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Percutaneous Left Atrial Appendage Closure for Thromboembolic
Prevention in Atrial Fibrillation

Cierre percutdneo de la orejuela izquierda para prevencion tromboembdlica en fibrilacion
auricular

ALDO G. CARRIZO™ ", MADHU NATARAJAN??, SEBASTIAN RIBAS', JAMES VELIANOU?, CARLOS A. MORILLO"?

ABSTRACT

Background: Atrial fibrillation (AF) produces a five-fold increase in the risk of stroke, and the exclusion of the left atrial appendage
(LAA), the main source of thrombi, is an interesting therapeutic option in patients with contraindication for oral anticoagulation.
Objectives: The goal of this study was to evaluate the initial experience, immediate results and outcome at 45 days of percutaneous
closure of the LAA in patients with AF and high risk of thromboembolic events, in whom chronic oral anticoagulation was contrain-
dicated.

Methods: Twenty-two patients with non-valvular AF and a CHA3DS,-Vasc >2 in whom there was contraindication or impossibility
of long-term oral anticoagulation underwent percutaneous closure of the LAA with the WATCHMAN™ device. The patients were
evaluated 45 days after the procedure by clinical assessment and transesophageal echocardiography.

Results: The implant was successful in 21 of 22 patients (95.4%). Median (interquartile range) age and CHA,DS,-VASc and HAS-
BLED scores were 76 years (IQR 14.5), 5 (IQR 1.5) and 4 (IQR 1), respectively. Three (13.6%) periprocedural complications were
observed: one cardiac tamponade requiring surgery, one concealed major bleeding and one pseudoaneurysm of the femoral artery.
No device-related complications or thromboembolic events were observed during the 45-day follow-up. The LAA was adequately
excluded in 95% of the cases.

Conclusions: In our initial experience, the procedure is feasible, with an acceptable risk, and can be considered a therapeutic option
in patients with AF and high thromboembolic risk who cannot receive oral anticoagulation.
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RESUMEN

Introduccion: La fibrilacién auricular (FA) incrementa cinco veces el riesgo de accidente cerebrovascular y la orejuela auricular
izquierda (OI) es la principal fuente de formacién de trombos, por lo que su exclusién se presenta como una alternativa terapéutica
interesante en pacientes con contraindicacion para la anticoagulacion oral.

Objetivos: Evaluar la experiencia inicial, los resultados del implante y la evolucién a los 45 dias del cierre percutaneo de la OI en
pacientes con FA de riesgo tromboembdlico alto en los cuales no podia emplearse la anticoagulacion oral croénica.

Material y métodos: Veintidés pacientes con FA no valvular y CHA,DS,-Vasc >2 en los que la anticoagulacién a largo plazo estaba
contraindicada o era impracticable fueron sometidos al cierre percutaneo de la OI con el dispositivo WATCHMAN®. Los pacientes
fueron evaluados a los 45 dias mediante control clinico y con ecocardiografia transesofagica.

Resultados: El implante fue exitoso en 21 de los 22 pacientes (95,4%). Las medianas (rango intercuartil) de edad, CHA,DS,-VASc
y HAS-BLED fueron 76 anos (RIC 14,5), 5 (RIC 1,5) y 4 (RIC 1), respectivamente. Se observaron 3 (13,6%) complicaciones peripro-
cedimiento: un taponamiento que requirié revisiéon quirdrgica, un sangrado mayor oculto y un seudoaneurisma femoral. Durante el
seguimiento a 45 dias no se observaron complicaciones relacionadas con el dispositivo ni eventos tromboembdlicos. En el 95% de los
casos, la OI se encontraba adecuadamente excluida.

Conclusiones: En nuestra experiencia inicial, el procedimiento es factible con un riesgo aceptable, constituyéndose en una alterna-
tiva terapéutica en pacientes con FA de riesgo tromboembdlico alto que no pueden recibir anticoagulantes orales.
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Abbreviations

TEE  Transesophageal echocardiography
AF Atrial fibrillation

FDA Food and Drug Administration
LAA Left atrial appendage

INTRODUCTION

Atrial fibrillation (AF) has become a global public
health problem, as its incidence has increased partly
due to population aging. (1) Atrial fibrillation is as-
sociated with an increased risk of ischemic stroke. In
patients with AF, the annual risk of stroke is approxi-
mately 5% and varies with the associated risk factors.
(2, 3) For this reason, several investigations have been
developed over the past years to prevent the thrombo-
embolic complications associated with AF.

Warfarin has proved to reduce the risk of stroke
(RR 60%) and is substantially more efficient than as-
pirin (RR 20%). (4) Bleeding is the major complication
associated with these drugs and may be catastrophic
as in the case of intracranial hemorrhage. In addition,
long-term administration of these agents is limited by
several barriers resulting in poor tolerance or no ad-
ministration. In average, 50% of patients discontinue
anticoagulation therapy 2 years after initiation, 50%
do not achieve optimal INR values and the remaining
50% who have a clear indication of anticoagulation are
not receiving treatment. (5-7)

These limitations have led to the development of
new oral anticoagulants which include direct throm-
bin inhibitors (dabigatran) (8) and Xa factor inhibi-
tors (rivaroxaban, apixaban and endoxaban). (9-11)
These drugs were found to be noninferior to warfarin
in the prevention of stroke, with additional practical
advantages as rapid onset of action, lower interaction
with food or medications and lack of need for regular
anticoagulant monitoring.

However, between 13% and 36% of patients with
AF have contraindication for chronic oral anticoagula-
tion, (12, 13) which associated with high thromboem-
bolic risk constitutes a real dilemma in clinical prac-
tice.

Therefore, non-pharmacological strategies, either
surgery or percutaneous interventions, have been de-
veloped and are used in patients with contraindica-
tion for oral anticoagulation. Several studies based on
necropsy material, echocardiography or surgical find-
ings have demonstrated that in non valvular AF most
thrombi (90%) originate in the left atrial appendage
(LAA). (14-16) Thus, these interventions focus on pre-
venting the passage of LAA thrombi into the systemic
circulation producing catastrophic thromboembolic
events.

Among the various percutaneous techniques, only
the LARIAT® device (SentreHEART, Redwood City,
CA) (17) and, more recently the WATCHMAN™ de-
vice (Boston Scientific, Natick, MA) (18) have been ap-

PASS Position, Anchor, Size and Seal
IQR  Interquartile range

INR International normalized ratio
ACT Activated clotting time

proved by the Food and Drug Administration (FDA) in
the United States.

The ASAP registry, which included patients with
AF and contraindication for oral anticoagulation, re-
ported 77% reduction in the risk of stroke after percu-
taneous closure of the LAA with the WATCHMAN™
device. The rate of procedure-related adverse events
was 8.7%. (19)

The aim of this study was to report our initial
experience, including periprocedural complications,
and at 45 days of LAA percutaneous closure with
the WATCHMAN™ device in patients with AF and
CHA,DS,-VASc score >2 with contraindication for oral
anticoagulation.

METHODS

Study design and patient selection

This prospective, non- randomized study evaluated implant
safety and efficacy and the short-term outcome of patients
undergoing percutaneous closure of the LAA with the
WATCHMAN™ device. Twenty-two patients with AF and
high thromboembolic risk (CHA,DS,-VASc >2) in whom oral
anticoagulation was contraindicated (history of spontane-
ous major bleeding, current anticoagulant or antiplatelet
therapy, hematologic disorders with bleeding predisposition)
or impossibility to receive anticoagulants (patient’s refusal
to treatment or labile therapeutic range) were selected be-
tween November 2013 and August 2015 at the Hamilton
General Hospital.

Patients with severe heart valve disease, nickel allergy,
active infection, recent bleeding or any other condition pre-
venting the use of anticoagulants, aspirin or clopidogrel for
a minimum of 45 days were excluded from the study. Pa-
tients were considered unsuitable to take part in the study
if they had undergone surgical repair or percutaneous de-
vice closure of atrial septal defects or patent foramen ovale,
presented intracardiac thrombi or had an unfavorable LAA
anatomy (maximum LAA ostium diameter <17 mm or LAA
depth >31 mm) measured by transesophageal echocardi-
ograhy (TEE).

Details of implant and follow-up
The WATCHMAN™ left atrial appendage closure device
consists of three components: a transseptal access sheath,
a delivery system catheter and the device itself mounted on
the catheter. The WATCHMAN™ device is a self-expanding
nitinol frame with fixation barbs and a polyester fabric
which covers the atrium-facing surface of the device (Fig-
ure 1). The system is available in five sizes: 21, 24, 27, 30,
and 33 mm. The device size must be 10-20% larger than the
maximum LAA ostium diameter. The ostium diameter and
the LAA depth were measured using TEE in different angles
(09, 452, 902 and 1359) (Figure 2).

The implant was performed under general anesthesia
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with angiographic and transesophageal and intracardiac
echocardiographic guidance. In all cases the left atrium was
accessed via a transseptal approach. Once in the left atrium,
an initial intravenous heparin bolus (1000 U/kg) was ad-
ministered and activated clotting time (ACT) controls were
performed every 20 minutes. The aim was to maintain ACT
between 250 and 350 s, using additional heparin boluses as
necessary.

Once the device was deployed, the correct positioning
was evaluated using the PASS criteria (position, anchor,
size, seal). Position: the device position had to be distal or
at the LAA ostium; anchor: the stability was tested by trac-
tion movements; size: the device size should be 8% to 20%
smaller then the original size, and seal: angiographic and
TEE assessment of the LAA ostium was performed to evalu-
ate any peri-device flow.

If all the criteria were met, the device was released (Fig-

Fig. 1. WATCHMANT™ device. Image courtesy of Boston Scien-
tific, MN. Reproduced with permission.

ure 3); if not, the device was recaptured and repositioned. If
needed, another device with a different diameter was chosen.

The patients were hospitalized and discharged on the
following day, if possible. Before being discharged, all the
patients underwent transthoracic echocardiography to rule
out pericardial effusion, thrombi or device migration. Oral
anticoagulants with or without aspirin, or aspirin plus clopi-
dogrel could be prescribed according to the patient’s charac-
teristics and clinical criteria.

All patients were evaluated at 45 days by clinical as-
sessment and TEE. The position of the device was again
assessed, particularly the adequate LAA occlusion through
peri-device flow assessment. Oral anticoagulation or dual
antiplatelet therapy was discontinued if peri-device flow was
absent or minimal (<3 mm) and the patient remained only
with aspirin treatment for at least 12 months after implan-
tation.

Events analyzed

The acute implant success and device stability at 45 days was
analyzed. All the complications related with the procedure,
the presence of thromboembolic complications and hemor-
rhages related with this population were reported. Stroke
was defined as a non-traumatic focal neurological deficit
lasting more than 24 hours confirmed by imaging tests.
Transient ischemic attack was defined as the sudden onset
of a non-traumatic focal neurological deficit lasting less than
24 hours. Systemic embolism was defined as the vascular oc-
clusion of an extremity or organ with clinical and radiologi-
cal documentation in the absence of another likely mecha-
nism (e.g. trauma). Major bleeding was considered following
the criteria of the International Society on Thrombosis and
Haemostasis; (20) all other bleedings were considered minor.

Statistical analysis

A descriptive analysis of the different variables was per-
formed. Continuous variables are expressed as median and
interquartile range (IQR) and categorical variables as num-
bers and percentages. IBM SPSS 22.0 statistical package
(SPSS Inc., Chicago, Illinois, USA) was used for statistical

analysis.

Ethical considerations

The study was conducted following the recommendations of
the Declaration of Helsinki and all the patients gave their
informed consent. The device has not been approved by the
Public Health Agency of Canada yet; therefore, each case

was submitted to a “special access” request.

RESULTS

Population characteristics
Twenty-two patients with AF underwent percuta-
neous closure of the LAA. Median age was 76 years

Fig. 2. Measurement of the
left atrial appendage size and
depth with transesophageal
echocardiography at 0° (a),
45° (b), 90° () and 135° (d)
before device implantation.
LA: Left atrium LAA; left atrial
appendage.




PERCUTANEOUS LEFT ATRIAL APPENDAGE CLOSURE / Aldo G. Carrizo et al.

515

Fig. 3. Transesophageal echo-
cardiography and angiogra-
phy images obtained before
(upper image) and after (low-
er image) device implanta-
tion. LA: Left atrium LAA; left
atrial appendage. D: Device

(IQR 14.5), 64% were men and 64% presented persis-
tent or permanent AF. Median CHA,DS,-VASc score
was 5 (IQR 1.5) and median HAS-BLED score was 4
(IQR 1). The principal baseline characteristics of the
study population are described in Table 1.

The most common indication was history of major
bleeding in 16 patients (73%), 7 of which (44%) were
receiving anticoagulants. The remaining 6 patients
(27%) had a history of repeated minor bleeding during
antithrombotic therapy and the following conditions:
2 had severe renal dysfunction requiring dialysis and
labile therapeutic range, 1 autoimmune idiopathic
thrombocytopenic purpura, 1 Rendu-Osler-Weber dis-
ease, 1 underwent drug-eluting stent implantation
and required prolonged dual antiplatelet therapy and
the remaining patient refused to receive chronic oral
anticoagulation.

Success of the procedure
The device was successfully implanted in 21 of 22 pa-
tients (95.4%). The remaining patient presented car-
diac tamponade during cannulation of the LAA before
advancing the device and the procedure was aborted.
The PASS criteria were successfully achieved in 11
patients (52%) during the first positioning. In the re-
maining patients, the device was recaptured and repo-
sitioned without complications. In one case the device
size had to be changed. Table 2 summarizes the char-
acteristics and the outcomes of the implant.

Seven patients (32%) were hospitalized for >1 day:
3 due to procedure-related complications, 1 due to the
anesthesiologist’s recommendation in a patient with

severe chronic obstructive pulmonary disease and 3
for social issues.

Acute complications (0-7 days after device implantation)
Three complications (13.6%) were observed within the
first 7 days after implantation. One patient presented
cardiac tamponade requiring surgery and died five
days later due to sepsis. Another patient had a pseu-
doaneurysm of the femoral artery that was treated
with thrombin injection. The third patient presented
a sudden fall in hemoglobin levels requiring transfu-
sion of 2 units of red blood cells, with no evidence of
the site of bleeding (see Table 2).

None of the patients presented cardiac effusion,
device migration or device-related thrombi in the
echocardiogram performed before discharge.

Complications during follow-up (45 days)
The 21 patients discharged completed clinical follow-
up and TEE at 45 days. No device-related complica-
tions or thromboembolic events were observed. Two
patients presented minor bleeding requiring modifica-
tion of the antithrombotic treatment.
Transesophageal echocardiography did not dem-
onstrate thrombi associated with the device or device
migration. The LAA was correctly sealed in 95% of the
patients (absence of residual or peri-device flow <3
mm) (see Table 2).

Antithrombotic therapy
Eighty-six percent of the patients were discharged
with oral anticoagulants plus or without aspirin, 2
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Table 1. Baseline population characteristics

Age, years, median (IQR) 76 (14.5)
Male gender, n (%) 14 (64)
BMI (kg/m2), median (IQR) 27 (8.7)
AF, type
Paroxysmal, n (%) 8 (36)
Persistent/permanent, n (%) 14 (64)
Hypertension, n (%) 18 (82)
Diabetes, n (%) 7 (32)
Coronary artery disease, n (%) 8(36)
Previous thromboembolism 9 (41)
Stroke, n (%) 5(23)
TIA, n (%) 2(9)
PE, n (%) 2(9
Pacemaker, n (%) 5(23)
Renal dysfunction, n (%) 7 (32)
Creatinine clearance* (ml/min), median, (IQR) 64 (37)
CHADS,, median (IQR) 3(2)
CHADS,
1 1(4.5)
2 6 (27)
3 9 (41)
4 5(23)
5 1(4.5)
CHADS,-VASc , median (IQR) 5(1.5)
CHA,DS,-VASC, n (%)
2 1(4.5)
3 4(18)
4 5(23)
5 7 (32)
6 4(18)
7 1(4.5)

IQR: Interquartile range. BMI: Body mass index. AF: Atrial fibrillation.
TIA: Transient ischemic attack. PE: Peripheral embolism. *Cockroft-
Gault formula.

(9.5%) with dual antiplatelet therapy and 1 (4.5%)
with triple antithrombotic therapy. Most patients
continued with this regime for 45 days and then with
aspirin indefinitely. Four patients had different man-
agements. One patient discontinued warfarin and an-
other patient discontinued clopidogrel prematurely
due to minor bleeding. A third patient continued with
dual antiplatelet therapy due to peri-device flow >3
mm. In the last patient, who was receiving triple an-
tithrombotic therapy, warfarin was discontinued and
the patient remained with dual antiplatelet therapy.

DISCUSSION

In our initial experience in highly selected patients
with non-valvular AF with high thromboembolic risk
and contraindication for anticoagulation, percuta-
neous closure of the LAA was an effective and safe
procedure. The acute success rate achieved during im-

plantation was similar to those reported by the main
studies (90.9% PROTECT AF; 94.3% CAP; 95.1%
PREVAIL). (21, 22) In almost half of the patients, the
PASS criteria were not met in the first attempt to de-
liver the device. However, we could easily reposition
the device in all the cases.

Regarding procedure safety, our study included a
population with severe comorbidities, with a CHADS,
score of 3+0.9, greater than the one reported by pre-
vious studies (2.2+1.2 PROTECT AF; 2.5+1.2 CAP;
2.6+1.0 PREVAIL), (21, 22) and high risk of bleed-
ing (about 8% per year). Two of the 3 complications
reported within the first 7 days after the procedure
were resolved with minimal invasive measures which
did not present any relevant functional impact. Only
one procedure had to be aborted due to cardiac tam-
ponade while the LAA was cannulated. The patient
underwent cardiac surgery immediately and died of
septic shock 5 days later. It is important to remark the
importance of performing these procedures in centers
with cardiovascular surgery facilities. Interestingly,
the LAA size of this case was the smallest of the series
(17.5 x 23 mm). Probably the small size could have
limited the space for manipulating the instruments.
Pericardial effusion requiring intervention is the most
common complication reported in multicenter studies
(4% PROTECT AF; 2.2% CAP; 1.9% PREVAIL). (21,
22) Other complications as procedure-related stroke,
device-associated thrombi or device migration are
rare and were not observed in our series.

At 45-day follow-up, none of the patients presented
thromboembolic events or device-related complica-
tions. The device was adequately positioned in all the
cases. In one patient who presented peri-device flow
>3 mm, dual antiplatelet therapy was continued. A
retrospective analysis based on the PROTECT AF
trial shows that 32% of patients have a certain degree
of peri-device flow which does not increase the risk of
thromboembolism. (23) However, this finding should
be interpreted with caution due to the low event rate.

Currently, several devices are available for LAA
closure, but the WATCHMAN™ device has been the
most extensively studied and has been granted Eu-
ropean regulatory approval since 2005. Recently, and
after the publication of the PREVAIL study, the FDA
has approved the device in the United States in pa-
tients with non-valvular AF and high thromboembolic
risk, and in those with concern about long-term an-
ticoagulant treatment due to high risk of bleeding.
In the PREVAIL study, 407 patients with AF and no
contraindication for anticoagulation were randomized
to LAA occlusion with the WATCHMAN™ device or
to warfarin therapy. (22) The WATCHMAN™ device
did not reach the noninferior criterion; however, the
study showed a reduction in device-related complica-
tions compared with the PROTECT AF trial. There-
fore, at present anticoagulation remains the mainstay
treatment for the prevention of thromboembolic com-
plications in patients with AF, while percutaneous
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Successful implant
Repositioning
Successful
Procedure time (min), median (IQR)
Fluoroscopy time (min), median (IQR)
LAA*
Maximum LAA ostium diameter (mm), median (IQR)
Maximum depth (mm), median (IQR)
Spontaneous contrast
Size of the devices implanted
21 mm
24 mm
27 mm
30 mm
33 mm
General anesthesia
TEE
ICE
Transseptal puncture
Days of hospitalization, median (IQR)
>1 day
Periprocedure complications
Embolism/device migration
Cardiac tamponade**
Stroke
Major bleeding
Vascular access
Complications at 45 days
Embolism/device migration
Stroke
Major bleeding
Minor bleeding
Peri-device flow at 45 days by TEE
Absent
1-3mm

>3 mm

min: Minutes. IQR: Interquartile range. LAA:Left atrial appendage. mm: Millimeters. TEE: Transesophageal
echocardiogram. ICE: Intracardiac echocardiogram. *Evaluated by TEE. **The patient died at day 5 due to

sepsis.

closure of the LAA is a valid treatment for patients
unsuitable for oral anticoagulation.

Study limitations

This is a small prospective cohort with a low rate of
events that reports the complications, feasibility and
efficacy of percutaneous closure of the LAA with the
WATCHMAN ™device. The short follow-up period and
the sample size limit our observations.

CONCLUSIONS

In our initial experience, and in a population with se-
vere comorbidities, percutaneous closure of the LAA
is a feasible procedure with an acceptable risk. Thus,

Table 2. Details of the proce-

21/22 (95.4%)
dure and follow-up

10/21 (48%)
10/10 (100%)
76 (14)
23.5(10)

22 (4)
30 (8)
16/22 (73%)

2/21 (9%)
6/21 (29%)
9/21 (43%)
3/21 (14%)
1721 (5%)
22/22 (100%
22/22 (100%
22/22 (100%
22/22 (100%
1(1)
7122 (32%)

)
)
)
)

0/22 (0%)
1122 (4.5%)
0/22 (0%)
1/22 (4.5%)
1/22 (4.5%)

0/21 (0%)
0/21 (0%)
0/21 (0%)
2/21(9.5%)

12/21 (57 %)
8/21(38%)
1721 (5%)

the procedure is a valid option in patients with AF and
high thromboembolic risk in whom oral anticoagula-
tion is contraindicated or not feasible
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