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Nonvalvular atrial fibrillation (AF) is the most frequent arrhythmia with a prevalence of 1%–2% in the general
population. Its prevalence increases with age and its diagnosis benefits of improvement and simplification of
technologies for its detection. Today, AF affects approximately 7% of individuals age N 65 years and 15%–20% of
octogenarians. Due to stasis and activation of coagulation in a fibrillating atrium, patients are at increased risk
of thromboembolism, in particular ischemic stroke,with an overall stroke risk of 5% per year. Since the left atrium
itself is round and smooth-walled, thrombi typically do not form there, but almost exclusively in the left atrial
appendage (LAA), a blind sac-like heterogeneous structure trabeculated by pectinate muscles.
In the past five decades, oral anticoagulation (OAC) with vitamin K antagonists (VKA) has been the state-of-the
art treatment to prevent stroke and systemic embolism from thrombi in AF. In the last decade, nonvitamin K de-
pendant oral anticoagulants (NOAC) have been shown to be overall superior to VKAwith respect to efficacy and
safety in large trials and registries. Given the safety issues of indefinite OAC with either VKA or NOAC, it is plau-
sible to consider left atrial appendage closure (LAAC) as an alternative strategy for prevention of all three catas-
trophes for patients with AF on anticoagulation: death, stroke or other systemic embolization, and bleeding. In
the past years, LAAC has been compared to VKA in prospective randomized trials, yielding superior results re-
garding efficacy and non-inferiority regarding safety in themid-term. Today, the decision to provide themost ap-
propriate treatment for a patient with AF (OAC, NOAC, or LAAC) is complex and needs to be individualized.
This review provides a comprehensive update on the current state of LAAC in the field of prevention of death,
stroke and bleedings in patients suffering from nonvalvular AF. We describe the pathophysiology of the LAA
with regard to stroke, elucidate the evidence and limitations of anticoagulation as the classical treatment para-
digm, and review devices and techniques for LAAC. Most importantly, the current clinical evidence on efficacy
and safety is outlined and finally, contemporary recommendations for patient selection are provided.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

A 69-year-old woman with persistent atrial fibrillation (AF) on
vitamin K antagonist oral anticoagulation (OAC), diabetic nephropathy
requiring hemodialysis, and prior major gastrointestinal bleeding
underwent urgent coronary angiography because of a non-ST-
segment elevationmyocardial infarction. The culprit lesion, a severe ste-
nosis in themid segment of the left anterior descending coronary artery
was treated by percutaneous coronary intervention (PCI) with a third-
generation drug-eluting stent. Based on a CHA2DS2-VASc Score of 5
and a HAS-BLED score of 4, the patient was at high risk for both stroke
and further bleeding. The acute coronary syndrome was considered an
indication for ticagrelor and acetylsalicylic acid. During her emergency
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PCI she was offered ad hoc left atrial appendage closure (LAAC) to pro-
vide stroke prophylaxis without the excessive bleeding risk with triple
anticoagulation either with OAC anticoagulation or non-vitamin K de-
pendant oral anticoagulation (NOAC). The access to the left atrium
was facilitated by an incidentally searched and found persistent fora-
men ovale (PFO). Biplane angiography of the left atrial appendage
(LAA) from a distance was first done to exclude a thrombus and to de-
termine the device size. The LAA was closed with a 22 mm Amplatzer
Amulet device through a 14 French sheath. The PFO was then closed
with an Amplatzer 25 mm PFO occluder through the same sheath.
After the uncomplicated combined intervention, OAC was stopped and
the patient returned to the referring hospital the same day. The trans-
esophageal echocardiography (TEE) four months later showed com-
plete exclusion of the LAA and closure of the PFO by the devices
without adversefindings. In the latest follow-up two years after thepro-
cedure, the patient was on acetylsalicylic acid 100 mg/d only without
any bleeding or ischemic events. This example illustrates both sustained
protection from stroke and systemic embolism, and minimized risk of
recurrent bleeding by obviating longterm (N)OAC in a complex clinical
scenario.

1.1. Atrial fibrillation and ischemic stroke

AF is a common arrhythmiawith a prevalence of 1%–2% in the general
population, increasing with age and affecting approximately 7% of indi-
viduals age N 65 years and 15%–20% of octogenarians [1–3]. Patients
with AF are at increased risk of thromboembolism, in particular ischemic
stroke. It is estimated that every fifth stroke is related to AF [3]. AF related
strokes tend to be especially severe and disabling and half of patients die
within one year of the event. In contrast to the slow vessel occlusion by
atherosclerosis having time for collateralization, embolic vessel occlusions
typically hit normal vessels without collaterals. Patients with AF are at
two-fold risk of death and three-fold risk for heart failure. AF is also re-
sponsible for 3%–6% of acute medical admissions for management of ar-
rhythmia [4]. Furthermore, AF is underdetected, and therefore not all
affected patients receive appropriate treatment [5,6].

For estimation of individual stroke risk, the comorbidities of any pa-
tient suffering fromAFmust be taken into consideration. Current guide-
lines recommend theuse of theCHA2DS2-VASc score,whichprovides an
estimate of the annual stroke risk with an indication to start OAC for
prevention of thromboembolism in case of CHA2DS2-VASc scores ≥2 [7].

1.2. Origin, function, and shape of the left atrial appendage

During cardiac development in the embryonic state, the lung veins
and their major branches merge and form the left atrium (LA) [8]. The
LAA is a residual pouchderived from such a primordial lung vein. It is lo-
cated anteriorly in the atrioventricular groove in close proximity to the
left circumflex coronary artery, the annulus of the mitral valve, the left
upper pulmonary vein, and the left phrenic nerve [9]. Since its volume
is rather small (5–15ml), LAA contractility during normal sinus rhythm
plays only a minor role in the regulation of left atrial pressure, volume,
and left ventricular filling [10]. The LAA is markedly smaller than the
right atrial appendage and its inner surface is trabeculated by pectinate
muscles [11,12]. Being very heterogeneous in shape and size, the LAA
usually resembles a rather narrow tube with an elliptic ostium and nu-
merous bends or lobes. Four principal morphologies have been de-
scribed and can be classified: cactus, chicken wing, windsock, and
cauliflower appearances: The cauliflower type is characterized by a lim-
ited overall length with complex trabecula ion and often multiple small
lobes. The windsock type has one dominant and relatively long primary
tubular lobe, often with secondary or tertiary smaller side-lobes. The
cactus type has also one central lobe and is usually longer than the cau-
liflower, but has also secondary lobes, whereas the chicken wing is sim-
ilar to thewindsockwith a relatively long primary tube, which bends in
the proximal part of the dominant lobe, folding backwards [12,13]. LAA

morphology seems to be directly linked to the risk of stroke [13,14]. Pa-
tients with other than chicken wing LAA morphology appear at higher
risk for thromboembolic events after controlling for comorbidities and
CHADS2 score [15].

1.3. Thrombus formation in atrial fibrillation

AF results in loss of physiologic atrial systole and irregular ventricu-
lar activation, which in turn affects left ventricular filling, contractility,
and cardiac output. Thus, left atrial pressures and volumes are typically
increased due to stasis. Depending on the frequency and duration of AF
as well as left ventricular systolic and diastolic function and afterload,
both LA and the LAA undergo a progressive process of dilatation and fi-
brotic remodeling with reduced blood flow velocities including turbu-
lent flow and stasis [12,16–18].

In contrast to the smooth-walled and roundish LA, the LAA is a small
blind-sac with heterogeneous structure and mostly distinct trabecula-
tion and lobulation. Therefore, this is plausibly the most likely site of
thrombus formation in AF. Not surprisingly, the LAA has been known
as a nidus of thrombus formation and embolization for N60 years
and consequently, its first resection was performed already when
cardiac surgery set off in the late 1940ies [19]. A recent meta-analysis
of N20,000 AF patients with nonvalvular AF reported amean prevalence
for left atrial thrombi of 10%, which was linked to a 3.5-fold increase in
stroke risk [20]. Further evidence from echocardiographic, surgical, and
postmortem studies confirmed that the vast majority of intracardiac
thrombi in patients with nonvalvular AF are located in the LAA because
of the above-mentioned reasons. In a large study using TEE, 91% of
thrombi in nonvalvular AFwere located in the LAA [21]. Of note, throm-
bi already formwithin a relatively short period of time in the LAA in up
to 14% of patientswith acute or newonset (b3 days) AF [22]. According-
ly, in case of concomitant LAA amputation during cardiac surgery, the
incidence of early postoperative stroke can be effectively reduced [23].

In contrast to nonvalvular AF, in valvular AF, which denotes patients
with rheumatic mitral stenosis or mechanical (metallic) valve prosthe-
ses, left atrial flow is farmore reduced and the prevalence of LA thrombi
is up to 45% [24]. At variance to nonvalvular AF and owing to the even
more thrombogenetic milieu in the presence of mitral stenosis or a me-
chanical prosthesis, thrombi originate also from the LA: In a clinicopath-
ologic study, about half of the left-sided thrombi were observed in the
LAA, whereas the remainderwas located at the freewalls of the left atri-
um [25].

1.4. The concept of anticoagulation and its benefit for stroke prevention

OAC with VKA or more recently NOAC are the mainstay in the pre-
vention of thromboembolism among patients with AF. OAC with VKA
as compared with placebo is associated with an absolute stroke risk re-
duction of 2.7% per year, which corresponds to a relative risk reduction
of 64% and a number needed to treat of 37 per year [26]. Although anti-
platelet therapy with acetylsalicylic acid alone or dual antiplatelet ther-
apy consisting of acetylsalicylic acid and clopidogrel lowers the relative
risk of stroke as compared to placebo by approximately 20%, OAC with
VKA is substantially more effective than antiplatelet therapy by approx-
imately 40%. More recently, NOACs have been introduced into clinical
practice. Currently, four substances (one direct thrombin inhibitor and
three factor Xa inhibitors) are approved for stroke prophylaxis in pa-
tients with AF. They feature several advantages over VKA including
rapid onset (2–4 h), rapid offset (24 h), and predictable pharmacokinet-
ic effects combined with a favorable safety and efficacy profile. A pre-
specified, pooled analysis of the four randomized clinical trials (RELY),
[27] (ROCKET AF), [28] (ARISTOTLE), [29] (ENGAGE AF-TIMI) [30] in-
cluded 71,683 patients with AF and compared clinical outcomes of dif-
ferent NOAC with VKA [31]. There was 19% lower risk of stroke and
systemic embolism (RR = 0.81, 95% CI 0.73–0.91), 50% lower risk of
hemorrhagic stroke (RR = 0.49, 95% CI 0.49–061, p b 0.0001), and
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