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Left atrial appendage morphology and the risk of stroke
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Abstract: In patients with non-valvular atrial fibrillation (AF) the risk of stroke is five times higher than in patients with
sinus rhythm. Moreover, stroke is likely to be more severe in the AF patient population. Left atrial appendage (LAA) is the
most common source of emboli in AF-related stroke. LAA thrombus is present in 15% of AF patients. Therefore, numerous
studies aimed to evaluate the role of LAA structure and function in stroke formation. Higher LAA volume and bigger LAA
orifice have been reported to be associated with increased risks of stroke. Moreover, not only the size, but also the shape
of the LAA influences thrombus formation. The presence of an obvious bend in the proximal part of the dominant LAA lobe,
described as chicken wing LAA morphology has been reported to be protective against stroke. However, other studies are
not consistent with this finding and there is no consensus about LAA morphology categories. LAA has reservoir, contractile,
electric and endocrine functions, that can provide essential information about the risk of clot formation and embolic events.
Decreased LAA flow velocity, reflecting lower LAA contractility has been described to be associated with higher stroke
risk. All'in all, even if the LAA plays an important role in stroke formation, there are controversial literature data, therefore
further studies are needed to evaluate the underlying mechanisms.
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Rezumat: La pacientii cu fibrilatie atriald non-valvulara (FA) riscul de accident vascular cerebral este de cinci ori mai mare
decit la pacientii cu ritm sinusal. Mai mult, accidentul vascular cerebral este probabil mai sever in populatia de pacienti cu
FA. Apendicele atrial stang (LAA) este cea mai comuna sursa de emboli in accidentul vascular cerebral asociat. Tromboza
LAA este prezenta la |5% dintre pacientii cu FA. Prin urmare, numeroase studii au avut ca scop evaluarea rolului structurii
si functiei LAA in aparitia accidentului vascular cerebral. S-a raportat ca un volum LAA mai mare si un orificiu LAA mai mare
sunt asociate cu riscuri crescute de aparitie a accidentului vascular cerebral. Mai mult, nu numai dimensiunea, ci si forma LAA
influenteaza formarea trombului. S-a raportat ca prezenta unei benzi in partea proximala a lobului LAA dominant, descrisa ca
morfologie a LAA in forma de aripa de pui, este protectoare impotriva accidentului vascular cerebral. Cu toate acestea, alte
studii nu sunt in concordanta cu aceasta constatare §i nu existd un consens cu privire la categoriile de morfologie LAA. LAA
are functie de rezervor, contractila, electrica si endocrina, care pot oferi informatii esentiale despre riscul formarii cheagu-
rilor si evenimentelor embolice. Viteza scazuta a fluxului LAA, reflectdnd contractilitatea LAA mai mica, a fost descrisa ca
fiind asociata cu un risc mai mare de accident vascular cerebral. Una peste alta, chiar daca LAA joaca un rol important in
aparitia accidentului vascular cerebral, exista date controversate in literatura, prin urmare sunt necesare studii suplimentare
pentru a evalua mecanismele care stau la baza.

Cuvinte cheie: fibrilatie atriald, accident vascular cerebral, tromb, apendicele atrial sting, morfologie.

INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac ar-
rhythmia that can increase the risk of stroke, heart
failure and hospitalization'. Around 0.4% to 1% of the
general adult population has AF and this rate incre-
ases with age, especially over the age of 80, where
the prevalence of AF is more than 9%*. The number
of affected individuals is expected to double or even
triple within the next twenty to thirty years®. In the
developed countries the prevalence is higher than in

the developing nations®. Moreover, the prevalence is
lower in women than in men®. The most common risk
factors of AF are age, hypertension, valvular and ische-
mic heart disease, thyroid dysfunction, obesity, diabe-
tes, chronic obstructive pulmonary disease, chronic
kidney disease and smoking®. Catheter ablation is an
effective and safe procedure to treat AF. However,
in many cases recurrence occurs. Approximately 20%
to 45% of the patients experience a recurrence of AF
within 12 months after the catheter ablation”®.
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AF can increase the risk of stroke about five times
and since the elder population is constantly growing,
AF will have an ascendant effect on stroke morbidity
and mortality’. Moreover, stroke caused by cardi-
oembolic events, mostly by AF is associated with a
higher in-hospital mortality and stroke severity than
non-AF related stroke'®''. In the setting of AF, the left
atrial appendage (LAA) is the most common source
of emboli'2. Additionally, according to Di Biase, LAA
morphology is related to the risk of stroke'®. Moreo-
ver, the size of the LAA orifice area and the LAA flow
velocity also influence the risk of stroke formation'4.
Therefore, it is absolutely necessary to understand the
background of the anatomy and function of the LAA
in order to understand the pathogenesis of AF-related
stroke.

LEFT ATRIAL APPENDAGE

The LAA used to be considered as an insignificant part
of the heart. It is now recognized to be a structure with
important physiological, arrhythmogenic and throm-
bogenic components. The risk of stroke in patients
with non-valvular AF is approximately five-fold higher
than in patients with sinus rhythm®. LAA thrombus is
present in 15% of the patients in AF'>. In patients with
non-valvular AF, 90% of thrombi have a predilection
to form within the LAA because of reduced contrac-
tility and stasis, in contrast in valvular AF, where this
rate is about 56%'2. It has been proposed that there is
a connection between the LAA morphology and the
risk of thrombus formation in the LAA". In the pre-
sence of LAA dysfunction, there is an increased risk
of thromboembolic events and LAA dysfunction has
been shown to be a strong predictor of thrombus for-
mation'¢'”. As an outcome of AF, decreased LAA con-
traction and flow velocity can be observed with TEE
which are among the strongest predictors of stroke,
but there is limited use of these parameters to predict
the risk of ischemic stroke'¢'”.

Left atrial appendage structure

The LAA is often a finger-like, long, narrow, tubular,
hooked structure originated from the main body of
the left atrium (LA)'®. It is formed at the 4™ week of
gestation as the remnant of the original embryonic LA.
Its size, shape, and relationship with nearby cardiac
and extracardiac structures are extremely complex
and variable. In most hearts, the LAA lies anteriorly
in the atrioventricular sulcus in close relation with the
left phrenic nerve, the left superior pulmonary vein
and the left circumflex artery. Externally, the LAA
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is a tubular structure with or without obvious bend
and its tip points to the pulmonary artery, the right
ventricular outflow tract, and the free wall of the left
ventricle'®, Internally, its orifice opens to the LA main
chamber'®. The shape of the orifice can be classified
into several types. The most frequent type is oval sha-
pe, besides that it can be foot-like, triangular, water
drop-like or round®?'. In most appendages, there is
a well-defined orifice that continues in the neck re-
gion, but there is a wide anatomical variability in the
location of the LAA ostia in relation to the venous
orifices??. Lee et al proposed that the enlargement
of the LAA orifice area (>3.5 cm?) is an independent
risk factor of stroke in patients with non-valvular AF,
even after adjustment for other risk factors due to
the fact that larger LAA promotes slow blood flow,
stasis and eventually thrombus formation'®. The inner
surface of the LAA has a single layer of endothelium
and reveals complex indentations made by pectinate
muscles?. The remainder of the wall in between them
is paper-thin. At the borders between the inferior and
the superior faces, the muscle bundles arrange like
feather-type-palm-leaf**. In patients with AF, structural
remodeling of the LAA with dilation of the chamber
and a reduction in the number of pectinate muscles
can be seen compared to patients in sinus rhythm?'.
The thicker muscle bundles may give the appearance
of an LAA thrombus or intra-arterial mass®.

According to Veinot et al, the number of LAA lobes
ranged from | to 4, but the most frequent occurrence
is the two-lobe type®. An increased number of lobes
are associated with the presence of thrombus because
of the blood stasis®. In the first year after catheter
ablation, in patients who maintained sinus rhythm, a
clearly visible decrease in LA and LAA volumes can
be seen, but the number of lobes remains the same,
therefore the number of LAA lobes is not influenced
by LAA remodeling during AF?.

Generally, transesophageal echocardiography (TEE)
should be used to get a detailed assessment of the
LAA and characterize LAA morphology?. With multi-
detector computed tomography (MDCT) and magne-
tic resonance imaging (MRI), high-quality images of the
LAA can be obtained. In a recent study, Di Base et al
categorized LAA morphology into 4 types'::

I. Chicken wing: An obvious bend presents in the
proximal part of the dominant lobe, folding back
on itself at some distance from the LAA orifice.
This type may have secondary lobes.

2. Windsock: The primary structure is one domi-
nant lobe with sufficient length. This type of LAA
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Figure 1. Morphologies of the LAA.The categorization of LAA morphologies according to DiBiease et al. A: windsock: the primary structure is one domi-
nant lobe with sufficient length B: chicken wing: the dominant lobe has an obvious bend in the proximal part C: cauliflower: LAA has limited length and the
distal width exceed the proximal width D: swan: LAA has a second sharp curve folding the dominant lobe back':.

may have secondary or even tertiary lobes arising
from the dominant lobe from different locations.

3. Cauliflower: A short overall length with more
complex internal characteristics and a lack of do-
minant lobe. This type of LAA has variable num-
ber of lobes and more irregular shape of the ori-
fice, like oval or round.

4. Cactus: The primary structure is one dominant
central lobe with secondary lobes inferiorly and
superiorly.

The categories of the LAA morphology according

to DiBiase et al can be seen in Figure |.

These results could have a relevant impact on the
anticoagulation management of patients with a low-
intermediate risk for stroke/TIA.

Nevertheless, this is not the only categorization of
LAA morphologies. Rosendael et al also categorized
LAA morphologies into four types with MDCT, but
with another classification when instead of ,,cactus”,
they used ,;swan” if LAA presented a second sharp
curve folding the structure back. Their study demons-
trated that MDCT can also provide an exact assess-
ment of the LAA geometry. In their analysis, windsock
was the most prevalent morphology of the LAA%.

The categorization of LAA morphologies according
to Rosendael et al. E: cactus: the primary structure is
one dominant central lobe with secondary lobes infe-
riorly and superiorly®,

Few cases have been reported, that described the
congenital absence of the LAA. This extremely rare
cardiac anomaly is usually encountered as an incidental
finding during routine imaging for other purposes. Due
to the very few cases, the physiological consequences
of this entity are unknown. Hypothetically, the risk of
stroke in patients without LAA should be lower after
all the anatomical source of thrombi is absent”. The
identification of the absence of LAA can be achieved
with the use of TEE, MDCT or cardiac MRI*®.
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2.2.2. Left atrial appendage function

LAA function has reservoir, contractile, electric and
endocrine components, that can provide essential in-
formation about the risk of clot formation, embolic
events and success of cardioversion?’.

Reservoir and contractile function

LAA volume is normally about 30% of the entire LA
volume, thus not just the LA main chamber has a re-
servoir function during LA pressure, volume overload
or left ventricular systole, but the LAA too'. Further-
more, LAA is 2.6 times more distensible than the LA
main chamber?'. During early diastole, LAA acts like a
condauit for blood passing through to the left ventricle
from the left pulmonary veins. In late diastole, LAA

TiS0.2 MI 0.2

M4 M4

Vel 27.2 cm/s

Figure 2. The measurement of LAA flow velocity with pulse wave Dop-
pler.This image represents a decreased LAA flow velocity (27.2 cm/s) in a
patient with AF. Courtesy Heart and Vascular Center of Semmelweis Uni-
versity, Budapest, Hungary.
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importantly contributes role in increasing the left ven-
tricular filling by functioning as an active contractile
chamber®%.

LAA contractile function can be characterized by
the LAA flow velocity which can be measured with
pulse-wave Doppler on TEE (Figure 2).

During sinus rhythm, a characteristic quadriphasic
flow pattern can be seen®:

e Early diastolic emptying velocity: a first passive
contraction during the early phase of the ven-
tricular diastole. This phase includes the opening
of the mitral valve followed by a fall in the LAA
pressure and the distension of the left ventricle
causing external compression of the LAA. The
normal early diastolic emptying velocity ranges
between 20—40 cm/s**3.

o Late diastolic emptying velocity: the late diastolic
emptying velocity is caused by an active contrac-
tion of the LAA during atrial systole. It has been
reported to significantly increase thromboem-
bolic risk 14. The normal late diastolic emptying
velocity ranges between 50—-60 cm/s***. Lee et
al proposed that a decreased LAA flow velocity
(<37 cm/s) and enlarged LAA orifice area (>3.5
cm?) are associated with a greater risk of stro-
ke'*. Therefore, the evaluation of the LAA con-
traction flow could be an important part in the
assessment of stroke risk.

e LAA filling: this is a retrograde and negative wave
that is a consequence of the LAA relaxation. The
normal LAA filling velocity ranges between 40—
50 cm/s3*3.

e Systolic reflection waves: low inflow and outflow
waves during ventricular systole3*3,

During tachycardia, LAA emptying velocity shows
an increased flow. Early and late diastolic emptying ve-
locities decrease with age and women tend to have
lower emptying velocities than men®’.

During AF, variable amplitude and irregularity of
emptying and filling can be seen with lower velociti-
es'®! It can be characterized by a saw-tooth emptying
pattern or no visible active emptying pattern. On TEE,
turbid LAA emptying peak flow velocity, LAA fractio-
nal area change and decreased LAA velocities can be
observed. The listed abnormalities of the LAA func-
tion, especially when no visibly active emptying can
be seen, are associated with increased risk of throm-
bus formation due to the blood stasis in the LA and
LAAI6,I7.
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Endocrine function

The LAA functions as an endocrine organ too. It con-
tains stretch sensitive receptors that respond to chan-
ges in atrial pressure by natriuretic peptide secretion.
LAA produces approximately 30% of all cardiac atrial
natriuretic peptides (ANP)®. An animal study propo-
sed that LAA has a significant role in normal cardiac
function. When increased pressure in the LAA occurs,
diuresis, natriuresis and increased heart rate can be
observed®. Thus, LAA plays an important role in the
maintenance of normal fluid hemostasis.

Thrombogenic features of the LAA

As mentioned before, LAA is the most prevalent
source of thrombi in non-valvular AF. The pathoge-
nesis of thrombus formation in AF is multifactorial.
The three factors that are thought to contribute to
thrombosis were described by Virchow: (1) endothe-
lial or endocardial damage or dysfunction and related
structural changes; (2) hemodynamic changes, such
as blood stasis or turbulence; (3) increased coagula-
bility®®. In AF, there is a prothrombotic or hyperco-
agulable state caused by abnormal changes in blood
flow, atrial wall, and blood components. Abnormal
changes in coagulation and hemostasis such as increa-
sed turnover of fibrin or abnormal concentrations of
prothrombotic factors have been described in AF*'*2.
Increased amount of D-dimer found to be a predic-
tor of subsequent thromboembolic events in patients
with AF. Indeed, D-dimer can be useful in identifying
low-risk patients, whereby a low amount of D-dimer
predicts a low risk of stroke®*. An increased rate of
von Willebrand factor (VWWF) is a mark of endothelial
damage and dysfunction®. Tissue factor and vVWF are
increased in patients with AF who have a history of
cardiogenic thromboembolism*. Changes in the atrial
tissue, such as inflammation and fibrosis can also lead
to a prothrombotic state in AF. There is a clear influ-
ence of increased levels of inflammatory markers in
the pathogenesis of AF, thus inflammation can also be
the consequence of the prothrombotic state during
AF¥_ CTA can estimate the presence of LAA thrombi
and by performing an affirmative delayed phase the de-
termination of pseudothrombus and thrombus can be
achieved. CTA images of pseudothrombus and throm-
bus are represented in Figure 3.

DISCUSSION

The LAA is a frequent site of thrombus formation in
AF, since this common cardiac arrhythmia cause a
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Figure 3. Differentiation between pseudothrombus (A-B) versus genuine thrombus (C-D). A: filling defect in the LAA. B: an affirmative delayed phase
showing an empty LAA.This phenomenon is due to poor filling of the LAA with contrast secondary to venous stasis and/or left atrial dysfunction. C:a fill-
ing defect in the LAA. D: low attenuation filling defect in the delayed phase scan confirming the presence of LAA thrombus (Courtesy Heart and Vascular

Center of Semmelweis University, Budapest, Hungary).

prothrombotic or hypercoagulable state by reducing
the contractility of the appendage wall, causing abnor-
mal blood stasis and dilation of the LAA chamber®.
These listed complications of AF promote thrombus
formation, thus systemic embolism can occur. The
size and shape of the LAA and its orifice is extremely
complex and variable. Previous studies have conflic-
ting results regarding the association between LAA
morphologies and the risk of stroke/TIA. Di Biase et
al. categorize LAA shapes into four types: windsock,
cauliflower, chicken wing and cactus'3. They suggested
that chicken wing morphology is protective against is-
chemic stroke, while non-chicken wing shapes might
be associated with an increased risk of stroke. How-
ever, other studies demonstrated that patients with a
history of stroke are more likely to have cauliflower
morphology*#°. This can be explained by the multilo-
bular aspect of the cauliflower shape.
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The shape and size of the LAA orifice is highly varia-
ble. In a recent study, Lee et al have reported that the
enlargement of the LAA orifice area and decreased
LAA flow velocity are associated with an increased
risk of stroke'*.

Conflict of interest: none declared.

References

I.  Wang, TJ, etal, A Risk Score for Predicting Stroke or Death in In-
dividuals With New-Onset Atrial Fibrillation in the CommunityThe
Framingham Heart Study. JAMA, 2003. 290(8): p. 1049-1056.

2. Wolf, P.A, RD. Abbott, and W.B. Kannel, Atrial fibrillation as an
independent risk factor for stroke: the Framingham Study. Stroke,
1991. 22(8): p. 983-988.

3. Wattigney, W.A,, G.A. Mensah, and |.B. Croft, Increased atrial fibril-
lation mortality: United States, 1980-1998. Am ] Epidemiol, 2002.
155(9): p. 819-26.

4. Go, AS, et al, Prevalence of Diagnosed Atrial Fibrillation in
AdultsNational Implications for Rhythm Management and Stroke
Prevention: the AnTicoagulation and Risk Factors In Atrial Fibrilla-
tion (ATRIA) Study. JAMA, 2001. 285(18): p. 2370-2375.



Romanian Journal of Cardiology
Vol. 31, No. 1, 2021

20.

21.

22.

23.

24.

25.

26.

Chugh, S.S., et al., Worldwide epidemiology of atrial fibrillation: a
Global Burden of Disease 2010 Study. Circulation, 2014. 129(8): p.
837-47.

Kirchhof, P., et al., 2016 ESC Guidelines for the management of atrial
fibrillation developed in collaboration with EACTS. European Journal
of Cardio-Thoracic Surgery, 2016. 50(5): p. el-e88.

Sultan, A, et al., Predictors of atrial fibrillation recurrence after cath-
eter ablation: data from the German ablation registry. Scientific re-
ports, 2017. 7(1): p. 1-7.

Darby, A.E., Recurrent atrial fibrillation after catheter ablation: con-
siderations for repeat ablation and strategies to optimize success.
Journal of atrial fibrillation, 2016. 9(1).

Wolf, P.A,, et al., Secular trends in the prevalence of atrial fibrilla-
tion: The Framingham Study. American heart journal, 1996. 131(4):
p. 790-795.

Miller, P.S., F.L. Andersson, and L. Kalra, Are cost benefits of antico-
agulation for stroke prevention in atrial fibrillation underestimated?
Stroke, 2005. 36(2): p. 360-6.

Manea, M.M,, et al, CARDIAC CHANGES IN ACUTE ISCHEMIC
STROKE. 2017. 16(1).

Blackshear, J.L. and J.A. Odell, Appendage obliteration to reduce
stroke in cardiac surgical patients with atrial fibrillation. The Annals
of thoracic surgery, 1996. 61(2): p. 755-759.

Di Biase, L., et al., Does the Left Atrial Appendage Morphology Cor-
relate With the Risk of Stroke in Patients With Atrial Fibrillation?
Results From a Multicenter Study, 2012. 60(6): p. 531-538.

Lee, ).M,, et al., Impact of increased orifice size and decreased flow
velocity of left atrial appendage on stroke in nonvalvular atrial fibril-
lation. Am ] Cardiol, 2014. 113(6): p. 963-9.

Mahajan, R, et al,, Importance of the underlying substrate in deter-
mining thrombus location in atrial fibrillation: implications for left
atrial appendage closure. Heart, 2012. 98(15): p. 1120-1126.
Zabalgoitia, M., et al.,, Transesophageal echocardiographic correlates
of clinical risk of thromboembolism in nonvalvular atrial fibrillation.
Journal of the American College of Cardiology, 1998. 31(7): p. 1622-
1626.

Garcia-Fernandez, M.A,, et al, Left atrial appendage Doppler flow
patterns: implications on thrombus formation. American heart jour-
nal, 1992. 124(4): p. 955-961.

DeSimone, C.V. and S. Asirvatham, ICE imaging of the left atrial ap-
pendage. Journal of cardiovascular electrophysiology, 2014. 25(11):
p. 1272.

Tomotsugu Tabata, M., et al., Role of left atrial appendage in left atri-
al reservoir function as evaluated by left atrial appendage clamping
during cardiac surgery. The American journal of cardiology, 1998.
81(3): p. 327-332.

WANG, Y., et al., Left Atrial Appendage Studied by Computed To-
mography to Help Planning for Appendage Closure Device Place-
ment. Journal of Cardiovascular Electrophysiology, 2010. 21(9): p.
973-982.

Beigel, R, et al., The Left Atrial Appendage: Anatomy, Function, and
Noninvasive Evaluation. JACC: Cardiovascular Imaging, 2014. 7(12):
p. 1251-1265.

LOPEZOOMINGUEZ, ) R,, et al., Anatomical classification of left atrial
appendages in specimens applicable to CT imaging techniques for im-
plantation of amplatzer cardiac plug. Journal of cardiovascular elec-
trophysiology, 2014. 25(9): p. 976-984.

Santangeli, P., et al., CT imaging to assess the left atrial appendage
anatomy: clinical implications. Computed Tomography—Clinical Ap-
plications, 2012.

Victor, S. and V.M. Nayak, Aneurysm of the left atrial appendage.
Texas Heart Institute journal, 2001. 28(2): p. I I I.

Veinot, J.P, et al., Anatomy of the normal left atrial appendage: a
quantitative study of age-related changes in 500 autopsy hearts: im-
plications for echocardiographic examination. Circulation, 1997.
96(9): p. 3112-3115.

Yamamoto, M., et al., Complex Left Atrial Appendage Morphology
and Left Atrial Appendage Thrombus Formation in Patients With
Atrial Fibrillation. Circulation: Cardiovascular Imaging, 2014. 7(2): p.
337-343.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Emese Zsarnoczay et al.
Left atrial appendage morphology and the risk of stroke

Bansal, M. and R.R. Kasliwal, Echocardiography for left atrial append-
age structure and function. Indian Heart J, 2012. 64(5): p. 469-75.
Philippe, J.v.R., et al., Geometry of left atrial appendage assessed with
multidetector-row computed tomography: implications for trans-
catheter closure devices. Eurolntervention, 2014. 10(3): p. 364-371.
Fang, M.C,, et al., Death and disability from warfarin-associated intra-
cranial and extracranial hemorrhages. 2007. 120(8): p. 700-705.
Cecchetto, A, et al., Congenital Absence of Left Atrial Appendage:
A Multimodality Evaluation. 1048.

Davis, C.A,, 3rd, J.C. Rembert, and J.C. Greenfield, Jr., Compliance
of left atrium with and without left atrium appendage. Am ] Physiol,
1990. 259(4 Pt 2): p. HI006-8.

Barbier, P., et al., Left atrial relaxation and left ventricular systolic
function determine left atrial reservoir function. Circulation, 1999.
100(4): p. 427-436.

Regazzoli, D., et al., Left Atrial Appendage: Physiology, Pathology,
and Role as a Therapeutic Target. BioMed Research International,
2015.2015: p. 20501 3.

Kortz, R.M,, et al., Left atrial appendage blood flow determined by
transesophageal echocardiography in healthy subjects. The Ameri-
can journal of cardiology, 1993. 7I(11): p. 976-981.

Miigge, A, et al.,, Assessment of left atrial appendage function by bi-
plane transesophageal echocardiography in patients with nonrheu-
matic atrial fibrillation: identification of a subgroup of patients at in-
creased embolic risk. Journal of the American College of Cardiology,
1994. 23(3): p. 599-607.

Tabata, T., et al., Influence of aging on left atrial appendage flow ve-
locity patterns in normal subjects. Journal of the American Society
of Echocardiography, 1996. 9(3): p. 274-280.

Agmon, Y., et al., Left atrial appendage flow velocities in subjects
with normal left ventricular function. The American journal of cardi-
ology, 2000. 86(7): p. 769-773.

Chapeau, C.S.N,, et al, Localization of immunoreactive synthetic
atrial natriuretic factor (ANF) in the heart of various animal species.
Journal of histochemistry & cytochemistry, 1985. 33(6): p. 541-550.
Kappagoda, C,, R. Linden, and H. Snow, The effect of distending the
atrial appendages on urine flow in the dog. The Journal of physiology,
1972. 227(1): p. 233.

Watson, T., E. Shantsila, and G.Y. Lip, Mechanisms of thrombo-
genesis in atrial fibrillation: Virchow’s triad revisited. Lancet, 2009.
373(9658): p. 155-66.

Turgut, N, et al., Hypercoagulopathy in stroke patients with non-
valvular atrial fibrillation: hematologic and cardiologic investigations.
Clin Appl Thromb Hemost, 2006. 12(1): p. 15-20.

Inoue, H., et al.,, Prothrombotic activity is increased in patients with
nonvalvular atrial fibrillation and risk factors for embolism. Chest,
2004. 126(3): p. 687-692.

Vene, N, et al,, High D-dimer levels predict cardiovascular events
in patients with chronic atrial fibrillation during oral anticoagulant
therapy. Thromb Haemost, 2003. 90(6): p. 1163-72.

PETCU, P.D,, et al., Plasmatic D-dimers—A test for left auricular
thrombosis in the persistent atrial fibrillation. 2008. 3(3).

Heppell, R.M,, et al., Haemostatic and haemodynamic abnormalities
associated with left atrial thrombosis in non-rheumatic atrial fibrilla-
tion. Heart, 1997. 77(5): p. 407-11.

Nakamura, Y., et al.,, Tissue factor expression in atrial endothelia as-
sociated with nonvalvular atrial fibrillation: possible involvement in
intracardiac thrombogenesis. Thromb Res, 2003. 111(3): p. 137-42.
Boos, CJ., R.A. Anderson, and G.Y.H. Lip, Is atrial fibrillation an in-
flammatory disorder? European Heart Journal, 2005. 27(2): p. 136-
149.

Kimura, T., et al., Anatomical characteristics of the left atrial append-
age in cardiogenic stroke with low CHADS2 scores. Heart Rhythm,
2013. 10(6): p. 921-925.

Lee, Y., et al., Comparison of Morphologic Features and Flow Veloc-
ity of the Left Atrial Appendage Among Patients With Atrial Fibril-
lation Alone, Transient Ischemic Attack, and Cardioembolic Stroke.
Am | Cardiol, 2017. 119(10): p. 1596-1604.

51



