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Introduction

Nonvalvular atrial fibrillation (NVAF) is a well-known risk fac-
tor for stroke, which is associated with cardiovascular mortality 
and morbidity. NVAF was associated with a five-fold increase 
in the incidence of ischemic stroke in the Framingham study.1 
Subsequent randomized clinical trials and meta-analyses showed 
that the use of an adjusted dose of vitamin K antagonist was as-

sociated with a 62% relative risk reduction in stroke.2 Recently, 
considering the reduced risk of bleeding, direct oral anticoagu-
lants have been accepted as the gold standard for preventing 
thromboembolic events in NVAF.3

Most ischemic strokes in patients with NVAF are caused by 
cardiac embolism. In particular, left atrial or left atrial append-
age (LA/LAA) thrombus can be noted in 10% of patients with 
atrial fibrillation and in more than 40% of patients with acute 
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thromboembolism and newly recognized atrial fibrillation.4 
Despite several studies showing an increased occurrence of 

stroke in patients with LA/LAA thrombus, the prognostic impli-
cations remain unknown after stroke.5,6 Considering the condi-
tions prone to forming LA/LAA thrombi, patients may experience 
additional thromboembolic events or neurological worsening dur-
ing admission. Embolism from a larger LA/LAA thrombus may be 
more organized due to its advanced age, which may be associ-
ated with worse recovery after stroke.7,8 In this context, this study 
aimed to assess the effect of LA/LAA thrombi on the outcome of 
patients with ischemic stroke. 

Methods

Data availability
Data supporting the findings of this study are available from the 
corresponding author upon reasonable request.

Patients
This retrospective study used a prospective registry from a sin-
gle tertiary center. Between January 2012 and December 2020, 
6,489 consecutive patients with acute cerebral infarction or tran-
sient ischemic attack (TIA) within 7 days of stroke onset were 
admitted to the Severance Stroke Center and prospectively reg-
istered in the Specialized Multi-center Attributed Registry of 
sTroke (SMART) Registry. During admission, all patients were 
evaluated and managed using a standardized protocol that in-
cluded computed tomography, magnetic resonance imaging, ca-
rotid Doppler, transcranial Doppler, 12-lead electrocardiography 
(ECG), and standard blood tests. Cardiac embolic sources were 
evaluated using transthoracic echocardiography, transesopha-
geal echocardiography (TEE), and 24-h Holter monitoring. Addi-
tionally, a continuous ECG was performed during the stroke unit 
stay. This study was approved by the Institutional Review Board 
of Yonsei University College of Medicine (approval number: 
4-2022-0518), and the requirement for informed consent was 
waived owing to the retrospective nature of the study.

LA/LAA thrombus
To determine the presence of potential sources of cardiac em-
bolism, including LA/LAA thrombi, an echocardiographic study 
was routinely performed during admission. At our stroke center, 
TEE was also a part of the routine examination unless it could 
not be performed because of either the patient’s condition or 
failure to obtain informed consent. The TEE was performed by 
an experienced cardiologist. The TEE machine used a multiplane 
5 MHz transducer attached to the tip of a gastroscope. Local 
pharyngeal anesthesia with 10% topical lidocaine was adminis-

tered before the start of the examination. Transgastric, midesoph-
ageal, and basal views were recorded in a motion picture format. 
The presence of an intracardiac mass inside the left atrium and 
the left atrium appendage was also assessed. The Valsalva ma-
neuver was performed with intravenous agitated saline injection 
to assess the presence of a right-to-left shunt. 

In addition, between July 2006 and January 2017, multi-de-
tector coronary computed tomography (MDCT) was consecutive-
ly performed for patients meeting any one of the following cri-
teria9: (1) presence of atherosclerosis in cerebral arteries; (2) 
presence of two or more risk factors for coronary artery disease, 
such as hypertension, diabetes mellitus, dyslipidemia, smoking, 
and central obesity; and (3) men aged over 45 years and women 
aged over 55 years. MDCT was not performed when (1) high pulse 
rates were not controlled with beta-blockers at the time sched-
uled for MDCT (pulse rate >65 beats per minute), (2) the patient 
could not tolerate the study, (3) renal function was impaired 
with an estimated globular filtration rate of <60 mL/min/1.73 m2, 
or (4) informed consent could not be obtained. Previously, MDCT 
was reported to have a sufficiently high detection rate to iden-
tify various cardioembolic sources, including LA/LAA thrombi.10

Clinical and echocardiographic variables
We collected data on vascular risk factors, such as hypertension, 
diabetes, dyslipidemia, coronary artery occlusive disease, conges-
tive heart failure, and atrial fibrillation type (paroxysmal or per-
sistent/permanent). Atrial fibrillation was defined as paroxysmal 
when arrhythmia spontaneously resolved within 7 days. Stroke 
severity was determined using the National Institutes of Health 
Stroke Scale (NIHSS), whereas functional status was assessed 
using the modified Rankin Scale (mRS). Using TEE with or with-
out MDCT, the ejection fraction, early mitral inflow velocity to 
mitral annular early diastolic velocity (E/e’) ratio, and presence 
of aortic atheroma were determined for each patient. Aortic ath-
eroma was defined as the presence of atherosclerosis in the aor-
tic arch or ascending aorta. The presence of relevant arterial oc-
clusion was assessed using magnetic resonance angiography 
and/or computed tomography angiography. Relevant arterial oc-
clusion was defined as an occlusive arterial lesion supplying an 
acute-infarcted area. The reperfusion therapy included intrave-
nous alteplase infusion and endovascular thrombectomy.

Outcome measures
The main outcome measured in this study was poor outcome, 
defined as an mRS score of >3 at 90 days after the index stroke 
event.11 Furthermore, we also investigated the association be-
tween LA/LAA thrombus and outcomes defined as an mRS score 
of >1 or >2. In addition, we collected data on the occurrence of 
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ischemic stroke (including TIA), hemorrhagic stroke (including 
intracerebral hemorrhage, intraventricular hemorrhage, subarach-
noid hemorrhage, and subdural hemorrhage), myocardial infarc-
tion, bleeding events, major adverse cardiovascular events (MACE; 
a composite of stroke [ischemic or hemorrhagic], myocardial in-
farction, and cardiovascular death), and all-cause mortality dur-
ing the 90-day follow-up period. Stroke or TIA was determined 
by a stroke specialist based on the clinical and radiological find-
ings. Myocardial infarction was defined as the diagnosis of acute 
myocardial infarction based on clinical symptoms, cardiac en-
zymes, ECG, and imaging studies, such as coronary angiogra-
phy. All bleeding events were recorded, including gastrointesti-
nal, respiratory, and muscular bleeding requiring transfusion or 
hospitalization. Stroke neurologists and research nurses regu-
larly contacted the patients or their caregivers during follow-up 
via regular face-to-face visits or telephone interviews, with or 
without medical chart review, to investigate outcomes, includ-
ing mortality. In addition, we investigated the NIHSS score at 
discharge, occurrence of early neurological deterioration (END) 
during hospitalization, and duration (days) of hospital stay. END 
was defined as worsening of the total NIHSS score by more than 
2 or any worsening of the NIHSS subscale on motor function of 
the arms or legs during admission. When patients with END un-
derwent brain magnetic resonance imaging, we determined the 
infarction growth or the presence of new ischemic lesions using 
brain diffusion-weighted imaging performed at admission and 
at the time of END. 

Statistical analysis 
Descriptive statistics for the variables included in this study were 
analyzed. Categorical values are reported as counts with propor-
tions and continuous variables as medians with interquartile 
ranges (IQRs). A comparative statistical analysis was performed 
between patients with and without LA/LAA thrombi. The chi-
square test was performed for categorical variables and the 
Mann–Whitney U test was performed for continuous variables. 
Multivariable logistic or ordinal regression analysis was performed 
to assess the impact of LA/LAA thrombi on outcomes after elimi-
nating the effect of covariates. Cox proportional hazards regres-
sion analysis was used to compare the events that occurred 
during follow-up. Data for the E/e’ ratio (48 patients, 7.6%) and 
ejection fraction (10 patients, 1.6%) were missing. Missing data 
were imputed using predictive mean-matching.

Furthermore, to reduce the potential effects of selection bias 
and confounding factors, we estimated the propensity scores 
for all patients enrolled for performing inverse probability of 
treatment weighting in this retrospective cohort study. Propen-
sity scores were calculated for each patient using a logistic re-

gression model including predetermined variables such as age 
(>75 years), sex, history of hypertension, diabetes, coronary ar-
tery occlusive disease, dyslipidemia, congestive heart failure, 
premorbid disability (mRS >3), glomerular filtration rate (>30 
mL/min/1.73 m2), ejection fraction (>40%), E/e’ ratio (>15), pres-
ence of aortic atheroma, persistent/permanent atrial fibrillation, 
initial NIHSS score (>10), treatment with intravenous alteplase 
injection, and endovascular thrombectomy. The nearest neigh-
borhood method was used, with a ratio of 1:2. Inverse probabil-
ity of treatment weighting was calculated by using an inverse 
propensity score.12 Symmetrical trimming was performed with 
a delta of 0.067, which is a previously proposed optimal cutoff, 
to achieve the final weighted dataset.13 Balance was assessed 
using the standardized mean difference between the two groups 
before and after weighting. A 10% cutoff was used to define a 
significant imbalance.14 P-values were two-sided. Multivariable 
analysis was performed to obtain the odds ratio for the weighted 
dataset. All statistical analyses were performed using R 4.0.0 (R 
Foundation for Statistical Computing, Vienna, Austria).15 

Results

Patients
Of the 6,489 patients admitted during the study period, we ex-
cluded 5,139 (79.2%) without NVAF, 708 (10.9%) who did not 
undergo TEE or MDCT, and 11 (0.2%) who were not followed up. 
Finally, 631 patients (9.7%) were included in this study (Figure 1). 
The median age of the included patients was 78.0 (IQR 70.0 to 
83.0) years, and 57.7% of the patients were males. Compared 
with the patients excluded from this study, those included were 
older and more likely to have a history of hypertension, coronary 
artery occlusive disease, congestive heart failure, aortic athero-
ma, and worse glomerular filtration rate, and had a higher ini-
tial NIHSS score (Supplementary Table 1). 

There were 68 (10.7%) patients with LA/LAA thrombus (56 ob-
served on TEE and 26 observed on MDCT). Patients with LA/LAA 
thrombus were more likely to have congestive heart failure and 
persistent/permanent atrial fibrillation (22.1% vs. 5.7% and 95.6% 
vs. 73.5%, standardized mean difference 42.7% and 10.8%, re-
spectively) (Table 1) than those without LA/LAA thrombus. Upon 
discharge, patients with LA/LAA thrombus were significantly more 
likely to be prescribed with a vitamin K antagonist than those 
without thrombus (75.0% vs. 43.2%, P<0.001).

Comparison of the 3-month outcome
The distribution of 3-month mRS scores is shown in Figure 2. 
Patients were likely to have a poor outcome when an LA/LAA 
thrombus was observed (42.6% vs. 17.4%, P<0.001) (Table 2). In 
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the univariable analysis, a poor outcome was associated with 
the presence of LA/LAA thrombus along with age, male sex, his-
tory of diabetes, coronary artery occlusive disease, worse glo-

merular filtration rate, premorbid disability, high initial NIHSS 
score, and E/e’ ratio (>15) (all P<0.05). Multivariable logistic re-
gression analysis adjusted for these significant factors on uni-
variable analysis showed that LA/LAA thrombus was an inde-
pendent determinant of a poor outcome (odds ratio [OR] 3.73, 
95% confidence interval [CI] 2.03–6.83, P<0.001) (Supplemen-
tary Table 2). 

In addition, inverse probability of treatment weighting anal-
ysis resulted in effective sample sizes of 59.0 for the group with 
LA/LAA thrombus, and 346.5 for the group without LA/LAA throm-
bus (Table 1). All the characteristics of the two groups were well-
balanced, as the standardized mean differences were not sig-
nificant for any of the variables (Table 1 and Figure 3). Inverse 
probability of treatment weighting analysis demonstrated that 
LA/LAA thrombus was also independently and significantly asso-
ciated with poor outcome (OR 4.05, 95% CI 1.98–8.32, P<0.001) 
(Table 3). LA/LAA thrombus was also an independent determi-
nant when poor outcome was defined as mRS >2 (OR 2.55, 95% 
CI 1.31–4.99, P=0.006) but not on poor outcome with mRS >1 (OR 
1.53, 95% CI 0.81–2.88, P=0.194) (Table 3). Multivariable ordinal 
regression analysis showed that LA/LAA thrombus was a signif-
icant factor for a shift in mRS score at 90 days (OR 1.69, 95% CI 
1.01–2.83, P=0.046) (Supplementary Table 3). However, Cox pro-
portional hazards regression analysis showed that LA/LAA throm-

Figure 1. Flow chart of the included patients. TEE, transesophageal echo-
cardiography; MDCT, multi-detector coronary computed tomography; mRS, 
modified Rankin Scale.

Ischemic stroke patients admitted
(n=6,489)

Patients included
(n=631)

Patients with left atrial or
appendage thrombus

(n=68)

No thrombus
(n=563)

Patients without nonvalvular atrial fibrillation
(n=5,139)

Did not perform TEE or MDCT
(n=708)

Unknown 3-month mRS
(n=11)

Excluded patients

Table 1. Baseline characteristics of patients before and after inverse probability of treatment weighting

Variable
Unadjusted groups Adjusted groups

LA/LAA thrombus (+) 
(n=68)

LA/LAA thrombus (-) 
(n=563)

D (%)
LA/LAA thrombus (+) 

(n=59.0)
LA/LAA thrombus (-) 

(n=346.5)
D (%)

Age (>75 years) 48 (70.6) 345 (61.3) 13.7 40.4 (68.4) 242.5 (70.0) 3.4

Male sex 39 (57.4) 325 (57.7) 7.8 32.1 (54.4) 199.3 (57.5) 6.2

Hypertension 51 (75.0) 450 (79.9) 15.5 48.2 (81.5) 279.7 (80.7) 2.1

Diabetes 23 (33.8) 173 (30.7) 5.1 22.8 (38.6) 119.2 (34.4) 8.8

Dyslipidemia 10 (14.7) 122 (21.7) 4.1 9.3 (15.8) 54.5 (15.7) 0.1

CAOD 27 (39.7) 201 (35.7) 7.1 22.8 (38.6) 137.0 (39.5) 1.8

CHF 15 (22.1) 32 (5.7) 42.7 8.0 (13.6) 41.4 (12.0) 5.0

Persistent/permanent atrial fibrillation 65 (95.6) 414 (73.5) 10.8 59.0 (100.0) 344.8 (99.5) 9.9

Left ventricular thrombus 1 (1.5) 2 (0.4) 10.1 0.3 (0.4) 1.9 (0.5) 1.7

Premorbid disability 2 (2.9) 5 (0.9) 14.4 1.2 (2.1) 6.2 (1.8) 2.3

Aortic atheroma 34 (50.0) 279 (49.6) 4.8 29.9 (50.6) 170.3 (49.1) 2.9

Low ejection fraction (<40%) 3 (4.4) 39 (6.9) 11.7 1.4 (2.4) 11.0 (3.2) 4.9

High E/e’ (>15) 28 (41.2) 156 (29.3) 24.7 20.1 (34.0) 123.2 (35.6) 3.3

Low GFR (<30 mL/min/1.73 m2) 19 (27.9) 127 (22.6) 10.7 12.6 (21.3) 82.4 (23.8) 5.9

D-dimer (nmol/L) 2.06 [1.14–3.64] 1.62 [0.84–3.23] 2.3 1.85 [1.09–3.12] 1.52 [0.83–2.97] 6.0

High initial NIHSS score (≥10) 16 (26.2) 95 (27.5) 2.9 14.2 (24.1) 95.0 (27.4) 7.6

Reperfusion therapy 8 (13.1) 79 (22.9) 25.7 11.8 (20.0) 73.8 (21.3) 3.1

Values are expressed as median [interquartile range] for continuous variables and number (%) for categorical variables.
LA/LAA, left atrial or left atrial appendage; D, standardized mean difference; CAOD, coronary artery occlusive disease; CHF, congestive heart failure; E/e’, early 
mitral inflow velocity to mitral annular early diastolic velocity ratio; GFR, glomerular filtration rate; NIHSS, National Institutes of Health Stroke Scale.



Vol. 25 / No. 1 / January 2023

https://doi.org/10.5853/jos.2022.02068 https://j-stroke.org 115 

bus was not associated with the occurrence of ischemic stroke, 
bleeding events, MACE, or all-cause mortality, while the risk of 
hemorrhagic stroke and myocardial infarction was different in 
the presence of LA/LAA thrombus (Supplementary Table 4). 

Comparison of short-term prognosis
When we compared the occurrence of END, NIHSS score at dis-
charge, and relevant arterial occlusion between patients with 
and without LA/LAA thrombus (Table 2), patients with LA/LAA 
thrombus were more likely to have relevant arterial occlusive 
lesions than those without LA/LAA thrombus (32.4% vs. 20.6%, 
P=0.040 in the original population and 36.3% vs. 22.4%, P=0.047 
in the inverse probability of treatment weighting population). For 
patients with relevant artery occlusion, carotid artery occlusion 
was more common in those with LA/LAA thrombus (Supplemen-
tary Table 5). Patients with relevant arterial occlusive lesions were 
more likely to have higher median NIHSS scores at stroke presen-
tation than those without these lesions (median [IQR]: 8 [3–16] 
vs. 3 [1–8], P<0.001 in the original population and 11 [3–16] vs. 
3 [1–8], P<0.001 in the inverse probability of treatment weight-
ing population). In addition, the median NIHSS score at discharge 
was higher in patients with LA/LAA thrombus in the original pop-
ulation (2 [0–6.5] vs. 1 [0–3], P=0.013), and the median hospital 
stay (days) was longer before and after adjustment in patients 
with LA/LAA thrombus (8.5 [7–12] vs. 7 [5–9], P<0.001 in the 
original population and 8 [6.5–10] vs. 7 [5–9.5], P<0.001 in the 
inverse probability of treatment weighting population) than in 
those without LA/LAA thrombus. Among 59 patients with END, 
36 underwent repeated brain diffusion-weighted imaging, and 
50.8% had infarction growth. However, in terms of END during 
hospitalization, infarction growth, or MACE within 3 months, 

Figure 2. Distribution of the 3-month mRS score between patients with 
LA/LAA and those without LA/LAA for (A) the original dataset and (B) the 
inverse probability of treatment weighted dataset. Values represent number 
of patients (percentage). LA/LAA, left atrial or appendage; mRS, modified 
Rankin Scale.

LA/LAA 
thrombus (+)

LA/LAA 
thrombus (-)

3-Month mRS 0 1 2 3 4 5 6

3-Month mRS 0 1 2 3 4 5 6

14
(20.6%)

14
(20.6%)

164
(29.1%)

151
(26.8%)

90
(16.0%)

5
(7.4%)

6
(8.8%)

11
(16.2%)

16
(23.5%)

60
(10.7%)

46
(8.2%)

34
(6.0%)

2
(2.9%)

18
(3.2%)

A

LA/LAA 
thrombus (+)

LA/LAA 
thrombus (-)

16.4
(27.7%)

11.2
(19.0%)

11.1
(18.8%)

12.1
(20.6%)

100.6
(29.0%)

80.9
(23.3%)

49.1
(14.2%)

3.6
(6.1%)

3.1
(5.2%)

39.3
(11.3%)

39.0
(11.3%)

24.2
(7.0%)

1.6
(2.7%)

13.5
(3.9%)

B

Table 2. Outcome, END, discharge NIHSS, relevant arterial occlusion, and hospital stay of the patients before and after inverse probability of treatment 
weighting

Unadjusted groups Adjusted groups

LA/LAA thrombus (+) 
(n=68)

LA/LAA thrombus (-) 
(n=563)

P LA/LAA thrombus (+) 
(n=59.0)

LA/LAA thrombus (-) 
(n=346.5)

P

Poor outcome 29 (42.6) 98 (17.4) <0.001 24.8 (42.0) 76.6 (22.1) 0.004

END 7 (10.3) 52 (9.2) 0.777 3.4 (5.8) 25.6 (7.4) 0.658

Discharge NIHSS 2.0 [0.0–6.5] 1.0 [0.0–3.0] 0.013 1.0 [0.0–6.0] 1.0 [0.0–4.0] 0.315

Relevant arterial occlusion 22 (32.4) 116 (20.6) 0.040 21.4 (36.3) 77.6 (22.4) 0.047

Proximal occlusion* 19 (27.9) 83 (14.7) 0.009 19.0 (32.2) 60.7 (17.5) 0.024

Hospital stay (days) 8.5 [7.0–12.0] 7.0 [5.0–9.0] <0.001 8.0 [6.5–10.0] 7.0 [5.0–9.5] <0.001

Ischemic stroke 5 (7.4) 24 (4.3) 0.250 2.0 (3.3) 12.6 (3.6) 0.896

Hemorrhagic stroke 0 (0.0) 4 (0.7) 0.486 0.0 (0.0) 1.9 (0.5) 0.561

Myocardial infarction 0 (0.0) 1 (0.2) 0.728 0.0 (0.0) 0.0 (0.0) -

Bleeding event 1 (1.5) 16 (2.8) 0.509 1.3 (2.2) 7.8 (2.2) 0.980

MACE 5 (7.4) 28 (5.0) 0.405 2.0 (3.3) 13.6 (3.9) 0.816

All-cause mortality 2 (2.9) 18 (3.2) 0.909 1.6 (2.7) 13.5 (3.9) 0.716

Values are expressed as median [interquartile range] for continuous variables and number (%) for categorical variables.
LA/LAA, left atrial or left atrial appendage; END, early neurological deterioration; NIHSS, National Institutes of Health Stroke Scale; MACE, major adverse car-
diovascular events.
*Proximal occlusion included the proximal segment of each artery, such as the carotid artery, middle cerebral artery, anterior cerebral artery, vertebral artery, 
basilar artery, and proximal posterior cerebral artery.
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there was no significant difference between the two groups. 
When we investigated whether there was any difference in the 
outcomes for patients with LA/LAA thrombus after discharge ac-
cording to the type of oral anticoagulant (vitamin K antagonists 
vs. direct oral anticoagulants), there was no difference between 
the groups (Supplementary Table 6).

Discussion

This study showed that the presence of LA/LAA thrombus was 
associated with a worse 3-month mRS score when detected dur-
ing the evaluation for acute ischemic stroke. Multivariable and 
inverse probability of treatment weighting analyses consistently 
showed an independent and significant association between 
LA/LAA thrombus and poor functional outcome 3 months after 
stroke. These relationships can be attributed to persistent rele-
vant arterial occlusion and a higher NIHSS score at discharge 
rather than a higher risk of early recurrent stroke or MACE with-
in 3 months after stroke.

LA/LAA thrombus was detected in 10.7% of our stroke patients 
with atrial fibrillation, similar to the results of previous studies 
(weighted mean of 9.8% in a previous meta-analysis).4 The prev-
alence of LA/LAA thrombus might be dependent on the patients’ 
comorbidities, modality for evaluation of the thrombus, and an-
ticoagulation therapy. Although TEE is the gold standard diag-

nostic method for detecting LA/LAA thrombus, showing 100% 
sensitivity and 99% specificity compared with results from car-
diac surgery,16 TEE can be invasive and requires patient coopera-
tion and thus may be difficult to perform during the acute stroke 
period.5,17 In our study, we also used MDCT, which is a part of 
the routine evaluation for patients at our stroke center. MDCT is 
a noninvasive but accurate screening process for detecting in-
tracardiac thrombi that may lead to reliable detection of LA/LAA 
thrombi.18,19

In our study, the presence of an LA/LAA thrombus was asso-
ciated with congestive heart failure and persistent/permanent 
atrial fibrillation. Thrombus formation within the heart can be 
influenced by abnormal changes in vessel wall, flow, and blood 
constituents.20 Previous reports have demonstrated that LA/LAA 
thrombi may be associated with advanced age, female sex, hy-
pertension, diabetes, a high CHA2DS2-VASc score, and low ejec-
tion fraction or congestive heart failure.4,21-23 These conditions 
could be related to an enlarged left atrium or prolonged stasis in 
the left atrium, along with a more thrombogenic hemostatic mi-
lieu within the heart. Persistent or permanent atrial fibrillation 
may carry a high thromboembolic risk;24 therefore, the burden 
of atrial fibrillation can affect progressive structural changes in 
the left atrium, subsequently leading to increased risk to throm-
bus formation within the heart,25 as shown in our results.

Patients with LA/LAA thrombus could have an approximately 
three times higher risk of poor outcome 3 months after ischemic 
events, probably owing to index stroke severity, END after stroke, 
recurrent ischemic stroke, or MACE within 3 months. In our study, 
there were no differences in the frequency of initial stroke sever-
ity, END, or MACE between patients with and without LA/LAA 
thrombi. However, patients with LA/LAA thrombus were more 
likely to have relevant arterial occlusion and longer hospital stay 
than those without LA/LAA thrombus. Although stroke severity 
at presentation was similar between patients with and without 
LA/LAA thrombus, a higher frequency of relevant arterial occlu-
sion in the former implied a more organized thrombus resistant 
to endogenous thrombolytic activity. In addition, patients with 
LA/LAA thrombus were more likely to have proximal artery oc-

Table 3. Multivariable logistic regression analysis for various mRS

Odds ratio (95% CI) P

Dichotomized outcome

mRS >3 4.05 (1.98–8.32) <0.001

mRS >2 2.55 (1.31–4.99) 0.006

mRS >1 1.53 (0.81–2.88) 0.194

Increase in mRS 1.69 (1.01–2.83)* 0.046

CI, confidence interval; mRS, modified Rankin Scale.
*Proportional odds ratio by ordinal logistic regression. 

Figure 3. Standardized mean differences of variables used for weighting to 
compare the balance between the two groups. Thrombolysis is defined as a 
composite of intravenous alteplase infusion and endovascular thrombecto-
my. A high E/e’ ratio was defined as a ratio >15. Poor pre-stroke mRS scores 
were defined as scores of >3. Old age was defined as >75 years. Low EF 
was defined as a value <40%. Low GFR was defined as a value of <30 mL/
min/1.73 m2. A high initial NIHSS score was defined as a score >10. E/e’, 
early mitral inflow velocity to mitral annular early diastolic velocity ratio; 
mRS, modified Rankin Scale; EF, ejection fraction; GFR, glomerular filtration 
rate; NIHSS, National Institutes of Health Stroke Scale; CHF, congestive 
heart failure; CAOD, coronary artery occlusive disease.
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clusion, which may imply that LA/LAA thrombus was related to 
the larger size of the thrombi. These results indicate a high likeli-
hood of infarction growth and slow recovery during the acute 
post-stroke period. Our findings indicate that the high probability 
of worse outcomes in patients with LA/LAA thrombus was mainly 
attributed to the index stroke prognosis rather than to a recur-
rent embolic event or MACE. However, further studies are needed 
to understand the reason behind the poor prognosis of patients 
with LA/LAA thrombi.

To manage LA/LAA thrombi, current guidelines recommend 
vitamin K antagonists as the drug of choice.26 In our study, pa-
tients with LA/LAA thrombus were more likely to receive vita-
min K antagonists than direct oral anticoagulants. However, 
there was no difference in outcomes, such as MACE or recurrent 
stroke, according to the type of oral anticoagulant used at dis-
charge. In addition, the distribution of the 3-month mRS score 
did not differ between patients with LA/LAA thrombi who were 
prescribed direct oral anticoagulants and vitamin K antagonists. 
Considering that direct oral anticoagulants may be a convenient 
and effective alternative to vitamin K antagonists, the use of 
direct oral anticoagulants for managing LA/LAA thrombi could 
be worthy of further investigation.27 There is scarce evidence on 
aggressive intervention, including endovascular or open surgery, 
for cases of failure with medical management. Increasing the 
international normalized ratio target or adding or switching to 
low-molecular-weight heparin may be considered for patients 
with residual thrombus after adequate medical treatment.28 

This study has several limitations. This study was retrospec-
tive and could have been subject to a selection bias. Although 
multivariable analysis adjusted for potential confounders and in-
verse probability of treatment weighting was used to minimize 
the bias caused by the retrospective nature of the study, there 
might have been other confounding variables that were not mea-
sured in this study. Moreover, although many patients were ex-
cluded from this study because they did not undergo TEE, TEE 
was part of the standard examination at our center regardless 
of patient characteristics. Furthermore, various cardiologists per-
formed TEE during the study period. The results may not be gen-
eralizable because there were significant differences in baseline 
characteristics between the included and excluded patients. 
Additionally, owing to the retrospective nature of the study, the 
medication compliance within 3 months after stroke was not 
assessed. The clinical implications of this study may be limited 
by the lack of evidence for additional aggressive management 
after LA/LAA thrombus detection.

Conclusions

Ischemic stroke patients with LA/LAA thrombus are at risk of 
worse functional outcomes after 3 months. The hospital stay was 
longer and relevant artery occlusion was more frequent in patients 
with LA/LAA thrombus than in those without LA/LAA thrombus. 
The prognostic implications of this study may be useful for pre-
dicting the clinical outcomes and management of acute stroke.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2022.02068.
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Supplementary Table 1. Comparison of baseline characteristics between patients included and excluded in this study 

Variable
Included
(n=631)

Excluded for TEE or 
MDCT not performed

(n=708)

Excluded for 
other reasons

(n=5,150)
P

Age (yr) 78.0 [70.0–83.0] 75.0 [65.0–81.0] 74.0 [63.0–81.0] <0.001†‡

Male sex 364 (57.7) 406 (57.3) 3,020 (58.6) 0.748

Hypertension 501 (79.4) 544 (76.8) 3,783 (73.5) 0.010‡

Diabetes 196 (31.1) 265 (37.4) 1,690 (32.8) 0.097†

Dyslipidemia 132 (20.9) 159 (22.5) 1,213 (23.6) 0.477

CAOD 228 (36.1) 226 (31.9) 1,491 (29.0) <0.001‡

CHF 47 (7.4) 19 (2.7) 168 (3.3) <0.001†‡

Premorbid disability* 15 (2.4) 20 (2.8) 206 (4.0) 0.052

Aortic atheroma 313 (49.6) 176 (24.9) 1,390 (27.0) <0.001†‡

Low glomerular filtration rate (<30 mL/min/1.73 m2) 25 (4.0) 12 (1.7) 75 (1.5) <0.001†‡

High initial NIHSS score (≥10) 164 (26.0) 128 (18.1) 855 (16.6) <0.001†‡

Values are presented as number (%) or median [interquartile range]. 
TEE, transesophageal echocardiography; MDCT, multi-detector coronary computed tomography; CAOD, coronary artery occlusive disease; CHF, congestive 
heart failure; NIHSS, National Institutes of Health Stroke Scale.
*Premorbid disability was defined as a modified Rankin Scale score >3 before the index stroke event; †Included vs. excluded for TEE or MDCT not performed 
P<0.05; ‡Included vs. excluded for other reasons P<0.05.

Supplementary Table 2. Multivariable analysis of the original dataset for poor outcomes

Variable Odds ratio (95% CI) P

Left atrial or appendage thrombus 3.73 [2.03–6.83] <0.001

Age (>75 years) 3.56 [2.09–6.32] <0.001

Male sex 0.79 [0.50–1.25] 0.318

Diabetes mellitus 1.65 [1.03–2.65] 0.037

Coronary artery occlusive disease 0.47 [0.28–0.75] 0.002

Low glomerular filtration rate (<30 mL/min/1.73 m2) 1.62 [0.99–2.64] 0.052

High E/e’ (>15) 1.10 [0.67–1.77] 0.705

Premorbid disability* 5.01×107 [0.00–NA]† 0.982

High initial NIHSS score (≥10) 3.93 [2.46–6.30] <0.001

CI, confidence interval; NA, not available; E/e’, early mitral inflow velocity to mitral annular early diastolic velocity ratio; NIHSS, National Institutes of Health 
Stroke Scale.
*Premorbid disability was defined as a modified Rankin Scale score >3 before the index stroke event; †Upper 95% CI for premorbid disability could not be ac-
quired because none of the patients in the good outcome group had premorbid disability.
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Supplementary Table 3. Multivariable ordinal logistic regression analysis of the 3-month modified Rankin Scale score

Variable Proportional odds ratio [95% CI] P

Left atrial or appendage thrombus 1.69 [1.01–2.83] 0.046

Age (>75 years) 3.14 [2.07–4.82] <0.001

Male sex 0.87 [0.60–1.26] 0.448

Hypertension 0.65 [0.40–1.05] 0.077

Diabetes 1.84 [1.23–2.74] 0.003

Dyslipidemia 0.88 [0.53–1.46] 0.613

CAOD 0.68 [0.47–0.99] 0.045

CHF 1.03 [0.57–1.87] 0.912

Persistent/permanent atrial fibrillation 0.71 [0.05–9.44] 0.783

Premorbid disability* 8.10 [2.38–27.8] <0.001

Aortic atheroma 1.02 [0.70–1.47] 0.923

Low ejection fraction (<40%) 1.87 [0.66–5.30] 0.237

High E/e’ (>15) 0.89 [0.60–1.33] 0.577

Low GFR (<30 mL/min/1.73 m2) 1.25 [0.81–1.94] <0.001

High initial NIHSS score (≥10) 7.87 [4.46–14.06] 0.310

Reperfusion therapy 0.34 [0.19–0.63] <0.001

CAOD, coronary artery occlusive disease; CHF, congestive heart failure; E/e’, early mitral inflow velocity to mitral annular early diastolic velocity ratio; GFR, 
glomerular filtration rate; NIHSS, National Institutes of Health Stroke Scale; CI, confidence interval.
*Premorbid disability was defined as a modified Rankin Scale score >3 before the index stroke event. 

Supplementary Table 4. Cox proportional hazards ratio of left atrial or 
appendage thrombus on events during follow-up

Hazard ratio (95% CI) P

Ischemic stroke 0.896 (0.215–3.741) 0.881

Hemorrhagic stroke 1.183×10-8 (2.876×10-9–4.866×10-8) <0.001

Myocardial infarction e(1.225×10-14) (e(9.320×10-15) – e(1.518×10-14)) <0.001

Bleeding event 0.982 (0.122–7.909) 0.986

MACE 0.832 (0.201–3.446) 0.800

All-cause mortality 0.679 (0.090–5.125) 0.707

CI, confidence interval; MACE, major adverse cardiovascular events.

Supplementary Table 5. Distribution of occlusion sites in patients with 
relevant artery occlusion

LA/LAA thrombus (+) 
(n=21.4)

LA/LAA thrombus (-) 
(n=77.6)

P

Carotid* 11.5 (53.9) 15.4 (19.8) 0.009

A1 0.0 (0.0) 0.0 (0.0) -

A2 or distal 0.0 (0.0) 4.0 (5.1) 0.296

M1 5.3 (24.8) 25.8 (33.2) 0.513

M2 or distal 2.4 (11.1) 13.9 (17.9) 0.510

P1 0.9 (4.4) 1.9 (2.4) 0.618

P2 or distal 0.0 (0.0) 1.9 (2.4) 0.462

VA-BA 1.7 (7.9) 18.6 (24.0) 0.094

Cerebellar† 0.0 (0.0) 1.9 (2.5) 0.461

Values are presented as number (%). 
A1, A1 segment of anterior cerebral artery; A2, A2 segment of anterior cere-
bral artery; M1, M1 segment of middle cerebral artery; M2, M2 segment of 
middle cerebral artery; P1, P1 segment of posterior cerebral artery; P2, P2 
segment of posterior cerebral artery; VA, vertebral artery; BA, basilar artery.
*Carotid arteries included the common carotid and internal carotid arteries; 
†Cerebellar arteries included the superior, anterior inferior, and posterior in-
ferior cerebellar arteries.
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Supplementary Table 6. Comparison of outcomes for patients with left 
atrial or left atrial appendages between those who received direct oral an-
ticoagulants and vitamin K antagonists

Direct oral 
anticoagulants

(n=17)

Vitamin K 
antagonists 

(n=51)
P

Poor outcome 7 (41.2) 22 (43.1) >0.999

Ischemic stroke 2 (11.8) 3 (5.9) 0.789

Hemorrhagic stroke 0 (0.0) 0 (0.0)

Myocardial infarction 0 (0.0) 0 (0.0)

Bleeding event 1 (5.9) 0 (0.0) 0.561

MACE 2 (11.8) 3 (5.9) 0.789

All-cause mortality 0 (0.0) 2 (3.9) >0.999

3-month mRS 0.468

0 3 (17.6) 11 (21.6)

1 4 (23.5) 10 (19.6)

2 3 (17.6) 3 (5.9)

3 0 (0.0) 5 (9.8)

4 4 (23.5) 7 (13.7)

5 3 (17.6) 13 (25.5)

6 0 (0.0) 2 (3.9)

Values are presented as numbers (%). 
MACE, major adverse cardiovascular events; mRS, modified Rankin Scale.


