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EDITORIAL

Perspectives on cardiovascular interventions in Asia

Runlin Gao*, Chief Editor

Medical Sciences, Beijing, China

Asia accounts for over 60% of the world population. Alongside
its tremendous economic development, the Asian region has expe-
rienced the most rapid expansion in interventional cardiology
worldwide: approximately 1.2 million percutaneous coronary inter-
ventions (PCI) performed in 2014; broad use and good immediate
and long-term outcomes of percutaneous treatments for congeni-
tal atrial or ventricular septal defect and patent ductus arteriosus
(PDA); the introduction of novel techniques and devices, such as
transcatheter aortic valve replacement (TAVR), MitraClip (Abbott
Vascular, Santa Clara, CA, USA) implantation, left appendage
occlusion, and the Parachute® device (CardioKinetix Inc., Menlo
Park, CA, USA) to isolate the malfunctioning left ventricular por-
tion in ischaemic heart failure, among others.

Research and development (R&D) of interventional devices
has also been unfolding at an unprecedented rate in Asia. Beyond
the long-standing R&D centres in Japan for angiography devices
such as catheters, guidewires, balloons, stents, drug-eluting stents
(DES), and microcatheters (notably those used to treat chronic total
occlusion [CTO]), recently, in China and India, we have witnessed
the active development of drug-eluting stents (DES), biodegrada-
ble polymer DES, fully biodegradable scaffolds and TAVR devices.
Biodegradable sirolimus-eluting scaffolds developed in China are
undergoing clinical trials, and a safe and effective self-expandable
TAVR device manufactured in China is awaiting approval from the
Chinese Food and Drug Administration (CFDA).

Fu Wai Hospital, Department of Cardiology, National Center for Cardiovascular Diseases, Chinese Academy of

The expansion in interventional procedures has also fuelled sig-
nificant clinical and basic research, as is evidenced by the many
high-quality papers originating from the Asian region which have
been published in world-renowned journals. Several CTO tech-
niques' masterminded by Japanese scholars have been adopted
worldwide, and Korea is a global leader in PCI of left main (LM)
coronary artery disease>>.

Years of research have provided insight into differential fea-
tures of cardiovascular disease in Asia. For instance, as compared
to Caucasians, Asians have a significantly smaller coronary artery
diameter*; symptomatic South Asians appear to have more aggres-
sive and diffuse arterial calcification despite similar conventional
risks for coronary artery disease’; Chinese patients with degen-
erative aortic valve stenosis presenting for TAVR have a higher
frequency of bicuspid valve morphology, and high aortic valve cal-
cium burden, even in tricuspid disease®; and East Asian patients
have a similar or even lower rate of ischaemic events after PCI,
despite a higher level of platelet reactivity during dual antiplatelet
therapy, the so-called “East Asian paradox’’. Furthermore, despite
its worldwide distribution, aortoarteritis (Takayasu arteritis) is most
commonly known to occur in Asians®’.

The particularities of cardiovascular diseases in Asia have pro-
moted very active and promising research on the underlying differ-
ential mechanisms and treatment strategies, which are not only of
local and regional but also of global relevance. The massive and

*Corresponding author: Department of Cardiology, National Center for Cardiovascular Diseases, Chinese Academy of Medical

Sciences, Fu Wai Hospital, Beijing 100037, China. E-mail: gaorunlin@citmd.com
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increasing cardiovascular disease burden in Asia also poses formi-
dable research, clinical and socioeconomic challenges. In China,
for instance, cardiovascular disease is the leading cause of death,
accounting for 41% of mortality!®. The burden of cardiovascular
diseases in Asia can be multifaceted, as is exemplified by valvular
disease, the increasing prevalence of which reflects that of a degen-
erative aetiology with the aging of the population in addition to the
persisting background of a rheumatic aetiology in some countries.
The heavy cardiovascular disease burden often renders healthcare
resources insufficient in many parts of Asia, warranting cost-effec-
tive therapy particularly tailored to Asian patients. Guidelines or
expert consensus which meet the needs and characteristics of Asians
should be established, and academic exchanges and collaboration
are essential to address these challenges more effectively.

The Asian Pacific Society of Interventional Cardiology (APSIC)
continues to play an important role in fostering academic collabora-
tions throughout the region'. Asialntervention, a new journal par-
ticularly focused on scientific contributions from the Asia region, has
been launched officially and is successfully running with the assis-
tance of the Editorial Office of Eurolntervention, under the guid-
ance of Professor Patrick Serruys, the Senior Consulting Editor to
the Chief Editors. Two issues will be published in 2015 and four are
planned for 2016. Asialntervention aims to contribute further to the
development of interventional cardiology in Asia by being a help-
ful friend to Asian cardiovascular interventionalists and by providing
aunique publication venue and a much needed platform for academic
exchanges within Asia and between Asia and other parts of the world.
Through this and other means, the rapid expansion into a glorious
future for interventional cardiology in Asia will continue unabated.

Conflict of interest statement
The author has no conflict of interest to declare in relation to this
editorial.
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EDITORIAL

Biodegradable or durable polymer: more data required

In this issue of Asialntervention, Wan Azman Wan Ahmad reports
on the final five-year results of the BEACON II clinical regis-
try, a 497-patient real-world, all-comers registry conducted at 12
Asia Pacific sites'. This single-arm study followed up patients in
whom BioMatrix (Biosensors Europe SA, Morges, Switzerland)
Biolimus A9-eluting stent(s) were implanted. Biolimus A9 is an
analogue to sirolimus, and is released from a biodegradable poly-
mer, polylactic acid (PLA), applied to the abluminal surface of
the stent.
Article, see page 102

This trial was predominantly conducted in Asia with nine sites,
with the remaining three sites located in the Pacific. Historically,
most drug-eluting stent trials were US-centric and/or Eurocentric,
mirroring the headquarters of the drug-eluting stent companies.
Companies, for regulatory purposes or otherwise, have recognised
that Asian patients may be different from Caucasian patients: there-
fore, information regarding their response to drug-eluting stents
may provide new insights®. To date, company-sponsored stent tri-
als in Asia have generally been registries. This is the second con-
temporary report to be published in Asialntervention, after the
RESOLUTE ASIA Registry®. As the specialist interventional cardi-
ology journal of the region, it is a privilege for both the authors and
the journal to be able to publish trials pertinent to the audience and
the patients in this region.

Remarkably for a registry, clinical follow-up was available for
94% of the population at five years. The most striking finding in
this registry is the low definite stent thrombosis rate of 0.8% at one

Andrew T. L. Ong*, MBBS, PhD, FRACP

Department of Cardiology, Westmead Hospital, Westmead, NSW 2145, Australia

year, and a cumulative incidence of 1.2% at five years, with an inci-
dence of 0.4% from years one to five'.

The authors emphasise the biodegradable polymeric system as
being the principal reason for the low observed rate of very late stent
thrombosis. As we move into the second decade of drug-eluting
stents, the use of biodegradable polymers in drug-eluting stent sys-
tems has become a popular choice over durable polymers (Table 1).
This move was an industry response to the clinical and pathological
findings of the first generation of drug-eluting stents, in which a sig-
nificant inflammatory response was associated with the use of dura-
ble polymers®. It is worth noting that human post-mortem studies of
second-generation systems utilising durable polymers demonstrate
a lack of the inflammatory response seen with earlier stents*.

The largest trial utilising the BioMatrix stent was the LEADERS
trial. The five-year results demonstrated a lower incidence of defi-
nite stent thrombosis when compared to the durable polymer-coated
sirolimus-eluting stent (2.6% vs. 4.5%, respectively, p=0.06)°.
When a landmark analysis was performed at one year, there was
a significant reduction in late stent thrombosis (0.66% vs. 2.5%,
respectively, p=0.003). A meta-analysis of biodegradable versus
durable polymers also suggested that there was a benefit of the for-
mer in the reduction of late stent thrombosis®.

One must interpret the results with the utmost caution, as the
devices compared were completely different. It is well understood
that the efficacy of a particular device is a triangular synergy among
the platform (the stent), a carrier (usually a polymer), and an agent

(adrug)’. As such, any valid comparison would have to differ in only

*Corresponding author: Department of Cardiology, Westmead Hospital, Westmead, NSW, 2145, Australia.

E-mail: AndrewTLOng@gmail.com

© Europa Digital & Publishing 2015. All rights reserved.
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Table 1. List of drug-eluting stents from the major manufacturers.

Biodegradable polymer
BioMatrix (Biolimus A9™**)

Durable polymer
Promus PREMIER™YElement™?" (everolimus)

SYNERGY™T (everolimus)

Resolute Onyx™$/Integrity™?* (zotarolimus)

Orsiro™ (sirolimus)

XIENCE Xpedition®* (everolimus)

Nobori®®* (Biolimus A9)

Ultimaster®®* (sirolimus)

Absorb*/Absorb GT1* (everolimus)

*Abbott Vascular, Santa Clara, CA, USA; **Biosensors Europe SA, Morges, Switzerland; "Boston Scientific Corp., Marlborough, MA, USA; "Biotronik,
Bilach, Switzerland; *Medtronic, Minneapolis, MN, USA; Terumo Corp., Tokyo, Japan

the carrier. To date, the largest randomised trial to compare the effi-
cacy of a biodegradable versus durable polymer utilising the same
drug (everolimus) has been the EVOLVE II trial, in which 1,648
patients were randomised to receive either the SYNERGY everoli-
mus-eluting biodegradable polymer stent or the PROMUS Element
Plus everolimus-eluting durable polymer stent (both Boston
Scientific Corporation, Marlborough, MA, USA). This study is
scheduled to report results up to five years. However, to date, only
12-month results have been reported. These demonstrated no differ-
ence in outcomes: in particular, the incidence of definite stent throm-
bosis at one year was 0.4% vs. 0.6%, respectively, p=0.5%.

The interventional community awaits the long-term results of
this trial, with the same company providing both stents, as it will
provide the scientific validity to demonstrate the benefit, if any, of
biodegradable polymers over second-generation durable polymers.
Until then, in the absence of any other trials where the difference
is only the polymer, one should only comment on the safety and
efficacy of the entire device (drug, polymer and stent) over another,

and not of its individual components.

Conflict of interest statement
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EDITORIAL

Reperfusion for all: reimagining STEMI care in low and

middle income countries

SPC, Ann Arbor, MI, USA

The development and use of reperfusion therapy in ST-elevation
myocardial infarction (STEMI) has been one of the great achieve-
ments of modern medicine in the United States of America and
Western Europe. In the 1960s, one-year mortality rates after STEMI
approached 30% in these countries. However, their numbers are
dramatically different today: under ideal circumstances, reperfu-
sion therapy — in combination with cardiac care units and other evi-
dence-based treatments — has now lowered one-year mortality rates
after STEMI to well under 10% in clinical trials. The goal of the last
two decades in these countries has been to translate these outcomes
under “ideal circumstances” into “real-world” practice.
Article, see page 109

The article by Dharma et al' in this issue of Asialntervention
turns the spotlight on STEMI systems of care in this process, focus-
ing on the importance of delivering 24/7 reperfusion therapy. Most
importantly, this retrospective analysis using the Jakarta Acute
Coronary Syndrome (JAC) registry shows what is possible when
adequate facilities and staffing exist within a regional STEMI net-
work. Not only were outstanding outcomes achieved in STEMI
patients at this large centre in Indonesia, with the one-year mortal-
ity rate of approximately 10% seen in the United States of America
and Western Europe, but also the similarity of acute and one-year
results between STEMI patients admitted during regular hours ver-
sus off-duty hours demonstrates that high performance is achiev-
able even in challenging situations. However, as rightly emphasised
by the authors, this has been achieved in an island of excellence
where the catheterisation laboratory staff and “on-duty” cardiolo-
gists stay within the hospital during “off-duty” hours.

This is a luxury seldom available in most countries across Asia
and perhaps the world. It is a testament to the dedication of this
institution, these physicians and other healthcare providers.

Thomas Alexander'*, MD, DM, FACC; Brahmajee K. Nallamothu?, MD, MPH, FAHA, FACC

1. Kovai Medical Centre and Hospital, Coimbatore, India; 2. University of Michigan, Cardiovascular Center

What about the rest of the world which may practise in a more
resource-constrained environment where PCI is not always readily
available? How can the benefits of reperfusion therapy be extended
to their STEMI patients, beyond the walls of these islands of excel-
lence? These questions have implications not only for us but also
for the National Cardiovascular Center in Jakarta and other large
centres in Asia which have begun reporting outstanding outcomes.
Of the 5,237 patients within the JAC registry during this period, for
instance, only 1,126 patients were included in the analysis since the
vast majority (78%) of the patients did not receive reperfusion due
to late presentation. This raises the larger question facing STEMI
systems of care today, particularly in low and middle income coun-
tries (LMIC): how do we extend reperfusion therapy when primary
PCI is not an option. To tackle this issue requires considerable
thought and urgent action.

While there are no accurate estimates of STEMI in LMIC, it is
possible that there could be upwards of three to four million cases
per year. The reduction of system delay in the developed countries
has led to a significant drop in mortality in recent years; however,
a further reduction below 60 minutes may have more limited mortal-
ity benefit>. Detailed analysis of this has resulted in more effort being
made to reduce the “non-system” delays associated with STEMI
patients arriving too late for reperfusion therapy as being the way to
improve outcomes further and reduce the total ischaemia time.

At first, it might seem that the challenge for most STEMI systems
of care in LMIC in Asia and Africa is first to grasp the “low-hanging
fruit” of addressing system delays within hospitals and then quickly
to move on to developing pre-hospital systems. However, with the
knowledge we have currently, it may make sense to take a differ-
ent approach. We advocate that it may be prudent for these coun-
tries to address the issues of “non-system” and “system” delays
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E-mail: tomalex41@gmail.com

© Europa Digital & Publishing 2015. All rights reserved.

The opinions expressed in this article are not necessarily those of the Editors of Eurolntervention or
of the European Association of Percutaneous Cardiovascular Interventions.

66-€6'1'GT0Z UONUAAIAU[EISY

LTVZITA MaluleISY /20T :10d



G6-€6:T'GT0Z uonuanaesy M

simultaneously, while attempting to launch a STEMI system of
care. Paradoxically, the lack of any system in many of these coun-
tries could help in developing a composite approach by preventing
old biases and deeply seated special interests in the status quo. In
addition, a deeper inspection of the available resources in many
of these regions shows that most larger countries already have the
building blocks of a system that could take into account their lim-
ited resources, both in terms of infrastructure and manpower.

To develop a STEMI system of care in LMIC, for example, it is
important to understand first that primary PCI as the sole mode of
reperfusion is not feasible. The CREATE registry from India’, a pro-
spective registry study of 12,405 STEMI patients from 89 centres
from 10 regions and 50 cities in India over a four-year period ending
in 2005, showed that 58.5% received thrombolytic therapy and only
8% primary PCI. The China PEACE-Retrospective AMI Study*,
which again was based on hospital data, analysed 13,815 patients
treated for STEMI at 162 hospitals. Greater use of primary PCI in
patients eligible for revascularisation was shown (from 10.2% in
2001 to 27.6% in 2011); however, the percentage of patients who
underwent no reperfusion remained low and stagnant at around
55%. We feel the situation in other LMIC is likely to be similar and
will remain unchanged if primary PCI becomes the ultimate goal.

In developing a STEMI system of care in LMIC, the STEMI
INDIA Model® stands as a stark alternative. STEMI INDIA utilised
current evidence on the utility of the pharmacoinvasive strategy,

including recent data from the STREAM (STrategic Reperfusion

Early After Myocardial infarction) trial® and STEP-PAMI trial’ in
India showing that the pharmacoinvasive strategy compared well
with primary PCI when delays with primary PCI were anticipated.
Based on this evidence and the success of the Kovai Erode Pilot
STEMI Study®, STEMI INDIA proposes that STEMI management
in India adopts the dual strategy of combining fibrinolysis with
routine early PCI to develop a coherent framework for developing
a STEMI system of care in LMIC.

The architecture of this system is based on a hub and spoke
model, with each hub hospital connected to multiple spoke hos-
pitals and the unit being called a STEMI cluster. Examples of this
exist and, in fact, this appears to be what has already taken place
in Jakarta through the National Cardiovascular Center. The other
important component of these types of programme is the use of
technology to link centres. For example, STEMI INDIA has devel-
oped a multifunctional STEMI device’ which not only records
ECG, but also serves as a low-cost monitoring and data entry
device. Thus, a 12-lead ECG can be done at the point of first con-
tact — home, ambulance or hospital — and transmitted in real time
from the device to a handheld device with the “on-call” cardiologist
in the hub hospital for confirmation and early initiation of STEMI
treatment. Addressing areas of delay before arrival into the system
and within the system can be attempted simultaneously. Shown
below are the various areas of non-system and system delays that
we have identified in the STEMI INDIA system of care, and our
attempts to address them (Figure 1).
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Figure 1. Non-system and system delays identified in the STEMI INDIA system of care. D to B: door to balloon; D to N: door to needle,

DIDO: door in-door out



Some of the non-system delays can be overcome by public edu-
cation, using pre-hospital ECG as in the STEMI INDIA project, and
accrediting and publicising “STEMI hospitals”. This will ensure
that patients do not lose time when they are admitted to “non-
STEMI” hospitals and then have to be transferred to another hospi-
tal for STEMI management (beyond PCI services).

Pre-hospital fibrinolysis has been shown to be very effective and
shows a significant increase in rates of aborted MI'. Traditionally,
this term has been used to indicate fibrinolysis within the ambu-
lance, as practised in many STEMI systems of care in Europe!!.
STEMI INDIA has broadened the definition of “pre-hospital
fibrinolysis” and coined a new phrase — pre-coronary care unit
fibrinolysis (Pre-CCU Lysis). This will encompass any facility that
does not have a coronary care unit and historically has not provided
fibrinolysis in STEMI patients, such as primary or rural health cen-
tres, or, in certain locations, designated private clinics. These facili-
ties would have trained doctors with third-generation fibrinolytics.
They would also have “STEMI devices” capable of recording ECG
and transmitting the ECG to “STEMI centres” for confirmation of
the diagnosis before initiating fibrinolysis and monitoring patients
until they are transported to a CCU.

Dharma et al are to be congratulated on showing the world what
is possible within the walls of a modern Asian centre dedicated to
providing high-quality performance in primary PCI. In an envi-
ronment of resource constraints with a burgeoning population of
patients in LMIC with coronary artery disease and STEMI, how-

993

ever, we need to move beyond these “islands of excellence™ to

ensure that, through innovation, we can deliver reperfusion for all.
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EDITORIAL

Remote ischaemic preconditioning: essential part of the
“Great Game” to reduce myocardial injury after PCI

Fabrizio D’Ascenzo*, MD; Francesca Giordana, MD; Claudio Moretti, MD

Division of Cardiology, University of Turin, Turin, Italy

“Go up the hill and ask. Here begins the Great Game” - Kim, Kipling, 1901

We read with great interest the paper of Kumar et al' published
in the present edition of Asialntervention, as this is the first ran-
domised clinical trial demonstrating the benefit of remote ischae-
mic preconditioning (RIPC) on the reduction of periprocedural
myocardial infarction (PMI) after a percutaneous coronary inter-
vention (PCI) in Indian patients.

Two main considerations may arise from the present work:
1) RIPC is not affected by ethnicity; 2) the benefit offered in
patients undergoing PCI for stable angina seems consistent with
data already reported in the literature.

Some animal studies that date back to almost twenty years ago
have already postulated the beneficial effect of a “brief ischaemia”,
both in the heart and in the non-cardiac tissues**. Recently, some
steps towards clarifying the mechanism responsible for remote
ischaemic preconditioning have been taken*®. The signals seem
to be transferred to the peripheral target organs through different
pathways, involving both the somato-sensory and the autonomous
nervous systems*. Both of them might carry the central inputs to the
downstream extracellular specific receptors, and then, by intracel-
lular signal transduction molecules, may cause changes in mito-
chondrial function*?, as shown in Figure 1. Adenosine, bradykinin,
and calcitonin gene-related peptide are probably important media-
tors in the afferent loop of this reflex>*%7; however, the exact nature
of the signal transduction from the remote tissue to the target organs
remains to be fully clarified.

N

— Neuronal pathways: activation of peripheral sensory fibres
SYI=(at-IMM — Humoral: nitric oxide, micro RNA-144, stromal-derived factor 1o

transfer J

— Extracellular receptors for bradykinin, adenosine, IL-10, opioids,\
stromal-derived factor 1o
— Intracellular transducers as RISK pathway, protein kinase C,

SUUEIN  nitric oxide synthase
BSLBLS  \Vitochondrium with ATP-dependent potassium channels
J
—Heart —Skin |
—Kidney ~ —Brain
— Liver J

Figure 1. RIPC exerts its function through different pathways.

The impact of these experimental models in clinical practice has
been largely debated. A meta-analysis of randomised controlled tri-
als (RCTs) of patients undergoing coronary surgical revascularisa-
tion showed a reduced release of troponin after the intervention in
those treated with RIPC, especially in the presence of multivessel
coronary disease®. Interestingly, among the nine selected trials, one’
focused on Asian patients, showing consistent benefit of RIPC in

terms of myocardial protection.
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Similarly, another meta-analysis has shown a reduction in terms
of PMIs for patients treated with PCI'’, despite heterogeneity of
definition. In that paper, two RCTs enrolling Asian patients were
included, one from Egypt and the other from Iran'>'3. These trials
showed conflicting results, but when pooling them together with
the present study a significant reduction of PMIs was shown (OR
0.29[0.16-0.53]) (Figure 2).

Moreover, this paper opens new horizons for future research.
Kumar et al' have found a trend towards a lower incidence of
TIMI flow <3 during the procedure in the RIPC group, postulat-
ing a positive effect of the remote preconditioning in the setting
of acute coronary syndrome, as shown in the work of Betker et
al'4. Certainly, in this clinical context the inflammatory response to
the plaque rupture and the individual stress response to the event
are significant confounding factors that might influence the clinical
response to RIPC. However, it is precisely these patients, who lack
collateral circulation systems, who could benefit more from remote
preconditioning.

Finally, like Kipling’s Kim, now is the time to leave the research
laboratories and to go on up the hill in the interventional cathlabs
to “ask” patients if RIPC may exert positive effects after interven-
tional procedures.

Conflict of interest statement

The authors have no conflicts of interest to declare.

RIPC Control

Study or subgroup Events Total Events Total Weight IV, Random, 95% CI

RIPC helps to reduce myocardial injury after PCI
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Introduction

Dual antiplatelet therapy (DAPT) combining aspirin with an aden-
osine diphosphate receptor inhibitor has significantly reduced the
incidence of ischaemic events, including stent thrombosis, after
percutaneous coronary intervention, and is thus strongly recom-
mended by international practice guidelines'?. However, less clear
has been the optimal duration for which DAPT should be recom-
mended, especially in the context of a drug-eluting stent (DES)
implantation, where previous reports have implicated an associa-
tion with increased late stent thrombosis events after DAPT has
been stopped. In addition, this issue is further influenced by the
exposure of the patient to an increased risk of bleeding while on
DAPT.

The DAPT study was therefore designed to evaluate the benefits
and risks of continuing a patient on DAPT beyond 12 months after
coronary stenting®. This study was distinct from prior studies in
that it was powered to detect a difference in stent thrombosis rates,
and was composed of five individual studies with similar protocols
involving eight different devices and pharmaceutical companies.

Briefly, the DAPT study was an international, multicentre,
prospective, blinded, placebo-controlled study that included
9,961 patients who had successfully completed 12 months of
DAPT after coronary stenting without a significant ischaemic or

bleeding event, and who were then randomly assigned to either
continuing on DAPT for a further 18 months, or stopping DAPT
and continuing on aspirin alone*. The two co-primary efficacy
endpoints were stent thrombosis and major adverse cardiovascu-
lar and cerebrovascular events (MACCE) (a composite of death,
myocardial infarction, or stroke) during the period from 12 to
30 months. The primary safety endpoint was moderate or severe
bleeding. Patients who were randomised to continuing DAPT
after the initial 12 months, as compared with patients who dis-
continued DAPT, had reduced rates of stent thrombosis (0.4% vs.
1.4%; hazard ratio [HR] 0.29, 95% confidence interval [CI] 0.17
to 0.48; p<0.001) and MACCE (4.3% vs. 5.9%; HR 0.71, 95%
CI: 0.59 to 0.85; p<0.001). The rate of myocardial infarction (MI)
was also reduced with prolonged DAPT (2.1% vs. 4.1%; HR 0.47;
p<0.001). However, both the rates of death from any cause (2.0%
vs. 1.5%; HR 1.36, 95% CI: 1.00 to 1.85; p=0.05) and moderate or
severe bleeding (2.5% vs. 1.6%, p=0.001) were higher in the pro-
longed DAPT group as compared to the group where DAPT was
stopped at 12 months (Figure 1).

This important and potentially practice-changing study was dis-
cussed in the first ever “Will this trial change my practice?” session
at AsiaPCR 2015. The objectives of this new session format were
succinctly outlined by W. Wijns, who explained to the audience the

*Corresponding author: Cardiovascular Center Aalst, Moorselbaan 164, B-9300 Aalst, Belgium.

E-mail: William. Wijns@olvz-aalst.be

© Europa Digital & Publishing 2015. All rights reserved.
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Figure 1. Clinical event rates in the two randomisation groups at
month 30 (%). Stent thrombosis, MACCE and myocardial infarction
are significantly lower with DAPT continued to 30 months, while
bleeding, as well as non-cardiovascular death is increased.

need to achieve a detailed understanding of the results of a particu-
lar published trial that may impact on their clinical practice, the
importance of being able to evaluate the relevance of new results
for the treatment of their patients, and the importance of being able
to share current and future practice with colleagues from around the
world. The expert panel at the session comprised colleagues from
Asia, Australia, North America, and Europe and was therefore in
a unique position to provide a global appraisal of the study and its
relevance to an international audience.

W. Wijns proceeded to put into context the relevance of the
study to daily clinical practice by presenting a case study of an
actual patient from the DAPT study. He then polled the audience
to determine practice patterns with regard to DAPT duration before
the results of the DAPT study were known. The following three
choices were presented to the audience: 1) stop DAPT no later than
one year; 2) continue DAPT beyond one year whenever possible;
or 3) decide on a case-by-case basis. Only a small minority of the
audience stated their preference for stopping DAPT no later than
one year. This differed significantly from the panel, as most of the
panel members indicated their preference for option 1 (stop no
later than one year). The majority of the audience supported either
option 2 or option 3, about 50% each.

With the clinical context firmly established, A. Ong presented
a concise summary of the rationale for DAPT post coronary stent-
ing and the evolution in practice patterns over time prior to the
publication of the DAPT study. A meta-analysis by Bulluck and
colleagues demonstrated firstly the lack of studies examining
a DAPT duration of 12 versus 24+ months, and, secondly, showed
that, although there was no advantage in terms of reducing mor-
tality, MI, or stent thrombosis, a prolonged DAPT duration of at
least 24 months was associated with more bleeding incidents than
a DAPT duration of 12 months®. However, because only two small
studies were included in this analysis, the results were more likely
to be hypothesis-generating rather than definitive, hence emphasis-
ing the importance and relevance of the DAPT study.

This was therefore the context for D. Capodanno’s in-depth
review of the DAPT study design, results and interpretation. He
showed that, although the study was an international multicentre
effort, the majority of sites were from the USA. There were no sites
from Asia in the study. He then highlighted the study protocol and
its impact on the final study population. Because the DAPT study
was attempting to answer the question of the effect of prolonging
DAPT beyond 12 months, by design it was necessary to enrol and
randomise patients who were event-free for the first 12 months
on DAPT after coronary stenting. As such, from the initial 22,866
patients who were enrolled after the index DES stenting procedure,
only 9,961 were finally randomised. Patients were not randomised
for a variety of reasons, including having had a clinical event, but
a significant number were also not randomised because of non-
adherence, withdrawal of consent, or loss to follow-up. From the
published data of events during the 12 months post coronary stent-
ing (i.e., before randomisation), the DAPT study population could
be characterised as a low-risk population, with respect to both
ischaemic and bleeding risks.

The event curves for the two arms in the DAPT study were shown
and discussed in detail. Two observations were highlighted. 1) The
event curves diverged early on, but also appeared to converge in the
observational period after DAPT had been stopped in the prolonged
DAPT arm, thus suggesting a possible “rebound” phenomenon.
2) More than half (55%) of the MI events were not related to stent
thrombosis and thus by implication occurred at a non-stented site.

In the DAPT study, more than one third of patients had a “first-
generation” paclitaxel or sirolimus-eluting stent placed. Although
subgroup analysis showed a significant interaction between stent
type and MACCE, there was no significant interaction with stent
thrombosis. In fact, generally there was a consistent treatment
effect in most subgroups favouring prolonging DAPT for reducing
stent thrombosis and MACCE, especially MI. The issue of all-cause
mortality which showed a numerical excess (mainly from trauma,
bleeding, or cancer-related deaths) in the prolonged DAPT arm was
presented. The issue of cancer-related deaths was further defined
by the DAPT study investigators who performed a post hoc analy-
sis and reported more cancers at baseline in the prolonged DAPT
arm. Furthermore, they also published a meta-analysis of DAPT vs.
aspirin studies and reported no mortality benefit favouring either
management strategy?®.

D. Capodanno summed up his review by stating that, although
there was a significant reduction in stent thrombosis, MACCE, and
MI with prolonged DAPT, this was at the expense of more bleeding
events. In addition, the benefit in MI appeared to be not solely con-
fined to the stented segment. There appeared to be a rebound phe-
nomenon or withdrawal of protection after DAPT was discontinued
at 30 months, with the event curves approaching each other. Finally,
he emphasised that these results would apply to low-risk patients
who have tolerated one year of DAPT after stent placement with no
ischaemic or bleeding events.

The audience asked whether the study results could be gener-
alised to an Asian population, bearing in mind that there were no



Asian sites in the study, that Asian patients may have a different
bleeding profile compared to Western patients, and that “first-gen-
eration” DES had long been discontinued in Asia. In response,
H.C. Gwon echoed these concerns by stating that bleeding had been
well established as being associated with mortality and adverse out-
comes, and that with newer-generation DES the risk of ischaemic
events was much less and hence the risk-benefit ratio might not be
in favour of prolonging DAPT duration. P. Urban shared his con-
cern with regard to bleeding, especially in the context of the DAPT
study which, he pointed out, showed an excess of deaths in the
treatment arm which had more bleeding events. Other issues raised
included the potentially diverging effects in subgroups such as the
elderly (>75 yrs), or non-diabetics. P. Urban and D. Capodanno
emphasised that, although these were interesting observations, they
were ultimately only hypothesis-generating and should not inform
treatment decisions.

The session concluded with the final clinical outcome of the ini-
tial case study from the trial. A. Ong summarised the session by stat-
ing again that overall the DAPT study had not shown any mortality
benefit with regard to prolonging DAPT beyond 12 months as com-
pared to stopping at 12 months. Although there was benefit in reduc-
ing stent thrombosis and MI, this was at the expense of bleeding,
including nuisance bleeding, which may impact on quality of life.

To close the session, the panel members emphasised that, as with
all important studies, data from the DAPT study would continue
to inform clinical practice beyond the results included in the main
manuscript. Of particular interest and importance would be further
data and analyses with regard to patient presentation (acute coro-
nary syndromes versus stable coronary artery disease), predictors
of increased bleeding risk, and also factors associated with recur-
rent M1, be they related to the index stenting procedure or at another
coronary site.

So, will the DAPT trial results change practice in the Asia-
Pacific region?

A repeat poll of the audience indicated that the results of the
DAPT study would not change their current clinical practice pat-
terns. As to the colleagues participating in the discussion, the vast
majority were already continuing DAPT beyond one year or at least
considering it on a case-by-case basis. The DAPT trial now brings
evidence in support of this practice.

As to the panel members, nearly all remained reluctant to con-
tinue DAPT beyond one year in all patients in the absence of mor-
tality benefit. Following the release of the DAPT trial results,
however, they will more often consider continuation of DAPT on
a case-by-case basis for treatment of patients with high ischaemic
and low bleeding risks.
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Abstract

Aims: To evaluate and report the final five-year clinical outcomes of treatment with BioMatrix DES in a real-

KEYWORDS

« biodegradable world, all-comers population of Asian Pacific patients.

polymer
e drug-eluting stent
* major adverse
cardiac events
o stent thrombosis

Methods and results: BEACON 1I is a prospective observational registry at 12 sites with 497 patients
enrolled in six Asia Pacific countries. The primary endpoint was a composite of cardiac death, myocardial
infarction (Q and non-Q-wave) or target lesion revascularisation at 12 months. Secondary endpoints included
extending the primary endpoint to five years and rates of stent thrombosis. Analysis was performed accord-
ing to the intention-to-treat principle. Patients in the BEACON II registry were relatively young with a mean
age of 59.8 years and a high prevalence of diabetes mellitus (32.5%). In spite of many complex lesion sub-
sets, acute procedural success was achieved in 98% of patients. At five years, the hierarchical major adverse
cardiac events (MACE) rate was 11.2%, the cumulative incidence of cardiac death 4.4%, myocardial infarc-
tion 4.5%, and target lesion revascularisation 3.8%, respectively. Although this was an all-comers population
excluding the enrolment of patients with left main disease, the five-year definite stent thrombosis cumulative
incidence was low (1.2%), and definite very late stent thrombosis (VLST) events were rare (0.4%). There

were no VLST in native coronary arteries; indeed, VLST was limited to saphenous vein grafts (SVGs).

Conclusions: The low hierarchical MACE incidence and the absence of VLST in native coronary arteries
suggest an excellent safety profile up to five years for the BioMatrix stent when used in routine clinical prac-

tice in an Asian Pacific population.

*Corresponding author: Department of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia.
E-mail: wanazman@ummc.edu.my
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Introduction

The efficacy of drug-eluting stents (DES) over bare metal stents
(BMS) has been demonstrated in large randomised clinical trials
leading to their widespread use in clinical practice' . However, major
concerns regarding the long-term safety of the first-generation DES
include the increased risk of late stent thrombosis (LST), very late
stent thrombosis (VLST)*®, and the need for prolonged dual anti-
platelet therapy (DAPT) with its inherent risk of bleeding. Although
the cause of LST/VLST is probably multifactorial, the durable poly-
mer surface coating of DES may play a role. The durable polymer
carrier can cause persistent inflammatory response which leads to
poor healing due to delayed re-endothelialisation, positive remodel-
ling with late acquired malapposition and the risk of LST/VLST"'°.
Other concerns with durable polymer are the ongoing inflammatory
response which may induce the “late catch-up” phenomenon'"!? and
an acceleration of neoatherosclerosis which may also trigger a subse-
quent risk of late device failure (stenosis and thrombosis)'.

Second-generation DES are designed to improve the safety and
efficacy profile of earlier-generation stents. One of these innova-
tions has been the development of biodegradable polymer which is
often abluminally coated. This ensures the polymer is applied in the
minimum amount necessary for its function and is then removed
over time, theoretically limiting the delay in arterial healing.

The BioMatrix™ drug-eluting coronary stent system (Biosensors
Europe SA, Morges, Switzerland) comprises the active pharma-
ceutical ingredient Biolimus A9™ (BA9) (Biosensors) which is
a proprietary, semi-synthetic analogue that is chemically related
to both sirolimus and everolimus. It is highly lipophilic and rap-
idly absorbed in tissues. BA9 is encapsulated in the biodegradable
polymer, polylactic acid (PLA), to bind the drug mechanically to
the primer of the stent surface and also regulate drug release from
the stent to the surrounding tissue. The coating mixture is applied
solely to the abluminal surface of a flexible 316L stainless steel
stent. The PLA coating was previously demonstrated in an in vivo
study to convert fully to lactic acid after six to nine months; there-
after, the stent has a profile like a BMS.

Editorial, see page 91

The objective of this registry was to assess the clinical outcomes
in patients receiving the BioMatrix biodegradable polymer DES
during treatment of real-world, all-comer patients.

Methods

This was a prospective, multinational multicentre observational,
patient data registry conducted in 12 centres in six Asia Pacific
countries: Singapore (3), Thailand (1), Indonesia (2), Australia (2),
New Zealand (1), and Malaysia (3).

The patient population consisted of men and non-pregnant
women who were at least 18 years old, with a diagnosis of sta-
ble angina, unstable angina or silent ischaemia, including one or
more de novo or restenotic lesions (>50%) in a native coronary
artery or saphenous vein graft (SVG). Angiographic lesion require-
ments included a reference vessel diameter visually estimated to be
>2.5 mm and <4.0 mm, while there was no limit to the lesion length

5-year report of the BEACON Il clinical registry

or the number of treated lesions or vessels. There was also no limit
to disease/lesion morphology.

Patients were excluded when antiplatelet and/or anticoagulation
therapy was contraindicated. Patients with known hypersensitiv-
ity to stainless steel, contrast agents, sirolimus or biolimus were
excluded. Patients considered for non-registry DES implant during
a procedure or having a lesion located in a protected/unprotected
left main coronary artery were also excluded.

This study received approval from the local ethics committee at
each site, as well as approval of an informed consent text specific

to the registry.

ENDPOINTS AND FOLLOW-UP DEFINITION

The primary endpoint per protocol was the cumulative number and
rate of major adverse cardiac events (MACE), defined as a com-
posite of cardiac death, myocardial infarction (MI), and target
lesion revascularisation (TLR) at 12 months post procedure. The
definition of cardiac death included any death due to an immedi-
ate cardiac cause (e.g., myocardial infarction, low-output failure,
fatal arrhythmia), procedure-related deaths including those related
to concomitant treatment, unwitnessed death and death of unknown
cause, where cardiac causes could not be excluded. Myocardial
infarction was defined using the electrocardiographic criteria of the
Minnesota Code or as an elevation of CK levels to more than two
times normal with positive levels of CK MB or troponin I or T.
TLR was defined as any repeat percutaneous coronary intervention
of the target lesion or bypass surgery of the target vessel. These are
clinically driven revascularisations in which the patient had a posi-
tive functional study, ischaemic ECG changes at rest in a distri-
bution consistent with the target vessel, or ischaemic symptoms,
and an in-lesion diameter stenosis >50% by quantitative coronary
angiography (QCA). Revascularisation with an in-lesion diameter
stenosis >70% (by QCA) in the absence of the above-mentioned
ischaemic signs or symptoms was also considered clinically driven.
In the absence of QCA data, the clinical need for revascularisation
would be adjudicated using the presence or absence of ischaemic
signs and symptoms. QCA assessment was not mandatory and up
to the discretion of the investigator.

The secondary endpoints were: ischaemia-driven target lesion
failure (TLF), a composite of cardiac death, target vessel MI (Q-
and non-Q-wave) and ischaemia-driven TLR at 12 months; the
rates of definite stent thrombosis up to five years according to the
Academic Research Consortium (ARC) definition'¥; and MACE at
30 days, 90 days, six months, and two to five years annually.

Clinical follow-up visits were performed at one month, and tel-
ephone follow-ups at three months, six months, and one to five
years annually. The Kaplan-Meier method was used to calculate
time-to-event in the patient population. Data were captured using
an Electronic Data Capture (EDC) system in compliance with the
FDA requirement.

Event adjudication was performed by an independent clinical
events committee (CEC) composed of cardiologists not involved
in the study.
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STATISTICAL ANALYSIS

There were no a priori statistical considerations for deriving the
sample size of this registry. The primary analysis sample was based
on the principle of intention-to-treat (ITT). All patients who met the
registry entry criteria and signed the written informed consent were
counted in the primary analysis. The enrolment period for each par-
ticipating site was about six months.

Survival analyses were carried out using the time to the first
event. Cumulative incidence rates were estimated using the Kaplan-
Meier method. Kaplan-Meier estimates can be interpreted as the
proportions of patients with a given clinical outcome. In the sur-
vival analyses, the number of patients with the event of interest was
reported together with the number at risk. The number of patients
at risk at time t is the number of patients who may experience the

event of interest at t.

Results

BEACON II patients had a high prevalence of cardiovascular risk
factors: 32.5% had diabetes, and 46.2% had a history of smoking,
while 62.1% had hypertension, 74.4% had hypercholesterolaemia
and 29% had a family history of coronary artery disease (CAD).
A large percentage of patients (38.6%) had a history of myocardial
infarction (Table 1). The follow-up rate for each time point is speci-
fied accordingly: 98.6% at 30 days, 98.4% at three months, 97.8%
at six months, 97.2% at one year, 97.6% at two years, 93.6% at
three years, 94.2% at four years and 93.8% at five years.

In total, 742 lesions were treated. Sixty-three percent of the
patients had one lesion treated, 27% two lesions, and 10% more
than two lesions. ACC/AHA lesion classification was 10.1%
type A, 32.3% type B1, 28.3% type B2, and 29.2% type C. Lesion

Table 1. Patient demographics.

Parameter _Number 4j
patients (n=497)

Male, n (%) 399 (80.3)
Age, mean+SD 59.8+10.75
Diabetes mellitus, n (%) 156 (32.5)
Hypertension, n (%) 306 (62.15)
Hypercholesterolaemia, n (%) 338 (74.45)
Smoking, n (%) 215 (46.25)
Family history of CAD, n (%) 126 (29)
Previous MI, n (%) 184 (38.65)
Previous PCI, n (%) 54 (27.55)
Previous CABG, n (%) 27 (5.55)
Current Asymptomatic, n (%) 78 (15.7)
angina statls |"qy 1 1e angina, n (%) 268 (53.9)

Unstable angina, n (%) 151 (30.4)
LVEF %, mean+SD 52.43+14.07
LVEF <30%, n (%) 18 (6.84)
Data are mean (SD) or number (%). CABG: coronary artery bypass graft;
CAD: coronary artery disease; LVEF: left ventricular ejection fraction;
MI: myocardial infarction; PCI: percutaneous coronary intervention

distribution among the three primary epicardial arteries was 46%
left anterior descending (LAD), 31.3% right coronary artery (RCA),
21.6% left circumflex coronary artery (LCX), and 1.2% saphen-
ous vein graft (SVG). Most lesions (94.5%) were de novo lesions;
only 5.5% were restenotic lesions. Relatively small vessel diameter
lesions, that is with a diameter smaller than 2.75 mm, accounted for
33.7% of the lesions. Other complex lesions included long lesions
(>20 mm; 31.4%) and those with moderate to severe calcification
(23.9%) (Table 2).

Table 2. Lesion characteristics.

Parameter _Numher Jj
lesions (n=742)

Target lesion coronary artery, n (%) 701 (94.5)

Bifurcation lesion (side branch >2 mm), n (%) 101 (13.6)
with moderate/severe calcification, n (%) 32(4.3)

Moderate/severe calcification, n (%) 177 (23.9)

Lesions >20 mm, n (%) 232 (31.4)

Reference vessel diameter <2.75 mm, n (%) 250 (33.7)
Total occlusion, n (%) 69 (9.3)

De novo lesions, n (%) 701 (94.5)
Restenotic lesions, n (%) 41 (5.5)

Device success, defined as achievement of less than 30% resid-
ual in-segment percent diameter stenosis and either TIMI flow 3 or
a consistent TIMI flow 2 before and after the procedure using the
assigned device only, was achieved in 98.8% of patients. Lesion
success, defined as achievement of less than 30% residual in-seg-
ment percent diameter stenosis and either TIMI flow 3 or a consist-
ent TIMI flow 2 before and after the procedure, was achieved in
98.9% of patients. Procedure success, defined as achievement of
less than 30% residual in-segment percent diameter stenosis and
either TIMI flow 3 or a consistent TIMI flow 2 before and after the
procedure with the assigned stent and without the occurrence of
death, MI or repeat revascularisation of the target vessel during the
hospital stay, was achieved in 98% of patients (Table 3).

Table 3. Procedure characteristics.

Parameter Number i
lesions (n=742)

Lesions per patient, mean+SD 1.49+0.74
Stents per patient, mean+SD 1.73+0.96
Stents per lesion, mean+SD 1.16+0.47
Lesion length (mm), mean+SD 18.7+£9.7
Total stent length per lesion (mm), mean=SD 22.6+10.9
Stent length (mm), mean+SD 19.2+6
Glycoprotein I1b/lIlla inhibitor use, n (%) 81 (10.9)
Lesion success, n (%) 734 (98.9)
Device success, n (%) 733 (98.8)
Procedure success, n (%) 727 (98)




Outcomes for clinical events are reported using Kaplan-
Meier estimates. The number of events are given in parentheses.
Hierarchical MACE rates at one and five years were 4.3% (21) and
10.9% (52), respectively (Figure 1). For five years the cumulative
incidence of all death was 8.5% (41). The cumulative incidence
of cardiac death was 4.4% (21), with about half of the total deaths
occurring during the first year (Figure 2). The cumulative incidence
of MI at five years was 4.5% (21), of which 3.6% (17) and 1% (5)
were non-Q-wave and Q-wave MI, respectively, with a Q-wave MI
plateau at 1% (Figure 3). The TLR rate at five-year follow-up was
3.8% (18). Most of the TLR occurred during the first two years,
with a tendency to plateau after two years. Interestingly, for TVR
and non-TLR TVR, the rates increased linearly (Figure 4). Target
lesion failure (TLF), defined as a composite of cardiac death that
could not be clearly attributed to a non-target vessel, target vessel
MI or TLR, had a cumulative incidence of 8.2% (39) at five-year
follow-up (Figure 5). The five-year definite stent thrombosis (ST)
cumulative incidence was only 1.2% (6). Most of the ST occurred
during the first year (0.8%), and after two years it plateaued at 0.4%
(Figure 6).
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Figure 1. Hierarchical MACE. Cumulative incidence rate at 5 years.
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Figure 2. Cardiac death. Cumulative incidence rate at 5 years.
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Figure 3. Myocardial infarction, stratified by Q-wave and non-Q-
wave MI. Cumulative incidence rate at 5 years. MI: myocardial

infarction
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Figure 4. Revascularisation stratified by TVR, TLR only and
non-TLR TVR only. Cumulative incidence rate at 5 years.

TVR: target vessel revascularisation

Discussion

The final five-year follow-up results of the LEADERS trial using
a similar Biolimus A9-eluting stent have been published'?. The
results showed that a biodegradable polymer-based Biolimus
A9-eluting stent (BES) was non-inferior to a durable polymer
sirolimus-eluting stent (SES). Compared with a durable polymer
SES, the biodegradable polymer-based BES was linked to a signifi-
cant reduction in very late (>1 year) ST and associated composite
clinical endpoints. The safety benefit of the biodegradable polymer-
based BES appeared to occur in more complex CAD and was sec-
ondary to a reduction in MI and repeat revascularisation.
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Figure 5. Target lesion failure. Cumulative incidence rate at 5 years.
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Figure 6. Definite ST. Cumulative incidence rate at 5 years. ST: stent
thrombosis

Patient demographics and characteristics differed across
LEADERS and BEACON II. Asian patients undergoing percutane-
ous coronary intervention (PCI) were usually much younger with
a high prevalence of CV risk factors®”. BEACON II patients, as
compared to LEADERS patients, were younger (59.8 vs. 64.6), had
a higher prevalence of diabetes (32.5% vs. 26.0%) and hypercho-
lesterolaemia (74.4% vs. 65.3%) and a higher rate of multivessel
disease (58.1% vs. 24.4%). In LEADERS", the MACE rate at nine
months was 9.1%, while in BEACON II the rate at one year was
4.9%.

Patient compliance with DAPT and follow-up rates were sim-
ilar at five years. Follow-up was available in 96% of patients
in the BES arm of the LEADERS trial and in 94% of patients

in BEACON 1I at five years. The final five-year report of the
LEADERS trial" demonstrated that there was a significant interac-
tion between treatment effect and time (zero to one year, and one to
five years, p-value for interaction=0.022). Specifically, there was
a significantly lower risk of definite ST for the biodegradable pol-
ymer BES compared with the durable polymer SES, from years
one to five (RR: 0.26 [95% CI: 0.10 to 0.68]; p=0.003), whereas,
at year zero to one year, the incidence of definite ST was similar
between the two groups. Similar findings were noted in BEACON
II for ST: there was a significant interaction between treatment
effect and time (zero to one year, and one to five years, p-value for
interaction=0.043). The Kaplan-Meier cumulative incidence per-
centage at zero to one year, and from one to five years was 0.8%
and 0.4%, respectively.

A favourable advantage of the biodegradable polymer BES stent
seems to occur after one year, in particular the rare incidence of
VLST. Both LEADERS and BEACON II showed similar low very
late event rates for BES, in particular very late definite stent throm-
bosis from one to five years.

Another biodegradable polymer BES is the Nobori® (Terumo
Corporation, Tokyo, Japan). The only difference between the
BioMatrix and the Nobori stent is the slight modification in stent
design, the delivery catheter and the coating method. The use of the
Nobori stent results in better endothelial recovery, with normal coro-
nary vasodilatation in the adjacent stent segment after implantation,
contrasting with the paradoxical vasoconstriction seen with first-
generation DES?!. A recently pooled analysis based on individual
patient data from the ISAR-TEST 3, ISAR-TEST 4 and LEADERS
trials?? showed that biodegradable DES (BioMatrix Flex™, n=857;
and biodegradable polymer SES, n=1,501) improved safety and
efficacy compared with durable polymer SES during long-term
follow-up to four years. In this meta-analysis, the efficacy end-
point of interest was TLR and the safety endpoint of interest was
definite ST. At four years, the risk of TLR was significantly lower
with biodegradable polymer DES vs. durable polymer SES (haz-
ard ratio [HR] 0.82, 95% CI: 0.68-0.98, p=0.0029). In addition, the
risk of ST was also significantly reduced with biodegradable poly-
mer DES vs. durable polymer SES (HR 0.56, 95% CI: 0.35-0.90,
p=0.015), driven by a lower risk of VLST (HR 0.22, 95% CI: 0.08-
0.61, p=0.004). The incidence of MI between one and four years
was lower with biodegradable polymer DES vs. durable polymer
SES (HR 0.59, 95% CI: 0.73-0.95, p=0.031). In the COMPARE
II and NEXT trials, biodegradable polymer BES have been shown
to be as safe and efficacious as the current standard of a thin-strut
everolimus-eluting stent with a durable biocompatible polymer at
one-year follow-up??. Longer-term follow-up will show whether
the beneficial effect of the biodegradable polymer BES on late stent
thrombosis also applies when compared to newer-generation DES.

The concept of polymer-free stents and bioresorbable vascular
scaffolds looks very interesting. Preclinical studies support their
use, but robust clinical data are still lacking. Until then, biodegrad-
able polymer BES/DES will have a major role to play in our daily
PCI practice.



Limitations

Several limitations should be underlined. First of all, this is a sin-
gle-group, non-randomised design, which has some degree of selec-
tion bias. Data analysis is hence descriptive in nature and inferior
to a randomised trial as no direct comparison can be made versus
a control group. Secondly, the results reported here may have been
affected by the type of bias inherent in all registries, namely the
selective inclusion of lower-risk patients, together with less exhaus-
tive monitoring than that applied in randomised controlled trials,
potentially contributing to an overall under-reporting of events.
Additionally, the SYNTAX score was not common practice at all
study sites at the time of the study and was not calculated for all
patients as part of the screening process. Patients with left main
disease were excluded during the enrolment period in 2008 as the
choice of treatment then was CABG. This was before the ACCF/
AHA/SCAI guidelines for left main PCI were established in 2011.
Last but not least, our sample size was small and was not calculated
to determine predictive factors for MACE, revascularisation and
stent thrombosis outcome.

Conclusions

The BEACON II registry confirms the findings of the LEADERS
trial and other trials involving biodegradable polymer BES. Indeed,
the BioMatrix stent has a good safety profile up to five years when
used in routine clinical practice in an Asian Pacific population.
There appears to be a significant interaction between treatment
effect and time zero to one year and from one to five years. After
one year, the rate of definite ST (VLST) was very low and was
maintained up to five years.

Impact on daily practice

In daily clinical practice we often encounter complex lesions
and Asian patients in particular have a high prevalence of diabe-
tes mellitus. The findings from the BEACON II registry, which
indicate a good safety profile in the BioMatrix drug-eluting
stent, at least up to five years, give us great reassurance in using

this stent in our routine clinical practice.
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Abstract
Aims: We aimed to evaluate the relationship between timing of admission and long-term mortality of
ST-elevation myocardial infarction (STEMI) patients treated with primary percutaneous coronary interven-

tion (PPCI) in a tertiary care academic teaching hospital.

Methods and results: A total of 1,126 STEMI patients admitted during off-hours (week nights, weekends,
holidays) and regular hours treated with PPCI between 2008-2013 were analysed. Descriptive analysis and
multivariable survival analysis were used to estimate the relationship between treatment during off-hours
versus regular hours and the incidence of all-cause mortality during hospitalisation and at one-year follow-
up. There was a similar proportion of patients achieving door-to-device time <90 minutes (45.3% vs. 48%)
among STEMI patients admitted during off-hours (n=857) as compared with regular hours (n=269). Aspirin
and clopidogrel use within 24 hours approached 97% and 98% of patients admitted in off-hours and reg-
ular hours, respectively. Achievement of post-PPCI Thrombolysis In Myocardial Infarction flow grade 3
approached 93% and 91% in off-hours and regular hours admission, respectively (p=0.18). In-hospital mor-
tality was similar in patients admitted during off-hours and those admitted during regular hours (5.1% vs.
5.9%; adjusted hazard ratio 0.81; 95% CI: 0.43-1.54). One-year mortality was also similar (10.5% vs. 13%);
adjusted hazard ratio 0.73; 95% CI: 0.46-1.12).

Conclusions: STEMI patients who were admitted during off-hours to an academic hospital and treated with
PPCI had similar survival at one year as compared with those who were admitted during regular hours. Study
registration: Clinicaltrials.gov NCT02319473
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Introduction
Randomised clinical trials have shown the superiority of primary
percutaneous coronary intervention (PPCI) over fibrinolysis ther-
apy in terms of better event-free survival and clinical outcomes in
patients with acute ST-elevation myocardial infarction (STEMI)".
However, there has been concern as to whether STEMI patients who
are admitted during off-hours (week nights, weekends, and holidays)
to undergo PPCI might have higher mortality than patients admitted
during regular “office” hours. The mortality difference is thought to
be due to the variations in door-to-device (DTD) time, door-to-ECG
time, awareness of the alarm centre staff, physician performance,
and the numbers of staff in the catheterisation laboratory and inten-
sive cardiovascular care unit. On the other hand, the establishment of
a STEMI network may narrow these disparities, resulting in similar
outcomes regardless of the time of the patient’s presentation.
Editorial, see page 93

While prior studies have shown contradictory outcomes in STEMI

patients who underwent PPCI during off-hours versus regular office

hours*'

, most of the studies did not evaluate the long-term out-
comes>*68211-14 Moreover, many of these studies included several
centres, and results from hospitals with poor STEMI processes may
offset those from leading centres (i.e., “regression to the mean”). In
this context, data from a single centre may provide value by provid-
ing an example of “best practices” for PPCI if outcomes are similar
between off-hours and on-hours patients. We evaluated the relation-
ship between timing of admission of STEMI patients (off-hours
versus regular hours) and long-term mortality of STEMI patients

treated with PPCI in a tertiary care academic teaching hospital.

Methods
PATIENT POPULATION
Data were derived from a local registry (Jakarta Acute Coronary
Syndrome [JAC] registry) in the National Cardiovascular Center
Harapan Kita, Jakarta, Indonesia. The hospital is a tertiary refer-
ral and teaching hospital, serving approximately 11 million inhab-
itants. The hospital provides a 24/7 PPCI service and performs
approximately 2,000 PCIs annually with 13 interventional cardi-
ologists. Since 2008, all consecutive patients with acute coronary
syndrome (ACS), including STEMI patients who presented within
12 hours of symptom onset and underwent PPCI in the hospital,
were recorded in the database. Using the JAC registry database,
we examined the characteristics of STEMI patients admitted during
off-hours versus regular hours and treated with PPCI. The Jakarta
Cardiovascular Care Unit Network System was developed in 2010
to provide rapid and optimal reperfusion therapy for STEMI within
a regional network of 156 hospitals and 44 primary healthcare cen-
tres. The STEMI network is coordinated by the emergency depart-
ment (ED) staff of our hospital and manned 24/7'>"7. Currently, the
JAC registry is the main data source for measuring the performance
of the STEMI network, and this study is part of the analysis of the
performance measures.

Hospital admission time (off-hours and regular hours) was the
primary basis for classification used in the study cohort. Off-hours

arrival time was defined as week nights (Monday to Thursday:
4 pm to 7.30 am, and Friday: 4.30 pm to 7.30 am), weekends, and
holidays. Regular hours arrival was defined as weekdays/regular
office hours (Monday to Thursday: 7.30 am to 4 pm, and Friday:
7.30 am to 4.30 pm).

Diagnosis of STEMI was made based on the presence of ischae-
mic symptoms and persistent (>20 minutes) ST-segment elevation
in at least two contiguous leads, a new left bundle branch block,
or a true posterior myocardial infarction confirmed by posterior
leads™. This study has been approved by the local institutional
review board committee.

STUDY SAMPLE

Between 1* January 2008 and 29" December 2013, the JAC regis-
try database contained 15,252 ACS patients, of whom 5,237 were
STEMI patients. Of these, 1,126 patients underwent PPCI and were
included in the analysis. The majority of STEMI patients did not
receive reperfusion therapy, mainly due to late presentation of the
patient'>!”. Patient distribution is displayed in Figure 1. Patients
with a repeated PPCI procedure were included in the study since
hospital admission time is the primary basis of the analysis.

MANAGEMENT PROTOCOL

The management of STEMI was in accordance with the European
Society of Cardiology (ESC) guidelines'®. All patients were pre-
treated with 160-320 mg acetylsalicylic acid and 600 mg clopidogrel
orally before PPCI, followed by daily administration of 75 mg
clopidogrel for six to 12 months after discharge and 80-100 mg
acetylsalicylic acid indefinitely. Before PPCI, all patients received
an intravenous bolus of unfractionated heparin in the catheterisa-
tion laboratory (50 IU/kg if receiving glycoprotein IIb/I11a inhibitor
[GPI] or 100 IU/kg if not receiving GPI). The use of GPI was left to
the discretion of the interventional cardiologist in charge.

Vascular access site choice for PPCI was according to operator
preference, and PPCI was performed based on standard techniques.
In our institution, stenting only in the infarct-related coronary artery
(IRA) was adopted. Technical considerations, such as direct stenting
or balloon predilation were left to the operator’s discretion. Manual
thrombus aspiration was recommended as part of the local protocol'’.

Angiographic measurement of coronary flow using the
Thrombolysis In Myocardial Infarction (TIMI) flow classification
was applied to evaluate the microvascular perfusion in all patients
following PPCI*.

DATA COLLECTION AND FOLLOW-UP

Data elements consisting of demographic, clinical, procedural,
angiographic and follow-up variables were collected from the JAC
registry electronic database. Data quality is maintained through
point-of-entry and monthly data quality checks by the principal
investigator of the JAC registry (SD). In-hospital and one-year
mortality were obtained from the medical records, phone calls, and/
or family interviews by dedicated research staff using a standard-

ised questionnaire.



Off-hours admission and mortality of STEMI

1/1/2008 - 29/12/2013
15,252 patients

Acute coronary syndrome patients:

Excluded:
- Non-STE-ACS: 10,015 patients

5,237 STEMI patients

QOther exclusions:

- Fibrinolysis therapy: 184 patients
- No reperfusion: 3,754 patients

- Incomplete variables: 173 patients

1,126 patients who underwent PPCI
were included in the final analysis

RN

Off-hours admission:
857 patients
(76%)

Regular hours admission:
269 patients
(24%)

Figure 1. Patient distribution. PPCI: primary percutaneous coronary intervention; STE-ACS: ST-elevation acute coronary syndrome;

STEMI: ST-elevation myocardial infarction

STUDY OUTCOME AND DEFINITION

The primary outcome of the study was all-cause mortality, assessed
at one-year follow-up. The secondary outcomes included in-hos-
pital mortality, proportion of patients achieving door-to-device
(DTD) time <90 minutes, dual antiplatelet use within 24 hours
and achievement of post-PPCI TIMI flow grade 3. Door-to-device
time was defined as the time from patient arrival at the emergency
department to the introduction of the first device, either a thrombus
aspiration catheter or a balloon catheter into the IRA. Thrombolysis
In Myocardial Infarction flow grade 3 was defined as a patent epi-

cardial artery with normal flow?’.

STATISTICAL METHODS

We grouped patients according to time of admission (off-hours or
regular hours). Baseline demographic, medical history, and pro-
cedural data were compared between the two groups. Data are
expressed as meantstandard deviation for normally distributed
continuous variables. For skewed distribution, data are expressed
as median and range. Continuous variables were compared with
the Student’s t-test or Mann-Whitney U test and the chi-square test
or Fisher’s exact test was used to compare categorical variables as
appropriate. Cox proportional hazard regression models were used
to examine the association between treatment during off-hours ver-
sus regular hours and the incidence of all-cause mortality during
hospitalisation and at one-year follow-up.

The incidence of death over time was studied with the use of
the Kaplan-Meier method, and a log-rank test was applied to eval-
uate differences between the two groups (admission during off-
hours versus regular hours). Hazard ratios (HR) (95% confidence
intervals) for in-hospital and one-year mortality by off-hours and
regular hours are presented, where the reference is off-hours.

Several baseline clinical and procedural characteristics which are
listed in Table 1 were considered as potential confounders for the
in-hospital and one-year mortality; therefore, the relevant vari-
ables were used to adjust the HRs including sex, diabetes mellitus,
anterior MI, Killip class, TIMI risk score, symptom onset, throm-
bus aspiration and post-PPCI TIMI flow grade. The analysis was
repeated in several important subgroups, including the relevant
variables described.

All statistical tests were two-tailed and a p-value <0.05 was con-
sidered significant. Statistical analyses were performed with SPSS
for Windows version 17.0 (SPSS Inc, Chicago, IL, USA).

Results

STUDY SAMPLE

Out of 1,126 patients presenting with STEMI who underwent PPCI
in our institution, 857 (76%) presented during off-hours (Figure 1).

CLINICAL CHARACTERISTICS

The majority of STEMI patients in both groups were referred from
other hospitals and presented to the ED of our hospital within two
to six hours after symptom onset. Aspirin and clopidogrel use
within 24 hours approached 97% and 98% of patients admitted in
oft-hours and regular hours, respectively. Discharge treatment was
similar in both groups. In general, the patient clinical characteris-
tics were similar between off-hours and regular hours admission

(Table 1).

PROCEDURAL AND ANGIOGRAPHIC CHARACTERISTICS

The proportions of patients receiving DTD in <90 minutes and final
achievement of TIMI 3 flow after PPCI were similar between the two
groups. However, the use of manual thrombus aspiration during PPCI
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Table 1. Clinical characteristics of STEMI patients based on
timing of presentation.

Table 2. Procedural characteristics.

Off-hours | Regular hours

Off-hours |Regular hours (n=857) (n=269) prvalue
(n=857) (n=269) (AL Door-to-device, minutes 114+89.32 111266.65 0.58
Age, years 55.44+9.73 56.4+9.94 0.15 Door-to-device <90 minutes, n (%) 388 (45.3%) | 129 (48%) 0.44
Male gender, n (%) 753 (87%) 224 (83%) 0.052 Manual thrombus aspiration, n (%) 425 (49.6%) | 112 (41.6%) 0.009
Source of Walk-in/Ambulance | 250 (29.1%) 74 (27.5%) 0.59 Post-PPCI TIMI 3 flow, n (%) 801 (93%) 245 (91%) 0.18
referral, 0 (%) |'\yter-hospital 580 (67.6%) | 171(63.5%) | 021 Use of GPI, n (%) 574 (67%) | 172 (64%) 0.35
Anterior wall MI, n (%) 484 (56.5%) 152 (56%) 0.99 Culprit vessel, n | LAD 394 (46%) 117 (43.5%) 0.45
Blood pressure, | Systolic BP 131 (56-220) | 130 (18-240) | 0.7 () LCX 37(43% | 1566%) | 038
mmHg Diastolic BP 80(33-153) | 77(43-131) | 0.16 RCA 288(33.6%) | 89(33.1%) | 047
Heart rate, bpm 78 (16-166) 76 (20-142) 0.23 GPI: glycoprotein IIb/llla inhibitor; LAD: left apterior dgscending grtery; LCX: left circumflex
E'jrsaktiﬂcation Killip class 1 623 (72.7%) 207 (76.9%) 0167 ?ﬁ'ynfr';ﬂbglr)"g:srlynFﬁ;ggﬁgfal)llllifcaorrclﬁgnw intervention; RCA: right coronary artery;
n (%) " | Killip class 2-4 234 (27.3%) 62 (23%)
TIMI score >4 310 (36.2%) 88 (32.7%) 0.30
Risk factor, | Hypertension 472 (55%) 154 (57.2%) | 0.53 hours (5.1% vs. 5.9%). Similarly, no statistically significant dif-
12, Diabetes mellitus 256 (29.8%) 74 (27.5%) 0.45 ferences were found in all-cause mortality at one year (10.5%
Dyslipidaemia 385 (44.9%) 130 (48.3%) 0.33 vs. 13.0%). The log-rank test of the one-year cumulative survival
Smoker 570 (66.5%) 163 (60.6%) 0.07 between the two groups was 0.21 (Figure 2). Multivariable adjust-
Family history 189 (22%) 57 (21.2%) 0.76 ment for confounders of the relation between admission timing
Onset of 2-6 hrs 463 (54%) 150 (55.7%) | 0.61 (off-hours) showed no significant association between off-hours
;]"erfsdlm, 6-12 hrs 310 (36.2%) 80 (29.7%) 0.053 p?esentationh and early or later mortality (afijusted HR for in-hos-
pital mortality 0.81, 95% CI: 0.43-1.54; adjusted HR for one-year
Antiplatelet | Aspirin 836(97%) | 264(98%) | 057 | morality 0.73, 95% CI: 0.46-1.12) (Table 3).
within the first
24 hrs, n (%) | Clopidogrel 829 (97%) 263 (98%) 0.38
Medication at | Aspirin 788 (92%) 249 (92%) 0.74 1.0 7
gif%h)a’ge' Clopidogrel 786 (91%) 246 (91%) 0.89 %
ACE inhibitor 656 (76%) | 190(71%) | 0.2 .
Statin 789 (92%) 240 (89%) 0.14
Beta-blocker 646 (75%) 185 (69%) 0.08 T
Centtla oyl 586+063 | 6454491 | 007 E
BP: blood pressure; MI: myocardial infarction; PPCI: primary percutaneous coronary %
intervention; TIMI: Thrombolysis In Myocardial Infarction é 044
o

was more common in the off-hours than the regular hours patients
(off-hours 49.6% vs. regular hours 41.6%, p=0.009) (Table 2).

MORTALITY

Survival data were complete for all patients. The cumulative inci-
dence of all-cause mortality during the hospitalisation period was
similar in STEMI patients admitted during off-hours versus regular

Table 3. Primary outcomes according to timing of admission.
In-hospital

Number of Crude HR and

024 Log-rank, p=0.21
—— Off-hours

Regular hours

00 T T T 1
0 100 200 300 400
Time of death (days)

Figure 2. The one-year cumulative survival between off-hours and
regular hours admission.

Number of Crude HR and

Adjusted HR and

Adjusted HR and

events, n (%) 95% Cl 95% Cl events, n (%) 95% Cl 95% Cl
Death Off-hours 44 (5.1%) 0.86 (0.48-1.52) 0.81 (0.43-1.54) 90 (10.5%) 0.77 (0.52-1.15) 0.73 (0.46-1.12)
Regular hours 16 (5.9%) 1 1 35 (13%) 1 1

‘ Cl: confidence interval; HR: hazard ratio




SUBGROUP ANALYSIS

In the subgroup analysis involving several relevant clinical and
procedural variables, we found a consistent result with respect to
the similar mortality at one year between the two admission times
across all subgroups (Figure 3).

Discussion

In this long-term follow-up study involving 1,126 patients with
STEMI undergoing PPCI at an academic hospital, we found that
admission during off-hours was not associated with an increased
risk of short or long-term mortality. The results are consistent in the
relevant subgroups. These data suggest that, at centres with well-
established STEMI processes, outcomes are not compromised even
when patients present during times when full hospital operations
are not available.

Prior studies have demonstrated that the disparity in quality of
care may account, in part, for the differences in STEMI patients
admitted during off-hours and regular hours. However, previ-
ously published data from 1999 to 2014 have shown conflicting
results and demonstrated differences in reperfusion times among
patients with STEMI based on the time of presentation, leading
to outcome differences®!*. For example, previous studies showed
that STEMI patients presenting during off-hours are less likely to
achieve certain parameters of performance measures for STEMI
care such as door-to-balloon time <90 minutes, door-to ECG time
<10 minutes, and a smaller proportion of patients receiving aspi-
rin within 24 hours than regular hours admission. Other concerns
include the number and performance of physicians and hospital
staff during off-hours which may differ from those encountered
during regular office hours. Our study indicates that at an aca-
demic centre with an established programme for STEMI care

these disparities do not exist.

Off-hours admission and mortality of STEMI

There are several reasons which may explain the similar out-
comes of STEMI patients admitted during off-hours and regular
hours in this study. First, our hospital has similar performance for
treating STEMI patients over time, as shown by the similar propor-
tion of patients reaching a DTD time of <90 minutes and receiv-
ing aspirin within 24 hours between off-hours and regular hours
admission. Second, the performance of the interventional cardiolo-
gist may also be similar due to the similar achievement of post-
PPCI TIMI flow grade 3 of the culprit vessel in the two admission
times. In addition, the higher number of thrombus aspiration pro-
cedures in the off-hours group than in the regular hours group may
partly indicate that the performance of the treating interventional
cardiologist in our hospital is not lacking during off-hours. Third,
there are inherent structural and process characteristics of our hos-
pital which may allow a similar quality of care during the day, at
night and at weekends. For example, the catheterisation laboratory
nurses on duty (two persons) stay in the hospital during the off-
hours and are dedicated to support the 24 hr emergency services
including PPCI. In addition, the medical residents and the cardiolo-
gist on duty also stay in the hospital during off-hours. This immedi-
ate availability of the catheterisation laboratory team is consistent
with the findings from the GRACE registry that has shown higher
primary PCT utilisation at academic centres®!. The similar discharge
treatment between the two groups may further explain the similar
one-year mortality between the two groups. This is an important
process-based performance measure and again supports the hypoth-
esis that the system for STEMI set up at our hospital allows simi-
lar management of STEMI patients regardless of the time of day.
Compared to our hospital, other hospitals in the region may have
different healthcare resources and staffing patterns. Currently, only
our hospital has a 24/7 service for primary PCI covered by the gov-

ernment healthcare insurance system and not all hospitals have an

Male — ol p=0.97
Diabetes mellitus H—e—i p=0.055
Anterior Ml e p=0.32
Killip class 2 to 4 ——e—i p=0.19
TIMI risk score >4 ——e——i p=0.13
Onset 2-6 hours e p=0.85
Onset 6-12 hours —T—e——i p=0.25
Thrombus aspiration —e— p=0.27
Post-procedural TIMI flow 0-2 — p=0.12
2 Off-hours Regular hours :‘

1-year mortality

Figure 3. Subgroup analysis of patients according to admission time and all-cause mortality at one year: Data are presented as hazard ratios

and 95% confidence intervals. MI: myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction
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on-site cardiologist/interventional cardiologist or catheterisation
laboratory nurses during oft-hours. The mean number of board-cer-
tified cardiologists per million population in Jakarta is 18.9'7. Our
study suggests that increasing this number may optimise the care of
STEMI patients in the region.

Quality improvement initiatives that focus on attainment of qual-
ity measures for STEMI care at all times of presentation include:
1) additional numbers of in-house catheterisation laboratory per-
sonnel (physician and nurses) at all PPCI centres; 2) implementa-
tion of a STEMI network in the community in order to increase the
awareness of STEMI among the public and reduce the symptom
onset-to-door time, thus reducing the proportion of non-reperfused
STEMI patients.

Limitations

The reported results are based on a single-centre experience and
should not be generalised to other hospitals in the region. Furthermore,
several relevant variables have not been recorded in the database,
and therefore cannot be evaluated, such as revascularisation history
in multivessel disease patients and medication at one-year follow-
up. However, the similar outcome at one-year follow-up in both oft-
hours and regular hours admission might somehow explain the good
balance of the relevant variables in the two admission times. Finally,
our study is observational and, like all observational studies, there
may be unmeasured confounders that account for our findings.

Conclusion

STEMI patients who were admitted during off-hours to an aca-
demic hospital and treated with PPCI had similar survival at one
year as compared to those with regular hours admission.

Impact on daily practice

This study described the methods to assess quality of care in
patients with ST-elevation myocardial infarction (STEMI)
treated with primary percutaneous coronary intervention. The
hospital performance should be similar for treating patients
who are admitted during off-hours and regular hours. Thus, in
daily practice, the results of this study will encourage the imple-
mentation of a regional STEMI network. When such a pathway
works efficiently, reperfusion times are usually within the recom-
mended guidelines, regardless of the admission times.
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Role of remote ischaemic preconditioning on myocardial
injury in stable patients undergoing percutaneous coronary

intervention:
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Abstract

Aims: Remote ischaemic preconditioning (RIPC) has been shown to reduce the incidence of myocardial
injury in patients undergoing percutaneous coronary intervention (PCI) in preclinical and limited clinical tri-
als. Qur objective was to assess the applicability of RIPC before PCI in the effective reduction of myocardial
injury among stable patients.

Methods and results: This was a single-centre, case-control, randomised study where 108 patients under-
going PCI were randomised to either RIPC or control group (n=54 each). Along with levels of troponin [ and
C-reactive protein (CRP), the incidence of PCl-related myocardial infarction (MI) was recorded at baseline,
six, 12 and 24 hours after PCI. A significant reduction in troponin I release was seen in the RIPC group at
both 12 (0.08+0.13 vs. 0.16+0.19 ng/ml, p=0.01) and 24 hours (0.06+£0.04 vs. 0.224+0.3 ng/ml, p<0.01) post
PCI as compared to that in the control group. RIPC was also found to be instrumental in reducing CRP lev-
els in the RIPC group as compared to the control group at both 12 (p=0.04) and 24 hours (p=0.04) post PCI.
A significant reduction in the incidence of PCl-related MI in the RIPC group was also noted when compared
to the control group at 24 hours post PCI (14.8% vs. 38.9%, p<0.01), which however was found comparable
at both six hours and 12 hours post PCI (p>0.05).

Conclusions: RIPC, administered by transient upper limb ischaemia, significantly reduces troponin I and
CRP release at 12 and 24 hours post PCI, resulting in a significant reduction in the incidence of PCl-related
MI at 24 hours post PCIL.

*Corresponding author: Department of Cardiology, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Raebareli Road,

Lucknow, 226014, India. E-mail: sudeepkum@yahoo.com

© Europa Digital & Publishing 2015. All rights reserved.



Introduction

Troponin release is a sensitive and specific marker of myocyte
necrosis and infarction resulting from a form of ischaemia/reper-
fusion injury, downstream embolisation of atheromatous material,
and coronary side branch occlusion'. In addition to the strong diag-
nostic role of cardiac troponins, their prognostic value has become
increasingly well established for patients presenting with acute cor-
onary syndrome®*. The inflammatory response and enzyme leakage
during coronary angioplasty is increasingly becoming a recognised
issue*. Elective percutaneous coronary intervention (PCI) is asso-
ciated with troponin release in approximately one third of cases’,
and this troponin release is independently and significantly predic-
tive of an increased risk of adverse events®!!.

Transient sublethal episodes of ischaemia before a prolonged
ischaemia/reperfusion injury, known as ischaemic preconditioning
(IPC), have been shown to reduce the extent of myocardial injury'2.
Therefore, remote ischaemic preconditioning (RIPC) is a phenom-
enon in which brief episodes of ischaemia followed by reperfusion
in one organ seem to provide systemic protection from prolonged
ischaemia in the myocardial muscle and also to limit the myocar-
dial infarction (MI) size'®. This phenomenon has been observed in
an animal model®. IPC has been used during cardiac surgery'*. IPC
has also been applied during angioplasty (regional vessel precondi-
tioning) to reduce inflammation' and enzyme leakage'®!”. A novel
way to apply preconditioning via remote organ (e.g., limb) ischae-
mia reperfusion cycles has been described'®. An added advantage
is that the entire heart may thus be preconditioned, that is to say,
globally, not regionally'. RIPC has been shown to protect against
endothelial ischaemia/reperfusion injury' and the extent of MI
after adult coronary bypass surgery®*?!, paediatric surgery?, and
non-cardiac surgery®. However, some studies failed to demonstrate
a beneficial effect of RIPC during PCT*.

Editorial, see page 96

The aim of our study was to determine whether RIPC before PCI
reduces the cardiac enzyme release in stable patients (troponin I
negative) with coronary artery disease.

Methods

STUDY POPULATION

This was a single-centre, prospective, randomised, case-control
study. Patients (n=108) having stable angina (with negative tro-
ponin I) undergoing angioplasty were enrolled in the study during the
period between March and December 2013. The present study was
a one of a kind, a pilot project which attempted to explore the ben-
efits of RIPC among subjects of Indian ethnicity. Thus, all qualifying
patients were included for a flat 10-month recruitment period, and
formal sample size calculation was reserved to the planned valida-
tion study with an increased follow-up duration (study still ongoing).
After confirmation of their eligibility, all subjects duly consented and
were then randomised to either RIPC or control group using sealed
envelopes. Two clinicians from our author group, who were in charge
of randomisation, prepared randomly generated treatment alloca-
tions within uniform sealed and opaque envelopes. Once the subject

RIPC reduces post-PCl myocardial injury

consented to the study, an envelope was opened and the patient was
then placed in either the RIPC or the control group. These two cli-
nicians were also responsible for administration of actual and mock
preconditioning to the subjects. Other members of the study team
were blinded to the procedures, including allotment of precondition-
ing/mock preconditioning and its administration to cases and con-
trols. Patients with acute myocardial infarction, unstable angina,
having elevated troponin I before PCI, additional cardiac disease,
women of child-bearing age, nicorandil or glibenclamide use (pre-
conditioning mimetic and preconditioning blocking medication,
respectively), renal and hepatic insufficiency, malignancy, rheuma-
toid arthritis, active infection and severe comorbidity (estimated life
expectancy <6 months) were excluded from this study.

PROCEDURAL INTERVENTIONS

During the time of admission, patients were instructed to avoid any
strenuous activity which could provoke angina before their pro-
cedure. A baseline ECG was carried out in all patients. LV ejec-
tion fraction was calculated using Simpson’s method of disc by
echocardiography.

Patients randomised to RIPC had a blood pressure cuff placed
around their non-dominant upper arm. The cuff was inflated to
200 mmHg pressures for five minutes followed by five minutes of
deflation, to allow reperfusion. This was repeated for three cycles.
Control patients had a similar cuff placed around the upper arm,
but it was not inflated (mock preconditioning). These procedures
were administered accordingly among the patient and control
cohorts at 60-180 minutes prior to PCI with a mean duration of
95.15427.36 minutes. Thereafter, all patients underwent PCI per-
formed by an interventionist blinded to the study group allocation.

PCI was performed via the radial arterial approach using 6 Fr guid-
ing catheters. All patients received 600 mg clopidogrel at least six
hours before PCI. Patients were anticoagulated with a heparin bolus
(70 to 100 U/kg) after arterial sheath insertion to achieve an activated
clotting time >250 seconds. Glycoprotein IIb/Illa antagonists were
administered at the discretion of the primary operator. Stent inflation
and balloon dilations were done in accordance with current clinical
practice. For each patient, the number of vessels treated, number and
type of stent, baseline and intraprocedural TIMI flow were noted.
Aspirin and clopidogrel were advised to all patients after angioplasty
as per standard practice. The severity of CAD was assessed by quan-
titative coronary angiography, and lesions were classified qualita-
tively according to the modified ACC/AHA classification® into type
A, B and C. Chest pain severity during PCI was graded on a scale of
zero for no pain to 10 for the most severe discomfort.

All patients were followed up after 30 days for any adverse
event (death, reinfarction, stent thrombosis, recurrence of angina).
Endpoint assessment was carried out by a team of two clinicians who
were completely blinded to the whole randomisation process.

BIOCHEMISTRY
Venous blood samples were taken at the time of admission (base-
line) and six, 12 and 24 hours after PCI for troponin I and C-reactive
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protein (CRP). Serum creatinine samples at baseline and 24 hrs post
PCI were also taken. Troponin I was analysed with an automated
immunoassay (Triage® Cardiac panel; Biosite/Inverness Medical
Innovations Inc., San Diego, CA, USA, now manufactured and dis-
tributed by Alere, Waltham, MA, USA). The 99" percentile of the
troponin I level in a reference population (upper reference limit)
of healthy volunteers was below the lower limit of detection of
0.04 ng/ml. The variation coefficient, a measure of precision within
the analytical range was <10%, complying with the European
Society of Cardiology/American College of Cardiology consen-
sus requirements®. The analytical range was 0.05 to 30 ng/ml, with
an assay sensitivity of 0.006 ng/ml. According to the joint task
force of the European Society of Cardiology, American College
of Cardiology Foundation, American Heart Association and World
Heart Federation, a PCl-related MI (MI 4a) is defined as a rise in
troponin >0.12 ng/ml (three times the upper reference limit)*. The
World Health Organization definition for MI for this assay was
>0.78 ng/ml. The lower limit for detection of CRP was 0.32 mg/dLl.

STATISTICAL ANALYSIS

SPSS Version 16.0 statistical software (SPSS Inc., Chicago, IL,
USA) was used for data entry and subsequent statistical analy-
sis. Continuous data are represented as meantstandard devia-
tion. Categorical data are represented as number (percentage).
Difference of means between independent groups was analysed
with the Student’s t-test. Categorical variables were analysed with
the chi-square test. Significance (two-tailed) was taken at a p-value
of <0.05.

Results

One hundred and eight patients were randomised to RIPC and con-
trol arms (54 in each group). Normal distribution among the case
and control groups was observed (p>0.05). RIPC was successfully
administered to all 54 patients without any complication. The mean
age of the study population was 57.67+8.82 years among which
the majority were males (85.2%). Among conventional risk factors
for CAD in our study cohort, around 37% of subjects had diabe-
tes, 63% had hypertension, 29.6% had a history of smoking and
38.9% were dyslipidaemics. Both the study groups were compara-
ble in terms of mean age, basal metabolic index (BMI) and gender
distribution. The distribution of conventional risk factors for CAD
was also found to be comparable among the two groups. The mean
left ventricular ejection fraction (LVEF) of the whole cohort was
51.59+12.4%, which was also found to be comparable between the
two groups (Table 1).

Table 2 shows the angiographic parameters of the whole cohort
and their distribution between both study groups. The left anterior
descending (LAD) was found to be the most commonly treated
artery (48.1%). A total of 25.9% of cases had double or triple-ves-
sel percutaneous transluminal coronary angioplasty (PTCA), the
distribution of which between RIPC and control groups was com-
parable. A total of 140 lesions were treated (68 in the RIPC group
and 72 in the control group). Most of the treated lesions were type

Table 1. Baseline demographic and clinical profile of patients.

Whole cohort | RIPC Control
(n=108) (n=54) (n=54)

57.67+8.82 | 57.19+7.31 |58.15«10.16| 0.57

Parameters

p-value*

Age, years (mean=SD)

BMI (kg/m?) 24.14+3.12 | 24.04+3.04 | 24.23+3.22 | 0.76
Male, n (%) 92 (85.2) 50(92.6) | 42(77.8) 0.06
Diabetes, n (%) 40 (37.0) 18(33.8) | 22(40.7) 0.55
Smoker, n (%) 32(29.6) 14.(25.9) 18(33.3) 0.53
Hypertension, n (%) 68 (63.0) 30 (55.6) | 38(70.4) 0.16
Dyslipidaemia, n (%) 42 (38.9) 24 (44.4) 18(33.3) 0.32
LVEF, % (mean=SD) 51.59+12.4 | 49.67+12.8 | 53.54x11.7 | 0.11
History of ACS/MI, n (%) 54 (50.0) 30 (55.6) | 24 (44.4) 0.34
NYHA I/11, n (%) 86 (79.6) 42(77.8) | 44 (81.5) 0.81
NYHA NIV, n (%) 22 (20.4) 12 (22.2) 10 (18.5) 0.81
Statins, n (%) 108 (100) 54 (100) 54 (100) 1.00
B-blockers, n (%) 106 (98.1) 54 (100) 52 (96.3) 0.50
ACE-I/ARB, n (%) 100 (92.6) 48(88.9) | 52(96.3) 0.27

GP lIb/llajinnibitor use, £2(389) | 18(333) | 24(448) | 032

n (%)
Prior PTCA, 1 (%) 8(7.4) 267 | 6Ly | 027
Troponinih(nz/ml; 0.05140.002 |0.050+0.002(0.051+0.003| 041
(mean=SD)

CRP (mg/d]) (mean=SD) | 043:027 | 0.46£024 | 039029 | 022
Serum creatinine (mg/d), | 110,040 | 1122053 | 1.08£020 | 0.64

(mean+SD)

*p-value shown is between RIPC group and control group; value of <0.05 considered as
statistically significant. ACE-I: angiotensin-converting enzyme inhibitors; ARB: angiotensin
receptor blocker; BMI: body mass index; LVEF: left ventricle ejection fraction; NYHA: New
York Heart Association; PCI: percutaneous coronary intervention; PTCA: percutaneous
transluminal coronary angioplasty

B1/B2 or type C (51.9% and 5.6%, respectively). The mean stent
diameter and length used in the whole cohort was 3.07+0.33 mm
and 20.55+6.36 mm, respectively. The mean lengths and diam-
eters of the stents used were comparable between the two study
groups. The subjects in the whole cohort were treated by a mean
number of 1.54+0.84 stents/patient. Most (96.29%) of the subjects
in the whole cohort were treated with at least one drug-eluting stent,
the distribution of which was comparable between the two study
groups (p>0.05) (Table 2).

Table 3 shows the clinical and angiographic parameters dur-
ing PCI of the total study population and both groups. Blood pres-
sure and heart rate during PCI were comparable between both
groups. A total of 15 (13.9%) patients had chest pain during PCI.
Significantly more patients, i.e., 12 (22.2%), in the control group
had a chest pain score >1 as compared to three (5.5%) patients in
the RIPC group (p=0.02). Only seven (6.5%) patients had TIMI
flow <3 during the procedure. However, the distribution of this was
not significantly different between both groups, but it suggested
a trend towards a lower incidence of cases with TIMI flow <3 dur-
ing the procedure in the RIPC group (one [1.8%] vs. six [11.1%],
p=0.12, in the RIPC and control group, respectively) (Table 3).

Table 4 shows the troponin I, CRP levels and the incidence of
PCl-related MI at six, 12 and 24 hours after PCI. Mean troponin I
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Table 2. Angiography and angioplasty-related parameters.
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Variable Whole cohort RIPC pvalue®
(n=108) (n=54) (n=54)
Target vessel Left main only, n (%) 2(1.8) 0(0) 2 (3.7) 0.48
LAD/ramus only, n (%) 52 (48.1) 28 (51.9) 24 (44.4) 0.56
LCX only, n (%) 12 (11.1) 8(14.8) 4(7.4) 0.36
RCA only, n (%) 14 (12.9) 4 (7.4) 10 (18.5) 0.15
Double/triple-vessel PTCA, n (%) 28 (25.9) 14 (25.9) 14 (25.9) 1.00
Lesion classification Type A, n (%) 46 (32.8) 22 (32.3) 24 (33.3) 0.90
(according to AHA/ACC) [ qy56 B1/B2, n (%) 80 (57.1) 41 (60.3) 39 (54.2) 0.57
Type C, n (%) 14 (10.0) 5(7.3) 9(12.5) 0.46
Stent diameter, mm (mean+SD) 3.07+0.33 3.07+0.32 3.07+0.33 0.97
Stent length, mm (mean+SD) 20.55+6.36 21.11+6.30 19.99+6.43 0.37
No. of stents (mean+SD) 1.54+0.84 1.44+0.74 1.63+0.92 0.25
DES, n (%) 104 (96.29) 50 (92.59) 54 (100) 0.13
*p-value shown is between RIPC group and control group; value of <0.05 considered as statistically significant. AHA: American Heart Association;
ACC: American College of Cardiology; DES: drug-eluting stent; LAD: left anterior descending artery; LCX: left circumflex artery; PTCA: percutaneous
transluminal coronary angioplasty; RCA: right coronary artery

level was comparable between the two groups at six hours post PCI
(p=0.14), but significantly lower in the RIPC group as compared
to the control group at 12 and 24 hours post PCI (0.08+0.13 vs.
0.16+0.19 ng/ml, p=0.01, and 0.06+0.04 vs. 0.22+0.31 ng/ml,
p<0.01, respectively). The CRP levels were also found to be com-
parable between the two groups at six hours post PCI (p=0.09) but
significantly lower in the RIPC group as compared to the control
group at 12 and 24 hours after PCI (0.46+0.35 vs. 0.71+0.78 mg/dl,
p=0.04, and 0.53+0.48 vs. 1.16+2.26 mg/dl, p=0.04, respectively).

The incidence of PCl-related MI (MI 4a) was found to be com-
parable in the RIPC group at six hours (two [3.7%] vs. four [7.4%],
p=0.68) and 12 hours (six [11.1%] vs. four [7.4%], p=0.74).
However, RIPC seemed to have reduced the incidence of PCI-
related MI (MI 4a) as compared to the control group at 24 hrs post
PCI (eight [14.82%] vs. 21 [38.89], p<0.01) (Table 4).

The distribution of subjects with undetectable troponin I was
comparable between the RIPC group and the control group both
at six hours (46 [85.2%] vs. 41 [75.9%], p=0.33) and 12 hours (45
[83.3%] vs. 36 [66.7%], p=0.08) post PCI, respectively, but was
found to be significantly higher at 24 hours post PCI in the RIPC

Table 3. Periprocedural clinical and angiographic parameters.

group as compared to the control group (42 [77.7%] vs. 28 [51.9%],
p<0.01, respectively) (Figure 1) .

At 30-day follow-up, no patient in either group had any adverse car-
diac event (death, reinfarction, stent thrombosis, recurrence of angina).

p=0.33

46 (85.2%)

p=0.08

45 (83.3%)

p<0.01*

% -~ -

90+

42(11.1%)

41 (75.9%)

36 (66.7%)

28 (51.9%)

6 hrs 12 hrs 24 hrs
M RIPC group (n=54) M Control group (n=54)

Figure 1. Frequency of subjects with undetectable troponin I
(<0.05 ng/ml) among RIPC group and controls.

Variable Whole cohort RIPC Control pvalue*
(n=108) (n=54) (n=54)
SBP, mmHg (mean+SD) 124.9+11.40 124.3+11.84 125.6+11.01 0.57
DBP, mmHg (mean+SD) 82.2+6.33 81.3+5.87 83.2+6.67 0.11
Heart rate, bpm (mean+SD) 73.8+8.01 74.1+£8.12 73.6+7.9 0.78
Chest pain score >1, n (%) 15(13.9) 3(5.5) 12 (22.2) 0.02*
ECG ST deviation >1 mm, n (%) 10 (9.3) 2 (3.7) 8(14.8) 0.09
TIMI flow grade 0-2, n (%) 7 (6.5) 1(1.8) 6(11.1) 0.12
3, n (%) 101 (93.5) 53 (98.1) 48 (88.9)
*p-value shown is between RIPC group and control group; value of <0.05 considered as statistically significant. DBP: diastolic blood pressure;
HR: heart rate; SBP: systolic blood pressure; TIMI: Thrombolysis In Myocardial Infarction
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Table 4. Post-procedure troponin | and CRP values (at 6, 12 and 24 hours) and the incidence of MI.

6 hours 12 hours 24 hours

Variable RIPC Control Control RIPC Control

(n=54) (n=54) p-value |RIPC (n=54) (n=54) p-value (n=54) (n=54)
Troponin |, ng/ml (mean+SD)| 0.06+0.03 | 0.07+0.04 | 0.14 | 0.08+0.13 | 0.16+0.19 0.01* | 0.06+0.04 | 0.22+0.31 | <0.01*
CRP, mg/dl (mean+SD) 0.37+£0.09 | 0.46+0.38 | 0.09 | 0.46+0.35 | 0.71+0.78 0.04* | 0.53+0.48 | 1.16x2.26 0.04*
Ml 4a, n (%) ¥ 2 (3.7) 4(7.4) 0.68 6(11.1) 4(7.4) 0.74 8(14.82) | 21(38.89) | <0.01*

*p-value of <0.05 was considered as statistically significant. "The joint task force of the European Society of Cardiology, American College of Cardiology
Foundation, American Heart Association and World Heart Federation, defined PCl-related MI (M| 4a) as a rise in troponin >0.12 ng/ml (three times the

upper reference limit)

Discussion

Our study showed that remote IPC, administered by transient upper
limb ischaemia, significantly reduces all signs of post-procedural
myocardial injury, including PCl-related troponin I (p<0.01), CRP
(p=0.04) release and the incidence of PCl-related MI (p<0.01) at
24 hrs after PCL

Several studies have shown that PCl-related troponin I release is
associated with a worse prognosis, especially in those patients with
the most marked elevation in troponin I concentration®!*2. A post-
procedure increase in troponin concentration of fivefold baseline
levels is an independent predictor of a composite of death, MI, and
revascularisation at one year (hazard ratio=2.39; 95% CI: 1.09-
5.26)". As discussed earlier, a PCI-related MI (MI 4a) is defined as
>0.12 ng/ml (3 times the upper reference limit)?**. Gadolinium late
enhancement with cardiac magnetic resonance has demonstrated
that procedural troponin I release is due to MI both downstream of
the stented lesion and adjacent to the implanted stent!’.

Przyklenk et al'® demonstrated that brief episodes of ischae-
mia in one vascular bed (circumflex branch occlusion) protected
remote virgin myocardium from subsequent sustained left anterior
descending coronary artery occlusion in a canine model. Birnbaum
et al*® demonstrated that a brief remote ischaemia of a skeletal mus-
cle induced by muscle stimulation combined with a reduction of
femoral arterial blood flow reduced myocardial infarct size con-
siderably in rabbits. A less invasive method of inducing hind limb
ischaemia as an RIPC stimulus was introduced by Oxman et al who
demonstrated that applying a tourniquet to the hind limb to induce
10 min of limb ischaemia had the ability to reduce reperfusion
arrhythmias in a rat heart following a sustained ischaemic insult®.

Cheung et al* first successfully applied RIPC in the clinical set-
ting and reported that a standard RIPC stimulus using four five-min-
ute cycles of lower limb ischaemia was able to reduce myocardial
injury, improve airway resistance and decrease inotrope score in
17 children undergoing corrective cardiac surgery for congenital
heart disease. Ali et al*! demonstrated in abdominal aortic aneurysm
repair that there was no difference in mortality between the two
groups either in hospital or at discharge, but RIPC reduced the inci-
dence of myocardial infarction and renal impairment. Kharbanda
et al* demonstrated that transient upper limb ischaemia, induced
by a blood pressure cuff inflated around the upper arm for three
five-minute cycles, with intervening periods of reperfusion, ame-

liorated contralateral forearm ischaemia/reperfusion endothelial

dysfunction in human volunteers. A pooled analysis of the four tri-
als related to cardiovascular surgery demonstrated a statistically
significant reduction in biomarkers of myocardial injury with RIPC
relative to control (standardised mean difference -0.81, 95% CI:
1.29-0.33, p=0.001)*.

During coronary angioplasty, mechanical disruption of a stable
atherosclerotic plaque and possible microemboli induced by the
balloon may cause a systemic inflammatory response, as reflected
by a rise in CRP levels. In our study there was no significant
increase in CRP level at six hours, but a significant increase was
recorded at 12 and 24 hours after PCI.

The actual mechanism through which an episode of brief ischae-
mia and reperfusion in an organ or tissue exerts protection against
a_subsequent sustained insult of ischaemia-reperfusion injury in
a remote organ or tissue is currently unclear. Humoral and neural
hypotheses are suggested to explain RIPC. The finding that a period
of reperfusion of the remote preconditioning organ was required in
addition to the brief ischaemia suggested that the reperfusion period
may be needed to “wash out” a substance or humoral factor gener-
ated by the preconditioning ischaemia, which was then transported
to the heart®!. RIPC has a biphasic pattern of myocardial protec-
tion. An early classic phase is believed to act within a few min-
utes to two hours after the preconditioning stimulus and is mediated
through opening of mitochondrial ATP-sensitive potassium chan-
nels’>*. A delayed second window of protection occurs at 24 to
72 hours and is probably the result of modified gene expression
that suppresses the proinflammatory response to the ischaemia/rep-
erfusion injury. Activation of the mitogen-activated protein kinases
(MAPKs) p38, Erk1/2 and JNK within the remote organ may also
contribute to RIPC-induced cardioprotection. Konstantinov et al**
noted a reduction in the extent of MI after RIPC in a porcine trans-
planted heart, in agreement with the original work on IPC that
argued for a circulating humoral mediator.

RIPC to protect the heart from ischaemia as a therapeutic modal-
ity, particularly for elective intervention, is an attractive option.
There are limited numbers of studies exploring the effect of RIPC
on myocardial injury during elective PCI which are mostly small
with limited data and outcomes.

Tliodromitis et al** reported that no myocardial protection was con-
ferred by remote IPC induced by three five-minute cycles of bilateral
upper limb ischaemia in the catheterisation laboratory immediately
before PCI. In contrast, they observed that remote IPC exacerbated



troponin I release after PCI and enhanced the inflammatory response
in the absence of statin therapy in low-risk patients undergoing
single-vessel elective PCI. In our study, almost all patients in both
groups were taking statins that nullify the beneficial effect of statin,
affecting the result. The rationale for performing RIPC within one
hour of PCI came from the CRISP STENT study that had shown
protection is time-dependent and that the greatest benefit occurred
with shorter cuff to balloon time. The CRISP STENT study*, a pro-
spective randomised controlled study of 202 patients, concluded that
remote IPC reduces ischaemic chest discomfort during PCI, atten-
uates procedure-related troponin I release, and appears to reduce
subsequent cardiovascular events. Also noteworthy is the study by
Botker et al*’, who demonstrated the potential for pre-hospital use of
RIPC in the setting of 333 patients of AMI (four cycles of five-min-
ute forearm cuff inflation and deflation, delivered in the ambulance).
They demonstrated an improvement in myocardial salvage index (%)
at 20 days after primary PCI in the group which received precondi-
tioning™®. In a substudy of the same patients, RIPC delivered before
hospital resulted in modest improvement in LV function among high-
risk patients prone to developing large myocardial infarcts®’.

In a meta-analysis of 17 clinical trials, Alreja et al reported an
association of RIPC with a favourable effect on serological markers
of myocardial or renal injury (troponin T or I and CK-MB) during
cardiovascular interventions®. Similarly, in our study, PClI-related
MI and troponin release were significantly reduced in the RIPC
group at 24 hours after PCI. The CRP level was not significantly
different between the RIPC and the control group six hours after
PCI. Chest discomfort and ECG ST-segment deviation during PCI
were not significantly improved after RIPC.

Another meta-analysis of five randomised clinical trials indi-
cated that RIPC reduces the risk of periprocedural MI amongst
subjects with multivessel disease®. Pei et al in their meta-analy-
sis also found RIPC to be protective against post-procedural events
amongst stable CAD patients, which probably validates the results
of the present study*.

The definition of post-PCI Ml is, however, debatable, but elevations
of cardiac biomarkers from normal (before PCI) to above five times the
99th percentile URL (after PCI) are currently considered to be indica-
tive of a post-procedural MI*'. This criterion has been upgraded from
a >3 times increase in cardiac biomarkers®. Since there is no valid
scientific basis for defining a biomarker threshold for such a condition
and this recent increase to >5 times has been done by arbitrary con-
vention, we decided to use the guidelines published in 2007 for this
study?®. Another reason why the criterion of >3 times the biomark-
ers was used in the present study is because it has been used in almost
all studies published so far investigating this subject; using a differ-
ent criterion would have made the present study incomparable with
other similar randomised studies and their meta-analyses. Importantly,
reclassification from one definition to another has not been shown to
improve accuracy in the diagnosis of periprocedural MI*2.

Presently, none of the available therapeutic interventions holds
sufficient promise to act against the detrimental effects of ischaemia-
reperfusion injury to the myocardium (at least in ACS). The main

RIPC reduces post-PCl myocardial injury

reason for the same is that studies examining the role of RIPC in pre-
venting ischaemia-reperfusion injury cannot possibly be designed to
adjust for several known confounding factors®. Relevant confound-
ing factors have been amply described in a recently published review
on this subject™. However, most of these confounding factors do not
act against the effectiveness of RIPC in stable CAD subjects, which
probably explains the positive effects of the aforementioned inter-

vention deduced in our subject cohort.

Limitations

There were some study limitations. Firstly, the study population
was small. Although PCl-related MI and undetectable troponin I
(at six and 12 hours) in the RIPC and in the control group were less
in absolute numbers, this difference was found to be statistically
insignificant. Even then, a clear trend was seen as the RIPC group
had a lesser incidence of PCl-related MI with a higher frequency
of subjects having undetectable troponin values at these time inter-
vals. If the study population had been larger, even this difference
could also have been statistically significant. Secondly, the pre and
post balloon dilatation duration during PCI was not recorded in this
study and we feel that it may have been a key factor influencing
the outcome. Thirdly, long-term clinical follow-up is needed to see
clinical transformation of biochemical outcome. Our study only
explored PCl-related troponin release and, since symptoms were
not recorded, it does not necessarily translate into PCI-related MI.
This also constitutes a major limitation of our study.

Conclusions

The present study concludes that administration of remote ischae-
mic preconditioning prior to PCI significantly reduces troponin I
and CRP release at both 12 and 24 hours post PCI. The incidence of
PCl-related MI was also found to be significantly lower in the RIPC
group at 24 hours after PCI. However, studies with a larger number
of patients and longer clinical follow-up are warranted to establish
the beneficial effect of RIPC, which could possibly help in reducing
the incidence of myocardial injury during PCIL.

Impact on daily practice

In the light of the presented results, we recommend the use of
RIPC as an adjunctive strategy for reducing post-PCI myocar-
dial ischaemia-reperfusion injury. Clinical applicability of RIPC
becomes all the more recommendable, as none of the other exam-
ined adjunctive cardioprotective strategies (pharmacological or
mechanical) has so far been able to demonstrate convincing clini-
cal benefit.
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IMAGE IN CARDIOLOGY

CORONARY INTERVENTIONS

Multimodality imaging in the evaluation of recurrent very late

stent thrombosis

G. Sengottuvelu®*, MD, DM, FSCAI, FRCP; Rajendran Ravindran, MD

Department of Cardiology, Apollo Hospital, Chennai, India
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A 48-year-old diabetic lady with prior percutaneous coronary inter-
vention (PCI) to the left circumflex artery (LCX) in 2008 with a first-
generation sirolimus-eluting stent had an episode of definite very late
stent thrombosis (VLST) in 2012. PCI was carried out with a bal-
loon angioplasty (BA) and she was maintained on prasugrel and aspi-
rin. Within weeks after changing prasugrel to clopidogrel after
18 months of BA, she again presented with VLST in 2014. A coro-
nary angiogram showed occlusion of the LCX stent (Figure 1A). After
thrombus aspiration, optical coherence tomography (OCT) imaging
(Figure 1B-Figure 1F) showed thrombus within the stent (no uncov-
ered struts) and areas of high attenuation within the neointima, sug-
gesting neoatherosclerosis (Figure 1C, #). Intravascular ultrasound
(IVUS) imaging (Figure 1G-Figure 1K) showed areas of positive
remodelling of the vessel wall outside the stent with aneurysmal dila-
tation causing late acquired stent malapposition which was the obvi-
ous cause for recurrent VLST. Neoatheroma seen by OCT is possibly
an innocent bystander as shown by thick intima with superimposed

thrombus. High-pressure non-compliant balloon post-dilation fol-
lowed by re-stenting with a bare metal stent was carried out and she
was continued on aspirin and prasugrel (Figure 1L).

Late acquired malapposition seen by IVUS is the cause of
VLST, and neoatherosclerosis seen on OCT is possibly an inno-
cent bystander. OCT with high resolution is excellent for intralumi-
nal evaluation, such as for uncovered struts and neoatherosclerosis,
whereas IVUS with good penetration is better for imaging beyond
the stent and vessel wall such as in the case of positive remodelling.
Thrombus obscures optimal OCT imaging, whereas IVUS is poor
for assessment of strut coverage or neoatherosclerosis. The use of
a single imaging modality would have missed the diagnosis in this
case where multimodality imaging was crucial to get a complete
diagnosis.

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

Figure 1. Multimodality imaging of recurrent VLST. Angiogram with longitudinal and axial images of IVUS and OCT. A) Initial angiogram

showing total occlusion of the stent in proximal LCX. B) OCT image distal to stent. C) & D) OCT images across a stented segment

corresponding to areas of positive remodelling on IVUS showing thrombus and neoatherosclerosis (#). E) Vessel proximal to stent.

F) Longitudinal OCT reconstruction of the stented segment. G) Longitudinal IVUS image showing areas of acquired late malapposition.

H) - K) IVUS sections corresponding to B to E showing covered struts and positive remodelling of the vessel. L) Final result after PCI.
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IMAGE IN CARDIOLOGY

CORONARY INTERVENTIONS

Side branch restenosis treated with reverse minimum
overlapping culotte stenting: confirmation by instant stent-
accentuated three-dimensional optical coherence tomography

Fumiaki Nakao*, MD, PhD

Department of Cardiology, Yamaguchi Grand Medical Center, Hofu, Japan

Figure 1. Reverse minimum overlapping culotte stenting (R-MOCS) for side branch restenosis. A) Baseline coronary angiography showing

restenosis of the diagonal branch (Dg). B) A platinum-chromium everolimus-eluting stent was deployed from the lefi anterior descending
artery (LAD) to the Dg. C) Guidewire (GW) recrossed to the distal LAD. D) Final angiographic result. Longitudinal cut-away view (E), and
[fly-through view (F), of final iSA3D-OCT showing R-MOCS. Asterisks indicate GW shadow artefacts.

A 77-year-old woman, who had previously had single crosso-
ver stenting and kissing balloon dilation (KBD) for a bifurcation
lesion of the left anterior descending artery (LAD) and the diago-
nal branch (Dg), had percutaneous coronary intervention performed
for restenosis of the Dg with angina (Figure 1A). Guidewires were
inserted to the Dg and the LAD. After the Dg was predilated, a plat-
inum-chromium everolimus-eluting stent (PROMUS Element™
2.5x16 mm; Boston Scientific Co, Marlborough, MA, USA) was
deployed from the LAD to the Dg (Figure 1B) with only one
strut overlapping as confirmed by intravascular ultrasonography
(IVUS). The guidewire was recrossed to the distal LAD through the
stent cell with x-ray fluorographic guidance (Figure 1C), confirmed
by IVUS. After KBD was performed, final coronary angiography

showed a good result (Figure 1D). Final instant stent-accentuated

three-dimensional optical coherence tomography (iSA3D-OCT)
reconstructed using an off-line workstation showed that the reverse
minimum overlapping culotte stenting (R-MOCS) had been
achieved (Figure 1E, Figure 1F).

Side branch (SB) restenosis is one of the issues with a single-stent
strategy for a bifurcation lesion. Culotte stenting or T-stenting and
small protrusion (TAP) technique has been performed for an SB
restenosis if additional stenting was needed. R-MOCS may be an
effective strategy for a restenosis of a gently angled SB at points of
lesser influence to the main vessel than culotte stenting, and lesser
metallic carina than the TAP technique.
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SHORT REPORT

CORONARY INTERVENTIONS

Minimally invasive coronary angioscopy: observation using
a new non-occlusive fibrescope through a 4 Fr guiding
catheter

Masamichi Takano'?*, MD; Takahiro Imaizumi?, MD; Akihiro Tabata?>, MD; Noritake Hata!, MD;
Yoshihiko Seino!, MD; Wataru Shimizu?®, MD; Kyoichi Mizuno*, MD
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Abstract

Aims: Coronary angioscopy (CAS) is a robust tool for the qualitative evaluation of atherosclerotic plaque,

KEYWORDS

o imaging thrombus, and vascular healing after stent implantation. However, adequate visualisation by CAS requires

e plaque
o stent
* thrombus

balloon occlusion and a larger than 6 Fr compatible guiding catheter for complete replacement of coronary
blood with transparent fluid. The invasive and complex procedures limit the wide utilisation of this imaging
device. We attempted less invasive observation by CAS with a slender fibrescope catheter.

Methods and results: The culprit lesion in a patient with stable angina pectoris in the proximal right cor-
onary artery was observed using a non-occlusive fibrescope through a 4 Fr guiding catheter. The coronary
lumen was adequately observed before and after stent implantation.

Conclusions: Angioscopic observation through a 4 Fr guiding catheter was possible without deterioration of

image quality. Minimally invasive procedures of CAS may be practical for patient care.

*Corresponding author: Cardiovascular Center, Nippon Medical School, Chiba Hokusoh Hospital, 1715 Kamakari, Inzai, Chiba,
270-1694, Japan. E-mail: takanom@nms.ac.jp
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Introduction

Coronary angioscopy (CAS) provides morphological informa-
tion on atherosclerotic plaque, thrombus, and vascular healing
after stent implantation'=. However, adequate observation by CAS
requires balloon occlusion and a larger than 6 Fr compatible guid-
ing catheter for complete replacement of coronary blood with trans-
parent fluid. The invasive nature and complexity of the procedures
limit the wide utilisation of this imaging device. Herein, we present
a novel method of CAS using a slender fibrescope catheter.

Case description

A 78-year-old female with stable angina pectoris received coro-
nary angiography (CAG) via the right radial artery. Focal stenosis
was found in the proximal right coronary artery, and catheter inter-
vention was performed using a 4 Fr Judkins Right guiding cath-
eter (Kiwami™; Terumo Corp., Tokyo, Japan). We attempted to
observe the target lesion using a new type of slender fibrescope
(Smart-i™ type S11; iHeart Medical Co., Ltd, Tokyo, Japan). The
tip of the catheter traversed the lesion along a 0.014 inch guidewire,
and a manual pullback image of CAS was recorded during continu-
ous infusion of contrast media by autoinjector (4 mL/sec, total 12
mL) (Figure 1). After implantation of a drug-eluting stent (Resolute
Integrity™ 2.75/12 mm; Medtronic, Minneapolis, MN, USA), the
lumen was visualised using the same method (Figure 2). This non-
occlusion catheter consists of a radiopaque metal tip and a flexible

Figure 1. Angiographic and angioscopic findings at baseline and
image of the catheter system. A) Coronary angiography showed the
culprit lesion in a case of angina pectoris (arrow) in the proximal
right coronary artery (RCA). B) Yellow plaque and mural red
thrombi were recognised by coronary angioscopy (CAS).

C & D) A short monorail type of fibrescope was advanced along

a 0.014 inch guidewire through a 4 Fr guiding catheter:

4 Fr coronary angioscopy

Figure 2. Angiographic and angioscopic findings after coronary
intervention. A) Stenosis of the RCA completely disappeared after
stent implantation (arrow). B) CAS showed the attachment of the
implanted stent to the vessel wall.

shaft including optical fibres. Only the tip has a guidewire lumen
and the length of the monorail port is 2.5 mm. The diameters of the
tip and shaft are 0.8/1.2 mm and 0.6 mm, respectively (Figure 3).
The slender fibrescope provides high crossability and a large flush
lumen from the guiding catheter. Although the use of a larger size
of guiding catheter would permit better images than the current
method, the less invasive nature of the procedure would be lost.

Conclusion

For the first time, this case has shown the possibility of angioscopic
observation through a 4 Fr guiding catheter without deterioration
of image quality. Direct visualisation of the plaque surface by CAS
can identify vulnerable plaque, including thin-cap fibroatheroma,
as intense yellow plaque?, something which is helpful to pinpoint
a vulnerable patient. Both plaque characteristics and also healing
response after stenting are validated by angioscopic observation.

Guidewire lumen

1.2 mm

Lens

Figure 3. The tip of the angioscopic catheter. The rigid tip

(0.8/1.2 mm in diameter) has an object lens and guidewire lumen,
and the flexible shaft (0.6 mm in diameter) contains 3,000 pixels of
optical fibres. The length of the tip is 2.5 mm, and this portion serves
as a radiopaque marker and monorail port.
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Diagnostic or stent follow-up CAG using a 4 Fr transradial approach
is now prevalent. Therefore, minimally invasive and simple proce-
dures of CAS are practical, and the findings may contribute to the

improvement of patient care.

Impact on daily practice
This novel angioscopic method through a 4 Fr guiding catheter is
less invasive and is simple, and may be beneficial for patient care.
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HOW SHOULD I TREAT?

How should | treat a common femoral arterial haemorrhage
and deep vein thrombosis post percutaneous coronary
intervention for non-ST-elevation myocardial infarction?
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CASE SUMMARY

BACKGROUND: A 71-year-old Chinese male presented with
a non-ST-elevation myocardial infarction and was started on
dual antiplatelet therapy. A percutaneous coronary interven-
tion (PCI) via the right femoral artery was complicated by
a deep vein thrombosis (DVT) post removal of the access
sheath, probably related to prolonged compression and immo-
bility. Subcutaneous enoxaparin was started for the DVT.

INVESTIGATION: A computed tomography angiogram (CT-A)
of the right lower limb was carried out as there was worsen-
ing swelling and bruising over the right groin after starting
subcutaneous enoxaparin and bridging warfarin. The CT-A

showed a focal arterial blush adjacent to the right common
femoral artery.

DIAGNOSIS: Common femoral arterial haemorrhage compli-
cating enoxaparin use for the treatment of DVT post PCI.

MANAGEMENT: Anticoagulation was stopped but dual anti-
platelet therapy was continued. C-clamp compression of the
puncture site was performed overnight. A repeat CT-A the
next day showed resolution of bleeding with a stable haema-
toma. Intravenous heparin was subsequently started for the
DVT and bridged to subcutaneous enoxaparin and warfarin.

KEYWORDS: deep vein thrombosis, femoral arterial haemor-
rhage, post percutaneous coronary intervention

PRESENTATION OF THE CASE

A 71-year-old male was admitted for an acute coronary syndrome.
The electrocardiogram showed T inversions in V3 and V4 which
were associated with a significant rise in cardiac enzymes. He was
loaded with aspirin 300 mg and ticagrelor 180 mg and continued on
aspirin 100 mg daily, ticagrelor 90 mg twice a day and subcutane-
ous enoxaparin 60 mg twice a day.

The patient underwent a coronary angiogram via the transra-
dial approach on day four which showed 50% occlusion of the
distal left main (LM) coronary artery, 90% occlusion of the mid
left anterior descending (LAD) artery and 50% occlusion of the
ostial left circumflex artery. The patient refused a coronary artery
bypass and thus a percutaneous coronary intervention (PCI) was
performed. A transfemoral PCI was performed with drug-elut-
ing stents placed in the mid LAD and distal LM/proximal LAD.
The right groin vascular access site was subsequently closed with
a collagen plug vascular closure device (Angio-Seal™; St. Jude
Medical, St. Paul, MN, USA) and the patient was continued on
aspirin and ticagrelor thereafter. Subcutaneous enoxaparin was
stopped after PCI.

Extensive bruising and a large haematoma were noted post
PCI. Manual haemostasis was initially achieved and a compres-
sion bandage was applied. Unfortunately, a right lower limb
duplex scan three days after the PCI showed a deep vein throm-
bosis (DVT) of the distal external iliac and common femoral vein
(Figure 1). In view of the DVT, the patient was again started on
subcutaneous enoxaparin 50 mg twice a day, and ticagrelor was
changed to clopidogrel. Bridging warfarin was started two days
after enoxaparin. However, the right groin haematoma expanded.
A computed tomography (CT) angiogram of the right lower limb

*Corresponding author: National University Heart Centre, National University Health System, 1E Kent Ridge Road, NUHS
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Figure 1. Right lower limb duplex scan. Arrows: right external iliac
vein and common_femoral vein deep vein thrombosis.

was carried out three days after starting enoxaparin. This showed
a focal arterial blush adjacent to the right common femoral artery
which was consistent with an active haemorrhage (Figure 2,
Figure 3).

How should this acute haemorrhage be managed, given that
the patient has a provoked DVT with a recent PCI (for which the
patient is also on dual antiplatelet therapy)?

Figure 2. Computed tomography (CT) angiogram of the right lower
limb. Arrow: right groin haematoma.

Figure 3. Computed tomography (CT) angiogram of the right lower
limb.. Arrow: right groin focal arterial blush adjacent to the common

femoral artery.
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THE INVITED EXPERT’'S OPINION
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Managing an arterial haemorrhage and DVT post-PClI

Division of Cardiology, Heart Institute, Asan Medical Center, University of Ulsan, Seoul, South Korea

A collagen plug-based vascular closure device (VCD) is com-
monly used to achieve haemostasis after percutaneous coronary
intervention with femoral artery access. Compared with mechani-
cal compression of the femoral artery access site, it has been shown
to reduce time to haemostasis, and to allow early ambulation with
improved patient satisfaction. However, VCD failure is not rare
(~3%), and is associated with significantly higher vascular com-
plications as compared to VCD success'. Vascular complications
may include thigh haematoma, retroperitoneal haematoma, pseu-
doaneurysm, arteriovenous fistula, and arterial occlusion, increas-
ing morbidity, mortality, and medical costs. In the present case,
a femoral artery pseudoaneurysm seemed to arise due to incom-
plete haemostasis of an arterial puncture site by VCD, leading
to arterial blood oozing into the surrounding tissues and form-
ing a pulsating encapsulated haematoma. Computed tomography
angiography of the lower extremities revealed arterial blood flow
into the pseudoaneurysm. Duplex ultrasound scanning can def-
initely confirm the pseudoaneurysm sac with a swirling colour
flow and the neck of the pseudoaneurysm with a “to and fro” flow
pattern.

A number of therapeutic modalities have been developed to
treat femoral artery pseudoaneurysms. Although open surgical
repair is still considered the gold standard, less invasive treatment
strategies, including ultrasound-guided probe compression, ultra-
sound-guided thrombin injection, and insertion of covered stents,
are available?. However, each modality has its own advantages
and disadvantages.

My approach is to destroy the neck of the pseudoaneurysm using
a guidewire, and then briefly compress the arterial access site. The

neck of the pseudoaneurysm is the narrow track of blood flow
between the femoral artery and the pseudoaneurysm sac. Once the
fistula track is mature, it is hard to close the track by mechanical
compression only. I propose the following treatment. The pseu-
doaneurysm sac should be punctured before the next enoxaparin
dose, and a 5 Fr femoral sheath should be inserted into the pseu-
doaneurysm sac. An angiogram via a femoral sheath should be
obtained to visualise the femoral artery, neck, and pseudoaneurysm.
Under fluoroscopic guidance, the pseudoaneurysm neck should be
mechanically destroyed and disconnected from the feeding femoral
artery using the guidewire via the femoral sheath. Once the pseu-
doaneurysm neck is destroyed, the bleeding usually stops immedi-
ately with clotting of blood within the pseudoaneurysm sac. Brief
manual compression of the puncture site is often needed to com-
plete haemostasis. The remaining haematoma will be absorbed over
several weeks. Before this procedure, I usually wait five to seven
days for maturation of the pseudoaneurysm sac. If the procedure
is performed too early, it is technically difficult to puncture into
a poorly encapsulated pseudoaneurysm. In addition, considering
the high risk of bleeding complications, clopidogrel plus warfarin
will be used until deep vein thrombosis resolves.

In summary, a femoral artery pseudoaneurysm is not a rare com-
plication after VCD failure. Mechanical destruction of the pseu-
doaneurysm neck, followed by brief compression of the arterial
access site, is a simple and effective method to treat this trouble-
some complication.
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How would | treat?

THE INVITED EXPERTS’ OPINION

Hirooki Higami', MD; Toshikazu Jinnai', MD, PhD; Takeshi Kimura?*, MD, PhD

1. Cardiovascular Division, Otsu Red Cross Hospital, Japan, 2. Department of Cardiovascular Medicine, Graduate School of

Medicine, Kyoto University, Japan

This is a troublesome case that requires treatment for both thrombo-
sis and active bleeding. The main discussion points in treating this
troublesome case consist of the following three issues: a) medica-
tion therapy, the necessity of dual antiplatelet therapy (DAPT) post
implantation of a drug-eluting stent (DES) and anticoagulant ther-
apy for deep vein thrombosis (DVT); b) how to repair an expand-
ing right groin haematoma; and c) the pros and cons of invasive
intervention for DVT.

In general, DAPT should be continued for at least 12 months
after PCI to prevent stent thrombosis (ST)*. However, the effect
of discontinuing DAPT within one month after DES implantation
for acute coronary syndrome is unknown. In this particular case,
although right groin haematoma with active arterial bleeding has
expanded, the most critical issue should be to avoid ST, and treat-
ment for the pseudoaneurysm should be considered subsequently.
DVT would be less important for this patient as long as severe pul-
monary embolism has not occurred.

We would therefore continue DAPT and stop anticoagulant ther-
apy immediately after inferior vena cava (IVC) filter implantation
to prevent pulmonary embolism in the first instance.

The next step would be to consider how to repair the right groin
haematoma. The puncture hole of the right common femoral artery
(CFA) must have caused the haematoma. Therefore, to occlude the
bleeding point will lead to recovery of the pseudoaneurysm.

Since manual haemostasis and a compression band were not suc-
cessful, but rather caused the DVT, additional, invasive treatment

for the pseudoaneurysm should be conducted. We would try ultra-
sound-guided thrombin injection into the pseudoaneurysm first.
This therapy has been developed as a less invasive and highly suc-
cessful treatment for a femoral pseudoaneurysm and was originally
reported by Liau in 19974 however, this therapy has the risk of
thrombin contamination to the artery®. Therefore, we would per-
form thrombin injection with balloon occlusion for the right CFA
(which was approached by the contralateral CFA) to prevent throm-
bin contamination to the right CFA. If complete occlusion with
thrombi of the pseudoaneurysm is not achieved, surgical repair
would be required. Even if surgical treatment were to be performed,
we do not recommend stopping antiplatelet therapy during the peri-
operative period.

After repair of the pseudoaneurysm, we would start antico-
agulation therapy for DVT and implant an IVC filter. We would
stop aspirin (that is, single antiplatelet therapy with clopidogrel
alone), based on the results of the WOEST trial which showed
increasing bleeding events in DAPT and anticoagulant ther-
apy compared to single antiplatelet therapy (clopidgrel) with
an anticoagulant®. A month later, if contrast computed tomog-
raphy shows complete disappearance of the DVT, we would
actively retrieve the IVC filter and change anticoagulant therapy
to DAPT.
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How did | treat?

ACTUAL TREATMENT AND MANAGEMENT OF THE CASE

As the haemorrhage site was deemed compressible, the patient had
manual compression with a C-clamp and haemostasis was achieved.
Enoxaparin and warfarin were stopped but dual antiplatelet therapy
was continued. A repeat CT angiogram the next day showed resolu-
tion of bleeding with a stable haematoma. A vascular surgeon was
consulted and the patient was started on intravenous heparin for the
DVT. This was subsequently bridged to subcutaneous enoxaparin
with re-initiation of warfarin one day later. The patient was sub-
sequently discharged well 18 days after admission with plans for
dual antiplatelet therapy for one year with concomitant warfarin for
three months.

Dual antiplatelet therapy (DAPT) with aspirin and a P2Y,
inhibitor is the therapy recommended by both the American Heart
Association and the European Society of Cardiology to reduce stent
thrombosis post PCI. Premature discontinuation of therapy has been
associated with an increased risk of stent thrombosis’. However, this
is not adequate for the treatment of venous thromboembolism. Oral
anticoagulation therapy with a Vitamin K antagonist, such as war-
farin, is indicated for the treatment of venous thromboembolism?®.
It is believed that the different mechanisms behind the thrombosis
process necessitate treatment via different inhibitory pathways to
achieve the desired antithrombotic effect.

In recent years, triple antithrombotic therapy (TAT) with both
DAPT and an oral anticoagulant has been used increasingly for
patients with atrial fibrillation (AF)/venous thromboembolism post
PCI. However, a meta-analysis by Andrade et al’ evaluating the risk
of bleeding while on triple antithrombotic therapy post PCI showed
that triple antithrombotic therapy (which was commonly indicated
for AF and prosthetic heart valves) is associated with a significant
risk of major bleeding events with an odds ratio of more than two
at both 30 days and six months post PCI compared to DAPT alone.
Some guidance was provided by the European Society of Cardiology
in 2010 and the American College of Chest Physicians in 20128 for
patients with atrial fibrillation who require triple therapy. Both rec-
ommend triple antithrombotic therapy post PCI for AF depending
on the stent placed — one month for a bare metal stent, and three
to six months for a drug-eluting stent. This is followed by a single
antiplatelet agent with warfarin up to one year, with lifelong war-
farin thereafter. Unfortunately, these guidelines were largely based
on limited evidence from small, single-centre and retrospectively
analysed cohorts, with most of the data available being for triple
antithrombotic therapy post PCI in patients with concurrent AF.

Managing an arterial haemorrhage and DVT post-PClI

More recent studies may shed new light on possible therapies.
In an open-label, randomised controlled trial by the WOEST study
group® in 2013 of patients on oral anticoagulant therapy, the use
of clopidogrel with oral anticoagulant therapy (dual therapy) was
compared with TAT in patients undergoing PCI. The use of dual
therapy was associated with a significant reduction in bleeding
complications (hazard ratio [HR] 0.36, 95% confidence interval
[CI] 0.26 to 0.5) as compared with TAT. Further analysis of the
severity of the bleeding episodes (using surrogates of number of
bleeding events, need for transfusions and bleeding classifications)
also suggested that those in the dual therapy group had less severe
episodes compared to those in the TAT group. The use of dual ther-
apy was not associated with an increased incidence of secondary
endpoint markers that included death, myocardial infarction and
stent thrombosis (although the study was not powered to detect the
differences in occurrences). Barring the limitations of the study, the
data would suggest that the use of clopidogrel with an oral antico-
agulant alone would be a safe option for patients who require an
oral anticoagulant and who have undergone PCI. The latest find-
ings of the ISAR-TRIPLE trial, which was recently presented at
the Transcatheter Cardiovascular Therapeutics scientific sympo-
sium 2014 (TCT 2014) in September 2014, also suggest that pro-
longed TAT may not be as necessary as was previously thought. In
the open-label, randomised controlled trial, patients who had drug-
eluting stents implanted were randomised into two groups, with
one group started on six weeks of clopidogrel, and the other group
six months of clopidogrel together with aspirin and an oral anti-
coagulant. A variety of primary endpoints (including death, stent
thrombosis and TIMI major bleeding) and secondary endpoints
(including the composite ischaemic endpoint and bleeding compli-
cations) was assessed. The group on the shortened duration of TAT
did not demonstrate a significant difference in the primary or sec-
ondary endpoints compared to the group on the longer duration of
TAT. The findings would suggest that physicians need to consider
carefully the ischaemic and bleeding risks when choosing a longer
or shorter duration of TAT.

Moreover, there is limited knowledge with regard to the use of
newer P2Y  inhibitors, such as prasugrel or ticagrelor, as a com-
ponent of triple antithrombotic therapy, although a recently pub-
lished observational study by Sarafoff et al'! seems to suggest
a higher incidence of TIMI bleeding incidents when prasugrel is
used instead of clopidogrel as part of triple antithrombotic therapy.
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Bleeding is a common non-cardiac complication post PCI. Risk
factors for bleeding include increased age, female gender and renal
impairment”!?, Various scores'? have been proposed for predict-
ing bleeding post PCI but none has been prospectively validated
as yet. When bleeding occurs post PCI, it is often difficult to man-
age because such patients are often on dual antiplatelet agents after
stent placement. Interestingly, data extrapolated from the GRACE
registry suggest that patients who had major bleeding episodes
(defined as life-threatening bleeding requiring >2 U of packed red
blood cells, resulting in a decrease in haematocrit of >10%, occur-
ring intracerebrally, or resulting in stroke or death) had higher mor-
tality rates if aspirin or P2Y , inhibitors were stopped compared to
those whose DAPT was continued'®. This suggests that one should
persist with DAPT while managing bleeding complications to
avoid preventable mortality.

It is unfortunate that our patient developed both a DVT and an
arterial bleeding event after PCI. When treating both events concur-
rently, it is important to consider the severity of the bleeding, the
extent of the venous thromboembolism and the nature of the PCI
performed. These factors will help guide the therapy choices, which
include local haemostatic control, the subsequent use of suitable anti-
platelet and antithrombotic therapy, as well as the duration of therapy.
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