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4 Abstract

ABSTRACT

Antti-Pekka Annala

SAFETY AND OUTCOME OF CORONARY INTERVENTIONS WITH SPECIAL
REFERENCE TO ANTICOAGULATION AND STENT TYPE

University of Turku, Faculty of Medicine, Department of Cardiology and Cardiovascular
Medicine, Doctoral Programme of Clinical Investigation, Heart Center, Turku University
Hospital, Turku, Finland. Division of Internal Medicine, Department of Cardiology, Seindjoki
Central Hospital, Seindjoki, Finland. Heart Center, Satakunta Central Hospital, Pori, Finland.
Annales Universitatis Turkuensis, Painosalama Oy, Turku, Finland 2015.

Antithrombotic therapy during and after coronary procedures always entails the challenging
establishment of a balance between bleeding and thrombotic complications. It has been generally
recommended to patients on long-term warfarin therapy to discontinue warfarin a few days prior
to elective coronary angiography or intervention to prevent bleeding complications. Bridging
therapy with heparin is recommended for patients at an increased risk of thromboembolism who
require the interruption of anticoagulation for elective surgery or an invasive procedure. In study
I, consecutive patients on warfarin therapy referred for diagnostic coronary angiography were
compared to control patients with a similar disease presentation without warfarin. The strategy
of performing coronary angiography during uninterrupted therapeutic warfarin anticoagulation
appeared to be a relatively safe alternative to bridging therapy, if the international normalized

ratio level was not on a supratherapeutic level.

In-stent restenosis remains an important reason for failure of long-term success after a percutaneous
coronary intervention (PCI). Drug-eluting stents (DES) reduce the problem of restenosis inherent
to bare metal stents (BMS). However, a longer delay in arterial healing may extend the risk of
stent thrombosis (ST) far beyond 30 days after the DES implantation. Early discontinuation of
antiplatelet therapy has been the most important predisposing factor for ST. In study II, patients
on long-term oral anticoagulant (OAC) underwent DES or BMS stenting with a median of 3.5
years’follow-up. The selective use of DESs with a short triple therapy seemed to be safe in OAC
patients, since late STs were rare even without long clopidogrel treatment. Major bleeding and
cardiac events were common in this patient group irrespective of stent type.

In order to help to predict the bleeding risk in patients on OAC, several different bleeding risk
scorings have been developed. Risk scoring systems have also been used also in the setting of
patients undergoing a PCI. In study III, the predictive value of an outpatient bleeding risk index
(OBRI) to identify patients at high risk of bleeding was analysed. The bleeding risk seemed not
to modify periprocedural or long-term treatment choices in patients on OAC after a percutaneous
coronary intervention. Patients with a high OBRI often had major bleeding episodes, and the
OBRI may be suitable for risk evaluation in this patient group.

Optical coherence tomography (OCT) is a novel technology for imaging intravascular coronary
arteries. OCT is a light-based imaging modality that enables a 12—18 um tissue axial resolution
to visualize plaques in the vessel, possible dissections and thrombi as well as, stent strut
appositions and coverage, and to measure the vessel lumen and lesions. In study IV, 30 days after
titanium-nitride-oxide (TITANOX)-coated stent implantation, the binary stent strut coverage was
satisfactory and the prevalence of malapposed struts was low as evaluated by OCT.

Long-term clinical events in patients treated with (TITANOX)-coated bio-active stents (BAS)
and paclitaxel-eluting stents (PES) in routine clinical practice were examined in study V. At the
3-year follow-up, BAS resulted in better long-term outcome when compared with PES with an
infrequent need for target vessel revascularization.

Keywords: anticoagulation, restenosis, thrombosis, bleeding, optical coherence tomography,
titanium
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TIIVISTELMA

Antti-Pekka Annala

SEPELVALTIMOIDEN PALLOLAAJENNUSHOIDON TURVALLISUUS JATULOKSET
VERENOHENNUSHOIDON AIKANA JA ERI STENTTITYYPEILLA

Sydéankeskus, Turun yliopistollinen keskussairaala, Kardiologia ja kardiovaskulaarilddketiede,
Kliininen Tohtoriohjelma, Turun yliopisto. Sisédtautien yksikkd, Syddnosasto, Seindjoen
keskussairaala, Seindjoki. Sydankeskus, Satakunnan keskussairaala, Pori. Annales Universitatis
Turkuensis, Painosalama Oy, Turku, Finland 2015.

Hyytymisenestolddkkeiden kdyttd sepelvaltimotoimenpiteiden yhteydessd ja niiden jélkeen
on haastavaa tasapainottelua vuotojen ja hyytymien aiheuttamien komplikaatioiden vélilla.
Aikaisemmin on suositeltu verenohennushoidon lopettamista muutama péaiva ennen suunniteltua
sepelvaltimotoimenpidettd. Potilailla, joilla on korkea tukosriski, on suositeltu hepariinin
kéyttdd ns. siltahoitona verenohennuslddkehoidon tauon aikana. Tutkimuksessa todettiin, ettd
sepelvaltimoiden varjoainekuvaus voidaan tehdd varsin turvallisesti ilman hepariini siltahoitoa
keskeytyméttomédn verenohennushoidon aikana, jos verenohennustaso on suositellulla hoito-
alueella.

Ladkeainestenteilld on  pystytty vdhentimddn  metallistenteille  yleistd  suonen
uudelleenahtautumista sepelvaltimon pallolaajennuksella hoidetussa kohdassa. Ladkeaineen
hidastaessa stentatun suonen alueen parantumista riski hyytymén kehittymiseen lddkeverkon
sisille on suurentunut, ja riski voi jatkua merkittdvasti kauemmin kuin 30 vuorokautta.
Tehokkaalla hyytymisenestoldédkitykselld pyritddn estdmédédn stentinsisdisten hyytymien
kehittyminen. Aikainen hyytymisenestolddkityksen lopettaminen on todettu tdimén ongelman
merkittdvimmaksi riskitekijéksi. Tutkimuksessa osoitettiin verenohennuspotilailla 3,5 vuoden
seurannassa vdhidn myohdisid stenttitrombeja, vaikka kdytettiin lddkeainestenttejd ja lyhyttd
klopidogreelihoitoa hyytymien estossa. Kuitenkin pallolaajennetuilla verenohennuspotilailla
todettiin paljon verenvuoto — ja muita komplikaatioita.

Lukuisia pisteytyksid on kehitetty verenohennuspotilaan vuotoriskin arvioimiseksi. Samoja
pisteytyksid on kidytetty myds pallolaajennuspotilaan vuotoriskin arviointiin. Tutkimuksessa
tarkasteltiin outpatient bleeding risk index (OBRI) -pisteytyksen kykya 16ytéé korkean vuotoriskin
pallolaajennuspotilaat. Korkeat OBRI-pisteet saaneilla potilailla esiintyi enemmaén vuotoja, mika
viittaa OBRI-pisteytyksen kéyttokelpoisuuteen tdssé potilasjoukossa.

Valokerroskuvaus on uusi tekniikka, jolla voidaan kuvata sepelvaltimoa suonen sisélta.
Valokerroskuvauksella voidaan erottaa kudoksial2—18 mikrometrin tarkkuudella. Silld
kuvautuvat hyvin suonen sisédpinnan plakit, mahdolliset seindmin repedmit jahyytymét seka
stentin asettuminen suonen seindméd vasten ja stentin peittyminen suonen parantuessa. Myds
suonen koon ja kohteiden tarkka mittaus on mahdollista. Titaani-typpioksidilla (TITANOX)
paallystettyjen stenttien todettiin valokerroskuvauksella arvioituna pédsddntdisesti peittyneen
kudoksella jo 30 vuorokauden kuluttua pallolaajennuksesta. My0s stentin asettuminen suonen
seindmién oli hyva.

Tutkimuksessa todettiin kolmen vuoden seurannassa TITANOX-péillysteiselld stentilld
hoidetuilla potilailla merkittdvasti vihemman sydidnkomplikaatioita paklitakseli-paallysteisilla
ladkestenteilld hoidettuihin potilaisiin verrattuna. Uusintatoimenpiteitd tarvittiin enemmaén
ladkestenteilld hoidetuilla potilailla.

Avainsanat: antikoagulaatio, restenoosi, tromboosi, verenvuoto valokerroskuvaus, titaani
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ABBREVIATIONS

AC anticoagulation

ACS acute coronary syndrome

AF atrial fibrillation

BAS bio-active stent

BMS bare metal stent

BT bridging therapy

CABG coronary artery bypass grafting
DAPT dual antiplatelet therapy

DEB drug-eluting balloon

DES drug-eluting stent

EES everolimus-eluting stent

GP glycoprotein

INR international normalized ratio

ISR in-stent restenosis

IVUS intravascular ultrasound

LMWH low-molecular-weight heparin

LST late stent thrombosis

MACCE major adverse cardiac and cerebrovascular event
MACE major adverse cardiac event

MI myocardial infarction

NIH neointimal hyperplasia

NSTEMI non-ST-elevation myocardial infarction
NOAC novel oral anticoagulant

OAC oral anticoagulation

OCT optical coherence tomography
OBRI outpatient bleeding risk index

PCI percutaneous coronary intervention
PES paclitaxel-eluting stent

PTCA percutaneous transluminal coronary angioplasty
SES sirolimus-eluting stent

ST stent thrombosis

STEMI ST-elevation myocardial infarction
TITANOX titanium nitride oxide

TLR target lesion revascularization

TVR target vessel revascularization
UAC uninterrupted anticoagulation

UFH unfractionated heparin
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1. INTRODUCTION

A sense of “strangling and anxiety” in the chest was termed by Heberden as “angina
pectoris” as early as in 1772 (Grech 2003a). Most often, the actiology for this common
syndrome is atheromatous coronary artery disease. The majority of coronary artery
disease patients manage with noninvasive therapy including good medical treatment and
life style changes. The invasive strategy of treating coronary artery disease consists of two
possibilities, coronary artery bypass grafting (GABG) performed by cardiac surgeons or
catheter-attached devices implanted by cardiologists - or, in some cases, both strategies
combined. The first CABG was performed in 1964 (Head et al. 2013). Although Dotter
and Judkins first proposed prosthetic devices to maintain the luminal integrity as early as
in 1964 (Dotter et al. 1964), percutaneous transluminal coronary angioplasty (PTCA) or
“balloon angioplasty” was introduced for the first time by a Swiss radiologist, Andreas
Griintzig in 1977 (Griintzig et al. 1979).

A acute vessel closure is a common complication (6.8%-13.6%) after balloon
angioplasty (Cowley et al. 1984). It is caused by thrombus formation, a coronary spasm
or medial dissection of the coronary artery wall (Sutton et al. 1994). More aggressive
antithrombotic therapy and implantation of an intracoronary stent to move intimal and
medial flaps away from the lumen and to prevent elastic recoil diminished the rate of
abrupt vessel closure markedly (Colombo et al. 1995). In 1987, the first clinical report
on coronary artery stenting was published by Sigwart and colleagues (Sigwart et al.
1987). In the early-stent era, stents were predominantly used as so-called bailout devices
for emergency vessel closure (Serruys et al. 1993). The expanded use of stents in routine
elective coronary interventions raised the need for repeated revascularizations driven
by in-stent restenosis (ISR). An angiographic ISR rate of 5%-35% after bare metal
stent (BMS) implantation was reported (Stone et al. 2005). In order to reduce the ISR,
active polymer-coated stents that eluted pharmacological agents directly into the vessel
wall were developed. In the first- generation drug-eluting stents (DES), a stainless steel
platform stent was coated with a mixture of sirolimus (Cypher®) or paclitaxel (Taxus®)
agent and a durable polymer. The performance of these DESs in reducing the incidence
of restenosis and, hence, also repeat revascularizations was shown in numerous studies
(Morice et al. 2002, Moses et al. 2003, Schofer et al. 2003, Schampaert et al. 2004,
Ardissino et al. 2004, Grube et al. 2003, Colombo et al. 2003, Tanabe et al. 2003, Stone et
al. 2004b, Dawkins et al. 2005). However, the incidence of late and very late definite stent
thrombosis (ST) appeared increased (Virmani et al. 2004), and they were associated with
the discontinuation of clopidogrel therapy (Jensen et al. 2007). Incomplete neointimal
coverage, the lack of a functioning endothelium and hypersensitivity reactions from the
polymer were thought to increase the risk of late ST (Daemen et al. 2007, Nakazawa et
al. 2008, Joner et al. 2006). The safety concern related to the first-generation DESs led
the industry to develop second-generation DESs with bio-compatible and biodegradable
polymers. Several studies have shown the superiority of newer-generation DESs over
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first-generation DESs in regard to safety issues, with comparable efficacy in reducing
ISR (Réber et al. 2011). Completely absorbable stents, bioresorbable vascular scaffolds,
have the potential advantage of reducing chronic inflammation in the vessel wall as well
as improved vasomotion and adaptive shear stress (Patel et al. 2013). Both bioabsorbable
stent types, drug-eluting and with no drug have been developed. The long-term results of
bioresorbable scaffolds will be shown in the near future.

Some studies have suggested that titanium features better biocompatibility when
compared with stainless steel, carbon, gold or other surface-coating materials. Titanium
offers low toxic ion release, which might reduce tissue reaction and inflammation
(Steinemann 1996 and 1998). The safety of the titanium-nitride-oxide (TITANOX)
-coated stent has been shown in several reports on real-life unselected populations
(Moschovitis et al. 2010, Karjalainen et al. 2006, Mosseri et al. 2005 and 20006), as
well as in the challenging subgroup of patients with diabetes and acute myocardial
infarction (Valdés et al. 2012, Karjalainen et al. 2012, Tuomainen et al. 2013). The aim
of the TITANOX-coated stent work in the current thesis was to compare the long-term
outcomes in patients with TITANOX-coated bio-active stents (BAS) and paclitaxel-
eluting stents (PES) in routine clinical practice.

Antithrombotic therapy in coronary artery disease patients during and after coronary
procedures always entails a balancing between bleeding and thrombotic complications.
It is especially challenging in patients with acute coronary syndrome (ACS) when potent
antithrombotic drugs are needed, or in patients with a high risk of bleeding. More than
5% of patients undergoing a percutaneous coronary intervention (PCI) are estimated
to be on long-term oral anticoagulation (OAC) therapy because of other underlying
medical conditions such as atrial fibrillation (AF), mechanical valves and a recent
or recurrent history of deep venous thrombosis or pulmonary embolism (Helft et al.
2006). It has been generally recommended to patients on long-term warfarin therapy to
discontinue warfarin a few days prior to elective coronary angiography or intervention
to prevent bleeding complications (Popma et al. 2001). Bridging therapy with heparin
is recommended for patients at an increased risk of thromboembolism who require the
interruption of anticoagulation for elective surgery or an invasive procedure (Airaksinen
et al. 2010a). In order to facilitate the prediction of the bleeding risk in patients on OAC,
several different bleeding risk scorings have been developed. Risk scoring systems have
also been used in the setting of patients undergoing a PCI. In the current thesis, the
aims of the studies on patients on long-term OAC and undergoing coronary procedures
were to examine the safety of the uninterrupted oral anticoagulation (UAC) strategy
in coronary angiography, and to evaluate the performance of the outpatient bleeding
risk index (OBRI)-scoring in predicting bleeding complications in PCIs performed on
patients on OAC. Furthermore, one aim was to study the long-term safety of a short triple
therapy (warfarin, aspirin and clopidogrel) after DES implantation in OAC patients. At
the time when the current thesis was being planned, novel oral anticoagulants were not
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in routine use and the focus of the thesis is therefore on warfarin treatment and coronary
interventions.

Optical coherence tomography (OCT) is a technology originally used in ophthalmology.
In cardiology, it is a novel technology for imaging intravascular coronary arteries. OCT
is a light-based imaging modality that provides an axial resolution of 12-18 pm, as
opposed to the 150-200pum achieved with intravascular ultrasound (IVUS) (Lowe et al.
2011). This unique tissue axial resolution enables the precise measurement of the vessel
lumen and lesions, in addition to the visualization of plaques in the vessel as well as
possible dissections and thrombi and evaluation of stent strut apposition and coverage.
By assessing the incomplete neointimal coverage of the stent struts, the risk of ST can
be estimated indirectly. At the time when the study on OCT after TITANOX-coated stent
implantation included in the current thesis was being carried out, there was scarce, if any,
data available concerning early findings after stent implantation using OCT.
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2. REVIEW OF THE LITERATURE

2.1  Techniques of coronary angiography and percutaneous coronary
intervention

2.1.1 Access site

The femoral artery access has been the standard for coronary angiography and PCI
for decades. Major complications of transfemoral coronary angiography and PCI are
haematoma, retroperitoneal haemorrhage, pseudoaneurysm, arterio-venous fistulae,
arterial dissections, vessel rupture, infection, embolism and thrombosis (Samal et al.
2002). The transradial approach for coronary interventions was first introduced in 1995
(Kiemeneij et al. 1995). A learning curve exists for the radial approach, and this can
affect procedure time and radiation dose, trending toward higher rates of procedural
failures as demonstrated in some studies (Jolly et al. 2009). In a study of PCI and
coronary angiography patients, body mass index, a history of CABG as well as the
number of treated lesions and chronic total occlusions were associated with the highest
patient radiation exposure, but the radial access site was associated comparable radiation
exposure to that of the femoral approach (Delewi R et al. 2013).

Some earlier studies have found an unfavourable influence on neurologic complications
associated with a transradial access for PCI (Hamon et al. 2008). In a large retrospective
analysis by Ratib et al, the use of radial access for PCI was not associated with an increased
risk of clinically detected neurologic complications (Ratib et al. 2013). In a meta-analysis
of twelve randomized controlled trials with patients presenting with an ST-segment
elevation myocardial infarction and undergoing primary PCI, the radial approach, in
comparison to the femoral approach, was associated with a decreased risk of mortality
and major bleeding, with a similar stroke risk (Karrowni et al. 2013). The most common
complication of transradial access is asymptomatic artery occlusion, which rarely leads
to clinical events due to the collateral perfusion of the hand. A forearm haematoma can
cause compartment syndrome. Radial artery pseudoaneurysm, arteriovenous fistulae and
nerve injury are rarely reported complications (Kanei et al. 2011). Coronary stenting with
the radial approach has reportedly reduced the total hospital costs and yielded financial
savings (Mann et al. 1998). However, the number of interventionists using transradial
procedures has been limited in some countries, such as the United States (Rao et al. 2008).

The brachial artery is an alternative access site for coronary angiography and PCIL.
More frequent major access site complications have been reported after transbrachial
and transfemoral PCI when compared to transradial PCI (Kiemeneij et al. 1997). When
ipsilateral radial access is not available, catheterization using transulnar approach can
also be considered (Kedev et al. 2013).
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In the early years, when a femoral approach was chosen, manual or mechanical
compression was needed to achieve haemostasis after femoral sheath removal. The
patient needed to remain immobilized for up to 8 hours after a catheterization. The
first vascular closure devices were introduced approximately 20 years ago. The various
closure devices include sutures, sealants, clips and compression mechanisms (Tavris et
al. 2012). Serious adverse events, including deaths, have been reported in association
with the use of vascular closure devices. However, in a large registry study, better safety
profiles were demonstrated for most of the frequently used vascular closure devices
when compared to manual compression controls (Tavris et al. 2012).

2.1.2 Percutaneous coronary intervention

2.1.2.1 Percutaneous transluminal coronary angioplasty

Compared to modern standards, the early-era procedures and equipment of PTCA were
bulky, and large guide catheters and balloon catheters easily traumatized the vessels. No
guidewires were used. Only non-calsific, proximal, non-complex lesions could be treated,
and PTCA was feasible in only 10% of all patients needing revascularization. By the mid-
1980s, soft-tipped guide catheters, steerable guidewires, lower-profile balloon catheters
with an increased tolerance to high inflation pressures, and the interventionists improved
experience enabled the treatment of more complex lesions in more acute situations
(Grech 2003a). Because of need for repeated revascularization caused by acute vascular
closure and a high rate of restenosis after a balloon angioplasty, the current European
guideline recommends a balloon angioplasty only as a revascularization option when
the implantation of a stent is technically not achievable, if the vessel is too small to
be stented (<2.0 mm) or if the patient has critical stenosis but needs urgent surgery
(Windecker et al. 2014).

2.1.2.2 Stenting

The introduction of intracoronary stents revolutionized the practice of interventional
cardiology. The first clinical report on coronary artery stenting was published in 1987
(Sigwart et al. 1987). The first indication the U.S. Food and Drug Administration
approved for the coronary stent was the emergency management of abrupt vessel closure
in 1992. In the early-stent era, stents were predominantly used as so- called bailout
devices for acute vessel closure (Serruys et al. 1993). The reports of the superiority of
stenting over PTCA alone, reducing restenosis, repeated angioplasties and the need for
emergency CABG, expanded the indications for elective stent deployment (Brophy et
al. 2003, Serruys et al. 2004). However, stenting was not found to decrease the rates of
death and MI when compared to PTCA (Al Suwaidi et al. 2004). To avoid ST, aggressive
anticoagulation was used, which caused frequent arterial access site complications and
major systemic bleeding. The development of new powerful antiplatelet drugs partly
overcame this problem (Grech 2003a). The unacceptably high rate of restenosis after bare
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metal stent (BMS) implantation led to the development of drug-eluting stents (DES). A
great concern arose regarding the ST risk related to the first-generation DESs. The new-
generation DESs with different pharmacological agents developed with a biodegradable
polymer or polymer-free system appear to have further advanced the efficacy and safety
in comparison to early-generation DESs and BMSs, including patients with diabetes,
multivessel and left main disease, acute myocardial infarction, saphenous vein graft and
restenotic lesions as well as chronic total occlusions. Current guidelines recommend
the consideration of using the new-generation DESs in all clinical conditions and lesion
subsets (Windecker et al. 2014).

2.1.2.3 Other techniques

The stent deployment to atherosclerotic plaques can be challenging, and lesion
preparation with plaque modification is suggested. The cutting balloon is a specialized
device initially developed in the pre-stent era to create a discrete longitudinal incision
in the atherosclerotic target coronary segment. The cutting balloon has demonstrated no
difference compared to a conventional balloon in terms of acute or long-term outcomes
in randomized trials (Mauri et al. 2002). However, the cutting balloon is an alternative
tool for complex lesion preparation before stenting, and for angioplasty in patients with
in-stent restenosis (ISR) (Auer et al. 2003).

Another debulking technique, percutaneous coronary rotational atherectomy, was
developed in the late 1980s. Percutaneous coronary rotational atherectomy increases
the luminal diameter by debulking atherosclerotic plaques with the aid of an abrasive
diamond-coated burr. It is used before stenting for patients with severely calcified
lesions, undilatable lesions, chronic total occlusions and bifurcation lesions (Cavusoglu
et al. 2004). The long-term benefits of percutaneous coronary rotational atherectomy
have been questioned in several studies (Dill et al. 2000, Buchbinder et al. 2000, vom
Dahl et al. 2002). However, the high risk of ISR has been largely eliminated by the use
of DESs, and a reasonable procedural success rate and long-term out