Percutaneous closure of the left atrial
appendage in atrial fibrillation: an
alternative If standard treatment fauls?

Atrial fibrillation (AF) is a frequently observed arrhythmia. Its incidence increases with age, reaching
approximately 10% in octogenarians. Furthermore, AF is responsible for 15% of all ischemic strokes and up
to 25% of all ischemic strokes in octogenarians. In patients with nonrheumatic AF, 90% of all thrombi in the
left atrium are found in the left atrial appendage (LAA). In most cases of AF in particular, the administration
of oral anticoagulants (OACs) is warranted. To guide the usage of OACs in AF patients, the CHADS2 score
(C: congestive heart failure, H: hypertension, A: age greater than or equal to 75 years, D: diabetes, S: prior
stroke or transient ischemic attack) was developed; applying this score reduced the number of thromboembolic
events by 60 to 70%. However, when contra-indications for OACs are present, or when OACs have failed, no
equivalent therapeutic alternative is available. OACs are then frequently replaced by antiplatelets, but these
are much less effective than OACs in preventing thromboembolic events. A few years ago, devices for
percutaneous closure of the LAA were developed. Feasibility, safety and efficacy of percutaneous LAA closure
have been proven in several studies, and, recently, the results of a randomized trial have been reported
showing an equivalent reduction of thromboembolic stroke for both OAC administration and percutaneous
LAA closure. The promising results enforce the need for further research in the field of AF treatment.
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Atrial fibrillation (AF) is a common arrhyth-
mia and its prevalence increases with age.
Approximately 10% of all octogenarians suffer
from AF[1]. Apart from the sense of palpitations
and/or a lower exercise capacity, AF is respon-
sible for 15% of all ischemic strokes and up to
25% of all ischemic strokes in octogenarians [2].
Chronic or paroxysmal AF might induce the for-
mation of thrombi in the left atrium, of which,
in nonrheumatic AF patients, more than 90%
occur in the left atrial appendage (LAA) 3.

Oral anticoagulants (OACs) are currently
the standard treatment in the prevention of
thromboembolic events in AF patients and the
CHADS2 score (C: congestive heart failure,
H: hypertension, A: age greater than or equal to
75 years, D: diabetes, S: prior stroke or transient
ischemic attack [TTA]) is a validated instrument
to guide the usage of OACs in these patients [4].
Since OACs can cause numerous adverse events,
as described below, the score provides a clini-
cal guideline to determine in which patients the
benefit outweighs the possible risk of compli-
cations. In general, OACs reduce the relative
number of thromboembolic events by 68% s].
The CHADS?2 score is able to identify high-
risk patients in whom this 68% risk reduction
is important in absolute numbers as well.
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However, OACs may fail to prevent thrombo-
embolic events and may be contraindicated.
The risk for hemorrhagic complications is the
most important reason why physicians may be
reluctant to start with OACs [6,7]. Antiplatelets
are frequently used instead; but these appear to
be less effective and studies with aspirin have
demonstrated a risk reduction of only 22% [s].

Historically, some surgeons ligated or removed
the LAA after mitral valve surgery, which was
associated with a decreased risk for thrombo-
embolic stroke [3]. All this led to the idea that
exclusion of the LAA could be a therapeutic
option to prevent thromboembolic events in
patients with paroxysmal or chronic AF.

In the last decade, devices have been devel-
oped for percutaneous LAA closure. The fea-
sibility, safety and efficacy of the closing pro-
cedure has been proven in several studies [9-11],
and, recently, the results of a randomized trial
have been reported showing an equivalent reduc-
tion of thromboembolic stroke for both OAC

administration and percutaneous LAA closure.

Atrial fibrillation, outcome &
thrombus formation

Compared with patients with no AF, morta-
lity in AF patients is 1.5- to 1.9-times higher
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than in patients with no AF (12]. The latter is
related to the AF itself or to the underlying
disease that caused AF. In addition, the num-
ber of hospitalizations is higher in AF patients
than in non-AF patients, indicating that AF
cannot be considered to be benign, as formerly
thought [12).

For patients with AF, the Atrial Fibrillation
Follow-up Investigation of Rhythm Management
(AFFIRM) trial showed no difference in survival
between patients treated based on rhythm versus
rate control (13]. However, more recently, the pla-
cebo-controlled, double-blind, parallel-arm trial
to Assess the Efficacy of Dronedarone 400 mg
b.i.d. for the Prevention of Hospitalization or
Death from any Cause in Patients with Atrial
Fibrillation/Atrial Flutter (ATHENA) study
indicated for the first time that maintenance
of sinus rhythm with dronedarone reduced car-
diovascular death and the number of hospital-
izations [14]. An unpublished post hoc analysis
even showed a reduction in the risk of stroke.
Furthermore, AF patients have a lower exercise
tolerance and many patients do have sporadic
episodes of symptomatic AF with complaints
such as palpitations or fatigue. Hence, from
a viewpoint of quality of life, thythm control
remains the preferable option.

Apart from the symptoms related to the irreg-
ular rhythm and the decreased exercise capacity,
paroxysmal or chronic AF is responsible for 15%
of all strokes caused by thrombus formation in
the left atrium and embolization into the cere-
bral circulation. This percentage rises up to 25%
in octogenarians [1,2,15].

The reason why a thrombus is formed in
patients with AF is multifactorial. Current
knowledge of hemostasis and thrombogenesis
has led to a better understanding of Virchow’s
triad, already established in the 19th Century.
Abnormal blood stasis, changes in hemostasis,
changes in platelet function or inadequate fibri-
nolysis, and endothelial or endocardial damage
are the current substitutes for the older features
of the Virchow’s triad: abnormal changes in
blood flow, vessel wall and blood constitu-
ents [16]. In AF patients, thrombus formation
is enhanced by the structural and hemodynamic
alterations in the left atrium, and more spe-
cifically, in the LAA. The anatomical features
of the LAA, as described below, make it the
preferred site of thrombogenesis. Both the left
atrium and LAA enlarge in patients with AF
and predispose for stasis. Furthermore, endo-
thelial damage, such as small areas of endothe-
lial denudation, occurs more often in patients
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with AF, and the LAA is mainly affected [17.18].
Failure of atrial systole, as a consequence of AF,
also leads to stasis of blood in the left atrium
and in the LAA[19]. In summary, stasis is more
pronounced in the LAA so that most thrombi
originate in the LAA. This was confirmed by
an extensive review of 23 studies in which LAA
was examined by autopsy, transesophageal
echocardiography (TEE), or direct intraop-
erative inspection. Intracardiac thrombus was
identified in 13% of both nonvalvular and val-
vular AF patients. Furthermore, 57% of atrial
thrombi in valvular AF occurred in the append-
age, whereas in nonvalvular AF, 90% of the left
atrial thrombi were found in the LAA [3].

Transesophageal echocardiography remains
the gold standard for visualizing a thrombus in
the left atrium [20]. A few studies have reported
on the detection of clot by MRI or spiral CT
imaging, but these imaging techniques have
not (yet) found their way into routine clinical
practice for this indication [21,22]. In one study,
TEE had a sensitivity of 93% and a specificity of
100% for thrombus detection [23]. However, tra-
beculations in the LAA remain difficult to dis-
tinguish from small thrombi. Tumoral masses
are difficult to distinguish from larger thrombi.
However, TEE might also detect abnormal stasis
of blood or low blood flow in the left atrium
and the LAA as a spontaneous echo contrast or
smoke-like echos. Although this qualitative eval-
uation is strongly operator-dependent, it identi-
fies patients at high risk for clot formation [24].
Pulsed Doppler studies of the LAA quantified
more accurately the flow in the LAA. Flow
velocities of less than 20—40 cm/s in the LAA
are associated with a higher risk for thrombo-
embolism [25,26]. In addition, a LAA area greater
than 6 cm? is also considered to be predictive for
thromboembolic events[27,28]. Finally, increased
prothrombotic indices, high fibrin D-dimers,
congestive heart failure or a recent thrombo-
emboligenic event were shown to independently
predict LAA thrombi on TEE [29).

Anatomy of the LAA

The LAA is sometimes considered as a minor
extension of the left atrium. However, this
blind-ended structure is embryologically dis-
tinct from the body of the left atrium. It is
the remnant of the original embryonic left
atrium that develops during the third week of
gestation. The actual left atrium, which has a
smooth wall, originates from the pulmonary
veins later in development. The LAA lies in
the left atrio—ventricular sulcus on top of the
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origin and proximal portion of the left circum-
flex artery. The LAA is characterized by lobes,
and the number of lobes varies from one to
four. It has been shown in a large autopsy study
that 80% of all LAAs consist of two or more
lobes and 54% are bilobar (30]. The LAA wall
is made of muscular tissue and is trabeculated
with parallel muscle bars, forming crypts. The
size varies widely from 0.7 to 19.2 ml and the
maximal diameter of the orifice ranges from
10 to 40 mm. The length of the LAA varies
from 16 to 51 mm [31]. Given the narrow inlet
for a relatively long structure, these features
predispose for blood stasis, not only in AF, but
also in patients in sinus rhythm [32].

Standard treatment of AF to

prevent thromboembolism

Currently, the gold standard for the prevention
of stroke are OACs or low-dose aspirin
(75-150 mg) (4.5]. Whether OACs or aspirin
should be administered is based on a validated
risk score, the CHADS2 score [33]. Each risk
factor accounts for one point except prior
stroke or TTA, which account for two points.
When the risk score equals zero, treatment
with aspirin is sufficient to prevent thrombo-
embolic events. When the risk score is two or
more, the use of OACs is mandatory. With a
risk score of one, both treatment options, aspi-
rin or OACs, are valuable. In controlled set-
tings, this treatment regimen gives a 60—70%
risk reduction for thromboembolic stroke [5,3].
Therefore, this CHADS2 score is integrated
into many guidelines.

Failure of standard treatment of AF
Nevertheless, numerous complications or diffi-
culties can occur when OACs are administered.
First, there is the risk of bleeding, especially of
intracranial hemorrhage (ICH), which is the
most serious complication with a mortality rate
in excess of 50%. The risk of ICH when taking
OACs is 0.3—0.6% per year while the estimated
absolute rate of primary ICH is 0.5% per year in
the general population (mean age: 70 years) [34].
Bleeding, however, can occur at virtually any
site. The estimated annual incidence of bleed-
ing varies, but is considered to be 0.6% for
fatal bleeding, 3.0% for a major bleeding and
9.6% for major or minor bleeding. The risk of
bleeding appears to be especially high during
the first year of OAC utilization [35]. One group
has attempted to identify clinical signs to pre-
dict bleeding, but none of them were sufficiently
accurate predictors [36].
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Recently, the implementation of warfarin
pharmacogenetics has been thought to lower
bleeding risks. Two genes are identified that influ-
ence the individual sensitivity for warfarin [37).
First, the VKORCI gene, which codes for the
vitamin K epoxide reductase, the enzyme where
warfarin exerts its effect. Different genotypes
appear to have variable sensitivity to the effect of
OAC 38,39). Patients with the AA genotype would
require lower doses of warfarin compared with
patients with the GG genotype. The second gene
identified is the cytochrome P450 CYP2C9 gene,
which codes for the liver enzyme that metabolizes
warfarin. If a patient has a genetic variation in
CYP2C9, he tends to metabolize warfarin more
slowly, thus accumulating warfarin in the blood
and hence leading to over-anticoagulation [40].
CYP2C9 genotype mutations can be identified
so that, after initiation of OACs, a lower main-
tenance dose can be given to the patient, thus
preventing over-anticoagulation [41]. However,
numerous other factors play an important role
in determining the necessary dose of OAC. It
is thought that genetic variants only account
for 39-56% of the variability in the warfarin
dose [42-45). Multiple other patient-specific factors
such as smoking, weight, concomitant usage of
other drugs, intake of vitamin K and ethnic origin
also influence warfarin dosing|46]. Gage ez a/. has
proposed an algorithm that explains 53—54% of
the variability in the warfarin dose[47]. Although
the implementation of pharmacogenetics does
give more information to the clinician concern-
ing adequate dosing, it has not yet found its way
to routine clinical practice [48.49]. Apart from the
risk of bleeding, there might be multiple contra-
indications for OAC therapy. AOCs are contra-
indicated in patients with hemorrhagic tenden-
cies, therapeutic procedures with the potential for
significant bleeding, recent or planned surgery
of the eye or the CNS, fall risk, pregnancy and
active pericarditis. Allergies for OAC have also
been reported. Between 14 and 44% of patients
with AF have one or more absolute or relative
contraindications for OACs [50-53].

Other possible drawbacks for OAC ther-
apy might be difficulties in monitoring of the
therapy and the need for regular International
Normalized Ratio (INR) control. Studies
have demonstrated that up to 49% of patients
with AF in whom OACs were indicated did
not receive the requested treatment [54,55].
Furthermore, a recent meta-analysis showed that
the INR of patients who receive OACs was only
within the therapeutic range 63.6% of the time
(range: 61.6—65.6%) [56].
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Alternative treatment

options: medication

B Aspirin monotherapy

In current practice, if OACs are contraindicated
or considered to be too dangerous in a specific
patient, aspirin monotherapy is often applied.
Aspirin monotherapy has been proven to reduce
the number of thromboembolic strokes by 22%
compared with the 60-70% reduction with
OACs [57].

B Clopidogrel + aspirin

Combination therapy of two antiplatelet agents
has been attempted for the same reason. In one
study, combination therapy with clopidogrel and
aspirin was compared with the use of OACs. The
study was terminated prematurely owing to the
clear evidence of superiority of OACs (annual
risk 3.93 vs 5.60%; p = 0.0003) 58]. The num-
ber of hemorrhagic complications was similar
in the two groups. The addition of clopidogrel
to aspirin gives a supplementary reduction in
thromboembolic events in comparison to aspi-
rin monotherapy, but at the cost of increased
bleeding complications(s9]. Hence, combination
antiplatelet therapy is not considered to be an
alternative to OAC.

B Direct thrombin inhibitors

To address the problem of monitoring, new anti-
coagulants have been developed that are easier to
apply in clinical practice. With direct thrombin
inhibitors (DTTs), coagulation monitoring is no
longer necessary because of its independency of
the CYP enzyme system. Clinical trials showed
promising results with equal efficacy of DTTs in
comparison to OACs. Major bleeding incidence
was similar in the two groups. DTT therapy gave,
however, a significantly lower number of minor
bleedings. Unfortunately, with the first-genera-
tion DTTs, liver failure was a concern [60]. Given
this adverse event, DTTs have not been approved
by health authorities, but new generation DTTs
are currently being tested in clinical practice.

B |draparinux monotherapy

Monotherapy with specific factor Xa inhibitors
has also been attempted to prevent thrombo-
embolic events. In a large, randomized, noninfe-
riority trial, the efficacy and safety of idraparinux
administration was compared with the admin-
istration of vitamin K antagonists. The trial
was stopped early because of the significant
higher number of clinically significantly bleed-
ing instances in comparison with vitamin K
antagonists (19.7 vs 11.3 per 100 patient-years).
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However, the noninferiority criterion was
reached. Thromboembolism with idraparinux
occurred in 0.9 versus 1.3% in the group treated
with vitamin K antagonists. Although the num-
ber of bleedings was significantly higher in the
idraparinux group, this was not associated with
a higher mortality [61].

Alternative treatment options:
interventions

B Radiofrequency catheter ablation
for AF

In recent years, radiofrequency catheter ablation
(RFA) has been introduced in the treatment of
AF and reduces the risk of AF recurrence by
65% at 1 year compared with antiarrhythmic
drugs [62.63]. RFA could obviate the need for
OAC:s, but ceasing therapy with OACs is not
recommended for numerous reasons. First, the
risk of stroke rises peri-procedurally because of
the endocardial lesions provoked by the abla-
tion technique [64,65]. Second, it is difficult to
identify those patients in whom AF has truly
been ‘cured’. Several patients still experience par-
oxysms of AF [66,67]. Furthermore, RFA is often
reserved for patients who are younger and have
less risk factors for thromboembolic events [68].
Continuation of OACs after RFA is recom-
mended if the patient meets the CHADS?2 crite-
ria. However, if there is no evidence of recurrent
AF after 3—6 months, discontinuation of OACs
can be attempted, but the safety of this approach
requires further study [68].

B Surgical exclusion

Exclusion of the LAA from the systemic cir-
culation was suggested when it was observed
that in rheumatic heart disease, the major site
of thrombi is the left atrium and its append-
age [69-72). After the feasibility of canine LAA
resection was demonstrated by Hellerstein and
his associates, [70], Madden performed an LAA
excision in two patients with AF during mitral
valve surgery in 1949 [71]. In 1950, Beal ez al.
described two cases of left and one case of right
atrial appendectomy for prophylaxis of thrombo-
embolism [72]. Johnson ez al. reported prophy-
lactic LAA excision in 437 patients undergoing
open heart surgery, including 17 patients with
preoperative AF [73]. No later strokes were attrib-
uted to AF. In subsequent years, no patients were
found to have atrial clots on TEE; however,
routine TEE examination at prespecified times
postintervention was not defined in the study
design. The authors concluded that routine
LAA excision is safe and should be considered

future science group



Percutaneous closure of the left atfrial appendage in atrial fibrillation

whenever the chest is opened. Consistent with
this, the absence of LAA ligation and the pres-
ence of left atrial thrombus were the only inde-
pendent predictors of an embolic event during
a mean follow-up of 69.4 months in patients
with previous mitral valve replacement [69,74].
However, there has never been a randomized
study regarding safety and effectiveness of the
surgical LAA.

More recently, surgical ligation of the LAA
was attempted in patients undergoing coronary
artery bypass graft operation (LAA Occlusion
Study [LAAOS]), who were at risk for develop-
ing AF. Safety and efficacy of the procedure were
assessed [75]. The study showed that complete
occlusion of the LAA is quite challenging and
the result is highly dependent on the experience
of the surgeon and the techniques used. Among
patients having a postoperative TEE, complete
occlusion of the LAA was achieved in 45% of
cases using sutures and in 72% (24 out of 33)
using a stapler.

Indeed, the success rate of closure might be
severely overestimated, and in studies where
mitral valve surgery was accompanied by
LAA closure, a success rate of only 64% was
reported [76]. Nevertheless, successful closure
can be achieved in up to 90% of the procedures
if the surgeon is more experienced (more than
four cases) and with the use of stapling devices.
Hence, the reason why surgical exclusion is so
often unsuccessful is related to experience of
the surgeon as well as to technical issues [69.75].
In many centers, the LAA is removed during
mitral valve surgery (Tasie 1).

B Thoracoscopic techniques

Odell ez al. performed the first thoracoscopic
obliteration of the LAA in dogs and human
cadavers and demonstrated the feasibility of this
method[77]. Johnson ez al. performed a thoraco-
scopic LAA excision in patients with chronic AF
as an isolated surgical procedure(73]. Blackshear
et al. used a loop snare in eight patients and a
stapler in seven patients for thoracoscopic obli-
teration of the LAA [78]. The procedure was
completed in 14 out of 15 patients and they
confirmed that the procedure was technically
feasible, but its effect on stroke prevention was
limited. Newly developed minimally invasive/
thoracoscopic tools for LAA occlusion have
emerged recently [79.80]. The tools are either a
stapler [80.81] or clipping device[79]. Accordingly,
numerous reports suggest a recent expansion of
minimal invasive/thoracoscopic LAA occlusion,
especially when performed in conjunction with
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the minimally invasive MAZE procedure for
ablation of AF [74,81]. Most studies, however,
were performed with small numbers of patients
and could not prove a significant reduction of
thromboembolic events after the procedure.

B Percutaneous LAA closure
Since at present no alternative is available when
OAC:s are contraindicated, new methods for
prevention of thromboembolic stroke were
looked for. Percutaneous closure of the LAA
has been attempted and for this purpose differ-
ent LAA closure devices have been developed.
In European countries, the PLAATO device
(ev3 Endovascular, Inc., North Plymouth, MN,
USA) was particularly popular. It was implanted
from 2001 until 2007, but then removed from
the market. This was not due to safety or efficacy
issues. Since the PLAATO device did not receive
US FDA approval, based on the study results
discussed below, the device was only available
on the European market and ev3 decided to
stop production for economic reasons. Another,
similar device, WATCHMAN® (Atritech Inc.,
Plymouth, MN, USA), has identical therapeutic
objectives, but has some structural differences
when compared with the PLAATO device. It
has been implanted since 2002 in Europe and
since 2003 in the USA. WATCHMAN is most
often used in the USA. The WATCHMAN
device is still available in studies.
Nevertheless, interest in the technique of
percutaneous closure has never completely
disappeared. Percutaneous closure of the LAA
with devices that were not even developed for
this purpose has occasionally been carried out.
Two case reports of closure of the LAA with the
AMPLATZER® septal occluder (AGA Medical,
Plymouth, MN, USA) have been published
(82,83]. Recently, the new AMPLATZER car-
diac plug (AGA Medical) has been developed
for the percutaneous closure of cardiac struc-
tures, including the LAA. Given its very recent
introduction, no studies have been published to
evaluate this new device. This device is currently
commercially available in Europe.

B Composition &

implantation technique

The PLAATO implant was composed of a self-
expanding nitinol cage that was covered with
a polytetrafluoroethylene (ePTFE) membrane.
This membrane was shaped and constructed
in such a way that it could have close contact
with the inner surface of the LAA. The device
was anchored into the LAA with small metal
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Table 1. Summary of reported rates of incomplete left atrial appendage occlusion.
Study

Surgical LAA occlusion

Evaluation time

Healey
(2005)

8 weeks after surgery

Criteria for incomplete LAA: occlusion Incomplete LAA: occlusion rates (%) Ref.

A residual LAA length of >1.0 cm or
presence of leak

Kanderaian 2 weeks to 9 years Patent LAA

(2006) after surgery Residual LAA
Flow in the LAA

Katz Postoperatively and 6 days Presence of leak

(2000) to 13 years (mean:

64 months) after surgery

Garcia- 1-329 months (median: Presence of leak

Fernandez  69.4) after surgery

(2003)

Schneid 23-159 days (mean: 51) Presence of leak

(2005) after surgery

Percutaneous transcatheter LAA occlusion

Ostermayer 6 months after procedure
(2005)

Meier 1 day to 5 months
(2003) after procedure

Moderate-to-severe leak

Flow in the LAA

Incomplete occlusion was evaluated with transesophageal echocardiography in all studies.

LAA: Left atrial appendage.
Data taken from [92].

55 with sutures (six of 11) [75]
28 with staple (nine of 33)
34 overall

9.5 with excision (two of 21)
72 with suture (55 of 76)
66 with staple (23 of 35)

36 (18 of 50) [76]

10 (six of 58) [69]

83 (five of six)

2 (one of 50) [11]

0 (0 of 14)

anchors attached to the struts of the device and
piercing the membrane (Ficure 1). After deploy-
ment, the purpose of the device’s membrane
was double. It had to both occlude the LAA
as well as allow neo-endothelization and tissue
incorporation in the device. The device was

Figure 1. The PLAATO device (ev3
Endovascular, Inc., North Plymouth,

MN, USA). Consists of a self-expanding
nitinol cage (diameter range: 15 to 32 mm)
covered with polytetrafluoroethylene in order
to close off blood flow into the remaining part
of the left atrial appendage. Three rows of
anchors along the struts help stabilize the
occluder in the appendage.

delivered with a specific trans-septal sheath
(14 Fr) that was designed to point at the LAA
after introduction and passing the interatrial
septum. Under TEE guidance and by means of
trans-septal access, the size and shape of the ori-
fice of the LAA was evaluated by angiography,
after which the appropriate size of the implant
was chosen. After withdrawal of the delivery
system and the trans-septal sheath, but with
the device still attached to the catheter piercing
the interatrial wall, radiocontrast was injected
proximal of, thus in the left atrium, and distal
of the implant to evaluate the position of the
device and the adequate sealing of the LAA. If
an insufficiently stable position of the implant
was found, the device could either be collapsed
and repositioned, or could be safely withdrawn
from the LAA.

The WATCHMAN implant also consisted
of a nitinol cage that was self-expanding and
had a permeable polyester membrane. The
polyester membrane covered the distal, thus the
atrial facing side of the LAA. Anchors on the
side of the device ensured a sufficiently stable
anchoring into the LAA (Ficure 2). The deliv-
ery technique of the WATCHMAN system
was similar to the technique of the PLAATO
device. If an insufficiently stable position was
observed after implantation the device could
be collapsed and redeployed, as well as com-
pletely retrieved and replaced by another device

124

Interv. Cardiol. (2009) 1(1)

future science group



Percutaneous closure of the left atfrial appendage in atrial fibrillation

with a different diameter. TEE guidance was
also needed and angiography was performed
systematically to evaluate the stability and
localization of the implant.

The recently developed AMPLATZER car-
diac plug consists of a nitinol mesh (Ficure 3). It is
designed to conform to the inner wall of the LAA
with a minimal depth of 10 mm. In between the
lobe and the disc of the implant, there is a waist
that acts as an articulating connection and auto-
matically adapts to the geometry of the LAA.
The disc itself is designed to completely cover
the orifice of the cardiac structure and provide
apposition against the chamber wall.

Given the anatomic variation in the human
LAA, devices need a wide range of sizes to be
available. The PLAATO implant size ranged
from 15 to 32 mm, the WATCHMAN device
from 21 to 33 mm and the new AMPLATZER
device from 16 to 30 mm. It is preferable that
patients take aspirin lifelong and clopidogrel
for 3 months after the procedure. The com-
bined use of antiplatelets is important to avoid
thrombus formation on the device during the
endothelization process.

B Feasibility, safety & efficacy

Feasibility has been well established in different
studies. First, the technique was attempted in
canine models. Percutaneous closure with the
PLAATO implant was performed in 25 dogs.
On gross anatomy examination after the dogs
were euthanized, there was evidence of tissue
attachment at 1 month and complete heal-
ing over the membrane surface at 3 months
when the device was completely incorporated
into the LAA wall. These macroscopic find-
ings were confirmed on histological examina-
tion on which an organized neointima on the
implant surface was visualized [84]. In addi-
tion, early clinical experience has shown the
feasibility of the PLAATO procedure [10]. Two
larger feasibility studies were conducted, one
in Europe and one in North America[11]. The
LAA occlusion with the PLAATO device was
successful in 108 out of 111 (97.3%) patients
with nonrheumatic AF. A total of nine pro-
cedure-related serious adverse events occurred
in seven patients. None of the serious adverse
events were considered to be device-related. The
major observed complications were pericardial
effusion and groin hematoma. Successful LAA
occlusion was achieved in 97.7, 100 and 98%
of patients immediately after the procedure,
at 1 and 6 months, respectively. There was
no mobile thrombus, mitral valve damage or
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Figure 2. The WATCHMANZ® device
(Atritech, Inc., North Plymouth, MN, USA).
Showing the self-expanding nitinol frame
structure with fixation barbs and a permeable
polyester fabric that covers the atrial face of
the occluder.

pulmonary vein obstruction seen on TEE per-
formed up to 6 months after the procedure. No
device migration or dislodgement was noted.
There were seven major adverse events in five
patients, including two strokes and four cardiac
or neurologic deaths, during the average follow-
up of 9.8 months (90.7 documented implant
years). A total of six patients (5.4%) died dur-
ing the study period and none were adjudicated
as device- or procedure-related.

Figure 3. The AMPLATZER® device (AGA
Medical Corporation, Golden Valley,

MN, USA). The device is made from flexible
braided nitinol mesh. Positional forgiveness is
achieved through a waist that acts as an
articulating, compliant connection between the
disc and lobe allowing the disc to self-orient to
the cardiac wall.
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Efficacy of percutaneous LAA closure with
the PLAATO device has also been studied by
means of echocardiography. This showed com-
plete closure of the LAA in 87-97% of patients
(11,85]. One post-mortem study illustrated that
neo-endothelization of the device also occurred
in humans. This study concerned an 84-year-old
woman who died at 1 year after implantation of
a PLAATO device. A neointima was formed on
the surface of the device and the device occluded
the complete orifice of the LAA [6].

The WATCHMAN device has been implanted
since 2002 [9]. Patients were assessed at 45 days
and 6 months post-procedure with TEE and chest
x-ray and had annual clinical assessments there-
after. In 66 patients worldwide, the device has
been implanted successfully with 101.4 cumu-
lative implant years. Two patients experienced
device embolization. Five pericardial effusions
and one major air embolism occurred without
long-term sequelae. At follow-up, if the device
was found to be stable and no thrombus was
detected on TEE, then warfarin was stopped. In
97.1% of patients warfarin could be discontin-
ued at 6 months. Four patients, however, had a
flat thrombus on the device at 6 months and one
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Figure 4. Kaplan—-Meier event-free survival curve. Light line = study
population. Dark line = theoretical incidence of events based on the CHADS2 score.
Reproduced from [89].
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of these patients suffered from a TIA. Another
patient with a history of TIA experienced the
event without visible LAA thrombus. No isch-
emic stroke or systemic embolism has occurred.
One patient died after 9 months as a result of an
ascending aortic dissection. Autopsy documented
a stable, well-endothelialized device. These data
suggested that the WATCHMAN LAA system

was feasible and safe.

B Reduction of

thromboembolic events

Of'the 111 enrolled patients in the PLAATO study
(11], two experienced a stroke 173 and 215 days
after the implant procedure, respectively. Three
TIAs occurred in two patients. The observed
and estimated annual stroke rate was 2.2 and
6.3%, respectively, representing a 65% relative
stroke risk reduction with the PLAATO proce-
dure. Bayard e al. reported that device implan-
tation was successful in 205 out of 210 (97.6%)
patients [87]. In a follow-up of 258 patient-years
(mean follow-up: 14.7 months), five patients had
a stroke with an estimated 61% reduction from
the expected annual risk of stroke. Nine patients
died for various reasons not related to the pro-
cedure or the device. Whether the percutaneous
closure of the LAA gives a long-term reduction
of the number of thromboembolic events in
patients with AF has not been established yet.
However, two small studies suggested promis-
ing results. El-Chami ez a/. followed 11 patients
(age 72 + 9 years) for 36 + 1.4 months(ss]. The
predicted stroke risk for their cohort was 8.6%
per year as calculated using the CHADS?2 score.
There was only one stroke during follow-up;
the stroke risk in the treated population was
3% per year. No systemic embolic events were
noted and no long-term complications related
to PLAATO were observed. De Meester ez al.
followed their patients for a median follow-up
term of 21 months, and no thromboembolic
events occurred during this follow-up period
(Frcure 4) [89]. This study was conceived as a proof
of principle to reinvigorate interest in the LAA
closure technique (summary in Taste2).

In the Embolic Protection in Patients with
Atrial Fibrillation (PROTECT AF) trial,
researchers compared the current standard of
therapy, anticoagulation with warfarin, to the
WATCHMAN device (90,91]. The results were
recently communicated during the American
College of Cardiology meeting in 2009. For this
study, 707 patients with nonvalvular AF were ran-
domly assigned to closure of the LAA with the
WATCHMAN device (463 patients), followed
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Table 2. Summary of human experience with percutaneous transcatheter left atrial appendage occlusion.

Device/procedure n  Years Complication Months Stroke TIA Deaths Efficacy Ref.
PLAATO
Ostermayer et al. 108 71 One pleural effusion 9.8 2 3 6 65% reduction in (11]
(2005) Two pericardial effusion stroke risk”
Two cardiac tamponade
One hemothorax
One deep vein thrombosis
One brachial plexus palsy
One dyspnea requiring reintubation
Bayard et al. (2005) 205 NA Six pericardial effusion 14.7 5 NA 9 61% reduction in (87]
Seven cardiac tamponade stroke risk”
El-Chami et al. (2007) 11 72 NA 36 1 2 65% reduction in (88]
stroke risk”
De Meester (2008) 10 73 One device embolization 21 0 0 0 (89]
WATCHMAN®
Sick (2006) 66 69 Two device embolization 7.81 0 2 1 Warfarin could be
Five pericardial effusion stopped at
(two requiring intervention) 6 months
One air embolism in 97.1% of patients
AMPLATZER®
Meier (2003) 16*  66° One device embolization 4 0 0 0 -
PATCH
Sideris (2006) 5 NA 0 NA 0 0 0 -
*Estimated stroke risk reduction based on congestive heart failure, hypertension, age >75 years, diabetes, stroke or TIA (CHADS2) stroke risk scoring system.
'Based on 101.4 implant-years. *In six patients as an additional procedure. *Calculated from provided data.
n: No. of implanted patients; NA: Not available; TIA: Transient ischemic attack.
Data taken from [92].
by discontinuation of warfarin, or to long-term  anticoagulants have been developed, surgical
treatment with warfarin (244 patients). The techniques have been refined and percutaneous
study found that the combined rate of stroke LAA closure with specially designed devices has
(ischemic and hemorrhagic) and cardiovascular  been attempted. Results vary widely between
death — the primary measures of effectiveness —  the different techniques. Preliminary studies
was 3.4 per 100 patient-years in the device group ~ show especially promising results for LAA clo-
versus 5.0 per 100 patient-years in the warfarin  sure. It obviates the need for OAC in patients
group, a relative risk reduction of 32%. As for with AF and, thus, lowers the risk of bleeding.
the safety of the device, the researchers observed ~ Further monitoring and frequent INR control
more procedure-related complications in patients ~ will no longer be necessary. The technique can
treated with the device (8.7 vs 4.2 per 100 patient-  be applied in patients in whom OACs are con-
years). However, after successful implantation of ~ traindicated. In comparison with other LAA
the WATCHMAN and discontinuation of war-  exclusion techniques (e.g., surgical techniques,
farin therapy, complication rates were signifi- either open or thoracoscopic), percutaneous LAA
cantly lower with device therapy (1.7 vs 4.2 per  closure is less invasive. On the other hand, per-
100 patient-years) (Tape 2) [91]. cutaneous LAA closure requires catheterization
of the heart, which is an invasive procedure and
Conclusion has inherent risks. In addition, the implanta-
To date, OACs have been considered the stan-  tion of the device does not protect against other
dard treatment for AF. However, numerous com-  sources of thromboembolic events (e.g., the left
plications can occur if OACs are administered.  atrium). Most importantly, however, more ran-
If standard treatment fails, the clinician has no domized controlled trials to examine the clinical
good alternative treatment. Different treatment  efficacy of the percutaneous closure of the LAA
regimens have been used but none gives a solu-  are needed to at least prove the equal potency
tion for the problems addressed above. However,  of the technique compared with the established
several new therapies are being studied. New  treatment regimens.
future science group www.futuremedicine.com 127




De Meester, Thijs, Willems & Budts

Future perspective

Given their numerous contraindications and
adverse events, OACs are bound to disappear.
Several new techniques are being studied. It is
still unclear which new therapy will become the
gold standard for stroke prevention in AF. Given
the promising results, albeit preliminary, percu-
taneous LAA closure could be a good alterna-
tive for OAC administration in the near future.
It addresses the problem of avoiding thrombo-
embolic events, the difficulties and adverse events
encountered with OACs, while being a safe and
minimally invasive procedure. Further studies and
clinical trials should be performed to establish the

true effectiveness of LAA closure. Currently, the
procedure is only indicated in high-risk patients
with contra-indications for, or failure of, OACs.
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Executive summary

equal to 1

= Proven in experimental studies as well as in clinical practice.

= Wide experience with the technique.

= Tools for determining when to administrate oral anticoagulants (OACs) have been developed.
OAC/aspirin treatment has numerous complications and problems in clinical medicine
= Difficult international normalized ratio control.

= Bleeding complications.

= Numerous contraindications.

= Not all patients who should receive OACs are treated with OACs.

= What if the patient with atrial fibrillation has contraindications for OACs?

Alternative medication treatment

= No equivalent results compared with OACs.

= Addresses problem of monitoring of international normalized ratio.

= Does not address the problem of bleeding complications.

Surgical ligation of the left atrial appendage

= This technique has proven to be favorable.

= It is an invasive procedure.

= Thoracoscopic techniques have been developed.

Percutaneous closure of the left atrial appendage

= New devices have been developed.

= Feasibility, safety and efficacy has been established.

= Reduction in the number of thromboembolic events; results of the first randomized controlled trial are now available.
= Promising results in longer-term, small, single-center studies.

= The technique warrants further investigation.

Conclusion

= Percutaneous closure has captured the attention of interventional cardiologists.

= Preliminary studies show promising results.

Oral anticoagulants/aspirin is the gold standard for treatment of atrial fibrillation in patients with CHADS2 greater than or
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