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Pozdravni govor
Poštovane koleginice i kolege,
Veliko nam je zadovoljstvo da Vas pozdravim na početku „Devetog beogradskog
samita interventnih kardiologa (BASICS+)“, koji se održava od 22-25. aprila
2015. godine u Hotelu M „Best Western“ u Beogradu. Ovaj naš tradicionalni
kongres nastavlja sa realizacijom ideja koje smo imali od početka i koje obuhvataju prenose uživo komplesknih procedura na koronarnim arterijama, inovacije
sa uvođenjem novih procedura na srčanim zaliscima (od prošle godine krenuli
smo sa implantacijama aortne valvule perkutanim putem i zatvaranjem aurikule
leve srčane pretkomore), praćenje i predstavljanje savremenih tendencija putem predavanja renomiranih interventnih kardiologa, a sve u cilju unapređenja
kvaliteta rada interventne kardiologije u Srbiji. Uz rukovodstvo i inicijativu Kliničkog centra Srbije, ove godine imamo podršku svih centara interventne kardiologije u Srbiji, kao i mnogih centara iz regiona, tako da ovaj kongres evoluira u
najznačajniji i najposećeniji kongres interventne kardiologije u jugoističnom delu Evrope. I ove godine očekujemo veliki broj inostranih gostiju koji su ujedno i
operateri i predavači, a pre svega prijatelji srpske kardiologije.
Velika zahvalnost, kao i svih ovih godina, ide prema industriji potrošnog i ugradnog materijala u interventnoj kardiologiji, farmaceutskoj industriji, Prvoj televiziji koja svih ovih godina realizuje prenose i tehničku podršku događaja, Telekomu Srbija kojim nam obezbeđuje linkove za video i audio prenos, i Hotelu M „Best Western“ koji je
omogućio sve tehničke uslove za ostvarivanje kvalitetnog prenosa kao i održavanje kongresa.

S poštovanjem,
Prof. dr Milan A. Nedeljković
Predsednik Radne grupe za kateterizaciju srca i perkutane
koronarne intervencije Udruženja kardiologa Srbije
Dear Colleagues,
It is my great pleasure to greet you at the beginning of the “Ninth Belgrade Summit of Interventional Cardiologists
(BASICS+)” that is being held from April 22-25, 2015, at the Hotel M “Best Western” in Belgrade. This traditional
interventional congress continues with the implementation of ideas that we had from the beginning and that includes live transmissions of complex coronary procedures, innovations with the introduction of new procedures
for the structural heart disease (last year we performed first percutaneous aortic valve implantations and closure
of the left atrial auricle), following of contemporary cardiology through lectures of world famous interventional
cardiologists, with the aim of improving the quality of interventional cardiology in Serbia. With the leadership and
initiative of the Clinical Center of Serbia, this year we have the support of all interventional cardiology centers in
Serbia, as well as many centers in the region, so that this congress is evolving into the most important and most
influential interventional cardiology meeting in the South-eastern Europe. This year we expect great number of
foreign guests who are also operators and lecturers, and primarily friends of Serbian cardiology.
We greatly appreciate support of the industry in interventional cardiology, pharmaceutical companies, “Prva”
television that organize recording of procedures, transmission, and technical support of the event, to “Telekom
Srbija” that provides us high-quality audio-video links required for the transmission, and Hotel M “Best Western”
which contribute us all the technical conditions needed for the transmissions as well as for conference realization.

Sincerely yours,
Professor Milan A. Nedeljkovic, MD, PhD, FESC, FACC
The president of the Working group for cardiac
catheterization and percutaneous coronary intervention of
the Cardiology Society of Serbia
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T

he study objective was to recapitulate developing research frontiers in the mononuclear and
stem cell (MNC and SC) biology and clinical use
in the regenerative medicine. The preliminary
results of the therapy of our patients with acute cardiac
infarction (intracoronary infusion) and coronary artery
bypass (intramyocardial application) – treated by intracoronary infusion or intramyocardial application of the
steady state vs. activated (primed) autologous BM derived SCs – are also summarized.
Concisely, “autopoiesis” refers to ability of a biological system to reproduce and maintain itself. Within that,
cytogenesis or cytopoiesis involve the origin and development of different cells. This is a multipart cyclic event
in which from a small quantity of toti/pluri/multipotent
(immature) SCs – through proliferative and differentiative processes – a spectrum of mature cell populations
is produced. The complex network of interactive cytokines and other mediators regulates SC survival and
functions. Therefore, SCs – having well-balanced selfrenewal, proliferative and differentiation potential –
could be predictive of “steady-state homeostasis” in
tissue-generating systems and BM repopulation or organ regeneration/repair after therapeutic use.
The SC compartment can be divided into embryonic
and adult cells. Embryonic SCs are, reasonably, capable
to differentiate into all cell types of human body. Immature adult SCs have also a potential to trans-differentiate into numerous somatic cell types (plasticity) – such
as osteocytes, chondrocytes, hepatocytes, myocytes,
cardiomyocytes and even endothelial cells (plasticity).
Thus, they improve tissue/organ healing or repair due
to their “regenerative-potential”. Thanks to this ability,
immature SCs and mesenchymal progenitors are clinically applicable in the treatment of patients with myocardial, brain, vascular, liver, pancreas and some other
tissue damages. The application of SCs has positive effects on myocardial ischemic damages, including prevention of post-infarction cardiac remodeling following
acute myocardial infarction (AMI).

Immature SCs are applicable in the regenerative
medicine, being capable of colonizing different tissues
due to homing and lineage-plasticity potentials, despite the fact that the ideal type and source of cells have
not yet been defined. In practice, SCs can be collected
from BM or harvested from peripheral blood after mobilization (chemotherapy/rHuG-CSF). Peripheral blood
transplant can be characterized by the absence of the
risk of bone infections and anesthesia, with faster hematopoietic reconstruction. During the last decades,
peripheral blood is used for more than 70-80% of allogeneic and almost for all autologous “conventional”
transplants. On the contrary, BM is the most frequent
source of cells used in the fields of regenerative medicine, especially for cardiac repair.
Our (pre)clinical study – is one decade practice by
using of native SCs and progenitors, harvested from
steady state vs. activated/primed BM – included cardiologic patients (≤ 71 years) with a large first infarction of
anterior wall (EF: ≤ 41%, but ≥ 19%). The angioplasty
and followed stent placement were performed using
percutaneous coronary access. Cells from BM were harvested by multiple aspirations from the iliac crests – collections were performed under sterile conditions in the
operation room, while the patents were in general anesthezia. For BM priming, rHuG-CSF was used (3 – 5 mg/
kgbm, subcutaneously) 24 hours before cell harvesting.
The BM aspirate was initially filtered and then processed by Cobe-Spectra (TerumoBCT, USA) and resuspended in serum-free culture medium up to an optimized hematocrit level (Hct = 0.30). The total nucleated
cells (TNCs) and MNCs were quantified by Advia-2120
(Bayer, Germany). Using triple staining, CD34 and CD45,
as well as immature (CD34+/CD90+) vs. mature (CD34+/
CD90-) CD34 subset antigens by EPICS-XL (Coulter, USA)
were tested. The quantity of applied cells for MNCs and
CD45 + /CD34 + cells was: 8.4x10 9 ±6.1x10 9 and
10.4±7.54x106 per treatment, respectively. Results obtained for cell viability (determined by 7-aminoactinomicin D or 7-AAD testing) were: 7-AADviability = 95.42%
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(for CD34+ cells) and 7-AADviability = 95.42% (for CD90+
cells). Obtained cells (MNCs enriched with native SCs)
were administered as an intermittent infusion into the
affected artery across coronary catheter (cardiology) or
directly into myocardium during coronary artery bypass
grafting (cardiosurgery).
In this study, an effective protocol for cell harvesting
and processing was verified. Results obtained indicate
positive outcome of the clinical use of BM (especially
rHuG-CSF primed) derived cells – such as improvement

of systolic function (evaluated 6 months after treatment
in the 50% of patients): (a) ejection fraction (EF) improvement ≥5%; (b) affected infarct region reduction ≥5%; and
(c) decreased left ventricular remodeling. Patients tolerated the use of cell-mediated treatment well, without
any adverse effects. Although the mechanisms by which
SCs can be trans-differentiated are still poorly understood, the presented results and facts suggest that appropriate populations of BM derived cells could be used
as a way of recovery of damaged myocardium.
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Abstract

Percutaneous coronary interventions (PCI) performed on large-scale basis in routine practice with documented long-term clinical benefit for the patient are balloon angioplasty introduced in 1977 and coronary
stenting since 1986. Other coronary devices, so-called “adjunctive”, have triggered a great admiration
at the time of its initial clinical application but showed to be less successful at the long-term follow-up.
However, many adjunctive devices are still necessary in 1-2% of all PCI procedures for complex cases.
This article is a short, comprehensive review retracing the conception and destiny of these devices.
Coronary balloon catheters, a standard device with advance “therapeutic” features comprise: cutting,
drug eluting and high pressure non-compliant balloon catheters. Atherectomy devices can be directional
for lesions “debulking”, rotational (Rotablator) for calcified, long lesions and recently Orbitral supposed
to have less no-reflow phenomenon. Excimer Laser angioplasty for treatment of “uncrossable” lesion
was claimed much in the past. Brachytherapy is used almost exclusively for in-stent restenosis. A numerous thrombectomy and embolic protection devices exist but none has shown a proven clinical benefit
in randomized studies. With an advancement in medical technology adjunctive devices will play more
important role in the future, especially for recanalization of chronic total occlusion and during acute
myocardial infarction.

Key words

percutaneous coronary interventions, stents, adjunctive devices.

Introduction

C

oronary balloon angioplasty (PTCA) introduced
in 1977, followed by coronary stenting in 1986
represent the only two percutaneous interventions (PCI) that have documented and confirmed clinical benefit for the patient and are being performed in current practice at the large-scale basis1.
Many other coronary devices, still remaining as a part
of interventional cardiologist’s arsenal, have triggered
a great admiration at the time of initial clinical application but turned out to be less successful at the long-

term follow-up. The author of this article has been in the
field of interventional cardiology from the begging of its
routine application and believes that these so-called
“adjunctive” devices need to be mentioned. It is like
reading a medical paper that shows negative result - but
from it, one can learn a lot, sometimes even more than
reading a study with positive, significant result. During
last three decades, the level of performed PCI has progressively increased reaching currently a steady usage
level while new device technologies are still in progress
(Figure 1). For this analysis, Switzerland was chosen as
sample country for comparisons due to its stable politi-
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Figure 1. Correlation of PCI performed in Switzerland with publications on new coronary devices (number per
year) during last three decades
cal and medical situation that had no variations over the
examined time period, unlike the rest of the Europe,
where creation of the European Union, reunification of
Germany and other variables made an impact on the
interventional cardiology statistics. New coronary devices were analyzed through the PubMed-Medline research coupled with clinical experience. Furthermore,
over the last several years, more attention has been
paid by the international cardiology community to their
organized development and introduction of special
events taking place in the course of congresses such as
the Innovation session during the European congress of
Cardiology2. The purpose of this article is to make a
short comprehensive review of the conception and destiny of adjunctive devices. Coronary devices are classified according to their mechanism of action and none
of the devices that are used for pure diagnostic purpose
(e.g. intravascular ultrasound) is mentioned.

in-stent restenosis (AngioSculptTM Scoring Balloon,
Angioscore, USA). However, compared to PTCA there
were no significant differences at 6-month follow-up in
angiographic and clinical results. The high-pressure noncompliant balloons that can tolerate the pressure of 40
bars are now available (OPN NC®, high pressure balloon
catheter, SIS Medical AG, Winterthur, Switzerland).
Drug eluting balloon (DCB) combines features of active
drug and balloon inflation. The low rates of adverse
clinical outcomes makes DCB a feasible treatment option in small vessel coronary artery disease, diffuse disease and bifurcation lesions. Their superiority has been
proven only for the indication of the in-stent re-stenosis,
as shown in a recent meta-analysis4 , where the need for
TLR was significantly reduced compared to other treatments. As a novel strategy, DCB still has a long way to
ride before its full implementation. The only commercially available drug for DCB is Paclitaxel.

Balloon catheters

Atherectomy

The idea to perform more interventions inside the
coronary vessel using a simple balloon catheter with
advance “therapeutic” features is still very accurate.
Since 1992 “cutting” balloons have been developed to
challenge complex lesions resistant to conventional balloon angioplasty3. Different types exist, using either single or multiple microsurgical blades bonded longitudinally to its surface, suitable for creating discrete
longitudinal incisions in the targeted atherosclerotic
coronary segment which are being activated during balloon inflations. Its current use is for “high-pressure balloon resistant lesions” including de novo lesions and

There are three different types of atherectomies: Directional (DCA), Rotational (RA) and recently introduced
Orbital Atherectomy. The DCA is probably the greatest
deception of all coronary devices. Developed by John
Simpson in 1984, just a few year after clinical introduction
of his movable coronary guide-wire, DCA was supposed
to decrease the high restenosis rate observed after PTCA
(30-50%). The device, called AtheroCath™ (Abbott Vascular, Redwood City, CA, USA) consists of a cylindrical metal
housing with a lateral side window cutter and a low pressure balloon on the contralateral side. Low pressure balloon inflation assures for proper tissue-cutter apposition.
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The plaque is gently displaced into the window housing
and “shaved-off”, using the cutter, into the collecting
nose cone at the distal tip of the device. In an early multi-center registry, DCA was successful in 85% of cases, and
as such was subsequently comparable to success in balloon angioplasty. After having been approved by FDA, it
gained confidence worldwide as an alternative to balloon
angioplasty, and by 1990’s accounted for approximately
10% of PCI procedures in the United States. In the following years several non-randomized studies showed an improved intraluminal coronary gain after DCA as compared
to PTCA that generated an extreme enthusiasm for the
device. However, in 1993 after publication of a randomized CAVEAT study showing higher restenosis (57 %
versus 50%) and complication rates (11% versus 5%) with
DCA compared to PTCA, the use of DCA rapidly decreased. The protagonists of atherectomy5 welcomed the
new multicenter USA clinical trial with Orbital atherectomy device on 443 consecutive patients with severely
calcified coronary lesions6 .
Rotablator TM (Boston Scientific USA) is the most known
device of RA. It can effectively ablate calcified plaques,
facilitating stent delivery and expansion. Practice guidelines recommend its use for preparation of heavily calcified or severely fibrotic lesion that cannot be crossed by
a balloon or adequately dilated. However, late restenosis remains high when it is used as a stand-alone therapy or with bare-metal stents. Some observational study
suggested a favorable long-term results of RA followed
by DES implantation, but a randomized study including
240 patients showed that routine lesion preparation using RA did not reduce late lumen loss even after implantation of DES at 9 months follow-up7.

Laser
The potential advantages of intracoronary laser angioplasty are to ablate the plaque material and vaporize
all atherosclerotic plaque along the arterial wall. The
bulk removal of plaque material could improve acute
procedural success rates, decrease complication rates,
take care of “untreatable” lesions, and decrease restenosis rates. Several types of lasers have been used in the
past (Argon, Holmium), but only the excimer laser is still
in practice (ELCA® Laser Ablation Catheter, Spectranetics USA). The coronary laser catheters are offered in
sizes ranging from 0.9 to 2.0 mm in diameter and contain up to 250 small, flexible optical fibers mounted
within a thin plastic tube.
The great enthusiasm to use the laser angioplasty for
the treatment of coronary occlusions was raised in 1986
because laser energy can vaporize atherosclerotic
plaque, and there may be no requirement for a pre-existing channel. However, high rate of complications,
thermal injury and collateral miss have limited its application. A systemic literature search8 performed in
2014 by McGill University in Canada, found no benefit

even in patients with un-crossable coronary lesion. Occurrence of complications such as coronary dissection
(up to 9%), myocardial infarction (0-10%), or major
bleeding (0-6%) and increased procedure cost influenced the decision not to recommend its use in Canada.

Brachytherapy
The radiation is believed to inhibit the cellular proliferation. Radiation for treatment of in-stent restenosis
has been using two sources: gamma and beta radiation.
Currently approved are the Checkmate System (Cordis
Corporation) that uses gamma radiation and the BetaCath System (Novoste Corporation) that uses beta radiation. Approval by the FDA in USA for both of these
devices is limited their use in stents that had been implanted in the past, and then re-stenosed. In the years
following 2000, the treatment of restenosis after bare
metal stent implantation using brachytherapy raised a
great hope, but rapid developments in drug eluting
stents had progressively pushed the brachytherapy a
side. A meta-analysis9 in 2011 of 12 studies and comparing the outcomes of drug-eluting stents versus intracoronary brachytherapy for in-stent restenosis suggests
that the use of drug-eluting stents for in-stent restenosis
is associated with reduced occurrences of target-vessel
revascularization and binary restenosis. The American
College of Cardiology Guidelines (2011) do not recommend brachytherapy for the prevention of restenosis as
the lower rates of restenosis occur with the use of drugeluting stents in comparison to bare metal stents or
vascular brachytherapy. Many technical limitations are
present within brachytherapy, such as the operator’s
protection against gamma radiation, coronary lesion
geographical miss (unwilling exposure of healthy tissue
to the radiation) and the absence of distinguished longterm benefit.

Thrombectomy
A numerous devices with different mechanisms of
action exist all having the same objective to reduce distal thrombus embolization and improve myocardial perfusion. In a meta-analysis there was a significant improvement in ST-segment resolution, myocardial blush
and TIMI grade 3flow as parameters of myocardial perfusion, as well as clinical parameters such as reduction
in mortality. Non-manual, mechanical thrombectomy
may have a role in selected patients with large caliber
vessels and heavy thrombus burden10.
Catheter aspiration thrombectomy uses a catheter
that is advanced over a guidewire to the thrombus
whereby syringe suction is used to aspirate the debris.
Devices used for this procedure include the DiverTM,
Export®, ProntoTM, RescueTM, Thrombuster®, and
TransVascular Aspiration Catheter®. Mechanical
thrombectomy devices apply energy directed through

7
saline jets or a rotating catheter head to facilitate
breakup of the thrombus prior to its active aspiration.
These devices include the AngioJet® and X-Sizer®.

Embolic protection
Embolic protection devices can be proximal and distal, using either balloon or filters. Distal device employs
an occlusion balloon advanced over a guide-wire distal to
the thrombus in order to trap and aspirate thrombotic
debris released during angioplasty and stenting pro
cedures such as the PercuSurge GuardWire®, FilterWire
EXTM, SpideRXTM, AngioGuardTM and Filtrap. A study
concerning these devices conducted in 2011 by the USA
Agency for Healthcare Research and Quality examined 53
randomized trials (n = 8,185) and 9 observational studies
(n = 1,479) and found no significant impact on mortality,
myocardial infarction, stroke, or MACE versus a control
when using the longest duration of follow-up11.

Stents
There are several so called “dedicated” stents, designed for specific lesion categories such as bifurcations
or vein grafts, which are on the market. None of them has
showed clinical benefit as compared to the standard
technique12. Covered stent are of real utility in case of
coronary artery perforation such as the Grafmaster® RX,
Abott, and mPK Papyrus, Biotronik, Switzerland - a more
flexible stent. Specially designed drug eluting stents capable to accommodate multiple drugs in a special reservoirs incited a great hope at the beginning. The example
is the NEVO® Cordis, USA, coronary stent but it was retrieved from the market after Johnson & Johnson Company announced halt of their research activities in interventional cardiology. The MGuard (Inspire MD, Boston
USA) stent utilizes MicroNet™ technology, which is a circular knitted mesh that wraps around the stent to protect
patients from plaque debris flowing downstream upon
deployment (during acute myocardial infarction). Bioresorbable vascular scaffolds (BVS) are very promising devices and will certainly expand in the future13.

CTO
Recanalization of Chronic total coronary occlusions
(CTO) has been for years and is still now a real battlefield
for use of adjunctive devices (Figure 2). A recent metaanalysis14 study including 18,061 patients showed an
angiographic success rate of 77% with following complications: contrast nephropathy 3.8%, coronary perforation 2.9%, myocardial infarction 2.5%, death 0.2%,
emergent coronary surgery 0.1%, tamponade 0.3% and
stroke 0.01%.
The concept of mechanical recanalization with consequent angioplasty is still applied with different possibilities such as sub intimal tracking, re-entry technique or
retrograde approach. Micro catheters represent a real

Figure 2. Adjunctive devices for CTO as proposed in
the year 1990
advancement, the most known are Transit® (Cordis, Miami, United States), Finecross®, Pro Great® (Terumo, Japan). They have the advantage of large lumen and trackability for selective injection and tortuosity, whereas
Corsair® (Asahi Intecc, Aichi, Japan) has more support,
even beyond a calcified or tortuous segment. The Tornus
device (Asahi) is a catheter made of 8 stainless steel
strands woven together to enhance flexibility and
strength in exchanging wires, delivering balloons and providing support for CTO procedures. The Frontrunner (LuMend, Cordis, USA) device is designed to create intraluminal blunt micro dissection to facilitate penetration of
the fibrous cap. Two other recent systems for lesion
crossing and lumen re-entry technologies include CrossBoss catheter (BridgePoint Medical, Plymouth, Minnesota), a metal micro catheter with a rounded tip that can
advance through a CTO eventually into the sub intimal
space. Then Stingray balloon and Stingray guide wire systems (BridgePoint Medical) which are employed to penetrate the distal true lumen for re-entry. In a catheterization laboratory that performs these interventions, other
adjunctive safety devices are necessary like: covered
stents, thrombectomy devices, snares, embolization coils
and delivery systems to manage possible complications.
With the advancement of medical technology, adjunctive devices will play more important role in the future,
especially for recanalization of chronic total occlusion
and for patients with acute coronary syndrome undergoing percutaneous coronary intervention.
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“Tip-In” method: a novel, wire randez-vous method
in need of retrograde CTO PCI
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Background

Principle and application of the Method

ith an introduction of the Corsair microcatheter (Asahi Intecc, Japan), more epicardial collateral channels (CC) have become available in retrograde approach,
increasing the chances for successful revascularization
in CTO PCI. Once a retrograde wire crosses a CTO using
reverse CART technique, advance the retrograde wire
into the antegrade guide catheter, so that the wire is
trapped inside the Guide to advance the retrograde Corsair or the microcatheter into the guide. When the tip of
the microcatheter enters the guide, the retrograde wire
can be replaced by a long “externalization” wire (either
a Viper wire of 335 cm (Vascular Solution, USA) or a RG3
of 330 cm (Asahi Intecc, Japan) to thread through the Y
connector of the antegrade guide. Subsequent procedure will be performed over the wire in an antegrade
manner1. Alternatively, one can advance the Corsair or
other microcatheter over the retrograde wire until it
reaches the antegrade guide in the aortic arch. Deliver
the antegrade microcatheter to the retrograde microcatheter similar to the kissing technique. Wiring can be
completed by threading an antegrade wire through the
retrograde microcatheter and crossing the CTO (Rendezvous Method)2.
There are, however, some limitations using either
Externalization or Rendezvous Method. Most notably,
both techniques require a retrograde microcatheter to
reach the antegrade guide through CC and CTO.
This report represents 4 cases in which the retrograde guide wire entered the antegrade guide by reverse CART, but the Corsair could not cross through CC
and/or CTO over the guide wire. A novel, but simple
technique is to place an antegrade microcatheter at the
aortic arch and deliver the retrograde wire into it. The
antegrade microcatheter over the retrograde wire is advanced to cross the CTO and a softer floppy wire is
placed once the Corsair or the micro catheter has
reached a distal non-CTO segment. This is a modification of Rendezvous Method, in which one can switch
retrograde wiring to antegrade microcatheter crossing
without losing guide wire position. This new technique
overcomes shortcomings of the contemporary retrograde recanalisation in need of “bail-out” situation.

This is a technique to deliver retrograde wire into the
antegrade Corsair or the microcatheter in the curved
segment of the antegrade guide after retrograde wire
successfully entered the guide. One can confirm whether the retrograde wire is successfully introduced into
the antegrade Corsair by advancing another wire
through the Corsair and having both guide wires contact
inside. Rotate the Corsair to advance over the retrograde wire antegrade, which then crosses the CTO and
go beyond. After withdrawing the retrograde wire and
delivering a soft workforce wire into the distal vessel,
Corsair could be removed by a balloon trapping. The
procedure can then finish as of any other current PCI.
We name this technique “Tip-In” method.

W

Case 1
A 44-year-old male, who had been treated with two
Cypher stents (Johnson and Johnson, Cordis) implantation of left anterior descending artery (LAD) (3.0mm x
28mm and 2.5mm x 23mm), was referred for Right coronary artery (RCA) CTO treatment. Final coronary angiography revealed Rentrop grade II collaterals from LAD
and left circumflex artery (LCX). 6 month later, an attempt was made to recanalise CTO/RCA. Coronary angiography showed Rentrop grade II CC from right ventricular branch (RVB) to posterior descending artery (PD) of
RCA (Figure 1-A, B). A Fielder XT guide wire (Asahi In-
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Figure 1. Once the retrograde wire into the antegrade guide, an antegrade mirocatheter is advanced to the
aortic arch (top of the curve) closer to the retrograde wire. The mechanical properties of wires or micro
catheters tend to track the outer side of large curve inside the guide, where both can easily face each other in a
straight line. Torque control of the wire allows the tip to enter the central lumen of the micro catheter (Figure1).
tecc, Japan) and a Corsair were delivered to the distal
RCA by antegrade, but the guide wire never reached the
true lumen in the PDA. Retrograde approach from the
RCA CC was then undertaken by Suoh wire (Asahi Intecc,
Japan) over a Finecross microcatheter (Terumo, Japan).
Eventually, a Fielder FC wire (Asahi Intecc, Japan) could
cross the CC, but the Corsair failed to cross the CC due to
its acute angle and tortuosity. Fortunately the Fielder FC
guide wire successfully crossed the CTO into proximal
true lumen by Reverse CART technique (Figure 1-C). Another Corsair was placed at the aortic arch and the retrograde Fielder FC was successfully introduced into it
(Figure 1-D). The Corsair crossed the CTO over the retrograde wire (Figure 1-E) and a new soft floppy wire of
Route (Asahi Intecc, Japan) was delivered into the Corsair and placed in the distal RCA after removal of the
retrograde wire. The Corsair was then removed from the
artery by a 2.5 mm balloon trapping method. Following
the small-sized balloon dilation throughout the CTO,
four Xience V stents (Abbott Vascular, USA) of a 2.5mm x
28mm, a 3.0 mm x 28mm, a 3.5mm x 28mm, and a
3.5mmX18mm were delivered and deployed. Angiography confirmed an excellent final result (Figure 1-F).

Case 2
A 63-year-old male was admitted to the hospital with
ACS. Coronary angiography showed a 75-90% segmental
disease of LAD, involving the proximal LAD diagonal
branch and the total occlusion at the mid LAD. Rentrop
grade III CC was noted from RCA via apical epicardial CC.
Two Endeavor stents (Medtronic, USA) were delivered
and deployed successfully without any complications, a
2.5mm x 24mm for the mid LAD to the diagonal branch
as jailed for the CTO ostium and another 3.0mm x 18mm
for the proximal LAD. 5 month later, CTO-PCI was attempted using epicardial CC from the PD of the RCA (Figure 2-A). A Fielder FC was advanced over a Corsair, which
succeeded in crossing the CC to the distal LAD. Then a
Confianza Pro 12 (Asahi Intecc, Japan) penetrated the
previous stent struts at the mid LAD under IVUS-guidance
(Figure 2-B). The retrograde wire was successfully introduced into the antegrade guide, where the retrograde
Corsair couldn’t cross because of possible stent-struts
jail. Therefore, a guide wire externalization was not possible (Figure 2-C). Another Corsair was advanced to the
aortic arch, where the retrograde wire succeeded in entering the Corsair (Figure 2-D), which crossed the CTO
antegrade over the retrograde wire by simple back and
forth rotation (Figure 2-E). After the CTO segment was
dilated by balloon catheter, two DESs (a Xience V of
3.0mm×28mm at the distal of CTO and another
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3.0mmx18mm at the CTO) were implanted by culotte
stenting, followed by KBT at 16 atm (Figure 2-F).
An excellent angiographic result was obtained.

Case 3
An 80-year-old male presented with low threshold
angina and CAG disclosed a triple-vessel disease, including a CTO of the mid RCA (Figure 3-A). Rentrop
grade II CCs were visualized from the septal branch near
the LAD apex and ipsilateral bridging collaterals from
the middle to the distal RCA (Figure 3-B, C). PCI was attempted after patient’s decline to surgical option for
treating CAD. After balloon dilatation of the LAD and
LCX lesions, which were treated by V-stenting of the DES
simultaneously, followed by KBT of a 3.5 mm and a 3.0
mm NC balloons. The RCA was engaged with a 7F SAL
1.0 SH (Launcher, USA). Since there was a poor target
vessel beyond the CTO, an attempt to cross the CC was
made from the LAD septal to the RCA, and a Fielder FC
successfully crossed to the distal PDA (Figure 4-C). After
a Corsair (150cm) advancement (Figure 3-D), a retrograde wire was successfully advanced to the antegrade
guide by reverse CART (Figure 3-E, F). However, the Corsair could not cross the CC because of the strong resistance over the long CC, so another Corsair was advanced
in the aortic arch in the guide and was able to receive a
retrograde Fielder FC (Figure 3-G). The Corsair was then
advanced over the wire and crossed the CTO (Figure
3-H). When it reached the distal RCA, the retrograde

wire was removed, an antegrade soft wire was placed
over the Corsair, and, the Corsair removed by a 2.5 mm
balloon trapping. After 1.5mm and 2.0 mm balloon dilation, 3 DESs were deployed (a 2.5mm×28mm, a
3.0mm×28mm, and a 3.5mm×28mm, respectively) and
the procedure successfully terminated (Figure 3-I).
Modification of the technique inside a native coronary artery

Case 4
The case is a 57 year-old male with effort angina,
and CAG demonstrated a high-grade calcified CTO in the
proximal LAD with CC via the septal through the PDA/
RCA and the epicardial cc through the LAD Diagonal
(Figure 4-A,B). PCI attempt for the first time had failed
due to inability to advance any device after successful
wire crossing to the distal LAD.
The Second PCI attempt was made using an antegrade approach with a Gaia 1 wire (Asahi Intecc, Japan),
which entered the distal true lumen without trouble
(Figure 4-C). However, any device could not go through
the CTO (those are a Corsair, a Finecross (Figure 4-D),
and a Tornus Pro (2.1F) penetration microcatheter (Asahi Intecc, Japan) (Figure 4-E).
Also, neither a 1.0mm nor a 1.25mm balloon could
go beyond the occlusion (Figure 4-F). A Sion black wire
(Asahi Intecc, Japan) was tried through an epicardial CC
between the intermediate and the LAD (Figure 4-G),
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which successfully crossed the CC and the CTO (Figure
11), and entered the antegrade guide (Figure 4-H, I). Of
note, in this ipsilateral CC crossing, two 7F Guides (a 7F
EBU3.5 SH, and a 7F SL3.5F SH,) were used to avoid confusion of the antegrade and the retrograde gears.
Even with a trapping by 2.5 mm balloon over the retrograde wire inside the guide, the retrograde Corsair
could not enter the antegrade guide, so the wire alone
was further advanced to the level of aortic arch (Figure
4-J). A Tornus 88Flex (2.6F) was placed in the aortic arch
with an intension of “tip-in” method, which succeeded.
Despite over the retrograde wire support, the Tornus
could not go through the lesion (Figure 4-K). The retrograde Corsair was replaced by a 150cm Finecross, which
successfully crossed the CTO, but was caught in the
proximal calcified segment. An antegrade wire was exchanged to a “Rota floppy wire ( Boston Scientific, Min-

neapolis, MN)” aiming at the Finecross lumen, using
modified “ tip-in” method inside of the curved segment
of LAD ( Figure 4-L). Rotablation was performed with a
1.25 mm burr (Figure 4-M), resulting in successful crossing, when bradycardia and hypotension (BP= 70 mmHg
systolic) developed. Angiography demonstrated no flow
over the entire left system with marked ST segment elevation in the precordial monitor leads (Figure 4-N).
Prompt 2.0 mm balloon inflation restored the flow
toward the LCX and the intermediate branch, but STsegment elevation persisted. A new 1.5 mm balloon
successfully crossed the LAD lesion, followed by 2.0 mm
balloon inflation (Figure 4-O). The DES of 2.25 mm x28
mm and of 3.0mm x 24 mm was deployed in the proximal segment at 18 atm (Figure 4-P). An excellent angiographic result was restored with marked resolution of
ST elevation (Figure 4-Q).
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Discussion
In retrograde CTO-PCI after successful CC wire crossing, wire externalization, using a long dedicated wire
(>300cm) becomes almost default setting, once the retrograde microcatheter has engaged into the antegrade
guide. Over the externalized long wire, excellent back-up
support is obtained in delivering the long stent(s) beyond
the tortuous, sometimes calcified, diseased segments.
However, there are occasional difficulties in microcatheter crossing over the CC or CTO, due to the resistance or
a shortage of the microcatheter. Excessive rotation and
aggressive push of a microcatheter will increase the risk
of vessel injury, dissection and rupture, in the worst case.
One of the precautionary measures to overcome a shortage includes cutting a guide short by putting a piece of
one size smaller sheath as a connecting tube, when the
length of the retrograde guide permits3.
Tip-in method can provide rapid solution from problems associated with retrograde wire based PCI, once
the retrograde wire has crossed to the proximal vascular lumen. Accordingly, the method cannot provide the
strong support in delivering a balloon or a stent as externalization method can, due to inherent nature of the
antegrade system.

Conclusion
Since retrograde CTO-PCI occasionally develops with
an unexpected wire crossing over the least possible
long epicardial CC, or with an unexpected resistance of
CC and/or CTO, “tip-in” method could provide a simple,
quick, but effective countermeasure for bailing-out of
stagnation mode to a successful recanalization.
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Abstract

The MitraClip is the first percutaneous therapy for mitral regurgitation. It can be used in both etiologies:
primary (degenerative) and secondary (functional) mitral regurgitation. The technique mimics surgical
suture-based approach by implanting a clip that grasps free edges of both leaflets and creates dual mitral
valve orifice. After Conformité Européenne (CE) mark in 2008, the MitraClip system is increasingly used
in Europe for both types of mitral regurgitation. The Food and Drug Administration (FDA) so far has
approved the Mitraclip only for patients with severe primary mitral regurgitation who are at high surgical risk. The decision for the MitraClip therapy should be accepted within the heart team. Transesophageal echocardiography plays a key role in selection of the patients, procedural guidance and follow-up
and is essential to the Mitraclip success. First Mitraclip implantation performed in Slovenia is presented.

Key words:

mitral regurgitation, MitraClip, first experience

Introduction

P

ercutaneous transcatheter mitral valve repair using the MitraClip system (MClip, Abbott Vascular,
Abbott Park, Illinois, USA) is a relatively novel
method for treatment of mitral regurgitation.
The technique is based on the creation of a double mitral
orifice, similar to surgical Alfieri’s stitch, by connecting
ideally the middle scallops of the anterior and the posterior leaflet of a regurgitant mitral valve1. The MClip is currently the only percutaneous procedure available in clinical practice. According to the latest European and
American guidelines it is considered as an alternative
treatment for selected high-risk inoperable patients with
primary mitral regurgitation2,3. The European guidelines
have included MClip as a potential option also for patients with secondary mitral regurgitation due to ischemic or non-ischemic dilated cardiomyopathy who remain symptomatic despite optimal medical therapy and
cardiac resynchronization when indicated2 (Table 1).
Namely, surgical correction of secondary MR is controversial, because the primary pathology is left ventricular
dysfunction and not the diseased mitral valve, the results
of surgery are not favorable and operative mortality is
much higher compared to primary mitral disease4,5. The
initial data of the EVEREST trials (Endovascular Valve
Edge-to-Edge Repair Study), including predominately patients with degenerative mitral regurgitation demon-

strated feasibility and safety of the MClip procedure.
Compared to surgery percutaneous repair was less effective at reducing mitral regurgitation6,7. Subsequent studies and registries have confirmed MClip feasibility and
low procedural risk and shown promising results in terms
of reducing mitral regurgitation grade, improvement of
functional status and quality of life8-11. In real-life practice
there has been a shift in the indications for MClip toward
secondary mitral regurgitation, which presents currently
about 80% of MClip implantations in Europe.
Patient selection for the MClip therapy depends on
clinical factors as well as specific anatomical criteria that
need to be fulfilled. Echocardiography has an essential
role in patient selection and evaluation of the final results
after clip implantation. Moreover, it is the central imaging
modality for guiding the procedure12. The first step in the
patients selection is to assess the severity of mitral regurgitation, then to determine the morphology of the mitral
valve and abnormalities in left ventricular function. According to the EVEREST studies mitral regurgitation
needs to be moderate to severe or severe (grade 3+ or
4+, respectively, when classifying regurgitation into four
grades). The mitral valve morphology and the etiology of
mitral regurgitation should be assessed in detail by transoesophageal echocardiography (TEE), as suitable morphology is essential to a successful Mitraclip procedure.
For patients with secondary mitral regurgitation, the co-
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Table 1. Indications for percutaneous mitral valve repair using the Mitraclip system according to the
latest European and American guidelines.
ESC
AHA/ACC
Class of recommendation/ Class of recommendation/
level of evidence
level of evidence
Percutaneous mitral valve repair may be considered in patients
with symptomatic severe primary MR who fulfill the echo criteria of eligibility, are judged inoperable or at high surgical risk by
a heart team and have life expectancy greater than 1 year
Percutaneous mitral valve repair may be considered in patients
with symptomatic severe secondary MR despite optimal medical therapy (including CRT if indicated) who fulfill the echo criteria of eligibility, are judged inoperable or at high surgical risk by
a heart team and have life expectancy greater than 1 year

IIb C

IIb B

IIb C

ESC=European Society of Cardiology guidelines on the management of valvular heart
Disease, AHA/ACC=American Heart Association/American College of Cardiology guidelines on the management of valvular heart disease,
MR=mitral regurgitation, CRT=cardiac resynchronization therapy.

Case report

Figure 1. Anatomic eligibility criteria for MitraClip
(EVEREST trial). In secondary MR the coaptation
length must be at least 2 mm and coaptation depth
<11 mm, so that there is some tissue for grasping
with the clip. In primary MR with prolapse and/or
flail, flail depth must be <10 mm and flail width <15 mm.
EVEREST=Endovascular valve edge-to-edge repair
study, MR=mitral regurgitation.
aptation length must be at least 2 mm, and the coaptation depth < 11 mm. For patients with primary mitral regurgitation due to prolapse or flail leaflet, the gap of the
prolapsed or flailed segment must be <10 mm and its
width <15 mm (Figure 1). MClip is not applicable to patients not fulfilling above echocardiographic criteria,
those with rheumatic mitral disease or with calcifications
of the grasping area. The mitral valve area should not be
less than 4 cm² in order to avoid creating mitral stenosis
after the procedure6,7.
We present the first Slovenian MClip procedure in a
patient with secondary mitral regurgitation due to ischemic cardiomyopathy.

A 75-year old man with a long history of diabetes type
2 on insulin, arterial hypertension, hypercholesterolemia
and chronic renal disease (creatinine of 150 μmol/L) had
been admitted to our department for heart failure. He
had a history of surgical coronary revascularization 2
years ago (LIMA to LAD and vein grafts to RCA and OM1).
In 2014 he was admitted to our hospital with heart failure
and angina. Coronary angiogram had shown occlusion of
all grafts and percutaneous coronary recanalization of
LAD, LCX and RCA was undertaken. 6 months later he was
admitted again due to heart failure. He was in sinus
rhythm, with narrow QRS complex. Transthoracic echocardiography demonstrated mild enlargement of the left
ventricle with moderately reduced ejection fraction
(45%), akinesia of the apical segments and hypokinesia of
inferior and inferolateral wall. Significant functional mitral regurgitation was present that was graded as severe
regarding the ischemic etiology (effective regurgitant
orifice area of 0.26 cm2, regurgitant volume of 30 ml).
Right ventricle function was preserved and estimated
systolic pulmonary pressure was 55 mmHg. According to
nuclear imaging the antero-apical myocardial wall was
non-viable. TEE confirmed normal morphology of the mitral valve and reviled the mechanism of regurgitation: left
ventricular remodeling with symmetric tenting and malcoaptation of the mitral valve leaflets. Echocardiographic
anatomical criteria were suitable for Mitraclip implantation (Figure 2). The patient’s coronary situation was the
same as 6 months before; there were no additional revascularization options. He was already on optimal medical therapy and not a candidate for cardiac resynchronization. His therapeutic options were discussed at our
hospital heart team which agreed that he was suitable
for a Mitraclip procedure.
The procedure was done under general anaesthesia,
with a venous femoral access. The interatrial septum
was punctured in postero-superior aspect under TEE
guidance, using short axis, bicaval and four chamber
views (Figure 3). The 24F Mitraclip catheter was introduced into the left atrium. According to the wide mitral
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Figure 2. 2-dimensional TEE at mid-esophageal long axis (A) and inter-commissural view (B) showing
the regurgitant mitral jet which is smaller in the long axis, but much wider in inter-commissural view,
pointing ellipsoid shape of the regurgitant area, typical for secondary mitral regurgitation. C illustrates
tenting of the mitral valve leaflets. Remaining degree of coaptation is enough for grasping (3 mm) and
the coaptation length is not too long (8 mm).
regurgitation jet we assumed two clips would be needed. The first clip was positioned more to the medial part
of the regurgitant jet with the aid of 2- and 3-dimensional TEE (Figure 4). The clip was then introduced into
the left ventricle where the two leaflets were grasped
and clipped. Mean gradient across the mitral valve was
4 mmHg (what is acceptable) and residual mitral regurgitation at the lateral aspect of the valve. According to
the initial decision the second clip was introduced and
aligned laterally to the first clip under TEE guidance. After grasping and clipping the leaflets with the second
clip the mean gradient and residual regurgitation was
assessed. The result was satisfactory with considerable
reduction in regurgitation and without significant mitral
obstruction (Figure 4). After the system was pulled out
through the interatrial septum we noticed small and hemodynamically non significant iatrogenic atrium septum defect. There were no complications after the procedure. The patient was discharged on a 5th day with
dual antiplatelet therapy for 3 months.

Conclusion
We presented first Slovenian experience with the
MClip procedure. The MClip represents an exciting advancement in the field of percutaneous structural heart
interventions. As for aortic valve disease with great expansion of transcatheter aortic valve implantations, the
MClip system has been developed to enable mitral
valve repair in patients with severe mitral regurgitation.
To date more than 15.000 MClip procedures were performed worldwide. It should be offered to carefully selected patients who fulfill echocardiographic anatomical criteria and are discussed within a heart team
comprising of cardiac surgeon, interventional cardiologist, referring cardiologist, imaging specialist and cardiac anesthesiologist. There is growing tendency for
MClip therapy in heart failure patients with secondary
mitral regurgitation, as an adjunctive treatment when
optimal medical therapy fails to provide clinical improvement. There are currently ongoing prospective,
randomized, comparative studies (MITRA-FR, COAPT),
which will assess the MClip device efficacy in this population of patients, already on optimal medical therapy 13.

Figure 3. Puncture of the interatrial septum. Determination of the puncture site is shown in a bicaval view (A)
and short axis view at the base (B). The tenting of the needle is demonstrated (white arrows). In four chamber
view the measurement of the height above the mitral valve annulus is done (C).
LA=left atrium, RA=right atrium, LV=left ventricle.
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7.
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Figure 4. A: simultaneous biplane imaging at intercommissural and long axis view demonstrates positioning of the Mitraclip. Once the proper position is
set, the opened Mitraclip is advanced into the left
ventricle. B: mild residual regurgitant jets after the
second clip deployment. C: 3-dimensional TEE imaging using enface surgical view from the left atrium
showing the final result-newly created double mitral
valve orifice.
LA=left atrium, LV=left ventricle.
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Abstract

Background: Transfemoral valve implantation is the most widely used approach for transcatheter aortic valve implantation (TAVI) and transapical approach is considered to be associated with increased
morbidity and mortality. The aim of our study was to compare TAVI related complications in trasfemoral and transapical approach and to compare the long-term outcome in these two groups.
Methods and results: We enrolled 171 patients who underwent transfemoral or transapical TAVI
between October 2009 and January 2015 (143 transfemoral approach, 28 transapical approach).
Patients with transapical approach were more often men and more of them had coronary artery disease and carotid stenosis. The most common complications were related to vascular damage that resulted
in minor bleeding and were more common in transfemoral approach. There were no other significant
differences in periprocedural complications between transfemoral and transapical site of implantation.
We observed no statistical difference in 30 days survival between transfemoral and transapical
approach, but long-term survival was better with the transfemoral approach (log Rank = 0.025).
Conclusions: We observed comparable results with transfemoral and transapical TAVI approach. The
long-term survival, which was better in transfemoral group, could be improved with valve and access
route individualization to each patient’s anatomy and general condition.

Key words: aged, aortic valve stenosis, aortic valve replacement, transcatheter, postoperative complications/
mortality

Introduction

S

urgical aortic valve replacement (SAVR) is the
primary treatment for severe symptomatic aortic stenosis (AS)1,2. Transcatheter aortic valve implantation (TAVI) has emerged as a viable alternative in selected high-risk patients, who are not
surgical candidates due to comorbidities and age3. The
percutaneous valve can be implanted using many access routes including an anterograde (transapical) and
retrograde (transfemoral, transsubclavian and transaortic) approach4-7. The transfemoral approach has been
the most widely used and is commonly the first choice
for access. The limitations of this approach are atherosclerotic and calcific lesions of femoro-iliac vascular segments, thoracic and abdominal aorta. Because of large
delivery systems, carefully evaluation of these vessels is
necessary before the procedure and in case of severe
atherosclerotic plaques and calcifications transapical
approach is preferred.

In Slovenia, TAVI was introduced in late 2009 and has
been performed only at University medical centre Ljubljana, so far. The present study reports the results of
the prospective, non-randomized single-centre Slovenian national registry. The aim of our study was to compare TAVI related complications in trasfemoral and
transapical site of implantation and to compare the
long-term outcome in these two groups.

Materials and methods
Patient population and selection
From October 2009 to January 2015, 171 consecutive
patients underwent TAVI via transapical or transfemoral
approach for symptomatic severe AS and were enrolled
in our study. We divide the enrolled patients into two
groups based on the site of implantation (transfemoral or
transapical). Between the groups, we retrospectively
analyzed the baseline characteristics, echocardiographic
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parameters, periprocedural complications and long-term
outcome.
Criteria for TAVI included:
- severe, symptomatic aortic stenosis confirmed by
transthoracic echocardiography with aortic valve
area < 1 cm2 (< 0.6 cm2/m2),
- high surgical risk determinated by logistic EuroSCORE (European System of Cadiac Operative Risk
Evalutation) > 15 % or STS score > 8.5 %
- contraindication to surgery because of concomitant comorbid conditions assessed and agreed by
both an independent cardiologist and a cardiovascular surgeon.
The final decision to perform TAVI was made by a
multidisciplinary team consisting of interventional cardiologist, cardiovascular surgeon, anesthesiologist and
echo specialist.

Echocardiographic data
With transthoracic echocardiography before TAVI
we determined the severity of aortic stenosis (aortic
valve area and gradients through the valve), left ventricular ejection fraction and pulmonary artery systolic
pressure8.

CT scan evaluation and delivery rout selection
Multidetector computer tomography (CT) with angiography was performed in all patients with the aim to
select the prosthesis size and type and the site of implantation9. Based on the measurement of the aortic
annulus and the aortic valve sizing charts provided by
the manufacturer, the size and the type of the device
were selected10, 11. The degree of aortic and ilio-femoral
arterial atherosclerosis and calcification were evaluated
and the vessels diameters were measured. In the presence of significant vascular aneurysmal dilatation, extent atherosclerotic plaques and small ilio-femoral vessels diameters, the transapical approach was preferred
to transfemoral12.

fluoroscopic guidance and in selected cases using tran
sesophageal echocardiographic guidance as appropriate. General anesthesia was used in 35% of procedures,
especially in the early phase of the TAVR program introduction.

Data collection and follow-up
Baseline clinical data were retrospectively collected
by chart review. Logistic EuroSCORE was calculated for
all patients. All clinically relevant baseline and follow-up
variables as well as periprocedural complication were
prospectively entered into a dedicated database. Major
periprocedural adverse events were defined as periprocedural death from any cause, myocardial infarction,
severe aortic regurgitation, stroke, cardiac tamponade,
cardiogenic shock, aortic dissection, major vascular
complications, urgent conversion to surgery and permanent pacemaker implantation. In-hospital follow-up
consisted of vital parameters, complete blood count,
monitoring of renal function, puncture site assessment
and transthoracic echocardiography within few days after TAVI. Acute renal impairment, myocardial infarction,
stroke, vascular complications and major bleeding were
defined according to the Valve Academic Research Consortium proposed criteria (VARC)16. Clinical and echo
cardiographic follow-up was planned at 3 to 6 months
after TAVI, and data were obtained by chart review.

Statistical analysis
Qualitative variables were expressed as percentages
and quantitative variables as mean ± standard deviation. Continuous variables were compared using the
Student’s paired t-test. The χ2 test was used to compare
qualitative variables. Survival rates were presented as
Kaplan-Meier curves, and the log-rank test was used for
comparison. Differences were considered statistically
significant at P < 0.05. All data were processed using the
Statistical Package for Social Sciences, version 17.0
(SPSS, Inc., Chicago, Illinois).

TAVR procedure

Results

The procedures were performed in our cardiac catheterization laboratory or hybrid operating room. All the
procedures were performed by only one operator. In
most of the cases we used either balloon-expandable
Edwards Sapien valve (Edwards, Lifescience, Irvine, CA,
USA) either self-expandable CoreValve (Medtronic Inc,
Mineapolis, MN, USA)13-15. In six cases we implanted
Acurate TF (Symetis, CH) valve. The transfemoral delivery system was 18-F through 20-F catheters. The selfexpandable valve was positioned in a controlled manner
either without pacing or under slow-rapid pacing with
allowance for limited repositioning. The balloon-expandable valve was deployed under rapid pacing without cardiopulmonary support. Predilatation of native
aortic valve was used in 55% of cases.
The procedure was mainly performed under analgosedation (without endotracheal intubation) using

Baseline characteristics
We enrolled 171 consecutive patients who underwent TAVI via transfemoral (n = 143,83.6%) or via tran
sapical approach (n = 28,16.4%). All patients had sym
ptomatic severe aortic stenosis, with high risk for SAVR
(mean logistic EUROSCORE 13±9.8%). The common comorbidities, echocardiographic parameters and baseline characteristics of the enrolled patients as well as
the comparison of the baseline parameters between
the different sites of the valve implantation are displayed in Table 1. In the group where TAVI was performed via transapical approach more patients were
male, they have more often coronary artery disease and
carotid stenosis. The rest of the observed baseline parameters were similar in the two groups.
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Table 1. Baseline characteristics of the enrolled TAVI population and the comparison of the baseline parameters
between the transfemoral and transapical site of valve implantation.
Variables
Age, y, mean (± SD)

Overall TAVI
(n = 171)
82.8 (6.1)

Transfemoral
(n = 143)
83.1 (5.7)

Transapical
(n = 28)
81.5 (7.8)

P
(TF vs. TA)
0.350

Men, n (%)

61 (36)

46 (32)

15 (54)

0.031

Logistic EuroSCORE, %, mean (± SD)

13.0 (9.8)

13.0 (9.7)

13.3 (10.7)

0.874

Coronary artery disease, n (%)

57 (33)

41 (29)

16 (57)

0.003

Prior myocardial infarction, n (%)

13 (8)

11 (8)

2 (7)

0.920

Carotid artery stenosis > 50 %, n (%)

25 (15)

15 (10)

10 (36)

0.001

Atrial fibrillation, n (%)

62 (36)

54 (38)

8 (29)

0.355

Prior CVI/TIA, n (%)

9 (5)

8 (6)

1 (4)

0.661

Diabetes mellitus, n (%)

39 (23)

32 (22)

7 (25)

0.762

COPD, n (%)

26 (15)

24 (17)

2 (7)

0.194

Previous pacemaker, n (%)

11 (6)

7 (5)

4 (14)

0.064

Prior CABG, n (%)

16 (9)

11 (8)

5 (18)

0.091

Prior MVR, n (%)

6 (4)

4 (3)

2 (7)

0.253

Mean aortic gradient, mm Hg, mean (± SD)

46.1 (15.8)

46.8 (16.2)

42.6 (13.2)

0.167

Baseline AVA, cm2, mean (± SD)

0.63 (0.16)

0.62 (0.17)

0.65 (0.14)

0.365

LVEF, %, mean (± SD)

58.2 (11.1)

59.0 (10.2)

54.0 (14.3)

0.102

SPAP, mmHg, mean (± SD)

46.9 (12.7)

47.6 (13.1)

43.3 (9.7)

0.081

Abbreviations: CVI/TIA, cerebrovascular insult/ transient ischemic attack; COPD, chronic obstructive pulmonary disease; CABG, coronary
artery bypass graft; MVR, mitral valve replacement; AVA, aortic valve area; LVEF, left ventricular ejection fraction; TAVI, transcatheter aortic
valve replacement; SPAP, Systolic pulmonary artery pressure

Periprocedural complications
Periprocedural complications are summarized in Ta
ble 2. Procedural related death (30 days) occurred in 8
patients (5 %) because of annulus rupture during the
procedure (n = 1), hemorrhagic shock due to vascular
perforation (n = 1) and retroperitoneal bleeding (n = 1),
aortic rupture (n = 2), myocardial infarction
(n = 1) and sepsis of pulmonary and urologic origo (n = 2).
In our series we observed 14 (8%) surgical complications, mostly involving the access site (1 arteriovenous
fistula, 9 pseudoaneurysm requiring surgical treatment), 2 cases involved vascular injury (1 internal iliac
artery dissection, 1 femoral artery rupture) and 2 cases
of cardiac tamponade (1 because of left ventricular perforation). All surgical interventions were successful.
The most common complications were related to
vascular damage that resulted in minor bleeding and
were more common in transfemoral approach. There
were no other significant differences in periprocedural
complications between transfemoral and transapical
site of implantation.

Pt at risk
Transfemoral
Transapical

143

88

50

25

10

4

28

13

3

2

2

2

Figure 1. 5-year outcome after transcatheter aortic
valve implantation. Kaplan Meier analysis between
transfemoral (TF) and transapical (TA) site of
percutaneous valve implantation.
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Table 2. Periprocedural complications in overall TAVI, transfemoral and transapical population and comparison
between transfemoral and transpical site of valve implantation.
Periprocedural complications

Overall TAVI
(n = 171)

Tranfemoral (n Transapical
= 143)
(n = 28)

P
(TF vs. TA)

LBBB, n (%)

12 (7)

12 (8)

0

0.112

RBBB, n (%)

1 (0.6)

1 (0.7)

0

0.657

AV grade I., n (%)

5 (3)

5 (3)

0

0.315

PM, n (%)

14 (8)

13 (9)

1 (4)

0.330

Moderate PVL, n (%)

17 (10)

17 (12)

0

0.055

Moderate-severe PVL, n (%)

0

0

0

Severe PVL, n (%)

0

0

0

Surgical complication, n (%)

14 (8)

14 (10)

0

0.084

CVI, n (%)

3 (2)

3 (2)

0

0.439

AMI, n (%)

10 (6)

1 (0.7)

0

0.657

Life threatening bleeding, n (%)

8 (5)

7 (5)

1 (4)

0.762

Major bleeding, n (%)

7 (4)

6 (4)

1 (4)

0.879

Minor bleeding, n (%)

23 (13)

23 (16)

0

0.023

Major vascular complication, n (%)

5 (3)

4 (3)

1 (4)

0.824

Minor vascular complication, n (%)

11 (6)

11 (8)

0

0.129

Acute kidney failure, n (%)

2 (1)

1 (0.7)

1 (4)

0.196

Death in 30 days, n (%)

8 (5)

5 (3)

3 (11)

0.098

Abbreviations: LBBB, left bundle branch block; RBBB, right bundle branch block; AV, atrioventricular; PM, pacemaker, PVL, paravalvular leak;
CVI, cerebrovascular insult; AMI, acute myocardial infarct.

Follow up and mortality
Long-term follow-up was evaluated using Kaplan
Meier analysis. We did observe a statistically significant
survival benefit in the group where TAVI was implanted
via transfemoral compared to transapical approach.
(Log Rank = 0.025) (Figure 1).

Discussion
Procedural related complications
Percutaneous techniques are less invasive treatment
options designed to relief symptoms and improve prognosis in comorbid, high-risk patients who are not surgical candidates. Despite being less invasive, TAVI carries
potential procedural related risks that differ from those
associated to SAVR and might be related to the site of
percutaneous valve implantation. TAVI related complications include valve malpositioning, valve migration or
embolization, conversion to open surgery, renal failure,
need for pacemaker implantation, stroke, myocardial
infarction, major or life threatening bleeding and other
major complications.
In our series of 171 TAVI patients, we compared the
complication rate between transfemoral and transapical approach.

Patient selection
Transfemoral approach is preferred and always selected, when the diameter of pelvic arteries is suitable.
Our second selection is transaortic approach. Just in

case of ascending aorta calcifications at the excess site
we select transapical approach. Transapical approach
was performed under general anesthesia with direct access to the left ventricle apex through an intercostal
mini-thoracotomy or mini sternothomy in case of direct
aortic approach. No cardiopulmonary bypass was needed. The analysis of baseline patient’s characteristics in
our TAVI group had shown that the patients selected for
transapical approach suffered more often for generalized atherosclerosis that was demonstrated with higher
incidence of coronary artery disease and carotid stenosis, similar to observations in other studies17.

Stroke
The most frequent etiology of procedural stroke is
likely to be atheroembolism from the ascending aorta or
the aortic arch. Other potential causes include calcific
embolism from the aortic valve, thromboembolism from
catheters, prolonged hypotension, and dissection of arch
vessels18. The incidence of stroke varies and rate ranges
from 0% to 10% in the published reports as the consequence of the learning curve, the evolution in technique,
and equipment but also the completeness of neurologic
assessment6, 19-22. Some authors have suggested that
stroke risk might be lower with transapical access due to
less manipulation within the aortic arch, but this has not
been a universal finding6, 21. In our series of transapical
patients, we did not observe any stoke comparing to 3
cases (2 %) in the transfemoral group. Because of a small
number of patients in the transapical group, the difference was not statistically significant.
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Paravalvular aortic regurgitation
In the literature, some studies report higher paravalvular aortic regurgitation rates after transfemoral approach23-25 and other studies no difference between the
techniques17. In our study, it appears that the paravalvular regurgitaion is less common after transapical approach but the finding is not statistically significant. The
degree of paravalvular leak in all cases was not severe
and should not influence the long-term outcome. We
observed the reduction of paravalvular leaks rate in
case of direct valve implantation. The rate of post dilatation of the valves was less than 30%.

New pacemaker
In our study there were no significant differences in
the requirement for a pacemaker between the transfemoral and transapical techniques, what has been also
confirmed in the literature. It has been shown that the
type of implanted valve is correlated with a pacemaker
implantation rate26. In our registry, pacemaker implantation rate was 5% and 18% for Edwards and CoreValve,
respectively. The pacemaker implantation rate might be
explaint by TAVI devices structure, implantation technic
and characteristics of natural anatomy and calcification
distribution.

Renal failure
Acute kidney injury is one of the most serious complications following TAVI due to its strong impact on
short- and long-term mortality. Renal failure requiring
dialysis appears to be more frequent with the transapical than with transfemoral approach17. In our study, we
did not notice a statistically significant difference in
acute kidney failure between the two procedures.

Vascular complications
We confirmed that transfemoral approach is associated with higher vascular complications compared to
transapical approach as reported in most of the published series33-36. Most of the complications were resolved with blood transfusions or vascular surgery.
There is a trend toward reduction of the vascular complications in the last performed TAVI procedures due to
the improvement of delivery system with reduction of
the sheath size and development of arterial closure devices37. Better patient selection by using preoperative
imaging37 may also contribute to reduction of the complications rate. In the last 54 transfemoral cases we
used percutaneous closure device (ProStar, Abbott,
USA) in 85% of cases with a success rate of 91%.

Long-term follow-up
We did observe a statistically significant survival
benefit in the group where TAVI was implanted via
transfemoral compared to transapical approach. One of
the studies in the literature confirmed our flinging 33, the
other did not observe any difference in long-term survival comparing the two sites of implantation17. In our
case, the population of the patients for different ap-

proaches was not the same. Usually the patients, which
are not suitable for transfemoral approach, have general atherosclerosis and therefore higher operative and
mortality risk.

Conclusion
TAVI is a feasible alternative to SAVR in selected,
high-risk patients with severe, symptomatic aortic stenosis. Knowing the benefits and the risks of this developing procedure, will likely improve the selection of the
proper candidates based also on the preexisting morbidities. On the other hand, knowing the possible procedure-related complications is crucial for the development of better devices and improving the implantation
procedure. Future clinical studies need to focus on individualizing each specific valve and access route to each
patient’s anatomy and general condition.
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Abstract

Aims. To evaluate the safety and efficacy of transcatheter aortic valve replacement with CoreValve
bioprothesis in patients with severe aortic stenosis in high and intermediate surgical risk.
Methods and results. Data was prospectively collected from 81 patients with severe aortic stenosis,
who underwent CoreValve implantation in one centre. After risk stratification 38 patients (46.9%)
were at high risk (STS score >8%). In 43 cases (53.1%) patients were at intermediate STS score (STS
score >3 and <8%), but due to different coexisting characteristics patients were not candidates for
surgery. Technical success was achieved in all cases. All-cause hospital mortality was 6.2% (5 cases)
generally, without statistical difference between two groups (10.5% in high risk group, 4 patients;
2.3% in intermediate group, 1 patient). In two patients post-operation period was complicated by
stroke (1 minor stroke, 1 major stroke; 2.5±1.7% of cases); in one case acute myocardial infarction
developed 6 hours post CoreValve implantation (1.2%); in one case acute renal failure developed,
leading to death of the patient. No significant differences in cerebrovascular accidents and myocardial infarction between the different risk groups were observed throughout hospital period. During
three years 56 patients (72±5,0%) were available for follow up. Two patients died during follow-up:
one patient died due to cancer progression (23 months after the implantation), one due to progression of chronic kidney insufficiency (18 months after implantation). No cerebrovascular or cardiac
accidents were observed during follow up period.
Conclusion. In selected patients with intermediate surgical risk TAVR procedure with the use of
CoreValve system have good clinical outcomes in hospitalisation period and long-term follow-up.

Key words

Severe aortic stenosis, self-expanding valve, STS score risk evaluation.
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Introduction

A

ortic stenosis is the most common valvular
heart disease, which affects 2-4% of individuals older 65 years in USA and performs 43% of
all valvular heart diseases in Europe1. Aortic
stenosis increase in incidence with age, so one in eight
people over the age of 75 have moderate to severe aortic valve disease2. Regarding the population aging, this
condition becomes a serious public health problem.
Medical management of severe aortic stenosis is a suboptimal strategy, may provide temporary symptom re-

TAVR = transcatheter aortic valve replacement;
TEE = transesophageal echocardiography

lief but is not effective long term3. Surgical aortic valve
replacement is a gold standard recommended treatment, but patients with severe symptoms have been
found to have a significantly higher operative mortality
than those with no or only mild symptoms4. The use of
a bioprosthetic valves can be an opportunity in treatment of elderly patients with severe stenosis (<0.6 cm2)
or severe left ventricular dysfunction5-6. Approximately
30% of the patients with severe symptoms and coexisting conditions are not candidates for surgery7-9. Endovascular treatment of severe aortic stenosis - transcatheter aortic valve replacement (TAVR) proved to be
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effective and safe treatment in a group of inoperable
and high-risk for surgery operation patients10-12 since
2002, when the procedure was first performed13-14. Patients, undergoing TAVR procedure usually in advanced
age, with serious comorbidity conditions (Logistic EuroSCORE> 20%), and with contra indications to open surgery15-18. 30-days mortality rate is reported on 5-20%
level; myocardial infarction observed in 2-11% of cases,
stroke in 3-9%, other vascular complications in 10-15%
and AV-block in 4-30% of the patients. Mild to moderate
paravalvular aortic valve regurgitation is present almost
in half of the patients. The survival rate for 1 year with
the use of transfemoral approach is 80-90%19-20.
Bioprosthesys CoreValve (Medtronic, USA) is a representative of third generation of artificial aortic valves
for endovascular implantation. It is manufactured by
suturing 3 valve leaflets and a skirt, made from a single
layer of porcine pericardium, onto a self-expanding,
multi-level, radiopaque frame made of Nitinol. It can be
implanted from femoral, left subclavian, axillar approach. TAVR procedure with CoreValve system is performed in cathlab or hybrid room, by physicians who
have received Medtronic CoreValveTM training, under
TEE guidance and under general anesthesia.
The aim of the study is clinical-functional analysis of
immediate and long-term results of TAVR with the use
of CoreValve transcatheter aortic valve in patients with
severe aortic stenosis at high and intermediate surgical
risk as defined by a Society of Thoracic Surgeons (STS)
risk score21.

Methods
Data was prospectively collected in the period 20112014 from 81 TAVR cases on the base of cardio-vascular
center of Regional Clinical Hospital. Patients had severe
aortic stenosis and cardiac symptoms for whom conventional surgery to replace the aortic valve was associated with high risk, or low risk in combination with contraindications for surgery. Two patients (2.5%) had
additional severe aortic regurgitation. In four cases
combined valve disease was present: severe aortic stenosis and mild mitral stenosis. Two patients had relative
contra indication for TAVR procedure – bicuspid aortic
valve. All patients underwent precise evaluation for
TAVR procedure with the use of CT angiography, echocardiography (transesophageal echo was used, if visualization on transthoracic echo was not appropriate),
aortography in selected cases. Risk for surgical procedure was evaluated using STS risk score. Decision to a
transcatheter or surgical strategy was made by heart
team, that includes interventional cardiologist, cardiac
surgeon, anesthesiologist and additional specialists in
the case of pertinent comorbidities (nephrologist, endocrinologist). Written informed consent was obtained
in all cases prior to the procedures.
In our center all TAVR cases are performed under
general anesthesia, under TEE guidance during all the
procedure.
All procedures were performed with transfemoral access. Four patients underwent access site closure with

the Perclose device (Abbott Vascular Devices, Santa
Clara, CA, USA) using pre-closure technique. In 77 cases
standard arterial surgical cut-down was used, due to calcification (48 patients) and obesity (28 patients with
BMI>30). According to the standard recommendations at
the time of the procedure, patients were treated with
100 mg of acetylsalicylic acid, a 600 mg loading dose of
clopidogrel, and unfractionated heparin 70-100 U/kg.
After TAVR procedure patients were followed up at 1,
6, 12 months and once a year after 12th months by
means of a clinical visit or a standardized telephone interview. In the case of necessity additional hospital visit was
administrated. Control TTE was performed every 6 mo
nths after the CoreValve implantation to assess valve fun
ction, peri-device flow and general echo parameters.

Results
All 81 patients were available for follow-up. Technical success was achieved in all cases. After risk stratification 38 patients (46.9%) were at high risk (STS score
>8%). In 43 cases (53.1%) patients were at intermediate
STS score (STS score >3 and <8%), but due to different
coexisting characteristics patients were not candidates
for surgery (Table 1).
Table 1. Patients, refused for surgery with low and
intermediate STS score.
Coexisting condition
Patients, refused for surgery, n (%)
Porcelain aorta, n (%)
Chest-wall irradiation, n (%)
Chest-wall deformation, n (%)
Frailty, n (%)
Mental health features, n (%)

Value
43 (53.1)
27 (62.8)
11 (25.6)
2 (4.7)
2 (4.7)
1 (2.3)

Patients in high risk group were significantly older,
with lower body mass index, but in both groups prevalence of arterial hypertension was very high (>95%) (Table 2). Significant symptoms of heart failure (NYHA III-IV)
were prevalent in high risk group (76.3% vs. 34.9%,
p=0.03). Chronic obstructive pulmonary disease and renal failure were also more prevalent in high risk patients.
In past medical history there was no difference in frequency of myocardial infarction, coronary arteries interventions between two groups, but high risk patients had
more previous strokes (31.6% vs. 4.7%, p=0.006). Left
ventricular ejection fraction was higher among intermediate risk patients (58±2.16 vs. 49.8±13.3, p<0.001). No
difference in echocardiographic variables were find between two groups, mean aortic valve gradient was
45.2±14.7 mmHg in high risk patients and 44.7±13.9
mmHg in intermediate risk group (p=0.04); aortic valve
area was 0.6±0.3 cm2 in high risk patients and 0.6±0.2
cm2 in intermediate patients (p=0.7).
Significant coronary arteries disease was diagnosed in
57.9% in high risk group and in 41.9% in intermediate
group (p=0.26, 40 patients in both groups). The decision
about the time of the revascularisation (simultaneous or
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Table 2. Clinical characteristics, echo findings.
Characteristic
Age, years
Male, n (%)
BMI (kg/m2)
STS score
Diabetes Mellitus
Arterial hypertension
Hypercholesterolemia
Heart Failure (NYHA III – IV), n (%)
Coronary arteries disease
Prev. Myocardial infarction
Coronary arteries interventions – total number (%)
CABG
PCI
Peripheral Vascular disease, n (%)
COPD (any)
Chronical kidney disease
Cancer
Atrial fibrillation
Permanent pacemaker
Previous stroke
Echocardiography characteristics:
Mean aortic-valve gradient, mm Hg
Aortic-valve area, (cm2)
Pulmonary hypertension, n(%)
Mitral regurgitation (moderate to severe)
EF, % ±SD

staged procedure) was made individually in every patient,
considering the significance of lesion and clinical condition. In 82.5% (33 patients) – PCI was performed at the
time of diagnostic (ad-hock procedure) or before 1
month-2 weeks before planned TAVR, and in 17.5% of cases (7 patients) simultaneous PCI and TAVR was performed.
Post TAVR—need for permanent pacemaker was at
the same for both groups – in 9 patients in high risk
group (23.7%), in 10 patients in intermediate group
(23.3%, p=0.58).
All-cause hospital mortality was 6.2% (5 cases) generally, without statistical difference between two
groups, probably due to the small amount of patients
(10.5% in high risk group, 4 patients; 2.3% in intermediate group, 1 patient). In two patients post-operation
period was complicated by stroke (1 minor stroke, 1 major stroke; 2.5±1.7% of cases); in one case acute myocardial infarction developed 6 hours post CoreValve implantation (1.2%); in one case acute renal failure
developed, leading to death of the patient. No significant differences in cerebrovascular accidents and myocardial infarction between the different risk groups
were observed throughout hospital period. During
three years 56 patients (72±5,0%) were available for follow up. Two patients died during follow-up: one patient
died due to cancer progression (23 months after the
implantation), one due to progression of chronic kidney
insufficiency (18 months after implantation). No cere-

High risk group
(38 patients)
82.6±6.6

Intermediate risk group
(43 patients)
74.8±8.4

18 (47.4)
23.9±5.4
10.2±2.1
13 (34.2)
37 (97.4)
25 (65.8)
29 (76.3)
22 (57.9)
4 (10.5)

23 (53.5)
29.2±5.8
4.1±1.8
8 (18.6)
41 (95.3)
24 (60.1)
15 (34.9)
18 (41.9)
5 (11.6)

p=0,19
p<0.001
p<0,001
p=0,16
p=0,53
P=0,39
p=0,03
p=0,26

1 (2.6)
21 (55.3)
13 (34.2)
15 (39.5)
17 (44.7)
5 (13.2)
10 (26.3)
4 (10.5)
12 (31.6)

0
18 (41.9)
10 (23.3)
5 (11.6)
3 (6.9)
12 (27.9)
11 (25.5)
3 (7.0)
2 (4.7)

p=0,47
p=0,3
p=0,28
p=0,02
p=0,001
p=0,04
p=0,57
p=0,44
p=0,006

45.2±14.7
0.6±0.3
14 (36.8)
8 (21.1)
49.8±13.3

44.7±13.9
0.6±0.2
13 (30.2)
9 (20.9)
58±2.16

p=0,4
p=0,7
p=0,41
p=0,6
p<0,001

p
p<0.001

brovascular or cardiac accidents were observed during
follow up period.

Discussion
The performed analysis is based on a single-centre
experience with patients undergoing TAVR in high and
intermediate surgical risks, with the use of CoreValve selfexpanding system. All patients, included in analysis, were
precisely discussed by heart team of our multidisciplinary
hospital. The risk for surgical aortic valve replacement
was counted with the use of STS score, as the most exact
predictor of outcome, as it was recognised, that the logistic EuroSCORE overestimates the risk for adverse clinical
outcomes22. In big randomized trials, such as SURTAVI,
STS score was chosen for risk evaluation of the patients23.
Several conditions, such as porcelain aorta, chest wall irradiation or deformation, frailty making intermediate
and low surgical patients contra-indicated for surgery.
These factors are always discussed by a heart team, for
choosing the appropriate treatment strategy. According
to contemporary practice in Europe24, intermediate risk
patients were included to our analysis. In several singlecentre and multi-centre studies patients in low surgical
risks were also included24-25.
All cause death in our centre was 6.2% for all patients, which is similar to analysis, performed by
Wenaweser et. al.26, where all cause death was 6.4%.
But in these study, patients were divided in three
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Table 3. Clinical outcomes at 30 days
Hospitalization period
All cause death, n (%)
Minor stroke, n (%)
Major stroke, n (%)
Myocardial infarction, n (%)
Acute renal failure, n (%)
Access cite complications, n (0)

All patients
(81 patients)
5 (6.2)
1 (1.2)
1 (1.2)
1 (1.2)
1 (1.2)
0 (0)

groups: low, intermediate and high risk patients. All
cause mortality rate was lower in low risk patients and
intermediate risk patients compared with high risk
group. In our experience, statistically significant difference between intermediate and high risk patients was
not achieved (p=0.16), probably because of small
amount of patients. All-cause death during hospitalisation was observed on a rate 2.3%, what can be considered as a good result of implantation. Long-term results
in intermediate group were not worse, compare with
high risk group. We consider, that selected patients with
intermediate surgical risk will have good clinical outcomes in hospitalisation period and long-term followup. Randomized trials, PARTNER II and SURTAVI should
be completed, to prove, that TAVR procedure can be
preferred for patients with intermediate surgical risk.
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Abstract

Key words:

Aims. To evaluate efficacy and safety of endovascular occlusion of left atrial appendage (LAA) with
Watchman device in patients, contraindicated for long-term anticoagulant therapy
Methods and Results. Watchman device implantation performed in 37 patients with non-valvular
AF, CHA2DS2VASc score >2 (mean 4.73±1.15), HAS-BLED>3 (mean 3.84±0.76), with contraindications for long-term anticoagulation therapy, with > 6 months follow-up period. Technical success was
achieved in 94.6% (35 patients). Periprocedural complications were device embolization in 1 patient
and pericardial effusion, requiring treatment. During 14.8±6.7 months follow-up neither haemorrhagic/ischemic stokes or TIA were observed.
Conclusion. The LAA occlusion with Watchman device can be safely performed in selected patients
with contraindications to oral anticoagulation (OAC).
Atrial fibrillation, Left atrial appendage closure, Watchman device.

Abbreviations
AF = atrial fibrillation;
LAA = left atrial appendage;

TEE = transesophageal echocardiography;
OAC = oral anticoagulation;
PCI = percutaneous coronary intervention

Introduction

A

trial Fibrillation (AF) is the most common
rhythm disorder with clinical symptoms and
the number of affected patients enlarges every year1. Ischemic events are the most dangerous complications of AF, neurological disorders and
deficits are more severe than those outcoming from
non-AF stroke2, and ischemic stroke associated with AF
are nearly twice as likely to be fatal as non-AF stroke3.
Anticoagulation therapy is recommended to all AF
patients with high individual risk of ischemic complications, also in the case of successful cardioversion. Major
bleeding is a serious complication in patients undergoing anticoagulant therapy, more frequent for elderly
people4. 10% of AF patients have contraindications for
anticoagulation therapy because of the high risk of
bleeding5 and optimal therapeutic range of the anticoagulant therapy is achieved only in 50% of the patients6.
Endovascular occlusion of LAA, as the main place of life
threatening thrombus formation during non-valvular
AF, is an alternative, save and effective method of

thromboembolic events prophylactic in patients, contraindicated for anticoagulation therapy.
In the article we present our experience in LAA occlusion with Watchman device for the patients with
non-valvular AF and contraindications for life-long anticoagulation therapy.

Methods
In Krasnoyarsk Regional Clinical hospital 59 patients
with AF and with high individual risk of stroke (CHA2DS2VASc>2) and high risk of bleeding complications
(HAS-BLED>3) were examined as a candidates for LAA
occlusion with Watchman device. All patients had con
traindications for long-term anticoagulant therapy. TEE
echo was performed in all cases to exclude LA or LAA
thrombus, to evaluate LAA and intraatrial septum anatomy. In 1 patient there was a need for computed to
mography, for precise evaluation of LAA anatomy. In 5
cases implantation of Watchman device was not possible due to anatomical characteristics. 2 patients had
LAA consisted from 2 big lobes, in 1 patient LAA ostium
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was 32 mm and in 1 patient maximal LAA diameter was
15 mm. For available Watchman modification LAA should have a diameter from 16 to 32 mm, with an appropriate depth.
Implantation was not possible in 1 female patient
hypersthenic type (BMI 31), because of absence of visualisation in supine position, although in standard TEE
LAA was visualized in 00, 900 and 1350.
Eventually 54 patients were scheduled for the LAA
closure procedure. We perform the analysis of 37 patients, with >6 months follow-up period.
In our clinic we perform the procedure under general anaesthesia, with TEE and fluoroscopic control. In
the case of presence persistent foramen ovale or atrial
septal defect it was used for septal crossing, without
septal puncture. Implantation was considered successful, if Watchman device was implanted to LAA with total
exclusion of LAA from blood circulation and absence of
significant residual flow around device. All adverse
events during procedure, hospitalisation and follow-up
period were registered.
If the patient was on warfarin before the procedure,
it was cancelled 4 days before the implantation with
transmission on LMH. If the patient was on clopidogrel,
it was not cancelled. In the case of absence of anticoagulant or antithrombotic treatment, loading dose of
clopidogrel was administered on the day of procedure,
after implantation and control TTE in the evening time,
with transmission to 75 mg of clopidogrel next day. On
the day of procedure heparin was administered intravenously in a weight dose 100 U/kg after transseptal
puncture or crossing to LA, to achieve recommended
activated clotted time (ACT) 200-300 seconds. Every 30
minutes ACT control was performed, if it was less then
200 seconds additional boluses of intravenous heparin
were administrated. Further anticoagulation regime
was administrated individually for each patient, according to recommended protocols, eligibility or contraindications for treatment, possibility of INR checking. TTE
was performed 6-12 hours after the procedure and before patient’s discharge.
After device implantation, patients were followed up
at 3, 6, 12 months and once a year after 12th months by
phone call. In the case of necessity hospital visit was
administrated. Control TEE was performed at 6-8 weeks
after the implantation, 6 months and in selected cases
12 months after the procedure to assess device position, residual peri-device flow and device-related
thrombus. After total endothelisation, absence of
thrombus and peri-device flow warfarin/clopidogrel
was cancelled, while aspirin treatment stayed life-long.

Results
The mean age of patients was 65.0±7 years, 20 from
37 (54%) were females (Table 1). Attempt to implant
Watchman device was performed in 37 patients. In 35
cases procedure was successful (Table 2). In one case
Watchman device was not implanted due to anatomical
characteristics (multi lobes anatomy, not possible to

Table 1. Clinical characteristics, stroke and bleeding
risks.
Characteristic

Value

Age, years + SD

65.0±7

Female, n (%)
BMI (kg/m2)
AF type:
Paroxysmal AF, n (%)
Persistent AF, n (%)
Arterial hypertension, n (%)
Diabetes mellitus, n (%)
Thromboembolic event, n (%):
Stroke
TIA
Peripheral thromboembolism
Coronary arteries disease, n (%)
Vascular disease, n (%)
Heart Failure (NYHA III – IV), n (%)
Bleeding events, n (%)
Labile INR, n (%)
CHA2DS2VASc score, ±SD
CHA2DS2VASc score, n (%)
2
3
4
5
6
7
8
9
HAS-BLED score, ±SD
Antithrombotic/anticoagulant drugs,
n (%)
none
aspirin
aspirin+clopidogrel
warfarin
NOAC
EF, % ±SD

20 (54)
26 (23-29)
12 (32.4)
25 (67.6)
37 (100)
3 (8.1)
26 (70.3)
7 (18.9)
2 (5.4)
12 (32.4)
5 (13.5)
5 (13.5)
2 (5.4)
18 (48.5)
4.73±1.15
1 (2.7)
4 (10.8)
16 (43.2)
5 (13.5)
7 (18.9)
3 (8.1)
0
1 (2.7)
3.84±0.76
4 (10.8)
9 (24.3)
3 (8.1)
17 (45.9)
4 (10.8)
58±2.16

precise evaluation by TEE). One case of device embolization occurred. Mean CHA 2 DS 2 VASc score was
4.73±1.15, so the risk of stroke in analysed group was
very high. 70.3% of patients had stroke previously;
18.9% had TIA; 5,4% had systemic thromboembolism
(thromboembolism of brachial artery, with surgical intervention). More than half of these patients with adverse thromboembolic events took warfarin, with adequate INR level 2-3 with 60-80% therapeutic range.
Serious device and procedure related events occurred in 2 cases (5.4%). In one case device embolization was observed, after device releasing from delivery
system, in spite of satisfactory compression on TEE, and
tug-test both on TEE and angiogram. Watchman device
migrated to LV, where it fixed in posterior mitral leaflet
chords. Patient was send to surgery. Device was retrieved and MACE procedure was performed. 2 weeks
after patient was discharged from hospital in sinus
rhythm with low dose of antiarrhythmic drugs. In a second case, LA perforation with delivery system hap-
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Table 2. Procedure characteristics, device-related
adverse events and outcomes.
Characteristic

Value

Time of the procedure, ±SD, min

51±26

Technical success, n (%)

35 (94.6)

Implant failure, n (%)

1 (2.7)

Air embolization, n (%)

0

Device embolization, n (%)

1 (2.7)

Pericardial effusion, n (%)

1 (2.7)

Stroke/TIA, n (%)

0

All cause death

0

Femoral hematoma/bleeding

0

Femoral pseudoaneurism

0

pened, operator made a decision to finish implantation
of 33 mm Watchman occluder. Pericardial centesis was
performed, 400 cc of blood was evacuated. Two days
after patient was transferred from ICU to cardiology department, discharged 7 days after without complains.
All patients, that underwent implantation procedure
where available for follow up. TEE was performed 6-8
weeks after the procedure and in 6 months. In 1 case
residual flow (3 mm) persisted after 7 weeks from implantation, 6 months later residual flow was not observed (Figure 1). No cases of device embolization or
thrombosis in post-operative period were observed.
Annual ischemic stroke rate was expected to be
6.1%, based on CHA2DS2VASc score between patients in

Figure 1. Persistent residual flow around Watchman
device, 3 mm.
analyzed group. During 14.8±6.7 months follow-up period none of haemorrhagic/ischemic stokes or TIA were
observed. During long-term follow up period 5 patients
overcame open surgery, 2 patients now get combined
treatment of oncological process (laringeal cancer, gastric cancer) The procedure of LAA closure, performed
timely, dramatically decreased possible adverse thromboembolic events between these patients.

Discussion
In a group of the patients with non valvular AF, lifethreating thrombus, causing stroke/TIA or systemic
thromboembolism are formed in LAA in 90% of the
cases7. Anticoagulant treatment is necessary for ischemic events prophylactic, but bleeding complications
reduce frequency of admission of these treatment. Endovascular methods of LAA occlusion, as the main place
of thrombus formation, got their fast development as a
prophylactic method, with potentially lower risk of
bleedings development.
Several devices for LAA occlusion are aloud to use in
clinical practice. In Krasnoyarsk Regional Hospital we
implant “Watchman LAA occlusion device” (Boston Scientific, USA), as the most examined, with efficacy,
proved in several big randomised studies.
PROTECT-AF study, the only available randomized
study, proved the efficacy of Watchman device, by demonstrating the noninferiority of the device-based prophylactic against standard anticoagulant therapy with
warfarin. In additional safety end-points more adverse
events were fixed in patients, undergoing device implantation – 5.5%8. In our clinical practice device-related safety events were observed in the same level – 5.4%
(one device embolization with a need for surgical operation and one pericardial effusion due to LAA perforation). Significant decline in device/procedure related
events with operator’s experience was shown in CAP
Registry (nonrandomized registry of patients undergoing Watchman implantation9.
In an ESC Guidelines for the management of atrial
fibrillation 2012, LAA percutaneous closure in patients
with high stroke risk and contraindications for longterm oral anticoagulation has IIb class of recommendations and B level of evidence10. In ESC/EACTS Guidelines
on myocardial revascularization 2014 percutaneous
LAA closure and antiplatelet therapy is also recommended as a possible strategy in the patients with AF
undergoing PCI in a case of high stroke risk and contraindications for long-term combined antiplatelet and
anticoagulation therapy (Class IIb, Level of Evidence
B)11. (Figure 2 a,b,c). In AHA/ASA Guidelines for the Primary Prevention of Stroke 2014 for the same group of
patients it is recommended to perform LAA occlusion in
a centre with low rates of periprocedual complications,
and added that patient should tolerate the risk of at
least 45 days of postprocedual anticoagulation (Class
IIb; Level of Evidence B)12.
Data of 4-year follow-up of the PROTECT-AF study have
demonstrated statistically significant all-cause death reduction in the Watchman group compared to the control
group due to reduction of the haemorrhagic strokes (0.4%
vs 2.9% in a patients on warfarin, p<0.001)13.
Based on this results, in October 2014 the Food and
Drug Administration Circulatory System Devices Panel
of the Medical Devices Advisory Committee voted in favor of the Device. By a vote of 6 to 5 (with 1 abstention)
the Panel concluded that the benefits of the WATCHMAN Device outweigh the potential risks and that there
is reasonable assurance that the Device is safe (12 Yes
to 0 No). But on the question of reasonable assurance
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a

b

c

Figure 2. (a,b,c). Implanted Watchman device in patient with CTO of RCA, with retrograde recanalisation.
a – CTO of RCA in mid/3; b – balloon angioplasty after retrograde recanalisation; c – recanalised RCA+Watchman 24 mm device.

of effectiveness, the Panel vote was unfavorable (6 Yes
to 7 No). It should be mentioned, that the vote was
about using the device for the group of the patients,
without contraindications for anticoagulant warfarin
therapy. Probably, if a patients with contraindications
for anticoagulant therapy and high risk of bleeding complications were discussed, the results of the vote could
be different.
Finally, the WATCHMAN Device received U.S. Food
and Drug Administration (FDA) approval on Friday,
March 13, 2015. Now in the USA the WATCHMANTM LAA
Closure Technology is indicated to reduce the risk of
thromboembolism from the left atrial appendage in patients with non-valvular atrial fibrillation who: are at
increased risk for stroke and systemic embolism based
on CHADS2 or CHA2DS2-VASc scores and are recommended for anticoagulation therapy; are deemed by
their physicians to be suitable for warfarin; and have an
appropriate rationale to seek a non-pharmacologic alternative to warfarin, taking into account the safety and
effectiveness of the device compared to warfarin.
The decision about method of ischemic events prophylactic for the patients with non-valvular AF should
be taken individually for each patient, after precise
analysis of potential risks of medicament strategies and
innovative endovascular technologies, basing on available data and guidelines.
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