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Association between left atrial function assessed by
speckle-tracking echocardiography and the presence of left atrial 

appendage thrombus in patients with atrial fibrillation

Introduction

Atrial fibrillation (AF) is the most common arrhythmia and af-
fects 1%–2% of the general population (1, 2). Its presence is as-
sociated with the worsening of quality of life, the development of 
heart failure symptoms, and the risk of thromboembolic events, 
including stroke or transient ischemic attack (3–5).

AF, especially longer in duration and managed by rate con-
trol strategy, leads to fibrosis and remodeling of left atrial (LA) 
wall. Structural atrial remodeling in AF is manifested by lower 
myocardial velocities, lower compliance, worsening in strain 
and strain rate, lower emptying fraction, and cavity enlargement 
(6–8). The contractile dysfunction of atria during arrhythmia 
leads to decreased blood flow velocity and favors the creation 
of thrombi (4, 9). Most commonly, thrombi develop in LA ap-
pendage (LAA; 2, 4). The prevalence of thrombi in LAA (LAAT) in 
anticoagulated patients with AF before cardioversion amounts 

to 7%–8% and still poses a problem (10, 11). The gold-standard 
technique for detecting flow stasis, spontaneous echo contrast 
and LAAT is transesophageal echocardiography (TEE), a semi-
invasive method (2, 9, 12).

There are several established methods of LA echocardio-
graphic quantification e.g., anteroposterior and superoinferior 
diameter, area in four-chamber view and volumes by area–
length formulas in single or biplane views (13, 14). The utility 
of linear measurements is limited, because LA enlarges in an 
asymmetrical way (13). However, echocardiography enables 
not only morphological but also functional assessment of LA. 
Normal LA function consists of three phases: a reservoir com-
ponent relevant to a blood inflow from pulmonary veins begin-
ning with ventricular systole, a passive conduit component dur-
ing early ventricular diastole, and a pump component during  
the late diastole of ventricle (12, 15, 16). The last component is 
absent in AF (6, 15).

Objective: The aim of the study was to investigate whether the deformation of left atrium (LA) measured by speckle-tracking analysis (STE) is 
associated with the presence of LA appendage thrombus (LAAT) during non-valvular atrial fibrillation (AF).
Methods: Eighty-seven patients (mean age 67 years, 59% men) were included to retrospective cross-sectional study. On top of standard echo-
cardiography we assessed: LA longitudinal systolic strain (LS), systolic (LSSR) and early diastolic strain rate (LESR) in four-chamber and two-
chamber apical views. All patients underwent transesophageal echocardiography disclosing LAAT in 36 (41%) patients.
Results: Subgroups with and without thrombi did not differ with regard to clinical characteristics. Univariate factors associated with LAAT were 
as follows: CH2ADS2-VASc Score, left ventricular ejection fraction (LVEF), LV mass, and STE measurements. In a multivariate model only LVEF 
(p=0.002), LS (p=0.02), LESR (p=0.008), and LSSR (p=0.045) were independently associated with LAAT presence. Moreover, LVEF and LA STE 
measurements provided incremental value over the CH2ADS2-VASc Score.
Conclusion: Speckle-tracking TTE may be used to describe LA reservoir and conduit function during AF, allowing the identification of patients 
with higher risk of LAAT and providing incremental value over the CH2ADS2-VASc Score. (Anatol J Cardiol 2017; 18: 15-22)
Keywords: heart failure, left atrial deformation, left atrial strain, left atrial strain rate, left ventricular systolic dysfunction, thromboembolism
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Speckle-tracking echocardiography (STE) is a non-Doppler, 
angle-independent technique allowing the measurement of global  
and regional atrial strain (6, 17). Several studies have already 
proved the usefulness of LA STE in sinus rhythm (12, 18) and in 
AF (19, 20). LA strain has been shown to have additive value for 
the risk stratification of embolism and post-stroke mortality (20).

On the basis of these observations, we hypothesized that the 
worsening of LA function demonstrated by TTE combined with 
STE may be associated with the presence of LAAT in patients with 
AF. Potentially, LA regional strain maps could be useful for identi-
fying patients with worse function of LAA and higher probability  
of LAAT. Moreover, we studied the potential incremental signifi-
cance of LA strain and strain rate over traditional risk stratifica-
tion scheme.

Methods

Population characteristics
We conducted retrospective, cross-sectional study. We ana-

lyzed the database of reports of a tertiary cardiology center echo-
cardiographic laboratory and identified 104 patients (mean age 
67±11 years, 57% men) referred for clinically indicated TEE with 
non-valvular AF who underwent TTE and whose stored TTE im-
ages were suitable for STE-based offline analysis. We excluded  
patients with significant valvular heart disease (prosthetic valve, 
significant valve insufficiency and moderate stenosis).

Indications for TEE included: scheduled cardioversion (63 pa-
tients, 60.6%), scheduled ablation (27 patients, 26%), scheduled 
implantation of implantable cardioverter–defibrillator (6 patients, 
5.8%), pathologies of the thoracic aorta (8 patients, 7.7%).

Data regarding clinical characteristics and treatment were 
collected on the basis of interviews and hospital documentation 
using standardized questionnaire. We calculated the CH2ADS2-
VASc Score for each patient. The presence of AF was confirmed 
by means of 12-lead electrocardiogram in each patient. We clas-
sified AF as paroxysmal, persisting and permanent.

The anticoagulation was considered therapeutic if anticoa-
gulants were used for at least 3 weeks before TEE in proper 
dosage. In the case of vitamin K antagonists anticoagulation 
was considered therapeutic if there were at least three recent 
consecutive measurements of International Normalized Ratio 
showing values ≥2.

The study was conducted in accordance with the ethical 
standards of the Local Institutional Review Board and with the 
1964 Helsinki declaration and its later amendments. This proj-
ect was approved by the Local Bioethics Committee. All patients 
gave their written informed consent before the study.

Transthoracic echocardiography
Echocardiographic examinations were performed using Vivid 

7 (20 exams, 19.2%) or Vivid E9 (84 exams, 80.8%) echocardio-
graph (GE Healthcare, Horten, Norway) equipped with M4S (1.5–
4.0 MHz) and M5S-D (1.5–4.5 MHz) probe, respectively. All images 

were acquired during AF. Five cardiac cycles were stored in cine-
loop format for further offline analysis. Echocardiographic mea-
surements were done for consecutive beats and thereafter aver-
aged. All linear dimensions and area measurements were taken 
according to current recommendations (21). Left ventricular (LV) 
mass was measured using the cube formula (21). The assess-
ment of LV ejection fraction (LVEF) was done using a modified 
Simpson’s method. LA area was measured by indicating its inner 
contours in four-chamber (4CH) and two-chamber (2CH) apical 
views during left ventricular end-systole. LAA and the inlet of 
the pulmonary veins were excluded. The LA volumes and empty-
ing fraction were obtained using the biplane summation of disks 
method in the 4CH and 2CH views. Maximal LA volume was mea-
sured at the end-systolic phase and minimal at the end-diastolic 
phase–just before mitral valve opening and closure, respectively.

Transesophageal echocardiography
Transesophageal exams were performed using Vivid 7 (11 

exams, 10.6%), Vivid E9 (80 exams, 76.9%; GE Healthcare, Horten, 
Norway) and Philips iE33 (13 exams, 12.5%; Philips Medical Sys-
tems, Bothell, WA) ultrasound machine. We performed detailed 
assessment of LAA. Second harmonic imaging was applied. 
Thrombus was defined as echodensity with distinct borders, 
separate from an endocardium and seen in multiple views. We 
took into account also LAA emptying velocity with pulse Dop-
pler. The presence of LAAT was verified by two independent 
echocardiographers. For better visualization in 11 (10.6%) cases 
a second-generation contrast agent (SonoVue, Bracco Interna-
tional B.V., Amsterdam, the Netherlands) was used to exclude or 
confirm presence thrombi.

Speckle-tracking echocardiography
On top of standard echocardiographic evaluation of LA func-

tion, two-dimensional STE analysis was performed offline using  
EchoPAC software version 112, revision 1.3 (GE Healthcare, 
Horten, Norway). We used 4CH and 2CH apical views acquired 
with frame rate of at least 60 frames per second during breath 
hold. The LA endocardium was manually contoured and there-
after the region of interest was reduced to the wall thickness. 
We performed the visual revision of speckle-tracking and in 
some cases manual adjustments were necessary because of 
insufficient tracking quality. The software automatically divided 
LA wall longitudinally into six segments. We measured average 
peak positive left atrial longitudinal systolic atrial strain (LS, LA 
lengthening; Fig. 1a), longitudinal systolic strain rate (LSSR, LA 
reservoir function), and longitudinal early diastolic strain rate 
(LESR, LA conduit function; Fig. 1b). To resolve the problem of 
beat-to-beat variation in STE measurements we employed the 
index-beat method (Fig. 2). This technique has been proved 
valuable in the assessment of LV strain during AF (22). Particu-
lar results were estimated using the ratio of preceding to pre-
preceding R-R′ interval. We selected the beat with the smallest 
difference between prevenient R-R′ intervals.
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Statistical analysis
For continuous variables data are expressed as mean ± 

standard deviation or median (25th–75th percentiles) values. 
Dichotomous variables are presented as absolute values 
and frequencies. To verify the normality of data distribution 
we used D’Agostino–Pearson test. Differences in continuous 
parameters between groups with and without LAAT were in-
vestigated using Student’s t-test or Mann–Whitney U test for 
independent samples according to the normality of distribu-
tion. For dichotomous data we applied Fisher’s exact test or χ2 
test depending on sample size. We used Pearson’s coefficient 
to assess the correlations between particular parameters. 
Kappa statistics were used to determine the intraobserver and 
interobserver concordance in the assessment of particular 
STE measurements.

We generated receiver operating characteristics (ROC curves 
to determine the ability of different variables for discriminating 
between patients with and those without LAAT. The cut-off was 
gained using the criterion corresponding with the highest Youden 
index.

Regression analysis was performed to identify markers con-
nected with LAAT. The covariates with p value ≤0.05 identified 
by univariate analysis were thereafter included in multivariate 
model in a stepwise manner. The most of univariate param-
eters were correlated. To avoid the problem of collinearity we  
constructed alternative multiple regression models for each 
STE result, LVEF, and iLV mass. Considering previously pub-
lished findings, the models included prespecified variables such 
as CH2ADS2-VASc score and effective anticoagulation (14, 23). 
Risks were expressed as odds ratio (OR) with 95% confidence 
interval (CI). The possible incremental value of each univariate 
factor over traditional risk stratification scheme was tested. The 
incremental value was assessed by comparing the global χ2 
value for each model.

A two-tailed probability value of <0.05 was considered sta-
tistically significant. The data were processed using MedCalc 
Software version 12.2.1 and SPSS version 20.0.

Results

Study population
Preliminary analysis excluded 11 (10.6%) patients because 

of suboptimal quality of transthoracic images. In TEE, interob-
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Figure 1. Two-dimensional STE analysis of LA in the apical four-cham-
ber view in patient with AF. (a) Dashed line reflects mean LA longitudi-
nal strain and allows the measurement of mean peak positive LS. (b) 
Dashed curve depicts mean LA longitudinal strain rate and allows the 
assessment of LSSR and LESR
AF - atrial fibrillation; AVC - aortic valve closure; LA - left atrium; LESR - average LA longitu-
dinal early diastolic strain rate; LS - average peak positive longitudinal systolic atrial strain; 
LSSR - average LA longitudinal systolic strain rate; MVC - mitral valve closure; STE - speckle-
tracking echocardiography

b

Figure 2. The scheme of the selection of index beat during AF. The STE 
results were estimated using the ratio of preceding (1) to pre-preceding 
(2) R-R′ interval. We selected the beat with the smallest difference be-
tween prevenient R-R′ intervals
BPM - beats per minute; HR - heart rate; STE - speckle-tracking echocardiography
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server discrepancies regarding LAAT vs. “sludge” differentia-
tion involved 6 (5.8%) patients. These cases were excluded from 
further analysis. Finally, we enrolled into the study 36 patients 
with LAAT and 51 patients without LAAT as controls according to 
previously established criteria. Demographic, clinical, and echo-
cardiographic data for the study group are presented in Table 1.

Demographic and clinical parameters
The prevalence of particular AF types (paroxysmal, persis-

tent, permanent) was similar in both subgroups. There were no 
significant differences between these patients with respect to 
age, body mass index, CH2ADS2-VASc Score, hypertension, heart 
failure, creatinine clearance, diabetes mellitus, and percentage 
of patients on therapeutic anticoagulation. The prevalence of 
coronary artery disease was higher in the LAAT group. Thirty-
one (61%) patients without LAAT was treated with anticoagu-
lants and this treatment was administered for at least 3 weeks 
before TEE in proper dosage in 23 (74%) of them. In patients with 
LAAT, the corresponding numbers were 24 (67%) and 14 (58%) 
patients, respectively.

Standard echocardiographic parameters
Patients with LAAT had lower LVEF and LAA emptying velocity,  

higher indexed LV mass, higher indexed LA area, maximal LA 
volume, and minimal LA volume. Both groups were comparable 
with regard to LA anteroposterior diameter and LA total empty-
ing fraction.

Speckle-tracking echocardiography results
We noticed 33 (3.2%) segments with any positive peak on 

strain curve. Five subjects (5.7%) had only negative average 
strain curve in one of view. Moreover 66 (6.3%) segments had 
inadequate quality and were excluded from further assessment. 
All obtained STE measurements were indexed by preceding to 
pre-preceding R–R′ ratio.

Speckle-tracking analysis revealed significant differences 
between groups with and without LAAT. Patients with LAAT 
had more pronounced impairment of LA reservoir function ex-
pressed by LS and LSSR as well as conduit function, expressed 
by LESR. Strain and strain rate results were similar in a com-
parative analysis between 4CH and 2CH views.

Observer variability
Ten studies were randomly selected for intraobserver and 

interobserver variability assessment. The kappa coefficient of 
intraobserver agreement was 0.89 for LS, 0.85 for LESR, and 0.91 
for LSSR. These results reflect very good agreement. The concor-
dance between independent observers was good and very good 
(kappa coefficient was 0.80 for LS, 0.78 for LESR and 0.86 for LSSR).

Factors associated with LAAT presence
Parameters showing any statistically significant diagnos-

tic value for identifying LAAT presence in ROC curves analysis 

Table 1. Clinical and echocardiographic characteristics of patients 
with and without LAAT

Parameter

Age, years
Gender, female, %
Body mass index, kg/m2

Body surface area, m2

Heart rate, BPM
AF, n, %
 paroxysmal
 persistent
 permanent
CH2ADS2-VASc Score
 <2, %
 ≥2, %
Prior stroke or TIA, n, %
Hypertension, n, %
Heart failure, n, %
Hyperlipidemia, n, %
Diabetes mellitus, n, %
Coronary artery disease, n, %
Coronary artery bypass surgery, n, %
Post myocardial infarction, n, %
Smoking, n, %
Alcohol abuse, n, %
Anticoagulation, n, %
 Therapeutic anticoagulation, n, %
 Acenocumarol, n, %
 Warfarin, n, %
 Dabigatran, n, %
 Rivaroxaban, n, %
LVEF, %
 preserved
 mid-range
 decreased
iLV mass, g/m2

LAA emptying velocity, cm/s
LA anteroposterior diameter, mm/m2

iLA area, cm2/m2

iLA volume min, mL/m2

iLA volume max, mL/m2

LA total emptying fraction, %
LS-4Ch, %
LS-2CH, %
LS, %
LSSR-4CH, 1/s
LSSR-2CH, 1/s
LSSR, 1/s
LESR-4CH, 1/s
LESR-2CH, 1/s
LESR, 1/s

Without
LAAT (n=51)

65±13.5
24 (47)

29 (26–33)
2±0.3
90±19

6 (12)
38 (75)
7 (14)

3.1±2.1
10 (20)
41 (80)
2 (4)

42 (82)
19 (37)
36 (71)
22 (43)
14 (27)
3 (6)
9 (18)
5 (10)
4 (8)

31 (61)
23 (45)
15 (29)
2 (4)
7 (14)
7 (14)

50 (40–58)
26 (51)
17 (33)
8 (16)

123±32
48±17

24 (22–27)
12 (10–13)
28 (22–37)
38 (31–48)

26±10
12.2±6.7
13.2±7.1
12.5±6.2
0.8±0.3
0.8±0.3
0.8±0.2
-1.1±0.6
-1.1±0.5
-1.1±0.5

With
LAAT (n=36)

70±7.5
12 (33)

28 (26–31)
1.9±0.2
88±24

1 (3)
31 (86)
4 (11)

3.9±1.6
3 (8)

33 (92)
8 (22)
31 (86)
20 (56)
26 (72)
13 (36)
18 (50)
2 (6)

11 (31)
3 (8)

0
24 (67)
14 (39)
23 (64)

0
0

1 (3)
38 (28–53)

14 (39)
3 (8)

19 (53)
139±38
26±10

26 (24–28) 
14 (11–15)
34 (28–39)
45 (38–54)

24±7
9.5±5.9
9±4.6

9.1±4.6
0.6±0.3
0.6±0.3
0.6±0.3
-0.7±0.4
-0.8±0.5
-0.8±0.4

P

0.14
0.27
0.24
0.05
0.75

0.23
0.3
1

0.3
0.22
0.16
0.01
0.86
0.13
0.94
0.66
0.04

1
0.2
1

0.14
0.74
0.66

0.002
0.51
0.04
0.13

0.001
0.4

0.009
0.0004
0.04

0.0001
0.07
0.03
0.02
0.04
0.34
0.05

0.002
0.006
0.04

0.002
0.01

0.0005
0.01

0.0009
Results are shown as mean±standard deviation, median (25th–75th percentiles) or 
numbers (percentages). 2CH - two-chamber; 4CH -four-chamber, AF - atrial fibrillation; 
BPM - beats per minute; iLA - parameter indexed to body surface area; LA -left atrial; 
LAAT -left atrial appendage thrombus; LESR -average LA longitudinal early-diastolic 
strain rate; LS -average peak positive longitudinal systolic atrial strain; LSSR - average 
LA longitudinal systolic strain rate; LV - left ventricular; LVEF - left ventricular ejection 
fraction; TIA - transient ischemic attack
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are listed in Table 2. The area under ROC curve (AUC) for the 
CH2ADS2-VASc Score was 0.645 and for LVEF was 0.706. The best 
cut-off values of the CH2ADS2-VASc Score and LVEF were >2 and 
≤30%, respectively. The CHA2DS2-VASc Score and LESR had the 
highest negative predictive value and LVEF had the highest posi-
tive predictive value.

AUCs for LA planimetric and volumetric parameters varied 
from 0.56 in the case of LA emptying fraction to 0.651 for LA mini-
mal volume indexed to body surface area (BSA). Indexing to BSA 
increased the accuracy of planimetric and volumetric measure-
ments. AUCs for STE measurements of LA function varied from 
0.668 to 0.709 (p<0.05 for all measurements).

Table 3 lists univariate and multivariate parameters as-
sociated with LAAT. We observed the additional value of 
LVEF, LS, LESR, and LSSR over CHA2DS2-VASc Score (Fig. 
3). The iLV mass was insignificant in this aspect. The multi-
variate factors for identifying LAAT even after adjustment for 
CHA2DS2-VASc and effective anticoagulation were LVEF, LS, 
LESR, and LSSR.

Discussion

To the best of our knowledge our study is the first one to in-
vestigate potential use of transthoracic STE to identify patients 
with higher probability of LAAT presence during AF. Previous 
studies concerning echocardiographic analysis of LA function, 
even in the context of AF, were mostly performed during sinus 
rhythm (24). Left atrial strain was documented as predictor of 
LAAT in patients with sinus rhythm with suspected cardioem-
bolic stroke (12).

We analyzed population with AF. Both subgroups were similar 
with regard to demographic characteristics, cardiovascular risk 
factors, and anticoagulant therapy. The absence of difference  
in anticoagulation status resulted from the duration of AF and 
the previous implementation of treatment. We noticed many sig-
nificant differences in standard and advanced echo measure-
ments. The low or absent correlations between LA conventional 
and STE parameters may suggest that LA deformation has many 
determinants (25).

Table 2. Receiver operating characteristics curves for the identifying of LAAT. Data present best case scenario

 Parameter AUC P Criterion of highest Sensitivity Specificity Predictive value

    diagnostic value (%) (%) Positive (%) Negative (%)

CH2ADS2-VASc 0.645 0.01 >2 89 49 55 86

LVEF 0.706 0.0004 ≤30% 42 96 88 70

iLV mass 0.618 0.06 >160 g/m2 39 90 74 68

iLA diameter 0.622 0.04 >23 mm/m2 80 43 49 76

iLA area 0.639 0.02 >13 cm2/m2 58 71 58 71

iLA volume max 0.643 0.02 >38 ml/m2 74 58 55 76

iLA volume min 0.651 0.01 >28 ml/m2 71 58 54 74

LS 0.668 0.004 ≤10.6% 72 67 60 77

LESR 0.709 0.0002 >-0.6 (1/s) 90 42 52 86

LSSR 0.667 0.006 ≤0.6 (1/s) 56 78 64 72
AUC - area under receiver operating characteristics curve; iLA - parameter indexed to body surface area; LA - left atrial; LAAT - left atrial appendage thrombus; LESR - average LA 
longitudinal early-diastolic strain rate; LS - average peak positive longitudinal systolic atrial strain; LSSR - average LA longitudinal systolic strain rate; LV - left ventricular; LVEF - left 
ventricular ejection fraction

Table 3. The factors associated with LAAT in univariate analysis and multivariate analysis after adjustment for the CH2ADS2-VASc Score and 
therapeutic anticoagulation

   Univariate   Multivariate

Parameter OR 95% CI P OR 95% CI P χ2

CH2ADS2-VASc Score 1.27 1.01–1.61 0.04

LVEF 0.94 0.91–0.98 0.001 0.94 0.91–0.98 0.002 15.5

iLV mass 1.01 1.00–1.03 0.04 1.01 0.99–1.02 0.1 7.1

LS 0.89 0.82–0.97 0.005 0.89 0.82–0.98 0.02 10.6

LSSR 0.10 0.02–0.62 0.01 0.14 0.02–0.96 0.045 8.6

LESR 6.42 1.94–21.24 0.0005 5.3 1.5–18.3 0.008 12.7
CI - confidence interval; iLV mass - left ventricular mass indexed to body surface area; LAAT - left atrial appendage thrombus; LESR - average LA longitudinal early diastolic strain rate; 
LS - average peak positive longitudinal systolic atrial strain; LSSR - average LA longitudinal systolic strain rate; LVEF - left ventricular ejection fraction; OR - odds ratio

Kupczynska et al.
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Clinical and standard echocardiographic 
factors associated with LAAT
To evaluate the diagnostic value of clinical data for the iden-

tification of the higher risk of LAAT we used the CH2ADS2-VASc 
Score—a well-established and validated scale stratifying stroke 
risk in AF (1). Higher values of this score has been also reported 
in the patients with LAAT (26). In our study, despite comparable 
CH2ADS2-VASc Score values in both subgroups (with and without 
LAAT), the score was statistically significant univariate factor of 
LAAT. Contrary to earlier reports our analysis did not confirm 
significant meaning of more sustained AF forms for thrombus 
formation (27). It may be hypothesized that high prevalence of 
risk factors (85% patients had at least the CH2ADS2-VASc Score 
equal 2) and sustained forms of AF in our study group was the 
reason for this lack of significant differences.

With regard to standard echocardiographic parameters, prior 
studies have shown that LVEF <40% implicates the presence of 
thrombus (28); our results confirm these observations. Moreover 
decreased LVEF is the predictor of warfarin-resistant LA throm-
bus (29). However, in our study another parameter previously re-
ported (28) as the predictor of LAAT presence, i.e., LA diameter, 
had poor diagnostic value only after indexing for BSA. It was indi-
cated that enlargement of LA observed in echo, independently of 
applied method of calculation was associated with LAAT, dense 
spontaneous echo contrast or LAA low flow velocity. However, 
indexed LA area in 4-CH view and indexed volume had the high-

est prognostic value (14). In our analysis standard LA echocar-
diographic area–length parameters had no or poor discrimina-
tive ability for the identification of thrombi. Moreover, none of 
them reached statistical significance in regression model.  
It may be explained by small variety of LA size in our group. In 
another study (11) LV mass measured by area–length method 
has predicted LAAT in persistent AF. This is partially consistent 
with our findings. We employed a cube formula and identified iLV 
mass as a univariate marker of LAAT, but without additive value 
over the CH2ADS2-VASc Score. Furthermore, increased LV end-
diastolic pressure (typical for hypertrophy) has been associated 
with impaired LA filling in the analysis of changes in LA volume 
(30). This fact may result in impaired LA hemodynamics and con-
tribute to the higher probability of LAAT appearance.

Speckle-tracking echocardiographic 
factors associated with LAAT
We demonstrated that assessment of LA strain during AF is 

feasible. This is consistent with previous studies (19, 26). Sub-
group without LAAT had significantly higher strain and absolute 
strain rate values. These parameters have also been shown 
in previous studies to be predictive of reverse remodeling and 
identifying responders to cardioversion (19) and ablation (24).

Our results indicate that the worsening of LA function de-
tected by STE is associated with the higher risk of thrombi in 
LAA. However, each of STE measurement had poor to fair dis-
criminative accuracy. In multivariate model after adjustment 
for the CH2ADS2-VASc Score and effective anticoagulation only 
LVEF, LA lengthening, LA conduit, and reservoir function were 
independently associated with the presence of LAAT.

We also demonstrated incremental diagnostic value of LA 
STE measurements over established risk stratification scale in 
identifying patients with LAAT. Previously it was established that 
LS measured in 4CH and 2CH views (without roof segments) has 
additional value over CHA2DS2-VASc Score, but for the risk strati-
fication of embolism in patients with AF (20). The data considering  
the additional value of LA strain rate are unavailable so far. Fur-
thermore, our model of LA consisted of 12 segments.

In our study we also analyzed a number of segments with any 
positive peak on strain curve. Positive strain value reflects LA 
wall lengthening during pulmonary veins inflow. Negative strain 
value represents wall shortening when atrium empties into  
ventricle (19). Lack of positive peak represents greater stiffness 
and lack of compliance. We included the number of segments 
with only negative strain to regression model. However, it was 
not statistically significant factor of LAAT appearance.

Study limitations

Our study has some limitations. This is a single-center, ret-
rospective project with a relatively small group of patients, with 
high incidence of risk factors and LAA thrombi, but relatively low 
percentage of them on full anticoagulation. Therefore, these re-
sults need to be validated in a larger, prospective study. Another 

Figure 3. Incremental value of left ventricular ejection fraction, left atrial 
longitudinal strain, systolic strain, and early diastolic strain rate over the 
CH2ADS2-VASc Score for the stratification of the presence of thrombi. Pre-
sented factors significantly improved χ2 value of the CH2ADS2-VASc Score
CI - confidence interval; LESR - average LA longitudinal early diastolic strain rate; LS -aver-
age peak positive longitudinal systolic atrial strain; LSSR - average LA longitudinal systolic 
strain rate; LVEF - left ventricular ejection fraction; OR - odds ratio

Variable
OR

(95%CI)
P

CHA2DS2-VASc
1.27

(1.01–1.61)
0.04

Model 1
(χ2=4.11)

Model 2
(χ2=14.92)

Model 3
(χ2=10.10)

Model 4
(χ2=12.87)

Model 5
(χ2=8.98)

CHA2DS2-VASc
1.23

(0.96–1.59)
0.11

CHA2DS2-VASc
1.20

(0.93–1.60)
0.16

CHA2DS2-VASc
1.13

(0.87–1.48)
0.35

CHA2DS2-VASc
1.21

(0.94–1.59)
0.15

LVEF
0.94

(0.91–0.98)
0.002

LS
0.90

(0.82–0.99)
0.02

LESR
5.43

(1.57–18.81)
0.008

LSSR
0.13

(0.02–0.86)
0.03

Variable
OR

(95%CI)
P

16

14

12

10

8

6

4

2

0

P=0.01

P=0.0006

P=0.0002

P=0.0007
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limitation is high prevalence of patients with mid-range LVEF in 
the group without LAAT and the high percentage of heart failure 
with decreased LVEF in the group with LAAT. We did not analyze 
exact duration of arrhythmia episodes because of potential in-
accuracies associated with asymptomatic course. The analysis 
was performed using a software dedicated for left ventricle be-
cause software for LA STE is not available. Our results cannot 
be directly compared to previously reported (13, 20) because of 
different methodology. Our analysis involved 12 LA segments, 
including roof segments, and global LA strain values are rela-
tively low despite pretty normal mean LAA emptying velocities. 
Another limitation is that reported diagnostic values are derived 
from Youden index. Values of diagnostic accuracy presented in 
Table 2 represent the best case scenario.

Conclusions

STE may be used to describe the LA reservoir and conduit 
function during AF. The deformation analysis of LA function in 
TTE provides additional diagnostic value for discriminating  
between patients with and without LAAT. Left ventricular sys-
tolic dysfunction and impaired LA deformation are independent 
markers of LAAT in patients with AF. Analysis according to LA 
strain may be useful and important for the better understanding 
of pathophysiological conditions. Further prospective longitudi-
nal studies in the larger group of patients are needed to validate 
our results, clarify raised issues and indicate their potential role 
in daily practice.
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