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Background. The most common and persistent arrhythmia today is atrial fibrillation (AF). Decrease in blood flow
velocity in the left atrium appendage (LAA), endothelial dysfunction and hemostatic system changes can cause the
development of left atrium appendage thrombosis (LAAT), which is the main source of thromboembolism in patients
with AF. Numerous studies have explored various clinical, echocardiographic, and laboratory parameters as potential
predictors, however, the predictive power of these parameters is still insufficient for real clinical practice.

Objective of the study was to evaluate predictive ability of clinical, laboratory and echocardiographic markers in
diagnosis of LAAT in patients with non-valvular AF.

Material and methods. The study included 100 patients with persistent non-valvular AF who were admitted for
direct current cardioversion. According to transesophageal echocardiography results, patients were divided into 2
groups: patients with LAA thrombus «LAAT» (n=30) and without LAA thrombus «Non LAAT» (n=70).

Results. Patients with LAAT had a significantly longer duration period of persistent AF (7 [4; 9] months
vs 4 [3; 6] months, p=0.004) in comparison with patients without LAAT. Laboratory markers of patients in both groups
had no significant differences except for GFR (p=0.047) and NT-proBNP level (p=0.011). According to the results
of echocardiography, patients didn’t have differences in left atrial (LA) diameter and volume (p>0.05). However,
LA volume index was higher in patients with LAAT (p=0.007). When conducting a ROC analysis, the NT-proBNP
level of > 1689 pg/ml showed the largest area under the ROC curve (0.747) as well as the highest specificity (92.6%,).

Conclusions. Patients with LAAT had longer duration of persistent AF, higher values of LA volume index,
as well as higher NT-proBNP levels. Further use of these parameters could help predict LAAT development in patients

with AF.
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Introduction

The most common and persistent cardiac
arrhythmia today is atrial fibrillation (AF).
According to European and North American
registries, AF occurs in 3% of cases among adults
aged 20 years and older [1]. According to Russian
statistics, the incidence of AF among people from 35
to 70 years old is 0.75%, and significantly increases
with age [2].

The clinical and social significance of AF is
determined by the severity of its complications and
increased mortality [1]. In patients suffering from
AF, mortality is twice as high, and the likelihood of
acute cerebrovascular accident increases six times
compared to patients without AF [3]. Therefore,
in modern recommendations for the management
of these patients, anticoagulant therapy takes first
place.

However, decrease in blood flow velocity in
the left atrium appendage (LAA), endothelial
dysfunction and hemostatic system changes can
cause the development of left atrium appendage
thrombosis (LAAT) [2], which is the main source
of thromboembolism in patients with AF. A. Cresti
et al. showed that only 0.07% of atrial thrombi in
non-valvular AF form outside the LAA [3]. Among
patients with ischemic stroke caused by AF, LAAT
can be detected in 75% [2].
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According to several studies LAAT is present in
up to 2.7% of patients with AF despite guideline-
directed anticoagulation and 23% of patients with
inadequate anticoagulation [4, 5].

Identifying predictors of LAAT formation
is imperative for risk stratification, guiding
therapeutic decisions, and ultimately improving the
outcomes [2—-5]. Numerous studies have explored
various clinical, echocardiographic, and laboratory
parameters as potential predictors [4—10].

Among the clinical risk factors, the authors
determine coronary artery disease, heart failure,
diabetes [6], as well as high risk according to the
CHADS?2 and CHA2DS2-VASc scores [7].

Some publications have information about
a potentially significant role of increase in the
NTproBNP level >75 pg/ml [8], as well as a
decrease in eGFR less than 56 ml/min/173 m2 in
LAAT formation [6].

Echocardiography remains a cornerstone in
the assessment of LAA function and thrombus
formation. Many studies have focused on the search
for echocardiographic parameters that predict the risk
of LAAT, revealing that left atrium (LA) diameter,
area and LA index volume (LAVI) increase are
associated with thrombus formation [9, 10].

However, the predictive power of these
parameters alone is still insufficient for real clinical
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practice. The development of complex models based
on clinical indicators, laboratory and instrumental
markers is currently of particular interest. The
simplicity and ease of use of these scales determine
the possibility of their use both on an outpatient
basis and in a hospital setting at any level in order
to clarify the indications for additional methods
of research and treatment, the use of which will
optimize diagnostics, forecasting capabilities and
the choice of treatment strategy for patients with AF.

The aim of our study was to identify clinical,
laboratory and  echocardiographic =~ markers
associated with LAAT in patients with non-valvular
AF.

Material and methods

The study included 100 patients with persistent
non-valvular AF who were admitted to the Grodno
State Regional Cardiological Center for direct
electrical cardioversion.

Exclusion criteria from the study were: chronic
rheumatic heart disease, valvular pathology of the
heart requiring surgical correction, prosthetic heart
valves, recent acute myocardial infarction, coronary
artery bypass grafting, or coronary angioplasty
(less than 3 months before enrollment in the
study); left ventricular hypertrophy (Sokolov-Lyon
index >35mm); oncological diseases and severe
concomitant extracardiac pathology.

All patients underwent clinical, laboratory,
and instrumental studies, including transthoracic
echocardiography (TTE) and transesophageal
echocardiography (TEE).

TTE was performed on Phillips iE33 device with
a multi-frequency sensor (frequency 2.5-5.0 MHz).
The examination was performed with the patient
lying on his left side with his back to the researcher
or on his back. The study protocol included the
following indicators: diameter (mm) of the aorta, LA
and right atrium (RA) in 2-chamber and 4-chamber
mode, LA and RA area (mm2), volume (ml) and
volume index (ml/m2), end-systolic diameter and
end-diastolic diameter (mm) of the left ventricle
(LV), left ventricular mass index (LVMI) (g/m2),
LVEF; assessment of the state of the valvular
apparatus of the heart, degree of regurgitation on the
valves.

TEE was performed using Phillips iE33 device
by an experienced echo cardiologist to assess for
the presence of LAAT. The LAA was imaged in
multiple views to identify thrombus.

According to TEE results, patients were divided
into 2 groups: patients with LAA thrombus «LAAT»
(n=30) and without LAA thrombus «Non LAAT»
(n=70). The CHADS2VASc and HAS-BLED
scores were calculated for each patient according to
standard definitions.

Statistical analysis was performed using the
STATISTICA 12.0 software package with a
preliminary check for normal distribution using
a distribution histogram. Quantitative data, the
distribution of which was not normal, were given as
a median, 25% and 75% quartiles. Since most of the
quantitative characteristics did not obey the normal
distribution law, non-parametric methods were used
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for comparison. The Mann-Whitney test was used
to assess differences in quantitative traits between
two independent groups. At a significance level of
p less than 0.05, it was believed that the studied
indicator in the compared groups had statistically
significant differences. To compare the diagnostic
value of indicators that showed statistically
significant differences between groups, ROC curves
of sensitivity and specificity were constructed.

The study was performed in accordance with
Good Clinical Practice standards and the principles
of the Declaration of Helsinki. Written informed
consent was obtained from all participants prior to
inclusion in the study.

Results

Clinical characteristics of the patients are
presented in Table 1.

Table 1 — Clinical characteristics of patients

Parametors LAAT ( Non LAAT
1=30) (0=70) P
Male gender, n (%) | 20 (66.7%) 42 (60%) 0.591
Age, years 63.6[58;69] | 61.3[54; 68] 0.166
Body mass index, 32.0[27.9;
31.3[28.0;34.0] | 0.599
kg/m2 35.6] [28.0; ]
Obesity, n (%) 16 (53.3%) 38 (54.3%) 0.901
Hypertensi
Yperteision, & 28 (93.3%) 62 (88.5%) 0.665
(%)
C rt
oronaty arety 27 (90%) 65 (92.8%) 0.870
disease, n (%)
Prior stroke, n (%) 1 (3.3%) 2 (2.8%) 0.788
Myocardial
infarction history, 3 (10%) 2 (2.8%) 0.010
n (%)
Diabetes mellitus
g 3 (109 10 (14.2° 0.455
o (10%) (142%)
Heart failure with
reduced LVEF, 12 (40%) 5(7.2%) <0.001
n (%)

Abbreviations: LVEF — left ventricular ejection fraction.

Patients in both groups were comparable in age
(63.6 [58; 69] vs 61.3 [54; 68], p=0.166) and gender
(male sex 66.7% vs 60%, p=0.591). There were no
significant intergroup differences in the prevalence of
hypertension, coronary artery disease, obesity, prior
stroke, and diabetes mellitus (p>0.05). However,
patients with LAAT had a higher prevalence of
prior myocardial infarction (10% vs 2.8%, p=0.01)
and heart failure with reduced EF (40% vs 7.2%,
p<0.001).

Patients with LAAT also had higher
CHADS2VASc scores (4 [3; 5] vs 3 [2; 4], p=0.031),
but their HAS-BLED scores were comparable
(1.1[1; 2] vs 1.18 [1; 1.4], p=0.720) (Fig 1.).

Also, it is important to add that patients with
LAAT had a significantly longer duration period of
persistent AF (7 [4; 9] months vs 4 [3; 6] months,
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Fig.1. — CHADS2VASc and HAS-BLED scores of patients.

p=0.004) in comparison with patients without
LAAT. All patients included in the study had a
sufficient period (more than 3 weeks) of direct oral
anticoagulation prior to hospital admission.

Laboratory parameters of the patients are
presented in Table 2.

Table 2 — Laboratory parameters of patients (Me
[25%;75%])

Parameters LAAT Non LAAT
(1=30) (0=70) P
Urea, mmol/L 7.515.9; 8.1] 6.41[5.1;7.4] 0.068
Creatinine, 101.4 [78.7;
1.7[80.2; 101.3] | 0.173
pumol/L 119.7] oLTI80.2; ] 7
eGFR, ml/

’ 12[54; 84 01[64; 1 04
s 71.2 [54; 84] 90.0 [64; 103] | 0.043
Cholesterol

Olesterol, 4.1[3.2; 48] 45[3.5;53] 0.162
mmol/L
I
Glucose, 6.3[5.9; 6.8] 6.91[5.5;7.3] 0.891
mmol/L
Sodium,
140 [137; 143] 139 [137; 142] | 0.625
mEq/L
Potassi
Otassium, 45[43;4.9] 45[4.2; 48] 0.915
mEq/L
APTT

’ 33.3[284;36.4] | 34.7[27.9:36.6] | 0.702
seconds
Fibrinogen,

3.15[2.58;3.71] 3.41[24;40] | 0929

g/L
D-di /

e, 18 301 [190; 405] 303[190;321] | 0.602
mL
INR (for
patients taking | 1.16[1.02;1.19] | 1.12[1.03; 1.14] | 0.876
rivaroxaban)
INR (for pa-
tients taking 2.9[2.6;3.5] 3.212.7;3.7] 0.440
warfarin)
NT-proBNP

PIOBRES 1 2076 [930; 2568] | 1249 [602;1595] | 0.011
pg/mL

Abbreviations: eGFR — estimated glomerular filtration
APPT — activated partial thromboplastin time; N-terminal pro—B-type

rate;

natriuretic peptide.
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Laboratory markers of patients in both groups had
no significant differences except for eGFR (p=0.047)
and NT-proBNP level (p=0.011). Hemostatic
screening tests such as prothrombin time, activated
partial thromboplastin time, and fibrinogen levels
did not show statistically significant intergroup
differences.

Patients with LAAT more often used warfarin
for anticoagulation (26.6% vs 4.3%, p=0.003).
However, there were no significant intergroup
differences in INR values in these groups of patients
(p=0.44). The target level of INR (2.0 — 3.0) was
reached in 75% of patients with LAAT and in 100%
of patients without LAAT.

The wvalues of echocardiographic parameters
recorded in patients of both groups are presented in
Table 3.

Table 3 — Echocardiographic parameters of patients
(Me [25%;75%])

Parameter LAAT Non LAAT
(01=30) (n=70) .

LA di

diameter, | ¢ ¢ 143: 50] 44.2 [41; 46] 0.060
mm
LA area,mm? | 30.1 [27;33] 27.2 [24; 30] 0.004
LA vol
o volume, 74.6 [61; 85] 63.8 [52; 72] 0.066
LAVL mUm? | 37.6[31;42] 30 [24; 36] 0.007
RA diamet

1AMEIEE | 43 1 141, 45) 41.1[39; 4] 0.019

mm
RA area, mm® | 26.7 [23; 30] 23.8[21;27] 0.007
LVESD, mm | 41.6[33;45] 36.1 [32; 40] 0.030
LVEDD, mm | 54.8[51; 58] 52 [48; 56] 0.220
LVEF, % 49.2 [44; 60] 57.4[55; 62] 0.019
LVML g/m® | 147.4[119; 164] | 121.3[99; 136] | 0.003

Abbreviations: LA — left atrium; LAVI — left atrial volume index; RA
— right atrium; LV — left ventricle; ESD — end-systolic diameter; EDD
— end-diastolic diameter; LVEF — left ventricular ejection fraction;
LVMI — left ventricular mass index.
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According to the results of TTE, patients didn’t
have significant differences in left atrial diameter
(p=0.060) and left atrial volume (p=0.056).
However, LAVI was higher in patients with LAAT
(p=0.007) as well as LA area (p=0.004). Moreover,
patients with LAAT had lower left ventricular
gjection fraction (LVEF) (p=0.019) and higher RA
diameter (p=0.019) and area (p=0.007).

It is interesting to say that patients didn’t have
differences in values of end-diastolic diameter of
the left ventricle (p=0.22), but patients in the LAAT
group had significantly higher end-systolic diameter
of the left ventricle (p=0.03) and LVMI (p=0.003).

When conducting a one-way ROC analysis,
threshold values of clinical, laboratory and
echocardiographic parameters associated with the
development of LAAT were identified (Table 4).

The NT-proBNP level of more than 1689 pg/ml
showed the largest area under the ROC-curve (0.747)
as well as the highest specificity (92.6%). Duration
of persistent AF >4.5 months showed the highest
sensitivity (90%), however, the lowest specificity.
Among the echocardiographic parameters LVEF
<51% demonstrated the largest area under the
ROC-curve (0.701), as well as pretty high specificity
(85.7%).

Discussion

In patients with persistent AF both systolic and
diastolic LV functions are impaired significantly
[9, 10]. NT-proBNP is an endogenous biomarker,
which is secreted primarily by ventricular as well as
atrial myocardial cells in response to the overload of
volume and pressure in the heart chamber and can
be produced by atria and ventricles during AF. G.
Yu et al. reported that elevated plasma NT-proBNP
levels and LV filling pressure can be associated
with high thromboemblic risk in patients with AF
[11]. In that study plasma NT-proBNP levels were
significantly correlated with LAA emptying flow
velocity (r=-0.492, p<0.001) and LAVI (r=0.405,
p<0.001) [11]. D.V. Chien et al. have found that in
patients with LVEF >50%, the cutoff value of NT-
proBNP to predict LAAT was 1325 pg/mL (AUC
—0.57; Se — 57%, Sp — 78%) [12]. Multiple logistic
regression analysis in that study showed that prior

stroke, E/e’ index, and NT-proBNP correlated with
LAAT (r=0.887; p<0.001; r=-0.092, p=0.035 and
0.022; p=0.004, respectively) [12]. The above-
mentioned results are in accordance with our
findings, but the cut-off value of NT-proBNP in
Belarusian population was higher (1689 pg/ml than
in Vietnamese).

H. Okuyama et al. identified fibrin monomer as
an independent predictor of LAAT (OR 2.9; 95%
CI 1.1-4.8; p=0.02) [13]. H. Wan et al. performed a
meta-analysis of 21 studies assessing the relationship
between D-dimer levels and LAA thrombosis. The
analysis showed moderate sensitivity (0.75 [95%
CI: 0.65-0.83]) and specificity (0.81 [95% CI:
0.59-0.93]) of D dimer level for diagnosing LAA
thrombosis [14]. However, in our study there were
no significant associations between D-dimer level
and LAAT formation.

Several studies have investigated echocar-
diographic parameters as predictors of LAAT
formation [9, 10, 15—17]. For instance, a study by D.
Fatkin et al. revealed that spontaneous echo contrast
was identified as the cardiac factor most significantly
linked with formation of thrombus and embolism in
the LAA [15]. Similarly, Y. Agmon et al. highlight
the significance of utilizing echocardiography in
identifying patients at increased risk of LAAT
formation [16]. Their study demonstrates how
TEE assists in the comprehensive assessment of
the appendage's structure and function, utilizing
imaging in two dimensions and Doppler assessment
of appendage flow. Furthermore, as cited by Y. Liu
et al.,, an enlarged LA (anteroposterior diameter
>49.5 mm) and non-paroxysmal AF are identified
as an independent risk factor for LAAT formation
in individuals diagnosed with non-valvular AF [17].
In our study LVEF <51% demonstrated the largest
area under the ROC-curve and specificity among all
the studied parameters, but there were significant
intergroup differences in LAVI and LA area, which
is also in accordance with above mentioned studies.

With the advent of new modern ultrasound
diagnostic methods, new predictors of LAAT are
emerging. Thus, K. Kupczynska et al. studied the
relationship between LAAT and echocardiographic

parameters: a retrospective study included
Table 4 — Results of one-way ROC analysis
Threshold
Parameter esho AUC CI, 95% Se, % Sp, % p
value

Duration of persistent AF

MO0 LA 2 45 0.682 0.563-0.802 90.0 38.6 0.019
months
NT-proBNP, pg/ml 1689 0.747 0.568-0.926 63.6 92.6 0.032
LA area, mm? 27.9 0.682 0.563-0.802 733 62.8 0.019
LAVI, ml/m? 30.0 0.680 0.561-0.800 76.7 52.8 0.020
RA diameter, mm 41 0.649 0.526-0.771 83.3 412 0.047
RA area, mm? 29.9 0.670 0.552-0.792 36.7 91.4 0.025
LVEF, % 51 0.701 0.584-0.819 533 85.7 0.011
LVMI, g/m? 135.8 0.687 0.568-0.806 56.7 743 0.016

Abbreviations: AUC — area under the curve; CI — confidence interval; Se — sensitivity; Sp — specificity.
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87 patients with AF, and a multivariable model
showed that LVEF (OR 0.94; 95% CI 0.91-0.98),
longitudinal systolic LA strain (OR 0.89; 95% CI
0.82-0.98), early diastolic (OR 5.3; 95% CI 1.5—
18.3) and systolic LA strain rates (OR 0.14; 95%CI
0.02-0.96) were independently associated with the
presence of LAAT [10].

The role of LV remodeling in thrombus formation
innon-valvular AF has been less studied. H. Kishima
et al. studied 230 patients with AF taking warfarin
and found that LV hypertrophy (OR 5.59; 95% CI
1.6-19.3; p=0.006) was independently associated
with LAA thrombosis [18]. Also A.C. Boyd et al.
found out that LVMI is able to predict the presence
of LAAT in patients with persistent AF. In multiple
logistic regression analysis, the only independent
predictor of thrombus was LVMI (p<0.001) [19].
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KIIMHUKO-TABOPATOPHBIE U OXOKAPANOI'PA®OHUYECKHUE
HPEAUKTOPBI TPOMBO3A YIIKA JIEBOT'O ITPEACEPAUSA

Y IHAIIMEHTOB C (I)I/IEPI/I.HJIHHI/IEﬁ HPEI[CEPI[I/IFI
JI. B. Konoueii, A. Hopaxum, 4. 3. C. @epnanoo
I poonenckuii 2ocyoapcmeennbiii meouyurckuil yuugepcumem, I pooro, berapyco

Axmyanvnocms. Haubonee pacnpocmpanennoil apummueii Ha ce200HAUWHUL OeHb S8IAemcst (pubpuiisyus npeo-
cepoutl (@I1). Crudicenue ckopocmu Kpogomoka 6 yuike Jeeoeo npedcepous (JII1), snoomenuanvras oucqynxyus
U UBMEHEHUsl 8 CUCTeMe 2eMOCMA3a MO2Ym CMams NPUYUHOU pazeumus mpomoosza yuika JIII, komopuiil sensemcs
OCHOBHBIM UCIOYHUKOM MPOomMOoamboauu y nayuermos ¢ DI1.

Lenv uccreoosanus. Oyenums nPOSHOCMULECKYIO0 CHOCOOHOCb KIUHUYECKUX, TAO0PAMOPHBIX U IXOKAPOUO2PA-
Quueckux mapkepog 6 ouaznocmuxe mpombosa ywka JII1 y nayuenmos ¢ nexnananuoui DII.

Mamepuan u memoovt. B uccnedosanue exntouenvt 100 nayuenmog c nepcucmupyioweil Hexiananuou PII,
20CHUMANUZUPOBAHHBIX OJIsl NPOGedeHUst INEeKMpudeckol Kapouosepcuu. Ilo pesynvmamam upecnuiuye8oOHoU
axoxapouozpaguu nayuenmol Obliu pazoeneHvl Ha 2 epynnvl. nayueHmot ¢ mpomoom yuwika JIIT (n=30) u 6e3 mpomba
yuwka JIIT (n=70).

Pesynomamel. ¥V nayuenmos ¢ mpombozom ywika JIII evisienena 60nvuias OnumensHOCHs SnU300a NePCUcmupy-
toweu PII (7 [4; 9] mecayes npomus 4 [3; 6] mecayes, p=0,004) no cpasnenuro c nayuenmamu 6e3 mpombo3a yuwKa
JIII. Jlabopamopnvie mapkepbl nayuennmog 0oeux epynn ne umeau 00CmMoBePHbIX PA3IUYULL, 3d UCKTIOYEHUEM CKOPO-
cmu knybouxosou gurempayuu (p=0,047) u yposus NT-proBNP (p=0,011). Ilo pe3yromamam sxoxapouoepaguu
¥V nayuenmos He 0vl10 paziuyuil ¢ ouamempe u ooveme JIlI (p>0,05), oonaxo undexc ob6vema JIII 6vin svlue y nayu-
enmos ¢ mpombom ywxa JI (p=0,007). Ilpu nposedenuu ROC-ananusza yposenv NT-proBNP >1689 ne/mn nokasan
Haubonvuyto nrowads nod ROC-xkpusou (0,747), a makoice camyio bicokyto cneyugpuunocme (92,6%).

Buigoowt. I[layuenmul ¢ mpombom ywika JIIT umenu 6onvuiyto onumensHocms nepcucmupyioujeti @II, 6oaee gvico-
Kue 3Hauenus unoekca obvema JII1, a maxoce 6onee svicoxue yposuu NT-proBNP. /lanvHetiuiee ucnonv3osanue 3mux
napamempos Modcem noMoUb NPOSHO3UPosamsv pasgumue mpombosa ywixka JIl1 y nayuenmos ¢ OI1.

Knrouesvie cnosa: Qudpunisiyus npedcepouti, mpomé yuika jie6o2o npeocepousi, 3X0KApouocpaus, uHOexc
obvema nesoeo npedcepousi, NT-proBNP

Jna yumuposanusn: Konoyei, JI. B. Knunuxo-iabopamophvie u sxoxkapouozpaguyeckue npeourmopbl mpomoo3a ywKa jie-
6020 npedcepoust y nayuenmos ¢ guopuiiayueii npedcepouti /J1. B. Konoyeu, A. Hopaxum, Y. O. C. epnanodo // XKypruan I poo-
HEHCK020 20CY0apcmeeHH020 meouyunckozo yrusepcumema. 2025. T. 23, Ne 4. C. 331-336. https://doi.org/10.25298/2221-8785-
2025-23-4-331-336
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