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Background: The use of transesophageal echocardiography (TEE) is a clinically feasible method for
quantitative analysis of left atrial appendage (LAA) function. LAA dysfunction is closely associated with atrial
fibrillation (AF)-related stroke. However, there are few studies on the changes in LAA function in patients
with different types of AF. This study aimed to observe changes in LAA systolic motion and function in
patients with different types of AF by using speckle-tracking echocardiography (STE).

Methods: A retrospective study of 216 patients with non-valvular AF was conducted. The LAA was divided
into three parts: the basal segment (B), middle segment (M), and top segment (A). Speck -racking technology
was used to measure and record the forward strain values of the basal segment (B), middle segment (M), and
top segment (A) of the LAA, and the peak positive strain dispersion of the LAA was calculated. The left atrial
appendage mechanical dispersion (LAAMD) was defined as the standard deviation (SD) of the peak positive
strain at each segment of the R-R interval.

Results: Partial speckle-tracking parameters of the LAA showed statistical significance between the two
groups. The peak strain on the top segment of the LAA was reduced in the persistent atrial fibrillation
(per-AF) group compared to the paroxysmal atrial fibrillation (par-AF) group [11.87 (6.47-20.12) vs. 16.02
(9.76-24.50); 12.66 (6.66-21.22) vs. 20.16 (14.16-30.56); both P<0.01]. In the group with lower LAAMD,
the proportion of patients with persistent AF (per-AF) was higher (66.3% wvs. 33.7%; P<0.001), the left atrial
dilatation was more significant (45.80+5.656 vs. 42.85+4.867; P<0.001), the LAA filling velocity and LAA
empty velocity were lower (42.35£20.354 vs. 51.0£20.599; 38.71+24.39 vs. 51.62+21.282; both P<0.001),
the LAA ejection fraction was significantly lower (52.16+25.538 vs. 70.85+20.741; P=0.000), and the peak
positive strains of the M and A of the LAA were lower than those in the higher LAAMD group.
Conclusions: The deformability of the LAA is decreased diffusely in per-AF, especially in the A of the
LAA. Compliance with LAA was worse in patients with per-AF than in those with par-AF.
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Introduction

Atrial fibrillation (AF) is the most common type of
arrhythmia worldwide and is a major risk factor for
cardioembolic stroke (1). Thrombosis is usually found
in the left atrial appendage (LAA) in patients with AF,
due to reduced LAA contractility and blood stasis (2).
Therefore, for patients with AF, attention should be paid to
evaluating LAA function in order to determine the risk of
cardioembolic complications. In AF, LAA contractility and
function are reduced, which often presents with reduced
Doppler velocity and LAA dilation (3,4). Therefore, pulse
Doppler measurement of the LAA flow velocity is the
preferred method for evaluating LAA function. However,
research has shown that evaluation of LAA function using
the pulse Doppler method alone is not always satisfactory,
due to the great variation of blood flow patterns and
amplitudes during AF, as well as the shape and velocity of
current curve being significantly affected by the location
of the sampling volume (5). Recently, Doppler tissue
imaging (D'TT) has also been used to assess LAA function,
and it has good prospects (6-10). However, D'TT also has
the limitations of being greatly affected by tethering and
the translation effects of the heart as well as the angle of
acoustic beam, which prevents it from providing a true
measurement of myocardial contractility (5). Strain imaging
has been found to overcome these limitations, not only
because it is superior to DTT in myocardial contractility, but
also because myocardial strain analysis can show the level of
myocardial deformation (11).

Understanding the changes in the mechanical movement
of the LAA in patients with AF can shed light on the
formation mechanism of LAA thrombosis. Mechanical
damage of the LAA is commonly observed in patients
with AF. However, few studies have reported on the
characteristics of mechanical damage of the LAA in patients
with paroxysmal AF (par-AF) and persistent AF (per-AF), or
on the local function of each LAA segment. Therefore, the
main purpose of our study was to observe the movement
and function characteristics of the LAA in patients with
different types of AF using two-dimensional (2D) speckle-
tracking transesophageal echocardiography (TEE).

We present the following article in accordance with the
STROBE reporting checklist (available at https://qims.
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amegroups.com/article/view/10.21037/qims-21-942/rc).

Methods
Study population

A cross-sectional, retrospective study was conducted to
assess 216 consecutive patients who were diagnosed with
AF in the First Affiliated Hospital of Soochow University
between January 2019 and January 2020. Par-AF means
that AF can be recovered by itself or under intervention
within 7 days but will relapse with different frequencies.
Per-AF refers to the onset of continuous AF for more than
7 days (12). The inclusion criteria were as follows: patients
with non-valvular atrial fibrillation (NVAF) with adequate
image quality and complete clinical data. Informed consent
was obtained from each patient. Basic information collected
about the patients included age, height, weight, and the
type of AF (paroxysmal or persistent). Past history of
hypertension, diabetes, coronary heart disease, prior stroke,
or congenital heart disease was recorded. The exclusion
criteria were as follows: patients with congenital heart
disease, valvular heart disease, thrombocytopenic purpura,
severe mitral regurgitation, or tumor, and patients whose
data included low-quality images (Figure I). This study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013) and approved by the Ethics Committee
of The Affiliated Hospital of Soochow University (No.
112/2021).

Transthoracic echocardiography

The left atrial diameter (LAD) was measured by a GE
VividE95 echocardiograph (GE Vingmed Ultrasound AS,
Horten Norway) equipped with an M5S probe on the long-
axis section of the left ventricle. The early diastolic flow-
velocity peak of the mitral valve (peak E) was measured by
pulse Doppler in the apical four-chamber view. DTT was
used to measure the early diastolic tissue Doppler velocity
of the mitral annulus from septal and lateral (E’sep and E’la).
The ratio of E to E’ (E/¢’) was then calculated. Simpson’s
rule was used to measure the left ventricular ejection
fraction (LVEF) in the apical four-chamber view and the
apical two-chamber view.
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Figure 1 Selection of patients for inclusion. AF, atrial fibrillation; TEE, transesophageal echocardiography; LAA, left atrial appendage;

STE, speckle-tracking echocardiography.

TEE

All patients routinely underwent TEE using a Vivid E95
echocardiography scanner equipped with an M5Sc (1.4-
4.6 MHz) probe and a multiplane 6VT (3.0-8.0 MHz)
transducer. Lidocaine hydrochloride spray was used for local
anesthesia before TEE examinations, and a comprehensive
visual assessment of the LAA was performed at the mid-
esophageal position by sweeping from 0° to 180°. The left
atrial appendage ejection fraction (LAAEF) was measured
and calculated using the 2D Simpson’s method. LAAEF =
[maximum volume of left atrial appendage (LAA V max)
- minimal volume of left atrial appendage (LAA V min)]/
(LAA V max) x100%. The peak empty velocity (PEV) and
the peak filling velocity (PFV) were measured by pulse
Doppler. The dispersion of the LAA normal strain peak
was the standard deviation (SD) of the peak of the positive
strain at each segment of the R-R interval. The speckle-
tracking echocardiography (STE) system stored 3 to 5
consecutive cardiac cycles in cine loop format, which were
used for strain analysis. The analysis relied on an Echo PAC
ultrasound workstation (Echo PAC PC Version 203). As the
LAA was anterior to anterolateral in position, it was best
viewed between 50° and 90° (13). To resolve the problem of
beat-to-beat variation in STE measurements, we used the
index-beat method (14).

LAA 2D-STE analysis

The edges of the endocardium and epicardium were
delineated by offline analysis at the Echo PAC ultrasound

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

workstation in a 2D grayscale dynamic graph between 50°
and 90° in the LAA. The starting point of the QRS wave
in the electrocardiogram was used as the zero baseline, and
the positive strain value of each segment of the LAA was
recorded in the strain curve corrected by the R-R interval of
the electrocardiogram (Figure 2). The left atrial appendage
mechanical dispersion (LAAMD) was defined as the
standard deviation (SD) of the peak positive strain at each
segment of the R-R interval. Segments with an inadequate
quality were excluded. The final analysis involved 203 (94%)
LAA segments.

Statistical analysis

SPSS 23.0 (IBM Corp., Armonk, NY, USA) was used for
statistical analyses. Continuous variables were described

+

by mean + standard deviation, and categorical variables
were described as percentages. Variables with non-normal
distribution were expressed as the median and quartile, i.e.,
median (P25, P75). The Mann-Whitney U test was used
for nonparametric tests. Comparisons between groups were
performed using the independent-samples #-test, Mann-
Whitney U test, chi-square test, or Fisher’s exact test.

Differences were of statistical significance at P<0.05.

Results

Clinical and echocardiographic characteristics of the study
population

Compared to the per-AF group, the par-AF group included
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Figure 2 “LAA strain curves tracked by spots in patients with AF, with yellow crosses representing positive peaks in each curve. (A)

Paroxysmal atrial fibrillation; (B) persistent atrial fibrillation. “LAA, left atrial appendage; AF, atrial fibrillation.

more women and had a higher use rate of the anticoagulant
dabigatran, and these differences were statistically
significant (Zable I). There was a higher incidence of heart
failure, a higher ratio of previous stroke history, more
obvious LAA dilatation, lower LVEEF, an increased early
diastolic flow-velocity peak (E), a shortened mitral E-wave
deceleration time (EDT), increased early diastolic velocity
of the mitral annulus, and increased pulmonary artery
systolic pressure in the per-AF group than in the par-AF
group. All of these parameters were statistically significantly
different between the two groups (P<0.05).

TEE characteristics of the study population

Regarding the comparisons of TEE parameters (Table 2),
the peak empty velocity (PEV) and peak filling velocity
(PFV) of the LAA were lower in patients with per-AF than
in patients with par-AF. Furthermore, the ratio of the peak
filling velocity of the left atrial appendage (LAAFV) to the
peak empty velocity of the left atrial appendage (LAAEV)
in the per-AF group was higher, the diameter and depth of
the LAA ostium were higher, and the LAAEF was lower
than those in the par-AF group (P<0.05). There were also
statistically significant differences in partial LAA speckle-
tracking parameters between the two groups. In particular,
the peak strain on the top segment of the LAA was lower in

the per-AF group than in the par-AF group (P<0.01).

Clinical and echocardiographic characteristics of the study
population about LAAMD

Table 3 details the comparisons of dispersion of the positive

strain peak in the LAA. The median LAAMD was 6.28%;
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patients with LAAMD >6.28% comprised the higher
LAAMD group, and those with LAAMD <6.28% made up
the lower LAAMD group. The proportion of per-AF was
higher, the left atrial dilatation was more evident, the filling
velocity and emptying velocity of the LAA were lower, the
LAAEF was decreased significantly, and the positive peak
strain of the middle and top segments of the LAA were
decreased visibly in the lower LAAMD group compared
with the higher LAAMD group. The difference between
the two groups showed statistical significance (P<0.05).

The peak positive strain of each segment of the LAA in
different AF subtypes

Figure 3 shows that the peak positive strain of each LAA
segment differed between the par-AF group and the per-
AF group. In the basal and the top segments of the LAA,
both medial and lateral, the per-AF group had a lower
strain value than the par-AF group, and the differences
were statistically significant (P=0.018, P=0.044, P=0.044,
P<0.001, respectively). The middle segment showed that
strain value, in the inside group, the per-AF was lower than
the par-AF, and the difference was statistically significant
(P=0.014). In the outside group, per-AF was lower than
par-AF, the difference was not statistically significant
(P>0.05). The peak positive strain of each segment of the
LAA differed between the low LAAMD group and the high
LAAMD group; in the middle and the top of segments
of the LAA, both inside and outside, the differences were
statistically significant (P=0.001 and P<0.001, respectively).
The dispersion of the peak systolic strain of the LAA
differed between the par-AF group and the per-AF group
(P=0.000), with the peak positive strain of the per-AF group
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Table 1 Clinical and echocardiographic characteristics of the study population

Variables Par-AF (n=114) Per-AF (n=102) P value
Sex, female, % 62.4 37.6 0.016
Age, years 62.32+9.721 63.44+10.427 0.413
Hypertension, % 51.6 48.4 0.391
Diabetes, % 54.5 455 0.521
Stroke, % 31.8 68.2 0.032
Heart failure, % 10.0 90.0 0.000
Amiodarone, % 52.7 47.3 0.511
Dabigatran, % 59.0 41.0 0.032
Rivaroxaban, % 47.5 52.5 0.147
Propafenone, % 57.1 42.9 0.353
Warfarin, % 41.2 58.8 0.228
left atrium, mm 41.73+4.572 47.02+5.091 0.000
LVEF, % 62.97+5.716 57.11+£10.48 0.000
Cha2ds2vasc 1.87+£1.39 2.17+1.59 0.144
E (cm/s) 79.02+23.957 93.57+22.889 0.000
EDT (s) 204.36+52.277 172.14+50.76 0.000
E’(sep) (cm/s) 7.09+1.94 8.43+2.49 0.000
E’(la) (cm/s) 9.60+2.98 11.86+3.27 0.000
E/e’ 9.63+3.309 9.88+3.757 0.623
PASP (mmHg) 26.72+5.770 29.61+8.923 0.005

Data are expressed as mean = SD or as %. E’(sep) and E’(lat): early diastolic tissue Doppler velocity of mitral annulus from septal and
lateral. E/e’ = ratio of peak early mitral inflow velocity and peak early diastolic mitral annular velocity. LVEF, left ventricular ejection fraction;
E, the early diastolic flow velocity peak of mitral valve; EDT, mitral E-wave deceleration time; PASP, pulmonary artery systolic pressure.

being more concentrated.

Discussion

The development of ultrasonic technology has enabled
researchers to better understand the structure and function
of the LAA. The LAA is a finger-like extension originating
from the main body of the left atrium, which can actively
relax and contract (15). The compliance and blood-storing
ability of LAA are much greater in the LAA than in other
areas of the left atrium (16). The LAA is the most common
site of thrombosis in patients with AF due to its complex
structure and trabecular muscles. The contractility of the
LAA decreases in the event of AF, which prevents blood from
being effectively eliminated, causing blood retention (16).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Results shown in an ultrasound are characterized by
decreases in LAAEV and LAAEF. Reduced LAAFV was
significantly associated with a high prevalence of non-
paroxysmal AF and reduced LVEF. Fukuhara ez al. (17)
showed that reduced LAAFV was not correlated with
significant differences in heart rate. In our study, patients
with per-AF had lower LAAEF than the par-AF group. The
LAA has a distinct systolic pattern; in the first passive phase
in early diastole, there is a biphasic empty pattern, and in
the second active phase in left atrium contraction, there is a
prominent monophasic filling pattern. This pattern in AF is
characterized by rapid alternation of emptying and filling at
a low rate (18).

The left atrium is the cardiac structure most closely
related to AFE. There is causality between AF and left atrial
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Table 2 Transesophageal echocardiographic characteristics of the study population

Variables Par-AF (n=114) Per-AF (n=102) P value
LAAEV, cm/s 57.07+25.092 31.5+£12.430 0.000
LAAFV, cm/s 53.0+22.357 38.6+16.64 0.000
LAAFV/LAAEV 0.97+0.293 1.20+0.339 0.000
LAA ostia, mm 18.32+3.181 20.21+3.494 0.000
LAA depth, mm 28.50+5.567 31.10+6.856 0.003
LAAEF, % 77.4£19.922 46.59+19.587 0.000
LAA PPS (B inside), % 3.87 (1.99-9.68) 3.00 (1.00-6.88) 0.281
LAA PPS (M inside), % 5.70 (2.81-12.66) 3.38 (1.84-7.97) 0.098
LAA PPS (A inside), % 16.02 (9.76-24.50) 11.87 (6.47-20.12) 0.003
LAA PPS (A outside), % 20.16 (14.16-30.56) 12.66 (6.66-21.22) <0.001
LAA PPS (M outside), % 8.36 (3.50-13.56) 4.97 (2.94-8.53) 0.000
LAA PPS (B outside), % 6.09 (2.24-10.93) 4.22 (1.87-7.97) 0.174

Data are expressed as mean + standard deviation (SD) or as median (IQR). LAAEV, the peak empty velocity of the left atrial appendage;
LAAFYV, the peak filling velocity of the left atrial appendage; LAA, left atrial appendage; LAAEF, left atrial appendage ejection fraction; LAA
PPS, peak positive strain of left atrial appendage; B, basal; M, middle, A, top; Inside, medial wall of the left atrial appendage; Outside,

lateral wall of the left atrial appendage.

structural remodeling, which mainly manifests as an increase
in the left atrial inner diameter. AF can lead to atrial
structural remodeling and myocardial fibrosis (19). Long-
term AF further results in increased stiffness, an enlarged
inner diameter, and histological changes in the thin-walled
left atrium. In our study, the left atrial inner diameter was
significantly increased in patients with per-AF. Additionally,
we observed that the early diastolic flow-velocity peak (E)
was increased, the EDT was shortened, and the E/e’ was
increased in the per-AF group, which may indicate elevated
left atrial pressure. This observation suggests that AF may
have enhanced left atrial remodeling by expanding the left
atrium, leading to the increase in left atrial pressure and
ultimately affecting the flow velocity of the LAA.

With the increase in left atrial pressure, the LAA
gradually enlarges, which is a compensatory adjustment to
relieve increased left atrial pressure. This enlargement of
the LAA also constitutes an important anatomical structural
basis for the LAA having reduced mechanical function and
blood flow stasis, which lead to thrombosis. It is common to
see LAA remodeling in the pathophysiology of AF, and the
orifice and depth of the LAA can also serve as indicators of
LAA remodeling. Patti et /. (20) found that the structure
of the LAA was found to be negatively correlated with its
function. Currently, the PEV and LAAEF of the LAA are

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

frequently used as objective and preferred indicators for
evaluating LAA function, because LAA function is mainly
reflected in the systolic and diastolic capacity of the LAA.
In patients with AF, LAA function ranges from normal to
low, with varying degrees of loss. In general, severe LAA
remodeling leads to the deterioration of LAA mechanical
function (loss of contractility) and results in a static pouch-
like change presented in the LAA, which causes blood flow
stasis and thrombosis. In our study, patients with per-AF
had significant LAA dilation, a decreased overall ejection
fraction, decreased LAAEV, and a diffusely decreased
positive strain peak compared with the par-AF group.
These results also indicated a relationship between AF
duration and LAAMD: the longer the duration of AF, the
more obvious the reduction in LAA deformability, and
contractility resented a diffuse decline.

The normal flow cycle begins just after the mitral valve
opens, with an early diastolic forward flow (LAA emptying),
which is determined by the intracavitary suction and
ventricular filling (5). Left ventricular dilation which occurs
during the diastolic filling period may further facilitate
emptying of the LAA by compressing the free ventricular
wall and immobilizing the inferior medial wall of the LAA
between the pericardium (21). The decreased ability of the
LAA to empty can be attributed to the reduced diastolic
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Table 3 Clinical and echocardiographic characteristics of the study population about LAAMD

Variables LAAMD (low, n=98) LAAMD (higher, n=105) P value
Sex, female, % 52.6 47.4 0.657
AF, per-, % 66.3 33.7 <0.001
Hypertension, % 52.7 47.3 0.463
Diabetes, % 63.2 36.8 0.334
Stroke, % 45.0 55.0 0.814
Heart failure, % 61.1 38.9 0.458
Age, years 62.91+£10.67 62.46+9.201 0.760
Cha2ds2vasc 2.05+1.454 2.00+1.605 0.813
Left atrium, mm 45.80+5.656 42.85+4.867 <0.001
LVEF, % 58.58+9.412 61.35+7.299 0.025
LAAEV, cm/s 38.71+24.39 51.62+21.282 <0.001
LAAFV, cm/s 42.35+20.354 51.0+20.599 0.004
LAA diameter, mm 19.48+3.19 19.14+3.472 0.482
LAA depth, mm 30.03+6.946 29.41+5.931 0.508
LAAEF, % 52.16+25.538 70.85+20.741 0.000
LAA PPS (B inside), % 3.13 (1.00-6.88) 4.00 (1.87-9.19) 0.562
LAA PPS (M inside), % 3.75 (1.56-7.50) 5.94 (2.97-12.66) 0.042
LAA PPS (A inside), % 8.91 (5.16-12.38) 22.31 (15.78-27.75) 0.000
LAA PPS (A outside), % 10.31 (5.50-14.38) 25.03 (19.69-31.88) 0.000
LAA PPS (M outside), % 4.53 (2.62-8.13) 9.00 (4.22-14.06) 0.000
LAA PPS (B outside), % 4.50 (2.19-8.63) 5.81 (2.25-11.09) 0.562

LAAMD (lower): <6.88%. LAAMD (higher): =6.88%. Data are expressed as mean + standard deviation (SD) and % or as median (interquartile
range). LAAMD, left atrial appendage mechanical dispersion; LAAEV, the peak empty velocity of the left atrial appendage; LAAFV, the
peak filling velocity of the left atrial appendage; LAA, left atrial appendage; LAAEF, left atrial appendage ejection fraction; LAA PPS, peak
positive strain of the left atrial appendage; B, basal; M, middle; A, top; Inside, medial wall of the left atrial appendage; Outside, lateral wall

of the left atrial appendage.

function of the left ventricle, and patients with AF have
limited filling. If the left ventricular filling pressure or
left atrial pressure increases, it will affect the blood flow
velocity of the LAA. The top segment of the LAA has a
longer extension and it appears to be less compressed by
the free ventricular wall. Therefore, it is possible that when
the disease progresses for a certain period of time, the top
segment of the LAA sustains mechanical damage, and the
contractility significantly and actively decreases. In our
study, the peak positive strain of the top segment of the
LAA in patients with per-AF decreased more significantly
than it did in patients with par-AF, as did the LAAEF. In

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

addition, the contractility of the whole ventricular wall
of the LAA generally decreased, and the peak positive
strain decreased centrally in patients with per-AF. Previous
research by Shirani er 4/. (22) on pathological tissue from
the LAA of patients with AF found that the most fibrotic
LAA was at the base of the LAA, whereas the middle and
top of the LAA sequentially decreased. In our study, the
deformability of the basal segment of the LAA was lower
than that of the remaining myocardium wall in both
groups, which may be related to the degree of LAA fibrosis.
However, the study found that patients with par-AF had a
relatively high strain peak and great dispersion, which may
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Figure 3 The peak systolic strain of each segment of the left atrial appendage according to a subtype of non-valvular atrial fibrillation.
Inside: medial wall of left atrial appendage. Outside: lateral wall of left atrial appendage. The peak systolic strain of each segment of the
left atrial appendage differed between the paroxysmal atrial fibrillation group and persistent atrial fibrillation group (A, B, C, ns: P>0.05; *,
P<0.05; **, P<0.01; ***, P<0.001). The difference of the peak systolic strain dispersion in each segment of the left atrial appendage (D, E,
E ns: P>0.05; *, P<0.05; **, P<0.01; ***, P<0.001). The dispersion of the peak systolic strain of the left atrial appendage differed between
the paroxysmal atrial fibrillation group and the persistent atrial fibrillation group (G; P=0.000; ***, P<0.001). LAA, left atrial appendage;
LAAMD, the dispersion of standard deviation (SD) of peak positive strain at each segment of R-R interval.
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be caused by retention of the deformability of the local
ventricular wall of the LAA in such patients.

Ma et al. (23) found that the expression of the M2
receptor was higher in patients with AF than in the non-AF
group. T'GF-B1 is a key regulator of fibrosis that enhances
collagen synthesis (24). The expression of TGF-p1 and
CTGEF in LAA tissues is correlated with serum anti-M2-R
levels and the upregulation of the M2 receptor and TGF-1
expression in the LAA of patients with AF (23). Persistent
AF has been reported to result in fibroblast accumulation
in several regions, particularly in the LAA (25). The LAA
acts as a buffer by increasing compliance to reduce the
increased pressure in the left atrium (26) and prevent the
long-term left atrial remodeling that leads to AF (27). If
compliance becomes poor, it may contribute to further
remodeling of the left atrium, the persistence of AF and
the need for antiarrhythmic drugs, and a poor response to
radiofrequency ablation. This may also be the reason why
compliance of the LAA in per-AF is worse than that of par-
AF. There may be fibrotic changes in the LAA, and the
degree of fibrosis is related to the duration of AF.

TEE is an invasive examination method. Therefore,
it is difficult to invite healthy participants with no
cardiomyopathy to take part in an LAA function
examination. Previous research has shown that patients
with per-AF and embolic events have significantly worse
LAA strain and a worse strain rate than patients without
embolization (28). Although we observed no difference in
the frequency of stroke between the high and low LAAMD
groups, but this requires a larger sample size with a longer
follow-up time.

Limitations

Our study had several important limitations. First, it was a
single-center study with a small sample size. Additionally,
the study was a retrospective analysis. Also, although we
used 2D echocardiography to measure the LAAEF, three-
dimensional echocardiography can provide a more accurate
measurement. In view of the factors mentioned above, it is
necessary to conduct further studies with larger participant
cohorts. In future, baseline strain measurements should be
assessed before stroke onset, but this will require a larger
sample size with a longer follow-up time.

Conclusions

The mechanical function of the LAA can be quantified by
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2D speckle-tracking TEE in patients with non-valvular
AF. The deformability of the LAA is decreased diffusely
in patients with per-AF, especially in the top segment of
the LAA. In these patients, the LAA is also significantly
enlarged, and its filling velocity and emptying velocity are
decreased. Compliance with LAA is worse in patients with
per-AF than in those with par-AF.
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