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ABSTRACT
Objective Thrombi originating in the left atrial appendage 
(LAA) mainly form because of atrial fibrillation (AF) and 
are a known cause of cardioembolic stroke. We aimed to 
investigate the prevalence of LAA thrombus in patients 
with acute ischaemic stroke (AIS) and sinus rhythm on 
12- lead ECG.
Methods From June 2019 to February 2021, we 
conducted a cross- sectional study wherein we performed 
transoesophageal echocardiography (TEE) in patients 
with AIS and sinus rhythm on 12- lead ECG who were 
referred for detection of LAA thrombus. After TEE, all 
patients underwent 24- hour ECG monitoring to screen 
for paroxysmal AF. Predictors of LAA thrombus were 
determined using logistic regression analysis.
Results Overall, 223 patients (age: 66.2±11.3 years, 
men: 61.4%) were included in the study. LAA thrombus 
was detected in 15 patients (6.7%). Paroxysmal AF was 
detected in 14 of the 15 patients during 24- hour ECG 
monitoring. Compared with the non- thrombus group, the 
thrombus group had a statistically significant higher rate of 
spontaneous echo contrast (SEC), longer LAA, lower peak 
LAA emptying velocity and predominantly bilateral stroke. 
In the adjusted model, the presence of SEC increased the 
probability of LAA thrombus (OR 9.04; 95% CI 2.12 to 
38.54; p=0.003).
Conclusions In patients with AIS and sinus rhythm on 
12- lead ECG, our study revealed that the prevalence of 
LAA thrombus was 6.7% with the most prevalent aetiology 
being paroxysmal AF. The presence of SEC can be a 
predictor of LAA thrombus in these patients.

INTRODUCTION
Ischaemic stroke is characterised as a neuro-
logical deficit caused by cerebral artery 
infarction leading to morbidity and mortality. 
There are various causes of this disease, such 
as cerebral large- artery atherosclerosis, cere-
bral small- vessel occlusion and cardioem-
bolism. Identifying the aetiology of stroke is 
necessary to guide the therapeutic strategies 
for the treatment and prevention of recurrent 
stroke.1 Of the causes of ischaemic stroke, 
cardioembolism accounts for 14.6%–36.0% 

of patients and occurs more frequently with 
increasing age. There are various underlying 
mechanisms and thrombi arising from the 
left atrial appendage (LAA) are the principal 
source of thromboembolism, predominantly 
in patients with atrial fibrillation (AF).2 LAA 
thrombi can be detected using transoesoph-
ageal echocardiography (TEE), a reference 
standard imaging modality, with high speci-
ficity and sensitivity.3

The trabeculated LAA is a derivative of the 
primitive atrium located at the anterolateral 
portion of the smooth- walled atrial cavity. 
The LAA acts as a contractile reservoir and 
may modulate volume homoeostasis by the 
activation of stretch- sensitive receptors and 
by producing atrial natriuretic peptide. In 
AF, the LAA is the prime location at which 
thrombus formation occurs resulting from 
chamber dilatation, endocardial dysfunction, 
increased thrombogenicity and decreased 
contractile ability.4 However, accumulating 
evidence has revealed that LAA thrombus 
may occur in patients with sinus rhythm 
through certain mechanisms, including 
left ventricular dysfunction, valvular heart 
diseases, atrial cardiopathy or subclinical 
AF. Two previous studies using TEE detected 
LAA thrombus in 6.2% and 9.3% of patients 
who had a stroke with sinus rhythm.5 6 Both 
studies excluded patients with history of AF 
or newly diagnosed AF on Holter monitoring; 
thus, paroxysmal AF could not be addressed. 

Strengths and limitations of this study

 ► A major strength of our study is the prospective 
study setting.

 ► A limitation of this study is that it is based on data 
from a single centre.

 ► The impact of comorbidities on left atrial appendage 
thrombus is not fully evaluated.
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Furthermore, the participants in the two studies may not 
be fully representative of patients in clinical practice, 
because TEE was only performed in patients with strokes 
suspected to be cardioembolic in origin. The more recent 
one was a retrospective study; thus, there may have been 
selection bias.5

Therefore, we performed this cross- sectional study 
aimed at (1) investigating the prevalence of LAA thrombus 
detected by TEE in patients with acute ischaemic stroke 
(AIS) and sinus rhythm on 12- lead ECG, (2) screening 
for paroxysmal AF using 24- hour ECG monitoring and 
(3) identifying the predictors for LAA thrombus in these 
patients.

METHODS
Sample size calculation
Sample size was calculated for the first aim of this 
study using a single population proportion formula: 
n=Z2

1−α/2*[p*(1−p)/d2], with Z1−α/2=1.96 (α=0.05% and 
95% CI) and d=precision (assumed as 0.04). p=preva-
lence of LAA thrombus in patients who had a stroke with 
sinus rhythm (set as 9.3%).5 The expected rate of exclu-
sion related to patients having AF on 12- lead ECG was 
10%; therefore, the required sample size for this study 
was a minimum of 223 patients.

Participant selection and data collection
Between June 2019 and February 2021, a total of 349 
patients admitted to our hospital within 48 hours following 
the onset of ischaemic stroke were prospectively referred 
to undergo TEE for the detection of LAA thrombus. We 
excluded 98 patients previously treated with thrombolytic 
therapy for the current stroke, 2 patients in whom the 
transoesophageal transducer could not be inserted, 3 
patients with severe mitral stenosis, 21 patients with AF on 
12- lead ECG and 2 patients who did not provide informed 
consent. The remaining 223 patients were included in 
the study. Written informed consent was provided by the 
patients or the patients’ next of kin.

The ischaemic stroke divided according to the side 
of affected brain hemisphere (one side and both sides) 
which was demonstrated by brain MRI. Only new- onset 
infarcted regions were included in this study. CT angi-
ography (CTA) was performed to detect atherosclerotic 
stenosis in the extracranial and intracranial arteries. 
Significant stenosis was considered as ≥70%.

Transthoracic echocardiography (TTE) was performed 
prior to TEE with the patients in a partial left lateral decu-
bitus position. The measurements of left atrium (LA) and 
left ventricular internal dimension in diastole (LVIDd) on 
parasternal long- axis, and biplane Simpson’s left ventric-
ular ejection fraction (LVEF) were based on previously 
established guidelines.7 We obtained mitral E/A ratio 
data based on the measurement of peak E- wave velocity 
and peak A- wave velocity. The E/A ratio was classified 
based on the recommendations of the American Society 
of Echocardiography and the European Association of 

Cardiovascular Imaging for the evaluation of left ventric-
ular diastolic function.8

The 12- lead ECG result on hospital admission was 
used as the baseline heart rhythm. After TEE, all patients 
underwent 24- hour ECG monitoring to detect underlying 
paroxysmal AF. The Holter monitor results were inde-
pendently interpreted by two experienced cardiologists 
who were blinded to the TEE results. The demographic 
characteristics, comorbidity and biochemical analyses for 
all patients were obtained from interviews and electronic 
medical records.

Transoesophageal echocardiographic examination
TEE was performed in patients within 3 days of their 
admission to hospital. A 5 MHz multiplane probe 
(Siemens Healthineers, Erlangen, Germany) was used in 
accordance with the European Association of Cardiovas-
cular Imaging guidelines.9 The TEE evaluation of each 
patient was conducted by two experienced cardiologists 
who have performed ≥30 TEE per month over a period of 
>5 five years. If there were any discrepancies, assessment by 
a third cardiologist was sought and the final decision was 
only made with the consensus of all three cardiologists.

LAA was visualised from the mid- oesophageal position 
at multiple omniplane angles. The LAA emptying velocity 
was obtained at an angle with the longest apex- to- orifice 
distance and the pulsed Doppler sample point was posi-
tioned at a depth of one- third from the LAA orifice. LAA 
length and LAA orifice diametre were measured in the 
view where the appendage was longest. LAA thrombus 
was diagnosed by the presence of a well- circumscribed 
echo- dense mass, present in multiplane throughout 
the cardiac cycle, and differentiated from pectinate 
muscles.10 Spontaneous echo contrast (SEC), an echo-
genic swirling pattern of blood flow, was assigned one of 
three grades: absent, mild or severe. Mild SEC was defined 
as a discrete echo contrast presenting in some parts of 
the LAA at high gain, whereas intensive echo contrast 
appearing throughout the entire LAA at normal gain 
was considered as severe.11 LAA morphology was classi-
fied into four types (cauliflower, cactus, chicken wing and 
windsock) according to the classifications of Wang and 
Kimura.12 13 Cactus and cauliflower morphologies have 
lengths <40 mm. Cactus has a dominant central lobe with 
secondary lobes, whereas cauliflower has complex internal 
structures. Chicken wing and windsock are longer than 
40 mm. Windsock has a dominant lobe with secondary 
lobes and a bend angle exceeding 100°, whereas chicken 
wing has only one lobe with a bend angle <100°. Patent 
foramen ovale (PFO) was detected using colour Doppler 
TEE in the bicaval view with an angle of 80°–110°. The 
other potential intracardiac sources of emboli were also 
screened on TEE.

Statistical analysis
All data were analysed using the IBM SPSS Statis-
tics for Windows, V.130 25 (IBM Corp.). Qualitative 
data were described as frequencies and percentages 
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(%). Quantitative data were described as means±SD. 
Comparisons were conducted using the χ2 test or Fish-
er’s exact test for non- numerical data and Student’s 
t- test for continuous variables. Univariate logistic 
regression was performed involving the potential risk 
factors for LAA thrombus formation. Variables with 
p<0.2 in univariate analysis were selected for multivar-
iate logistic regression. All variables were examined for 

interaction and multicollinearity. OR was shown with 
95% CI. Statistical significance was defined as a two- 
tailed value of p<0.05.

Patient and public involvement
No patients or public were involved in setting the research 
question or the outcome measures, nor were they involved 
in the design and implementation of the study.

Table 1 Baseline characteristics of patients based on the presence of thrombus

Characteristics
All patients
(n=223)

Thrombus
(n=15)

Non- thrombus
(n=208) P value*

Age, years 66.2±11.3 65.4±10.3 66.2±11.4 0.79

Age ≥65 years, n (%) 120 (53.8) 8 (53.3) 112 (53.8) 0.97

Male, n (%) 137 (61.4) 8 (53.3) 129 (62.0) 0.51

AF in 24- hour ECG, n (%) 15 (6.7) 14 (93.3) 1 (0.5) <0.001

Bilateral cerebral infarcts, n (%) 27 (12.1) 7 (46.7) 20 (9.6) <0.001

Stenosis ≥70% on CTA, n (%) 169 (75.8) 7 (46.7) 162 (77.9) 0.02

Comorbidity, n (%)

  Dyslipidaemia 173 (77.6) 14 (93.3) 159 (76.4) 0.20

  Hypertension 186 (83.4) 13 (86.7) 173 (83.2) 1.00

  Coronary artery disease 33 (14.8) 4 (26.7) 29 (13.9) 0.25

  Heart failure 3 (1.3) 0 (0.0) 3 (1.4) 1.00

  Diabetes mellitus 84 (37.7) 9 (60.0) 75 (36.1) 0.07

Laboratory findings

  LDL- c, mmol/L 3.2±1.1 3.3±1.5 3.2±1.1 0.79

  Non- HDL- c, mmol/L 4.1±1.4 4.2±1.8 4.1±1.4 0.75

  Triglyceride, mmol/L 2.2±1.8 2.0±1.2 2.3±1.8 0.57

  Platelets, K/µL 243.6±65.1 260.9±67.9 242.4±64.9 0.29

  Mean platelet volume, fL 7.9±1.2 8.2±1.5 7.9±1.2 0.48

Transthoracic echocardiography

  LVEF, % 68.0±8.0 64.4±9.2 68.2±7.8 0.08

  LVIDd, mm 45.8±5.9 47.9±6.1 45.7±5.9 0.15

  LA, mm 31.9±5.9 33.0±4.5 31.8±6.0 0.43

Mitral E/A ratio, n (%) 0.59

  ≤0.8 93 (41.7) 7 (46.7) 86 (41.3)

  >0.8 to <2 100 (44.8) 5 (33.3) 95 (45.7)

  ≥2 30 (13.5) 3 (20.0) 27 (13.0)

Valvular heart diseases (moderate), n (%)

  Aortic regurgitation 28 (12.6) 2 (13.3) 26 (12.5) 1.00

  Mitral regurgitation 24 (10.8) 3 (20.0) 21 (10.1) 0.21

  Tricuspid regurgitation 50 (22.4) 4 (26.7) 46 (22.1) 0.75

Antithrombotic therapy at discharge, n (%)

  Aspirin plus clopidogrel 207 (92.8) 0 (0) 207 (99.5) <0.001

  Dabigatran or rivaroxaban 16 (7.2) 15 (100) 1 (0.5) <0.001

Values are presented as the numbers of patients (%), means±SD.
*Thrombus versus non- thrombus.
AF, atrial fibrillation; CTA, CT angiography; HDL- c, high density lipoprotein cholesterol; LA, left atrium; LDL- c, low- density lipoprotein 
cholesterol; LVEF, left ventricular ejection fraction; LVIDd, left ventricular internal dimension in diastole.
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RESULTS
Prevalence of LAA thrombus and baseline characteristics of 
patients
A total of 223 patients (mean age: 66.2±11.3, range: 41–97 
years, men: 61.4%) with AIS and sinus rhythm on 12- lead 
ECG were investigated. The TEE examination detected 
LAA thrombus in 15 patients (6.7%). Of the patients with 
LAA thrombus, 14 patients (93.3%) exhibited newly diag-
nosed paroxysmal AF on 24- hour ECG monitoring. The 
remaining patient was an older man with severe coro-
nary artery disease (CAD) who did not exhibit AF during 
24- hour ECG monitoring.

Differences between the thrombus and non-thrombus groups
Participants were assigned to thrombus and non- thrombus 
groups. Table 1 shows the baseline characteristics of all 
patients and the comparison between the groups. We 
observed no statistically significant differences in terms 
of clinical features and TTE findings between the groups, 
including age, sex, comorbidities (dyslipidaemia, hyper-
tension, CAD and diabetes), laboratory findings (lipid 
profiles, platelet count and mean platelet volume) and 
TTE parameters (LA diametre, LVIDd, and LVEF). 
However, the thrombus group had a significantly higher 
rate of bilateral stroke than the non- thrombus group 
(46.7% vs 9.6%, p<0.001).

TEE findings are shown in table 2. Compared with the 
non- thrombus group, the thrombus group exhibited a 
significantly higher rate of SEC (53.3% vs 5.3%, p<0.001), 
longer LAA (35.7±6.1 mm vs 28.8±6.9 mm, p=0.001) and 
lower peak LAA emptying velocity (0.66±0.2 cm/s vs 
0.92±0.2 cm/s, p=0.001). No patient in this study exhib-
ited severe SEC. PFO was identified in 19 patients in the 

non- thrombus, whereas only 1 patient in the thrombus 
group had PFO. However, there was no significant 
difference in the rate of PFO between the groups. Papil-
lary fibroelastoma of the aortic valve was detected in 2 
patients without LAA thrombus. Lambl’s excrescences 
were observed in 3 patients with LAA thrombus and in 
2 patients without LAA thrombus. There were no other 
valve vegetations or cardiac tumours detected by TEE. 
The most common LAA morphology in our study popu-
lation was cactus, which was found in 75.3% of patients. 
The cauliflower, windsock and chicken wing morphol-
ogies were observed in 13.9, 8.5 and 2.2% of patients, 
respectively. The distribution of the LAA morphologies 
was significantly different between the groups (p=0.03).

Our findings reveal that bilateral cerebral infarcts, SEC, 
longer LAA and lower peak LAA emptying velocity were 
more frequently reported in patients who had stroke with 
LAA thrombus.

Determination of the potential risk factors for LAA thrombus
Univariate and multivariate logistic regression analyses 
using the enter method were performed to identify 
predictors of LAA thrombus (table 3). In the unadjusted 
model, there were four factors associated with the pres-
ence of thrombi in the LAA: SEC, length of LAA, LAA 
morphology and flow velocity of LAA. In the adjusted 
model, only SEC (OR, 9.04; 95% CI 2.12 to 38.54; p=0.003) 
increased the probability of LAA thrombi being present.

DISCUSSION
LAA thrombi migrate to the brain causing cardioem-
bolic stroke and result in significant morbidity and 

Table 2 Transoesophageal echocardiography findings of patients based on the presence of thrombus

Characteristics
All patients
(n=223)

Thrombus
(n=15)

Non- thrombus
(n=208) P value*

SEC, n (%) 19 (8.5) 8 (53.3) 11 (5.3) <0.001

Severity of SEC, n (%) <0.001

  Absent 204 (91.5) 7 (46.7) 197 (94.7)

  Mild 19 (8.5) 8 (53.3) 11 (5.3)

  Severe 0 (0.0) 0 (0.0) 0 (0.0)

Orifice size of LAA, mm 15.9±3.9 17.7±3.8 15.8±3.9 0.08

Length of LAA, mm 29.3±7.0 35.7±6.1 28.8±6.9 0.001

Morphology of LAA, n (%) 0.03

  Windsock 19 (8.5) 4 (26.7) 15 (7.2)

  Chicken wing 5 (2.2) 1 (6.7) 4 (1.9)

  Cauliflower 31 (13.9) 2 (13.3) 29 (13.9)

  Cactus 168 (75.3) 8 (53.3) 160 (76.9)

Flow velocity of LAA, m/s 0.90±0.2 0.66±0.2 0.92±0.2 0.001

Patent foramen ovale, n (%) 20 (9.0) 1 (6.7) 19 (9.1) 1.00

Values are presented as the numbers of patients (%), means±SD.
*Thrombus versus non- thrombus.
LAA, left atrial appendage; SEC, spontaneous echo contrast.
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mortality.14 However, the underlying mechanism associ-
ated with LAA thrombus in patients who had a stroke with 
sinus rhythm on 12- lead ECG has not been elucidated 
and there are few reports regarding the prevalence of 
LAA thrombus in these patients.5 6 In the present study, 
we also observed evidence of LAA thrombus in patients 
who had a stroke with baseline sinus rhythm. In addi-
tion, SEC is a predictor and paroxysmal AF is the main 
cause of thrombus formation in LAA. To emphasise the 
importance of detecting the presence of LAA thrombus 
in patients who had a stroke, we propose five points for 
discussion.

Presence of LAA thrombus in patients who had an ischaemic 
stroke with sinus rhythm
Among the various causes of cardioembolic stroke, LAA 
thrombus is a treatable cause of cardiac embolism, and its 
detection can guide treatment with anticoagulant therapy.15 
Although AF is the main cause of LAA thrombus forma-
tion, two previous studies reported the presence of LAA 
thrombus detected by TEE in patients who had a stroke 
without AF.5 6 Karabay et al used speckle tracking to eval-
uate LA deformations for predicting the presence of LAA 
thrombus in patients with suspected cardioembolic stroke. 
The prevalence of LAA thrombus in this study was 6.2% (9 
of 144 patients).6 A higher rate (9.3%, 14 of 149 patients) 

of LAA thrombus was noted in the retrospective study by 
Cinar et al.5 Our study identified LAA thrombus in 15 of 223 
patients (6.7%). These results suggest that it is reasonable 
to consider the presence of LAA thrombus in cases of new- 
onset ischaemic stroke who exhibit normal sinus rhythm on 
12- lead ECG.

Presence of LAA thrombus in patients who had an ischaemic 
stroke with atherosclerotic disease
When detected, the LAA thrombus is considered to be the 
cause of the stroke; however, determining the aetiology 
of ischaemic stroke is challenging when LAA thrombus 
and atherosclerotic disease coexist. Despite previous liter-
ature suggesting some distinct characteristics between 
cardioembolic and non- cardioembolic stroke, there is 
no gold standard to completely distinguish between the 
two events.14 Bearing this in mind, our study included all 
patients with and without atheroma on CTA, whereas the 
studies of Karabay et al and Cinar et al excluded patients 
who had a stroke if suspected to have atherothrombotic 
sources.5 6 We detected the presence of significant arterial 
disease in 7 of 15 patients with LAA thrombus (46.7%), 
which indicates that LAA thrombus may coexist with 
atherosclerotic disease in patients who had an ischaemic 
stroke.

Table 3 Factors associated with left atrial appendage (LAA) thrombus in logistic regression analysis (n=223)

Variables

Univariate Multivariate

OR (95% CI) P Adjusted OR (95% CI) P

Age 0.99 (0.95 to 1.04) 0.79 – –

Male 0.70 (0.24 to 2.01) 0.51 – –

Hypertension 1.32 (0.28 to 6.09) 0.73 – –

Dyslipidaemia 4.31 (0.55 to 33.64) 0.16 3.24 (0.33 to 32.06) 0.32

Coronary artery disease 2.25 (0.67 to 7.53) 0.19 – –

Diabetes mellitus 2.66 (0.91 to 7.76) 0.07 1.85 (0.50 to 6.93) 0.36

LA 1.03 (0.95 to 1.12) 0.43 – –

LVEF 0.95 (0.90 to 1.01) 0.08 0.95 (0.88 to 1.03) 0.24

LVIDd 1.07 (0.98 to 1.17) 0.15 1.00 (0.88 to 1.11) 0.87

SEC 20.47 (6.28 to 66.76) <0.001 9.04 (2.12 to 38.54) 0.003

Orifice size of LAA 1.12 (0.99 to 1.28) 0.08 1.01 (0.82 to 1.22) 0.98

Length of LAA 1.16 (1.06 to 1.26) 0.001 1.01 (0.96 to 1.25) 0.20

Cactus morphology 0.34 (0.12 to 0.99) 0.04 0.87 (0.16 to 4.71) 0.87

Flow velocity of LAA 0.01 (0.001 to 0.14) 0.001 0.07 (0.004 to 1.18) 0.07

Patent foramen ovale 0.71 (0.09 to 5.70) 0.75 – –

Platelets 1.00 (0.99 to 1.01) 0.29 – –

Mean platelet volume 1.17 (0.76 to 1.80) 0.48 – –

LDL- c 1.06 (0.67 to 1.68) 0.79 – –

Triglyceride 0.89 (0.58 to 1.35) 0.57 – –

Variables that had a p<0.2 in univariate regression were entered into multiple regression.
LA, left atrium; LAA, left atrial appendage; LDL- c, low- density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LVIDd, left 
ventricular internal dimension in diastole; SEC, spontaneous echo contrast.
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Role of TEE in LAA thrombus detection in patients who had 
ischaemic stroke with sinus rhythm
TEE is commonly performed to identify cardioembolic 
sources.16 Despite a previous pharmacoeconomic anal-
ysis confirming the benefits of TEE for patients with 
new- onset ischaemic stroke who are in sinus rhythm,17 
the routine use of this test for these patients is still 
debatable.18 First, although there are accumulating data 
revealing the presence of LAA thrombus in patients who 
had a stroke with sinus rhythm,5 6 in a study involving 
patients suffering from stroke and other systemic embolic 
events, LAA thrombus was not detected in any of the 
patients with sinus rhythm and a normal TTE examina-
tion.19 Second, in a meta- analysis (12 studies), the pooled 
rate of reported changes to anticoagulation therapy as a 
result of TEE findings among 3562 patients with AIS was 
8.7%.20 However, some studies revealed only few patients 
who had an ischaemic stroke who experienced a change 
in management due to TEE findings.18 21 Further studies 
involving larger cohorts of patients who had an ischaemic 
stroke in sinus rhythm are required to determine a reason-
able approach. Medical findings from clinical examina-
tion, laboratory tests and diagnostic imaging should be 
undertaken to evaluate which patients most require TEE 
examination.

Aetiology of LAA thrombus formation in patients who had an 
ischaemic stroke with sinus rhythm
AF is an independent risk factor for ischaemic stroke and 
patients with paroxysmal AF have an annual stroke rate 
similar to that of patients with chronic AF.22 The cardio-
embolic stroke may be due to paroxysmal AF, which can 
be detected using an ECG Holter monitor.14 However, 
in two recent studies involving patients who had an isch-
aemic stroke with sinus rhythm, the role of paroxysmal 
AF as a potential cause of LAA thrombus was not assessed 
due to criteria exclusion.5 6 In our study, 15 of the 223 
patients (6.7%) experienced paroxysmal AF, which was 
detected by 24- hour ECG monitoring. Our result is consis-
tent with that of a meta- analysis of 50 studies showing that 
paroxysmal AF was newly diagnosed in 4.5% (95% CI 2.7 

to 6.7) of patients after ischaemic stroke by in- hospital 
Holter monitoring.23 Notably, we detected paroxysmal 
AF in 93.3% of patients with LAA thrombus, whereas two 
previous studies reported that 75%–78% of patients who 
had a stroke with LAA thrombus had AF.24 25 The higher 
rate of paroxysmal AF in our patients with LAA thrombus 
may be because none of our patients had been recently 
treated with antiarrhythmic drugs before enrolment 
whereas antiarrhythmic therapy was not an exclusion 
criterion in the two previous studies.24 25 Our findings 
indicate that paroxysmal AF is likely the main aetiology 
predisposing LAA thrombus formation in patients who 
had an ischaemic stroke with sinus rhythm on 12- lead 
ECG and confirm the clinical benefit of screening for this 
arrhythmia in clinical practice.

The formation of LAA thrombus in paroxysmal AF is 
multifactorial and caused by complex pathophysiological 
mechanisms. LAA dysfunction is considered as a cause 
of thrombus formation26 and previous studies demon-
strated that left atrial systolic myocardial dysfunction is 
represented as reduced left atrial strain and strain rate in 
speckle tracking echocardiography in patients with parox-
ysmal AF.27–29 Importantly, the hypercoagulable state due 
to elevated levels of plasma von Willebrand factor, fibrin-
ogen and P- selectin was observed in paroxysmal AF.30 31 
Moreover, left atrial electrophysiological remodelling may 
contribute to thrombogenesis because the prolonged 
atrial electromechanical interval may predict cardioem-
bolic stroke in patients with paroxysmal AF.32 Further 
study is required to elucidate how frequency, duration of 
paroxysmal AF, atrial myopathy and underlying structural 
heart disease may influence LAA thrombus formation.

LAA thrombus was detected (figure 1) in the remaining 
older patient who did not experience AF during 24- hour 
ECG monitoring, but he had severe CAD. We assume that 
at least two causes contributed to LAA thrombus in the 
patient. First, the LAA thrombus is attributable to parox-
ysmal AF, but prolonged cardiac rhythm monitoring is 
required to increase the opportunity for detection of 
AF.33 Second, atrial myopathy caused by factors such as 

Figure 1 Left atrial appendage thrombus on transoesophageal echocardiography images in the two patients with sinus rhythm 
on 12- lead ECG. (A) This patient exhibited paroxysmal atrial fibrillation in 24- hour ECG monitoring. (B) An older patient had 
severe coronary artery disease with no prior intervention.
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ageing, myocardial ischaemia and electrophysiological 
remodelling may result in LAA thrombus independent of 
AF.34 A longer follow- up and further medical examination 
are required to reveal the aetiology of thrombosis in the 
patient.

Predictors of LAA thrombus in patients who had an ischaemic 
stroke with sinus rhythm
Previous studies conducted on patients with AF have 
demonstrated that multiple- lobed LAA, reduced LAA flow 
velocity and SEC are risk factors for LAA thrombus,35–37 
but there is conflicting evidence regarding a link between 
LAA morphology and the risk of thrombosis.38 39 Limited 
information is available regarding the predictors of LAA 
thrombus in patients who had a stroke with baseline sinus 
rhythm.5 6 In such patients, while a recent study showed 
that mean platelet volume, renal function, LVEF and 
LAA flow velocity were independent predictors of LAA 
thrombus,5 another study revealed that LA peak strain 
and high- sensitivity C reactive protein were associated 
with LAA thrombus, but not mean platelet volume, renal 
function or LVEF.6

In the current study, the adjusted model revealed that 
patients with SEC had a significantly higher probability of 
LAA thrombus formation. Although the LAA emptying 
velocity was lower and the LA dimension was greater in 
the thrombus group than in the non- thrombus group, 
they were not predictors of LAA thrombus formation 
in our study. Consistent with our findings, Fatkin et al 
demonstrated that SEC is the factor most strongly asso-
ciated with LAA thrombus formation and cardioembolic 
events,37 and Sadanandan et al reported that SEC has a 
greater association with stroke risk than LAA flow velocity 
or atrial size in patients with sinus rhythm.40 However, 
mild SEC, a predictor of LAA thrombus in our study, 
can be inadequate as a clinical signal of the presence 
of thrombus on TEE. The first reason is that the preva-
lence of SEC varies based on types of AF, being the lowest 
among the patients with paroxysmal AF studied using TEE 
during sinus rhythm.37 Second, the dense swirling pattern 
of mild SEC may be difficult to recognise on TEE. These 
issues highlight the importance of careful examination of 
the LAA in multiple imaging planes to improve the diag-
nostic accuracy of SEC and LAA thrombi in patients with 
paroxysmal AF.

Patients with paroxysmal AF present distinct LAA flow 
velocity patterns based on the presence or absence of 
episodes of AF during TEE examination.37 Fatkin et al 
found that patients with paroxysmal AF studied using TEE 
during sinus rhythm had a nearly normal LAA emptying 
velocity (0.57±0.3 m/s vs 0.61±0.2 m/s of controls with 
sinus rhythm), which was significantly higher than that 
in patients studied using TEE during episodes of AF.37 In 
agreement with the findings, all our patients with parox-
ysmal AF, the main aetiology predisposing patients to LAA 
thrombosis in our study, exhibited sinus rhythm during 
TEE, which may explain their reduced LAA emptying 
velocity (0.69±0.2 m/s) (online supplemental table 

S1) but not as much as that of patients with AF.41 Since 
reduced LAA emptying velocity is significantly correlated 
with the formation of LAA thrombus,26 the thrombosis 
might predominantly occur in paroxysmal AF during 
episodes of AF than during sinus rhythm. Further studies 
are required to clarify the impact of heterogeneous char-
acteristics of paroxysmal AF on the predictive role of LAA 
flow velocity in LAA thrombosis.

LA enlargement has been shown to be predictive of 
LAA thrombus in chronic AF,42 43 but its role in parox-
ysmal AF remains elusive. Fatkin et al found that LAA 
thrombi may present in patients with paroxysmal AF with 
a normal LA size.37 Two previous studies reported normal 
anteroposterior LA dimension in patients with parox-
ysmal AF with no significant changes in the LA size after a 
follow- up period of 20–30 months.44 45 Further research is 
required to elucidate the association between LA size and 
the formation of LAA thrombus in patients who had an 
ischaemic stroke with sinus rhythm having paroxysmal AF

Limitations
This study has three main limitations. First, the LAA 
morphology obtained from two- dimensional TEE exam-
ination may not be reliable in terms of the complex struc-
ture of LAA. Second, ECG monitoring over a 24- hour 
period may be insufficient to detect underlying parox-
ysmal AF. Finally, the impact of comorbidities on LAA 
thrombus was not fully evaluated because of the low 
prevalence of CAD, heart failure and diabetes mellitus 
in the study. Therefore, further studies involving partic-
ipants with more comorbid conditions, the use of real- 
time three- dimensional TEE and extending the duration 
of Holter ECG monitoring are required to confirm our 
conclusions.

CONCLUSIONS
TEE examination detected LAA thrombus in 6.7% of 
patients with AIS and sinus rhythm on 12- lead ECG. The 
presence of SEC is associated with a ninefold risk of LAA 
thrombus formation. In these patients, paroxysmal AF 
is the principal cause of LAA thrombus and should be a 
consideration for screening.
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