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Abstract
Background Percutaneous left atrial appendage (LAA) clo-
sure can be an alternative to coumadin treatment in patients
with atrial fibrillation (AF) at high risk for thromboembolic
events and/or bleeding complications. We report the initial
experience with this new technique.
Methods Patients were eligible if they had AF with a high
stroke risk (CHADS2 score >1), and/or contraindication for
coumadin therapy. The procedure was performed under
general anaesthesia, using biplane fluoroscopy and (3D)
transoesophageal echocardiography (TEE) guidance.
Patients were discharged on coumadin until a TEE was
repeated at 45 days after closure to evaluate LAA occlusion.
If LAA occlusion was achieved, oral anticoagulation was
discontinued and aspirin started.
Results Percutaneous LAA closure was performed in 10
patients (50% male, age 61.6±9.6 years). The median
CHADS2 score was 3 (range 2–4), median CHA2DS2-VASc
score 3.5 (range 2–6) and HAS-BLED score 1.5 (range 1–4).
Nine patients had a history of stroke and 2 patients had a
history of major bleeding while on coumadin. Concomitant
pulmonary vein isolation was performed in 9 patients. The
device was successfully placed in all patients within a median
of 56 min (38–137 min). Asymptomatic catheter thrombus
occurred in one patient. At 45-day follow-up, no thromboem-
bolic events occurred, TEE showed minimal residual flow in
the LAA in three patients. In one patient the LAA device was
dislocated, requiring successful percutaneous retrieval.

Conclusion Device closure of the LAA may provide an
alternative strategy to chronic coumadin therapy in patients
with AF and high risk of stroke and/or bleeding complications
using coumadin.
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Introduction

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia, affecting millions of individuals worldwide [1, 2].
Since AF mainly affects elderly people, its prevalence is
expected to increase in parallel with the increasing age of the
population [1]. The lifetime risk for development of AF is
25% in people over the age of 40 years [3].

AF might cause a reduced cardiac output and formation of
atrial thrombi, especially in the left atrial appendage (LAA) [4,
5]. The overall annual stroke risk is 5% in patients with AF
[3]. This risk of stroke increases substantially with age, from
1.5% in individuals aged 50–59 years to 23.5% for those aged
80–89 years [3, 6–8].

Although several published controlled trials have shown
the effectiveness of oral anticoagulation (OAC) therapy on
stroke prevention in patients with AF, it has several disad-
vantages: (major) bleeding, non-tolerance, non-compliance,
interactions with some foods and other medication and a
narrow therapeutic range [9–12].

Autopsy and echocardiography studies have shown that
the LAAwas the source of thrombi in more than 90% of the
patients with non-valvular AF [4]. The multiple problems
with anticoagulation therapy and predicating on the fact that
roughly 90% of the emboli originate from the LAA have led
to the strategy of mechanically obliterating the LAA and
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excluding it from the systemic circulation. We report our
initial experience with an LAA closure device in patients
with non-valvular AF at high risk for stroke.

Methods

Patient selection

Patients aged 18 years or more with documented paroxys-
mal, persistent, or permanent non-valvular AF were eligible
if they had an increased risk for stroke (CHADS2 score >1)
and/or contraindication for coumadin therapy. The CHADS2
score is an overall risk assessment for stroke based on a
scale of 0–6. The patient’s score is calculated by adding 1
point if congestive heart failure, (history of) arterial hyper-
tension, age ≥75, or diabetes were present and by adding 2
points if the patient had had a prior stroke or TIA. This score
can be used to estimate the patient’s annual risk of stroke.
Also the stroke risk according to the CHA2DS2-VASc score
and the HAS-BLED score was calculated. The CHA2DS2-
VASc extends the CHADS2 score with additional stroke risk
factors. In this score 2 points are assigned for a history of
stroke, or age ≥75; and 1 point each is assigned for age 65–
74 years, a history of hypertension, diabetes, recent cardiac
failure, vascular disease (myocardial infarction, complex aor-
tic plaque and peripheral artery disease) and female sex. The
HAS-BLED score is a practical risk score based on a scale
from 0 to 9 which estimates the 1-year risk for major bleeding,
whereby a score of ≥3 indicates “high risk”. The HAS-BLED
score can be calculated by assigning 1 point to each risk factor
for bleeding: hypertension, abnormal renal/liver function,
stroke, bleeding history or predisposition, labile international
normalised ratio, elderly patients (> 65 years), and/or drugs/
alcohol concomitantly [13].

Prior to the procedure a transoesophageal echocardiogra-
phy (TEE) was performed to view LAA anatomy and exclude
thrombus.

Procedure

Electrophysiological and ablation procedure

Electrophysiological procedures were performed under gen-
eral anaesthesia with patients in a drug-free state. Mapping
with the pulmonary vein ablation catheter (PVAC; Ablation
Frontiers, Inc., Carlsbad, CA, USA) was performed with an
electrophysiological recording system (Prucka, GE Medical,
Waukesha, WI, USA) using filter settings of 100–500 kHz
and a signal amplification set at 5000. The PVAC is a 9Fr,
over-the-wire, circular, decapolar mapping and ablation
catheter with a 25-mm-diameter array at the distal tip. No
additional nonfluoroscopic guiding or steering systems were

used. A 7Fr sheath was introduced through the right femoral
vein. A quadripolar catheter was introduced in the coronary
sinus (CS) for pacing purposes. A standard transseptal punc-
ture was performed using a Brockenbrough needle with
either a 10Fr nonsteerable sheath (SL1, St. Jude Medical,
Inc., Minnetonka, MN, USA) or a 12.5Fr steerable sheath
(Channel, Bard, Lowell, MA, USA). Both sheaths have a
9.5Fr or larger inner lumen diameter to accommodate the
PVAC. Angiography via the sheath was performed to delin-
eate the pulmonary veins. A single heparin bolus of 5000
international units was administered IV through the sheath
and repeated every 90 min after transseptal puncture when
necessary without activated clotting time measurements
[14].

Left atrial appendage closure

The procedure was performed when necessary after the
PVAC procedure with the patient still under general anaes-
thesia, using biplane fluoroscopy and (3D) TEE guidance.
The device was implanted via femoral venous access and a
transseptal puncture into the LAA. Standard transseptal punc-
ture techniques were used. After the transseptal puncture,
heparin was given to achieve an active clotting time of at least
250 s. After the transseptal puncture a 14 F transseptal access
sheath was positioned in the left atrial appendage. This access
sheath serves as a conduit for the delivery catheter which
contains the device (WATCHMAN Left Atrial Appendage
Occlusion Device, Atritech Inc., Plymouth, Minnesota), a
self-expanding nitinol frame with fixation barbs and a perme-
able polyester fabric cover (Fig. 1). The device comes in 5
sizes (21, 24, 27, 30 and 33 mm) to accommodate the varying
anatomy and size of the LAA. A device size 10–20% larger

Fig. 1 The WATCHMAN device, a self-expanding nitinol frame
structure with fixation barbs and a permeable polyester fabric that
covers the atrial facing surface of the device
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than the largest diameter of the LAA body as measured by
angiography and echocardiography was chosen to have suffi-
cient compression for stable positioning of the device. By
retracting the access sheath the device deploys. Before releas-
ing it from the delivery catheter several release criteria had to
be fulfilled. First of all, proper device positioning was con-
firmed by angiography and echocardiography. Secondly, re-
sidual flow was checked by echocardiography. Thirdly, a tug
test was performed by gently retracting and releasing the
delivery catheter while observing proximal movement of the
closure device to check the stability. The device was deemed
stable when it moved in unison with the LAA on both TEE
and fluoroscopy. Finally, the compression of the device was
measured. When the device is properly sized, the maximum
device diameter is 80–92% of its original size. If all these
device release criteria were confirmed the device was released.
Patients were typically hospitalised overnight and OAC was
started as standard of care (INR between 2 and 3) or aspirin
and/or clopidogrel in case of contraindications. Patients used
bridging low-molecular-weight heparin (LMWH) until the
INR was >2.0.

Post-procedure

Patients were seen in the outpatient clinic 45–60 days post-
procedure. Prior to this visit a TEE was repeated to evaluate
LAA occlusion, thrombus formation, device position and
residual flow. If the echocardiographic criteria for successful
sealing of the LAA were met (LAA completely sealed or a
minimal residual flow (<5 mm jet) around the device) the
physician was allowed to discontinue the coumadin while the
aspirin was continued indefinitely and clopidogrel was started
(75 mg daily) for 6 months. If these echocardiographic criteria
for successful sealing where not met, TEE was repeated at
6 months.

Endpoints

The primary endpoint of this study was successful device
implantation and successful sealing of the LAA as measured
by TEE at 45 days post-procedure without major adverse
events. Major adverse events were defined as death, stroke,
systemic embolism, and major bleedings requiring invasive
treatment or blood transfusion.

Statistical analysis

Descriptive statistics were used to report patient characteristics.
Continuous variables with normal distribution are reported by
mean ± standard deviation. Median and range were used when
normal distribution was absent. Percentages were used to report
categorical variables. All statistical analyses were performed
using SPSS software (SPSS Inc., version 17.0 for Windows).

Results

Patient characteristics

Between September 2009 and June 2010, 10 patients (mean
age 61.6±9.6 years, 50% female) were treated. All patients had
documented AF and a CHADS2 score of >1 that necessitated
the use of oral anticoagulation. The median CHADS2 score
was 3 (range 2–4), median CHA2DS2-VASc score was 3.5
(range 2–6) and HAS-BLED score was 1.5 (range 1–4). All
patients but one had a history of stroke. The indication for
LAA closure as alternative to OAC was a history of stroke
under OAC in 3 of 10 patients, severe bleeding under OAC in
2 patients and patients preference in 5 patients due to several
drawbacks of the OAC therapy. All patients used coumadin
pre-procedure. The average maximum LAA diameter was
20.2±2.2 mm and the depth was 27.9±5.4 mm. In 40% of
the patients there was a multilobular atrial appendage (Table 1).

Procedural and in-hospital results

The LAA closure device was successfully placed in all patients
within a median time of 56 min (range 38–137 min). Concom-
itant pulmonary vein ablation was performed in 9 patients. The

Table 1 Baseline characteristics

Number, n 10

Age (years) 61.6±9.6

Sex (%)

Male 5 (50)

Female 5 (50)

Median CHADS2 3 (2-4)

2 4 (40)

3 4 (40)

4 2 (20)

CHA2DS2-VASc 3.5 (2-6)

HAS-BLED 1.5 (1-4)

Coumadin, n(%) 10 (100)

Indication, n (%)

Bleeding with OAC 2 (20)

Stroke using OAC 3 (30)

Patient preference 5 (50)

LAA, mm

LAA width 20.2±2.2

LAA length 27.9±5.4

Multilobular 4 (40)

All data are presented as mean ± standard deviation, as number with
percentage (n (%)) or median with lower and upper range, N 0 number,
% 0 percentage, mm 0 millimetres, OAC 0 oral anticoagulation,
LAA 0 left atrial appendage
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median size of the LAA device was 24 mm. A median of 2
devices per patient (range 1–3) was required to obtain
optimal LAA closure. At the end of the procedure one
patient had minimal residual flow; in all other cases com-
plete closure of the LAAwas achieved. During the implant
an asymptomatic catheter thrombus occurred in one patient.
The thrombus was successfully aspirated and an extra bolus
of heparin was administered. This patient developed a groin
haematoma due to prolonged femoral vein bleeding for
which a blood transfusion and longer hospitalisation were
necessary. All other patients were discharged the next day
(Table 2).

Follow-up results

At 45-day follow-up no recurrent major adverse events and
especially no thromboembolic events occurred. TEE
showed minimal residual flow in the LAA in three patients
(30%). None of the patients had thrombus formation on the
surface of the device. In one patient the LAA device was
found to have asymptomatically dislocated to the abdominal
aorta. The device was successfully retrieved transfemorally
by means of a percutaneous procedure. Another patient had
haematuria under OAC during the follow-up period. After a
single procedure 5 of the 10 patients (50%) did not have any
documented recurrence of AF at 3-month follow-up, while
the other 5 patients needed one or multiple direct current
cardioversions to remain in sinus rhythm. A redo-ablation
procedure with successful pulmonary vein isolation was
performed in 1 patient. The LAA device was not affected

and did not interfere with the redo catheter ablation. In 3 of
the 10 patients warfarin was discontinued at 45 days of
follow-up (Table 3).

Discussion

We report the safety, feasibility and short-term follow-up of
an LAA closure device in a population with a moderate to
severe risk of stroke and non-valvular AF. Our results indi-
cate that a high procedural success rate with a relatively low
complication rate can be obtained.

The risk of stroke is increased fivefold in patients with AF
compared with those with sinus rhythm, but also the stroke
recurrence and post-stroke mortality is higher among patients
with AF [7]. According to the guidelines, anticoagulation
should be given to prevent thromboembolic events [13].
However, only a small number of patients with an indication
for anticoagulation, especially elderly patients, are currently
under treatment [12, 15]. The Euro Heart Survey showed that
28% of the high-risk patients were undertreated and this was
associated with a higher chance of thromboembolism and the
combined endpoint of cardiovascular death, thromboembo-
lism, or major bleeding [16]. Contraindications for coumadin
therapy are a recent history of major bleeding, frequent falls
and the inability to comply with treatment. Nonadherence to
warfarin is also a problem with 20–30% of the patients not
taking the proper warfarin dose [17]. Another problem is the
narrow therapeutic range of OAC with fewer than 60% of
those treated having therapeutic INR levels.

Thrombi in patients with non-valvular AF are found in the
LAA in more than 90% of the cases [4]. This finding and the
multiple problems with anticoagulation therapy have led to a
search for alternative approaches for stroke prevention in
patients with AF. The WATCHMAN Left Atrial Appendage

Table 2 Procedural characteristics

PVAC, n(%) 9 (90)

Size device (mm) 24 (21–27)

21 1 (10)

24 8 (80)

27 1 (10)

Duration (min) 56 (38–137)

Devices, n 2 (1-3)

Complications, n (%)

Catheter thrombus 1 (10)*

Inguinal bleeding 1 (10)*

Pericardial effusion 0 (0)

TEE

Successful implantation 10 (100)

Residual flow 1 (10)

Hospitalisation, days 2 (2–7)

All data are presented as mean ± standard deviation, as number with
percentage (n (%)) or median with lower and upper range, N 0 number,
mm 0 millimetres, min 0 minutes. PVAC 0 pulmonary vein ablation
catheter, TEE 0 transoesophageal echocardiography

*Both in the same patient

Table 3 Follow-up characteristics at 45 days

Number, n (%) 10

TEE, n (%)

Residual flow 3 (33)

Device embolisation 1 (10)

Thrombus on device 0 (0)

Coumadin, n (%) 6 (67)

Complications during follow-up, n (%)

Death 0 (0)

Stroke or TIA 0 (0)

Bleeding 1 (10)

All data are presented as mean ± standard deviation, as number with
percentage (n (%)) or median with lower and upper range, N 0 number,
TEE 0 transoesophageal echocardiography, TIA 0 transient ischaemic
attack.
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Occlusion device was developed to prevent embolisation of
thrombus from the LAA by sealing the orifice of the LAA.

The initial experience with the WATCHMAN device was
successful in 66 of the 75 patients (mean age 68.5 years,
64% male) [18]. The average CHADS2 score of the 66
patients with implants was 1.8±1.1 (range 0–5). TEE at
45 days showed successful sealing of the LAA in 93%.
No strokes occurred during a mean follow-up of 740 days
despite 92% of patients discontinuing anticoagulation. Dur-
ing follow-up two patients experienced device embolisation;
both the devices were successfully retrieved percutaneously.
This incidence is generally comparable with that of the
Percutaneous Left Atrial Appendage Transcatheter Occlu-
sion (PLAATO) device which was the first investigated for
obliteration of the LAA [19].

This device was further investigated in the PROTECT AF
trial. This multicentre, non-inferiority trial randomised 707
patients with non-valvular AF in a 2:1 schema to either the
WATCHMAN device or the control (conventional) treatment
with warfarin [20, 21]. In this study both groups had to be
eligible for warfarin therapy. The device was successfully
implanted in 88% of the patients assigned to this intervention
group. The primary endpoint of this study was a composite
efficacy endpoint of freedom from all stroke, cardiovascular
death, and systemic embolisation. Safety endpoints were major
bleeding, pericardial effusion, and device embolisation. Using
an intention-to-treat non-inferiority analysis at 1065 patient-
years of follow-up, the event-free probability was better in the
device group (3.0% per 100 patient-years vs. 4.9% per 100
patient-years) and met noninferiority criteria. The event rate of
all ischaemic and haemorrhagic strokes was lower in the
intervention group than in the control group (2.3% per 100
patient-years vs. 3.2% per 100 patient-years) and also all-cause
mortality was lower in the intervention group (3.0% per 100
patient-years vs. 4.8% per 100 patient-years). Primary safety
endpoints were more frequent in the intervention group than in
the control group (7.4% per 100 patient-years vs. 4.4% per 100
patient-years). The majority of these were periprocedural, pre-
dominantly caused by pericardial effusion and procedural
stroke related to air embolism due to the inexperience of the
operator with transseptal punctures and working with large
sheaths. The recent published data from the Continued Access
Registry showed a significant decrease in procedural events
from 7.7% in the first half of the PROTECTAF to 5.5% in the
second half and 3.7% in the Continued Access Registry [22].

Recently the direct thrombin inhibitor, dabigatran, became
available. In the RE-LY study, dabigatran was associated with
lower rates of stroke and systemic embolism with similar rates
of major haemorrhage, compared with OAC. Advantages of
dabigatran over OAC include: no need for routine laboratory
monitoring, a fixed-dose regimen, and potentially fewer clin-
ically important drug interactions. Although the results are
promising, there are some concerns including higher

incidences of dyspepsia and gastrointestinal bleeding and lack
of effective antidote. Additional drawbacks include higher
drug costs, accumulation in case of renal impairment, and
high discontinuation rates due to adverse events [23, 24]. In
patients with a high risk of bleeding (for example patients with
Rendu-Osler-Weber syndrome) or contraindication for OAC,
LAA closure might still be a better option.

We are the first to combine the LAA closure with a
pulmonary vein ablation. As mentioned before, patients
with AF have a fivefold risk of stroke compared with those
who have sinus rhythm. This combination can be an elegant
way to reduce both symptomatology and the risk of stroke
and bleeding in selected patients. In addition pulmonary
vein ablation to maintain sinus rhythm combined with the
placement of the WATCHMAN LAA closure device may
further reduce stroke risk. Although with a successful pul-
monary vein isolation, the benefit of an additional LAA
closure might be less. However, in a meta-analysis the
success rate of ablation in patients with all types of atrial
fibrillation with a mean follow-up of 14 months was 57%
(95% CI, 50–64%) showing that several patients need more
than one ablation procedure to remain in sinus rhythm and
have recurrent episodes of AF after the first ablation with an
increased risk for stroke and potentially benefit from addi-
tional LAA closure [25].

Limitations of our study are the small number of patients
and the short follow-up time, but we are continuing to select
patients for this treatment and will perform mid- and long-
term follow-up regarding safety and efficacy. Secondly, it is an
observational study, not comparing the percutaneous tech-
nique with conventional treatment. Also important is the
risk-benefit ratio, in which the periprocedural risk must be
weighed against the risk of long-term OAC therapy (either
bleeding or embolic stroke from lack of efficacy or poor
therapeutic control).

Secondly, the cost-benefit ratio, in which the substantial
costs of the device must be weighed against the total cost of
OAC therapy. At this point there are insufficient data to draw
firm conclusions about benefit ratios. Recently a second pro-
spective, randomised, multicentre trial (PREVAIL trial) has
started in the USA to provide additional information on the
safety and efficacy of the WATCHMAN LAA closure device
and studies the performance of this device in patients with AF
for whom long-term warfarin therapy is contraindicated.

Conclusion

Closure of the LAA with the Watchman device may provide
an alternative strategy to chronic coumadin therapy in patients
with AF and high risk of stroke or bleeding complications
using coumadin. Long-term follow-up will further reveal the
risk and benefits of this therapy.
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