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Abstract:
Objective The left atrial appendage (LAA) is one of the major sources of cardiac thrombus formation.

Three-dimensional transesophageal echocardiography (TEE) made it possible to perform a detailed evaluation

of the LAA morphologies. This study aimed to evaluate the clinical implications of the LAA orifice area.

Methods A total of 149 patients who underwent TEE without significant valvular disease were studied. The

LAA orifice area was measured using three-dimensional TEE. The patients were divided into two groups ac-

cording to the LAA orifice area (large LAA orifice group, �median value, and small LAA orifice group). The

clinical characteristics and echocardiographic findings were evaluated.

Results The median LAA orifice area among all patients was 4.09 cm2 (interquartile range 2.92-5.40). The

large LAA orifice group were older (67.2±10.4 vs. 62.4±15.3 years, p=0.02), more often had hypertension

(66.7% vs. 44.6%, p=0.007), and atrial fibrillation (70.7% vs. 39.2%, p<0.001) than the small LAA orifice

group. Regarding the TEE findings, the LAA flow velocity was significantly lower (33.7±20.0 vs. 50.2±24.3,

p<0.001) and spontaneous echo contrast was more often observed (21.3% vs. 8.1%, p=0.02) in the large

LAA orifice group. Multivariate models demonstrated that atrial fibrillation was an independent predictor of

the LAA orifice area. In the analysis of atrial fibrillation duration, the LAA orifice area tended to be larger as

patients had a longer duration of atrial fibrillation.

Conclusion Our findings indicated that a larger LAA orifice area was associated with the presence of atrial

fibrillation and high thromboembolic risk based on TEE findings. A continuation of the atrial fibrillation

rhythm might lead to the gradual expansion of the LAA orifice.
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Introduction

The left atrial appendage (LAA) is one of the major

sources of cardiac thrombus formation (1-3). Three-

dimensional transesophageal echocardiography (TEE) made

it possible to evaluate the LAA morphologies. Previous

studies have shown that large and complex LAA are related

to an increased risk of LAA thrombus formation and em-

bolic stroke in patients with atrial fibrillation (AF) (4-6).

Recently, transcatheter LAA occlusion has been expanding

in clinical practice, and additional attention has been paid to

the LAA morphology. However, the clinical significance of

the LAA morphology has not yet been fully elucidated. This

study aimed to investigate the clinical implications of the

LAA orifice area, which can be easily obtained by TEE,

among patients with and without AF.
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Figure　1.　Measurement of the left atrial appendage (LAA) orifice area by three-dimensional trans-
esophageal echocardiography. A: In the LAA long-axis view at the level including the mitral valve, a 
first line was drawn from the left circumflex artery and the lateral ridge of the left pulmonary vein. 
B: In the LAA long-axis view at the level including the aortic valve, a second line was drawn from the 
left circumflex artery and the ridge or the left pulmonary vein. C: Determine the plane of the LAA 
orifice from the two lines and then measure the LAA orifice area.

Materials and Methods

Subjects

We retrospectively identified 269 consecutive patients

who underwent TEE at the Yokkaichi Municipal Hospital

between June 2013 and December 2014. Any patients who

underwent TEE for assessment of moderate/severe valvular

disease (n=105) or had a history of cardiac surgery (n=15)

were excluded. Finally, 149 patients were included for the

analysis. This study was performed in accordance with the

Declaration of Helsinki and approved by the local ethics

committee.

Echocardiographic assessments

All transthoracic echocardiographic (TTE) images were

obtained using an iE33 ultrasound system and S5-2 probe

(Philips Medical Systems, Andover, USA). Left ventricular

ejection fraction and left atrial volume were measured using

the modified Simpson’s method.

All TEE images were obtained using an iE33 ultrasound

system and S7-2 probe (Philips Medical Systems, Andover,

USA). LAA thrombus and left atrium spontaneous echo

contrast were determined by visual assessment. Spontaneous

echo contrast was defined as dynamic, swirling, and smoke-

like echoes within the left atrium and LAA, after gain set-

tings were adjusted to distinguish any background excessive

noise (7).

The LAA-emptying velocity was evaluated using pulsed-

wave Doppler with a sampled volume placed 1 cm below

the outlet of the LAA cavity at the basal short-axis view

from the transverse scan. The LAA-emptying velocity was

measured at three cardiac cycles and averaged in patients

with sinus rhythm and at five cardiac cycles in patients with

AF (8).

Real-time three-dimensional TEE was performed from

45° views. The region of interest was adjusted to the small-

est pyramidal dataset, which sufficiently included the entire

LAA. Three-dimensional TEE imaging data were reviewed

using an offline QLAB-3DQ software program (Philips

Medical Systems).

The LAA orifice was determined as follows: 1) At the

LAA long-axis view at the level including the mitral valve,

a first line was drawn from the left circumflex artery and the

lateral ridge of the left pulmonary vein. 2) At the LAA

long-axis view at the level including the aortic valve, a sec-

ond line was drawn from the left circumflex artery and the

ridge or the left pulmonary vein. 3) Determine the plane of

the LAA orifice from the two lines and then measure the

LAA orifice area (Fig. 1) (6, 9). Patients were divided into

two groups according to the value: those with larger than

the median value (large LAA orifice group) and those

smaller than the median value (small LAA orifice group).

Other definitions

The clinical data, including congestive heart failure, hy-

pertension, age 75 years, diabetes mellitus, stroke (CHADS2)

score (10) and congestive heart failure, hypertension, age

�75 years (double score), diabetes, prior stroke or transient

ischemic attack (TIA; double score) (CHA2DS2-VASc)

score (11), were obtained at the time of TEE.

Statistical analysis

The data are expressed as the mean ± standard deviation

or median (interquartile range). Categorical variables were

expressed as numbers and percentages. Continuous data

were compared using the unpaired t test or Mann-Whitney

U test. Among the three groups, continuous data were com-

pared by an analysis of variance. Categorical variables were

compared using the chi-square test or Fisher’s exact test.

Univariate and multivariate linear regression analyses were

performed to identify the predictors related to LAA orifice

area and LAA flow velocity. Factors with p<0.05 according
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Table　1.　Patient Characteristics.

All 
n=149

Large LAA 
orifice 
n=75

Small LAA 
orifice 
n=74

p value*

Age, y 64.8±13.2 67.2±10.4 62.4±15.3 0.03

Male, n (%) 99 (66.4) 52 (69.3) 47 (63.5) 0.45

Hypertension, n (%) 83 (55.7) 50 (66.7) 33 (44.6) 0.007

Diabetes mellitus, n (%) 28 (18.8) 14 (18.7) 14 (18.9) 0.97

Heart failure, n (%) 37 (24.8) 18 (24.0) 19 (25.7) 0.81

Prior stroke/transit ischemic attack, n (%) 51 (34.2) 23 (30.7) 28 (37.8) 0.36

Vascular disease, n (%) 40 (26.8) 23 (30.7) 17 (23.0) 0.29

CHADS2 score 1.93±1.35 1.96±1.31 1.91±1.31 0.81

CHA2DS2-VASc score 3.13±1.88 3.25±1.89 3.01±1.88 0.44

Atrial fibrillation, n (%) 82 (55) 53 (70.7) 29 (39.2) <0.001

Paroxysmal or persistent 55 33 22

Long persistent-chronic 27 20 7

TEE indication, n (%)

Source for cardiac embolism 47 20 27

Evaluation of LA thrombus 78 47 31

Assessment for endocarditis 15 5 10

Other 9 3 6

LAA: left atrial appendage 

*Comparison between Large LAA group and Small LAA group

to univariate analyses were entered into the multivariate

model. A p-value <0.05 was considered to be statistically

significant. All analyses were performed using the SPSS

Statistics software program version 26.0 (IBM, Armonk,

USA).

Results

The baseline characteristics of all patients are shown in

Table 1. The mean age was 64.8±13.2 years, and 66.4% (99/

149) were male. Fifty-one patients (34.2%) had a history of

stroke or transient ischemic attack. The mean CHADS2 score

was 1.9±1.4, and the CHA2DS2-VASc score was 3.1±1.9.

Eighty-two patients (55%) had AF, 55 had paroxysmal or

persistent AF, and 27 had long-persistent or chronic AF. The

indications for TEE are also shown in Table 1. TEE was

performed to identify the cardiac source of embolism after

cerebral infarction in 47 (31.5%) patients, to confirm the ab-

sence of thrombus during AF management or before car-

dioversion/catheter ablation in 78 patients (52.3%), to assess

endocarditis in 15 (10.0%), and others in 9 (6.4%).

Fig. 2 shows the distribution of the LAA orifice area

among all patients. The median LAA orifice area was 4.09

cm2 (interquartile range, 2.92-5.40 cm2). The patients were

divided into two groups according to the LAA orifice area:

large LAA orifice group (�4.09 cm2) or small LAA orifice

group (<4.09 cm2).

Table 1 also shows a comparison of the baseline charac-

teristics between the two groups. The patients in the large

LAA orifice group were older and more often had hyperten-

sion and AF than those in the small LAA orifice group. No

significant differences were found in CHADS2 and

CHA2DS2-VASc scores between the two groups.

Table 2 shows the TTE and TEE findings in both groups.

The LA diameter, LA volume and LA volume index were

significantly larger in the large LAA orifice group. There

was a significant correlation between the LA volume and

LAA orifice area (Supplementary material 1). The LAA

flow velocity was significantly lower and spontaneous echo

contrast was more often seen in the large LAA orifice

group. LAA thrombus was detected in four patients: 2 in

large LAA orifice group and 2 in small LAA orifice group.

When dividing the patients into two groups according to the

sinus rhythm or AF at TEE, a significant negative correla-

tion between LAA orifice area and LAA flow velocity was

observed among the patients with AF at TEE (Supplemen-

tary material 2).

The results of the univariate and multivariate linear re-

gression analyses for the LAA orifice area are shown in Ta-

ble 3. According to the univariate analysis, age, hyperten-

sion, and AF were associated with the LAA orifice area. A

multivariate analysis indicated that the presence of AF was

an independent predictor of the LAA orifice area. Further,

Supplementary material 3 shows the liner regression analy-

ses for the LAA flow velocity. A multivariate liner regres-

sion analysis indicated the LAA orifice area to be an inde-

pendent predictor of the LAA flow velocity as well as for a

history of heart failure and the presence of AF.

We compared the LAA orifice area among patients with

sinus rhythm, paroxysmal/persistent AF (�1 year), and long-

persistent/chronic AF (>1 year) (Fig. 3). The LAA orifice

area was significantly larger as the patients had a longer AF
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Figure　2.　The distribution of the left atrial appendage orifice area by three-dimensional trans-
esophageal echocardiography.

Table　2.　Transthoracic and Transesophageal Echocardiographic Findings.

All 

n=149

Large LAA 

orifice 

n=75

Small LAA 

orifice 

n=74

p value*

Transthoracic

LV end-diastolic diameter, mm 47.3±7.9 47.9±7.6 46.2±8.1 0.22

LV end-systolic diameter, mm 32.6±8.6 33.4±8.4 31.8±8.7 0.25

LVEF, (%) 56.6±11.4 56.3±11.1 57.0±11.8 0.78

LA diameter, mm 39.2±6.8 42.0±5.7 36.4±6.7 <0.01

LA volume, mL 61 (48-83) 71 (52-64) 52 (41-64) <0.01

LA volume index, 37.2 (27.3-46.6) 39.3 (30.5-55.8) 32.0 (24.4-42.0) 0.01

Mitral valve regurgitation, 

(none-trivial/mild/moderate/severe)

87/62/0/0 38/37/0/0 49/25/0/0 0.07

DcT, ms 190 (130-230) 190 (150-240) 200 (170-230) 0.66

E/e’ 13.6 (10.4-18.1) 14.3 (11.9-17.6) 12.6 (9.5-18.6) 0.15

Transesophageal

LAA flow velocity, cm/s 41.8±23.6 33.7±20.0 50.2±24.3 <0.001

Presence of thrombus, n (%) 4 (2.7) 2 (2.7) 2 (2.7) 0.99

Spontaneous echo contrast, n (%) 22 (14.8) 16 (21.3) 6 (8.1) 0.02

AF at exam 69 (46.3) 47 (62.7) 22 (29.7) <0.001

Sinus rhythm at exam n=80 n=28 n=52

LAA flow velocity, cm/s 54.8±22.4 48.4±20.6 58.4±22.8 0.06

Presence of thrombus, n (%) 0 (0) 0 (0) 0 (0)

Spontaneous echo contrast, n (%) 3 (3.8) 2 (7.1) 1 (1.9) 0.28

AF at exam n=69 n=47 n=22

LAA flow velocity, cm/s 27.3±14.9 25.1±13.6 32.0±16.6 0.07

Presence of thrombus, n (%) 4 (5.8) 2 (4.3) 2 (9.1) 0.59

Spontaneous echo contrast, n (%) 19 (27.5) 14 (29.8) 5 (22.7) 0.54

LAA: left atrial appendage, LV: left ventricular, LVEF: left ventricular ejection fraction, LA: left atrial, DcT: deceleration 

time of early transmitral velocity, E: peak mitral inflow velocity during early diastole, e’: peak mitral annular velocity dur-

ing early diastole, AF: atrial fibrillation

*Comparison between Large LAA group and Small LAA group
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Figure　3.　Comparison of the left atrial appendage orifice area among patients with sinus rhythm, 
paroxysmal/persistent atrial fibrillation (≤1 year), and long-persistent/chronic atrial fibrillation (>1 
year).

Table　3.　Liner Regression Analyses for Left Atrial Appendage Orifice Area.

Univariate Multivariate

Regression 

coefficient
p value

Regression 

coefficient

Beta 

coefficient
p value

Age 0.03 0.01 0.009 0.07 0.41

Male 0.21 0.94

Hypertension 0.65 0.02 0.39 0.12 0.15

Diabetes mellitus -0.40 0.26

Heart failure 0.37 0.25

Stroke/Transit ischemic attack -0.22 0.44

Vascular disease 0.57 0.07

Atrial fibrillation 1.40 <0.01 1.28 0.38 <0.001

duration.

Discussion

The main findings of this study are shown below:

1) Patients with a large LAA orifice area were older and

more often had hypertension and AF than those with a small

LAA orifice area.

2) Patients with a large LAA orifice area had lower LAA

velocity and more often a spontaneous contrast echo than

those with a small LAA orifice area.

3) The presence of AF was an independent predictor of

the LAA orifice area.

4) The LAA orifice area was larger as the patients had a

longer AF duration.

Recently, much attention has been focused on the LAA

morphology, as catheter ablation and percutaneous LAA clo-

sure are expanding in clinical practice (12-14). LAA mor-

phology can be evaluated by TEE, cardiac magnetic reso-

nance, and computed tomography, and previous reports have

focused on various anatomical features, including the vol-

ume, number of lobes, and orifice size (15, 16). Further-

more, racial differences have also been reported (17), and

data regarding the clinical significance of various anatomical

features in each population are still limited and more data

are required. In this study, we focused on the LAA orifice

area among the Japanese population, which has not yet been

fully elucidated and also examined its clinical significance.

A few studies, which focused on the LAA orifice area,

have reported a mean value of 4.4-4.6 cm2 among patients

with AF (6, 18), and similar values were seen among pa-

tients with AF in our study. The values in the overall popu-

lation appeared to be smaller than those in previous reports,

and this can be explained by the difference in the studied

population because the present study included patients with

sinus rhythm. To date, the data regarding the factors associ-

ated with the LAA orifice area are limited. Our study

showed that patients with a larger LAA orifice area were

older and more often had hypertension and AF. In particular,

the presence of AF was independently associated with the

LAA orifice area, and patients with longer AF duration had

a larger LAA orifice area. The results of this study suggest
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that a sustained AF rhythm might lead to the gradual expan-

sion of the LAA orifice along with LA dilatation, even

though this was a cross-sectional study.

The clinical significance of the LAA orifice size has not

yet been adequately determined. Some studies have shown

that a larger LAA orifice area/diameter is associated with an

increased thromboembolic risk in patients with AF (4, 6).

Other reports have shown that a smaller LAA orifice area is

associated with thromboembolic risk (17), or no significant

association was noted between the LAA orifice size and

thromboembolic risk (18-21). In our study, a larger LAA

orifice area was associated with a lower LAA flow velocity

and more frequent spontaneous echo contrast, which are

well known to be thromboembolic risks of TEE findings.

Therefore, our study might support the theory that a larger

LAA orifice area has higher thromboembolic risk than a

smaller one. In clinical practice, when considering the indi-

cations for LAA closure, we might be able to regard a pa-

tient with a large LAA orifice as a more appropriate candi-

date in terms of thromboembolic risk.

This study is associated with several limitations. First, this

was a retrospective, single-center observational study, and

the sample size was relatively small. Second, there might be

some differences in the measurement position from that

measured for other purposes, including percutaneous LAA

closure. However, it would not be a concern when the clini-

cal significance of the LAA orifice area is considered. Third,

this study only included patients who had clinical indica-

tions for TEE, and thus some selection bias might exist.

Conclusion

A larger LAA orifice area was associated with the pres-

ence of AF and thromboembolic risk of TEE findings. Our

findings suggest that the persistence of AF rhythm might

lead to the expansion of the LAA orifice over time, and this

phenomenon is considered to be important in clinical prac-

tice.

Author’s disclosure of potential Conflicts of Interest (COI).
Hideki Ishii: Honoraria, Astellas Pharma, Astrazeneca, Daiichi-

Sankyo Pharma and MSD. Toyoaki Murohara: Honoraria, Bayel

Pharmaceutical, Daiichi-Sankyo, Dainippon Sumitomo Pharma,

Kowa, MSD, Mitsubishi Tanabe Pharma, Nippon Boehringer

Ingelheim, Novartis Pharma, Pfizer Japan, Sanofi-aventis and

Takeda Pharmaceutical.

References

1. Al-Saady NM, Obel OA, Camm AJ. Left atrial appendage: struc-

ture, function, and role in thromboembolism. Heart 82: 547-554,

1999.

2. Blackshear JL, Odell JA. Appendage obliteration to reduce stroke

in cardiac surgical patients with atrial fibrillation. Ann Thorac

Surg 61: 755-759, 1996.

3. Scherr D, Dalal D, Chilukuri K, et al. Incidence and predictors of

left atrial thrombus prior to catheter ablation of atrial fibrillation. J

Cardiovasc Electrophysiol 20: 379-384, 2009.

4. Beinart R, Heist EK, Newell JB, Holmvang G, Ruskin JN,

Mansour M. Left atrial appendage dimensions predict the risk of

stroke/TIA in patients with atrial fibrillation. J Cardiovasc Electro-

physiol 22: 10-15, 2011.

5. Burrell LD, Horne BD, Anderson JL, Muhlestein JB, Whisenant

BK. Usefulness of left atrial appendage volume as a predictor of

embolic stroke in patients with atrial fibrillation. Am J Cardiol

112: 1148-1152, 2013.

6. Yamamoto M, Seo Y, Kawamatsu N, et al. Complex left atrial ap-

pendage morphology and left atrial appendage thrombus formation

in patients with atrial fibrillation. Circ Cardiovasc Imaging 7: 337-

343, 2014.

7. Castello R, Pearson AC, Labovitz AJ. Prevalence and clinical im-

plications of atrial spontaneous contrast in patients undergoing

transesophageal echocardiography. Am J Cardiol 65: 1149-1153,

1990.

8. Sugioka K, Takagi M, Sakamoto S, et al. Predictors of silent brain

infarction on magnetic resonance imaging in patients with nonval-

vular atrial fibrillation: a transesophageal echocardiographic study.

Am Heart J 169: 783-790, 2015.

9. Zhang J, Cui CY, Huang DQ, et al. Evaluation of the left atrial

appendage by real time three-dimensional transesophageal echo-

cardiography online. Echocardiography 35: 991-998, 2018.

10. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW,

Radford MJ. Validation of clinical classification schemes for pre-

dicting stroke: results from the National Registry of Atrial Fibrilla-

tion. JAMA 285: 2864-2870, 2001.

11. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining

clinical risk stratification for predicting stroke and thromboem-

bolism in atrial fibrillation using a novel risk factor-based ap-

proach: the euro heart survey on atrial fibrillation. Chest 137: 263-

272, 2010.

12. Kirchhof P, Calkins H. Catheter ablation in patients with persistent

atrial fibrillation. Eur Heart J 38: 20-26, 2017.

13. Parikh V, Bartus K, Litwinowicz R, et al. Long-term clinical out-

comes from real-world experience of left atrial appendage exclu-

sion with LARIAT device. J Cardiovasc Electrophysiol 30: 2849-

2857, 2019.

14. Bergmann MW, Betts TR, Sievert H, et al. Safety and efficacy of

early anticoagulation drug regimens after WATCHMAN left atrial

appendage closure: three-month data from the EWOLUTION pro-

spective, multicentre, monitored international WATCHMAN LAA

closure registry. EuroIntervention 13: 877-884, 2017.

15. Delgado V, Di Biase L, Leung M, et al. Structure and function of

the left atrium and left atrial appendage: AF and stroke implica-

tions. J Am Coll Cardiol 70: 3157-3172, 2017.

16. Beigel R, Wunderlich NC, Ho SY, Arsanjani R, Siegel RJ. The

left atrial appendage: anatomy, function, and noninvasive evalu-

ation. JACC Cardiovasc Imaging 7: 1251-1265, 2014.

17. Khurram IM, Dewire J, Mager M, et al. Relationship between left

atrial appendage morphology and stroke in patients with atrial fib-

rillation. Heart Rhythm 10: 1843-1849, 2013.

18. Kimura T, Takatsuki S, Inagawa K, et al. Anatomical characteris-

tics of the left atrial appendage in cardiogenic stroke with low

CHADS2 scores. Heart Rhythm 10: 921-925, 2013.

19. Di Biase L, Santangeli P, Anselmino M, et al. Does the left atrial

appendage morphology correlate with the risk of stroke in patients

with atrial fibrillation? Results from a multicenter study. J Am

Coll Cardiol 60: 531-538, 2012.

20. Nedios S, Kornej J, Koutalas E, et al. Left atrial appendage mor-

phology and thromboembolic risk after catheter ablation for atrial

fibrillation. Heart Rhythm 11: 2239-2246, 2014.

21. Anselmino M, Scaglione M, Di Biase L, et al. Left atrial append-

age morphology and silent cerebral ischemia in patients with atrial

fibrillation. Heart Rhythm 11: 2-7, 2014.



Intern Med 61: 1801-1807, 2022 DOI: 10.2169/internalmedicine.8301-21

1807

The Internal Medicine is an Open Access journal distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ 2022 The Japanese Society of Internal Medicine

Intern Med 61: 1801-1807, 2022


