
Introduction
The left atrial appendage (LAA) is a long, tubular
and trabecular structure and has a narrow junction
with the left atrium (LA). The LAA has been the
focus of clinicians’ interests, because it is a potential
site for the development of thrombus in several
diseases. Normally, this highly dynamic structure
prevents stasis, but when the LAA function is
impaired, stasis will increase, which leads to
formation of spontaneous echo contrast (SEC) and/
or thrombus.1-3 Furthermore, it has been shown
that the presence of inactive LAA is an independent
predictor of thromboembolic events.4-6 Hence,
detection of the presence of inactive LAA can provide
the opportunity for intervention such as
anticoagulant therapy.

It is known that LAA velocities are reduced in mitral
stenosis (MS).3–6 Recently, it has been reported that
annular velocities obtained by tissue Doppler
imaging (TDI) are also reduced in MS.7-9 The LAA
has a close anatomic and functional relation with
lateral annulus and thus annular velocities obtained
by TDI may reflect the LAA functions.1 The aim of
the study was to investigate whether there is a
relation between mitral annular velocities obtained
by TDI and LAA function and to determine if the
annular velocities can predict the presence of the
inactive LAA in patients with MS.

Methods
The study population consisted of 60 patients with
isolated MS (41 females and 19 males; mean age: 30.5
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Abstract

Background : Mitral stenosis (MS) is the most common valvular heart disease. Thromboembolism
is one of the most important complications of MS, especially when it is associated with atrial
fibrillation (AF).Patients with sinus rhythm (SR) are also sussceptible to this complication when it
is associated with left atrial appendage (LAA) dysfunction .LAA dysfunction is an independent
predictor of thromboembolism in mitral stenosis.

Objectives: To investigate whether there is a relation between mitral annular velocities obtained by
Doppler tissue imaging (DTI) and LAA function determined by transoesophageal echocardiography
(TEE) and to determine if the annular velocities can predict the presence of the inactive LAA in MS.

Methods: Sixty MS patients  were evaluated by transthoracic echocardiography and all patients
underwent transesophageal echocardiography. The annular systolic (S-wave) and diastolic (Em-
and Am-waves) velocities were recorded. Inactive LAA was defined as LAA emptying velocity <25
cm/sec. Patients were divided into three groups; group AI (n = 18): sinus rhythm (SR) and LAA
emptying velocity e”25 cm/sec, group AII (n =22): SR and LAA emptying velocity <25cm/sec and
group B (n = 20): atrial fibrillation.

Results: Thrombus was detected in 14 patients and spontaneous echo contrast (SEC) was detected in 48
patients. Both S-wave and peak LAA emptying velocities were decreasing, while SEC frequency and
density were increasing from group A  to group B. There was a positive correlation between LAA
emptying vs. S-wave and LAA emptying vs. Am velocities (p < 0.001, r = 0.708 and p< 0.001, r=0.495).
Multivariate regression analysis showed that only S-wave is the independent predictor of inactive LAA
(p = 0.001, odds ratio = 0.133, 95% CI = 0.032–0.556). In patients with SR, the cutoff value of S-wave was
14 cm/sec for the prediction of the presence of inactive LAA (sensitivity: 92.3%, specificity: 95.3%).

Conclusions: S-wave is an independent predictor of inactive LAA and a useful parameter in

estimating inactive LAA in MS with SR..
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± 8.2 years). Patients with any of the following were
excluded from the study: hypertension, diabetes
mellitus, evidence of coronary artery disease, aortic
stenosis, moderate or severe mitral regurgitation,
moderate or severe aortic regurgitation, history of mitral
commissurotomy or valvuloplasty, congestive heart
failure, and using antiplatelet or anticoagulant drug.
Written informed consent was obtained from all the
subjects.

Transthoracic Echocardiography
Transthoracic echocardiographic examinations were
performed with Acuson (Siemens) with a 2 – 4 -
MHz phased array transducer. The patients were
studied in the left lateral position.
Echocardiographic techniques and calculations of
different cardiac dimensions were performed in
accordance with the recommendations of The
American Society of Echocardiography.10 Left
ventricular ejection fraction (EF) was calculated by
using modified Simpson’s rule technique. Mitral
valve area (MVA) was measured by planimetry in
the parasternal short-axis view. The patients were
graded according to MVA as mild (1.50–2.50 cm2),
moderate (1.00–1.49 cm2), and severe MS (<1.0 cm2).
Transmitral mean gradient (MG) and peak gradient
(PG) were measured by continuous wave Doppler.

Doppler Tissue Imaging
DTI was performed in the apical four chamber view
and sample volume was placed in lateral wall. A
Doppler velocity range of “20 to 20 cm/sec was
selected. Three major velocities were recorded
(Figure 1): one positive systolic velocity (S-wave) and
two negative diastolic velocities (E- and A-waves).
The peak systolic and diastolic velocities were
measured at a sweep speed of 50 mm/sec.

We examined the LAA in the short and long axis.
LA thrombus was diagnosed by the presence of
clearly defined echogenic intracavitary mass
different from the underlying endocardium. SEC was
diagnosed by the presence of dynamic smoke-like
echoes in the LA cavity and LAA with a
characteristic swirling motion.11 The severity of SEC
was graded from 0 to 4+ according to the following
criteria: 0 = none (absence of echogenicity); 1+=mild
(minimal echogenicity located in the LAA or sparsely
distributed in the main cavity of the LA, which may
be detectable only transiently during the cardiac
cycle and which is imperceptible at the operating
gain settings for two-dimensional echocardiographic
analysis); 2+ = mild-to-moderate (more dense
swirling pattern than 1+ but with a similar
distribution, detectable without increased gain
settings); 3+ = moderate (dense swirling pattern in

Fig.-1: Annular velocities obtained by DTI showing 3
main waves such as Sm= myocardial systolic velocity,
Em= Myocardial early diastolic velocity and Am =
myocardial late diastolic velocity. Others parameters
are: IVVm= myocardial isovolumic velocity, CTm=
myocardial contraction time, PCTm= myocardial pre-
contraction time, RTm= myocardial relaxation time
(After Galderisi et al 2007).

Transesophageal Echocardiography
Multiplane transesophageal echocardiography (TEE)
was performed in all patients. A one lead
electrocardiogram was recorded continuously during
the procedure. The LA and LAA imaging was begun
in the horizontal plane, then the transducer was
rotated progressively to 60% and 90%; at the same
degrees, images were also evaluated after slight and
more pronounced counterclockwise rotation of the
probe, rotation of the transducer to 110æ% and
130æ% was coupled with more pronounced
counterclockwise rotation of the probe. Electronic
rotation of the transducer to 180æ% was then
performed. All images were recorded by zooming
the LAA and optimizing the gain settings to
minimize gray-noise artifacts.

Fig.-2: Representation of LAA pulsed Doppler (ECG-
gated) recording in sinus rhythm (left, A) and atrial
fibrillation (right, B). e= passive LAA emptying flow,
a= active LAA emptying flow and f= passive LAA
emptying flow in AF (After Donal et al. 2005).
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the LAA, generally associated with somewhat lesser
intensity in the main cavity; it may fluctuate in
intensity but is constantly detectable throughout
the cardiac cycle); 4+=severe (intense echo density
and very slow swirling patterns in the LAA, usually
with a similar density in the main cavity).12 The
intra-observer and inter-observer variability were
5.2% and 8.1%, respectively.

Artifact images were considered when a location and
echogenicity suggestive of reverberations were
obtained at different TEE rotational angles, in
particular, artifacts were supposed to be found in
the LAA twice as far from the transducer as an
anatomical interface. The distances of each
thrombus-like image from the transducer and from
other anatomical interfaces were measured. The
LAA flow profiles were obtained by placing the
sample volume of the pulsed Doppler into the orifice
of the appendage. Late peak emptying velocity was
measured to represent LAA contractile function.
Inactive LAA was defined as late peak LAA
emptying velocity <25 cm/sec.3,5,13 The patients
were divided into three groups; group AI: sinus
rhythm (SR) and late peak LAA emptying velocity
e”25 cm/sec, group AII: SR and late peak LAA
emptying velocity <25 cm/sec, and group B: atrial
fibrillation (AF).

Statistical Analysis
All calculations were performed with Statistical
Package for the Social Sciences 10.0 (SPSS 10.0)
program. Continuous variables between groups were
compared with the one-way ANOVA test. Categorical
variables were tested with the chi-square test.
Multivariate, stepwise backward conditional logistic
regression analysis was used to determine the
relative importance of the independent predictors
associated with inactive LAA in patients with SR.
Age, LA dimension, MVA, MG, PG, and S-wave
velocity were selected in the multivariate model.
The Pearson correlation analysis was used to
establish the association between S-wave and late
peak LAA emptying velocities. A receiver operator
characteristic (ROC) curve analysis was performed
to identify the optimal cutoff point of S-wave velocity
(at which sensitivity and specificity is maximal) to
predict inactive LAA in patients with SR. The area
under the curve (AUC) value was calculated as a
measure of the accuracy of the test.

Results
Table-I

Baseline characteristic of the patients

Group A Group B p-value
(n=40) (n=20)

Mean ±SD Mean ±SD

Age (years) 28.8 ±8.1 32.5 ±8.3 0.100NS

Sex(M/F) 13 /27 6/ 14 0.844 NS

MVA (cm2) 1.07 ±0.21 0.77 ±0.15 0.001S

LAD (mm) 47.6 ±10.0 54.2 ±7.5 0.012 S

EF (%) 60.2 ±5.9 58.1 ±5.1 0.187 NS

MG (mmHg) 15.3 ±5.9 11.1 ±2.1 0.003 S

PG (mmHg) 22.9 ±8.1 21.2 ±3.9 0.364 NS

S wave (cm/sec) 17.5 ±3.8 12.0 ±1.1 0.001 S

Em (cm/sec) 14.4 ±3.1 13.3 ±3.1 0.194 NS

Am (cm/sec) 14.5 ±2.7 - -

Laaev (cm/sec) 21.6 ±8.4 3.5 ±5.8 0.001 S

Mean SEC density 2.1 ±1.4 4.6 ±0.9 0.001 S

SEC (%) 23 (57.5) 20 (100) 0.001 S

Thrombus (%) 2 (5.0) 12 (60.0) 0.001 S

MVA = mitral valve area; LAD = left atrial dimension; EF =

Ejection fraction; MG = mean gradient across mitral orifice;
PG = peak gradient across mitral orifice; S-wave = peak
annular systolic velocity; Em = peak annular early diastolic
velocity; Am = peak annular late diastolic velocity; Laaev =

left atrial appendage emptying velocity; SEC = spontaneous
echo-contrast; Group A: Sinus Rhythm (n=40);  Group B:
Atrial fibrillation (n=20); p < 0.05 is significant; S= significant;
NS= not significant.

Baseline characteristics of the Patients :
Most of the patients had severe MS . Mean MVA
was 0.92 ± 0.21 cm2. AF was present in 20 patients
(33.33%). As expected, the patients had larger LA
dimension. Systolic and diastolic annular velocities
were significantly reduced in patients compared to
the controls. However, age, gender, and EF were
similar in patients (Table I).

Demographic and Transthoracic Echo-
cardiographic Characteristics of Groups:
The mean age and LA dimension were progressively
increasing from group AI to group B. Both group
AII and group B had narrower MVA than group AI.
In group AII patients, MG and PG were
significantly higher than group-AI and group B.
Gender and EF were similar among the groups
(Table-II).
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DTI and Transesophageal Echocardiographic
Variables of Groups
The patients with SR had biphasic LAA flow pattern
and those with AF had no definite wave pattern.
Inactive LAA was observed in 22 patients with SR.
Both S-wave Am and peak LAA emptying velocities
were decreasing, while SEC frequency and density
were increasing from group AI to group B. Annular
E-wave was similar in all groups. Thrombi were
found in 14 of whom 2 in group AII and 12 in group
B patients; 10 of group B were within the LAA and
the remaining was within both the LA main cavity
and the LAA. However, there was no thrombus in
group AI. SEC was detected in 48 patients (80%)

and the intensity of SEC was as follows: 0 (17
patients), 1+ (1 patient), 2+ (8 patients), 3+ (7
patients), and 4+ (11 patients) (Table III).

Table-II
Demographic and Transthoracic Echocardiographic Characteristics of Patient Groups

Group A I Group A II Group B p1 p2 p3
(n=18) (n=22) (n=20)

Mean ±SD Mean ±SD Mean ±SD

Age (years) 30.6 ±8.0 27.3 ±8.1 32.5 ±8.3 0.203 NS 0.473 NS 0.05 NS

Sex(M/F) 5/ 13 8/ 14 6/ 14 0.564 NS 0.880 NS 0.662 NS

MVA (cm2) 1.26 ±0.15 0.91 ±0.07 0.77 ±0.15 0.001 S 0.001 S 0.001 S

LAD (mm) 40.4 ±3.5 53.4 ±9.8 54.2 ±7.5 0.001 S 0.001 S 0.787 NS

EF (%) 60.5 ±5.5 59.8 ±6.3 58.1 ±5.1 0.775 NS 0.180 NS 0.312 NS

MG (mmHg) 9.8 ±3.4 19.9 ±2.7 11.1 ±2.1 0.001 S 0.172 NS 0.001 S

PG (mmHg) 15.4 ±3.9 29.9 ±4.6 21.2 ±3.9 0.001 S 0.001 S 0.001 S

Group A I (n=18): LAA EV e” 25 cm/sec; Group A II (n=22): LAA EV < 25 cm/sec.  Group B (n=20): AF.
 p1= Group A I versus Group A II; p2= Group A I versus Group B; p3= Group A II versus Group B; p < 0.05 is significant; S
= significant; NS = not significant.

Table-III
DTI and Transesophageal Echocardiographic Variables in Groups (n=60):

Group A I Group A II Group B p1 p2 p3
(n=18) (n=22) (n=20)

Mean ±SD Mean ±SD Mean ±SD

S wave (cm/sec) 19.6 ±2.7 15.8 ±3.8 12.0 ±1.1 0.001 S 0.001 S 0.000 S

Em (cm/sec) 14.3 ±2.7 14.5 ±3.3 13.3 ±3.1 0.807 NS 0.317 NS 0.234 NS

Am (cm/sec) 15.8 ±1.2 13.4 ±3.2 - 0.006 S - -

Laaev (cm/sec) 29.5 ±5.8 15.1 ±2.7 - 0.001 S - -

Mean SEC density 1.5 ±1.1 2.6 ±1.5 4.6 ±0.9 0.009 S 0.001 S 0.001 S

SEC (%) 3 (16.7) 20 (90.9) 20 (100) 0.001 S 0.001 S 0.268 NS

Thrombus - 2 (9.1) 12 (60.0) 0.296 NS 0.003 S 0.022 S

Group A I (n=18): LAA EV e” 25 cm/sec; Group A II (n=22): LAA EV < 25 cm/sec; Group B (n=20): AF

p1= Group A I versus Group A II; p2= Group A I versus Group B; p3= Group A II versus Group B; p < 0.05 is significant; S=
significant; NS= not significant.

Fig.-3: Correlation between LAAEV, S-wave and
Am (cm/sec).
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Only S-wave velocity was found to be an independent
predictor for the presence of inactive LAA (p = 0.001,
odds ratio = 0.133, 95% CI = 0.032–0.556). In
patients with SR, the cutoff value of S-wave velocity
was 14cm/sec, obtained by the ROC curve analysis,
for prediction of the presence of inactive LAA with a
sensitivity of 92.3% and a specificity of 95.3%. The
AUC was calculated to be 0.905 (p = 0.001, 95% CI
0.825–0.985). Figure 6 shows the ROC curve of S-
wave velocity.

Discussion
Our results clearly showed that there is a close

relationship between LAA emptying and annular

systolic and late diastolic velocities.

Sinus Rhythm

The mitral annulus has an important role for LA

and left ventricular (LV) functions by moving

throughout LV long axis.14–16 The LV long-axis

function which is a useful echocardiographic index

of LV systolic function can be evaluated by

measuring excursion of the mitral annulus

obtained by M-mode echocardiography or by

measuring annular systolic velocity obtained by

TDI.7,9 The excursion of the mitral annulus

accounted for approximately 20% of the total LV

filling and emptying in healthy subjects. 14

Furthermore, mitral annular movement

contributes to LA filling by creating a suction

effect during systole and it contributes to LA

emptying by decreasing LA volume during

diastole.14–16

In MS patients, LV, LA, and LAA functions are

impaired and the excursion of mitral annulus is

We found a significant positive correlation
between LAA emptying vs. S-wave velocities and
LAA emptying vs. Am velocities by using the
Pearson correlation analysis (p<0.001, r = 0.708
and  p <0.001, r = 495(Fig. 4 and 5). But there
were no correlation between LAA emptying
velocity and Em-wave. Age, LA dimension, MVA,
MG, PG, and S-wave velocity were evaluated by
multivariate regression analysis with backward
elimination.

Fig.-4: Significant correlationship (p<0.001;
r=0.708) between S-wave (cm/s) and LAA emptying
velocity (cm/s).

Fig.-5: Significant correlationship (p<0.001;
r=0.495) between Am-wave (cm/s) and LAA
emptying velocity.

Fig.-6: The ROC curve of S-wave for predicting
inactive left atrial appendage in mitral stenosis
patients with sinus rhythm. The magnitude of the
area under the curve indicates the accuracy of the
test. ROC = receiver operator characteristic.
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reduced due to scarring and inflammatory

processes.3–8 It has been recently reported that
annular velocities obtained by DTI are reduced in
patients with MS.7–9 We also showed that annular
velocities are reduced in MS.

In our study, there was a positive correlation between
annular systolic and late diastolic velocities with
LAA emptying velocity and reduction in annular
velocities were corresponded closely with reduction
in LAA emptying velocity. Furthermore, a reduction
in annular  velocities corresponded with an increase
in SEC frequency and density. Thus, the annular
systolic and late diastolic velocity alterations
reflected the changes in LAA function. Normally,
quadriphasic (especially at slow heart rates) or
biphasic pattern of blood flow within the LAA is
obtained. The initial LAA emptying and filling flows
occur passively. After these waves, more important
late diastolic LAA emptying and filling waves,
resulting from active contraction and relaxation of
the LAA, are seen.1, 3,5,17,18

The LAA flow pattern and velocities are influenced
by changes in LV and LA function.1,17–22  It was
reported that marked elevation of LA pressures may
reduce LAA emptying velocity and lead to thrombus
formation in LAA.19 Hoit et al.20 showed the effects
of altered loading conditions on the LAA flow
velocities. They found a significant reduction in the
early emptying velocity and a nonsignificant
reduction in the late emptying velocity when LA
pressure was increased by phenylephrine infusion.
They also clearly showed that LV systolic function
is a major determinant of the late LAA emptying
velocity. Bilge et al.21 evaluated the untreated
hypertensive patients with SR to clarify the effect
of elevated afterload on LAA functions and they
suggest that marked elevation of afterload imposed
on the LA and LAA might play an important role in
decreased LAA emptying velocity and formation of
LA SEC and thrombus. But they did not research
the effect of annular velocities on LAA function.

In this  study, group AII patients have narrower
MVA, higher MG and PG, and lower annular
systolic and late diastolic velocities than group AI.
However, multivariate regression analysis showed
that only annular systolic velocity that reflects LV
long-axis function is an independent predictor of the
inactive LAA. So this result showed that impaired
LV long-axis function may be the most important

factor that contributes to the LAA dysfunction in
MS patients with SR.

TEE is a gold standard method to assess the LAA
function.1,23,24 However, this technique is semi-
invasive and unsuitable for repeated examinations.
Firstly in our study, it has been researched whether
the annular systolic velocity can predict the presence
of the inactive LAA in these patient groups. The
cutoff value of annular S-wave velocity obtained by
ROC curve analysis was 14 cm/sec for the prediction
of the presence of inactive LAA with a sensitivity of
92.3% and a specificity of 95.3%. Both sensitivity
and specificity were very high. Therefore, the
annular systolic velocity might be used as a good
variable in the estimation of LAA function in MS
patients. The previous studies reported that 0–13%
of MS patients with SR have thrombi.4,25,26 In our
study, there were only 22  patients in group AII and
we demonstrated only 2  thrombi in this group. This
may be largely related to our smaller number of
cases.

Atrial Fibrillation
Garcia-Fernandez et al.27 described two different
types of LAA flow patterns in AF patients: active
sawtooth pattern and no identifiable wave. They
found that second pattern has a higher incidence of
LAA SEC and thrombus than sawtooth pattern and
SR. We observed no identifiable wave pattern in all
patients with AF possibly due to severe MS. Group
B patients were older and have narrower MVA and
larger LA. Furthermore, group B patients had lower
LAA emptying and annular systolic velocities than
group AI and group AII. Both lower LAA emptying
and annular systolic and late diastolic velocities are
associated with significant stasis, which led to
higher density of SEC and higher prevalence of SEC
and thrombus in LAA in group B patients. For this
reason, MS patients with AF have higher
thromboembolic risk. Similarly, it was found that
patients with MS and AF have a 17-fold increased
risk of stroke than age-matched controls in the
Framingham Heart Study.28

Clinical Implications
There is a consensus to anticoagulant therapy, with
a target international normalized ratio between 2.5
and 3.5 in MS patients with AF.29,30 But there is
no such consensus to consider anticoagulation in
MS patients with SR. European Society of
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Cardiology recommended that decision of
anticoagulant therapy in MS patients with SR
should be made on the risk benefit ratio of long
term.30 We detected the inactive LAA in 92.3% of
patients with SR and low annular systolic velocity
(<14 cm/sec). It is known that the presence of
inactive LAA is an independent predictor of the
development of SEC, thrombus, and finally
thromboembolic events.4–6 So, we suggest that
anticoagulant therapy should be started in all MS
patients who have SR and low annular systolic
velocity (<14 cm/sec).

Study Limitations
Various parameters related to LA pressure, atrial
stiffness, and body function could also be selected in
the multivariate model. Other populations of MS
may have different cutoff values, such as patients
with hypertension or coronary artery disease may
have higher cutoff level and those with mitral
regurgitation may have lower cutoff level. Study
subjects might be compared with healthy control.
Sample size contains smaller number of cases.  These
data must be checked with further studies.

Conclusions
The systolic and diastolic annular velocities obtained
by TDI are reduced in patients with MS. There is a
positive correlation between annular systolic and
LAA emptying velocities in MS. The annular systolic
velocity is an independent predictor for the presence
of inactive LAA in MS patients with SR. Finally,
lower annular systolic velocity could be considered
as an indication for anticoagulation in MS patients
with SR.
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