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Abstract
Background: In the past, the left atrial appendage (LAA) has been considered to be a relatively insignificant portion of cardiac anatomy. It
is now recognized that it is a structure with important pathological associations. First, thrombus has a predilection to form within the LAA in
patients with non-valvar atrial fibrillation and to a lesser extent in those with mitral valve disease (both in atrial fibrillation and in sinus rhythm).
Second, the use of transoesophageal echocardiography has made clear imaging of the LAA possible, so that its size, shape, flow pattern, and
content can be assessed in health and disease. Subjects and Methods: This study population consisted of 40 patients with symptomatic mitral
stenosis who underwent percutaneous mitral balloon valvotomy in the cardiology department of GSL medical college, Rajahmundry over a time
period of 1 April 2017 to 30 March2018. Patients in all age groups, with evidence of severe MS (MVA<1.0cm2) admitted in our institution, in
whom PBMV was feasible were included. Those who were fulfilling the PBMV intervention criteria and those who had good results only were
included. Results: Left atrial appendage late emptying velocity, LAALF: Left atrial appendage late filling velocity Spontaneous echocontrast
(SEC) was present in 10 of the 40 patients before a procedure but completely disappeared (6 patients) or decreased (4 patients) after the procedure.
LAALE & LAALF velocities measured by Doppler were increased significantly after PBMV and at 6 months follow up compared with baseline
(P <0.001). Conclusion: Successful Percutaneous balloon mitral valvotomy decreases the intensity of spontaneous LA contrast, reduces the size
of the LA, and improves LA and LAA function. Relief of MS may confer not only hemodynamic benefits for improvement of symptoms but also
have a favorable influence on future thromboembolism.
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Introduction

Rheumatic mitral stenosis (MS) is a frequent cause of valve
disease in developing countries. In Western countries, it
remains a significant problem, despite the striking decrease
in the prevalence of rheumatic fever and still accounts for
12% of native valvular heart disease. [1] In the past, the
left atrial appendage (LAA) has been considered to be a
relatively insignificant portion of cardiac anatomy. It is now
recognized that it is a structure with important pathological
associations. [2] First, thrombus has a predilection to form
within the LAA in patients with non-valvar atrial fibrillation
and to a lesser extent in those with mitral valve disease (both
in atrial fibrillation and in sinus rhythm). Second, the use of

transesophageal echocardiography has made clear imaging of
the LAA possible, so that its size, shape, flow pattern, and
content can be assessed in health and disease. The risk of
stroke is increased approximately fivefold in non-rheumatic
atrial fibrillation and 17-fold in patients with mitral stenosis

and atrial fibrillation. [3,4] About 15% of ischemic strokes
arise as a result of atrial fibrillation. [5] Approximately 90%
of atrial thrombi in non-rheumatic atrial fibrillation and
60% of such thrombi in patients with rheumatic mitral
valve disease (predominantly stenosis) are seen within the
LAA. [6] Although the incidence of thromboembolism in
atrial fibrillation and mitral valve disease can be dramatically
reduced with the use of anticoagulants, particularly Warfarin,
the use of such treatment can be complicated, and is
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contraindicated in many patients. [7] Reduced left atrial (LA)
appendage (LAA) function can be a cause for stroke in
patients within sinus rhythm even in the absence of mitral
valve disease. [8] A subset of mitral stenosis (MS) in sinus
rhythm at increased risk of embolization can be indicated by a
Doppler transesophageal echocardiographic (TEE) LAA flow
profile. [9] One of the factors implicated in the development
of the thrombus is stasis in LA and LAA, observed as a
reduction in blood flow velocity. [10,11] Stasis in blood flow in a
patient with chronicMS occurs concomitantly with a reduction
in wall movement. Both the magnitude and the pattern of
LAA emptying and filling velocities are dependent on loading
conditions, and LAA function is influenced to a greater
extent by changes in left ventricular function. [12] Doppler
tissue imaging (DTI) is a new ultrasonographic technique
based on the Doppler principle that allows quantification of
intramural myocardial velocities by detection of consecutive
phase shift of the ultrasound signal reflected from contracting
myocardium. [13] LAA Doppler tissue velocities have been
shown to decrease in patients with MS even though in sinus
rhythm. [14,15]

Since its introduction in 1984 by Inoue et al, [16] percutaneous
balloonmitral valvotomy (PBMV) has become established as a
safe and effective treatment for rheumatic mitral stenosis with
results equivalent to surgical valvotomy. [17–19]Commissural
splitting is the dominant mechanism by which the mitral valve
area is increased during balloon dilatation. [20–22] However,
the changes in LAA function of patients with MS after
percutaneous balloon mitral valvuloplasty (PBMV) have
very few studies so far. Therefore the aim of this study
was to compare left atrial appendage (LAA) function by
transesophageal cardiography before and after percutaneous
balloon mitral valvuloplasty (PBMV).

Subjects andMethods

This study population consisted of 40 patients with symp-
tomatic mitral stenosis who underwent percutaneous mitral
balloon valvotomy in the cardiology department of GSL med-
ical college, Rajahmundry over a time period of 1 April 2017
to 30 March2018. Patients in all age groups, with evidence
of severe MS (MVA<1.0cm2) admitted in our institution, in
whom PBMV was feasible were included. Those who were
fulfilling the PBMV intervention criteria and those who had
good result only were included, while the patients with left
atrial thrombus, Mitral regurgitation greater than 2/4, Calcific
mitral valve leaflets and commissures, Severe aortic valve
disease associated with mitral stenosis, Critically ill patients
and patients in New York Heart Association Functional Class
IV, Patients with atrial fibrillation, Pregnancy, Failure to give
informed consent, Patients who had hypertension, diabetes
mellitus, congenital heart disease, left ventricular systolic dys-
function or history of myocardial infarction and emergency

percutaneous mitral balloon valvotomy were excluded from
the study. All participants gave their informed consent and our
institutional ethical committee approved the study protocol.
After informed consent, all patients underwent a detailed clini-
cal evaluation as per our proforma. All the patients were asked
to refrain from oral water and food intake for at least 4 hours.
An appropriate position with a peripheral venous line was
obtained before the procedure. Electrocardiographic (ECG)
monitoring was performed and arterial saturation was moni-
tored by pulse oximetry during TEE examination. Using a 5
MHz multiplane transesophageal probe, TEE was performed.
Throughout the study, ECG was recorded continuously. Top-
ical lidocaine spray was used to anesthetize the oropharynx.
The TEE probe was swallowed after adequate topical anesthe-
sia and sedation. Routine TEE measurements were made com-
pletely.Statistical analysis was performed with SPSS version
13.0. Data were presented as mean ± SD for continuous vari-
ables and as percentages for categorical variables, parametric
continuous variables were tested with paired sample t-test. A P
value less than 0.05 was considered to indicate statistical sig-
nificance. Trends for continuous variables over 6 months were
assessed using Friedman’s test.

Results

All patients except two had dilated LA (>40mm). LA size
ranged from 36-60mm. Mean LA size was 46.40±4.70mm.

Left ventricular function:

All patients had adequate LV function (> 50%). Mean Ejection
Fraction was 60.61 ± 5.65 %.

Wilkins Score:

It ranged from 5-9. Mean score was 6.02± 0.84.

2D assessment of mitral valve

Mean 2D MVA was 0.85±0.14cm2 (range 0.60–1.10cm2)
before PBMV and significantly increased to 1.71±0.16cm2

(range 1.40–2.10 cm2; P= 0.0001) after PBMV. Peak gra-
dient & mean gradient before PBMV (31.12±8.28mm Hg,
20.41±6.44mmHg)were significantly decreased after PBMV
(9.27±1.94 mmHg, 5.17±1.17 mmHg) respectively . A good
valve opening was observed in all patients.

Mitral regurgitation

Trivial to mild mitral regurgitation (MR) was seen in
(<2/4grade MR) 12 (30%) cases.

LAALE: Left atrial appendage late emptying velocity,
LAALF: Left atrial appendage late filling velocity Sponta-
neous echocontrast (SEC) was present in 10 of the 40 patients
before a procedure but completely disappeared (6 patients) or
decreased (4 patients) after the procedure. LAALE & LAALF
velocities measured by Doppler were increased significantly
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Table 1: Baseline Characteristics of the population
Characteristics Patients
Age 29±1.0 yrs
Sex
Male 11(27%)
Female 29 (73%)
Duration of symptoms 21.45±18.45 months
Functional class (NYHA)
Class I 0
Class II 16(40%)
Class III 24(60%)
Class IV 0
Rheumatic fever History
Present 10 (25%)
Absent 30(75)%
CVA History 0
Atrial fibrillation 0
Height 155.32±9.81 cm
LA size 46.40±4.70mm
Left ventricular dysfunction 0
Left ventricular ejection fraction 60.61 ± 5.65%
Wilkins score 6.02± 0.84

Table 2: Comparison of LAA function before and after PBMV by TEE
Parameter BeforePTMC AfterPTMC At6months P-

value(beforeVs
after) PTMC

P-value(AfterPTMC
Vs 6 month follow
up)

LAALE, cm/s 23.19±7.73 43.76±11.77 46.53±12.58 <0.001 <0.001
LAALF, cm/s 32.94±10.81 41.61±11.73 44.73±12.04 <0.001 <0.001
ELAA, cm/s 7.46±2.03 11.12±2.47 13.31±2.39 <0.001 <0.001
ALAA, cm/s 12.81±3.20 24.68±5.02 25.99±5.16 <0.001 <0.001
SLAA, cm/s 9.54±2.19 17.54±2.62 18.86±3.27 <0.001 <0.001

after PBMV and at 6 months follow up compared with base-
line (P <0.001). ELAA, ALAA, SLAA wave values measured
by DTI were found to be increased significantly after PBMV
and at 6 months follow up compared with baseline (p <0.001)
[Table2].

Discussion

The effect of PBMV on LAA functions has been investigated
in various studies. Wang et al, [23]showed the changes in
LAA flow velocities and in SEC at the time of transient
occlusion of the mitral valve by balloon inflation. LAA
blood flow velocity reduces substantially even to the point of

complete stasis resulting in acute enhancement of SEC to the
highest grade almost simultaneously during the mechanical
obstruction of blood flow by balloon inflation at the mitral
valve. Upon balloon deflation, LAA blood flow velocity
increases again, resulting in the reduction or disappearance
of SEC within the same time interval and LAA emptying
and filling velocities have increased after the procedure. [23]
Basal and postprocedure LAA velocities in patients with atrial
fibrillation were found to be lower when compared with
velocities in those with sinus rhythm. [23] In the same study
at peak balloon inflation, LAA velocities were significantly
lower and SEC was significantly higher in a group with atrial
fibrillation than in a group with sinus rhythm. Thus, regular

Academia Journal of Medicine 99 Volume 3 99 Issue 1 99 January-June 2020 66



Kumar & Magesh: Left Atrial Appendage Function by Transesophageal Echocardiography

contraction in sinus rhythm may decrease SEC formation.
Spontaneous echocardiographic contrast (SEC) or “smoke”
in the left atrium (LA) is a pattern of increased blood
echogenicity caused by ultrasonic backscatter from red blood
cell aggregates. These aggregates form due to noncovalent
binding between red cells and plasma proteins under low flow
and low shear conditions. [24–26] Spontaneous echo contrast
is associated with clot formation and embolic phenomena.
There is very little data on the significance of SEC in sinus
rhythm (NSR). Spontaneous echo contrast was graded as 0 - no
smoke, 1+ - mild smoke visible in some portion of the LA, 2+-
dense smoke that appeared throughout the LA.27 Spontaneous
echo contrast in NSR occurs in patients with significantly
dilated LA and depressed atrial function. Left atrial thrombus
is noted in 13% of such patients despite NSR. Spontaneous
echo contrast in NSR is associated with a higher prevalence of
CVA. [27]

In patients with mitral stenosis with normal sinus rhythm,
Bernstein NE et al, [28] found SEC in the echocardiograms
of 21 (45%) of 47 patients.In another study, Kasliwal RR et
al, [29] found that spontaneous echo contrast in the left atrium
was seen in 57.3% of patients on multiplane transoesophageal
echocardiography. In our study 10 patients had SEC. Among
ten patients, 6 patients had grade 1+, 4 patients had grade 2+
before the procedure. After the procedure SEC disappeared
in 6 patients who had grade 1+.Remaining 4 patients who
had grade 2+ decreased to grade 1+. Osman et al, [30] studied
20 patients with mitral stenosis in sinus rhythm. Spontaneous
echocontrast (SEC) was present in 7 of the 20 patients before
the procedure but completely disappeared (4 patients) or
decreased (3 patients) after the procedure. RajeshVijayvergiya
et al, [31] from PGI, Chandigarh, studied 47 patients with severe
mitral stenosis before and after PBMV.They also noticed a
significant improvement in SEC grading.
In a study conducted by Jean Marc Porte et al, [32] thirty-
seven consecutively admitted patients with severe mitral
stenosis underwent percutaneous mitral commissurotomy
with a transesophageal echocardiographic examination before
and between 24 and 48 hours after percutaneous mitral
commissurotomy. After commissurotomy, a marked increase
in LAA peak Doppler velocity (+62%) and in LAA velocity
time integral (+31%) was observed. The increase in peak
Doppler velocity after commissurotomy was related to the
decrease or regression in left atrial spontaneous echo contrast,
and correlated with the increase in mitral valve area, the
decrease in transmitral pressure gradient, and the increase in a
cardiac index; improvement in valve function. OsmanKarkaya
et al, [30] studied twenty patients with symptomatic rheumatic
mitral stenosis before and after percutaneous balloon mitral
valvotomy. They found that there was no significant difference
in LAA late filling velocity and percent area change of
LAA after PBMV. LAA late emptying velocity increased
significantly after PBMV compared with baseline. In a study

by Rajesh et al, [31] they noticed significant changes in LAA
late emptying and late filling velocities immediately and at 6
months after PBMV procedure.

Conclusion

Successful Percutaneous Balloon mitral valvotomy decreases
the intensity of spontaneous LA contrast, reduces the size of
the LA, and improves LA and LAA function. Relief of MS
may confer not only hemodynamic benefits for improvement
of symptoms but also have a favorable influence on future
thromboembolism.
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