEPTED ON 30/08/2016

101

AsiaIntervention 2016;2:101-107

102

Introduction
The Resolute™ zotarolimus-eluting stent (ZES) (Medtronic,
Minneapolis, MN, USA) has been associated with excellent and
sustained safety and efficacy in real-world populations undergoing percutaneous coronary intervention (PCI). In the RESOLUTE
All-Comers trial of Resolute ZES (N=1,140) vs. XIENCE V™
everolimus-eluting stent (EES) (Abbott Vascular, Santa Clara, CA,
USA; N=1,152), conducted in an all-comers population across
Europe, target vessel failure (a composite of cardiac death, myocardial infarction [MI] not clearly attributable to a non-target vessel, and clinically indicated target vessel revascularisation) at
five years was 20% with Resolute ZES (and no different from
XIENCE V EES, 19%, p=0.60)1. Moreover, given the excellent
safety and efficacy of current-generation drug-eluting stents, the
stents are used to treat an increasingly complex patient population, including those with small vessels, bifurcation lesions, and
chronic total occlusions. However, limited long-term real-world
clinical outcome data are available in an Asian population, in particular among complex subsets. In contrast to the United States
and Europe where mortality due to coronary artery disease is
declining, mortality due to coronary artery disease is increasing
in China2. Additionally, Asian patients are more likely to require
re-admission to treat clinical restenosis as compared with white
Europeans3.
The RESOLUTE China Registry is a large trial of Chinese
patients implanted with the Resolute ZES in an all-comers population, providing a large sample size across complex subsets.
Outcomes at one year have been previously reported4. In this
manuscript we report the three-year outcomes.

and also sent for CEC adjudication. The one-year report of the
RESOLUTE China Registry showed no differences in outcomes
between subjects who were monitored and those who were not4.
Additional monitoring was conducted based on CEC-adjudicated
events.
STATISTICAL ANALYSIS
The primary endpoint was one-year target lesion failure (TLF),
defined as a composite of cardiac death, target vessel MI (Q-wave
and non-Q-wave) or clinically driven target lesion revascularisation (TLR) by percutaneous or surgical methods. Major adverse
cardiac events (MACE) were defined as the composite of all
death, MI, emergent coronary artery bypass graft, or clinically
driven TLR. Deaths were considered cardiac unless an unequivocal non-cardiac cause could be established. All MI, including
target vessel MI, were adjudicated according to the extended historical definition5.
The following pre-specified subset analyses are included: treatment of long lesions (≥18 mm length), small vessels (≤2.75 mm
diameter), multiple vessels, and chronic total occlusion, as well as
treatment in patients with a history of diabetes mellitus.
All analyses were conducted based on the intention to treat, and
no data imputation for missing values was performed. Continuous
variables are presented as mean±standard deviation and nominal
variables as percentages. The incidence of clinical events was
calculated using the Kaplan-Meier method. A p-value <0.05 was
considered statistically significant. Statistical analyses were performed using SAS software, version 9.1 or later (SAS Institute,
Cary, NC, USA).

Methods

Results

The design of and primary outcomes in the RESOLUTE China
Registry have been previously reported4. Briefly, the RESOLUTE
China Registry is a prospective, multicentre, observational study
in an all-comers Chinese population. Limited inclusion/exclusion
criteria were used. Subjects who were aged 18 years or older and
eligible for elective implantation with Resolute ZES in at least
one target lesion were included. Patient follow-up was planned at
30 days, six months, and annually up to five years.
The study conformed to the Declaration of Helsinki, and the
protocol was approved by independent ethics committees for
all sites. All patients provided written informed consent before
enrolment and prior to the PCI procedure. The study design
and oversight were directed by a steering committee comprising study investigators and a representative from the sponsor.
Outcomes were adjudicated by an independent clinical events
committee (CEC) composed of cardiologists who were not study
participants. Safety oversight was provided by a data safety
monitoring board.
Site monitoring (R&G Pharma Studies Co. Ltd., Shanghai,
China) was conducted at all sites to verify 100% of informed
consent forms and source data from at least 50% of patients.
Additionally, all serious adverse events were source verified

Between 23 December 2010 and 6 March 2012, a total of 1,800
subjects were enrolled at 30 sites across China. Follow-up was
available on 1,701 patients (95%) at three years. Table 1 shows
baseline patient and lesion characteristics, as reported previously.
Mean age was 61±11 years, 29% had a history of diabetes, 68%
had acute coronary syndrome, 43% were treated for small vessels (≤2.75 mm), 68% for long lesions (≥18 mm), 28% of patients
underwent multivessel treatment, 15% were treated for bifurcation
lesions, and 7% for chronic total occlusions.
Total stent length was 42.2±28.3 mm per patient and 1.8±1.1
stents were implanted per patient. Predilatation was used in
82.8% of lesions. There was no post-procedure Thrombolysis In
Myocardial Infarction (TIMI) grade 0 or 1, 0.3% grade 2 and
99.7% grade 3. Percent diameter stenosis was 0.3±2.4, based on
operator estimate.
The three-year incidence of adverse cardiac events is shown
in Table 2 and Figure 1. At two years, TLF was 5.5% (96) and
comprised 2.2% (39) clinically driven TLR and 3.7% (65) cardiac
death or target vessel MI; between two and three years, there were
two (0.1%) clinically driven TLRs and 10 (0.6%) cardiac deaths or
target vessel MIs. Definite and probable stent thrombosis was low
up to three years (Table 2).

RESOLUTE China Registry 3-year outcomes

RESOLUTE
China Registry
(N=1,800
subjects;
2,321 lesions)
Patient characteristics
Age, years

61±11

Men,%

76 (1,361)

Current smoker,%

36 (645)

Diabetes mellitus,%

29 (645)

Hyperlipidemia,%

41 (733)

Hypertension,%

64 (1,150)

Prior myocardial infarction,%
Reason for
Unstable angina
revascularisation,%
Acute myocardial infarction
Stable angina
Silent angina
Complex patients,%*

36 (638)
59 (1,045)
31 (560)
8 (134)
3 (45)
61 (1,102)

Lesion characteristics
Vessel location
(per lesion),%

Left anterior descending

19 (432)

Right coronary artery

28 (642)

Left main
Saphenous vein graft or
internal mammary artery
Lesion length, mm

2 (40)
0.6 (13)
24.9±13.7
(n=2,263)

Pre-procedure reference vessel diameter, mm
Pre-procedure
TIMI,%

51 (1,194)

Left circumflex

0

3.0±0.5
14.0

1

4.1

2

13.6

3

68.3

Pre-procedure diameter stenosis,%

86.0±13.3
(2,321)

Long lesion (≥18 mm length), %

68 (1,230)

Small vessels (≤2.75 mm diameter), %
AHA/ACC Class B2/C lesion,%
Chronic total occlusion,%

43 (769)
68 (1,571)
7 (167)

Bifurcation lesion,%

15 (345)

Number of lesions treated per subject

1.4±0.7

Number of stents per subject

1.8±1.1

Total stent length per lesion, mm

29.5±15.4

Total stent length per subject, mm

42.2±28.3

Results presented as mean±standard deviation or % (n). *Subjects are
considered “complex” if they have at least one of the following
characteristics: total occlusion, bifurcation, saphenous vein graft,
in-stent restenosis, acute myocardial infarction (≤72 hours from index
procedure), left ventricular ejection fraction <30%, unprotected left
main, more than two vessels stented, renal insufficiency or failure
(creatinine ≥140 µmol/L), lesion length >27 mm, more than one lesion
per vessel, or pre-procedure thrombus. AHA/ACC: American Heart
Association/American College of Cardiology.

Dual antiplatelet use at one, two and three years was 94%, 51%,
and 40%, respectively. Academic Research Consortium (ARC)
definite or probable stent thrombosis at one year, and between one
and three years was 0.5% and 0.3%, respectively.
SUBSET ANALYSES
Figure 2 demonstrates the incidence of adverse cardiac events
across several complex subsets. The three-year rate of TLF was
7.4% in subjects with long lesions (≥18 mm length, total stent
length 50±29 mm per subject), 8.4% in small vessels (≤2.75 mm
diameter), 10.5% in multivessel treatment, 9.0% in subjects with
diabetes mellitus, 11.1% in subjects treated at a bifurcation lesion,
and 8.7% in subjects treated for chronic total occlusion (lesion
length 31±18 mm).
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Table 1. Baseline patient and lesion characteristics.

Discussion
The RESOLUTE China Registry is the largest study of Asian
patients (1,800 patients) treated with second-generation Resolute
ZES in real-world clinical practice, allowing a robust evaluation
of clinical outcomes across a broad spectrum of patients. Despite
this complex patient population, the three-year incidence of all
major adverse clinical events remained low. Between two and
three years, only two subjects underwent TLR and, at three years,
the incidence of TLF was 6.3% (due to 2.4% clinically driven
TLR and 4.4% cardiac death or target vessel MI), and the incidence of ARC definite or probable stent thrombosis was 0.8%.
These results highlight the long-term safety and efficacy of this
second-generation drug-eluting stent in a large, real-world Chinese
population.
The outcomes in the RESOLUTE China Registry are similar to those observed in studies of EES in a Chinese population. In PLATINUM China, TLR at one year was 2.2% with the
PROMUS Element™ EES (Boston Scientific, Marlborough, MA,
USA) (N=373)6, similar to that observed with Resolute ZES in the
RESOLUTE China Registry at one year (1.3%). Long-term outcomes in PLATINUM China are not available.
The RESOLUTE China Registry is unique in providing a large
study population of all-comer subjects to analyse complex subsets in a Chinese population. In subjects with diabetes mellitus,
clinically driven TLR and TLF were 2.9% and 9.0% at three
years, respectively. TLF is similar to that observed in a metaanalysis from the SPIRIT Clinical Trial Program among subjects
with diabetes mellitus treated with EES (11.7% TLF at three
years)7. Additionally, in the RESOLUTE China Registry, 150
subjects were treated for chronic total occlusion with an average lesion length of 31±18 mm. Among these subjects, TLF at
three years was 8.7%, which is similar to that reported at three
years in subjects treated with the Resolute ZES for chronic total
occlusion in both TWENTE (13.6% in a pooled analysis of
Resolute ZES and XIENCE V EES)8 and a pooled analysis in
RESOLUTE All Comers and RESOLUTE International (9.1% at
two years)9. Furthermore, in both TWENTE and the pooled ana
lysis, TLF was similar in both subjects treated and not treated for
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Table 2. Event rates at 1, 2 and 3 years in the RESOLUTE China Registry.
1 year
% (n)
(n=1,774)

2 years
% (n)
(n=1,742)

95% CI

95% CI

95% CI

Target lesion failure

3.9 (69)

(3.0%, 4.9%)

5.5 (96)

(4.5%, 6.7%)

6.3 (108)

(5.2%, 7.5%)

Target vessel failure

4.3 (76)

(3.4%, 5.3%)

6.0 (105)

(5.0%, 7.3%)

6.9 (118)

(5.8%, 8.3%)

MACE

4.5 (79)

(3.5%, 5.5%)

6.8 (119)

(5.7%, 8.1%)

8.2 (140)

(7.0%, 9.6%)

Cardiac death or target vessel MI

3.0 (53)

(2.3%, 3.9%)

3.7 (65)

(2.9%, 4.7%)

4.4 (75)

(3.5%, 5.5%)

Death

1.2 (22)

(0.8%, 1.9%)

2.8 (48)

(2.0%, 3.6%)

3.9 (67)

(3.1%, 5.0%)

0.7 (12)

(0.4%, 1.2%)

1.3 (23)

(0.8%, 2.0%)

1.9 (33)

(1.3%, 2.7%)

Target vessel MI

2.3 (41)

(1.7%, 3.1%)

2.6 (45)

(1.9%, 3.4%)

2.8 (47)

(2.0%, 3.7%)

Clinically driven TLR

1.3 (23)

(0.8%, 1.9%)

2.2 (39)

(1.6%, 3.1%)

2.4 (41)

(1.7%, 3.3%)

Clinically driven TVR

1.8 (32)

(1.2%, 2.5%)

2.9 (50)

(2.1%, 3.8%)

3.1 (53)

(2.3%, 4.1%)

Stent thrombosis (ARC) definite/probable

0.5 (8)

(0.2%, 0.9%)

0.6 (11)

(0.3%, 1.1%)

0.8 (13)

(0.4%, 1.3%)

Acute (0-1 day) definite/probable

0.1 (6)

(0.1%, 0.8%)

0.0 (1)

(0.0%, 0.3%)

Cardiac death

0.0 (0)

(0.0%, 0.2%)

Definite

0.0 (0)

(0.0%, 0.2%)

Probable

0.0 (0)

(0.0%, 0.2%)

0.4 (7)

(0.2%, 0.8%)

Definite

0.2 (3)

(0.0%, 0.5%)

Probable

0.3 (5)

(0.1%, 0.7%)

Subacute (2-30 days) definite/probable

Early (0-30 days) definite/probable

0.4 (7)

(0.2%, 0.8%)

Definite

0.2 (3)

(0.0%, 0.5%)

Probable

0.3 (5)

(0.1%, 0.7%)

0.1 (1)

(0.0%, 0.3%)

Definite

0.1 (1)

(0.0%, 0.3%)

Probable

0.0 (0)

(0.0%, 0.2%)

Late (31-360 days) definite/probable

Very late (>361 days) definite/probable
Definite
Probable

0.1 (5)

(0.1%, 0.7%)

Significant bleeding complications

1.5 (27)

(1.0%, 2.2%)

1.7 (29)

(1.1%, 2.4%)

1.9 (32)

(1.3%, 2.7%)

Stroke

0.8 (15)

(0.5%, 1.4%)

1.3 (23)

(0.8%, 2.0%)

1.9 (32)

(1.3%, 2.7%)

chronic total occlusion8,9. In the EXPERT CTO multicenter trial
(Evaluation of the XIENCE Coronary Stent, Performance, and
Technique in Chronic Total Occlusions), TLF was 9.1%10 at one
year after implantation of XIENCE V EES in 250 subjects with
chronic total occlusion.
The advent of drug-eluting stents has increased the use of stenting for more complex lesions, including small vessels11; however, historically, late lumen loss was more likely to result in the
need for repeat revascularisation in small vessels as compared
with large vessels12. Among subjects with small vessel treatment
(≤2.75 mm reference vessel diameter) in the RESOLUTE China
Registry, TLR was low at 3.4% (25/734) at three years, which is
similar to the rate observed with EES implantation in small coronary vessels (RVD <2.77 mm) in a pooled analysis of SPIRIT II
and III (3.0% [11/366] at one year)13. Given concerns about rising
mortality due to coronary artery disease in China2 and high readmission rates to treat clinical restenosis among Asian patients3,
using drug-eluting stents to reduce the risk of restenosis is of
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3 years
% (n)
(n=1,701)

critical importance in China. Treatment of small vessels can be
problematic as late lumen loss may be less tolerated in small vessels. The low adverse event rates associated with Resolute ZES in
the RESOLUTE China Registry, including among subjects with
small vessels, makes Resolute ZES an important option in the
treatment of coronary artery disease in China.
Dual antiplatelet use in the RESOLUTE China Registry at
one, two, and three years was 94%, 51% and 40%, respectively.
This rate is higher than that observed in RESOLUTE All Comers
conducted in Europe, in which dual antiplatelet use after implantation with Resolute ZES at one, two, and three years was 84%,
18%, and 13%, respectively14, suggesting that long-term dual
antiplatelet therapy may be prescribed more commonly in Asian
populations. Use of dual antiplatelet therapy in RESOLUTE
Asia (conducted across Asia) at one and two years was 91% and
94% in the 38 mm cohort and 66% and 78% in the dual vessel cohort, respectively15. Despite possible geographical differences in dual antiplatelet usage, ARC definite or probable stent

RESOLUTE China Registry 3-year outcomes
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Figure 1. Three-year cumulative incidence of events. A) Target lesion failure. B) Clinically driven target lesion revascularisation. C) Cardiac
death/target vessel myocardial infarction. D) Academic Research Consortium definite or probable stent thrombosis.

thrombosis remains low across the RESOLUTE Global Clinical
Trial Program1,16-18 including the RESOLUTE China Trial, in
which stent thrombosis was 0.5% at one year and 0.3% between
one and three years.

Limitations
As a registry, the RESOLUTE China Registry did not include
a control group. The registry also did not collect intravascular ultrasound and optical coherence tomography data as these

imaging procedures were not in common practice in China at the
time this study was initiated. Additionally, clinical monitoring
was not 100%; however, a previous analysis at one year found
no differences in outcomes between the monitored and unmonitored subjects4. Furthermore, while subset analyses were prespecified, a randomised controlled trial comparing subsets would
be required to confirm results. Results from this study may be
specific to China and therefore may not necessarily be indicative
of results in other Asian or Western countries.

%
15

10.5
10

6.3
5

8.4

7.4

0.9

0.8
0

Overall
(N=1,701)

Target lesion failure

3.5

3.4

2.8

2.4

Long lesion,
≥18 mm
(N=1,159)

Cardiac death/TV-MI

1.4
Small vessel,
≤2.75 mm
(N=734)

Clinically-driven TLR

8.7
6.8

5.7

5.2

4.4

9.0
7.4

2.9
1.2

0.8
Multivessel
(N=484)

Diabetes
mellitus
(N=512)

8.0

1.3 1.3
Chronic total
occlusion
(N=150)

ARC definite/probable ST

Figure 2. Three-year events across complex subsets. ARC: Academic Research Consortium; TV-MI: target vessel myocardial infarction;
ST: stent thrombosis; TLR: target lesion revascularisation
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Conclusion
The prospective, multicentre RESOLUTE China Registry is the
largest study of Asian patients treated with the second-generation
Resolute ZES. The incidence of adverse cardiac events remained
low and sustained, demonstrating the three-year safety and efficacy of this second-generation DES in a large, real-world, complex patient population.

Impact on daily practice
Given concerns about rising mortality due to coronary artery
disease in China and high re-admission rates to treat clinical
restenosis among Asian patients, using drug-eluting stents to
reduce the risk of restenosis is of critical importance in China.
Unfortunately, clinical outcome data beyond one year for Asian
populations undergoing percutaneous coronary intervention are
limited. This study documented a low incidence of adverse cardiac events at three years among real-world Chinese patients
treated with the Resolute zotarolimus-eluting stent, demonstrating the continued safety and efficacy of this stent.
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Abstract
Aims: The Global Registry of Acute Coronary Events (GRACE) risk score (RS) estimates the probability of death in patients with acute coronary syndromes (ACS). The aim of the present study was to assess
the GRACE RS predictability of cardiac mortality in Middle Eastern ACS patients following percutaneous
coronary intervention (PCI).

Methods and results: The GRACE RS was calculated for each patient at admission and prior to hospi-

DOI: 10.4244/AsiaInterv_V2I2A23

tal discharge. The correlation of the GRACE RS with the in-hospital, six- and 12-month mortality was evaluated according to the three risk groups (low, intermediate and high-risk) determined by the score tertiles in the
GRACE study. The discriminative power of the score was tested using the receiver operating characteristic
(ROC) curves. Of 2,426 patients, 1,870 (77.1%) patients had PCI for ACS. The RS demonstrated an excellent
discrimination in predicting in-hospital mortality (area under the ROC curve [C-statistic] of 0.84, 95% CI: 0.820.86, p<0.001). The overall in-hospital and one-year mortality rates were 0.74% and 1.94%, respectively. Patients
in the high-risk group had significantly higher mortality compared with those in the low-risk group during hospitalisation (2.9% vs. 27%; p<0.0001), and at one year (8.05% vs. 2.0%; p=0.0002).

Conclusions: In this first prospective, multicentre study of Middle Eastern patients undergoing PCI, the
GRACE RS in ACS patients demonstrated an excellent discriminative power in predicting in-hospital and
one-year cardiac mortality. It would be wise to calculate the GRACE RS for such patients in order to identify those at higher risk of death and treat them with an invasive management strategy.
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Introduction
Cardiovascular disease (CVD) is the leading cause of death in the
Middle East1-3. In this region, patients admitted with acute coronary
syndromes (ACS) are seven to 10 years younger than those in other
regions, one in every four is younger than 50 years of age, and there
is a high prevalence of diabetes mellitus (DM), cigarette smoking
and obesity4-7. Several risk score models have been utilised to predict
adverse cardiovascular events among ACS patients, thus identifying a high-risk group that might benefit from aggressive therapeutic strategies. Such strategies include the use of anti-ischaemic and
antithrombotic pharmacological agents and adopting an early invasive coronary revascularisation approach during index admission,
to reduce the short- and long-term mortality and morbidity8-11. The
GRACE (Global Registry of Acute Coronary Events) study developed a score system that predicts in-hospital and six-month mortality
following an ACS episode12-14. Despite the geographic and regional
variations in the clinical and demographic features of patients presenting with ACS and in the availability of medical and invasive
therapeutic resources, the GRACE risk score (RS) has been validated
in several regions in the world15-19. The First Jordanian Percutaneous
Coronary Intervention Registry (JoPCR1) is the first study to assess
the GRACE RS predictability of in-hospital and one-year mortality
in a contemporary cohort of Middle Eastern patients who underwent
percutaneous coronary intervention (PCI) for ACS.

Methods
Consecutive patients who underwent PCI for ACS or stable coronary disease (SC) in 12 tertiary care hospitals between January 2013

and February 2014 were enrolled in this prospective, observational
registry. GRACE RS was calculated for each patient at admission by
assigning the appropriate number for each of eight independent risk
factors that account for 90% of prognostic information for hospital
mortality (age, Killip class, systolic blood pressure [SBP], heart rate
[HR], ST-segment deviation, cardiac arrest at presentation, serum
creatinine and elevated cardiac biomarkers). The pre-discharge
GRACE RS was calculated based on 10 variables (age, history of
heart failure, history of myocardial infarction [MI], HR and SBP
at admission, ST-segment depression, serum creatinine at admission, elevated cardiac biomarkers, lack of PCI during admission and
in-hospital coronary artery bypass graft [CABG] surgery)12,20. The
GRACE scores were calculated on admission and prior to hospital
discharge for each patient admitted with ACS. Three risk severity
categories were established using the cut-off points as determined
by the GRACE study. The GRACE study RS tertiles on admission
(corresponding to low, intermediate, and high-risk groups) were
tested as a predictor of cardiac mortality during the index admission, and the pre-discharge RS was tested as a predictor of cardiac
mortality at six and 12 months after discharge.
A case report form was used to record patient data prospectively
during index hospitalisation, and at one, six and 12 months of follow-up. Data were collected during follow-up visits or through
phone calls to the patient, household relative or primary care physician. Baseline data included clinical, laboratory, electrocardiographic, echocardiographic, and coronary angiographic features
and PCI procedure details and outcomes.
All PCI procedures were performed according to current standard guidelines. The arterial access site, dual antiplatelet therapy,
and type of stent were all left to the operator’s discretion. ACS was
classified as (1) acute ST-segment elevation MI (STEMI), defined
by the presence of cardiac ischaemic chest pain, ST-segment elevation of ≥2 mm in at least two contiguous leads on the 12-lead electrocardiogram (EKG), and elevated cardiac biomarkers (troponin
or creatinine kinase-myocardial band) greater than the upper limit
of normal, or (2) non-ST-segment elevation ACS (NSTEACS).
This included non-ST-segment elevation MI (NSTEMI), defined
by the presence of cardiac ischaemic chest pain, ST-segment
depression, inverted T-wave, or normal EKG and elevated cardiac
biomarkers, and unstable angina (UA), defined by the presence of
ischaemic cardiac pain, ST-segment depression, inverted T-wave
or normal EKG and no elevation of cardiac biomarkers on admission and eight to 12 hours later.
The major outcome measure, cardiac death, was evaluated during admission, and after one, six and 12 months. All deaths were
considered cardiac unless a definite non-cardiac cause could be
established. The study was approved by the institutional review
board of each participating hospital.
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Abbreviations

Statistical analysis
Data were described and analysed using the IBM SPSS
Statistics, Version 20 (IBM Corp., Armonk, NY, USA). Data
were described using means, standard deviations, or percentages
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wherever appropriate. Cardiac mortality rates were compared
between GRACE RS tertiles and analysed using the chi-square test.
Receiver operating characteristic (ROC) curve analyses were used
to examine the overall discriminatory power of GRACE RS to predict cardiac mortality. The overall performance of GRACE RS was
assessed by computing the C-statistics. A p-value of less than 0.05
was considered statistically significant.

Results
The registry enrolled 2,426 patients, including 1,870 (77.1%) who
had PCI for ACS and 556 (22.9%) who had PCI for stable coronary disease. The baseline clinical and angiographic characteristics and PCI procedure of the ACS patients upon admission are
shown in Table 1. More than one third of patients were 55 years of
age or younger, 43% had DM and 70% were overweight or obese.
Multivessel coronary disease was present in about 40%, nearly
all patients had stent-based PCI, and 98% of the stents used were
drug-eluting. Of the 726 patients with STEMI, 398 (54.8%) had
primary PCI, 68 (9.4%) had rescue PCI and 260 (35.8%) had elective PCI. Of the 328 patients who underwent rescue or elective PCI,
81 (24.7%) received thrombolytic therapy. The other 247 patients
(75.3%) were initially treated at peripheral hospitals and then transferred to the tertiary care centres for further invasive therapy. The
rate of primary PCI varied between the participating hospitals and
ranged between 40% and 99% of STEMI patients in public and private hospitals, respectively. During hospitalisation, dual antiplatelet
therapy (DAPT) was administered to >98.5% of the patients and
glycoprotein IIb/IIIa inhibitors to 16.6% of the patients.
The GRACE risk tertiles on admission and prior to discharge
are shown in Table 2, and are compared with the RS in the
GRACE study. The scores during admission and pre-discharge in
this study were lower than those in the GRACE study. The median
GRACE RS on admission was 118 (25th and 75th percentiles were
94 and 142, respectively). Compared to the score of NSTEACS
patients, the mean score for STEMI patients was significantly
higher on admission (137.3±33.9 vs. 109.1±34.0; p<0.0001) and
significantly lower prior to discharge (71.3±28.4 vs. 74.7±23.0;
p=0.002).
Cardiac mortality rates during the index hospitalisation and at
six and 12 months, according to the GRACE study low, intermediate and high-risk tertiles, are shown in Table 3. Patients in the
high-risk tertile had a significantly higher risk of death than those
in the low- and intermediate-risk tertiles during index hospitalisation. At six months, patients in the high- and intermediate-risk
tertiles had a significantly higher risk of death than those in the
low-risk tertile. Patients in the high-risk tertile had a significantly
higher mortality rate at one year than patients in the intermediateand low-risk tertiles.
Overall, the GRACE risk score had a high predictive power
and demonstrated excellent discrimination for in-hospital mortality (C-statistic 0.84, 95% CI: 0.82-0.86; p<0.001) (Figure 1).
Similarly, the GRACE risk score had a high predictive power
for predicting six-month and 12-month mortality (all C-statistics
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Table 1. Clinical characteristics of 1,870 consecutive patients
who underwent PCI for ACS.
Feature
Age in years (mean+SD)
Female gender

N (%)
57.9±10.1
373 (19.9)

Hypertension

1,122 (60.0)

Hypercholesterolaemia

866 (46.3)

Diabetes mellitus

878 (47.0)

Current cigarette smoking

862 (46.1)

Chronic kidney disease

50 (2.7)

Previous cardiovascular disease

679 (36.3)

Previous myocardial infarction

192 (10.3)

Previous PCI

429 (22.9)

Previous CABG

59 (3.2)

ST-segment deviation

1,098 (58.7)

Elevated cardiac enzymes

965 (51.6)

Left ventricular EF <45%

248 (13.3)

ACS

STEMI

726 (38.8)

NSTEMI

306 (16.4)

UA
Coronary artery
disease

Single-vessel disease
Multivessel disease
Left main coronary artery disease

838 (44.8)
1,094 (58.5)
746 (39.9)
30 (1.6)

Number of
Single vessel
coronary arteries
>2 vessels
treated by PCI

1,347 (72.0)

In-hospital
medications

Aspirin

1,848 (98.7)

Clopidogrel

1,490 (79.7)

Ticagrelor
Heparin
Tirofiban
Thrombolytic agents

In-hospital
complications

523 (28.0)

356 (19.0)
1,815 (97.1)
310 (16.6)
81 (4.3)

Beta-blockers

1,478 (79.0)

Renin-angiotensin blockers

1,132 (60.5)

Statins

1,821 (97.4)

Death
Heart failure

19 (1.0)
154 (8.2)

Cardiogenic shock

14 (0.75)

Ventricular tachyarrhythmias

21 (1.1)

Stent thrombosis
Major bleeding events
Acute renal failure

9 (0.48)
20 (1.1)
6 (0.3)

ACS: acute coronary syndrome; CABG: coronary artery bypass graft
surgery; EF: ejection fraction; NSTEACS: non-ST-segment elevation
ACS; NSTEMI: non-ST-segment elevation myocardial infarction;
PCI: percutaneous coronary intervention; STEMI: ST-segment elevation
myocardial infarction; UA: unstable angina

≥0.8). Similar results were also observed in the STEMI and
NSTEACS subgroups (all C-statistics ≥0.8). Of the 19 patients
(0.78%) who had in-hospital mortality, the GRACE RS in 14 of
them (73.7%) was in the high-risk tertile.

GRACE risk score in Middle Eastern patients

0.8

Sensitivity

0.6

0.4

0.2

0.0

0.0

0.2

0.4
0.6
1 - Specificity

0.8

1.0

Figure 1. Receiver operating characteristic (ROC) curve. Receiver
operating characteristic (ROC) curve for predicting in-hospital
mortality by the GRACE risk score in patients with ACS who
underwent PCI (N=1,870, C-statistic 0.84, 95% CI: 0.82-0.86;
p<0.001).

Table 2. GRACE risk score tertiles on admission and prior to
discharge in this study compared with GRACE study.
GRACE risk score
During
admission

Predischarge

Low tertile

ACS patients
ACS patients
(JoPCR1 study) (GRACE study)
<103

<109

103-133

109-140

High tertile

>133

>140

Low tertile

<62

<89

62-83

89-118

>83

>118

Intermediate tertile

Intermediate tertile
High tertile

ACS: acute coronary syndrome; NSTEACS: non-ST-segment elevation
acute coronary syndrome; STEMI: ST-segment elevation myocardial
infarction

Discussion
The main finding of the present study is that, in a contemporary Middle Eastern cohort of ACS patients who underwent PCI,
the GRACE RS predicts in-hospital, six- and 12-month cardiac
mortality. We used the original scores in the GRACE study as
a potential predictor of mortality in our patients. The GRACE
scores in our population were lower than those reported by the
Table 3. In-hospital, 6- and 12-month cardiac mortality in patients
with ACS according to the GRACE risk score tertiles.
GRACE risk score tertile

Cardiac mortality
In-hospital

6-month

12-month

Low-risk tertile

0.27%

1.07%

2.00%

Intermediate-risk tertile

0.47%

3.10%

5.68%

High-risk tertile

2.90%

3.13%

8.05%

p-value (high-risk tertiles vs.
others)

<0.001

0.008

0.0002

GRACE study. Score tertiles during admission were <103, 103133, and >133, and pre-discharge tertiles were <60, 62-83, >83.
This explains the finding in our study that 40% and 76% of our
patients were in the GRACE low-risk groups, and 26% and 4.2%
were in the GRACE high-risk groups, considering the scores during admission and pre-discharge, respectively. Potential explanations of this finding include the lower mean age of our patients,
the fact that all patients underwent PCI, and the low incidence rate
of the components used to calculate the GRACE RS, including
heart failure, cardiac arrest, and renal dysfunction.
During hospitalisation, the highest rate of death was observed
in patients in the high GRACE RS tertile. Similarly, at one year,
patients in the highest GRACE risk tertile had the highest rate of
death compared with the death rate in the intermediate and low
tertiles. The discriminatory capacity of the model, which was
tested using the ROC curve and was ≥0.80 in all of the tests we
ran, implies that the model offers a good calibration of the probability of in-hospital and 12-month cardiac mortality following PCI
for ACS in this group of patients.
Risk scoring systems can help to select aggressive therapeutic strategies for the treatment of high-risk patients. The significant regional variations in outcomes observed among patients
with ACS and the fact that geographic location is an independent predictor of mortality in such patients raise the concern that
risk scores developed in specific geographic areas might not have
the same predictive prognostic value when applied on a global
level21-23. However, studies from different countries, including
Spain, United Kingdom, Belgium, Canada, Pakistan and Portugal,
have clearly demonstrated that the GRACE RS is predictive of inhospital and post-discharge mortality in these regions. The predictive value of the GRACE RS has been validated for in-hospital,
six-month, one-year, and five-year follow-up13,24 in the entire ACS
spectrum of patients. Our study provides the first evidence of the
score’s predictability of in-hospital and post-discharge mortality
in Middle Eastern ACS patients who underwent PCI during index
admission. It clearly demonstrated that the scores in the GRACE
study (i.e., a score >140 on admission or >118 prior to discharge)
were likely to be associated with a higher risk of death in hospital or up to one year after discharge, respectively. A similar study
from this region25 showed that the GRACE RS predicts in-hospital mortality, but prediction of the post-discharge events was not
addressed.
Relying on clinical variables to predict outcome lacks sufficient
precision due to the heterogeneous nature of the ACS population. Although certain clinical features, such as cardiogenic shock,
heart failure and hypotension, can predict worse outcome among
patients admitted with ACS, only a minority of patients will have
these complications. Since most ACS patients are at intermediate risk, several multivariable prognostic score systems were
developed to predict in-hospital and future events accurately. The
GRACE RS (online calculator: http://www.outcomes-umassmed.
org/GRACE/acs_risk.cfm) was derived from a large multinational
registry of patients with ACS, based on independent predictors of
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outcome. Based on direct comparisons with two other commonly
used risk score models, namely the Thrombolysis In Myocardial
Infarction (TIMI) and Platelet glycoprotein IIb/IIIa inhibitors in Unstable angina: Receptor Suppression Using Integrilin
(PURSUIT) scores26,27, the GRACE RS demonstrated superiority
in accurate stratification of risk over others19, most likely due to
the fact that the GRACE RS was developed from a registry that
involved less selected patients and therefore reflects practice in
real-world settings. The TIMI RS, although simpler to use than
the GRACE RS, does not incorporate important prognostic factors such as Killip class, HR and SBP26. Recently, the GRACE
2.0 RS has been introduced as an updated model derived from
the GRACE registry. It has a better discriminatory power than the
GRACE RS. The GRACE 2.0 RS was validated externally in the
French registry (FAST-MI) and is used when serum creatinine and
Killip class are not known (history of renal dysfunction and use of
a diuretic replace these missing data, respectively). GRACE RS
predicts the risk of short-term and long-term mortality, and death/
MI, overall and in hospital survivors28.
The GRACE RS estimates the risk of two endpoints (all-cause
death and the composite measure of death or non-fatal MI)27. We
limited this study to the mortality predictive value of the GRACE
RS in a group of PCI patients. In a previous study we demonstrated that the TIMI risk score showed an excellent prognostic
value in all ACS patients, regardless of the therapeutic strategy
(PCI, CABG or medical treatment)29. Previous validation of the
GRACE RS in our region assessed the in-hospital, but not the oneyear, mortality25.
The in-hospital mortality rate among our patients (0.74%) was
lower than the 4.9% and 2.4% rates reported by the GRACE and
Canadian GRACE RS studies, respectively. Likewise, the sixmonth cardiac mortality in our study (1.59%) was also lower than
the 9.1% rate reported by the GRACE study13,14,17, and the mortality rate at one year (1.94%) in our cohort was also lower than rates
reported by several studies from other regions in the world (13.7%
in STEMI, 12.0% in NSTEMI, and 4.8% in UA patients)30, but
similar to other Middle Eastern ACS studies4,5,31. Potential explanations for lower death rates in our region include the younger age
of our patients, the high incidence of one-vessel coronary artery
disease and PCI in the majority of patients, the high rate of utilising the catheterisation laboratory for PCI, and the low incidence of
major life-threatening adverse events during index hospitalisation,
such as heart failure, cardiogenic shock, major bleeding events
and renal failure.

Limitations
A few limitations in our study warrant discussion. Inherent to
similar observational registries, the study is subject to selection
bias, collection of non-randomised data, and missing or incomplete information32. Participation was voluntary and the enrolment of consecutive patients was encouraged, but this was not
verified, as is the case with other registries. ACS patients who
died before or shortly after admission and those who did not
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undergo angiography were not represented in this study. The
study evaluated a selected group of patients who underwent PCI.
Hence, the results cannot be generalised to the whole ACS population, who, in addition to PCI, are also treated conservatively or
by coronary artery bypass surgery. Furthermore, the participating
hospitals were high-volume tertiary care centres; thus, the results
may not represent the PCI practice and outcome in all areas in
the country or region33. Despite these limitations, our study is
unique in that it evaluated short- and long-term outcomes of
ACS patients who underwent PCI in the Middle East, a region
that is not well represented in cardiovascular interventional studies and registries.

Conclusion
In conclusion, this Middle Eastern registry of a contemporary
cohort of patients admitted with ACS and who underwent PCI
demonstrated that the GRACE RS was highly predictive for
in-hospital, six- and 12-month cardiac mortality. Further studies are needed to evaluate the predictive value of the GRACE
RS in all patients admitted with ACS, including those treated
conservatively.

Impact on daily practice
Clinical practice guidelines advocate calculating one of the
commonly used risk scores for patients admitted with ACS in
order to identify high-risk groups which would benefit from an
invasive strategy. The GRACE risk score was validated in several geographic regions in the world. In this study we demonstrated for the first time that the GRACE risk score was highly
predictive for in-hospital, six- and 12-month cardiac mortality
in a Middle Eastern contemporary cohort of patients admitted
with ACS and undergoing PCI.
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Abstract
Aims: The aim of the study was to evaluate predictors of recurrent restenosis after second-generation drugeluting stent (DES) implantation for in-stent restenosis (ISR) of DES.

Methods and results: We retrospectively investigated 228 consecutive patients undergoing second-generation DES implantation for ISR of DES. There were 285 lesions in total and the implanted stents were as
follows: biolimus-eluting stent, 71; everolimus-eluting stent, 214. We performed eight-month follow-up on
241 lesions (84.6%). The primary angiographic endpoint was binary restenosis, which was defined as ≥50%
stenosis at follow-up angiography. Of the 241 lesions, recurrent restenosis was documented in 54 lesions
(22.4%), and target lesion revascularisation was performed in 39 lesions (16.2%). Multivariate analysis
showed that small vessel (odds ratio [OR] 2.21; 95% confidence interval [CI]: 1.12 to 4.40; p=0.02) and
non-focal type restenosis (OR 2.78; 95% CI: 1.36 to 5.78; p=0.0048) were independent predictors of recurrent restenosis. The type of second-generation DES, whether a biolimus-eluting stent or an everolimus-eluting stent, did not affect the angiographic outcomes (OR 0.80; 95% CI: 0.37-1.78; p=0.58).

ond-generation DES implantation for ISR of DES.
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Introduction
Drug-eluting stents (DES) have substantially reduced the revascularisation rate in de novo lesions, and outcomes have been further improved with the advent of second-generation DES. In-stent
restenosis (ISR) remains a significant clinical issue after DES
implantation. The treatment outcome of patients with ISR lesions
is worse than that of patients with de novo lesions.
It has been reported that the rate of target lesion revascularisation is about 15% and that of target vessel revascularisation
about 22% one year after treatment of ISR of DES1-5, and second-generation DES are superior to first-generation DES in the
treatment of ISR of DES6,7. We sought to evaluate predictors of
recurrent restenosis after second-generation DES implantation
for ISR of DES.

Methods
ETHICS
The study was carried out in accordance with the provisions of
the Declaration of Helsinki and the guidelines for epidemiological
studies issued by the Ministry of Health, Labour, and Welfare of
Japan, and has been approved by the institutional review board of
Kurashiki Central Hospital. All patients provided informed consent for both the procedure and subsequent data collection and
analysis for research purposes.
PATIENT POPULATION
We retrospectively investigated 228 consecutive patients undergoing second-generation DES implantation for ISR of DES between
January 2010 and November 2012 (285 lesions: biolimus-eluting stent [BES], 71; everolimus-eluting stent [EES], 214). We
performed eight-month follow-up angiography on 241 lesions
(84.6%). The 241 lesions were classified into two groups according to the presence or absence of recurrent restenosis. Fifty-four
lesions had recurrent restenosis. We compared patient and lesion
characteristics between the above-mentioned two groups.
PROCEDURES
We performed predilatation on all ISR lesions. Two types of second-generation DES, BES (Nobori®; Terumo, Tokyo, Japan) and
EES (XIENCE V® and XIENCE PRIME®; Abbott Vascular, Santa
Clara, CA, USA), were used. Available BES were 8 to 28 mm in
length and 2.5 to 3.5 mm in diameter. Available EES were 8 to
38 mm in length and 2.5 to 3.5 mm in diameter. The choice of
stent type was at the operator’s discretion. All patients were pretreated with aspirin (100 mg daily) and clopidogrel (75 mg daily).
Aspirin treatment was maintained lifelong. Clopidogrel treatment
was recommended for at least eight months.
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ANGIOGRAPHIC ANALYSIS
Coronary angiography was performed serially at baseline (before
and after procedure) and at eight-month follow-up. Quantitative
coronary angiography (QCA) analysis was performed with QCACMS (Medis medical imaging systems, Leiden, The Netherlands).
All angiograms were analysed in a random sequence by two experienced observers who were blinded to the clinical characteristics of the patients. Coronary angiograms in multiple views were
obtained after intracoronary nitrate injection. Reference diameter,
minimal lumen diameter, percentage diameter stenosis, and lesion
length were measured before and after procedure, and at eightmonth follow-up.
DEFINITIONS
Binary restenosis was defined as ≥50% stenosis inside the stent or
within margins 5 mm proximal or distal to the stent at follow-up
angiography. ISR was classified according to the Mehran classification8, and this study defined non-focal type as type ID, patterns II, III, and IV. Target lesion revascularisation was defined
as repeat percutaneous coronary intervention or aortocoronary
bypass surgery due to angiographic restenosis (>50%) associated with symptoms or objective signs of ischaemia. A bifurcation
lesion was defined as a lesion in a branch whose vessel size was
>2.0 mm.
STATISTICAL ANALYSIS
Data are expressed as mean±standard deviation for continuous
variables. We compared the differences between patients with and
without recurrent restenosis using the t-test for continuous data
and the χ² test for categorical data. Stepwise multivariable logistic regression analysis was applied to individuate the variables
independently associated with recurrent restenosis. Multivariable
analysis was selected if the variables were shown to affect dependent variables in a univariate analysis or if they were empirically
known to have predictive values as follows: non-focal type restenosis, small vessel (reference diameter ≤2.5 mm), dialysis, bifurcation, acute coronary syndrome, chronic total occlusion, and
diabetes mellitus. P-values of less than 0.05 were considered to
be statistically significant. JMP 9 (SAS Institute Inc., Cary, NC,
USA) was used for all statistical calculations.

Results
BASELINE AND PROCEDURAL DATA
Table 1 shows baseline characteristics of the 228 patients including those with hypertension, 182 (63.9%); diabetes mellitus, 121
(42.5%); dyslipidaemia, 146 (51.2%); and dialysis, 41 (17.9%).
The rates of the following two factors were significantly higher
in the BES group: bifurcation lesion (45.1% vs. 17.3%, p<0.001);
reference diameter (3.30±0.59 mm vs. 2.97±0.50 mm, p<0.001).
The rate of 2.5 mm stent use was significantly higher in the EES
group (19.7% vs. 38.8%, p=0.004).
Figure 1 shows the lesion sites of ISR as follows: left main
trunk, 35 (12.3%); left anterior descending, 79 (27.7%); left

Restenosis after DES implantation for DES-ISR

Lesion, number

Total (285) BES (71)

EES (214) p-value

Age, yrs

69.3±11.2 69.3±12.7 69.3±10.7

0.91

Men

234 (82.1)

60 (84.5) 174 (81.2)

0.60

Diabetes mellitus

121 (42.5)

34 (47.9)

87 (40.6)

0.33

Hypertension

182 (63.9)

49 (69.0) 133 (62.1)

0.32

Dyslipidaemia

146 (51.2)

38 (53.5) 108 (50.5)

0.68

Current smoker

11 (3.86)

2 (2.82)

9 (4.20)

0.74

Dialysis

41 (14.3)

10 (14.1)

31 (14.5)

1.00

Acute coronary
syndrome

45 (16.0)

10 (14.5)

35 (16.8)

0.71

Bifurcation lesion

69 (24.2)

32 (45.1)

37 (17.3) <0.001

Reference diameter,
3.06±0.54 3.30±0.59 2.97±0.50 <0.001
mm
Lesion length, mm

18.4±15.8 16.6±16.6 19.0±15.5

0.28

Non-focal lesion

132 (46.3)

0.22

Chronic total
occlusion

32 (11.2)

2.5 mm stent

97 (34)

28 (39.4) 104 (48.6)
9 (12.7)

23 (10.7)

0.67

14 (19.7)

83 (38.8)

0.004

FOLLOW-UP AND RECURRENT RESTENOSIS
We performed eight-month follow-up angiography on 241
(84.6%) of the 285 lesions. Of the 241 lesions, recurrent restenosis was documented in 54 (22.4%): type IB, 6 (11.1%); type IC, 23
(42.6%); pattern II, 19 (35.2%); pattern III, 2 (3.7%); and pattern
IV, 4 (7.4%), and angiographically driven target lesion revascularisation was performed in 39 lesions (16.2%).

Data are shown as n (%) unless otherwise indicated.

Total (n=285)
46.7%

1.4% 12.3%

BES (n=71)
27.7%

45.1%

1.4%

7.0%

11.9%
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circumflex artery, 34 (11.9%); right coronary artery, 133 (46.7%);
and graft, 4 (1.4%). The right coronary artery accounted for the
major portion of the ISR sites.
Figure 2 shows the previously deployed stent as follows:
sirolimus-eluting stent, 164 (57.5%); paclitaxel-eluting stent, 51
(17.9%); zotarolimus-eluting stent, 13 (4.6%); BES, 22 (7.7%);
and EES, 35 (12.3%). Sirolimus-eluting stents accounted for the
major portion of the ISR sites. In treating ISR of EES, BES were
more frequently deployed than EES.
Figure 3 shows the angiographic patterns of ISR as follows:
focal type (55.8%) and non-focal type (30.5%). Focal body type
IC was observed most frequently in both BES and EES.

Table 1. Baseline characteristics.

EES (n=214)
33.8%

45.3%

1.4%

12.7%

5.1%

32.7%

13.6%

Figure 1. Lesion sites of in-stent restenosis. The right coronary artery accounted for the largest portion of the in-stent restenosis sites.
BES: biolimus-eluting stent; EES: everolimus-eluting stent; LAD: left anterior descending; LCX: left circumflex artery; LMT: left main trunk;
RCA: right coronary artery

Total (n=285)
57.5%

4.6% 7.7% 12.3%
17.9%

BES (n=71)
32.4%

2.8% 12.7%

EES (n=214)
32.4%

65.9%

5.1%

6.1%

5.6%

17.3%

19.7%

Figure 2. Stent types of in-stent restenosis. Sirolimus-eluting stents accounted for the largest portion of the in-stent restenosis sites. In treating
in-stent restenosis of everolimus-eluting stents, biolimus-eluting stents were more frequently deployed than everolimus-eluting stents.
BES: biolimus-eluting stent; EES: everolimus-eluting stent; PES: paclitaxel-eluting stent; SES: sirolimus-eluting stent; ZES: zotarolimuseluting stent
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Total (n=285)
13.7%

30.5%

BES (n=71)

55.8%

5.6%

Focal

Non-focal

21.1%

16.9%

16.9%
Total

EES (n=214)

39.4%
IB

IC

ID

9.3%

12.6%

23.8%

2.8%

II

III

22.4%

29.0%

IV

Figure 3. Angiographic patterns of in-stent restenosis. The angiographic patterns are based on the Mehran classifications. Focal body type IC
was observed most frequently in both biolimus-eluting and everolimus-eluting stents. BES: biolimus-eluting stent; EES: everolimus-eluting stent

UNIVARIATE ANALYSIS
As shown in Table 2, the 241 lesions undergoing follow-up angio
graphy were classified as recurrent restenosis (54 lesions) and
non-recurrent restenosis (187 lesions). There were no significant
differences in baseline characteristics such as hypertension, current smoker, dialysis, diabetes mellitus, and acute coronary syndrome between the two groups. The rates of the following three
factors were significantly higher in the recurrent restenosis group:
dyslipidaemia (68.5% vs. 48.2%, p=0.01); non-focal type restenosis (61.1% vs. 41.7%, p=0.01); and 2.5 mm stent (46.3% vs.
31.0%, p=0.048).
MULTIVARIATE ANALYSIS
As shown in Table 3, small vessel (odds ratio [OR] 2.21; 95%
confidence interval [CI]: 1.12 to 4.40; p=0.02) and non-focal type
restenosis (OR 2.78; 95% CI: 1.36-5.78; p<0.05) were independent predictors of recurrent restenosis. The type of second-generation DES, whether BES or EES, may make no difference to the

Table 3. Multivariate analysis.
Odds ratio

95% confidence
p-value
interval

Non-focal type restenosis

2.78

1.36-5.78

0.0048

Small vessel (stent length
≤2.5 mm)

2.21

1.12-4.40

0.02

Dialysis

2.20

0.90-5.20

0.08

Bifurcation

1.86

0.89-3.82

0.09

Acute coronary syndrome

1.91

0.75-5.40

0.18

Chronic total occlusion

1.95

0.66-6.40

0.23

Everolimus-eluting stent

0.80

0.37-1.78

0.58

Diabetes mellitus

1.14

0.60-2.22

0.69

angiographic outcomes (OR 0.80; 95% CI: 0.37-1.78; p=0.58).
However, this result should be interpreted with caution because
the available lengths of BES and EES were different.

Discussion
Table 2. Univariate analysis.
Recurrent restenosis
Lesion, number

Yes (187)

No (54)

Age, yrs

69.9±10.6

67.0±9.77

0.06

Men

149 (79.7)

45 (80.5)

0.69

Diabetes mellitus

77 (41.2)

23 (42.6)

0.88

Hypertension

137 (73.2)

38 (70.4)

0.73

Dyslipidaemia

128 (68.5)

26 (48.2)

0.01

Current smoker

5 (2.67)

2 (3.70)

0.20

Dialysis

22 (11.8)

11 (20.4)

0.12

Acute coronary syndrome

32 (17.1)

7 (13.0)

0.54

Bifurcation lesion

43 (23.0)

18 (33.3)

0.15

Reference diameter, mm

3.07±0.52

2.98±0.59

0.27

Non-focal lesion

78 (41.7)

33 (61.1)

0.01

Chronic total occlusion

18 (9.63)

6 (11.1)

0.80

2.5 mm stent

58 (31.0)

25 (46.3)

Data are shown as n (%) unless otherwise indicated.
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p-value

0.048

Our results suggest that small vessel and non-focal type restenosis have a major impact on the risk of recurrent restenosis after
second-generation DES implantation for ISR of DES. The type of
second-generation DES, whether BES or EES, did not affect the
angiographic outcomes. The ISR rate in de novo lesions has substantially decreased by using second-generation DES compared
with first-generation DES. Byrne et al showed that the incidence
of recurrent restenosis when using first-generation DES in the
treatment of ISR of DES was 24.0%9, whereas that in the present
study using second-generation DES was 22.4%, and the rate of target lesion revascularisation was 16.2%. Thus, the efficacy of DES
implantation for ISR of DES may not be notably different between
first- and second-generation DES. The prognosis of ISR is reported
to be worse with DES than with BMS due to drug-specific factors
such as hypersensitivity, inflammation, and neoatherosclerosis10.
In the present study, small vessel and non-focal type restenosis
were independent predictors of recurrent restenosis, as described
in the previous report on first-generation DES implantation for
ISR of DES11. Patients with small vessels had several clinical

Restenosis after DES implantation for DES-ISR

Limitations
First, this is a single-centre, small-scale, highly selective and
retrospective study. However, this study is valuable because we
included all consecutive patients undergoing second-generation
DES implantation for ISR of DES, and serial clinical and angio
graphic outcomes with a high follow-up rate were obtained.
Second, intravascular ultrasound was not used in any patient at the
time of DES implantation. Finally, the available lengths of BES
and EES were different. Hence, the results may be biased.

Conclusion
Small vessel and non-focal type restenosis are predictors of recurrent
restenosis after second-generation DES implantation for ISR of DES.

Impact on daily practice
More attention should be paid to small vessel and non-focal
type restenosis when performing second-generation DES
implantation for ISR of DES to reduce the incidence of recurrent restenosis.
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drug distribution. An occluded lesion may result in stent malexpansion due to organised thrombus. Because the struts of EES are
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involved and the differences in the available stent lengths.
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implantation provided long-term clinical and angiographic results
superior to DCB angioplasty13, whereas Habara et al reported the
inferiority of DES implantation to DCB angioplasty in the treatment of non-focal type DES restenosis14. The strategy selection
according to the lesion characteristics may be important.
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Abstract
Aims: The aim of this study was to ascertain the relationship between periprocedural myonecrosis (PPMN)
and long-term mortality in patients with stable coronary artery disease (CAD) undergoing elective percutaneous coronary intervention (PCI).

Methods and results: A retrospective cohort study of consecutive patients undergoing elective PCI for
stable CAD at a major Australian tertiary centre was undertaken. Cardiac troponin I levels were measured
12-24 hours post procedure in all patients. Those with a troponin I elevation >5x upper reference limit
(URL) were diagnosed with PPMN as per the Third Universal Definition of Myocardial Infarction. The primary endpoint was long-term all-cause mortality. Of the 682 patients included in our study, 233 (34%) were
diagnosed with PPMN. At a mean follow-up of 5.3±1.3 years, there were 34 (14.6%) deaths in patients with
PPMN and 43 (9.6%) deaths in those without PPMN (p=0.04). PPMN was not an independent predictor of
long-term mortality (OR 1.52, 95% CI: 0.95-2.43, p=0.08).

Infarction, does not appear to have prognostic implications for patients with stable CAD undergoing elective PCI.
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Introduction
The clinical significance of myonecrosis, measured by cardiac troponin, in the context of percutaneous coronary intervention (PCI)
is a matter of ongoing debate. The lack of substantial scientific
evidence in this domain is apparent from the ever-changing definitions of periprocedural myocardial infarction and the uncertainty
regarding its prognostic relevance1-4.
Myonecrosis due to PCI is common and occurs in up to 40%
of cases, depending on the definition and biomarker used5. In the
Third Universal Definition of Myocardial Infarction (MI), the cutoff cardiac troponin level to diagnose myonecrosis increased from
3 to 5 times the upper reference limit (URL)3,4. In contrast to previous definitions, troponin elevation needs to be associated with
clinical, electrocardiographic, angiographic or cardiac imagingrelated evidence of ischaemia to be classified as a periprocedural
MI, or type 4a MI. However, the occurrence of post-PCI chest
pain without troponin elevation and troponin elevation without
chest pain, angiographic complications or other signs of ischaemia
is well documented6-9. The Society of Cardiovascular Angiography
and Interventions (SCAI) has proposed an alternative definition
of “clinically significant myocardial infarction” requiring troponin
levels of ≥70x upper limit of normal (ULN) or ≥35x ULN with
electrocardiographic evidence of infarction.
The association between adverse prognosis and periprocedural
biomarker elevation has been established when creatine kinase
(CK) or its MB fraction is used10-13. The Universal Definition of
MI preferentially advocates the use of troponin though the arbitrarily chosen threshold has uncertain prognostic significance.
Consequently, a range of post-PCI troponin elevation cut-offs has
been postulated14-16.
The aim of our study was to evaluate the effect of periprocedural
myonecrosis (PPMN), defined by the Third Universal Definition
of MI as cardiac troponin elevation >5x URL, on long-term mortality in patients with stable coronary artery disease (CAD) undergoing elective PCI.

Methods
Consecutive patients who underwent elective PCI for stable CAD
at Austin Health, Melbourne, Australia, between May 2007 and
January 2011 were included in our study. Austin Health is a large
tertiary teaching hospital located in Melbourne, Australia, which
services a population of approximately 1.25 million people.
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Patients who underwent PCI for acute coronary syndrome
were excluded. All patients had cardiac troponin I levels measured 12-24 hours post PCI. The troponin I assay used was the
Access AccuTnI (Beckman Coulter, Chaska, MN, USA), with an
URL value of 0.04 µg/L. This URL is equivalent to our laboratory’s ULN level. Patients with a troponin level >0.2 µg/L (>5x
URL) were classified as having PPMN in accordance with the
Third Universal Definition of MI troponin threshold. Patients with
a troponin level >0.2 µg/L and either clinical, angiographic, electrocardiographic or imaging-related evidence of ischaemia were
diagnosed with a periprocedural MI. The treating interventional
cardiologist was responsible for adjudicating whether a patient suffered a periprocedural MI after analysing the available evidence.
Baseline demographics, and clinical, angiographic, and procedural characteristics of consecutive patients undergoing PCI were
prospectively recorded on case report forms using standardised
definitions for all fields17. The study protocol was approved by the
Human Ethics Committee at Austin Health18.
In-hospital outcomes and complications were recorded at
the time of discharge. Follow-up was conducted at 30 days and
12 months by telephone, using a standardised questionnaire18. All
adverse events were verified by reviewing the patients’ medical
records. Long-term mortality data, including date of death, were
obtained by linkage to the Australian National Death Index (NDI).
The Australian NDI is a database housed at the Australian Institute
of Health and Welfare, Canberra, which contains records of all
deaths occurring in Australia since 1980.
The primary endpoint was all-cause long-term mortality. Other
clinical outcomes assessed included 30-day and 12-month mortality and spontaneous MI. Spontaneous MI was defined as: cardiac
troponin elevation; and/or a significant ST-segment change, development of new Q-waves in ≥2 contiguous electrocardiographic
leads, or new left bundle branch block pattern in the context of
new clinical symptoms. Additionally, we analysed in-hospital
mortality and bleeding. In-hospital bleeding was defined as bleeding requiring a transfusion and/or prolonged hospital stay due to
bleeding and/or a drop in haemoglobin >3g/dL17.

Statistical analysis
Continuous variables were expressed as mean±standard deviation (SD), and categorical data expressed as counts and percentages. Continuous variables were compared using Student’s
t-tests or ANOVA, and categorical variables using Fisher’s exact
or Pearson’s chi-square tests. All calculated p-values were twosided and p-values <0.05 were considered statistically significant.
Cumulative incidence of mortality was estimated by the KaplanMeier method and the log-rank test was used to evaluate differences between groups with and without PPMN. Logistic regression
modelling was used to identify univariate and multivariate predictors of PPMN. Twelve univariate variables with a p-value ≤0.10
were included in multivariate backward regression models. Cox
proportional hazard modelling was used to identify univariate and
multivariate predictors of long-term mortality. Fourteen univariate
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Results
Of 682 consecutive patients with stable CAD who underwent
elective PCI in our study, 233 (34%) experienced PPMN but
only 14 (2%) sustained a periprocedural MI according to the
Third Universal Definition of MI. For comparison, if the Second
Universal (>3x URL) or SCAI (≥70x ULN or ≥35x with new clinical or electrocardiographic evidence of ischaemia) definitions had
been used, 302 (44%) and 25 (4%) patients, respectively, would
have received a diagnosis of periprocedural MI.
Baseline clinical characteristics (Table 1) reveal that patients
with PPMN had higher post-procedural troponin levels (1.59±5.18

Table 1. Clinical characteristics.
No PPMN (n=449) PPMN (n=233) p-value

vs. 0.07±0.05 µg/L, p<0.01). Furthermore, they were more likely
to have a history of congestive heart failure (7.7% vs. 3.1%,
p<0.01) and be undergoing staged PCI (18.1% vs. 11.1%, p=0.01).
Patients with PPMN had higher rates of multi-lesion PCI (25.8%
vs. 13.6%, p<0.01), required longer stent lengths (23.2±15.7 mm
vs. 19.0±13.1 mm, p<0.01) and had lesions with greater angiographic complexity as suggested by higher rates of type B2/C
lesions (48.3% vs. 39.1%, p=0.02) (Table 2). Glycoprotein IIb/IIIa
use was more common in patients with PPMN, most likely due to
its use as a bail-out strategy (9.0% vs. 4.5%, p=0.02).
Table 2. Angiographic and procedural characteristics.
No PPMN (n=449) PPMN (n=233) p-value
Multivessel CAD, n (%)

279 (62.3)

162 (69.5)

0.06

Multi-lesion PCI, n (%)

61 (13.6)

60 (25.8)

<0.01

Left main PCI, n (%)

12 (2.7)

2 (0.9)

0.11

Ostial lesion, n (%)

37 (8.3)

11 (4.7)

0.09

Bifurcation lesion, n (%)

67 (14.9)

44 (18.8)

0.19

Chronic total occlusion, n (%)

46 (10.2)

19 (8.2)

0.38

Type B2/C lesion, n (%)

175 (39.1)

112 (48.3)

0.02

Troponin level (µg/L)

0.07±0.05

1.59±5.18

<0.01

Age (years)

64.8±10.8

65.6±11.0

0.37

Height (cm)

170.5±9.9

169.2±10.5

0.13

PCI to de novo lesion, n (%)

398 (88.6)

211 (90.6)

0.67

20 (4.5)

21 (9.0)

0.02

19.0±13.1

23.2±15.7

<0.01

Weight (kg)

83.1±17.6

82.4±15.2

0.74

GP IIb/IIIa use, n (%)

Gender (female), n (%)

94 (20.9)

61 (26.1)

0.13

Total stent length (mm)

CAD: coronary artery disease; GP IIb/IIIa: glycoprotein IIb/IIIa inhibitor; PCI: percutaneous
coronary intervention; PPMN: post-procedural myonecrosis

Current smoker, n (%)
Chronic lung disease, n (%)

43 (9.6)

24 (10.3)

0.76

29 (6.5)

24 (10.3)

0.08

Diabetes mellitus, n (%)

120 (26.7)

73 (31.3)

0.21

Hypertension, n (%)

370 (82.4)

193 (82.8)

0.89

Hypercholesterolaemia, n (%)

419 (93.3)

212 (91.0)

0.27

Previous MI, n (%)

188 (41.9)

109 (46.8)

0.22

Family history of CAD, n (%)

188 (41.9)

104 (44.6)

0.49

Congestive heart failure, n (%)

14 (3.1)

18 (7.7)

<0.01

PVD, n (%)

31 (6.9)

18 (7.7)

0.70

CVA, n (%)

21 (4.7)

17 (7.3)

0.17

173 (38.5)

100 (42.9)

0.27

63 (14.0)

21 (9.0)

0.06

7 (1.6)

3 (1.3)

0.78

22 (4.9)

9 (3.9)

0.67

194 (43.2)

99 (42.5)

0.38

Staged PCI, n (%)

50 (11.1)

42 (18.1)

0.01

eGFR <60 ml/min/1.73 m2

82 (18.3)

46 (19.7)

0.64

Fasting glucose (mmol/L)

6.1±1.6

6.0±2.0

0.82

Previous PCI, n (%)
Previous CABG, n (%)
Recent CHF (<2 weeks), n (%)
Atrial fibrillation, n (%)
Positive stress test, n (%)

Total cholesterol (mmol/L)

3.7±1.0

3.7±1.0

0.99

LDL-cholesterol (mmol/L)

2.1±0.9

2.2±0.9

0.81

HDL-cholesterol (mmol/L)

0.9±0.3

0.9±0.3

0.69

Triglycerides (mmol/L)

1.4±0.8

1.3±0.8

0.27

CABG: coronary artery bypass graft surgery; CAD: coronary artery disease; CHF: congestive
heart failure; CVA: cerebrovascular accident; eGFR: estimated glomerular filtration rate;
HDL: high-density lipoprotein; LDL: low-density lipoprotein; MI: myocardial infarction;
PCI: percutaneous coronary intervention; PPMN: post-procedural myonecrosis;
PVD: peripheral vascular disease
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variables with a p-value ≤0.10 were included in multivariate models. All statistical analysis was performed using SPSS, Version 21
(IBM Corp., Armonk, NY, USA).

PCI angiographic success rates were equivalent between groups
(97.0% vs. 97.1%, p=0.94). Patients with PPMN had higher rates
of acute closure, coronary dissection and no reflow but the differences were not statistically significant as the numbers were
small (Table 3). Table 4 shows medical therapy at 30 days and
12 months.
Table 3. Acute procedural outcomes.
No PPMN (n=449) PPMN (n=233) p-value
Successful PCI, n (%)

436 (97.1)

226 (97.0)

0.94

Acute closure, n (%)

0 (0)

2 (0.9)

0.05

Coronary dissection, n (%)

22 (4.9)

17 (7.3)

0.21

Coronary perforation, n (%)

2 (0.4)

1 (0.4)

0.97

No reflow, n (%)

4 (0.9)

7 (3.0)

0.05

Emergency PCI, n (%)

0 (0)

2 (0.9)

0.05

Stent thrombosis, n (%)

0 (0)

1 (0.4)

0.17

Unplanned CABG, n (%)

0 (0)

0 (0)

Post-PCI arrhythmia, n (%)

8 (1.8)

4 (1.7)

Post-PCI stroke, n (%)

0 (0)

0 (0)

Post-PCI CHF, n (%)

1 (0.2)

1 (0.4)

0.64

In-hospital bleeding, n (%)

1 (0.2)

0 (0.0)

0.47

–
0.95
–

CABG: coronary artery bypass graft surgery; CHF: congestive heart failure;
PCI: percutaneous coronary intervention; PPMN: post-procedural myonecrosis
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1.0

No PPMN (n=449) PPMN (n=233) p-value
30 days

Aspirin,%

98.8

99.0

0.81

Clopidogrel,%

96.7

95.7

0.53

Prasugrel,%

1.20

4.20

0.2

Statin,%

93.5

94.6

0.61

Beta-blocker,%

68.1

70.2

0.61

ACE inhibitor,%

47.9

52.3

0.32

ARB,%

24.2

26.6

0.52

Warfarin,%
12 months Aspirin,%
Clopidogrel,%
Prasugrel,%

5.01

3.90
93.7

0.98

73.1

77.3

0.28

2.90

93.6

93.7

0.98

Beta-blocker,%

60.5

62.3

0.70

ACE inhibitor,%

45.7

48.9

0.49

ARB,%

28.1

25.0

0.45

6.30

5.60

0.74

ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker;
PPMN: post-procedural myonecrosis

Multivariate logistic regression showed stent length (hazard
ratio [HR] 1.02, 95% confidence interval [CI]: 1.01-1.03), congestive heart failure (HR 2.58, 95% CI: 1.22-5.47), multivessel CAD
(HR 1.47, 95% CI: 1.02-2.10), transient no-reflow (HR 4.76, 95%
CI: 1.16-2.10), and glycoprotein IIb/IIIa inhibitor use (HR 2.01,
95% CI: 1.03-3.92) to be independent predictors of PPMN.
Table 5 shows short, medium, and long-term outcomes. At
30 days, there were no deaths and only two patients experienced
spontaneous myocardial infarctions, both in the PPMN group.
At 12 months, there were four (0.9%) deaths in the no PPMN
group and one (0.4%) in the PPMN group (p=0.5) with equivalent rates of MI (1.6% vs. 1.7%, p=0.88). At a mean follow-up
of 5.3±1.3 years, mortality was higher in the PPMN group with
34 (14.6%) deaths compared to 43 (9.6%) deaths in those without PPMN (p=0.04). The Kaplan-Meier survival curve in Figure 1
shows that patients with PPMN had worse long-term outcomes.
Multivariate analysis using a Cox proportional hazards model
showed PPMN was not an independent predictor of long-term

Table 5. Short, medium-term and long-term clinical outcomes.
No PPMN (n=449) PPMN (n=233) p-value
Long-term mortality*, n (%)
30 days

Mortality, n (%)
MI, n (%)

12 months Mortality, n (%)
MI, n (%)

0.0

No. at risk
No PPMN
PPMN

0
1
No PPMN
PPMN

Log-rank p -value=0.04

0

2

4

6

0 yrs
449
233

2 yrs
439
227

4 yrs
339
191

6 yrs
162
75

8

Years

Figure 1. Kaplan-Meier survival curve for periprocedural
myonecrosis (PPMN), defined by the Third Universal Definition of
MI (troponin level >5x URL).

mortality (odds ratio [OR] 1.52, 95% CI: 0.95-2.43, p=0.08)
(Table 6). Periprocedural MI defined by SCAI (troponin rise ≥70x
ULN or ≥35x ULN with new clinical or electrocardiographic evidence of ischaemia) or the Second Universal Definition of MI
(troponin rise >3x URL) was also not associated with worse prognosis by Kaplan-Meier analysis (Figure 2, Figure 3).

Discussion
In this single-centre observational study, we assessed the longterm prognostic implication of periprocedural myonecrosis
defined by troponin I elevation in patients with stable coronary
Table 6. Cox proportional hazards model for long-term mortality.
No PPMN (n=449) PPMN (n=233) p-value
PPMN

1.52

0.95 - 2.43

0.08

Age (per year)

1.08

1.05 - 1.11

<0.01

Staged PCI

1.82

1.03 - 3.21

0.04

Previous CABG

2.05

1.18 - 3.58

0.01

Chronic lung disease

2.21

1.13 - 4.30

0.02

Peripheral vascular disease

2.91

1.58 - 5.38

<0.01

eGFR <60 ml/min/1.73 m2

1.64

0.99 - 2.70

0.05

43 (9.6)

34 (14.6)

0.04

Congestive heart failure

2.10

0.96 - 4.59

0.06

0 (0)

0 (0)

–

Diabetes mellitus

1.33

0.81 - 2.02

0.26

0 (0)

2 (0.9)

0.15

Single-vessel CAD

0.73

0.38 - 1.40

0.34

4 (0.9)

9 (3.9)

0.20

Previous MI

1.20

0.70 - 1.90

0.59

7 (1.6)

4 (1.7)

0.88

Previous stroke

1.13

0.53 - 2.42

0.76

*Mean (±standard deviation) follow-up times for the No PPMN and the PPMN groups were
5.4±1.3 and 5.2±1.4 years, respectively (p=0.11). MI: myocardial infarction;
PPMN: post-procedural myocardial necrosis
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0.4

0.2

0.44

Statin,%

Warfarin,%

0.6

0.55

93.6
1.80

0.8

Cumulative survival

AsiaIntervention 2016;2:0-0

Table 4. Medication history at 30 days and 12 months.

CAD: coronary artery disease; CABG: coronary artery bypass graft surgery; eGFR: estimated
glomerular filtration rate; MI: myocardial infarction; PCI: percutaneous coronary
intervention; PPMN: post-procedural myonecrosis
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Cumulative survival

0.8

0.6

0.4

0.2

0.0

No. at risk
No PPMI
PPMI

0
1
No PPMI
PPMI

Log-rank p-value=0.33

0

2

4

6

0 yrs
380
302

2 yrs
371
295

4 yrs
336
254

6 yrs
135
102

8

Years

Figure 2. Kaplan-Meier survival curve for periprocedural MI, defined
by the Second Universal Definition of MI (troponin level >3x URL).

artery disease undergoing elective PCI. Several findings have
particular clinical importance. Firstly, the rate of periprocedural
myonecrosis and MI varies widely depending on the definition
used. Secondly, independent predictors of PPMN include a combination of patient-specific characteristics (congestive heart failure, multivessel CAD, chronic lung disease) and procedural
factors (length of stent required, use of GP IIb/IIIa inhibitors,
presence of transient no-reflow). Finally, PPMN was not an independent predictor of long-term mortality.

1.0

Cumulative survival

0.8

0.6

0.4

0.2

0.0

No. at risk
No PPMI
PPMI

0
1
No PPMI
PPMI

Log-rank p-value=0.16

0

2

4

6

0 yrs
657
25

2 yrs
643
23

4 yrs
569
21

6 yrs
228
9

8

Years

Figure 3. Kaplan-Meier survival curve for periprocedural MI,
defined by the SCAI (troponin level ≥70x ULN or ≥35x ULN with
new clinical or electrocardiographic evidence of ischaemia).

Diagnosing a periprocedural MI in clinical practice is complicated by the varying definitions proposed in international
guidelines over the past decade1-4. Previously, cardiac biomarker
elevation alone was required to diagnose a periprocedural MI2,4.
However, in the widely used Third Universal Definition of MI,
a significant biomarker elevation alone post PCI is no longer an
“infarction” but merely myonecrosis3. In an attempt to link diagnosis to prognosis, the SCAI proposed a “new definition of a clinically relevant MI after revascularisation”1. In this latest attempt to
define a periprocedural MI, a considerably higher troponin cut-off
has been postulated (≥70x ULN alone or ≥35x ULN with new
clinical or electrocardiographic evidence of ischaemia). Our study
highlights the clinical difficulties associated with interpreting cardiac biomarkers after elective PCI in the context of differing definitions – periprocedural MI could have been diagnosed in 2% or
44% of our patients. Given the significant implications for the
patient, the interventional cardiologist and the healthcare system,
the pursuit of a uniform definition for periprocedural MI that has
prognostic relevance should continue.
The association between periprocedural MI and mortality,
defined by creatine kinase (CK) or CK-MB alone is robust10-13,19-22.
When defined by cardiac troponin, this association is less certain1. Given the greater sensitivity of cardiac troponin, the rate
of periprocedural MI diagnosed has increased16,23. The diagnostic
criteria, however, may be too sensitive to have prognostic implication5,15. Aside from SCAI, a number of research groups have
proposed differing cut-offs for prognostically significant post-PCI
troponin elevations14-16. In our study a troponin elevation >5x URL
was associated with an unadjusted higher mortality rate while elevations >3x URL or ≥70x ULN were not. However, when adjusting for other confounding variables, PPMN defined by the Third
Universal Definition of MI was not an independent predictor of
long-term mortality.
The main strength of our study is its long-term mean followup of 5.3±1.3 years. To our knowledge, this is the longest study
assessing the prognostic value of PPMN diagnosed with cardiac troponin by the Third Universal Definition of MI in patients
undergoing elective PCI. Previous studies with shorter follow-up
have also failed to find an association between periprocedural
myocardial myonecrosis, defined by varying criteria, and mortality16,20,23,24. These negative findings have not been unanimous.
Prasad et al showed that any troponin elevation post PCI, in the
context of normal baseline levels, was associated with increased
mortality at two years25.
It is plausible that PPMN is an epiphenomenon in patients with
stable CAD undergoing elective PCI. The extent of atherosclerotic burden has been associated with PPMN and is also an independent predictor of mortality26-31. Thus, PPMN may be a marker
of advanced atherosclerosis rather than a prognostic factor in its
own right. Our findings support this proposition, as longer stent
length and multivessel CAD, both variables that suggest advanced
atherosclerosis, were independent predictors of PPMN but
PPMN itself did not predict long-term mortality. However, distal
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microembolisation is also important in the aetiology of PPMN:
this is more likely to occur in patients with advanced atherosclerosis who require multi-lesion PCI and longer stent lengths.
As previously stated, the Third Universal Definition of MI
requires clinical, angiographic, electrocardiographic or imagingrelated evidence of ischaemia along with a troponin elevation >5x
URL. However, angiographic complications are not always associated with significant biomarker elevations and biomarker elevations can occur without angiographic complications6-9. In our
study, only 2% of patients experienced an MI by this definition
although a higher number had troponin elevations ≥70x ULN, consistent with a periprocedural MI by the SCAI definition1. It is possible that subtle angiographic complications, such as loss of very
small side branches, were not recognised. Furthermore, microinfarcts are known to be difficult to identify even with cardiac magnetic resonance imaging15. This may account for our relatively low
rate of “myocardial infarction” but our high rate of “myonecrosis”.
An advantage of our study is the inclusion of consecutive patients
who had post-PCI troponin measured. Other studies only analysed
selected patients who had biomarkers assessed as a result of clinical suspicion of periprocedural complications24. This allowed us
to undertake an unbiased analysis of the link between PPMN and
long-term mortality.

Limitations
A significant limitation of our study is the absence of pre-procedural cardiac troponin levels. Jeremias et al have shown that up
to 6% of patients with stable CAD undergoing elective PCI have
elevated pre-PCI troponin levels32. Furthermore, pre-intervention
rather than post-intervention troponin elevation may have greater
prognostic significance23,32. In our study, patients with PPMN had
higher rates of congestive heart failure and were more likely to be
undergoing staged PCI. It is conceivable that these patients could
have had elevated troponin levels at baseline. In attempting to correct for confounding factors, we found congestive heart failure
was an independent predictor of PPMN while staged PCI was not.
This highlights the importance of pre-procedural troponin levels
in the diagnosis of periprocedural MI3,33-35. A further limitation of
our study is the potential underestimation of patients classified as
having a periprocedural MI by the SCAI criteria as we may not
have captured true peak troponin levels. Lastly, our study’s singlecentre retrospective design has inherent drawbacks. Although we
have attempted to account for confounding variables in our multivariate analyses, unmeasured and unaccounted factors may exist.
Thus, these results should be considered as hypothesis-generating
rather than conclusive.

Conclusion
The incidence of periprocedural myonecrosis and/or MI varies widely depending on the definition utilised. Periprocedural
myonecrosis, defined by the Third Universal Definition of MI,
does not appear to have prognostic implications for patients with
stable CAD undergoing elective PCI.
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Impact on daily practice
Periprocedural troponin elevations are common in patients
undergoing elective PCI for stable CAD. Our study, which has
the longest reported follow-up, suggests that periprocedural
myonecrosis may not have prognostic implication in patients
with stable CAD. Given the prognostic uncertainty of isolated
post-PCI troponin elevation, at present it should only be interpreted in the context of ischaemia, as per the Third Universal
Definition of MI.
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Abstract
Coronary bifurcation lesions are one of the most challenging lesions in interventional cardiology in terms of
procedural success rate as well as long-term cardiac events. PCI of bifurcation lesions continues to use main
vessel (MV) stenting with the proximal optimisation technique (POT) and provisional side branch (SB)
stenting as the preferred approach. A jailed SB balloon can restore the SB flow after SB occlusion. In this
case report, we introduce a modified jailed balloon technique for coronary bifurcation lesions and illustrate
its use using a case description. This involves placing the main vessel (MV) stent in position and a jailed
balloon in the SB, inflating the SB balloon with normal pressure, subsequently inflating the MV stent at
high pressure, removing the balloons and performing POT using a non-compliant balloon. The modified
jailed balloon technique can shift the carina to the MV, keep the SB open, and is safe and feasible for true
coronary bifurcation lesions.
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Introduction
Coronary bifurcation lesions are technically challenging, and
implantation of a drug-eluting stent is associated with unfavour
able long-term angiographic and clinical results. Risk stratification
based on coronary anatomy from the recent DEFINITION study
showed the benefit of a simpler stenting approach for simple bifurcation lesions1. Provisional stenting using a jailed side branch (SB)
wire is the most extensively accepted simple technique and is effective for the vast majority of bifurcation lesions2. As a jailed wire is
unable to prevent SB closure after stenting the main vessel (MV)
for all lesions, the recently proposed jailed balloon technique has
created a great deal of interest3. Similar to the jailed wire approach,
the jailed balloon technique requires a small balloon to be positioned in the SB before stenting the MV. Unfortunately, the jailed
balloon technique is limited in that: 1) predilating the SB is still
required, which is associated with a high incidence of SB dissection; 2) it is unable to prevent SB closure in some difficult cases;
and 3) it is very difficult to remove the jailed balloon in very calcified and complex settings. A schematic description of the modified jailed balloon technique is introduced in Figure 1, followed by
a case description (Figure 2).

Discussion
Percutaneous treatment of coronary bifurcation disease remains
technically challenging. The optimal treatment strategy for coronary bifurcation lesions remains to be defined. Provisional stenting using a jailed wire in the SB has been widely accepted as the
gold standard in the majority of simple bifurcation lesions1,2, but
is associated with the risk of SB closure after MV stent implantation. SB closure puts patients at high risk, as a significant increase
of myocardial biomarkers suggests the presence of myocardial
necrosis. Furthermore, the rescue procedure to restore the flow in
the SB is more complex and is sometimes impossible. Currently,

our understanding of SB closure after stenting the MV is the shift
induced by either carina or plaque, and stent struts are usually seen
in the ostium of the SB. As a result, a jailed balloon technique has
been proposed by several interventionalists3-5. However, a jailed
balloon technique is not perfect in terms of completely avoiding
SB closure. In some cases it is very difficult to remove the balloon
from the SB. Most importantly, removing the jailed balloon itself
can cause the SB dissection. Dr H.F. Wang described a similar
technique at the China Interventional Therapeutic Congress, held
in Beijing in 2011. They simply opened the stent with low pressure and after removing the SB balloon, the stent balloon was used
to post-dilate the stent. This perhaps pushed the carina back to the
SB to obtain perfect matching between the stent and the MV, as
simply delivering the stent with a single balloon inflation is almost
impossible. Taken together, we introduce our modified jailed balloon technique in this schematic description.
First of all, the MV stent diameter is usually defined according
to the diameter of the distal MV but in our case the stent size was
chosen according to the proximal LAD trunk. As a result, the stent
was well-apposed to the LAD identified by IVUS.
Next, the jailed SB balloon was inflated so as to push the carina
from the SB to the MV. Then the MV stent was opened with high
pressure to maintain the carina position, minimising the risk of
carina or plaque shift and thereby avoiding SB compromise.
Thirdly, POT was used to achieve full apposition of the MV stent
just in the proximal MV, which led to minimal pinching of the SB.
At this point, a jailed SB wire was still kept in the SB, a way to prevent the further risk of acute closure by the POT approach.
Finally, the performance of final kissing balloon inflation was
dependent on the residual stenosis of the ostial SB. In other words,
less compromising of the SB does not require additional kissing
inflation, as shown in our case. Of course, another option would be
FFR-guided kissing inflation for the SB.

Figure 1. Schematic description of modified jailed balloon technique. Two wires are positioned in the SB and MV, respectively. The SB
balloon/vessel ratio is 1:1, the SB balloon protrudes into the MV by 0.5-1 mm, the SB balloon is inflated with normal pressure (A), and
subsequently the MV stent is inflated (at a ratio of 1:1) at high pressure (B). Then, the SB balloon is kept in the SB when the MV stent is
deflated (C). Next, the SB balloon is removed and the SB wire is left in position (D). Post-dilation using a non-compliant balloon (E) is
performed for the proximal MV stent. Finally, kissing balloon inflation may be used when an angiographically significant ostial SB lesion
remains after MV stenting (F).
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Figure 2. Case report. The patient was a 56-year-old gentleman, who had had diabetes for four years and who had been complaining of stable
angina for three months. Baseline coronary angiography (A) showed true coronary bifurcation lesions involving the left anterior descending
artery (LAD) and first diagonal. Intravascular ultrasound (IVUS) confirmed the bifurcation lesions, with minimal lumen area 1.9 mm² in the
LAD and 2.6 mm² in the diagonal (B), respectively. A balloon and a stent were simultaneously positioned in the SB and MV, and the SB
balloon inflated with normal pressure (C). The SB balloon was kept inflated and the MV stent inflated with high pressure (D). The stent
balloon was deflated first and then the SB balloon was deflated (E). After removing the SB balloon, the proximal optimisation technique (POT)
was performed using a non-compliant balloon (F). The ostial SB was minimally compromised (G). IVUS found no dissection (H), and the
minimal lumen area was 8.8 mm² in the LAD and 3.4 mm² in the SB. Final kissing inflation was not used for this patient.

Conclusion
In general, our modified jailed balloon technique is safe and feasible for true coronary bifurcation lesions. Further study is required
to confirm our preliminary experiences.

Impact on daily practice
Provisional stenting using a jailed wire in the SB has been
widely accepted, but associated with the risk of SB closure
after MV stent implantation. The rescue procedure to restore the
flow in the SB is more complex and sometimes impossible. The
modified jailed balloon technique is a safe and easy way to prevent SB closure after MV stent implantation for true coronary
bifurcation lesions.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
1. Chen SL, Sheiban I, Xu B, Jepson N, Paiboon C, Zhang JJ,
Ye F, Sansoto T, Kwan TW, Lee M, Han YL, Lv SZ, Wen SY,

Zhang Q, Wang HC, Jiang TM, Wang Y, Chen LL, Tian NL, Cao F,
Qiu CG, Zhang YJ, Leon MB. Impact of the complexity of bifurcation lesions treated with drug-eluting stents: the DEFINITION
study (Definitions and impact of complEx biFurcation lesIons on
clinical outcomes after percutaNeous coronary IntervenTIOn using
drug-eluting steNts). JACC Cardiovasc Interv. 2014;7:1266-76.
2. Colombo A, Moses JW, Morice MC, Ludwig J, Holmes DR
Jr, Spanos V, Louvard Y, Desmedt B, Di Mario C, Leon MB.
Randomized study to evaluate sirolimus-eluting stents implanted at
coronary bifurcation lesions. Circulation. 2004;109:1244-9.
3. Burzotta F, Trani C, Sianos G. Jailed balloon protection:
a new technique to avoid acute side-branch occlusion during provisional stenting of bifurcated lesions. Bench test report and first
clinical experience. EuroIntervention. 2010;5:809-13.
4. Hildick-Smith D, Lassen JF, Albiero R, Lefèvre T,
Darremont O, Pan M, Ferenc M, Stankovic G, Louvard Y; European
Bifurcation Club. Consensus from the 5th European Bifurcation
Club meeting. EuroIntervention. 2010;6:34-8.
5. Catakoglu AB, Aytekin V. The Highway Technique: a new
stenting technique to treat coronary bifurcation lesions.
EuroIntervention. 2010;5:821-5.

131

E X P ER IMEN TA L R E SE A R CH

CORONARY INTERVENTIONS

AsiaIntervention 2016;2:132-140 

The effect of CD34-capturing coronary stents with abluminal
sirolimus coating on endothelial coverage
Guilielmus H. Ellenbroek1, MD; Leo Timmers1, MD, PhD; Freek Nijhoff 2, MD, PhD;
Erik Ligtenberg3, PhD; Steve Rowland4, PhD; Jan A. Post5, PhD; Gerard Pasterkamp1,6, MD, PhD;
Imo E. Hoefer1,6*, MD, PhD
1. Laboratory of Experimental Cardiology, Division Heart and Lungs, University Medical Center Utrecht, Utrecht,
The Netherlands; 2. Department of Cardiology, Division Heart and Lungs, University Medical Center Utrecht, Utrecht,
The Netherlands; 3. OrbusNeich Medical B.V., Hoevelaken, The Netherlands; 4. OrbusNeich Medical Inc., Fort Lauderdale, FL,
USA; 5. Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Utrecht, The Netherlands; 6. Laboratory of
Clinical Chemistry and Hematology, University Medical Center Utrecht, Utrecht, The Netherlands

KEYWORDS
• drug-eluting stent
• in-stent restenosis
• stent thrombosis

Abstract
Aims: Drug-eluting stents (DES) reduce neointimal hyperplasia by inhibition of vascular smooth muscle
cell proliferation, concomitantly inhibiting stent endothelialisation and increasing the risk for stent thrombosis. The present study compares a contemporary DES to an endothelial progenitor cell-capturing DES
(COMBO stent), with regard to intimal hyperplasia and endothelial coverage.

Methods and results: Twelve New Zealand white rabbits were subjected to bilateral iliac artery stent
placement. Each animal received both an everolimus-eluting stent (EES) and a COMBO stent. Four weeks
after implantation, optical coherence tomography (OCT) was performed in six animals and tissue was harvested from the other six animals. Endothelial stent coverage assessed by scanning electron microscopy was
significantly higher in COMBO stents than in EES (96.6±3.5% vs. 78.5±16.8%; p<0.05). Neointimal hyperplasia by OCT differed significantly (EES: 0.227±0.025 mm2 vs. COMBO: 0.188±0.044 mm2; p<0.05), but
not by histology (EES: 0.823±0.200 mm2 vs. COMBO: 0.891±0.312 mm2; p=NS). No differences were
observed in late loss between EES and COMBO stents (0.29±0.19 mm2 vs. 0.29±0.16 mm2; p=NS).
DOI: 10.4244/AsiaInterv_V2I2A27

Conclusions: Endothelialisation is significantly improved in the COMBO stent with equal inhibition of
intimal hyperplasia, which may reduce thrombotic events after DES implantation and allow earlier discontinuation of dual antiplatelet therapy.

*Corresponding author: Division of Heart and Lungs, Department of Experimental Cardiology, (Room G03.550), University
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CD34-capturing coronary stents improve endothelialisation
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Introduction
Cardiovascular disease remains the leading cause of death in the world
with rising numbers especially in non-Western countries1. The most
frequent treatment for coronary artery disease (CAD) is to restore
coronary blood flow by percutaneous coronary intervention (PCI).
Though superior to solo balloon angioplasty2, coronary stent
implantation has two complications: in-stent restenosis and
stent thrombosis3. In-stent restenosis is driven by the inflammatory response that occurs upon inflation of the balloon catheter
to restore the lumen and the accompanying endothelial damage.
This triggers vascular smooth muscle cell (VSMC) proliferation,
leading to neointimal hyperplasia (NIH) and subsequent luminal
narrowing. The advent of drug-eluting stents (DES) that reduce
VSMC proliferation has largely solved this problem4,5. However,
by non-selectively inhibiting endothelial cell proliferation as well,
the risk for in-stent thrombosis is increased.
In particular, early stent endothelialisation reduces thrombotic
complications and decreases neointima formation6,7. Endothelial
progenitor cell (EPC) capturing stents use anti-CD34 antibody
coatings to facilitate colonisation of circulating EPCs onto the
stent struts. In comparison to bare metal stents (BMS) or DES,
they have been shown to improve stent endothelialisation and
decrease stent thrombosis in both in vitro and in vivo studies8-11.
However, compared to DES, neointima formation and the need for
target vessel revascularisation were significantly higher due to the
lack of antiproliferative coatings.
It is for these reasons that the COMBO™ Dual Therapy Stent
(OrbusNeich, Hong Kong) combines a luminal anti-CD34 antibody coating to improve luminal stent endothelialisation with
abluminal antiproliferative drug elution from a bioresorbable
polymer matrix to inhibit VSMC proliferation and intimal hyperplasia. The REMEDEE trial has shown the non-inferiority of the
COMBO stent compared to paclitaxel-eluting stents (PES) with
regard to angiographic in-stent late lumen loss12 .

However, PES belong to the first-generation DES, which nowadays
have been largely replaced by safer and more effective second-generation DES13,14. Yet, histological data regarding stent endothelialisation
in combination with clinical standard optical coherence tomography
(OCT) have not been reported so far. The aim of the current study
was to compare these stent types in rabbits, using both histology and
OCT to assess endothelial cell coverage and intimal hyperplasia.

Methods
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Abbreviations

EXPERIMENTAL DESIGN
Twelve female New Zealand white rabbits (Charles River, Chatillonsur-Chalaronne, France; 3.5-4.0 kg) were subjected to iliac artery
stenting. Two different types of stent were implanted in the left and
right iliac arteries in an alternating fashion (switching sides). The
COMBO stent combines a sirolimus-eluting bioresorbable coating on the abluminal side with an anti-CD34 antibody coating on
the luminal side. The XIENCE PRIME® stent (Abbott Vascular,
Santa Clara, CA, USA) has a conformal, everolimus-eluting permanent polymer coating with omnidirectional release of the drug.
Data acquisition and measurements were performed by
a blinded observer. All animal experiments were approved by the
Ethical Committee on Animal Experimentation of the University
Medical Center Utrecht (Utrecht, The Netherlands) and conform
to the “Guide for the care and use of laboratory animals”.
ANAESTHESIA
The rabbits were fasted overnight prior to surgery. From the day
before implantation until termination at 28 days, rabbits received
10 mg/kg aspirin (Aspro; Bayer, Mijdrecht, The Netherlands)
daily, dissolved in 400 mL freshly prepared drinking water after
closely monitoring the average water intake per day. Subcutaneous
meloxicam (1 mg/kg) was given before surgery as analgesia.
Acepromazine and methadone (both 1.5 mg/kg) were injected
intramuscularly for premedication. Etomidate (1.5-2 mg/kg) was
injected via the ear vein, after which rabbits were intubated and
ventilated with a mixture of oxygen/air (1:2) and 1.5% isofluorane.
Sufentanil (1 µg/kg/hr) was continuously administered intravenously.
STENT IMPLANTATION
Heparin (150 IU/kg IV) was injected prior to cannulation of the
left carotid artery. A 4 Fr sheath was inserted through which a 3 Fr
Fogarty balloon (Edwards Lifesciences, Irvine, CA, USA) was
inserted. After inflation, the balloon was retracted through both
iliac arteries twice for approximately 4 cm to induce endothelial
denudation. Afterwards, the stents (3.0×15.0 mm) were implanted
in the iliac artery. Nominal pressure was applied to inflate the balloon to a diameter of 3.0 mm, followed by a second angiogram.
QUANTITATIVE ANGIOGRAPHY
Angiograms of the iliac arteries were obtained before and after
stent implantation and at termination. Luminal diameters were
measured using ImageJ. Calibration was performed on the guiding
catheter in the same image. The balloon-to-artery ratio (BAR) was
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defined as the luminal diameter after stenting/luminal diameter
before stenting. Late loss was defined as the difference between
the angiographic diameter directly after stenting and the angiographic diameter at 28 days of follow-up.
OPTICAL COHERENCE TOMOGRAPHY (OCT)
To avoid detection of iatrogenic endothelial damage in the scanning electron microscopy (sEM), OCT was performed in six of the
12 rabbits. Four weeks after implantation, the rabbits were heparinised with 150 IU/kg prior to cannulation of the right carotid artery.
A 6.5 Fr SheathLess Eaucath multipurpose guiding catheter (ASAHI
Intecc, Aichi, Japan) was inserted and selectively placed in the iliac
artery. A C7 Dragonfly™ Duo imaging catheter (St. Jude Medical,
St. Paul, MN, USA) was positioned with the proximal and distal
markers on both sides of the stent. Pure contrast agent was injected
through the guiding catheter for temporary removal of signal-distorting blood flow from the iliac artery. A manually triggered pullback
was performed using the OCT ILUMIEN™ OPTIS™ OCT system
(St. Jude Medical). Image analysis was performed using dedicated
software (Curad B.V., Amsterdam, The Netherlands)15, including
automated contour detection algorithms. For each cross-sectional
frame (n=10/mm; n=150/stent), the lumen contour and the stent contour were automatically delineated and manually corrected where
needed. Neointima formation was defined as the difference between
stent area and luminal area, expressed both as mm2 and as a percentage of the total stent area (i.e., two separate outcome measurements).
All 150 cross-sectional frames were used to calculate the average
neointimal area and neointimal area as a percentage of total stent
area. These were then used to calculate the mean and standard deviation for each group (EES or COMBO). Stent struts were classified
into three categories: embedded, if buried in the vessel wall; protruding, if protruding in the lumen but still in contact with the vessel wall; and malapposed, if protruding and not in contact with the
vessel wall. For the latter, the distance between stent strut and luminal contour was automatically measured and classified malapposed
if greater than its strut thickness (EES: 88 µm; COMBO: 104 µm).
TISSUE PREPARATION, HISTOLOGICAL ANALYSIS AND
SCANNING ELECTRON MICROSCOPY
The remaining six rabbits were also sacrificed after 28 days. After
heparinisation (1,000 IU/kg IV), catheters were placed in the aorta
and caval vein under general anaesthesia as described above. An
angiogram was performed to visualise the stents and surrounding
arteries. After sacrifice, the aorta was perfused with Ringer’s lactate
to remove blood cells from the stents, followed by pressure fixation
with 4% formalin. Subsequently, the stents and adjacent arteries were
dissected. The stent was cut axially so that one part comprised one
third of the stent and the other part comprised two thirds of the stent.
The larger part was used for morphometric and inflammation analyses. After an additional formalin fixation for at least
72 hours, the stents were embedded in methyl methacrylate for
histological analysis. Sections were cut with a diamond-coated
saw at three levels. A haematoxylin and eosin (H&E) staining
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was performed for morphometric analysis. Luminal contours and
internal elastic laminae (IEL) were traced manually using pictures
made at a 20x magnification using ImageJ. The amount of neointima was calculated by subtracting the luminal area from the IEL
area. Inflammation was evaluated as previously described16. At
40x magnification, each stent strut in a tissue section was scored
for inflammation as follows: 0= no inflammatory cells surrounding
the strut; 1= very light, non-circumferential cellular infiltrate surrounding the strut; 2= localised moderate to dense cellular aggregate surrounding the strut non-circumferentially with or without
slight expansion into the neointima not in direct contact with the
strut; 3= circumferential dense cellular infiltrate of the strut with
extensive expansion into the neointima not in direct contact with
the stent strut. The scores of the individual stent struts were averaged per tissue section and tissue sections were averaged per stent.
The averages of all the stents in one group (EES or COMBO)
were used to calculate the means and standard deviations.
The smaller part was cut longitudinally and used for sEM. Stents
were fixed in a 1.5% glutaraldehyde in 0.1 M cacodylate buffer
(pH 7.2). A secondary fixation using 1% osmium tetroxide in 0.1
M cacodylate buffer was performed, followed by dehydration.
Liquid was removed from the samples using critical point drying. The samples were sprayed with platinum and analysed using
sEM (Phenom Desktop SEM; Phenom-World BV, Eindhoven, The
Netherlands). Of each single stent, eight to 12 images at 360x
magnification were made. Stent strut contours could easily be visualised as slightly elevated areas in the image. In each image, the
covered area of the stent strut contour was measured as well as
the total area of the stent strut contour, using ImageJ. The covered
area was then expressed as a percentage of the total stent strut
area. In each animal, the individual scores (i.e., percentages) of
these eight to 12 images were averaged per rabbit. These averages
were then used to calculate the mean and standard deviation for
each group (EES or COMBO).

Statistical analysis
Values are presented as mean±standard deviation (SD). Data distribution was evaluated for normality using the Shapiro-Wilk test.
All data were normally distributed and a paired-samples t-test was
performed to test for significant differences (p<0.05). Statistical
analyses were performed using SPSS software, Version 21 (IBM
Corp., Armonk, NY, USA).

Results
QUANTITATIVE ANGIOGRAPHY
Angiograms were taken before, directly after stent implantation
and at 28-day follow-up (Figure 1). No differences in vessel diameters, BAR or late loss at four-week follow-up were observed
(Table 1).
STENT ENDOTHELIALISATION
Figure 2A-Figure 2D show overview images of the EES and
COMBO stent by sEM. Four weeks after stent implantation,
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Before stent placement,
diameter (mm)

After stent placement,
diameter (mm)

B:A ratio

Follow-up
diameter (mm)

Late loss

EES (n=12)

2.14±0.23

2.99±0.18

1.42±0.19

2.70±0.20

0.29±0.19

COMBO (n=12)

2.15±0.21

2.91±0.18

1.37±0.16

2.62±0.16

0.29±0.16

Stent

Values are represented as mean±standard deviation (SD). No significant differences were observed between the two groups. B:A ratio: balloon-to-artery
ratio

the COMBO stent showed visually improved strut coverage
at intermediate (Figure 2A-Figure 2D, upper right panels) and
higher magnification (Figure 2A-Figure 2D, lower right panels).
Quantification of strut coverage confirmed a lower endothelial coverage in the EES and a significantly improved endothelial coverage in the COMBO stent (78.5±16.8% vs. 96.6±3.5%;
p=0.038, Figure 2E).
NEOINTIMAL HYPERPLASIA AND INFLAMMATION
Four weeks after stent implantation, intravascular OCT was performed in six of the 12 animals. All images per stent were semiautomatically analysed and luminal and stent areas were quantified
(Figure 3A, Figure 3B). Absolute neointimal area by OCT analysis was significantly higher in EES compared to COMBO stents
(0.227±0.025 mm2 vs. 0.188±0.044 mm2; p=0.013; Figure 3C), but
did not differ when expressed as a percentage of the total stent area
(EES: 3.78±0.45% vs. COMBO: 3.49±0.95%; p=NS; Figure 3D).
The percentage of protruding stent struts as a measure of the vascular healing response did not differ significantly between the two
stent types (EES: 35.1±14.7% vs. COMBO: 29.7±17.1%; p=NS;
Figure 3E).
Neointimal hyperplasia was also assessed in H&E stained tissue sections (Figure 4A, Figure 4B). In contrast to OCT, no significant differences were observed with respect to neointima
formation between EES and COMBO stents (0.823±0.200 mm2
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Table 1. Angiography measurements at baseline and 28-day follow-up.

vs. 0.891±0.312 mm2; p=NS; Figure 4C). This may be due to the
higher accuracy of histology or the lower number of analysed sections compared to OCT.
Finally, H&E stained tissue sections were evaluated for inflammation (Figure 4D, Figure 4E). In the majority of stent struts,
cellular infiltrate was absent or only minimally present. Hence,
average inflammatory scores did not differ significantly between
EES and COMBO stents (0.530±0.380 vs. 0.435±0.295; p=NS;
Figure 4F).

Discussion
The significant reduction of in-stent restenosis in DES that we
have witnessed so far has come at the expense of reduced endothelialisation and the corresponding higher risk for stent thrombosis8-11. To overcome these drawbacks, different approaches have
been shown to be promising. Amongst these are using a sole abluminal antiproliferative drug coating17, seeding stents with human
trophoblastic endovascular progenitor cells18 and using anti-CD34
for endothelial progenitor cell (EPC) capturing7. It is this latter
approach that is investigated in the current study, comparing an
abluminal sirolimus-eluting stent with luminal anti-CD34 coating
(COMBO stent) to a second-generation everolimus-eluting stent
(EES) with respect to endothelial cell coverage and neointimal
hyperplasia. At 28 days, the COMBO stent showed significantly
improved endothelial coverage by sEM compared to the EES.

Figure 1. Angiographic images. Angiograms obtained directly after implantation (A) and after 28 days of follow-up (B). Stent location is
indicated by arrows, black for the everolimus-eluting stent and white for the COMBO stent.
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E
Stent coverage (%)

100

50

0

EES

COMBO

Figure 2. Assessment of stent endothelialisation using scanning electron microscopy (sEM). Scanning electron microscopy imaging of the
luminal surface of the everolimus-eluting stent (EES) (A, B) and the COMBO stent (C, D); intermediate (upper right panels) and high
magnification (lower right panels). At high magnification, the COMBO stent showed confluent stent coverage, whereas the EES struts were
not completely endothelialised. Quantification of stent strut coverage showed a significantly improved endothelialisation of the COMBO stent
compared to the EES (E). *: p<0.05

DES are known to interfere with endothelial cell proliferation
and function, leading to delayed strut endothelialisation. Strut
coverage in our study was decreased in the EES to a compar
able degree to that previously reported19. In contrast, the COMBO
stent showed almost complete endothelial coverage. This finding
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indicates that the anti-CD34 coating accelerates stent coverage,
even in the presence of an antiproliferative component, similar to
stents without antiproliferative coatings20. As stent endothelialisation is a major determinant of stent thrombosis5, the COMBO
stent might therefore reduce stent-related thrombotic events.
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Figure 3. Assessment of neointima formation by optical coherence tomography (OCT). Representative optical coherence tomography images
of the everolimus-eluting stent (EES) (A) and the COMBO stent (B). The difference between stent and lumen contour represents neointima
formation, which was significantly decreased in the COMBO stent (C). Neointima formation expressed as a percentage of the total stent area
did not differ between both stent types (D). Classification of stent struts as being buried in the vessel wall (embedded) or protruding into the
lumen (protruding) was not different between both groups (E). *: p<0.05

In our previous findings with the anti-CD34 capturing stents
(without a drug-eluting component) in comparison with BMS we
found superior endothelial coverage with the anti-CD34 stent at
seven days (82.21% vs. 77.92%)21. Our current results with the
COMBO stent (96.6% endothelial coverage at 28 days) are largely
in line with the earlier findings, suggesting that the abluminal elution of the antiproliferative drug has no negative effect on stent
endothelialisation.
Neointima formation was significantly higher in EES compared to COMBO stents when measured by OCT, whereas histologic measurements did not show significant differences. In
histological sections, the internal elastic membrane (IEM) can

be easily detected and very accurately traced. In OCT as the
clinical standard, the stent strut contour is semi-automatically
detected using the endoluminal stent strut reflections. This
method excludes the abluminal part of the stent struts and corresponding neointimal area. In situations with very low amounts
of neointima as present in the current study, OCT is therefore
less accurate than histology. However, the differences between
both techniques are very small and therefore clinically not
significant.
Previous studies have shown similar underestimation of neointima formation in OCT compared to histology22. Moreover, our
current results are in line with previous experiments, comparing
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Figure 4. Neointima formation assessment by HE-stained tissue sections. Representative images of tissue sections of the everolimus-eluting
stent (A) and the COMBO stent (B). The difference between internal elastic membrane (IEL) and lumen area represents neointima formation,
which did not differ between the two groups (C). Representative high magnification images of both everolimus-eluting (D) and COMBO stent
(E) with minor inflammatory cell deposition near the stent strut. Quantification of inflammation on a 0–3 scale confirmed no differences
between the two groups (F).

different DES types with BMS. While BMS showed significantly
more neointima formation compared to any DES, there was no
difference between DES types19,23. The comparable neointimal
areas found with EES compared to the COMBO stent suggest that
the effect of the improved endothelialisation on VSMC mobilisation is relatively small in comparison with the inhibitory action of
the antiproliferative drug. Inflammatory cell deposition was also
not affected by accelerated endothelialisation.

Limitations
Because two thirds of each stent was used for morphometric ana
lysis (H&E), we were unable to describe the effect of the COMBO
stents on endothelialisation in the middle part of the stent. In
comparison to most of the contemporary preclinical studies that
assessed the entire stent for endothelialisation10,18,23, the assessment of only one third of the stent limits its translation to stent
re-endothelialisation in the middle part of the stent. In addition,
though the COMBO stent can be expected to reduce neointima formation both by accelerated endothelialisation24 and by the elution
of an antiproliferative drug, our current study was not designed
to discriminate between the relative effects of these mechanisms.
Moreover, since sEM and histology data on one side and OCT
data on the other side were not assessed in the same rabbits, the
present study does not allow direct comparison of stent coverage
and neointima formation. Comparisons and associations between
OCT and microscopy (i.e., histology or sEM) should therefore be
interpreted with caution.
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Conclusion
In summary, when compared to the EES, the COMBO stent
shows improved endothelialisation and equal inhibition of
neointimal hyperplasia in rabbits at 28 days post PCI. Largescale clinical trials are warranted to show how the accelerated
endothelialisation in the COMBO stent translates into clinical
benefits in terms of reduced stent thrombosis and neo-atherosclerosis as well as the ability to reduce the duration of antiplatelet therapies after PCI.

Impact on daily practice
This study shows that, compared to the everolimus-eluting
stent, the COMBO stent shows improved endothelialisation
and equal inhibition of neointimal hyperplasia in rabbits at
28 days post PCI. As stent endothelialisation is an important
determinant of stent thrombosis, this finding increases the
evidence for preferred use of endothelial cell-capturing DES
in patients with an increased risk for stent thrombosis or with
contraindications for dual antiplatelet therapy.
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Figure 1.

Figure 2.
We then decided to treat the lesion with a coronary stent (Moving
image 5), since the thrombus had persisted, despite three months
of DAPT.
Calcified nodules are characterised by disruptive nodular calcifications protruding into the lumen and known to be the cause
of coronary thrombosis. Because the pathophysiological process
of a calcified nodule is different from that of plaque rupture or
erosion, tailored treatment is required when this morphology is
observed at a culprit lesion. In our case, we initially tried to treat
this calcified nodule with DAPT, but, as a result, avoiding stent
implantation failed to obtain the satisfactory morphological outcome and we finally implanted a coronary stent. However, it is
controversial whether this decision was correct because there is no
evidence concerning the treatment of calcified lesions with persistent thrombus resistant to DAPT.
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The three most common underlying mechanisms of acute coronary
syndrome (ACS) are believed to be plaque rupture, plaque erosion
and, least common, a calcified nodule. Although treatment of ACS
mainly consists of catheter-based reperfusion using a coronary
stent, it remains under discussion whether deployment of a coronary stent is necessary for a culprit calcified nodule, particularly
when coronary flow is preserved.
A 75-year-old man with ST-elevation myocardial infarction
(STEMI) was referred to our hospital. He had a history of hypertension and dyslipidaemia. Emergency coronary angiography
revealed a moderately stenotic lesion in the mid left anterior
descending coronary artery (LAD) with a filling defect (Moving
image 1). Protrusion of calcium with an overlying thrombus
was observed by optical coherence tomography (OCT), but neither plaque rupture nor erosion was detected (Figure 1, Moving
image 2). The diagnosis of STEMI caused by a calcified nodule was made. We avoided coronary stent deployment and initiated dual antiplatelet therapy (DAPT) because the coronary flow
was preserved. Follow-up CAG three months later showed mild
stenosis in the mid LAD (Moving image 3) and OCT revealed
a residual thrombus at the same site (Figure 2, Moving image 4).
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subclavian artery thrombosis
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Simultaneous dual territory ischaemia is uncommon but, if misdiagnosed, can lead to delay in appropriate treatment. A middle-aged
hypertensive male presented with acute chest pain and simultaneous left hand discolouration and coldness. Electrocardiography
showed anterolateral ST-elevation (Panel A). Left upper limb examination revealed absent pulses, systolic blood pressure 50 mmHg
less than the right and a cyanosed hand. An urgent CT aortogram
excluded aortic dissection and revealed acute proximal left subclavian artery (LSA) occlusion (Panel B, Panel C). Successful primary PCI was performed to the proximal left anterior descending
artery (Panel D, Panel E, Moving image 1, Moving image 2). LSA
angiography confirmed proximal thrombosis (Panel F, Moving
image 3), and aspiration thrombectomy achieved partial re-canalisation (Panel G, Moving image 4). Limb ischaemia steadily
improved and surgery was deferred. Echocardiography and cardiac MRI did not reveal intracardiac thrombus. The patient was
discharged on warfarin and dual antiplatelet therapy. Six weeks
later, an ultrasound scan showed LSA patency with 50% residual
stenosis.
Acute upper limb ischaemia with STEMI necessitates urgent
exclusion of aortic dissection, which mandates completely different management. Subclavian artery thrombosis causing simulta-
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Supplementary data
Moving image 1. Coronary angiography showing acute occlusion
of the proximal LAD.
Moving image 2. Coronary angiography after percutaneous coronary intervention and stenting of the LAD.
Moving image 3. Angiography showing acute occlusion of the
proximal left subclavian artery (LSA).
Moving image 4. Angiography after aspiration thrombectomy of
the LSA.
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neous acute myocardial infarction is uncommon and previously
reported only in patients after coronary bypass grafting with the
internal mammary artery. In our case, simultaneous dual vessel
embolism or simultaneous plaque rupture, although rare, could
explain the double occlusion. More likely, the patient had suffered
an acute STEMI leading to rapid intracardiac clot formation and
embolisation to the LSA. Early cardioembolism following MI is
a recognised phenomenon and must be considered in patients presenting with simultaneous acute MI and non-coronary ischaemia.
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How should I treat a post-CABG patient who presents with
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CASE SUMMARY
BACKGROUND: A 78-year-old diabetic male with chronic
stable angina. He had undergone CABG about three
months previously. Recently he developed severe retrosternal chest pain of four hours duration with subsequent
angina and dyspnoea on minimal exertion.
INVESTIGATION: electrocardiography, echocardiography,
coronary angiography.
DIAGNOSIS: Post-CABG myocardial infarction, predominantly due to tight stenosis of the SVG to RCA.
MANAGEMENT: PCI vs. repeat CABG, and PCI to native
vessels vs. PCI to graft vessels was discussed by the Heart
Team. PCI to the SVG to RCA was carried out.
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PRESENTATION OF THE CASE
A 78-year-old diabetic male with chronic stable angina had undergone a coronary arterial angiogram four months before. He was
diagnosed as having triple-vessel disease and had undergone
CABG about three months previously. One arterial (left internal mammary artery [LIMA] to left anterior descending [LAD])
and three venous grafts (to the diagonal, obtuse marginal [OM]
and right coronary artery [RCA]) were used for CABG. He had
no other comorbid conditions. About 15 days before, he developed severe retrosternal chest pain at rest lasting for four hours
and since then was having angina and dyspnoea on minimal exertion. His electrocardiogram showed new Q-waves with T-wave
inversion in the inferior leads, and echocardiography showed new
regional wall motion abnormality (RWMA) in the inferior wall of
the left ventricle. We then carried out a coronary arterial angiogram of the native and graft vessels (Figure 1-Figure 6, Moving
image 1-Moving image 4) which showed a proximal LAD 95-99%
lesion, proximal RCA 100%, proximal OM1 50% lesion, proximal
to mid saphenous vein graft (SVG) to RCA long segment lesion
95% (TIMI 2 flow), variable degrees of stenosis of the other graftnative vessel anastomotic points.
Should we go for repeat revascularisation or keep the patient
only on medical management?
If revascularisation is planned, considering the type of lesion,
should we plan for redo CABG or PCI?

© Europa Digital & Publishing 2016. All rights reserved.
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Figure 1. Left anterior oblique (LAO) view of the RCA.
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Figure 2. LAO view of the left coronary arteries.

Figure 3. LAO caudal view of the venous graft to diagonal.

Figure 4. LAO caudal view of the venous graft to obtuse marginal (OM).

Figure 5. LAO view of the SVG to RCA.

Figure 6. Lateral view of the LIMA to LAD.

If we plan for PCI, should we even attempt native vessel PCI
of the RCA in this patient or should we directly plan for PCI to
the SVG to RCA?

Should we also attempt PCI of the other grafts which are showing variable degrees of stenosis at the graft-native vessel anastomosis points?

Management of MI in post-CABG patients
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How would I treat?
THE INVITED EXPERTS’ OPINION

Leonardus van der Pijl2, MD; Pieter Kappetein2*, MD, PhD
2. Department of Cardio-thoracic surgery, Thoraxcenter, Erasmus MC, Rotterdam, The Netherlands

The following case is compelling, as well as challenging.
A 78-year-old male who had undergone coronary artery bypass
grafting (CABG) three months earlier presented at the author’s
department with recurrent angina and dyspnoea on minimal exertion. Discussing potential clinical management plans, the author
faced several clinical scenarios.
The option of repeat revascularisation or medical management
should be discussed in a Heart Team meeting with an interventional cardiologist and a cardiac surgeon1,2. This patient was also
discussed by our Heart Team. The information that is needed
before a decision can be taken comprises an ECG, echocardiogram, and the coronary angiogram (CAG) from before the CABG
took place. Furthermore, a postoperative CAG with visualisation of
the anastomoses in different directions is critical. The description
of the current ECG and echocardiogram suggests that an inferior
myocardial infarction (MI) has already occurred. The echocardiogram showed regional wall motion abnormality (RWMA). Using
non-invasive cardiac imaging we would investigate the presence
of any viable myocardium2-4. In case this is present, repeat revascularisation would be the first choice of treatment in a symptomatic patient. First choice of treatment: based on the angiogram,
it seems there are technical errors at three anastomotic sites. The
left internal mammy artery (LIMA) to the left anterior descending (LAD) and the venous graft to the obtuse marginal seem to
have a significant stenosis at the graft-native vessel anastomosis.

The fact that the LIMA to the LAD is compromised and the proximal part of the vessel occluded provides a strong argument for
a redo CABG2, bearing in mind the higher risk that comes with
reoperation2,5. The anastomosis of the venous graft on the diagonal
branch was performed on a diseased section of the coronary vessel
and should be made more distally. In case of myocardial viability
in the inferior wall, a new bypass to the right descending posterior
should be performed.
Second choice of treatment: it does not seem to be useful to
revascularise only the RCA but the target for PCI of the RCA is the
native vessel, while the stenotic SVG and the anastomosis should
be avoided due to concerns over embolisation or perforation2. If
possible, the length of the occlusion needs to be established on the
preoperative CAG images before trying to accomplish patency of
the chronic totally occluded (CTO) right coronary artery.
Third choice of treatment: PCI of the anastomosis of the LIMALAD, of the anastomosis of the venous graft on the diagonal and
of the anastomosis of the venous graft on the obtuse marginal.
Early graft failure is an important complication after CABG.
Although it is not routinely used, flow measurement of the grafts
can be a valuable instrument for intraoperative quality assessment
of bypass grafts1,6.
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How would I treat?
THE INVITED EXPERT’S OPINION
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The patient is a 78-year-old male with diabetes and multivessel
coronary disease who had undergone quadruple bypass surgery
three months before (LIMA to LAD, and three venous grafts to the
distal RCA, a diagonal and a marginal branch, respectively). The
patient had a four-hour episode of chest pain with new Q-waves in
the inferior leads and kinetic abnormalities revealed by echocardio
graphy and he has experienced incapacitating angina ever since.
The fact that the patient has severe persistent angina is a valid indication for revascularisation even though there is no certainty as to the
existence of peri-necrotic ischaemia around the inferior infarcted territory or in other territories. The location of ischaemia is unknown.
The extent of coronary disease is as follows: the native right coronary artery is occluded from its origin with a very long lesion which
seems to be a potentially poor indication for revascularisation; the
LAD is occluded from one centimetre beyond its origin and the circumflex artery is patent. Lesions are present in three of the four
grafts: tight anastomotic lesion of the LIMA graft to the LAD, tight
anastomotic lesion of the venous graft to the diagonal branch, patent venous graft to the marginal, very tight and long (>30 mm)
ostial lesion of the venous graft to the RCA with slow distal run-off.

The most obvious lesion is in the venous graft to the RCA.
Nevertheless, I have some doubts as to whether this lesion is the
cause of angina and the inferior MI is not transmural.
In this particular case, I would implement the following strategy: angioplasty of the LIMA/LAD anastomosis with DES implantation and angioplasty of the anastomosis of the venous graft to
the diagonal branch with implantation of a short DES. Should the
patient’s symptoms improve and given his age, I would not carry
out any further revascularisation. Should his incapacitating angina
persist, I would perform an angioplasty of the venous graft to the
RCA. This, albeit feasible, would require long-segment stenting in
a venous graft, which has been shown to be associated with poor
outcomes in diabetic patients.
This patient is clearly in a very active phase of his coronary
artery disease as evidenced by the presence of lesions in the anastomoses of most of his grafts. As a consequence, additional restenosis is quite likely to occur.
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How did I treat?
ACTUAL TREATMENT AND MANAGEMENT OF THE CASE

The patient presented with recent onset chest pain with an electrocardiogram showing new Q-waves in the inferior leads and
an echocardiogram showing new RWMA in the inferior wall of
the left ventricle. His coronary artery angiogram shows severe
stenosis of the SVG to RCA with TIMI 2 flow. There were also
variable degrees of stenosis at the native vessel and graft vessel
anastomosis points, but TIMI 3 flow was maintained in these vessels. Hence, in the light of the clinical features, electrocardiogram
and echocardiogram features, we came to the conclusion that the
lesion in the SVG to RCA was the culprit lesion.
After discussion with the Heart Team, which included the cardiologists and cardiothoracic surgeons, it was decided to go for
revascularisation rather than medical management only, as it was
a case of recent acute coronary syndrome resulting in left ventricular dysfunction.
As shown in previous studies, the mortality and morbidity
rate of redo CABG is quite high as compared to PCI7. Since this
patient is a 78-year-old male and the other vessels had TIMI 3
flow, we were of the opinion to perform PCI to revascularise the
RCA territory.
There are anomalous results regarding graft vessel PCI.
Previous studies have shown that PCI to the native vessel should
be preferred over graft vessel PCI8. However, in our case the
whole of the RCA was diseased with a long chronic total occlusion (CTO) segment. Hence, we decided not to try native vessel
PCI of the RCA as the chances of success were less and there was
an increased risk of contrast-induced nephropathy as he was an
elderly diabetic patient.
We went ahead with the plan to carry out PCI to the SVG to
RCA using a distal embolic protection device (filter device) and
two overlapping drug-eluting stents. We achieved a good result
with TIMI 3 flow rate (Figure 7-Figure 9, Moving image 5-Moving
image 7).

Figure 7. LAO view showing distal embolic protection device (filter)
placement.

Figure 8. LAO view of the SVG to RCA after stenting.
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Figure 9. Final LAO view after stenting and retrieval of the filter.

Since the other graft vessel-anastomotic sites were showing
variable degrees of stenosis, we did not do anything since TIMI 3
flow was present. We planned to keep the patient on optimal medical management and to have a thallium stress test carried out if the
patient becomes symptomatic in future.
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Moving image 1. LAO caudal view of venous graft to diagonal.
Moving image 2. LAO caudal view of venous graft to obtuse marginal (OM).
Moving image 3. LAO view of SVG to RCA.
Moving image 4. Lateral view of LIMA to LAD.
Moving image 5. LAO view showing distal embolic protection
device (filter) placement.
Moving image 6. LAO view of SVG to RCA after stenting.
Moving image 7. Final LAO view after stenting and retrieval of
the filter.
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