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Abstract
Aims: In patients with atrial fibrillation, a relevant stroke risk (CHA,DS,-VASc score >2) and a relative or
absolute contraindication for oral anticoagulation, catheter-based LAA occlusion is performed increasingly
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in Europe. The present article summarises the rationale, clinical data, devices, implantation techniques and
follow-up drug regimens.

Methods and results: European survey data on patients with atrial fibrillation support the need for non-
pharmacological approaches for stroke prevention in patients with atrial fibrillation. A relevant bleeding risk
remains with novel oral anticoagulants (NOACs), which are also dependent on drug compliance. Recent
long-term data from the PROTECT-AF trial and the CAP registry regarding the WATCHMAN LAA occluder
device suggest safety and efficacy. First registry data support the safety of two other CE-marked devices,
the AMPLATZER Cardiac Plug (ACP) and the Coherex WaveCrest device, which have become available in
Europe. Other LAA occlusion devices are in clinical development.

Conclusions: Catheter-based LAA occlusion is now being developed further as an interventional approach
for stroke prevention in patients with atrial fibrillation. Implantation techniques and devices are being
improved, which will probably result in better procedural safety. Appropriate operator training is of major
importance for this approach.
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Introduction

Atrial fibrillation (AF), the most common arrhythmia, is a major
cause of severe strokes, in particular in the elderly. Chronic antico-
agulation can substantially reduce the risk of stroke by approximately
60-70%; however, it is associated with a significant annual risk of
major bleedings, particularly in the elderly (Figure 1)'. To assess the
risk of bleeding with anticoagulation the HAS-BLED score has been
developed based on a real-world patient cohort treated with warfarin
from the EuroHeart Survey on Atrial Fibrillation?. Of note, the per-
sistent use of anticoagulation with warfarin has been observed to be
below 50% even in patients after an ischaemic stroke. This is prob-
ably explained, at least in part, by the associated bleeding risk, but
also by the general limitations of drug compliance®.

Rationale for left atrial appendage (LAA) closure
in atrial fibrillation

In patients with “non-valvular atrial fibrillation” (no mitral steno-
sis or prosthetic heart valve) >90% of thrombi have been detected
in the LAA*. This has stimulated development of catheter-based
approaches to LAA occlusion for stroke prevention®, an approach
that has a lower risk of major bleedings as compared to chronic anti-
coagulation and is not dependent on drug compliance. Moreover,
recent data suggest that for patients with CHA,DS,-VASc score >2,
pulmonary vein isolation may not eliminate the need for stroke pre-
vention by anticoagulation or other approaches®.

Currently, one randomised, multicentre study has been completed
comparing the safety and efficacy of LAA occlusion to warfarin
in patients with non-valvular atrial fibrillation, i.e., the PROTECT
AF trial’. In this study, patients were randomised to either LAA
occlusion (n=463) employing the WATCHMANT™ device (Boston
Scientific, Natick, MA, USA) or continued oral anticoagulation with
warfarin (n=244). Patients in the intervention group continued to
take warfarin for 45 days, then switched to dual platelet inhibition
until six months and were changed to aspirin monotherapy thereafter.

At 1,065 patient-years follow-up, the probability of non-inferiority
of the WATCHMAN device compared to warfarin was 99.9% for the
primary efficacy endpoint, defined as a primary composite endpoint
of stroke, cardiovascular death, and systemic embolism’.

Safety events were more common in the device intervention group
(7.4% vs. 4.4% per 100 patient-years) and were mainly periproce-
dural complications, including pericardial tamponade’. After trial
completion, a continued access registry (CAP) was started. Data
from 1,002 patients demonstrated a significant decline in the rate of
procedure- or device-related safety events with increasing operator
experience. No additional safety issues appeared®. Subgroup analysis
of patients aged >75 years in this series confirmed the safety and effi-
cacy of the procedure in this patient subgroup, in whom the bleeding
risk as well as the thromboembolic risk are increased’.

The four-year follow-up data of PROTECT AF were presented
at EuroPCR 2013. A superiority was observed regarding all-cause
mortality in patients assigned to WATCHMAN device treatment
which was accompanied by reductions in haemorrhagic stroke
(0.4% vs. 2.9%, p<0.01). In addition, patients receiving LAA occlu-
sion with the WATCHMAN device showed favourable changes in
quality of life (QoL) at 12 months as compared to warfarin treat-
ment in PROTECT AF'°. Early in 2014, these data led to a favoura-
ble vote of an FDA panel on the indication fora WATCHMAN LAA
occluder in patients eligible for warfarin, as studied in PROTECT
AF. Already in 2012 European Society of Cardiology guidelines
gave a class IIb indication for LAA occlusion in patients with a rel-
evant stroke risk who are not eligible for long-term anticoagulation.

RISK OF MAJOR BLEEDING WITH NOVEL ORAL
ANTICOAGULANTS (NOACS)

The novel direct anticoagulants, i.e., dabigatran, rivaroxaban and
apixaban, reduce the risk of intracranial bleeding. However, major
bleedings still occur at a rate of approximately 2-3% per year even in
low-risk patients (Figure 1)'"-17.
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Figure 1. Risk of annual bleeding events under warfarin and the direct oral anticoagulants dabigatran, rivaroxaban and apixaban according
to CHADS, and HAS-BLED score (when available). Definition of bleeding event: intracranial bleeding, hospitalisation due to bleeding,
haemoglobin decrease >2 mg/dl and/or transfusion of red blood cells.



A subanalysis of the RE-LY trial has suggested that the benefit of
low-dose dabigatran (2x110 mg/day) regarding bleeding events com-
pared to warfarin is lost in patients >75 years'?. Rivaroxaban increased
gastrointestinal bleedings as compared to warfarin'®. Apixaban at the
2x5 mg dose has a reduced risk of bleeding as compared to warfarin
in all subgroups, yet bleeding events still occurred at a rate of 3.46%/
year in the patient group with a HAS-BLED score >3'%. The published
data regarding bleeding risk associated with warfarin and NOACs are
summarised in Figure 1. In summary, both warfarin as well as NOACs
should be used with caution in elderly patients with increased bleed-
ing risk. Alternatives for stroke prevention are needed.

PATIENT SELECTION FOR LAA CLOSURE

Figure 2 suggests a potential algorithm for patient selection for
LAA closure based on the above-mentioned data regarding safety
and efficacy of LAA occlusion (by the WATCHMAN device) and
the risk of bleeding with chronic anticoagulation. In particular,
LAA occlusion can be considered for those patients with a relevant
risk of stroke (as defined by the CHA DS,-VASc score) and a sig-
nificantly increased risk of major bleedings (such as in patients with
recurrent GI bleedings, intracerebral haemorrhages, etc.).

Devices in clinical development for LAA occlusion
There are several devices in clinical development for catheter-based
LAA occlusion. The most commonly used devices in Europe at present
are the WATCHMAN (Boston Scientific) and the AMPLATZER™
Cardiac Plug (ACP) device (St. Jude Medical, St. Paul, MN, USA). The
Coherex WaveCrest device (Coherex Medical Inc., Salt Lake City, UT,
USA) has recently received CE marking and is now available in Europe.

WATCHMAN LAA OCCLUSION DEVICE
The WATCHMAN device (Figure 3A) was used in the PROTECT
AF study. Oversizing of the device by 15-30% rather than the

Atrial fibrillation (non-valvular)
CHA,DS_-VASc >1
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(e.g., HAS-BLED >3, previous Gl bleeding
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Figure 2. Potential algorithm for decision making regarding stroke
prevention in atrial fibrillation patients (AFib). Oral anticoagulation
or LAA occlusion depending on stroke risk (CHA,DS,-VASc score)
and bleeding risk (HAS-BLED score). Calculation of scores refers to
recent ESC publications on atrial fibrillation. The risk of bleeding
with a HAS-BLED score of 3 is 3.7%/100 patient-years.
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initially recommended 10-20% is now a strategy in many experi-
enced centres in order to optimise implantation results'®. A further
randomised study, the PREVAIL study, showed rates of pericar-
dial effusion comparable to the CAP registry (1.9% vs. 2.2%).
The next-generation device (named generation V) is expected to
cover a wider range of LAA ostium sizes with a reduced number of
device sizes in order to simplify the procedure further. The release
in Europe is expected for 2014. A large, 1,000-patient European
registry, called EWOLUTION, was recently started and is collect-
ing procedural and outcome data in Europe.

AMPLATZER CARDIAC PLUG (ACP) AND AMULET LAA
OCCLUSION DEVICE

For another LAA occlusion device, the AMPLATZER Cardiac Plug
(ACP) (Figure 3B), a large clinical trial was initiated in 2013 which
was designed to compare LAA occlusion to anticoagulation with
warfarin or dabigatran, i.e., the ACP trial. This trial is currently
on hold and will be redesigned. The results of several registries
regarding procedural results and short-term follow-up have been
published or presented, including patients with a contraindication
for anticoagulation'*?. A second generation of the device (ACP2
or Amulet™; St. Jude Medical) has recently been introduced in
Canada and Europe for first clinical testing (Figure 3C)*'. It has sev-
eral modifications including a larger LA A orifice disc, a low-profile
end screw and a longer lobe length to improve sealing performance
and further reduce the risk of complications?'. The low-profile end
screw may facilitate endothelialisation of the device with the aim of
reducing the risk of device-associated thrombi?2. The company (St.
Jude Medical) has decided to revise the flexible delivery cable sys-
tem after feedback from the first clinical implantation in expert cen-
tres in Canada and Europe. The redesigned ACP2/Amulet device
will be introduced into the market in the second half of 2014.

COHEREX WAVECREST LAA OCCLUSION DEVICE

The WaveCrest Left Atrial Appendage Occlusion System (Coherex
Medical Inc.) (Figure 3D) completed initial preclinical testing and
first-in-man studies in New Zealand in 2010. Enrolment in the
WaveCrest I phase 2 clinical study began in 2011 and the acute
results of 63 patients were presented at EuroPCR 2013. The current-
generation device comes in three sizes (22, 27, and 32 mm) to cover
LAA ostia between 18 and 30 mm. The anchors are rolled out after
proximal positioning of the device, thereby allowing a very con-
trolled release. CE marking was granted in 2013, and the device is

now marketed in Europe.

LARIAT DEVICE (SENTREHEART)-ACOMBINED ENDOCARDIAL
AND EPICARDIAL (TRANSPERICARDIAL) APPROACH

The LARIAT snare device (SentreHeart, Redwood City, CA, USA)
takes a different approach: after placement of a magnet-tipped
guidewire endocardially and epicardially (connected by the mag-
net tips of both wires across the intact wall of the LAA), a “loop”
is placed through the epicardial sheath via the rail established by
the two guidewires and tied firmly around the neck of the LAA
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Figure 3. Catheter-based LAA occluders in clinical development. A) WATCHMAN occluder (in clinical use, endpoint studies available:
PROTECT AF, CAP registry, PREVAIL, ASAP, ALSTER-LAA). B) AMPLATZER Cardiac Plug (in clinical use, registry data available, large
clinical endpoint study initiated). C) AMPLATZER “Amulet” (CE mark available, currently in revision for delivery system). D) Coherex
WaveCrest (CE mark in 2013). E) SentreHeart transcutaneous ligation (CE mark, in use in the USA). F) Occlutech LAA occluder:

G) Transcatheter patch: bioresorbable, frameless LAA occlusion. H) “LAmbre” device consisting of a fabric-enriched cover and an umbrella

connected by a short central waist.

(Figure 3E). This procedure has been performed by a few centres in
cohorts of >20 patients, and procedural safety was favourable*.
In a recent report of 89 patients, two cases of severe pericarditis

postoperatively were reported?.

OCCLUTECH LAA OCCLUSION DEVICE

The Occlutech® Figulla® Flex IIASD device (Occlutech, Helsingborg,
Sweden) (Figure 3F) consists of a self-expanding flexible nitinol
meshwork and a patch to close the LAA orifice. Instead of hooks
to anchor the device in the LAA, expandable loops at the very distal
end allow for larger radial force with less depth of the device com-
pared to the WATCHMAN. The device comes in sizes between 17

and 39 mm. There are preclinical data available for this device, and
human studies are ongoing to receive CE mark in 2014.

TRANSCATHETER PATCH OCCLUSION (SIDERIS DEVICE)

This is a bioabsorbable approach to LAA occlusion (Figure 3G).
The transcatheter patch is positioned in the LAA and “released” by
distally activating the surgical adhesive by direct injection of alka-
line solution (distal of the balloon sealing the LAA)*. This frame-
less, balloon-deliverable device has been used before for occlusion
of heart defects. The patches are tailored from polyurethane foam
and delivered using a supportive balloon®. The supportive bal-
loon catheter is removed 45 min after surgical adhesive activation.



A clinical registry of 20 patients has been reported in 2011, in which
17 patients underwent successful LAA closure. In three patients,
the device was retrieved because the patch did not attach?.

LIFETECH LAMBRE DEVICE

The name “LAmbre” is derived from “an umbrella in the left atrial
appendage”. LAmbre™ (Lifetech Scientific Corp., Shenzen, China)
is a nitinol-based, self-expanding device consisting of two parts, i.e.,
a fabric-enriched cover and an umbrella connected by a short central
waist (Figure 3H)?". The device is delivered by an 8-10 Fr sheath?’.
The preclinical experience has been reported in 2012; no clinical data
have been reported so far for this LAA occlusion device.

Insights into procedural optimisation of
catheter-based LAA occlusion

Independent of the particular LAA occlusion device used, many
procedural steps are similar. Here we focus in particular on aspects
to optimise procedural success.

TRANSSEPTAL PUNCTURE SITE

The location of the transseptal puncture is key for an optimal access
to the LAA and delivery of the LAA closure device. As the LAA
is mostly located in an anterior and superior position, an inferior
(or mid-inferior), and mid-to-posterior transseptal puncture site fre-
quently facilitates the access to the LAA and allows for an optimal
perpendicular positioning, i.e., of the WATCHMAN or ACP device
in the neck and body of the LAA (Figure 4A). A high and/or anterior
transseptal puncture will often result in a suboptimal positioning of
the delivery catheter in the LAA (Figure 4A). Most centres choose
ahigh transseptal puncture for LAA occlusion only in the rare cases in
which a 90° TEE picture suggests a more inferior LAA localisation.

DELIVERY SHEATH POSITIONING VIA STIFF WIRE

Following transseptal puncture, a pigtail catheter is usually positioned
in the LA using a soft wire. After LAA angiography, the delivery sheath
is delivered to the left atrium via a stiff wire (e.g., Amplatz Super Stiff
or Extra-Stiff or Supra Core wire) that can be positioned in the superior
left pulmonary vein or the left atrium. When exchange is performed
with the wire in the LAA, very particular care is needed to avoid
periprocedural cardiac effusion, given the thin wall of the LAA3. The
use of a pigtail catheter in the delivery sheath will help to avoid cardiac
tamponade during deep intubation into the LAA, as needed for exam-
ple for the WATCHMAN implantation. Manipulating a pigtail catheter
in the LAA was found to be safe by many operators (Figure 4B).

MEASURES TO AVOID AIR EMBOLISM

Air embolisation was a relevant problem in the beginning of cath-
eter-based LAA closure; however, this has been markedly reduced
with increasing operator experience. During several procedural steps
a gentle blood aspiration is performed (“back-bleed”) and care must
be taken to avoid air bubbles while loading the device into the deliv-
ery sheath. Importantly, the RA and LA pressure should be raised to
above 5-10 mmHg by sufficient hydration of the patient, if possible.

Development of catheter-based LAA occlusion
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Figure 4. Optimal transseptal puncture sites for LAA closure.
Medial/posterior and low transseptal puncture allows for straight
intubation of the LAA with delivery catheter. Straight alignment of
the delivery sheath to LAA orientation allows for easy release of LAA
occluder devices. A) Too high transseptal puncture (3.5-4 cm above
mitral valve plane, “clip position” for transseptal puncture) results
in a torqued delivery sheath position as LAA localisation is mostly
superior. Low transseptal puncture (2.5-3.5 cm above mitral valve
plane) is mostly ideal for LAA occlusion. B) Anterior puncture results
in torqued position of delivery sheath. Mid to posterior puncture is
mostly ideal for releasing an LAA occluder:

IMAGING AND MEASUREMENT OF LAA SIZE

An appropriate measurement of the LAA landing zone is critical
to avoid undersizing or oversizing of the device. This is frequently
performed by TEE and angiographic views. Employing an RAO
caudal projection corresponding to a TEE angle of 135° frequently
visualises the largest ostial LAA diameter and distal LAA part; it is
the standard angulation for releasing the WATCHMAN device. An
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RAO cranial projection (e.g., RAO 30, cranial 10-20) visualises the
proximal “neck” of the LAA, and is particularly helpful for evalua-
tion of the landing zone for AMPLATZER Cardiac Plug or Coherex
WaveCrest device implantation (Figure 5A).

The decision on device size should be based on measurements of
the LAA ostium/landing zone which is marked inferiorly by the cir-
cumflex artery; width measurement should be performed orthogonal
to the delivery catheter. Generally 15-30% compression is recom-
mended to achieve optimal results with the WATCHMAN device. To
prevent acute or subacute pericardial effusion, the sheath and device
are only moved backwards once the pigtail catheter serving as rail for
the sheath has been removed. The positioning of the delivery catheter
to the upper anterior lobe results in a good WATCHMAN position
after release (Figure 5B). Release from a lower lobe often results in
an inferior device protrusion. After positioning of the WATCHMAN
device, four parameters are checked: 1) device location (should not
be too far distal or proximal in LAA), 2) device anchoring (there
should not be a significant device movement after tug test), 3) device
compression (compression of 15-30% is aimed for), and 4) LAA
sealing (there should not be a colour jet >5 mm next to the device).
If these criteria are met, the device can be released (Figure 5C). After
positioning of the ACP device, the following parameters are checked:
1) device location (at least 2/3 of lobe behind circumflex artery),
2) disc-lobe separation, 3) device compression, and 4) a gentle tug
test to confirm stability of the device.

PREVENTION AND HANDLING OF COMPLICATIONS

As the delivery sheath is soft, heavy compression of the vein and/or
iliac kinking may pose a problem for device delivery. A larger, stiffer
sheath, as used for TAVI (i.e., 16 Fr Cook sheath), may be helpful

A Measurement: LAA ostium
RAO caudal

delivery
sheath

pigtail

to allow the 14 Fr outer diameter sheath (e.g., WATCHMAN) to be
delivered to the right atrium. Thrombus formation at the device or
sheath during the procedure may occur if the ACT falls below the
recommended 200 sec. ACT should therefore be checked carefully.

Pericardial effusion may occur following LAA occlusion either
immediately or delayed, within 24 hrs after the procedure. Extensive
manipulation within the LAA, device recapture and repositioning,
stiff wire exchange in the LAA and extensive oversizing of the
device, i.e., by accidental release of the device in a small distal
lobe increase the risk of pericardial effusion. Frequently, pericardi-
ocentesis with or without reversal of heparin is sufficient to control
this complication. Reversal of heparin by protamine may lead to
thrombus formation in the pericardial space limiting the possibil-
ity of drainage; therefore protamine needs to be used with caution.

Follow-up and medical therapy after catheter-
based LAA occlusion

The available devices were found to be at some risk (although low)
for thrombus formation on the device during the 3-6 months of
device endothelialisation. A follow-up imaging (e.g., TEE) is usu-
ally performed between 45 days and three months after the proce-
dure. The PROTECT AF algorithm (45 days warfarin, dual platelet
inhibition until six months post implantation, then aspirin mono-
therapy) was associated with a 3-5% risk of thrombus formation
at the device’. The multicentre ASAP study as well as the single-
centre ALSTER LAA registry analysed the event rate when patients
were started on dual antiplatelet therapy (DAPT) rather than war-
farin as in the PROTECT AF study. Three months of platelet inhi-
bition was found to be equally effective in preventing thrombus
formation as compared to warfarin®'®.

Measurement: LAA neck
TEE 0° (+45°, 90°, 135°)

3D TEE: WATCHMAN (27 mm)
after release

Figure 5. Step-by-step implantation of endocardial LAA closure device (e.g., WATCHMAN). After transseptal puncture the LAA is visualised
by pigtail catheter. Ostium size is measured angiographically and by TEE in various projections and/or 3D TEE (A). The largest diameter is

used to decide on the specific device size. Next, the pigtail catheter can be used as a rail to position the delivery sheath atraumatically into the
distal part of an anterior LAA lobe (B). Now the device can be positioned and released. In the case of the WATCHMAN design, an optimal
position is achieved if the device firmly covers the LAA ostium with minimal protrusion into the LA (C).



Dual antiplatelet therapy is usually stopped in patients after 3-6
months, depending on the follow-up findings at three months in
most centres. Thereafter, patients are currently mainly treated with
low-dose aspirin. Whether patients without coronary heart disease
or other manifestations of arteriosclerosis should completely stop
antithrombotic therapy needs to be studied in future trials.

Summary and conclusion

Accumulating data suggest that catheter-based occlusion of the LAA
is an effective and safe measure for stroke prevention in patients with
AF. Data obtained with the WATCHMAN device suggest that this
procedure is non-inferior to oral anticoagulation with warfarin. After
four years of follow-up, the device group in the PROTECT AF trial
had an improved overall mortality and quality of life. In patients with
an increased bleeding risk identified by a HAS-BLED score of >3,
previous gastrointestinal or intracerebral bleeding, caution with anti-
coagulation has been recommended, and LAA occlusion may repre-
sent a viable alternative for these patients?®*. Periprocedural events
during LAA occlusion have been reduced when performed in expe-
rienced centres. Experienced device handling is necessary to max-
imise the benefits from this procedure. The most experience from
clinical studies is available for the WATCHMAN device. For the
ACP device, first registry data are available. In addition, the Coherex
WaveCrest device has now become available in Europe. There are
several novel devices for LAA occlusion in early clinical develop-
ment (as described above) which may expand the device “armamen-

tarium” for this procedure in the near future.

Impact on daily practice

Atrial fibrillation is a highly frequent cause of stroke and the per-
sistent use of anticoagulation for stroke prevention is observed
only in approximately 50% of these patients. Catheter-based
left atrial appendage closure (LAA) is therefore currently being
intensely developed as a novel approach for stroke prevention in
patients with non-valvular atrial fibrillation, in part based on the
observation that >90% of thrombi are detected in the left atrial
appendage in patients with atrial fibrillation. It is thought that
LAA closure can be particularly considered in patients with a rel-
evant ischaemic risk and an elevated bleeding risk.

Conflict of interest statement

M.W. Bergmann has received speaker honoraria and grant support
from Boston Scientific, St. Jude and Coherex/J&J. U. Landmesser
has received consultant honoraria from St. Jude.

References

1. Hylek EM, Evans-Molina C, Shea C, Henault LE, Regan S.
Major hemorrhage and tolerability of warfarin in the first year of
therapy among elderly patients with atrial fibrillation. Circulation.
2007;115:2689-96.

2. European Heart Rhythm Association; European Association
for Cardio-Thoracic Surgery, Camm AlJ, Kirchhof P, Lip GY,

Development of catheter-based LAA occlusion

Schotten U, Savelieva I, Ernst S, Van Gelder IC, Al-Attar N,
Hindricks G, Prendergast B, Heidbuchel H, Alfieri O, Angelini A,
Atar D, Colonna P, De Caterina R, De Sutter J, Goette A, Gorenek B,
Heldal M, Hohloser SH, Kolh P, Le Heuzey JY, Ponikowski P,
Rutten FH. Guidelines for the management of atrial fibrillation: the
Task Force for the Management of Atrial Fibrillation of the European
Society of Cardiology (ESC). Eur Heart J. 2010;31:2369-429.

3. Glader EL, Sjolander M, Eriksson M, Lundberg M. Persistent
use of secondary preventive drugs declines rapidly during the first
2 years after stroke. Stroke. 2010;41:397-401.

4. Blackshear JL, Odell JA. Appendage obliteration to reduce
stroke in cardiac surgical patients with atrial fibrillation. Ann
Thorac Surg. 1996;61:755-9.

5. BayardYL,OmranH,Neuzil P, ThuesenL, PichlerM, RowlandE,
RamondoA,RuzylloW,BudtsW,MontalescotG,BrugadaP,SerruysPW,
Vahanian A, Piechaud JF, Bartorelli A, Marco J, Probst P, Kuck KH,
Ostermayer SH, Buscheck F, Fischer E, Leetz M, Sievert H. PLAATO
(Percutaneous Left Atrial Appendage Transcatheter Occlusion) for
prevention of cardioembolic stroke in non-anticoagulation eligible
atrial fibrillation patients: results from the European PLAATO study.
Eurolntervention. 2010;6:220-6.

6. Ouyang F, Tilz R, Chun J, Schmidt B, Wissner E, Zerm T,
Neven K, Kokturk B, Konstantinidou M, Metzner A, Fuernkranz A,
Kuck KH. Long-term results of catheter ablation in paroxysmal
atrial fibrillation: lessons from a 5-year follow-up. Circulation.
2010;122:2368-77.

7. Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H,
Buchbinder M, Mullin CM, Sick P; PROTECT AF Investigators.
Percutaneous closure of the left atrial appendage versus warfarin
therapy for prevention of stroke in patients with atrial fibrillation:
a randomised non-inferiority trial. Lancet. 2009;374:534-42.

8. Reddy VY, Holmes D, Doshi SK, Neuzil P, Kar S. Safety
of percutaneous left atrial appendage closure: results from the
Watchman Left Atrial Appendage System for Embolic Protection
in Patients with AF (PROTECT AF) clinical trial and the Continued
Access Registry. Circulation. 2011;123:417-24.

9. Reddy VY, Doshi SK, Sievert H, Buchbinder M, Neuzil P,
Huber K, Halperin JL, Holmes D; PROTECT AF Investigators.
Percutaneous left atrial appendage closure for stroke prophy-
laxis in patients with atrial fibrillation: 2.3-Year Follow-up of
the PROTECT AF (Watchman Left Atrial Appendage System
for Embolic Protection in Patients with Atrial Fibrillation) Trial.
Circulation. 2013;127:720-9.

10. Alli O, Doshi S, Kar S, Reddy V, Sievert H, Mullin C,
Swarup V, Whisenant B, Holmes D Jr. Quality of life assessment in
the randomized PROTECT AF (Percutaneous Closure of the Left
Atrial Appendage Versus Warfarin Therapy for Prevention of Stroke
in Patients With Atrial Fibrillation) trial of patients at risk for stroke
with nonvalvular atrial fibrillation. J Am Coll Cardiol. 2013;61:1790-8.

11. Connolly SJ, Ezekowitz MD, Yusuf S, Reilly PA, Wallentin L;
Randomized Evaluation of Long-Term Anticoagulation Therapy
Investigators. Newly identified events in the RE-LY trial. N Engl J
Med. 2010;363:1875-6.

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
%
—
=
S
©
=
(3]
o
H




™
=
=
o
=
=3
(1]
=
(1]
=
=
o
=
N
o
—
-
—
=
i
©
T‘
(3]
(=]
H

12. Eikelboom JW, Wallentin L, Connolly SJ, Ezekowitz M,
Healey JS, Oldgren J, Yang S, Alings M, Kaatz S, Hohnloser SH,
Diener HC, Franzosi MG, Huber K, Reilly P, Varrone J, Yusuf S.
Risk of bleeding with 2 doses of dabigatran compared with warfarin
in older and younger patients with atrial fibrillation: an analysis of
the randomized evaluation of long-term anticoagulant therapy (RE-
LY) trial. Circulation. 2011;123:2363-72.

13. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W,
Breithardt G, Halperin JL, Hankey GJ, Piccini JP, Becker RC,
Nessel CC, Paolini JF, Berkowitz SD, Fox KA, Califf RM; ROCKET
AF Investigators. Rivaroxaban versus warfarin in nonvalvular atrial
fibrillation. N Engl J Med. 2011;365:883-91.

14. Lopes RD, Al-Khatib SM, Wallentin L, Yang H, Ansell J,
Bahit MC, De Caterina R, Dorian P, Easton JD, Erol C, Ezekowitz JA,
Gersh BJ, Granger CB, Hohnloser SH, Horowitz J, Hylek EM,
McMurray JJ, Mohan P, Vinereanu D, Alexander JH. Efficacy and
safety of apixaban compared with warfarin according to patient risk of
stroke and of bleeding in atrial fibrillation: a secondary analysis of
a randomised controlled trial. Lancet. 2012;380:1749-58.

15. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom 1J,
Oldgren J, Parekh A, Pogue J, Reilly PA, Themeles E, Varrone J,
Wang S, Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, Darius H,
Diener HC, Joyner CD, Wallentin L; RE-LY Steering Committee
and Investigators. Dabigatran versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2009;361:1139-51.

16. Connolly SJ, Eikelboom J, Joyner C, Diener HC, Hart R,
Golitsyn S, Flaker G, Avezum A, Hohnloser SH, Diaz R, Talajic M,
Zhu J, Pais P, Budaj A, Parkhomenko A, Jansky P, Commerford P,
Tan RS, Sim KH, Lewis BS, Van Mieghem W, Lip GY, Kim JH,
Lanas-Zanetti F, Gonzalez-Hermosillo A, Dans AL, Munawar M,
O’Donnell M, Lawrence J, Lewis G, Afzal R, Yusuf S; AVERROES
Steering Committee and Investigators. Apixaban in patients with
atrial fibrillation. N Engl J Med. 2011;364:806-17.

17. GrangerCB,AlexanderJH,McMurraylJ,LopesRD,HylekEM,
Hanna M, Al-Khalidi HR, Ansell J, Atar D, Avezum A, Bahit MC,
Diaz R, Easton JD, Ezekowitz JA, Flaker G, Garcia D, Geraldes M,
Gersh BJ, Golitsyn S, Goto S, Hermosillo AG, Hohnloser SH,
Horowitz J, Mohan P, Jansky P, Lewis BS, Lopez-Sendon JL, Pais P,
Parkhomenko A, Verheugt FW, Zhu J, Wallentin L; ARISTOTLE
Committees and Investigators. Apixaban versus warfarin in patients
with atrial fibrillation. N Engl J Med. 2011;365:981-92.

18. Meincke F, Schmidt-Salzmann M, Kreidel F, Kuck KH,
Bergmann MW. New technical and anticoagulation aspects for
left atrial appendage closure using the WATCHMAN® device in
patients not taking warfarin. Eurolntervention. 2013;9:463-8.

19. Park JW, Bethencourt A, Sievert H, Santoro G, Meier B,
Walsh K, Lopez-Minquez JR, Meerkin D, Valdes M, Ormerod O,
Leithauser B. Left atrial appendage closure with Amplatzer cardiac
plug in atrial fibrillation: initial European experience. Catheter
Cardiovasc Interv. 2011;77:700-6.

20. Urena M, Rodes-Cabau J, Freixa X, Saw J, Webb JG,
Freeman M, Horlick E, Osten M, Chan A, Marquis JF, Champagne J,
Ibrahim R. Percutaneous left atrial appendage closure with the
AMPLATZER cardiac plug device in patients with nonvalvular
atrial fibrillation and contraindications to anticoagulation therapy.
J Am Coll Cardiol. 2013;62:96-102.

21. Freixa X, Chan JL, Tzikas A, Garceau P, Basmadjian A,
Ibrahim R. The Amplatzer Cardiac Plug 2 for left atrial append-
age occlusion: novel features and first-in-man experience.
Eurolntervention. 2013;8:1094-8.

22. Plicht B, Konorza TF, Kahlert P, Al-Rashid F, Kaelsch H,
Janosi RA, Buck T, Bachmann HS, Siffert W, Heusch G, Erbel R.
Risk factors for thrombus formation on the Amplatzer Cardiac
Plug after left atrial appendage occlusion. JACC Cardiovasc Interv.
2013;6:6006-13.

23. Bartus K, Bednarek J, Myc J, Kapelak B, Sadowski J,
Lelakowski J, Yakubov SJ, Lee RJ. Feasibility of closed-chest liga-
tion of the left atrial appendage in humans. Heart Rhythm. 2011;8:
188-93.

24. Massumi A, Chelu MG, Nazeri A, May SA, Afshar-
Kharaghan H, Saced M, Razavi M, Rasekh A. Initial experience
with a novel percutaneous left atrial appendage exclusion device in
patients with atrial fibrillation, increased stroke risk, and contrain-
dications to anticoagulation. Am J Cardiol. 2013;111:869-73.

25. Bartus K, Han FT, Bednarek J, Myc J, Kapelak B, Sadowski J,
Lelakowski J, Bartus S, Yakubov SJ, Lee RJ. Percutaneous left
atrial appendage suture ligation using the LARIAT device in
patients with atrial fibrillation: initial clinical experience. J Am Coll
Cardiol. 2013;62:108-18.

26. Toumanides S, Sideris EB, Agricola T, Moulopoulos S.
Transcatheter patch occlusion of the left atrial appendage using sur-
gical adhesives in high-risk patients with atrial fibrillation. J Am
Coll Cardiol. 2011;58:2236-40.

27. Lam YY. A new left atrial appendage occluder (Lifetech
LAmbre Device) for stroke prevention in atrial fibrillation.
Cardiovasc Revasc Med. 2013;14:134-6.

28. Heidbuchel H, Verhamme P, Alings M, Antz M, Hacke W,
Oldgren J, Sinnaeve P, Camm AJ, Kirchhof P. EHRA practical guide
on the use of new oral anticoagulants in patients with non-valvular
atrial fibrillation: executive summary. Eur HeartJ. 2013;34:2094-106.

29. Camm AlJ, Lip GY, De Caterina R, Savelieva I, Atar D,
Hohnloser SH, Hindricks G, Krichhof P, ESC Committee for Practice
Guidelines (CPG). 2012 focused update of the ESC Guidelines for
the management of atrial fibrillation: an update of the 2010 ESC
Guidelines for the management of atrial fibrillation. Eur Heart J.
2012;33:2719-47.

30. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ,
Lip GY. A novel user-friendly score (HAS-BLED) to assess 1-year
risk of major bleeding in patients with atrial fibrillation: the Euro
Heart Survey. Chest. 2010;138:1093-100.



