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Left atrial strain measured by 4D Auto LAQ echocardiography 
is significantly correlated with high risk of thromboembolism in 
patients with non-valvular atrial fibrillation
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Background: The 4-dimensional automated left atrial quantification (4D Auto LAQ) tool is a new 
software for analysis of the structure and function of the left atrium (LA). This study aimed to evaluate 
the relationship between LA strain (LAS) as measured by 4D Auto LAQ echocardiography and 
thromboembolism risk in patients with non-valvular atrial fibrillation (NVAF).
Methods: Eight-five patients with NVAF were recruited from the cardiovascular center of our hospital, 
including 39 patients at high risk and 46 patients at low risk of thromboembolism. The study participants 
were assessed by routine echocardiography; 4D images were obtained, after which 4D Auto LAQ assessment 
was performed.
Results: In the thromboembolism high-risk group, the rates of impaired LA reservoir strain, LA 
contraction strain, LA reservoir circumferential strain, LA conduit circumferential strain, and LA contraction 
circumferential strain were found to be significantly higher than in the low-risk group. However, there was 
no significant difference in volume at onset of LA contraction or LA ejection fraction (LAEF) between 
the 2 groups. LA contraction circumferential strain was found to be an independent high risk factor for 
thromboembolism [odds ratio (OR): 2.52; P=0.008]. LA contraction circumferential strain >–4.5% was 
the cut-off for differentiating between participants with high and low risk of thromboembolism, with an 
area under the curve (AUC) of 0.95 (P<0.0001), a sensitivity of 0.872, and a specificity of 0.978. Sequential 
analysis revealed that LA contraction circumferential strain had a high diagnostic efficacy for stroke, as well 
as a specified accuracy in the diagnosis of hypertension and diabetes in patients aged ≥65 years old. However, 
it was not found to be effective in the diagnosis of heart failure and vascular diseases.
Conclusions: LAS is a useful index for the dynamic evaluation of LA function in patients with non-
valvular AF, with higher sensitivity and accuracy than LA volume. LA contraction circumferential strain is an 
independent high risk factor for thromboembolism, and LA contraction circumferential strain >–4.5% is a 
valuable cut-off to guide the use of anticoagulant therapy in patients with non-valvular AF.
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Introduction

Atrial fibrillation (AF), the most common form of persistent 
arrhythmia, has been found to increase the risk of ischemic 
stroke by a factor of 4 to 5 on average while increasing cardiac 
mortality by a factor of 2 (1). This condition endangers 
patients’ lives and greatly affects their life quality (2).  
The prevention of complications related to AF, such as 
stroke, is an important component in its comprehensive 
management. The CHA2DS2-VASc [congestive heart 
failure, hypertension, age ≥75 years, diabetes mellitus, 
stroke or transient ischemic attack (TIA), vascular 
disease, age 65 to 74 years, sex category] score is the most 
common method for stratifying thromboembolism risk 
in patients with AF, and it is also used to inform decisions 
on anticoagulation therapy. As men with CHA2DS2-VASc 
scores ≥2 and women with CHA2DS2-VASc scores ≥3 are 
high-risk groups for thromboembolism, anticoagulant 
therapy should be considered for these patients (3,4). 
However, this score is only based on clinical risks and does 
not take into account the structure or function of the left 
atrium (LA). Studies have reported that AF can aggravate 
LA remodeling, including LA structure, function, as well 
as electrophysiological remodeling (5,6). Moreover, LA 
remodeling is closely correlated with ischemic stroke (7,8).

LA strain (LAS) measured by speckle tracking 
echocardiography (STE) has been used by many scholars 
to study LA function (9,10). However, despite the value of 
STE (11,12), its clinical applications are limited by the thin-
walled structure of the LA, irregular arrangement of the LA 
myocytes (13), and intervendor variability (14). 

The 4-Dimensional Automated Left Atrial Quantification 
(4D Auto LAQ) tool is an LA analysis technique that 
uses 3D volume data to determine the volume and LA 
ejection fraction (LAEF) as well as LA longitudinal and 
circumferential strains. The present study aimed to evaluate 
the correlation between LAS, as measured by 4D Auto LAQ, 
and thromboembolism risk, as defined by CHA2DS2-VASc 
scores in patients with non-valvular atrial fibrillation (NVAF). 
Moreover, we quantitatively defined the LAS parameters that 
are independent high risk factors for thromboembolism, and 
established their cut-off points so as to inform decisions on 
clinical anticoagulation therapy in patients with NVAF.

Methods

Study population

This single-center retrospective study obtained ethical 

approval from the Second Affiliated Hospital of Nanchang 
University. The procedures used conformed to the 
standards of the World Medical Association Declaration 
of Helsinki (as revised in 2013). Between August 2019 
and June 2020, 136 patients with AF were admitted to the 
Department of Cardiology of the Second Affiliated Hospital 
of Nanchang University. Patients with NVAF who did not 
have moderate-to-severe mitral stenosis or the presence 
of mechanical prosthetic heart valves were enrolled in 
the study. After relevant examinations, CHA2DS2-VASc 
assessment was performed by experienced cardiologists. 
Among the participants recruited, 51 patients were excluded 
due to having atrial septal defect (n=5), valvular disease 
(n=7), or poor-quality echocardiographic images (n=16). 
Patients with NVAF who were not in sinus rhythm during 
imaging were also excluded (n=23). Eventually, 85 patients 
with NVAF were included in the study. 

Embolism risk score

Comorbid conditions such as heart failure, stroke, diabetes, 
age, female sex, hypertension, and vascular disease were 
considered when risk-stratifying the participants for 
embolism according to the CHA2DS2-VASc criteria. One 
point each was assigned for hypertension, congestive 
heart failure, diabetes, vascular disease (peripheral arterial 
disease and prior myocardial infarction), age (65–74 years), 
and female sex. Two points each were assigned for age 
>75 years, systemic embolism, stroke, and TIA. Based 
on the score, participants were allocated into either the 
thromboembolism high-risk group (n=39; males with 
CHA2DS2-VASC ≥2 and females with CHA2DS2-VASC ≥3) 
or the low-risk group (n=46; males with CHA2DS2-VASC 
<2 and females with CHA2DS2-VASC <3). Participants were 
examined by routine echocardiography and 4D Auto LAQ 
analysis.

Image acquisition

The GEvivid E95 ultrasonic diagnostic instrument (GE 
Healthcare; Vingmed Ultrasound, Horten, Norway) 
with an M5S probe (frequency: 1.5–4.6 MHz) and 4V 
probe (frequency: 1.5–4.0 MHz) was used for imaging. 
All participants underwent a complete transthoracic 
echocardiogram examination with the M5S transducer 
to determine cardiac structure, chamber size, mitral 
regurgitation, and cardiac function according to the current 
guidelines of the American Society of Echocardiography (15).  
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The left ventricular ejection fraction (LVEF) was measured 
by the improved biplane Simpson method. All participants 
then underwent 3D echocardiographic examination using a 
4V transducer. The image was optimized to obtain the full 
volume data of the whole LA under the apical 4-chamber 
view. Five heartbeat acquisition settings were used to 
obtain the dataset, and the frame rate was adjusted to 40% 
of the heart rate. Participants were encouraged to hold 
their breath at the end of breath (either ‘inhalation’ or 
‘exhalation’) when feasible. At least 4 datasets were obtained 
for each participant, with the 3 best-quality data sets being 
selected for offline analysis. Datasets with part of the LA 
missing, blurred endocardial boundaries, or obvious suture 
artifacts were excluded.

 During echocardiographic acquisition, the patients 
were in sinus rhythm. High-quality images were collected, 
so as to enhance the accuracy and repeatability of the 
measurements.

Principles of 4D Auto LAQ

A semi-automated segmentation algorithm was used for 
volume calculation. The algorithm was initialized with 1 
landmark located in the center of the mitral valve (MV) at 
the annulus level. The segmentation algorithm computes the 
deformation of the 3D model by solving a state estimation 
problem using an extended Kalman filter that combines 
the LA motion model, geometry, and edge detection 
algorithms. Strain was calculated based on changes in the 

lengths of different lines along each anatomical direction. 
To calculate longitudinal strain, 8 longitudinal lines (Figure 
1A), each connecting 2 opposite LA basal points, were 
sampled from an automatically constructed triangular mesh. 
To calculate circumferential strain, 7 circumferential lines 
(Figure 1B) that were equidistantly distributed between the 
LA base and the LA apex were used. The strain time was 
then calculated for each frame s(t) = (L(t) – L(tr))/L(tr) x 
100%, in which L(t) is the line length at time t and tr is 
the time of the left ventricular end diastole (ED). Global 
strain was calculated as the average strain of the respective 
directional lines of each direction.

4D Auto LAQ analysis

Images were imported into the EchoPAC203 software 
(GE Healthcare) and selected for analysis. The analysis 
mode was entered, and the volume and 4D Auto LAQ sub-
mode were sequentially selected. After that, the sampling 
point was placed in the middle of the mitral orifice in the 
3 planes. The ‘review’ function was selected to obtain the 
LA parameters, including volume and strain parameters, 
measured by 4D Auto LAQ, (Figure 2 and Video 1).

Volume parameters were volume at onset of LA 
contraction (LA VpreA) and LAEF, while LAS parameters 
were longitudinal and circumferential strains. The reference 
point was set at the left ventricle ED. During the reservoir 
phase, the LA wall lengthened, so the strain in this phase 
had a positive value. In the other 2 phases, the LA wall 

Figure 1 Schematic diagram of measuring left atrial strain by the 4-Dimensional Automated Left Atrial Quantification (4D Auto LAQ) tool. 
(A) The longitudinal line points for longitudinal strain calculation; (B) the circumferential line points for circumferential strain calculation.

A B
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Figure 2 Left atrial volume curve and strain curve measured by the 4-Dimensional Automated Left Atrial Quantification (4D Auto LAQ) 
tool. (A) The volume curve; (B) The strain curves.

A B

shortened, so the strains in these phases had negative 
values. LA longitudinal strain parameters obtained using 
this technique included LA reservoir strain (LASr), LA 
conduit strain (LAScd), and LA contraction strain (LASct), 
and LA circumferential strain parameters obtained included 
LA reservoir circumferential strain (LASr-c), LA conduit 
circumferential strain (LAScd-c), and LA contraction 
circumferential strain (LASct-c).

The longitudinal strain during the reservoir phase (LASr) 
is the difference of the strain value at MV opening minus 
ventricular ED; the longitudinal strain during the conduit 
phase (LAScd) is the difference of the strain value at the 
onset of atrial contraction (PreA) minus MV opening; the 
longitudinal strain during the contraction phase (LASct) 
is the difference of the strain value at ventricular ED 
minus onset of atrial contraction; LASr-c is the difference 
of the strain value at MV opening minus ventricular ED; 
LAScd-c is the difference of the strain value at the onset 
of atrial contraction minus MV opening; LASct-c is the 
difference of the strain value at ventricular ED minus onset 
of atrial contraction; LA VpreA = Volume at onset of atrial 
contraction; LA EF = (Maximum atrial volume – Minimum 
atrial volume) / Maximum atrial volume.

Statistical analysis

Continuous variables were expressed as medians with 
25–75% interquartile ranges (IQR) or means ± standard 
deviations (SD) according to variable distribution. The 
Mann–Whitney U test or independent-samples t test was 
used to compare medians or means between the 2 groups. 
The χ2 test was used for comparisons of the prevalence of 

comorbid conditions (diabetes, hypertension, degree of 
mitral regurgitation, and other medical illnesses) between 
the 2 groups. Logistic regression analysis was used to 
determine predictors of high risk of thromboembolism 
in patients with AF. The receiver operating characteristic 
(ROC) curve was used to establish the critical value, which is 
the parameter value corresponding to the maximum Youden 
index value (Youden index = sensitivity + specificity-1). A 
P value ≤0.05 was considered to be statistically significant. 
Statistical analyses were performed using SPSS version 23.0 
(IBM Corp., Chicago, IL, USA).

Results

Clinical characteristics

Clinical characteristics of the thromboembolism high- 
and low-risk groups are shown in Table 1. There were no 
significant differences in LVEF, body mass index (BMI), 
or the clinical course of NVAF between the 2 groups. The 
high-risk group had higher numbers of participants with 
hypertension, diabetes, stroke, and vascular disease than 
the low-risk group, but the differences in sex, heart failure, 
and mitral regurgitation between the 2 groups were not 
significant. Also, compared to the low-risk group, the high-
risk group was more advanced in age.

Univariate analysis of 4D Auto LAQ

Univariate analysis revealed that LASr [6.00% (3.00–
12.00%) vs. 11.00% (7.75–18.00%); P<0.001], LASr-c 
[5.00% (2.00–9.00%) vs. 11.00% (6.75–21.25%); P<0.001], 
and LAScd-c [−7.00% (–12.00 to –2.00%) vs. –1.50% 
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(–8.25–0.25%); P=0.005] were lower in the high-risk 
group than in the low-risk group. However, LASct [0.00% 
(–2.00–3.00%) vs. –7.00% (–10.00 to –4.75%); P<0.001] 
and LASct-c (1.59±5.80% vs. –11.50±3.60%; P<0.001) were 
higher in the high-risk group than in the low-risk group 
(P<0.001). LA VpreA, LA EF, and LAScd did not differ 
significantly between the 2 groups (Table 2).

Logistic regression analysis

Logistic regression analysis of patients with AF revealed 
that LASct-c was independently associated with a high 
risk of thromboembolism [odds ratio (OR): 2.52, CI: 
1.27 to 4.99, P=0.008; Table 3 and Figure 3]. In patients 
with NVAF, LASct-c was found to be able to distinguish 
between high and low risk of thromboembolism, and the 
area under the curve (AUC) was 0.95 (P<0.001; Figure 4). 
The most approximate Youden index was 0.85, while the 
corresponding value of LASct-c was –4.5%. At this point, 
sensitivity and specificity were 0.872 and 0.978, respectively. 

Diagnostic efficacy of LASct-c for the factors in CHA2DS2-
VASC 

To establish the predictive value of LASct-c for factors in 
CHA2DS2-VASC, LASct-c was used as the test variable, 
with or without congestive heart failure, hypertension, age 
(≥65 years old), diabetes, stroke, and vascular disease as 
variables, and ROC curves were drawn. LASct-c was found 
to exhibit high diagnostic efficacy for stroke (P<0.001), 
with a sensitivity of 0.957 and a specificity of 0.823. 
LASct-c exhibited a certain accuracy in the identification 
of hypertension, diabetes, and age ≥65 years (P<0.001, 
0.036, <0.001, respectively): the AUCs were 0.804, 0.726, 
and 0.765, respectively; the sensitivity was 0.77, 0.875, 
and 0.676, respectively; and the specificity was 0.84, 0.64, 
and 0.83, respectively. LASct-c did not exhibit diagnostic 
efficacy for heart failure or vascular diseases (P value: 0.102 
and 0.378, respectively; AUC: 0.68 and 0.63, respectively; 
Figure 5). As female sex is not considered to be a risk factor 
for thromboembolism in patients with AF (16), we did not 

Table 1 Baseline characteristics of study participants

Demographic and clinical characteristics
Thromboembolism risk of NVAF patients

Low risk (n=46) High risk (n=39)

Age (years) (IQR) 56.0 (50.8 to 62.5) 68.0 (63.0 to 78.0)*

LVEF (IQR) 60.5 (55.75 to 67.00) 58.0 (52.0 to 64.0)

BMI (mean ± SD) 23.1±2.6 22.8±3.0

Course of NVAF (Year) (mean ± SD) 3.2±0.59 3.4±0.56

Male 32 23

Comorbidities

Heart failure 2 6

Hypertension 6 29*

Diabetes 0 8*

Stroke 0 23*

Vascular disease 0 4*

Mitral regurgitation

Mild 14 15

Moderate 7 13

Severe 0 0

None 25 11

*, P<0.05. IQR, the values are median with 25–75% interquartile range; mean ± SD, the values are presented as mean ±standard  
deviation; the rest of the values are represented as number of patients. NVAF, non-valvular atrial fibrillation; BMI, body mass index.
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Table 2 Univariate analysis 4D Auto LAQ-related parameters between the 2 groups

Variable Thromboembolism low risk (n=45) Thromboembolism high risk (n=39) P value 

LA VpreA (mL) 55.50 (33.25–79.50) 56.00 (37.00–67.00) 0.82

LAEF (%) 35.76±14.94 30.41±12.33 0.079

LASr (%) 11.00 (7.75 to 18.00) 6.00 (3.00 to 12.00) <0.001

LAScd (%) –5.00 (–10.00 to 0.00) –8.00 (–11.00 to –3.00) 0.20

LASct (%) –7.00 (–10.00 to –4.75) 0.00 (–2.00 to 3.00) <0.001

LASr-c (%) 11.00 (6.75 to 21.25) 5.00 (2.00 to 9.00) <0.001

LAScd-c (%) –1.50 (–8.25 to 0.25) –7.00 (–12.00 to –2.00) 0.005

LASct-c (%) –11.50±3.60 1.59±5.80 <0.001

Data are given as median with 25–75% interquartile range or mean ± standard deviation. LA VpreA, volume at onset of left atrial  
contraction; LA EF, left atrial ejection fraction; LASr, left atrial reservoir strain; LAScd, left atrial longitudinal strain during the conduit phase; 
LASct, left atrial contraction strain; LASr-c, left atrial reservoir circumferential strain; LAScd-c, left atrial conduit circumferential strain; 
LASct-c, left atrial contraction circumferential strain.

Table 3 Logistic regression analysis for the prediction of high risk of thromboembolism 

Variable Coefficient SE OR 95% CI P value

LASr (%) –0.013 0.13 0.987 0.765–1.273 0.919

LASct (%) 0.193 0.148 1.213 0.907–1.622 0.193

LASr-c (%) 0.464 0.266 1.59 0.943–2.681 0.082

LAScd-c (%) 0.433 0.321 1.542 0.822–2.895 0.178

LASct-c (%) 0.923 0.349 2.516 1.269–4.991 0.008

CI, confidence interval; OR, odds ratio; SE, standard error; LASr, left atrial reservoir strain; LASct, left atrial contraction strain; LASr-c, left 
atrial reservoir circumferential strain; LAScd-c, left atrial conduit circumferential strain; LASct-c, left atrial contraction circumferential strain.

Figure 3 Logistic regression forest map of left atrial strain in non-valvular atrial fibrillation patients. OR, odds ratio; CI, confidence interval.
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Figure 4 LASct-c ROC curve for predicting thromboembolism 
high risk in non-valvular atrial fibrillation patients. LASct-c, left 
atrial contraction circumferential strain; ROC, receiver operating 
characteristic; AUC, area under the curve.
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test the efficacy of LASCT-c in female participants. 

Reproducibility of 4D Auto LAQ 

Repeat 4D Auto LAQ measurements of 15 randomly 
selected participants were taken by the same observers and 
by another experienced reader 2 weeks later, which allowed 
for the determination of intra-class correlation coefficients 
(ICC) as a measure of intra-observer and interobserver 
agreement. The ICC values ranged from 0.861 to 0.999, 
(Table 4), indicating good interobserver and intraobserver 
repeatability.

Discussion

Compared to low-risk patients, patients at high risk of 
thromboembolism had significantly impaired LASr, LASct, 

Figure 5 Diagnostic efficacy of LASct-c for the factors in CHA2DS2-VASC. (A) LASct-c ROC curve for predicting heart failure; (B) t LASct-c 
ROC curve for predicting hypertension; (C) LASct-c ROC curve for predicting age ≥65 years old; (D) LASct-c ROC curve for predicting 
diabetes; (E) LASct-c ROC curve for predicting stroke and embolism; (F) LASct-c ROC curve for predicting vascular disease. LASct-c, left atrial 
contraction circumferential strain; ROC, receiver operating characteristic; AUC, area under the curve; CHA2DS2-VASC, congestive heart failure, 
hypertension, age ≥75 years, diabetes mellitus, stroke or transient ischemic attack (TIA), vascular disease, age 65 to 74 years, sex category.
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Table 4 Interobserver and intraobserver variability

Parameters
Interobserver variability Intraobserver variability

ICC 95% CI P value ICC 95% CI P value

LAVpreA 0.999 0.999–1.000 <0.001 0.998 0.993–0.995 <0.001

LAEF 0.998 0.994–0.999 <0.001 0.997 0.990–0.999 <0.001

LASr 0.996 0.989–0.999 <0.001 0.985 0.956–0.995 <0.001

LAScd 0.985 0.955–0.995 <0.001 0.985 0.955–0.995 <0.001

LASct 0.968 0.908–0.989 <0.001 0.951 0.861–0.983 <0.001

LASr-c 0.999 0.997–1.000 <0.001 0.998 0.995–0.999 <0.001

LAScd-c 0.982 0.947–0.994 <0.001 0.982 0.945–0.994 <0.001

LASct-c 0.996 0.989–0.999 <0.001 0.997 0.992–0.999 <0.001

ICC, intraocular correlation coefficient; CI, Confidence interval; LA VpreA, volume at onset of left atrial contraction; LA EF, left atrial  
ejection fraction; LASr, left atrial reservoir strain; LAScd, left atrial longitudinal strain during the conduit phase; LASct, left atrial contraction 
strain; LASr-c, left atrial reservoir circumferential strain; LAScd-c, left atrial conduit circumferential strain; LASct-c, left atrial contraction 
circumferential strain.

LASr-c, LAScd-c, and LASct-c. However, there was no 
significant difference in LA volume between the 2 groups 
in our study. LASct-c >–4.5% could differentiate between 
high-risk and low-risk patients, with an AUC of 0.95 
(P<0.0001). Furthermore, LASct-c exhibited high efficacy 
in the diagnosis of stroke, with an AUC of 0.957 (P<0.001). 
Therefore, strain parameters are more sensitive than volume 
parameters in distinguishing between thromboembolism 
risk in patients with NVAF. Moreover, we found LASct-c to 
be an independent factor for the identification of patients 
with NVAF who were at high risk of thromboembolism, 
and it was also found to be a marker for predicting the 
occurrence of stroke.

There are 3 phases of normal LA activity: the reservoir, 
conduit, and contraction phases (17). The specific temporal 
activity of the LA and the corresponding strain curve are 
as follows: After ventricular ED, the LA fills and stretches, 
and its strain curve increases, reaching the peak at the 
ventricular end-systolic (ES) phase (i.e., before the MV 
opening); this phase is the reservoir period of the LA. After 
ES, the mitral valve opens, and the LA empties quickly until 
its pressure is equal to that of the left ventricle; this phase 
is the conduit period of the LA. Then, the strain decreases 
and the LA contracts, further expelling blood into the left 
ventricle, and the strain further decreases (18); this phase is 
the contraction period of the LA (Figure 6). 

The 4D Auto LAQ tool was specially designed for 
the study of the LA. It can analyze longitudinal as well 
as circumferential LAS, and evaluate changes in strain 

parameters of LA activity in different phases (Figure 6). Due 
to the lack of a dedicated software for LAS measured by 
STE, software for LV analysis has also been applied in the 
study of LA pattern strains. The accuracy and repeatability of 
LAS measurements are affected by factors such as the thin-
walled structure of the LA, irregular arrangement of LA  
myocytes (13), oval foramen on the atrial septum, and the 4 
pulmonary vein openings on the LA wall among others.

The presence of AF leads to LA remodeling, which 
is characterized by LA enlargement/dysfunction caused 
by atrial interstitial fibrosis (19). This remodeling can 
weaken the LA reservoir, conduit, systolic function, and 
even result in the loss of systolic function (20). Saha et al.  
reported that the global LAS, as measured by STE, 
decreased proportionally to the CHADS2 risk score (21). 
This observation implies that the larger the number of 
risk factors in patients with NVAF, the more severe the 
impairment of LA functions. Our findings were similar for 
thromboembolism risk in patients with NVAF based on the 
CHA2DS2-VASC score. Compared to the low-risk group, 
the thromboembolism high-risk group had significantly 
impaired LASr, LASct, LASr-c, LAScd-c, and LASct-c. 
We established that LASct-c is an independent factor for 
identifying patients with NVAF who are at high risk of 
thromboembolism. It also has a certain significance for 
guiding the use of anticoagulation therapy in patients with 
NVAF. We also found that LASct-c is highly effective in 
the diagnosis of stroke. This may be because LASCT-c is 
an indicator of LA systolic function; therefore, it has higher 
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sensitivity than the other strain parameters. 
The most serious effect of AF on LA function occurs 

in the LA systolic phase (22), in which LA contractility is 
decreased due to atrial fibrosis and loss of electrical activity 
(13,23,24). Our previous study revealed that LA reservoir 
strain in the stroke group was lower than that in the non-
stroke group (25), with impaired LAS being independently 
correlated with stroke (26). Obokata et al. reported that 
LAS, as measured by STE, provides an incremental value 
to the CHA2DS2-VASc score in the prediction of stroke in 
patients with NVAF (27). Furthermore, compared to the 
LA volume, measurement of LAS can be used to detect LA 
functions. Kuppahally et al. found that LAS and the strain 
rate, as measured by STE, were significantly correlated 
with atrial fibrosis (28). Similarly, they did not report any 
significant differences in LA volume parameters between 
Paroxysmal AF group and Persistent AF group. These 
studies have shown that LAS is a promising index; however, 
its measurement is made via STE, which has various 
limitations and cannot be used to obtain the circumferential 
strain value. However, when LAS is measured by 4D Auto 

LAQ, these limitations can be overcome. Further evaluation 
is needed to determine the value of LAS measured by 4D 
Auto LAQ in predicting stroke, and whether LASct-c is a 
better predictor of stroke than CHA2DS2-VASc.

The measurement of LAS by 4D Auto LAQ is extremely 
promising. LASct-c =–4.5 is the cut-off value for high risk 
and low risk of thromboembolism in patients with NVAF, 
and LASct-c shows high diagnostic efficacy for stroke. In 
conclusion, 4D Auto LAQ is a promising novel method for 
studying LA structure and functions.

Study limitations

This was a single-center, retrospective study. Since our 
sample size involved only 85 participants, some of our 
results may have been attributable to chance, and therefore 
need to be confirmed in a large-sample prospective study. 

The LASct-c was found to be closely associated with 
stroke, hypertension, diabetes, and age ≥65 years old in 
the CHA2DS2-VASc score; therefore, it was concluded 
that LASct-c >–4.5% is completely equivalent to 

Figure 6 Strain relationship between 3 phases of left atrial activity. (A) shows the relationships among longitudinal strain parameters of the 
left atrium, and (B) shows the relationships among circumferential strain parameters of the left atrium. 
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thromboembolism high risk, which cannot be completely 
determined.

Conclusions

LAS measured by 4D Auto LAQ is a useful index for 
the dynamic evaluation of LA function in patients with 
NVAF, and has higher sensitivity and accuracy than LA 
volume. LASct-c is independently associated with a high 
risk of thromboembolism and an LASct-c >–4.5% may be 
of guiding value for the use of anticoagulant therapy in 
patients with NVAF.
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