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Abstract

Left atrial (LA) thrombus formation is the presumed origin of thromboembolic complications in patients with atrial fibrillation (AF).
Beyond clinical risk factors, the factors causing formation of LA thrombi are not well known. In this case-control study, we analyzed
clinical characteristics and genetic thrombophilia markers (factor V Leiden (FVL), prothrombin G20210A (FIIV), Tyr2561 variant of
von Willebrand factor (VWF-V)) in 42 patients with AF and LA thrombus (LAT) and in 68 control patients with AF without LAT
(CTR). Patients with LAT had more clinical conditions predisposing to stroke (mean CHA;DS,-VASc-score 3.4 + 1.5vs. 1.9 + | .4;
P <0.001), a higher LA volume (96 + 32vs.76 + 2| ml, P = 0.002) and lower LA appendage emptying velocity (0.2 + 0.1 lvs. 0.43
+ 0.19m/s, P<0.001). Prevalence of FVL, FIIV and VWF-V mutations was not different, but in the subgroup of patients <65 years (y)
there was a tendency for a higher incidence of VWF-V with a prevalence of 27% (LAT <65 y) vs. 7% (CTR <65 y, P = 0.066). These

findings warrant further investigation of the VWF-V as a risk factor for LA thrombogenesis in younger patients.
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Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia
in the general population and associated with a highly elevated
risk of stroke and systemic embolism.! Oral anticoagulation
therapy (OAC) prevents the majority of ischemic strokes in
patients with AF, but there is a residual stroke rate of ca 1%/
year.> Many thrombo-embolic events are believed to start with
thrombus formation in the left atrium (LA), often in its appen-
dage. LA thrombus formation is driven by slow blood flow,
thrombogenic factors in the atrial endothelium and in the blood
(Virchows triad).> The detection of LA thrombi in patients
requires transoesophageal echocardiography. Based on observa-
tional data from transesophageal echocardiograms, the preva-
lence of LA thrombus in anticoagulated patients with AF
ranges from 0% to 6.4%,” with most studies finding LA throm-
bus with an incidence between 0.7% and 1.9%" (Table 1).
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Table I. Overview of Studies Focusing on the Relationship Between Thrombophilic Gene Variants (Factor V Leiden [FVL], Prothrombin
G20210A Variant [FIIV]) and Left Atrial Thrombogenesis (LAT: Left Atrial Thrombus), Systemic Embolism and Stroke.®'?

Prevalence of p-Value

Study Group n= FVLP FlIvVP FVLP FlIvP

present study LAT 42 7% 2% 0.383 1.000
Control 68 3% 3%

Gokee et al, 2003* LAT 37 8.1% na ns na
Control 68 8.8% na

Go et al, 2003* Embolism 137 5.8% na 0.36 na
Control 214 3.7% na

Pengo et al, 2002* Embolism 71 7% 12.7% ns <0.05
Control 142 4.2% 4.2%

Poli et al. 2003* Embolism 200 7% 1.2% ns ns
Control 136 7.3% 2.9%

Margaglione et al, 1998® Stroke <50 y 202 14.9% 5% 0.008 ns
Healthy controls 1036 4.2% 4.2%

ACollective with Atrial Fibrillation, ® Stroke <50 years, ° heterozygous (na: not Assessed, ns: non-significant).

In addition to clinical conditions such as age and concomi-
tant cardiovascular diseases, quality of anticoagulation, left
atrial size and function, inherited factors could contribute to
LA thrombus formation. Since predisposition for LA thombus
through prothrombotic genetic variants is not established yet
for atrial fibrillation, we studied gene variants known for their
influence on venous thromboembolism and coronay artery dis-
ease. The factor V gene variant Leiden (FVL) and the prothrom-
bin (factor II) gene variant G20210A (FIIV) are known risk
factors for the development of venous thromboembolism'*'* and
both have been studied regarding their effect on left atrial throm-
bogenesis in atrial fibrillation showing heterogeneous results (see
Table 1). The recently published Phe2561Tyr variant in the von
Willebrand factor (VWF) gene is a gain-of-function variant and
has been proven to be an independent risk factor for early and
repeated myocardial infarction in women.'>'® We therefore
assessed clinical characteristics and 3 known prothrombotic
mutations in factor V, prothrombin (factor II), and von Willeb-
rand factor in a cohort of anticoagulated patients with LA throm-
bus (LAT-group) and a control group without LA thrombus.

Methods
Study Population

In this case-control study, we consecutively identified
42 patients between 2014 and 2017 at the university heart and
vascular center Hamburg with AF and LA thrombus (acute or
antecedent, LAT-group) and compared these to 68 controls
with AF but without LA thrombus (control). Aiming to perform
a subgroup analysis we divided our studied collective into 2 age
categories (<65 y; >65 y). The cut-off at 65 years was chosen
following the lower age category of the CHA,DS,-VASc-Score.
We excluded patients with active neoplastic disease, high grade
mitral valve insufficiency and mitral stenosis. All participants
provided written informed consent. The study was approved by
the local Ethics Committee Arztekammer Hamburg (PV5705)

and is in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.

Patient and Public Involvement

Patients and the public were not involved in the design, recruit-
ment nor conduct of the study.

Identification of Genetic Variants

DNA was isolated from peripheral blood cells using the
QIAmp DNA Blood Mini Kit (QIAGEN, Hilden, Germany)
and subsequently amplified by standardized multiplex poly-
merase chain reaction (PCR) on the Thermalcycler (BIOME-
TRA, Gottingen, Germany). The Tyr2561 VWF-variant
(VWEF-V) fragment was identified using the 3130 Genetic Ana-
lyser (LIFE TECHNOLOGIES, Carlsbad, USA). In addition to
the VWF-V we also tested for FVL and FIIV using the same
multiplex PCR and fragment analysis.

Statistical Analysis

Statistical analysis was carried out using SPSS Statistics Ver-
sion 22%. For sample comparison we used the 2-sample t-test
for continuous variables and fisher’s exact test for binary and
categorical variables. Statistical significance was assumed at a
p-value of <0.05. The univariate analysis was performed using
binary logistic regression. GraphPad Prism 6® (GraphPad Soft-
ware, San Diego, United States of America) was used to create
the illustrating artwork.

Results
Baseline Characterization and Echocardiographic
Investigation

Patients with LA thrombus were older (69.0 + 9.1 vs.63.4 + 8.9
y; P = 0.002) and had more cardiovascular comorbidities,
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Table 2. Baseline Characteristics and Comparison of Patient Collec-
tives With Atrial Fibrillation and Left Atrial (LA) Thrombus and With-
out LAT (Control).

LA thrombus Control
n=42 n =68 p-value
CHA,DS,-VASc-Score 34 + 1.5 19 + 1.4 0.001
(n=4I) (n = 63)
LVEF <50% 12/34 (52.4%) 5/61 (7.4%) <0.001
Coronary artery disease 15/42 (35.7%) 6/62 (8.8%)  0.002
Embolic complications 9/41 (21.4%) 9/63 (13.2%) 0.427
Hypertension 33/42 (78.6%)  40/63 (58.8%) 0.131
Age (y) 69.0 + 9.1 634 + 89  0.002
(n=42) (n = 68)
Diabetes 10/42 (23.8%) 6/63 (8.8%)  0.056
Female sex 12/42 (28.6%)  15/68 (22.1%) 0.497
LAA emptying velocity 0.21 + O.11 0.43 + 0.19 <0.001
(m/s) (n = 40) (n = 48)
LA-volume (ml) 95.9 + 32.2 75.6 + 20.7 0.002
(n = 40) (n = 28)

LVEF, left ventricular ejection fraction; LAA, left atrial appendage.

reflected in a higher CHA,DS,-VASc-Score (3.4 + 1.5 vs.
1.9 + 1.4; P<0.001; Table 2). Patients with previous LA throm-
bus had a lower left ventricular ejection fraction than in control
(LVEF <50%:12/34 (52.4%) vs. 5/61 (7.4%); P <0.001), as well
as a higher LA-volume (95.9 + 32.2 vs. 75.6 + 20.7 ml;
P = 0.002) and lower LA appendage (LAA) emptying velocity
(0.21 + 0.11vs.0.43 + 0.19 m/s; P <0.001; Table 2) measured
during atrial fibrillation.

Anticoagulation

Almost all patients were on anticoagulation at the time of LA
thrombus detection (LAT 39/42 (93%), controls 62/65 (96%),
P = 0.440). Direct oral anticoagulant therapy (DOAC) was
used more often in controls (35/65 (54%) than in LAT-group
(10/42 (24%); P = 0.003; Figure 1).

Genetic Analysis

The prevalence of FVL and FIIV were not significantly differ-
ent throughout the study population (Table 3). These results are
similar to the expected heterozygous allele frequencies in the
general population as described in the literature.'” The preva-
lence of the heterozygous VWF-V was not different in the
overall comparison of the LAT-group and controls (4/42
[9.5%] vs. 9/64 [14.1%]; P = 0.559; Table 3). Testing for the
Hardy Weinberg equilibrium we were able to estimate the
expected prevalence of homozygous wildtype (77%), hetero-
zygous Tyr2561 (21%), homozygous Tyr2561 (2%) and
proved no significant difference to the observed distribution
(X*-Test: P = 0.99). We did not find any homozygous Tyr2561
VWEF in the studied collective. In the subgroup analysis of
young patients with LA thrombus (<65 y) we found a tendency
for a higher prevalence for patients with heterozygous VWF-V
(Table 3). In patients with LA thrombus prevalence of VFW-V
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Figure 1. Distribution of the used anticoagulation and antiplatelet
therapy: VKA (vitamin K antagonist), LMW heparin (low-molecular-
weight heparin in therapeutic dosage).

Table 3. Prevalence of Genetic Thrombophilia Markers in Patients
With Atrial Fibrillation and With (LAT) or Without (Control) Left
Atrial Thrombus.?

LAT Control  P-value
Factor V Leiden 3/42 (7.1%) 2/64 (3.1%)  0.383
Prothrombin G20210A 1/42 (2.4%) 2/64 (3.1%)  1.000
Tyr2561 von Willebrand factor ~ 4/42 (9.5%) 9/64 (14.1%) 0.559
Tyr2561 von Willebrand factor  4/15 (27%) 3/36 (7%) 0.066

(<65 years)

?Significance calculated with Fisher’s exact test.

showed no correlation with an elevated VWF: RCo/VWF: Ag
ratio (see table S1).%°

Predictors of LA Thrombus

Univariate analysis including the categorical risk factors from
the CHA,DS,-VASc-Score revealed reduced LVEF (OR 20.5;
95%CI: 6.5-61.1) and coronary artery disease (CAD, OR 5.2;
95%CI: 1.8-14.9; Figure 2) as independent risk factors of LA
thrombus. To illustrate the apparent coincidence of reduced
LVEF and reduced LAA-emptying velocity, we plotted the
LAA-emptying velocities for patients with LVEF impairment
(0.21 + 0.02 m/s) vs. patients without LVEF impairment
(0.39 + 0.03 m/s, P <0.001; Figure 3). The subgroup analysis
of patients with LAT <65 y revealed a higher prevalence of
reduced LVEF compared to older patients with LAT
(LAT >65 y), as well as a higher prevalence of CAD in the
older collective, while other known risk factors and the use of
DOAC did not differ (see Table S2).

Discussion

In this study, we found that left atrial size and function, esti-
mated by echocardiography, is disturbed in patients with left
atrial thrombus developing on anticoagulation. These factors
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Figure 2. Forest plot on logarithmic scale of the Odds ratios calcu-
lated in a univariate analysis using binary logistic regression of potential
categorical risk factors for LA thrombus in patients with persistent
atrial fibrillation.
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Figure 3. Emptying velocity of the left atrial appendage (LAA; m/s) in
relation to left ventricular ejection fraction (LVEF) impairment; data
presented as value, mean and standard deviation; significance calcu-
lated by unpaired t-test.

enhance prediction of left atrial thrombi, while genetically deter-
mined prothrombotic conditions appear to play a minor role.
The association between reduced LAA emptying velocity,
higher LA volume and the development of LA thrombus might
be due to the pathophysiological consequences of these hemo-
dynamic changes. Analogically to Virchow’s triad reduction in
blood flow, as seen in reduced LAA emptying velocity, may
lead to blood stasis facilitating thrombus formation. LA dilata-
tion by volume increase on the other hand is associated with
structural changes of the endocardial extracellular matrix,
endocardial dysfunction and damage, as well as higher concen-
trations of prothrombotic blood constituents which are all fac-
tors that are known to predispose for thrombogenesis.>'** This
underlines the relevance of cardiac imaging, particularly

transesophageal echocardiography, as a method for screening
and risk stratification for LA thrombus.

The factor V gene variant Leiden (FVL) and the prothrom-
bin (factor II) gene variant G20210A (FIIV) are known risk
factors for the development of venous thromboembolism.'*'*
These prothrombotic genetic variants have a similar prevalence
in the general population (3-8% for FVL and 1-3% for FIIV)"?
compared to patient cohorts with thromboembolic events
(5.8-8.1% for FVL and 1.2-2.2% for FIIV)">'*#! and both
have been studied regarding their effect on LA thrombogenesis
in AF showing heterogeneous results (see Table 1). In one
study, the FIIV was found with a higher prevalence of this
genetic variant in a cohort of patients with AF and systemic
embolism compared to controls with AF without history of
systemic embolism (12.7% vs. 4%, OR 3.3; 95%-CI:
1.1-9.6).® Several following studies on patient cohorts with
AF were not able to confirm this association.'®'? In line with
these studies, we found no difference in the prevalence FVL
and FIIV regarding the development of LA thrombus in AF.

The von VWF is a multimeric plasma glycoprotein with an
important role in haemostasis and thrombus formation.** High
VWF plasma levels are an established independent risk factor
for LA thrombus and stroke in patients with AF, but most of the
previous studies have mainly focused on quantitative abnorm-
alities in VWF expression.'® Qualitative changes in VWF
activity in relation to LA thrombus and stroke have not been
assessed before. The recently published Phe2561Tyr variant in
the VWF gene is a gain-of-function variant and has been pro-
ven to be an independent risk factor for early and repeated
myocardial infarction in women.'>'” Structural and functional
analysis indicate that the VWF-V is more susceptible to shear
stress induced elongation, which is mandatory for its proper
function and therefore conveys a prothrombotic state in carriers
of this genetic variant.'”'®

The potential association of the VWF-V to LA thrombogen-
esis in AF was investigated for the first time and the prevalence
of the VWF-V in LAT-group and controls was not significantly
different (OR: 0.64; 95% CI: 0.19-2.24) and similar to the
expected heterozygous allele frequency (9.8% in a cohort of
neonates).'> A possible explanation might be found by looking
at the underlying pathophysiology of thrombus formation. LA
thrombogenesis is mainly based on blood stasis, with reduction
of LAA-emptying velocity and LA dilatation being important
risk factors.'” The VWF-V on the other hand conveys its pro-
thrombotic effect through an increased shear stress susceptibil-
ity.!”'® Therefore, the prothrombotic relevance might be
stronger associated to conditions with increased shear stress
on the blood constituents as apparent in elevated blood flow
velocity (e.g. on atherosclerotic plaques in CAD).*’

Interestingly, we found a tendency for a higher prevalence
of the VWF-V in the subgroup with AF and diagnosis of LA
thrombus <65 years. These findings are consistent with a pre-
vious study performed by Treder'” and Schneppenheim et al'’
who tested for the VWF-V in a large cohort of 2070 patients
with different stages of CAD and myocardial infarction and
demonstrated a significantly higher prevalence of the VWEF-



Springer et al

V in a subgroup of 13 female patients with >2 myocardial
infarctions (MI) <55 years (30.8% vs. 7%, p = 0.043) without
finding significant differences in the whole study population.
The higher prevalence of VWF-V in the subgroup of young
patients with thrombotic event (in our case LA thrombus)
might be explained by the minor prevalence of cardiovascular
risk factors (hypertension, diabetes, congestive heart failure,
vascular disease) in younger patients and a potentially increas-
ing influence of genetic factors.”® Comparing older and
younger patients with LA thrombus we found overall similar
prevalences of known risk factors, except for LVEF impair-
ment, which was more common in the younger group (Supple-
ment Table 2) and as previously described, seems to be a major
risk factor for the development of LAT. The lower prevalence
of the VWF-V in older patients might also be explained by the
suspected higher risk for embolic complications and thus lim-
ited life expectancy in carriers of this variant. Further long-
itudinal studies closely monitoring this patient collective
could confirm or refute this theory.

Specific and individualized therapy for patients with LA
thrombus and AF is crucial to balance between thrombotic and
bleeding complications. Due to the lack of large study cohorts,
ESC guidelines only offer advice regarding the acute manage-
ment of LA thrombus. In practice, pharmacological therapy
aims for early initiation of OAC, or, if OAC is already estab-
lished with sufficient patient compliance, OAC might be mod-
ified as an individualized approach to help reducing LA
thrombus size. Potential modifying strategies are e.g. elevating
INR target range, changing from DOAC to VKA or vice versa.

A specific therapy might become available for pathological
VWEF activity. A recent study focusing on stroke outcomes and
prophylactic options in patients with elevated VWF levels
showed positive results using the GPIb-VWF blocker caplaci-
zumab to reduce infarct size in pre-clinical studies. The applic-
ability in a human cohort as well as possible bleeding
complications and contraindications remain to be tested, none-
theless a tendency to individualization of therapy is already
apparent. Identifying carriers of the VWF-V might gain impor-
tance in this context to screen for patients who would profit
from such a direct therapeutic approach.

Furthermore, the gathered echocardiographic data sug-
gests a strong association between the reduction of LVEF
and the LAA-emptying velocity. Individuals with apparent
reduction of LVEF showed a considerably lower LAA-
emptying velocity, which is known to predispose for LA
thrombus development.?’ This might explain the results of
the univariate analysis identifying the reduction of LVEF as
the major risk factor for LA thrombogenesis in the study
population. Although the intracardiac hemodynamic rela-
tions in AF are far more complex, this connection could
account for part of the increased risk to develop LA throm-
bus and thromboembolic events conveyed by the reduction
of LVEF. Transferred to clinical practice, patients with
atrial fibrillation and reduced LVEF as the only risk factor
of the CHA,DS,-VASc-Score might be rather considered

for OAC than patients with less impacting single risk factors
(e.g. female sex category, vascular disease).®

Interestingly, the distribution of the antithrombotic com-
pounds in the LAT-group compared to controls seems to sug-
gest an overall benefit of DOAC compared with VKA in
preventing LA thrombus. However, due to the individualized
decision, on which anticoagulant agent is used in which patient,
considering possible contraindications and surrounding cir-
cumstances a definite statement cannot be made as to which
agents are more efficient in preventing LA thrombus. None-
theless, many studies demonstrated the difficulties of VKA
therapy with a time in therapeutic range of 55-70%, which
might explain a slightly higher thromboembolic risk during
VKA therapy.?

Study Limitations

The main limitation of this study is the limited cohort size.
To perform a conclusive genetic study very large cohort sizes
are needed, to reach statistically significant results. This can be
problematic when studying comparatively rare pathologies,
such as LA thrombus in this case. With an estimated homo-
zygosity us genotype frequency for VWF-V of 2%, our patient
sample was too small to expect a homozygous VWF-V.'
Future large scale cohort studies should be able to solve this
problem by generating sufficient patient numbers, as well as
prospectively gathering information on possible impairment of
life expectancy due to the VWF-V.

Conclusion

In conclusion, this study found that age, reduced LVEF and
LAA emptying velocity, as well as a higher LA Volume and
CHA,DS,-VASc-Score are associated with formation of LA
thrombus on anticoagulation in patents with AF, whereas
genetic risk factors (VWF-V, FVL and FIIV) were not asso-
ciated with their formation in this cohort. Further studies of
left atrial size and function, and potentially of genetic mar-
kers in young patients, are warranted to confirm these
findings.
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