Pre prints.org

Article Not peer-reviewed version

Impact of Left Atrial Appendage
Morphology and Function on
Thrombosis Risk in Acute Ischemic
Stroke: Insights from Transesophageal
Echocardiography

Dung_N.Q Nguyen i , Dung Thuong Ho , Thanh Ngoc Hoang Tran

Posted Date: 7 April 2025
doi: 10.20944/preprints202504.0412.v1

Keywords: left atrial appendage thrombosis, ischemic stroke; transesophageal echocardiography

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4145305
https://sciprofiles.com/profile/4352166

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 April 2025 d0i:10.20944/preprints202504.0412.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Impact of Left Atrial Appendage Morphology
and Function on Thrombosis Risk

in Acute Ischemic Stroke: Insights from
Transesophageal Echocardiography

Dung N.Q Nguyen ¥, Dung Thuong Ho 2 and Thanh N.H Tran !

! University of Health Sciences, Viet Nam National University, Ho Chi Minh City, Vietnam 7000
2 Thong Nhat Hospital, Ho Chi Minh City, Vietnam 7000
* Correspondence: nnqdung@medvnu.edu.vn; Tel.: +84 984 080 180

Abstract: Objective: This study aims to investigate the correlation between the morphological and
functional characteristics of the left atrial appendage (LAA) and the incidence of thromboembolic
events by transesophageal echocardiography (TEE) in patients with acute ischemic stroke. Methods:
This cross-sectional study included 171 patients with acute ischemic stroke from November 2022 to
September 2024. Transesophageal echocardiography was performed to evaluate the presence of LAA
thrombus. Multivariable logistic regression analysis was performed to identify risk factors for LAA
thrombus. Results: Of the 171 patients, 19 (11.1%) were found to have LAA thrombus. Multivariable
logistic regression identified two independent predictors of LAA thrombus formation: (1) left atrial
spontaneous echo contrast (OR =8, 95% CI: 3-19, p <0.001) and (2) atrial fibrillation (OR =8, 95% CI:
1.057-76.095, p = 0.044). Conclusion: Left atrial spontaneous echo contrast and atrial fibrillation are
independent predictors of LAA thrombus in patients with acute ischemic stroke. The use of
transesophageal echocardiography for early detection of LAA thrombus may help improve treatment
strategies and prevent recurrent strokes.

Keywords: left atrial appendage thrombosis; ischemic stroke; transesophageal echocardiography

1. Introduction

Stroke is the leading cause of morbidity and disability and remains one of the most common
causes of death worldwide. Ischemic stroke accounts for approximately 87% of all stroke cases, with
highly diverse etiologies [1]. The two primary causes of acute ischemic stroke are (1) thrombosis
originating from atherosclerotic plaques in the carotid-vertebral artery system and (2) thrombosis
originating from the left atrial appendage (LAA). Notably, patients with acute ischemic stroke caused
by LAA thrombi have the highest rates of mortality, disability, and neurological impairment
compared to other ischemic stroke subtypes.

The left atrial appendage (LAA) is a structure of the left atrium that functions as a blood reservoir
and plays a role in releasing bioactive substances that regulate fluid balance and intracardiac
pressure. The LAA’s anatomically complex structure, with multiple lobes and branches, makes it the
primary site of thrombus formation in the left atrium. This risk is particularly high in conditions with
impaired contraction and reduced blood flow velocity, such as atrial fibrillation and valvular heart
disease [2]. However, LAA thrombi may also develop in some patients without concurrent atrial
fibrillation or in those without atrial fibrillation detected at the time of stroke onset [3]. In such cases,
the underlying cause of stroke may be overlooked, potentially leading to suboptimal treatment and
prognosis. Therefore, accurate identification of the etiology of ischemic stroke, especially the presence
of LAA thrombus, is critical for appropriate management.

Transesophageal echocardiography (TEE) is a highly sensitive and specific imaging modality,
comparable to computed tomography (CT) and superior to transthoracic echocardiography for
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detecting LAA thrombi [2,4]. Additionally, TEE allows for comprehensive assessment of LAA
morphology and function, as well as the detection of associated cardiac abnormalities. This enables
a better understanding of thrombus formation mechanisms and risk stratification, ultimately guiding
treatment decisions and improving prognosis [5,6]. Current guidelines emphasize the role of TEE in
evaluating patients suspected of having an LAA thrombus in the setting of ischemic stroke [6-8].
Previous studies have identified distinct LAA morphologies, such as "chicken-wing" and "non-
chicken-wing," which may influence thrombus formation [9,10]. However, the results are not
consistent across studies.

Based on this background, we hypothesize that LAA morphology and function are
independently associated with thromboembolic risk in patients with acute ischemic stroke. This
study aims to provide new insights into the predictive value of LAA morphology and function for
thrombus formation in acute ischemic stroke patients.

Based on this background, we hypothesize that LAA morphology and function are
independently associated with thromboembolic risk in patients with acute ischemic stroke. This
study aims to provide new insights into the predictive value of LAA morphology and function for
thrombus formation in acute ischemic stroke patients.

2. Materials and Methods
1.1. Patient Selection

We conducted a single-center, prospective, cross-sectional study on 171 patients with acute
ischemic stroke from November 2022 to September 2024. All patients underwent brain magnetic
resonance imaging (MRI) or computed tomography (CT) to confirm the diagnosis of acute ischemic
stroke. Patients diagnosed with acute ischemic stroke who underwent transesophageal
echocardiography (TEE) were included. Exclusion criteria included prior LAA closure, history of
stroke within the last 3 months, or incomplete echocardiographic data. Carotid artery Doppler
ultrasound was performed on all ischemic stroke patients. To exclude an atherosclerotic origin, MRI
or CT angiography was conducted in patients with carotid artery stenosis detected on Doppler
ultrasound. Per hospital protocol, all stroke patients were evaluated by experienced neurologists
upon admission. Routine Holter monitoring (24-48 hours) was performed to detect potential
arrhythmias, including atrial fibrillation. Clinical data were collected from the hospital’s electronic
database. The study was approved by the Ethics Committee in Biomedical Research of Thong Nhat
Hospital (No. 78/BB-BVTN).

1.2. Transoesophageal Echocardiography Procedure

After an overnight fast of 8 hours, all patients underwent transesophageal echocardiography
(TEE) within one week of hospital admission to detect LAA thrombus, with consent obtained from
both the patient and their family. TEE was performed by two experienced cardiologists with the
patient in the left lateral decubitus position. For all patients, local anesthesia was administered to
numb the pharyngeal area. During TEE, the LAA was examined for thrombus using four different
views: aortic valve short-axis (0-50°), mitral commissural view (50-80°), two-chamber view (80-110°),
and long-axis view (>110°).

1.3. Variable Definitions

Acute ischemic stroke was defined based on clinical and imaging criteria using brain CT or MRI.
Patients were diagnosed with acute ischemic stroke if neurological deficit symptoms occurred within
7 days of onset. LAA thrombus was defined as an echogenic mass attached to the wall of the left
atrium or LAA, observed in at least two planes, with echogenicity and mobility distinct from
myocardial texture. Left atrial spontaneous echo contrast (LASEC), characterized by an echogenic
swirling pattern of blood flow, was graded from 0 to 4 according to the Fatkin standard [11]. LAA
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morphology was classified based on TEE images into four types: cauliflower, cactus, chicken wing,
and windsock following the criteria of Wang and Kimura [12,13].

1.4. Statistical Analysis

All statistical analyses were performed using IBM SPSS software, version 22.0. The Kolmogorov-
Smirnov test was used to assess the normality of variable distributions. Continuous quantitative
variables are presented as mean + standard deviation or median, while qualitative variables are
expressed as frequency (n) and percentage (%). Group differences were analyzed using independent
t-tests for normally distributed continuous variables, while the Mann-Whitney U test was applied to
non-normally distributed continuous variables. The Chi-squared test was used for qualitative
variables. To identify predictors of LAA thrombus, we first conducted a univariate analysis. Variables
with p < 0.2 were included in the multivariate analysis. We then performed multivariate logistic
regression to determine independent predictors of LAA thrombus.

3. Results

Our study has demonstrated that LASEC is an independent risk factor for the presence of left
atrial appendage thrombus in patients with acute ischemic stroke, in addition to the previously
established predictor, atrial fibrillation.

3.1. Population Characteristics

In this study, the mean age of participants was 64.3 + 12.5 years, with 108 male patients
accounting for 63.1% of the total. LAA thrombus was detected on TEE in 19 patients (11.1%). The
study population was divided into two groups: patients with LAA thrombus (LAA thrombus-
positive) and those without LAA thrombus (LAA thrombus-negative). Baseline characteristics of all
patients are summarized in Table 1. The results showed that atrial fibrillation was a significant risk
factor for LAA thrombus formation (p <0.001). Additionally, the left atrial diameter was significantly
larger in the thrombus group than in the non-thrombus group (p = 0.034).

Table 1. The baseline characteristics of all patients.

Thrombus Thrombus
All patients
Characteristics +) () P value
(n=171)
(n=19) (n=152)
Age, year 64.3+£12.5 65.0+15.1 64.2£12.2 0.705
Male, n (%) 108 (63.1) 12 (63.2) 96 (63.2) 1.000
AF, n (%) 18 (10.5) 12 (63.2) 06 (4.0) <0.001
Hypertension, n (%) 124 (72.5) 13 (68.4) 111 (73.0) 0.673
Diabetes mellitus, n (%) 56 (32.7) 06 (31.6) 50 (36.5) 0.909
Dislipidaemia, n (%) 143 (83.6) 14 (73.7) 129 (84.9) 0.216
Coronary artery disease, n (%) 20 (11.7) 02 (10.5) 18 (11.8) 0.867
Heart faillure, n (%) 04 (2.3) 0(0.0) 04 (2.6) 0.476
69.5 68.2 69.4
LVEF, % 0.144

(65.3 - 75.7) (59.5 - 77.4) (59.6 - 79.2)
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LVEDD, mm 46.0£5.7 46.6 £5.3 46.0+5.8 0.703
LA anterior-posterior diameter,
304 +4.6 343177 30.0+3.9 0.034

mm

Continuous variables are presented as mean + SD or median, nominal variables are presented as
frequency (%), AF, atrial fibrillation, LA, left atrium, LVEF, left ventricular ejection fraction, LVEDD,
left ventricular end-diastolic diameter.

3.2. Morphological and Functional Characteristics of the Left Atrial Appendage on Transesophageal
Echocardiography

The morphological and functional characteristics of the LAA on TEE are summarized in Table
2. Among 171 patients, 23.4% had chicken-wing morphology, 20.5% had windsock, 43.3% had cactus,
and 12.9% had cauliflower morphology. Thrombus formation was observed predominantly in the
cauliflower group, but the difference is not statistically significant (p = 0.079). The results indicate
that LAA length, LASEC, and LAA flow velocity were associated with LAA thrombus formation in
patients with acute ischemic stroke.

Table 2. Morphological and functional characteristics of the left atrial appendage on transesophageal

echocardiography.
Thrombus Thrombus
All patients
Characteristics +) (-) P value
(n=171)
(n=19) (n=152)
Orrifice size of LAA, mm 15.6 £3,7 17.1+4,6 154 +3,6 0.135
Length of LAA, mm 30.0+£5.2 35.0+£5.0 29.4+49 <0.001
Cactus, n (%) 74 (43.3) 5 (26.3) 69 (45.4)
Chicken wing,
40 (23.4) 4(21.1) 36 (23.7)
n (%)
Cauliflower, 0.079
22 (12.9) 6 (31.6) 16 (10.5)
n (%)
Windsock,
35 (20.5) 4(21.1) 31(20.4)
n (%)
LASEC, n (%) 28 (16.4) 18 (94.7) 10 (6.6) <0.001
Flow velocity of LAA,
0.79 £0.28 0.55 +0.32 0.82+0.26 0.002

m/s

LAA, left atrial appendage; LASEC, left atrial spontaneous echo contrast.
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3.3. Risk Factors Associated with the Presence of Left Atrial Appendage Thrombus

We selected risk factors associated with LAA thrombus from the previous analyses, including
left atrial diameter, LAA length, LASEC, LAA flow velocity, and atrial fibrillation, for univariate and
multivariate logistic regression analyses (Table 3). After multivariate logistic regression, only two
factors were independently associated with an increased incidence of LAA thrombus in patients with
acute ischemic stroke. Patients with LASEC had a significantly higher risk of LAA thrombus (OR =
8, 95% CI: 3-19; p < 0.001). Similarly, patients with atrial fibrillation had a higher rate of LAA
thrombus than those with sinus rhythm (OR = 8; 95% CI: 1.057-76.095; p = 0.044). Additionally, LAA
flow velocity was significantly lower in the thrombus group than in the non-thrombus group;
however, it was not identified as an independent predictor of LAA thrombus in the logistic regression
model.

Table 3. Risk factors associated with the presence of left atrial appendage thrombus.

Univariate analysis Multivariate analysis
OR (95% CI) P value OR (95% CI) P value
LA  anterior-posterior
1.00 (1.00 - 1.07) 0.082 - -
diameter
Length of LAA, mm 1.00 (0.99 - 1.00) 0.064 - -
0.022
Flow velocity of LAA <0.001 2.0 (0.034 - 198.0) 0.068
(0.003 - 0.036)
LASEC 255.0 (30.0 — 2115.0) <0.001 8.0 (3.0-19.0) <0.001
AF 41.0 (12.082 — 144.024) <0.001 8.0 (1.057 - 76.095) 0.044

LA, left atrial; LAA, left atrial appendage; LASEC, left atrial spontaneous echo contrast, AF, atrial fibrillation.

4. Discussion

4.1. The Prevalence of Left Atrial Appendage Thrombus on Transesophageal Echocardiography in Patients
with Acute Ischemic Stroke

Globally, the prevalence of LAA thrombus detected on TEE in patients with acute ischemic
stroke ranges from 7% to 25%. In our study, LAA thrombus was identified in 19 out of 171 patients,
corresponding to an incidence rate of 11.1%. Among these cases, 63.2% occurred in patients with
atrial fibrillation, while 36.8% were found in patients with sinus rhythm. Compared to previous
studies, our study reported a higher incidence of LAA thrombus. Research by Tufan Cinar
documented an incidence of 9.3% [14], while a study by James Anaissie and colleagues recorded a
rate of 4.1% [15], both lower than our findings. Although these studies also focused on patients with
acute ischemic stroke, differences in atrial fibrillation prevalence and patient demographics likely
contributed to variations in LAA thrombus incidence. In Tufan Cinar’s study, patients with atrial
fibrillation were excluded, whereas in James Anaissie’s study, the atrial fibrillation rate was only
6.8%, lower than in our study, leading to a lower incidence of LAA thrombus.

Our study also found that 7 out of 152 patients in sinus rhythm (Figure 1) had LAA thrombus,
accounting for 4.6%, despite comprehensive evaluations using surface electrocardiography (ECG)
and 24- to 48-hour Holter ECG monitoring. The occurrence of thrombus in patients with sinus rhythm
has gained increasing attention, as recent studies suggest that LAA thrombus formation is not solely
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attributed to atrial fibrillation but is also influenced by other factors, such as ischemic atrial
cardiomyopathy, LAA dysfunction, and LAA deformation [14,16]. These factors collectively
contribute to a higher incidence of LAA thrombus in patients with sinus rhythm.

Additionally, it is possible that some cases of LAA thrombus in patients with sinus rhythm on
surface ECG and 24- to 48-hour Holter ECG were due to paroxysmal atrial fibrillation that did not
occur during the monitoring period. Therefore, for patients with echocardiographic findings
suggestive of atrial fibrillation — such as left atrial enlargement, LASEC, and LAA thrombus -
extended Holter ECG monitoring should be considered to detect paroxysmal atrial fibrillation.

N AT\

PO N PN PR T N IV, BEY S SR A

Figure 1. Left atrial appendage thrombus on transoesophageal echocardiography images in patient with sinus rhythm.

4.2. Morphological and Functional Characteristics of the Left Atrial Appendage on Transesophageal
Echocardiography

The morphology of the left atrial appendage (LAA) has long been of interest due to its
association with an increased risk of thrombus formation. However, studies have reported conflicting
results regarding the thrombotic risk associated with different LAA shapes [17,18].

In our study, the most common LAA shape was the cactus type, accounting for 43.3%, while the
least common was the cauliflower type, at 12.9%. Among patients with LAA thrombus, the
cauliflower shape had the highest prevalence, whereas the chicken wing and windsock shapes had
the lowest prevalence, at 21.1%. Our findings are consistent with those of Biase Luigi et al [9], who
reported that patients with a chicken wing-shaped LAA had a lower thrombus rate than those with
other LAA morphologies.

However, a study by Korhonen M et al. on patients with suspected cardioembolic stroke found
that the chicken wing shape accounted for 23.4% and was more commonly observed in stroke
patients, whereas the cactus shape was less prevalent [10]. Variations in study populations and
methods for assessing LAA morphology have contributed to discrepancies in conclusions regarding
the relationship between LAA shape, thrombus formation, and stroke risk.

In our analysis of the association between LAA morphology and thrombus formation, we found
no significant correlation between LA A shape and the presence of thrombus (p = 0.079). This finding
aligns with several other studies suggesting that LAA morphology is more strongly associated with
an increased risk of ischemic stroke or reduced blood flow velocity through the LAA rather than
directly influencing thrombus formation [19].
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4.3. Risk Factors Associated with the Presence of Left Atrial Appendage Thrombus

Our study found that patients with LASEC had an 8-fold higher risk of LAA thrombus
formation. This finding is consistent with previous research. In a study by Fatkin et al., patients with
LASEC had a 13-fold higher risk of thrombus formation compared to those without LASEC [9].
Similarly, Black et al. reported a 5-fold increased risk of thrombus formation in patients with LASEC
compared to those without LASEC [20].

LASEC is strongly associated with LAA thrombus formation, as it reflects blood stasis within
the appendage —a key precursor to thrombus development [21]. Therefore, patients with LASEC are
at a higher risk of thrombus formation and ischemic stroke, and its presence may also indicate
underlying atrial fibrillation. Consequently, when LASEC is detected during TEE in stroke patients,
physicians should carefully assess multiple imaging planes to detect thrombi and consider extended
Holter ECG monitoring to identify paroxysmal atrial fibrillation.

Atrial fibrillation has long been recognized as an independent risk factor for ischemic stroke,
making atrial fibrillation screening a crucial component of stroke management. In patients with atrial
fibrillation, assessing stroke risk using the CHA,DS,-VASc score is essential for guiding appropriate
stroke prevention strategies [19].

In our study, atrial fibrillation was significantly more prevalent in patients with LAA thrombus
compared to those without. Multivariate regression analysis further confirmed a strong association
between atrial fibrillation and LAA thrombus formation. This finding is consistent with previous
studies, which have reported a higher prevalence of LAA thrombus in atrial fibrillation patients than
in non-atrial fibrillation patients, reinforcing atrial fibrillation as an independent risk factor for
thrombus formation [22,23]. Atrial fibrillation promotes thrombus formation through mechanisms
such as blood stasis, endothelial dysfunction, and coagulation activation. The LAA, with its
inherently slow blood flow velocity and complex multi-lobed structure, serves as the primary site for
thrombus development in atrial fibrillation patients.

5. Limitations of the Study

This study has several limitations. First, it was a single-center study with a relatively small
sample size. Second, LAA morphology was assessed using 2D echocardiography, which has inherent
limitations in accuracy. Future studies utilizing 3D TEE, cardiac MRI, or CT imaging are needed for
a more precise evaluation. Lastly, larger, multicenter, randomized, and prospective studies are
required to validate our findings.

6. Conclusion

In our study, the prevalence of LAA thrombus was 11.1%, with 4.6% of cases occurring in
patients with sinus rhythm. The presence of LASEC and atrial fibrillation were identified as
predictors of LAA thrombus in these patients. Therefore, transesophageal echocardiography should
be performed in patients with acute ischemic stroke when a cardioembolic source is suspected,
regardless of whether atrial fibrillation is present. This approach may help prevent recurrent strokes.
Additionally, in patients undergoing transesophageal echocardiography, if LASEC is detected, a
thorough evaluation for thrombus should be conducted using multiple imaging planes. Furthermore,
prolonged holter ECG monitoring should be considered to enhance the detection of atrial fibrillation.

Author Contributions: Dung N.Q. Nguyen and Dung Thuong Ho designed the research study. Dung N.Q
Nguyen performed the research. Dung Thuong Ho provided help and advice on technical aspects. Thanh N.H
Tran wrote the manuscript. All authors contributed to editorial changes in the manuscript. All authors read and

approved the final manuscript. All authors have read and approved the final version of the manuscript.

Funding: This research is funded by Vietnam National University HoChiMinh City (VNU-HCM) under grant
number C2024-44-04/HD-KHCN.


https://doi.org/10.20944/preprints202504.0412.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 April 2025 d0i:10.20944/preprints202504.0412.v1

8 of 9

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Ethics Committee of Thong Nhat Hospital, Ho Chi Minh City (Approval number:
78/2022/BVIN-HDYD, 9 November 2022).

Informed Consent Statement: All patients participating in the study were fully informed about the purpose,

benefits, and associated risks before signing the informed consent form.

Data Availability Statement: The original data of this study will be made available upon reasonable request
from relevant researchers (link:
https://docs.google.com/spreadsheets/d/1MrzxKCDZxUnknXerNY7NCFxYSZINpvpi/edit?gid=16253217094gi
d=1625321709).

Acknowledgments: We would like to express our gratitude to the doctors and medical staff at Thong Nhat
Hospital, Ho Chi Minh City, for their support in data collection and for facilitating the research process.

Conflicts of Interest: The authors declare no conflicts of interest related to this study.

Abbreviations

The following abbreviations are used in this manuscript:
LAA  Left Atrial Appendage
TEE  Transesophageal Echocardiography
MRI Magnetic Resonance Imaging
CT Computed Tomography
LASEC Left Atrial Spontaneous Echo Contrast
LA Left Atrium
AF Atrial Fibrillation
LVEF Left Ventricular Ejection Fraction
LVEDD Left Ventricular End-Diastolic Diameter
ECG  Electrocardiogram
OR Odds Ratio

CI Confidence Interval
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