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Transesophageal Echocardiography in 
Ischemic Stroke With Atrial Fibrillation
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Jae-Kwan Cha, MD, PhD; Byung-Chul Lee , MD, PhD; Junpei Koge, MD; Hee-Joon Bae , MD, PhD; 
Kazunori Toyoda , MD, PhD; for the CRCS-K Investigators, the SAMURAI Study Investigators* 

BACKGROUND: To clarify differences in clinical significance of intracardiac thrombi in nonvalvular atrial fibrillation-associated 
stroke as identified by transesophageal echocardiography (TEE) and transthoracic echocardiography (TTE).

METHODS AND RESULTS: Using patient data on nonvalvular atrial fibrillation-associated ischemic stroke between 2011 and 2014 
from 15 South Korean stroke centers (n=4841) and 18 Japanese centers (n=1192), implementation rates of TEE/TTE, and 
detection rates of intracardiac thrombi at each center were correlated. The primary outcome was recurrent ischemic stroke 
at 1 year after the onset. A total of 5648 patients (median age, 75 years; 2650 women) were analyzed. Intracardiac thrombi 
were detected in 75 patients (1.3%) overall. Thrombi were detected in 7.8% of patients with TEE (either TEE alone or TEE+TTE: 
n=679) and in 0.6% of those with TTE alone (n=3572). Thrombus detection rates varied between 0% and 14.3% among cent-
ers. As TEE implementation rates at each center increased from 0% to 56.7%, thrombus detection rates increased linearly 
(detection rate [%]=0.11×TEE rate [%]+1.09 [linear regression], P<0.01). TTE implementation rates (32.3%–100%) were not as-
sociated with thrombus detection rates (P=0.53). Intracardiac thrombi were associated with risk of recurrent ischemic stroke 
overall (adjusted hazard ratio [aHR] 2.35, 95% CI, 1.07–5.16). Thrombus-associated ischemic stroke risk was high in patients 
with TEE (aHR, 3.13; 95% CI, 1.17–8.35), but not in those with TTE alone (aHR, 0.89; 95% CI, 0.12–6.51).

CONCLUSIONS: Our data suggest clinical relevance of TEE for accurate detection and risk stratification of intracardiac thrombi 
in nonvalvular atrial fibrillation-associated stroke.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifier: NCT01581502.

Key Words: atrial fibrillation ■ echocardiography ■ stroke

Patients with ischemic stroke with nonvalvular atrial 
fibrillation (NVAF) can be assumed to have a higher 
prevalence of intracardiac thrombi compared 

with patients with non-stroke with NVAF.1–4 Since the 
thrombus usually forms in the left atrial appendage in 
patients with NVAF, transesophageal echocardiogra-
phy (TEE) can be more effective for identifying patients 
with a high risk of recurrent ischemic stroke compared 
with other tools.1–6 However, the clinical significance of 
intracardiac thrombi in patients with NVAF-associated 

stroke has not been confirmed. As a result, the role of 
TEE in the clinical practice of stroke care for patients 
with NVAF has also not been clearly defined.7

A rational assumption would be that the implemen-
tation of TEE, rather than transthoracic echocardi-
ography (TTE), is better suited to accurate diagnosis 
and risk stratification of intracardiac thrombi among 
patients with NVAF-associated ischemic stroke.1–6 
However, sufficient data to substantiate this hypothesis 
have not been reported for such a patient population. 
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The objective of the present study was to clarify dif-
ferences in the clinical significance of intracardiac 
thrombi in NVAF-associated stroke identified by TEE 
and TTE, using the EAST-AF (East-Asian Ischemic 
Stroke Patients With Atrial Fibrillation) registry, pooled 
individual patient data from 2 prospective registries in 
South Korea and Japan.8

METHODS
Anonymized data supporting the findings of this study 
are available from the corresponding author, upon rea-
sonable request and after permission from the ethics 
committees involved.

Study Population
The CRCS-K (Clinical Research Collaboration for Stroke 
in Korea) registry is a prospective, ongoing, nationwide, 
multicenter acute stroke registry in South Korea (15 
stroke centers) that has recruited patients with acute 
stroke or transient ischemic attack (TIA) admitted within 
7 days from onset.9,10 The SAMURAI-NVAF (Stroke Acute 
Management with Urgent Risk-Factor Assessment and 
Improvement-NVAF) registry was a prospective, multi-
center, observational study in Japan (18 stroke centers) 
that registered patients hospitalized within 7 days after the 
onset of ischemic stroke/TIA and diagnosed with NVAF 
between September 2011 and March 2014.11–14 The study 
was registered with Clini​calTr​ials.gov (NCT01581502) and 
the Japanese University Hospital Medical Information 
Network Clinical Trials Registry (UMIN000006930). For 
the SAMURAI-NVAF registry, secondary use of the data 
set for this study was approved by the ethics committee 
of the National Cerebral and Cardiovascular Center. For 
the CRCS-K registry, data collection and analysis for this 
study were approved by the ethics committees of partici-
pating centers. Written informed consent was obtained 
from the patients or their families if the patient was inca-
pable of providing consent.

At Korea University, patient information from the 
CRCS-K registry from January 2011 to December 2014 
was pooled with that from the SAMURAI-NVAF registry. 
From the CRCS-K registry, we included patients aged 
≥18 years who had: (1) ischemic stroke or TIA; and (2) a 
diagnosis of NVAF. NVAF was diagnosed from 12-lead 
electrocardiography or monitoring for ≥24 hours during 
acute hospitalization, or from previous medical docu-
ments. We excluded patients with: (1) history of pros-
thetic valve replacement or hemodynamically relevant 
mitral valve stenosis; or (2) follow-up data unavailable. 
Consequently, we made a full cohort of the EAST-AF 
registry (n=6033) using data of all patients registered 
to the SAMURAI-NVAF registry (n=1192) and of 4841 
eligible patients from the CRCS-K registry. In this study, 
we excluded 385 cases of in-hospital death (Figure 1).8

Clinical Data Collection
The following clinical data were collected: registry 
(CRCS-K [South Korea] or SAMURAI-NVAF [Japan]), par-
ticipating center, age, sex, body weight, smoking status, 
timing of NVAF detection relative to the index event (known 
prior or detected after), congestive heart failure (CRCS-K: 
clinical diagnosis by the treating physician; SAMURAI-
NVAF: presence of symptoms or left ventricular ejection 

CLINICAL PERSPECTIVE

What Is New?
•	 The clinical significance of intracardiac thrombi 

in patients with nonvalvular atrial fibrillation-
associated stroke has not been confirmed; as 
a result, the role of transesophageal echocardi-
ography compared with transthoracic echocar-
diography in the clinical practice of stroke care 
for patients with nonvalvular atrial fibrillation has 
also not been clearly defined.

•	 In this multinational registry (n=5648) of pooled 
individual patient data from 2 prospective reg-
istries in South Korea and Japan, intracardiac 
thrombi were detected in 7.8% of patients with 
transesophageal echocardiography and in 
0.6% of those with transthoracic echocardiog-
raphy alone.

•	 Intracardiac thrombi were associated with risk 
of recurrent ischemic stroke overall (adjusted 
hazard ratio [aHR], 2.35; 95% CI, 1.07–5.16).

What Are the Clinical Implications?
•	 Intracardiac thrombus-associated ischemic stroke 

risk was high in patients with transesophageal 
echocardiography (aHR, 3.13; 95% CI, 1.17–8.35), 
but not in those with transthoracic echocardi-
ography alone (aHR, 0.89; 95% CI, 0.12–6.51), 
suggesting clinical relevance of transesophageal 
echocardiography for accurate detection and risk 
stratification of intracardiac thrombi in nonvalvular 
atrial fibrillation-associated stroke.

Nonstandard Abbreviations and Acronyms

CRCS-K	 Clinical Research Collaboration for 
Stroke in Korea

NIHSS	 National Institutes of Health Stroke 
Scale

NVAF	 nonvalvular atrial fibrillation
SAMURAI	 Stroke Acute Management with 

Urgent Risk-Factor Assessment and 
Improvement

TEE	 transesophageal echocardiography
TTE	 transthoracic echocardiography

http://ClinicalTrials.gov
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Figure 1.  Study flowchart.
CRCS-K indicates Clinical Research Collaboration for Stroke in Korea; EAST-AF, East-Asian 
Ischemic Stroke Patients With Atrial Fibrillation; SAMURAI-NVAF, Stroke Acute Management 
with Urgent Risk-Factor Assessment and Improvement-Nonvalvular Atrial Fibrillation; TEE, 
transesophageal echocardiography; TIA, transient ischemic attack; and TTE, transthoracic 
echocardiography.
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fraction ≤40%), vascular risk factors (hypertension, dia-
betes mellitus, and hyperlipidemia), past medical his-
tory (stroke and coronary heart disease), prestroke oral 
anticoagulants, prestroke antiplatelets, type of the index 
event (ischemic stroke or TIA), baseline National Institutes 
of Health Stroke Scale (NIHSS) score,15 laboratory data 
(white blood cell count, hemoglobin, platelet count, glu-
cose, and prothrombin time-international normalized 
ratio), renal dysfunction (creatinine clearance <30  mL/
min), implementation of TTE and/or TEE during hospitali-
zation, medications at discharge (antiplatelets, warfarin, 
direct oral anticoagulants, and statins), duration of hospi-
tal stay, and modified Rankin Scale score at discharge.16 
Indications for TTE and TEE were determined by the 
physician at the registering centers. Creatinine clearance 
was calculated using the Cockcroft‒Gault equation.17 
Antiplatelets included aspirin, clopidogrel, dipyridamole, 
ticlopidine, and cilostazol. Direct oral anticoagulants in-
cluded dabigatran, apixaban, and rivaroxaban; edoxa-
ban had not yet been approved in Japan or South Korea 
during the study period.8

Intracardiac Thrombus Detection
Intracardiac thrombi were considered present if a 
mass detected in the cardiac cavities appeared to be 
distinct from the underlying endocardium, was not 
caused by pectinate muscles or trabeculae carneae, 
and was detected in >1 imaging plane. The presence 
of intracardiac thrombus was adjudicated locally at the 
registering center.

Outcome Events and Follow-Up Period
The primary outcome was recurrent ischemic stroke. 
Secondary outcomes were hemorrhagic stroke and 
death. In the SAMURAI-NVAF registry, follow-up to 
assess outcome events was performed at 3 months, 
1  year, and 2  years after the index event, person-
ally in the clinic or by telephone interview of the pa-
tient or caregivers by the study physicians or trained 
study coordinators at participating hospitals. In the 
CRCS-K registry, outcome events were collected at 
3 months and 1 year after the index event by iden-
tification of the events in usual clinical practice or in 
structured telephone interviews by trained study co-
ordinators at the participating hospitals. In this study, 
outcome events were captured up to 1 year after the 
index event.

Statistical Analysis
Demographic and clinical characteristics are summa-
rized as median (interquartile range [IQR]) for continu-
ous variables and as frequencies and percentages for 
categorical variables. Statistical differences between 
groups were assessed using the Mann-Whitney U test 
or Fisher exact test, as appropriate. The association 

between rate of echocardiography (TTE or TEE) and 
the detection rate of intracardiac thrombus at each 
participating center was estimated using univariate lin-
ear regression models. The regression model for TEE 
was adjusted using the patient number registered by 
each center.

Two multivariable logistic regression models were 
created to elucidate factors associated with detection 
of intracardiac thrombi. For Model 1, TEE and TTE plus 
the following prespecified variables were included: age, 
sex, congestive heart failure,4 hypertension, diabetes 
mellitus, stroke before index event, coronary heart dis-
ease, and prestroke oral anticoagulants.8 For Model 2, 
TEE and TTE plus those variables showing values of 
P<0.05 on univariate logistic regression analyses were 
included. The same multivariable logistic regression 
models were applied to a subgroup of patients who 
underwent TEE. C statistics and Hosmer‒Lemeshow 
χ2 statistics were used as goodness-of-fit indices for 
each multivariable logistic model. Odds ratios (ORs) 
with 95% CIs were calculated.

Cumulative incidences of the primary and second-
ary outcomes at 1  year were estimated. Univariate 
Kaplan‒Meier survival probabilities were estimated for 
patients with and without intracardiac thrombi, and we 
used the log-rank testing to compare groups. We con-
structed multivariable Cox proportional hazard models 
with adjustments for registry (CRCS-K and SAMURAI-
NVAF), age, sex, congestive heart failure, hyperten-
sion, diabetes mellitus, history of stroke, coronary 
heart disease, baseline NIHSS score, warfarin at dis-
charge, and direct oral anticoagulants at discharge. To 
account for the heterogeneity caused by unmeasured 
variables among centers, shared gamma distributed 
frailty clustered by participating center was included 
in the multivariable Cox models. Hazard ratios (HRs) 
with 95% CIs were calculated. Because hemorrhagic 
stroke and death could compete with recurrent isch-
emic stroke events, we constructed Fine and Gray 
competing-risks models, where the above-mentioned 
prespecified adjusting covariates were included. 
Sensitivity analysis for the recurrent ischemic stroke 
was also performed using patients with echocardiog-
raphy (TTE or TEE, n=4251, Figure 1).

Exploratory subgroup analyses for the association 
between intracardiac thrombi and recurrent ischemic 
stroke risk were performed on the basis of imple-
mented echocardiography (patients with TEE or pa-
tients with TTE alone), institutional TEE implementation 
rates (dichotomized at the median rate), congestive 
heart failure (yes or no), and oral anticoagulants at dis-
charge (warfarin or direct oral anticoagulants).

All reported P values were 2-tailed and P<0.05 
was considered statistically significant. Pairwise dele-
tion was used for missing data handling. All statistical 
analyses were performed using the Stata/IC statistical 
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package (version 15.1; Stata Corp LP, College Station, 
TX).

RESULTS
In this study, data from 5648 patients were analyzed 
(Figure  1). Number of patient registration at each 
center ranged from 7 to 1007 (median, 90; IQR, 40–
215). Median age was 75  years (IQR, 69–81  years), 
and 2650 patients (46.9%) were women. TTE alone 
was performed for 3572 patients (63.2%), TEE alone 
was performed for 84 patients (1.5%), and 595 pa-
tients underwent both TTE and TEE (10.5%). No echo-
cardiography was performed in 1397 patients (24.7%).

The implementation rate of TTE and TEE was het-
erogeneous among participating centers. Institutional 
TTE implementation rates varied between 32.3% and 
100.0% (median, 88.9%; IQR, 78.9%–95.6%), and rates 
for TEE implementation were between 0.0% and 56.7% 
(median, 4.1%; IQR, 1.3%–12.1%) among centers. 
Compared with patients examined using TTE alone 
(n=3572), patients who underwent TEE (either TEE 
alone or TEE+TTE: n=679) were less frequently from 
the CRCS-K registry (P<0.01), were younger (P<0.01), 

and were less frequently women (P<0.01, Table  S1). 
Prestroke use of oral anticoagulants was more frequent 
(P=0.03) and baseline NIHSS score was lower (P<0.01) 
in patients with TEE than in those with TTE alone.

Intracardiac thrombi were detected in 75 patients 
(1.3%) overall. Thrombi were detected in 7.8% of the 
679 patients examined with TEE and in 0.6% of the 
3572 patients examined with TTE alone. Detection 
rates of intracardiac thrombi at each center were 
0.0% to 14.3%. As the institutional rate of TEE im-
plementation increased, the detection rate of intrac-
ardiac thrombi increased in a linear manner, and the 
association was significant (thrombus detection rate 
[%]=0.11×TEE implementation rate [%]+1.09 [linear 
regression], P<0.01, Figure  2). This association re-
mained significant after adjustment with the patient 
number registered by each center (thrombus detec-
tion rate [%]=0.11×TEE implementation rate [%]+1.85, 
P<0.01). No significant association between institu-
tional TTE rate and intracardiac thrombus detection 
rate was identified (P=0.53).

Compared with patients without intracardiac 
thrombi (n=5573), patients in whom thrombi were de-
tected (n=75) were less frequently from the CRCS-K 

Figure 2.  Institutional rates of echocardiography and detection rates of intracardiac thrombus.
Scatter plots of TEE (A) and TTE rate (B) and the detection rate of intracardiac thrombus in each center. Markers are sized according 
to the patient number registered by each center. Numbers at each marker indicate center identifiers (maroon: CRCS-K registry; 
navy: SAMURAI-NVAF registry). Dotted lines represent fitted regression lines with 95% CIs. CRCS-K indicates Clinical Research 
Collaboration for Stroke in Korea; SAMURAI-NVAF, Stroke Acute Management with Urgent Risk-Factor Assessment and Improvement-
Nonvalvular Atrial Fibrillation; TEE, transesophageal echocardiography; and TTE, transthoracic echocardiography.
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registry (P<0.01), and NVAF had more frequently been 
documented before the index event (P<0.01, Table 1). 
The rate of intracardiac thrombus detection in pa-
tients with NVAF detected after index event was 0.9% 
(21/2425). The rate of intracardiac thrombus detection 
in patients with NVAF known before index event (with-
out detected AF) was 1.7% (54/3223). In patients with 

thrombi, congestive heart failure and oral anticoagu-
lant use before the index event were more frequent 
(P<0.01 each). Baseline NIHSS score was marginally 
lower (P=0.06), and white blood cell count and plate-
let count were lower (P=0.03 each) in patients with 
thrombi than in patients without. Median hospital stay 
was longer in overall patients with intracardiac thrombi 

Table 1.  Data in Patients With and Without Intracardiac Thrombus Detection (n=5648)

Intracardiac thrombus  
(n=75)

No thrombus detection  
(n=5573)

Missing data, 
n (%)

CRCS-K (South Korea), n (%) 27 (36.0) 4456 (79.9) 0 (0.00)

Age, median (IQR), y 73 (70–81) 75 (69–81) 0 (0.00)

Women, n (%) 35 (46.7) 2615 (46.9) 0 (0.00)

Body weight, median (IQR), kg 57.8 (50–65) 60 (51.3–68) 55 (0.97)

Smoking, n (%) 28 (37.3) 1712 (30.8) 7 (0.12)

NVAF known before index event, n (%) 54 (72.0) 3169 (56.9) 0 (0.00)

Congestive heart failure, n (%) 19 (25.3) 446 (8.0) 0 (0.00)

Vascular risk factor, n (%)

Hypertension 54 (72.0) 4075 (73.2) 4 (0.07)

Diabetes mellitus 20 (26.7) 1488 (26.7) 5 (0.09)

Hyperlipidemia 30 (40.0) 1625 (29.2) 7 (0.12)

Clinical history, n (%)

Stroke before index event 22 (29.3) 1357 (24.4) 5 (0.09)

Coronary heart disease 10 (13.3) 678 (12.2) 0 (0.00)

Prestroke oral anticoagulants, n (%) 30 (40.0) 1099 (19.7) 3 (0.05)

Prestroke antiplatelets, n (%) 26 (34.7) 2030 (36.5) 3 (0.05)

Ischemic stroke as index event, n (%) 69 (92.0) 5412 (97.2) 5 (0.09)

Baseline NIHSS score, median (IQR) 5 (2–12) 8 (3–16) 0 (0.00)

Laboratory data, median (IQR)

White blood cell count, /µL 6900 (5500–8830) 7500 (6050–9500) 7 (0.12)

Hemoglobin, g/dL 13.9 (12.2–14.8) 13.5 (12.2–14.7) 8 (0.14)

Platelet count, ×103/µL 178 (150–226) 195 (160–236) 10 (0.18)

Glucose, mg/dL 128 (111–153) 124 (105–153) 188 (3.33)

PT-INR 1.06 (1.01–1.3) 1.06 (1–1.15) 61 (1.08)

Renal dysfunction, n (%)* 3 (4.1) 612 (11.1) 66 (1.17)

TTE, n (%) 71 (94.7) 4096 (73.5) 0 (0.00)

TEE, n (%) 53 (70.7) 626 (11.2) 0 (0.00)

Medication at discharge, n (%)

Antiplatelets 16 (21.3) 1793 (32.2) 0 (0.00)

Warfarin 56 (74.7) 3512 (63.0) 0 (0.00)

Direct oral anticoagulants 16 (21.3) 565 (10.1) 0 (0.00)

Dabigatran 6 (8.0) 259 (4.7)

Apixaban 0 (0.0) 31 (0.6)

Rivaroxaban 10 (13.3) 275 (4.9)

Statins 35 (46.7) 3707 (66.5) 0 (0.00)

Hospital stay, median (IQR), d 18 (10–29) 11 (7–20) 0 (0.00)

mRS score at discharge, median (IQR) 2 (1–3) 3 (1–4) 0 (0.00)

CRCS-K indicates Clinical Research Collaboration for Stroke in Korea; IQR, interquartile range; mRS, modified Rankin Scale; NIHSS, National Institutes of 
Health Stroke Scale; NVAF, nonvalvular atrial fibrillation; PT-INR, prothrombin time/international normalized ratio; TEE, transesophageal echocardiography; and 
TTE, transthoracic echocardiography.

*Renal dysfunction was defined as creatinine clearance <30 mL/min.
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(18  days) than in patients without (11  days; P<0.01). 
Similar findings were seen for patients who underwent 
TEE with and without intracardiac thrombi (18  days 
versus 11.5  days, respectively; P<0.01) and patients 
who underwent TTE alone with and without intracar-
diac thrombi (20.5 days versus 13 days, respectively; 
P=0.10). Thirty-seven patients were diagnosed as de-
veloping small-vessel occlusion and 71 as developing 
large-artery atherosclerosis although they had NVAF; 
all of them did not have intracardiac thrombi.

Factors Associated With Detection of 
Intracardiac Thrombus
In the multivariable logistic models (Table 2), TEE im-
plementation (adjusted OR, 16.09; 95% CI, 9.65–
26.87), TTE implementation (adjusted OR, 4.15; 95% 
CI, 1.49–11.56), congestive heart failure (adjusted OR, 
2.85; 95% CI, 1.60–5.07), and prestroke oral antico-
agulants (adjusted OR, 1.80; 95% CI, 1.04–3.14) con-
sistently showed significantly positive associations with 
detection of intracardiac thrombus. In the analysis of 
patients who underwent TEE, congestive heart fail-
ure was also significantly associated with intracardiac 
thrombus detection (adjusted OR, 2.18; 95% CI, 1.06–
4.49) (Table S2).

Outcome Events Between Patients With 
and Without Intracardiac Thrombus
The 5648 patients provided 4619 patient-years of 
follow-up data (median follow-up 365  days, IQR, 

335–365 days): 69 patient-years in patients with in-
tracardiac thrombi and 4550 patient-years in patients 
without thrombi. The number of patients who were 
lost to follow-up was 323 (5.7%) at 3 months and 662 
(11.7%) at 1  year. In this population, 190 recurrent 
ischemic stroke events and 42 hemorrhagic stroke 
events were encountered. During follow-up, 905 pa-
tients died. The cumulative incidence of recurrent 
ischemic stroke was 10.7% in patients with intracar-
diac thrombi and 3.3% in patients without thrombi 
(Table  3). On log-rank testing, recurrent ischemic 
stroke was significantly more frequent in patients with 
thrombi than in patients without thrombi (Figure  3). 
Risk for recurrent ischemic stroke was significantly 
higher in patients with intracardiac thrombi than in 
those without (adjusted HR, 2.35; 95% CI, 1.07–5.16; 
multivariable Cox shared-frailty model). Likewise, 
competing-risks models showed significantly higher 
risk for ischemic stroke in patients with thrombi than 
in those without (hemorrhagic stroke as competing 
event: adjusted subhazard ratio, 2.53; 95% CI, 1.13–
5.67; P=0.02; death as competing event: adjusted 
subhazard ratio, 2.35; 95% CI, 1.05–5.24; P=0.03). 
The sensitivity analysis cohort consisting of patients 
who received echocardiography (TTE or TEE) also 
demonstrated a higher risk for ischemic stroke in pa-
tients with thrombi than in those without thrombus 
detection (adjusted HR, 2.28; 95% CI, 1.02–5.04; mul-
tivariable Cox shared-frailty model).

Cumulative incidence of hemorrhagic stroke was 
0.0% in patients with intracardiac thrombi and 0.8% 

Table 2.  Logistic Regression Models for Intracardiac Thrombus Detection (n=5648)

Univariate Multivariable (model 1)* Multivariable (model 2)†

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

TEE 19.04 (11.50–31.51) <0.01 17.03 (10.17–28.53) <0.01 16.09 (9.65–26.87) <0.01

TTE 6.40 (2.33–17.56) <0.01 4.16 (1.49–11.61) <0.01 4.15 (1.49–11.56) <0.01

Age (per 10-y increase) 0.97 (0.78–1.21) 0.80 1.05 (0.81–1.35) 0.72 … …

Women 0.99 (0.63–1.56) 0.96 1.22 (0.74–2.00) 0.44 … …

NVAF known before index event 1.95 (1.18–3.24) 0.01 … … 1.54 (0.86–2.78) 0.15

Congestive heart failure 3.90 (2.29–6.62) <0.01 2.97 (1.66–5.31) <0.01 2.85 (1.60–5.07) <0.01

Hypertension 0.94 (0.57–1.57) 0.82 0.82 (0.47–1.40) 0.46 … …

Diabetes mellitus 0.99 (0.59–1.67) 0.99 0.92 (0.53–1.59) 0.77 … …

Stroke before index event 1.29 (0.78–2.13) 0.32 1.21 (0.69–2.13) 0.50 … …

Coronary heart disease 1.11 (0.57–2.17) 0.75 0.99 (0.49–2.01) 0.98 … …

Prestroke oral anticoagulants 2.71 (1.70–4.32) <0.01 2.14 (1.26–3.65) <0.01 1.80 (1.04–3.14) 0.03

Ischemic stroke as index event 0.33 (0.14–0.77) 0.01 … … 0.67 (0.27–1.67) 0.39

NVAF indicates nonvalvular atrial fibrillation; OR, odds ratio; TEE, transesophageal echocardiography; and TTE, transthoracic echocardiography.
*Model 1: adjusted for TEE and TTE plus prespecified variables of age, sex, congestive heart failure, hypertension, diabetes mellitus, stroke before index 

event, coronary heart disease, and prestroke oral anticoagulants. The model showed a c-statistic of 0.87 and a Hosmer‒Lemeshow Chi-squared statistic of 
7.14 (P=0.52). Number of observations=5641; log likelihood ratio Chi-squared test statistic=180.10 (P<0.01); and McFadden R2=0.23.

†Model 2: adjusted for TEE and TTE plus those variables showing P<0.05 on univariate models. The model showed a c-statistic of 0.88 and a Hosmer‒
Lemeshow Chi-squared statistic of 2.28 (P=0.80). Number of observations=5640; log likelihood ratio Chi-squared test statistic=181.34 (P<0.01); and McFadden 
R2=0.23.
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in patients without thrombi. Cumulative mortality rates 
were 6.3% and 16.2%, respectively. No significant 
differences in the risks for hemorrhagic stroke and 
death were evident between groups (Figure 3, Table 3).

Subgroup Analysis of Risk for Recurrent 
Ischemic Stroke With Intracardiac 
Thrombus
No significant interactions were identified in each sub-
group analysis. Intracardiac thrombi were associated 
with a high risk of recurrent ischemic stroke within pa-
tients who underwent TEE (adjusted HR, 3.13; 95% 
CI, 1.17–8.35); this association was not seen within 
patients with TTE alone (adjusted HR, 0.89; 95% CI, 
0.12–6.51; P for interaction=0.265; Figure 4).

DISCUSSION
This multinational East Asian cohort that comprised 
pooled individual patient data from 2 prospective, 
observational multicenter registries showed a 1.3% 
(75/5648) detection rate for intracardiac thrombi in 
patients with NVAF-associated ischemic stroke/TIA, 
in which TEE was implemented in 12.0% of patients 
(679/5648). Although the thrombus detection rate 
was markedly lower than rates reported for patients 
with atrial fibrillation, the subgroup of patients who 
underwent TEE showed a 7.8% detection rate for in-
tracardiac thrombi, within the 2.8% to 21.1% detection 
rates reported from TEE studies on patients with atrial 
fibrillation.1–3,18–20 Moreover, the institutional TEE rate 
showed a significantly positive association with the 
detection rate of intracardiac thrombi at each center, 
whereas no association was seen between the TTE 

rate and thrombus detection rate (Figure 2). Although 
no data have been reported for TEE implementa-
tion rates in NVAF-associated stroke, with the insuf-
ficient TEE implementation as seen in this study, many 
thrombi may be missed under current stroke care, 
which would result in underestimation of the clinical 
significance of intracardiac thrombi and delayed de-
velopment of specific interventions for intracardiac 
thrombi in stroke patients.

No specific data have been reported on the risk 
of recurrent embolic events associated with intracar-
diac thrombi in patients after stroke. Considering that 
patients with stroke/TIA in this study had NVAF and 
that most intracardiac thrombi were detected in pa-
tients who underwent TEE (53/75, 70.7%), the principal 
site of thrombi in the present data would be the left 
atrial appendage.21 In addition, the 1-year incidence 
of recurrent ischemic stroke was 10.7% in the pres-
ent patients with intracardiac thrombi, broadly consis-
tent with reported risks for embolic events of left atrial 
thrombi.3,5 Although the risk of recurrent ischemic 
stroke doubled in patients with intracardiac thrombi 
compared with those without thrombus documenta-
tion (Table 3), in our data, thrombi detected with TTE 
alone notably showed a much lower risk of recurrent 
ischemic stroke compared with thrombi detected with 
TEE (Figure 4). As an explanation for this difference in 
risk of intracardiac thrombi between patients with TEE 
and those with TTE alone, the influence of a selection 
bias on TEE implementation should be considered 
first. Unmeasured confounders associated with isch-
emic stroke risk in NVAF (eg, sustained or paroxysmal 
AF, duration of AF, left atrial enlargement, untreated 
obstructive sleep apnea, natriuretic peptides, or tro-
ponins) may have affected the decision to perform 

Table 3.  Outcomes Between Patients With and Without Intracardiac Thrombus Detection (n=5648)

Cumulative incidence 
(total number)

Crude hazard ratio 
(95% CI)

Adjusted hazard ratio 
(95% CI)*

Adjusted hazard ratio with 
shared frailty (95% CI)†

Recurrent ischemic stroke

Intracardiac thrombus (n=79) 10.7% (8) 2.76 (1.29–5.86); P<0.01 2.33 (1.08–5.06); P=0.03 2.35 (1.07–5.16); P=0.03

No thrombus detection (n=5569) 3.3% (182) 1 (reference) 1 (reference) 1 (reference)

Hemorrhagic stroke

Intracardiac thrombus (n=79) 0.0% (0) … … …

No thrombus detection (n=5569) 0.8% (42) 1 (reference) 1 (reference) 1 (reference)

All-cause death‡

Intracardiac thrombus (n=79) 6.7% (5) 0.37 (0.15–0.89); P=0.02 0.69 (0.28–1.66); P=0.40 0.73 (0.30–1.78); P=0.49

No thrombus detection (n=5569) 16.2% (900) 1 (reference) 1 (reference) 1 (reference)

CRCS-K indicates Clinical Research Collaboration for Stroke in Korea; and SAMURAI-NVAF, Stroke Acute Management with Urgent Risk-Factor Assessment 
and Improvement-Nonvalvular Atrial Fibrillation.

*Adjusted for registry (CRCS-K and SAMURAI-NVAF), age, sex, congestive heart failure, hypertension, diabetes mellitus, history of stroke, coronary heart 
disease, baseline National Institutes of Health score, warfarin at discharge, and direct oral anticoagulants at discharge.

†Adjusted for age, sex, congestive heart failure, hypertension, diabetes mellitus, history of stroke, coronary heart disease, baseline National Institutes of 
Health score, warfarin at discharge, and direct oral anticoagulants at discharge. Shared gamma distributed frailty clustered by participating centers is included 
into the model.

‡Causes of the 905 deaths were stroke (6.1%), cardiovascular events (3.1%), infection (19.6%), and unclear (71.2%).
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Figure 3.  Unadjusted Kaplan‒Meier curves for recurrent ischemic stroke 
(A), hemorrhagic stroke (B), and death (C).
Recurrent ischemic strokes are more frequent in patients with intracardiac thrombi 
than in those without thrombi.



J Am Heart Assoc. 2021;10:e022242. DOI: 10.1161/JAHA.121.022242� 10

Tanaka et al� TEE in Stroke With Atrial Fibrillation

TEE.22 However, considering that TTE often does not 
provide a suitable window for observing the left atrial 
appendage, the thrombi identified in patients with TTE 
alone might have contained false-positive results.6,21 
Our data may indicate the clinical relevance of TEE, 
rather than TTE, for accurate detection and risk strat-
ification of intracardiac thrombi in NVAF-associated 
stroke. The greater frequency of death in patients with-
out intracardiac thrombi than in patients with thrombi 
(Figure 3) might be attributable to the bias that patients 
with TEE were younger and showed lower NIHSS 
scores than patients with TTE alone (Table S1).

Among the patient characteristics, congestive 
heart failure consistently showed positive associa-
tions with thrombus detection (Table 2). Systolic left 
ventricular dysfunction was reported to correlate with 
thrombus detection in a TEE study of patients with 
ischemic stroke.4 The positive association between 
prestroke anticoagulants and thrombus detection 
seems contradictory. As a possible cause of this par-
adoxical finding, patients with prestroke anticoagula-
tion and positive thrombus detection might have poor 
time in therapeutic range of warfarin anticoagulation 

since the range <40% was reported to show a higher 
risk of stroke than no warfarin medication.23 Prestroke 
anticoagulant use might be associated with prior his-
tory of cardioembolism and patients with recurrent 
cardioembolic stroke might have higher possibility to 
have intracardiac thrombi, although prior history of 
any stroke was not independently related to thrombus 
detection. Stroke occurrence despite anticoagulation 
also suggests the presence of higher risk profiles for 
NVAF including left atrial appendage dysfunction or 
the presence of a prothrombotic state such as in an-
tiphospholipid syndrome or malignancy.8,24 Although 
performing TEE in all cases with NVAF-associated 
ischemic stroke is not realistic, the presence of con-
gestive heart failure and the high risk profile of NVAF 
may be key findings in proper patient selection for 
TEE. The present study analyzed patients with NVAF-
associated stroke, including both NVAF known be-
fore and NVAF detected after the index stroke, but 
optimization of antithrombotic therapy is often re-
quired for patients of embolic ischemic stroke with 
no detection of atrial fibrillation in genuine clinical set-
tings. Evaluation of left atrial volume and function by 

Figure 4.  Subgroup analyses of risk for recurrent ischemic stroke with intracardiac thrombus.
CRCS-K indicates Clinical Research Collaboration for Stroke in Korea; DOACs, direct oral anticoagulants; Haz., hazard; NIHSS, 
National Institutes of Health Stroke Scale; SAMURAI-NVAF, Stroke Acute Management with Urgent Risk-Factor Assessment and 
Improvement-Nonvalvular Atrial Fibrillation; TEE, transesophageal echocardiography; and TTE, transthoracic echocardiography. 
*Adjusted for registry (CRCS-K and SAMURAI-NVAF), age, sex, congestive heart failure, hypertension, diabetes mellitus, history 
of stroke, coronary heart disease, baseline National Institutes of Health Stroke Scale score, warfarin at discharge, and DOACs 
at discharge.
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3-dimensional echocardiography is reportedly useful 
particularly in patients without known atrial fibrilla-
tion for understanding the mechanism of ischemic 
stroke,25,26 although such data were not collected in 
our registries.

Although patients with ischemic stroke/TIA with 
atrial fibrillation are qualified for anticoagulant therapy 
regardless of the detection of intracardiac thrombi, 
optimal anticoagulant therapy for NVAF-associated 
stroke with intracardiac thrombi may differ from gen-
eral stroke patients with NVAF since the risk for de-
veloping thromboembolism would be higher with 
intracardiac thrombi than without thrombi. Large ret-
rospective studies of cardiac surgery in patients with 
atrial fibrillation demonstrated a positive effect of si-
multaneous surgical occlusion of the left atrial append-
age during cardiac surgery on stroke prevention,27,28 
but the efficacy of left atrial appendage closure alone 
is unknown, as is its efficacy in patients with NVAF-
associated stroke with intracardiac thrombi. As seen 
in the present study, estimation of the impact of intrac-
ardiac thrombi on the risk for recurrent embolic events 
can be biased because TEE is basically performed 
only for patients who could expect benefit over risk of 
TEE. Further studies are warranted to unbiasedly esti-
mate the impact of intracardiac thrombi on the embolic 
risk after NVAF-associated stroke based on accurate 
determination of the presence or absence of thrombi. 
Use of cardiac computed tomography, which is less 
invasive than TEE and possibly as sensitive as TEE, 
may be used in combination with TEE when conduct-
ing such studies.29

Some limitations need to be considered when in-
terpreting the present results. First, the timing of TEE 
and TTE relative to the index event was unknown. 
Considering the duration of hospital stay, both would 
have been performed within ≈10 to 20 days after onset 
in most cases. Second, indications of TEE for stroke 
would vary among the participating centers as well as 
between countries, which might have been reflected 
in the outliers seen in Figure  2A and in the different 
rates of thrombus detection between South Korea and 
Japan (Table 1). In addition, between South Korea and 
Japan, there are differences in drug indications, as well 
as stroke care process and healthcare environments.30 
Third, the information on the modality by which intra-
cardiac thrombi were detected was unavailable from 
the CRCS-K and SAMURAI-NVAF registries. The loca-
tion of thrombi was also unknown. Fourth, the present 
data could not show the clinical relevance of TEE when 
compared with computed tomography or magnetic 
resonance imaging.31,32 Fifth, the presence of unmea-
sured confounders, including the clinical types of NVAF 
(eg, paroxysmal, persistent, or permanent), should be 
considered.12 Last, the applicability of our findings to 
ethnicities other than East-Asian is unknown.

In this multinational cohort, the clinical significance 
of TEE for accurate diagnosis and risk stratification of 
intracardiac thrombi in patients with stroke with NVAF 
was noted. Clarification of the role of TEE would lead 
to more accurate risk stratification and further optimi-
zation of preventive strategies after NVAF-associated 
stroke.
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Participating investigators and institutions 

Investigator Institution 

Hee-Joon Bae, MD; Beom Joon Kim, MD; 

Moon-Ku Han, MD; Jihoon Kang, MD 

Seoul National University Bundang 

Hospital 

Jun Lee, MD Yeungnam University Medical Center 

Jee-Hyun Kwon, MD; Wook-Joo Kim, MD Ulsan University Hospital 

Jae-Kwan Cha, MD; Dae-Hyun Kim, MD; 

Hyun-Wook Nah, MD 
Dong-A University Hospital 

Jay Chol Choi, MD Jeju National University Hospital 

Joon-Tae Kim, MD; Ki-Hyun Cho, MD; Man-

Seok Park, MD; Kang-Ho Choi, MD 
Chonnam National University Hospital 

Sung-Il Sohn, MD; Jeong-Ho Hong, MD 
Keimyung University Dongsan Medical 

Center 

Soo Joo Lee, MD; Jae Guk Kim, MD Eulji University Hospital 

Dong-Ick Shin, MD; Min-Ju Yeo, MD Chungbuk National University Hospital 

Tai Hwan Park, MD; Sang-Soon Park, MD Seoul Medical Center 

Byung-Chul Lee, MD; Mi-Sun Oh, MD; 

Kyung-Ho Yu, MD 
Hallym University Sacred Heart Hospital 

Kyung Bok Lee, MD 
Soon Chun Hyang University Hospital 

Seoul 

Keun-Sik Hong, MD; Yong-Jin Cho, MD Inje University Ilsan Paik Hospital 

Dong-Eog Kim, MD; Wi-Sun Ryu, MD Dongguk University Ilsan Hospital 

Jong-Moo Park, MD; Kyusik Kang, MD Eulji General Hospital 

Kenichi Todo, MD 
Osaka University Graduate School of 

Medicine 

Yoshiki Yagita, MD; Kazumi Kimura, MD Kawasaki Medical School 

Ryo Itabashi, MD Kohnan Hospital 

Tadashi Terasaki, MD Japanese Red Cross Kumamoto Hospital 

Yoshiaki Shiokawa, MD Kyorin University School of Medicine 



Kenji Kamiyama, MD Nakamura Memorial Hospital 

Shunya Takizawa, MD Tokai University School of Medicine 

Satoshi Okuda, MD NHO Nagoya Medical Center 

Yasushi Okada, MD NHO Kyushu Medical Center 

Tomoaki Kameda, MD; Kazuomi Kario, MD 
Jichi Medical University School of 

Medicine 

Yoshinari Nagakane, MD Kyoto Second Red Cross Hospital 

Yasuhiro Hasegawa, MD 
St. Marianna University School of 

Medicine 

Satoshi Shibuya, MD South Miyagi Medical Center 

Yasuhiro Ito, MD TOYOTA Memorial Hospital 

Hideki Matsuoka, MD NHO Kagoshima Medical Center 

Kazuhiro Takamatsu, MD 
Brain Attack Center Ota Memorial 

Hospital 

Kazutoshi Nishiyama, MD Kitasato University School of Medicine 

Kazunori Toyoda, MD 
National Cerebral and Cardiovascular 

Center 



Table S1. Data in patients with TEE and those with TTE alone (n=4251) 

Patients with TEE 

(n=679) 

Patients with TTE 

alone (n=3572) 

p 

value 

Missing data, 

n (%) 

CRCS-K (South Korea), No. (%) 428 (63.0) 2747 (76.9) <0.01 0 (0.00) 

Age, median (IQR), years 73 (67–79) 76 (69–82) <0.01 0 (0.00) 

Women, No. (%) 264 (38.9) 1723 (48.2) <0.01 0 (0.00) 

Body weight, median (IQR), kg 60.1 (52.8–68) 60 (50.3–68) 0.08 30 (0.71) 

Smoking, No, (%) 268 (39.5) 1057 (29.6) <0.01 4 (0.09) 

NVAF known prior to index event, No. (%) 365 (53.8) 1903 (53.3) 0.83 0 (0.00) 

Congestive heart failure, No. (%) 73 (10.8) 330 (9.2) 0.22 0 (0.00) 

Vascular risk factor, No. (%) 

Hypertension 491 (72.2) 2621 (73.4) 0.57 2 (0.05) 

Diabetes mellitus 189 (27.8) 945 (26.5) 0.47 2 (0.05) 

Hyperlipidemia 216 (31.8) 1129 (31.7) 0.92 5 (0.12) 

Past clinical history, No. (%) 

Stroke prior to index event 143 (21.1) 868 (24.3) 0.06 3 (0.07) 

Coronary heart disease 85 (12.5) 472 (13.2) 0.66 0 (0.00) 

Prestroke oral anticoagulants, No. (%) 158 (23.3) 703 (19.7) 0.03 3 (0.07) 

Prestroke antiplatelets, No. (%) 227 (33.4) 1330 (37.3) 0.06 3 (0.07) 

Ischemic stroke as index event, No. (%) 632 (93.2) 3479 (97.5) <0.01 4 (0.09) 

Baseline NIHSS score, median (IQR) 4 (2–11) 8 (3–16) <0.01 0 (0.00) 

Laboratory data, median (IQR) 

White blood cell count, /µL 7100 (5750–8750) 7500 (6030–9500) <0.01 1 (0.02) 

Hemoglobin, g/dL 13.8 (12.5–14.9) 13.5 (12.1–14.7) <0.01 2 (0.05) 

Platelet count, x 103/µL 191 (158–230) 195 (160–237) 0.13 3 (0.07) 

Glucose, mg/dL 121 (105–152) 124 (105–153) 0.67 14 (0.33) 

PT-INR 1.03 (0.97–1.15) 1.06 (1–1.15) <0.01 22 (0.52) 

Renal dysfunction, No. (%) * 53 (7.9) 414 (11.7) <0.01 36 (0.85) 

* Renal dysfunction was defined as creatinine clearance <30 mL/min.

CRCS-K, Clinical Research Collaboration for Stroke in Korea; IQR, interquartile range; mRS, modified 

Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NVAF, non-valvular atrial fibrillation; 

PT-INR, prothrombin time/international normalized ratio; TEE, transesophageal 

echocardiography; and TTE, transthoracic echocardiography.



Table S2. Logistic regression models for intracardiac thrombus detection in patients who underwent TEE (n=679) 

Univariate Multivariable (Model 1) * Multivariable (Model 2) † 

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value 

TTE 1.79 (0.63–5.11) 0.27 2.04 (0.69–5.97) 0.19 1.98 (0.69–5.74) 0.20 

Age (per 10-year increase) 1.12 (0.83–1.49) 0.45 1.03 (0.76–1.39) 0.84 -- -- 

Women 1.45 (0.82–2.54) 0.19 1.49 (0.81–2.71) 0.19 -- -- 

NVAF known prior to index event 2.85 (1.49–5.43) <0.01 -- -- 2.16 (1.05–4.44) 0.03 

Congestive heart failure 2.71 (1.35–5.43) <0.01 2.51 (1.19–5.28) 0.01 2.18 (1.06–4.49) 0.03 

Hypertension 0.66 (0.37–1.19) 0.16 0.52 (0.28–0.99) 0.04 -- -- 

Diabetes mellitus 0.83 (0.43–1.59) 0.57 0.84 (0.43–1.66) 0.62 -- -- 

Stroke prior to index event 1.38 (0.73–2.62) 0.32 1.11 (0.54–2.27) 0.77 -- -- 

Coronary heart disease 0.88 (0.37–2.13) 0.78 0.86 (0.35–2.13) 0.74 -- -- 

Prestroke oral anticoagulants 2.34 (1.31–4.19) <0.01 2.38 (1.22–4.62) 0.01 1.51 (0.79–2.91) 0.21 

Ischemic stroke as index event 0.67 (0.25–1.78) 0.42 -- -- 

* Model 1: adjusted for TTE plus prespecified variables of age, sex, congestive heart failure, hypertension, diabetes mellitus, stroke prior to index event, coronary heart

disease, and prestroke oral anticoagulants. The model showed a c-statistic of 0.68 and a Hosmer-Lemeshow chi-squared statistic of 6.25 (p=0.61). Number of 

observations=679; log likelihood ratio chi-squared test statistic=20.90 (p=0.01); and McFadden’s R2=0.06.

† Model 2: adjusted for TTE plus those variables showing P<0.05 on univariate models. The model showed a c-statistic of 0.66 and a Hosmer-Lemeshow chi-squared 

statistic of 0.22 (p=0.89). Number of observations=679; log likelihood ratio chi-squared test statistic=19.10 (p<0.01); and McFadden’s R2=0.05.

CI, confidence interval; CRCS-K, Clinical Research Collaboration for Stroke in Korea; NVAF, non-valvular atrial fibrillation; OR, odds ratio; SAMURAI-

NVAF, Stroke Acute Management with Urgent Risk-Factor Assessment and Improvement-NonValvular Atrial Fibrillation; TEE, transesophageal 

echocardiography; and TTE, transthoracic echocardiography.




