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ABBREVIATIONS

AF - Atrial fibrillation

AML - Anterior Mitral Leaflet

BMV - Balloon Mitral Valvotomy

BSA - Body Surface Area

Cath - Catheterization

CMV - Closed Mitral Valvotomy

CO - Cardiac Output

CI - Cardiac Index

EF - Ejection Fraction

FC - Functional Class

LA - Left Atrium

LAA - Left Atrial Appendage

LAA EEV — Left Atrial Appendage Early Emptying Velocity
LAA EFV — Left Atrial Appendage Early Filling Velocity
LAA LEV — Left Atrial Appendage Late Emptying Velocity
LAA LFV — Left Atrial Appendage Late Filling Velocity
Lam - Left Atrial Mean Pressure

LVed - Left Ventricular End-Diastolic Pressure

LVEF — Left Ventricular Ejection Fraction

MR - Mitral Regurgitation

MS - Mitral Stenosis

MV - Mitral Valve

MVA - Mitral Valve Area

MVG - Mitral Valve Gradient
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MVGm — Mean Mitral Valve Gradient

MVGp - Peak Mitral Valve Gradient

MVOA - Mitral Valve Orifice Area

NYHA - New York Heart Association Classification
PA - Pulmonary artery

PASP - Pulmonary artery systolic pressure

PAm - Pulmonary artery mean pressure

PBMYV - Percutaneous balloon mitral valvotomy
RA - Right Atrium

RHD - Rheumatic Heart Disease

RVSP - Right ventricular systolic pressure

SD - Standard deviation

SR - Sinus rhythm

TAPSE- Tricuspid annular plane systolic excursion

TEE - Transesophageal echocardiography
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INTRODUCTION:

Since its introduction in 1984 by Inoue et al., percutaneous balloon mitral valvotomy
has become a safe, effective, less invasive alternative to surgery, with low
complication rates, for some patients with symptomatic rheumatic mitral stenosis. In
properly selected patients, percutaneous balloon mitral valvotomy obtains excellent
immediate and sustained hemodynamic improvement, comparable to the results of
surgical procedures, including open or closed mitral commissurotomy and mitral
prosthetic replacement. Multiple parameters are available to assess the success of the
procedure by transthoracic echo, transesophageal echo and computed tomography.
Similarly, many studies are done to know about the changes occurring in all the
chambers of the heart. Less research has been done on left atrial appendage pre and

post index percutaneous balloon mitral valvotomy in sinus rythm.

HYPOTHESIS:

Left atrial appendage is a cul-de-sac and acts as a chamber to depressurize the
left atrium. In rheumatic severe mitral stenosis, the raised left atrial pressures are
reflected in the left atrial appendage, LAA becomes dilated and loses its contractile
function. When the left atrial pressures fall following PBMV, left atrial appendage

regains its contractile function and reduces in size.

PRIMARY OBJECTIVE:

To measure left atrial appendage area by 2D & 3D transthoracic and/or
transesophageal echocardiography imaging pre and post PBMV.

To measure left atrial emptying and filling velocities by 2D & 3D transthoracic
and/or transesophageal echocardiography imaging pre and post PBMV.

SECONDARY OBJECTIVE:
To compare emptying and filling velocities and area of LAA pre and post PBMV.

INCLUSION CRITERIA:
Patients aged > 18 years with severe rheumatic mitral stenosis planned to

undergo percutaneous balloon mitral valvotomy at SCTIMST

4
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EXCLUSION CRITERIA:

Moderate mitral stenosis

Severe mitral regurgitation

Post closed/open mitral commissurotomy
Lutembacher syndrome

Coexisting pulmonary stenosis

LA/LAA clot

Atrial Fibrillation

METHODOLOGY:

60 patients underwent BMV at our centre from Jan 2023 to Nov 2023. Of these
only 19 patients fulfilled all the inclusion and exclusion criteria. These patients were
involved in the study after getting informed written consent. Philips Epic 7c echo
machine was used for all the patients. Transthoracic and transesophageal echo was
done prior to PBMV and 24 hours after PBMV with due precautions. Mitral valve
area, transmitral gradient, quantification of mitral regurgitation, LAA area (45°, 90°
and mean), LAA early filling velocity, LAA late filling velocity, LAA early
emptying velocity and LAA late emptying velocity. Procedural success was be
defined as an increase of >50% of MVA or a final area of >1.5 cm?, with no more
than 1 grade increment in MR severity assessed by echocardiography 24 hours after
the procedure. Data analysis was done using SPSS version 25(SPSS, Inc, Chicago,
IL. Quantitative variables were assessed by paired T-test. Correlations will be
performed by with linear regression and Pearson’s coefficient. P<0.05 will be taken

as significant in all statistical comparisons.

RESULT:

Out of 19 patients included in the study, 18 were females and 1 was male.
The mean age of the patients was 45.2+11.3 years. The mean height was 153.3+6.4
cm. The mean 2-dimensional MVOA of 0.79+0.16 cm? prior to PBMV increased to
1.87+£0.25 cm? post PBMV (p<0.001). The mean MVGp of 21.6+6.82 mm Hg prior

to PBMV reduced to 11.6+ 2.73 mm Hg after successful PBMV (p<0.001). The
5
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mean MVGm of 13+4.1 mm Hg prior to PBMV was reduced to 4.84+1.1 mm Hg
after successful PBMV (p<0.001).

The mean LAA area at 45° was 5.43+0.78 cm? which decreased to 4.74+0.62
cm? after successful PBMV (p<0.001). The mean LAA area at 90° was 5.43+0.78
cm? which decreased to 4.74+0.62 cm? after successful PBMV (p<0.001). The mean
LAA LEV increased from 21.71+4.01 cm/sec to 33.02+6.91 cm/sec following
PBMV (p<0.001). The mean LAA EFV improved from 30.89+8.67 cm/sec to
42.26£12.12 cm/sec following PBMV (p<0.01). All the values obtained were
analysed using paired t-Test and were statistically significant.

There was a negative correlation between the MVGm and LAA EFV (-0.59)
pre PBMV and post PBMV (-0.54). Similarly, there was a negative correlation
between the MVGp and LAA EFV (-0.43) pre PBMV and post PBMV (-0.39). Both
MVGm and MVGp prior to PBMV had a weak positive correlation with LAA LEV
(0.025 & 0.023 respectively) and were weakly negatively correlated after PBMV (-
0.05 & -0.55 respectively). The 2-dimensional MVOA had positive correlation with
LAA EFV (0.07) and LAA LEV (0.23) before doing PBMV, while had negative
correlation after PBMV (-0.08 & -0.40).

CONCLUSION:

There 1s significant reduction of LAA area post successful PBMV signifying LAA
can regain its size and morphology post PBMV. There is significant increase in LAA
filling and emptying velocity post successful PBMV signifying regain of contractile
function of LAA in patients with sinus rhythm.
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Based on World Heart Federation’s current data, more than 39 million
people are living with rheumatic heart disease (RHD)!. Around 2,91000 people are
dying due to RHD every year of which 95% are from low- and middle-income
countries. Most people dying of RHD are less than 40 years of age. RHD is
continuing as an important cause of disease burden in India. It affects the people
during their productive and prime phase of life. The average prevalence of RHD in

India is 0.5/1000 children in 5-15 years age group®.

Though RHD involves all the layers of the heart, as a result of autoimmune
response triggered by group A beta-hemolytic streptococcal pharyngitis, myocarditis
and pericarditis are self-limited. While valvulitis leaves a permanent destruction in
most of the patients’. The initial injury results in regurgitant lesion involving the
mitral valve. Rheumatic mitral stenosis is a late-sequelae presenting in the 3™
decade of life. Mitral stenosis (MS) is a common valvular affection by the rheumatic
process, for which percutaneous balloon mitral valvuloplasty (BMV) was firstly
introduced by Inoue for treatment of selected patients, as a safe invasive procedure
with equivalent or even better results as surgical commissurotomy*. In the current
European and American guidelines, PBMV is recommended as class I indication in
symptomatic patients with severe rheumatic mitral stenosis (mitral valve area < 1.5
cm?) (NYHA II, III or IV) and with appropriate valve morphology (in the absence of

left atrial thrombus) without moderate or severe mitral regurgitation (MR)>.

LAA was thought to function as a reservoir of atrial blood, but recent
studies have shown that LAA being more compliant than LA, attenuates the raised

LA pressure in conditions predisposing it'¢

. LAA undergoes dilatation in conditions
causing raised LA pressure like severe mitral stenosis. In due course it loses its
contractile function. When LAA looses its contractile function, it acts as a reservoir
for thrombus and leads to thromboembolism resulting in stroke, limb ischemia,
retinal artery thrombosis and coronary thrombus®. Since LAA is a posterior structure
and is poorly visualised by TTE, TEE is done for LAA morphological and functional
assessment. The mid-esophageal aortic valve short-axis view (30-60°) and the mid-
esophageal two-chamber view (80-100°) allows satisfactory imaging of LAA by

TEE and are the recommended views for assessing the anatomy and function of

LAA’.



IEC/Ver3/09

The LAA had more than 2 lobes in 80% and 2 lobes in 50% of hearts in an
autopsy study conducted on 500 normal human hearts®. A morphological
classification of LAA into cactus, wind-sock, cauliflower and chicken wing. Pre
PBMV-TEE is routinely done to rule out thrombus in LA & LAA. LAA area can be
assessed in the two standard TEE views mentioned. Although its reproducibility is
questionable with multiple operators, it can be reliable if done by a single operator.
More precisely LAA function is best assessed using pulsed wave doppler with the
sample placed in the LAA ostium on TEE guidance and is the preferred method

currently”’.

The normal flow pattern in sinus rhythm is quadriphasic and has two positive
waves (early and late diastolic LAA emptying velocity) and two negative waves
(LAA filling velocity and the systolic reflection wave)'®. When compared to men,
women have lower emptying velocities'!. The early diastolic LAA emptying
velocity is due to the fall in the LA pressure following opening of the mitral valve
and also the external compression of LAA due to distension of the LV. The late
diastolic LAA emptying velocity results from active LAA contraction and is thus a
marker of LAA contractile function. It correlates with LAA ejection fraction, LA
size and pressure and is a significant predictor of thromboembolic risk. The filling
velocity occurs immediately following the LAA contraction and is a result of the
combined effects of LAA relaxation and elastic recoil. The average early diastolic
emptying velocity is in the range of 20-40 cm/s and correlates with mitral E and
pulmonary vein diastolic velocities'?. The average LAA late emptying velocity is
50-60 cm/s. The average LAA filling velocity is 40-50 cm/s and correlates well with
the LAA contraction velocity!>. Though LAA tissue velocity is believed to be a
direct measurement of LAA contractility, it is limited by the translational and
tethering effects of the heart'*. The LAA filling and emptying velocities are lesser in

women compared to men.

In our current study, we measured the change in LAA area, LAALEV, LAA
Filling velocity, pre and post PBMYV by 2D TEE and analysed their significance and
correlation with the mitral gradients (MVGp & MVGm).
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HYPOTHESIS
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Left atrial appendage acts as a chamber to depressurize the left atrium. In due
course the left atrial appendage becomes dilated and loses its contractile function.
When the left atrium is depressurized, left atrial appendage regains its contractile

function and reduces in size.

PRIMARY OBJECTIVE:

To compare left atrial appendage area and volume by 2D & 3D transthoracic and/or
transesophageal echocardiography imaging pre and post PBMV

To measure left atrial appendage strain parameters by 2D & 3D transthoracic and/or

transesophageal echocardiography imaging pre and post PBMV
SECONDARY OBJECTIVE:

To compare the pre and post BMV left atrial appendage emptying and filling

velocities

11
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REVIEW OF LITERATURE
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Acute rheumatic fever (ARF) is an immune mediated inflammation
following a preceding bacterial pharyngitis caused by group A beta hemolytic
streptococci'®. ARF is known to be prevalent in crowded places, due to inadequate
sanitation and non-accessibility of healthcare!®. Annual incidence exceeds 4.5 lakh
of which most of the cases occur in developing countries!’. Adequate and
appropriate treatment of streptoccal pharyngitis is known to prevent the
development of ARF. Most of the patients with ARF are not able to recall a history
of pharyngitis due to subclinical infection. Almost one-third of cases are due to
subclinical infection. ARF occurs in school-going children between 8 and 15 years
of age. ARF can cause immune-mediated inflammation of all the layers of the heart
causing pancarditis. The inflammatory injury of the pericardium and myocardium is
transient and self-limiting, without leaving any sequelae. Other than the heart, ARF
can manifest with subcutaneous nodules, Sydenham’s chorea, migratory
polyarthritis. However, most of these manifestations are self-limiting without

leaving a long-term sequela.

The valvular injury is the main cause of acute and long-term morbidity and
mortality in patients with acute RF and RHD, respectively's. RHD involves females
predominantly. Though all four cardiac valves can be affected by RHD,
predominantly mitral valve is the commonest valve to be affected followed by aortic
and tricuspid valves. Pulmonary valve involvement in RHD is extremely rare. The
initial involvement of mitral valve produces a mitral regurgitation which over a
decade progresses to mitral stenosis which occurs due to leaflet thickening and

commissural fusion.

The incidence of ARF and RHD is almost negligible in developed countries.
Due to the early identification and treatment of ARF with appropriate antibiotics by
various school health programmes by the government, there is a steady decline in
ARF among school going children. The prevalence of RHD was 0.68/1,000 school
children, which showed a declining prevalence of RHD in rural children in India. In

developed countries, prevalence detected by echocardiography is about 0.02-0.2%"°.

From available data from RHD studies, the estimated average prevalence is

0.5/1000 children in age group of 5-15 years. There are expected to be more than
13
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3.6 million patients of RHD estimated from 2011 census®’. Almost 44,000 patients
are added every year, and expected mortality is 1.5%-3.3% per year. Global age-
standardized mortality because of RHD decreased by 47.8% (95% uncertainty
interval, 44.7 to 50.9) from 1990 to 2015, but large differences were observed across
regions. In 2015, the highest age-standardized mortality because of prevalence of
RHD was observed in Oceania, South Asia, and central sub-Saharan Africa. In year
2015, the estimated cases of RHD were 33.4 million, and disability adjusted life
years because of RHD were 10.5 million?!. With better primordial and primary

prevention strategies, ARF and hence RHD incidence are decreasing in India.

Acute mitral valvulitis shows mitral annulus dilatation, chordal elongation, and
anterior leaflet prolapse, with varying degrees of MR and rarely chordal rupture.
Acute rheumatic valvulitis manifests as valvular regurgitation, but over time,
chronic inflammation leads to valve stenosis from commissural fusion with or
without associated regurgitation in a subset of patients. MS from commissural
fusion, with variable degrees of involvement of other parts of the mitral valve
apparatus, is the hallmark lesion of the later stages of RHD. The more malignant
fulminant course of RHD, linked to recurrent bouts of ARF, occurs in the most

endemic regions of the world??.

Diagnosis of rheumatic mitral stenosis should begin with a past history
of ARF in childhood. More than 50% of patients are not able to recall being had an
ARF episode. Predominant symptom of mitral stenosis is dyspnea which is initially
noted on doing strenuous physical activity, then worsens to restrict the patient doing
routine activities and finally causing paroxysmal nocturnal dyspnea and orthopnea.
Patient may present with palpitations due to the dilated left atrium which in turn
predisposes to atrial arrythmia. Easy fatiguability is another symptom. Though
syncope due to reduced cardiac output is rare, it can be a presenting symptom in
severe mitral stenosis with atrial arrythmias. In patients with long standing mitral
stenosis and severe PAH, right ventricular dysfunction and tricuspid regurgitation
occurs resulting in pedal edema, ascites, raised jugular venous pressure, liver

congestion and jaundice.

14
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Although electrocardiography findings are not specific for RHD, they may
demonstrate left atrial or right ventricular enlargement and ventricular strain?. In
more severe degrees of mitral valve damage, especially in older patients, atrial
fibrillation may be present. The chest radiograph may show an enlarged left atrium
or right ventricle and radiological signs of pulmonary venous congestion in more

advanced cases®*.

Transthoracic echo is the gold standard to diagnose mitral stenosis.
The morphology of the mitral valve leaflets, thickening, mobility, calcification,
restriction of mobility of individual leaflets, presence of regurgitation, thrombus in
LA/LAA, chordal thickening and calcification, enlargement of LA, involvement of
other valves, myocardial dysfunction, pericardial effusion, pulmonary hypertension
and much more details can be acquired by a TTE. The acceptable tool used to
determine stenosis severity is the echocardiogram, based on European Association
of Echocardiography/ American Society of Echocardiography (EAE/ASE)
definitions®>. The severity of the stenosis is assessed by echocardiographic findings,
with mitral valve area (MVA) as a main parameter and mean gradient and

pulmonary artery pressure as supportive findings (Table 1).

Table 1: Grading of severity of mitral stenosis:

Mild Moderate Severe
Mitral valve area (cm?) >1.5 1-1.5 <1
Mean Gradient (mmHg) 5 5-10 >10
Pulmonary artery Systolic 30 30-50 >50
pressure
(mmHg)

As per 2021 ESC/EACTS Guidelines for the Management of Valvular Heart
Disease, stages of MS are defined by patient symptoms, valve anatomy, valve
hemodynamics, and the consequences of valve obstruction on the left atrium (LA)

and pulmonary circulation (Table 2)*°.
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doming of
the mitral
valve
leaflets.

Planimetered

MVA<1.5

cm?

Table 2: Stages of mitral stenosis:
Stages | Definition Valve Valve Hemodynamic | Symptoms
hemodynamics

Anatomy Consequences

A At risk MS Mild valve Normal None None
doming
during transmitral
diastole flow velocity

B Progressive Rheumatic Increased Mild to | None
valve transmitral

MS changes with | flow velocities | moderate LA
commissural enlargement
fusion MVA>1.5
nid Normal PASP
. . cm?2
diastolic
doming of .-
£ Diastolic PHT

the mitral
valve <150 ms
leaflets.
Planimetered
MVA >1.5
cm?

C Asymptomatic | Rheumatic MVA<1.5 Severe LA None

severe MS valve enlargement
. cm?2
changes with
commissural Elevated
fusion and -
diastolic Diastolic PHT | PASP mmHg
>50
> 150 ms

16
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Symptomatic
severe MS

Rheumatic
valve
changes with
commissural

MVA<I1.5

cm?2

Diastolic
PHT
> 150 ms

Severe

L Decreased
exercise

enlargement tolerance,

Elevated

exertional

fusion and

diastolic

doming of
the valve
leaflets.

Planimetered
MVA<I1.5

cm?

PASP > 50 mmHg

dyspnoea

[MS- mitral stenosis, mm Hg- millimetres of mercury, MVA- mitral valve area,

PHT- pressure half time, PASP- pulmonary artery systolic pressure, LA- left atrium]

Mitral stenosis being a mechanical obstruction to the forward flow of blood,

ventricular end diastolic pressure.

transvenous mitral commissurotomy (PBMV),

the only definitive therapy is a mechanical relief in this obstruction. Three

procedures are effective in providing such therapy, which are percutaneous

surgical mitral commissurotomy, and mitral valve replacement. A successful PBMV
results in improvement in mitral valve area, thereby causing a decrease in left atrial

pressures, decrease in pulmonary artery (PA) pressures, and increase in left

As per European society of cardiology (ESC) 2021 guidelines for

stenosis (valve area <1.5 cm?).

17
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May be considered in symptomatic patients with a valve area >1.5 cm? if symptoms

cannot be explained by another cause and if the anatomy is favourable.

As per American college of cardiology (ACC)/ American heart association
(AHA) 2020 guidelines for management of valvular heart disease®’ indication for

intervention in mitral stenosis

In symptomatic patients (NYHA class I, 11, or IV) with severe theumatic MS

(mitral valve area <1.5 cm?, Stage D) and favourable valve morphology.

In asymptomatic patients with severe rheumatic MS (mitral valve area <1.5 cm?,

Stage C) and favourable valve morphology

Randomized trials have established the safety and efficacy of PBMV as compared
with surgical closed or open commissurotomy in patients with a favourable valve
morphology with less than 2+ MR in the absence of LA thrombus. Favourable valve

morphology consists of

Mobile and relatively thin valve leaflets
Free of commissural calcium

Absence of significant subvalvular fusion

Although TTE gives adequate information required to grade the severity of mitral
stenosis, planning of PBMV and chosing the appropriate patient for PBMV is very
essential since the diseased mitral valve can tear, produce hypotension, cause
embolism during PBMV. Left atrium being a posterior structure in the thorax can be
better visualised by a transesophageal echocardiogram. In addition to assessing the

routine parameters, additional information on presence of LA clot is better by TEE.

Left atrial appendage is a multilobed cul-de-sac structure which is poorly
visualised by TTE. Except for presence of obvious thrombus, further visualisation

and assessment of function can be done only with TEE. Multiple studies have been

18
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done recently to know the function of LAA in sinus rthythm and in atrial fibrillation.
Since in patients with AF, LAA serves as a harbinger of thrombus resulting in
cardioembolic stroke, and peripheral embolism, LA A has become an area of interest

recently.

Jankajova et al. studies 80 patients with non-valvular atrial fibrillation referred
for electrical cardioversion. They assessed the function of LAA using velocity vector
imaging derived LAA strain and strain rate and found that patients with a history of

AF and stroke had worser LAA strain and strain rate?®.

Mudassir et al. published a study in which rhey analysed 80 patients with
severe MS. They measured the LAA area, LAA ejection fraction and LAA doppler
flow pattern and divided the patients to 3 groups. Comparison was done between
group in AF, group in sinus rhythm but high biphasic LAA velocity (>25cm/s) and
group in sinus rhythm with low biphasic LAA velocity (<25cm/s). They concluded
their study by saying that the patients with severe MS, in sinus rhythm and low
biphasic LAA velocity are at higher risk of thromboembolism compared to those

with high biphasic LAA velocity and in sinus rhythm?®.

Saracoglu et al. compared 2D global, medial, lateral and apical LAA
longitudinal strain results of 126 patients in AF and 30 patients in sinus rhythm in a
study conducted in Turkey. They observed that patients with LAA dense
spontaneous echo contrast and thrombus had less strain values compared to those in

sinus rthythm*°.

Cau R et al. did a retrospective study on LAA strain and strain rate using
cardiac magnetic resonance imaging (CMRI) in 40 patients with indication for
CMRI. They concluded that 2D CMRI allows for a rapid assessment of LAA strain

and strain rate and there was moderate to good intra-observer reproducibility?!.

Mao et al. published their study on LAA mechanical dispersion by speckle
tracking echo to determine LAA blood stasis in patients with AF. Their study was

19
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conducted as a cross-sectional study including 493 patients in AF. They observed
that LAA mechanical dispersion by speckle tracking was an independent

determinant of LAA thrombus and dense SEC in patients with AF.

VG reddy et al. conducted a study on 59 patients with severe MS. They
measured the LAA velocities and LAA area change pre and post PBMV. They found

a significant increase in LAA velocities after a successful PBMV 3.

Gurlertop et al. studied 20 patients with mitral regurgitation, 20 patients with
mitral stenosis and 20 healthy patients. They compared the LAA emptying, filling

velocities and fractional area change in each group and stressed the importance of

pulsed wave doppler and tissue doppler imaging of LAA3*,

Figure 1. The 4 different LAA morphologies as shown by TEE (top), cine
angiography (middle), and 3D computed tomography (bottom). Cauliflower (A to
C), windsock (D to F), cactus (G to 1), and chicken wing (J to L).

20
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Wang et al. classified LAA based on cardiac CT analysis into cactus, windsock,
cauliflower and chicken wing®. The ostium of LAA was classified into round, oval,
triangular, foot-like and drop-like. LAA relation to left superior pulmonary vein was
divided into high-type, mid-type and low-type. Studies have been done to know the
association between the morphological type and incidence of stroke*®. Chicken wing

and cauliflower subtypes have been more frequently associated with stroke?’.

Beutler et al. had published a further detailed classification of LAA using 3D

4
E o

B. Seahorse C. Finger(with knob) D.Knob

cardiac CT into 8 subtypes>®.

I | )
M

F. Sprial G. Flame H. Arrowhead

Figure 2. 8 subtypes of LAA based on 3D cardiac CT published by Beutler et al.
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Figure 3. Left atrial appendage (LAA) flow pattern. A. Schematic diagram showing

different flow waves duringsinus rhythm. B. Pulsed-wave Doppler tracing of LAA

flow in sinus rhythm.

LAA flow velocities are measured using TEE with the sample site in the ostium

of LAA or proximal 1/3™ of LAA.
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MATERIALS AND METHODS
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Study design:

Prospective Cohort Study.

Sample size: 19

Study Period: January 2023 to November 2023

Inclusion Criteria:
Patients aged > 18 years with severe rheumatic mitral stenosis planned to

undergo percutaneous balloon mitral valvotomy at SCTIMST

Exclusion Criteria:

Moderate mitral stenosis

Severe mitral regurgitation

Post closed/open mitral commissurotomy
Lutembacher syndrome

Coexisting pulmonary stenosis

LA/LAA clot

Atrial Fibrillation

24
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METHODOLOGY
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We enrolled 19 patients who underwent PBMV at our centre from Jan 2023 to
Nov 2023 into the study after obtaining consent. Baseline anthropometric
parameters were measured. Mitral valve area, transmitral gradient, quantification of
mitral regurgitation, severity of pulmonary arterial hypertension, leaflet morphology,
left and right ventricular function and dimensions, left atrial size were measured
routinely by transthoracic echocardiography pre PBMV and 24 hours after PBMV.
In addition, left atrial appendage area at 4510 and 90+10 degrees, was measured
from the inferior border of the pulmonary vein by tracing the visualised LAA up to

the ostium on the opposite side, prior to PBMV.

24 hours after successful PBMV, LAA area was measured at the same angle
done prior to PBMV. LAA EFV, LAALFV, LAA EEV, LAA LEV were measured by
placing the Pulsed wave doppler sample in the proximal third of LAA near the

ostium. Philips Epic 7c¢ echo machine was used for all the patients.
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Figure 4: Measurement of LAA emptying and filling velocities using pulsed wave
doppler with the sample placed in the proximal third of LAA, close to ostium

under transesophageal echocardiography.
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Figure 5: Measurement of LAA area at 45+10 and 90+10 degrees using under

transesophageal echocardiography

Statistical Analysis:

The data was entered into Microsoft Excel sheet. Data analysis was done using IBM
SPSS Statistics 29 (SPSS, Inc, Chicago, IL). LAA mean area was taken as arrythmic
mean of LAA area measured at 45+£10 and 90+10 degrees. pre and post PBMV were
compared using paired t-Test, taking p<0.05 as significant. Similar analysis was
done for the LAA EFV, LAA LFV, LAA EEV and LAA LEV. The correlation
between the LAA velocities, LAA area and transmitral gradients MVGp & MVGm)
were analysed by Spearman’s correlation and a p value of <0.05 was taken as

significant.
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Baseline Characteristics:

We analysed 19 patients with severe rheumatic mitral stenosis who underwent
their first percutaneous balloon mitral valvuloplasty (PBMV) and were in sinus
rhythm during the study period (Jan 2023 to Nov 2023) at SCTIMST. Our study was
approved by Institutional ethics committee (SCT/IEC/2100/AUGUST/2023). 18

patients were females and one participant was male.

The mean age of patients was 45.2+11.3 years. The youngest patient was 26
years old and the eldest patient was 73 years old. 2 patients were above 60 years old
and one was below 30 years of age. None of them had a previous cardiac surgery.
All the patients were in sinus thythm when included in the study. Except for 4
patients (21.1%) in functional class III symptoms, all 15 patients (78.9%) were in
functional class II.

Baseline 2 -dimensional echocardiographic analysis revealed that 3 patients
had MVOA of >1 ¢cm? and 16 patients (84.2%) had MVOA of <1 cm?. The mean
MVOA by 2D TTE was 0.79+0.16 cm? Both the commissures were fused in 16
patients (84.2%). 5 patients (26%) had no MR, 4 (21%) had mild MR and 11
(56.9%) had trivial MR. The mean left atrial diameter measured in parasternal long
axis view was 45.8 + 6.5 mm. The mean LVEF was 65.5+9.5%. Mean right
ventricular systolic pressure was 44+22 mmHg. Mean values of peak transmitral
gradient was 21.6+6.82 mm Hg, mean transmitral gradient was 13+4.1 mm Hg.
Further looking into the morphology of the leaflets showed, fused medial
commissure in 12 patients (63%), fused lateral commissure in 10 patients (52.5%),
bicommissural fusion in 7 patients (36.8%) and single commissural fusion in 6
patients (31.5%). Medial commissure was partly split in 6 patients (31.5%) and
lateral commissure was partly split in 7 patients (36.8%). There was no calcification
in only 3 patients (15.8%), moderate amount of calcium in 1 patient. 15 patients
(79%) had mild to moderately calcified mitral leaflets. The median Wilkins score
was 7. The highest score was 9 and lowest was 4. 11 patients (58%) underwent
single dilatation, while 6 (31.5%) had 2 dilatations and 2 patients (6.1%) had 3
dilatations with the 24 size Accura balloon. 3 patients (15.8%) had severe PAH, 5
patients (14.4%) had moderate PAH and 11 patients (54.8%) had mild PAH. 3
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patients (15.8%) had mild LV systolic dysfunction and all other patients had normal
LV systolic function. LA diameter was more than 50 mm in 3 patients (15.8%), and

in rest of the patients it was < 50mm.

By TEE, the mean LAA area at 45° was 5.43+0.78 cm? and at 90° was
5.43£0.78 cm?. The mean LAA LEV by TEE was 21.71+4.01 cm/sec and LAA EFV
was 30.89+8.67 cm/sec. The LAA was bilobed in 12 patients (63.15%) and
multilobed in 7 patients (36.85%). Spontaneous echo contrast as present in 3 patients

(15.8%).

Baseline Characteristics N=19

Age, mean 45.2+11.3
Height 162 (23)
Female 18 (94.7%)
DM 1 (5.26%)
HTN 1 (5.26%)
Dyslipidemia 1 (5.26%)
Hypothyroidism 2 (10.52%)
FC-II 4 (21.1%)
FC-III 15 (78.9%)

Table 1: Baseline characteristics.
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Table 2: Baseline echo characteristics.

Echo Characteristics
MC fused

LC fused

MC split

LC split

Both commisures fused
Single commissure fused
Wilkins score <6
Wilkins score 6-8
Wilkins score >8

No Calcification

Mild Calcification (1-2)

Mod to severe Calcification (>3)

Mild PAH

Mod PAH

Severe PAH

Mild LV dysfunction
Normal LV function
LA diameter >50mm

LA diameter < 50 mm
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N=19
12 (63%)
10 (52.5%)
6 (62%)

7 (36.8%)
7 (36.8%)
6 (62%)

1 (5.26%)
16 (84.2%)
2 (10.52%)
3 (15.8%)
15 (78.9%)
1 (5.26%)
11 (54.8%)
5 (14.4%)
3 (15.8%)
3 (15.8%)
16 (84.2%)
3 (15.8%)
16 (84.2%)
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Figure 6: Piechart depicting the distribution of severity of PAH prior to PBMV.
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Figure 7: Doughnut chart depicting distribution of Wilkins score prior to PBMV.
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Post PBMYV changes:

The mean 2-dimensional MVOA of 0.79+0.16 cm? prior to PBMV increased to
1.87+0.25 cm? post PBMV (p<0.001). The mean MVGp of 21.6+6.82 mm Hg prior
to PBMV reduced to 11.6+ 2.73 mm Hg after successful PBMV (p<0.001). The
mean MVGm of 13+4.1 mm Hg prior to PBMV was reduced to 4.84+1.1 mm Hg
after successful PBMV (p<0.001).
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Figure 8: Comparison of changes in mean transmitral gradient pre and post

PBMY:.
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Figure 9: Comparison of mitral regurgitation pre and post PBMV.
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The mean LAA area at 45° was 5.43+0.78 cm? which decreased to 4.74+0.62 cm?
after successful PBMV (p<0.001). The mean LAA area at 90° was 5.43+0.78 cm?
which decreased to 4.74+0.62 cm? after successful PBMV (p<0.001).
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Figure 10 & 11: Changes in LAA area at 45 and 90 degrees pre and post PBMYV..
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The mean LAA LEV increased from 21.71+4.01 cm/sec to 33.02+6.91 cm/sec
following PBMV (p<0.001). The mean LAA EFV improved from 30.89+8.67
cm/sec to 42.26+12.12 cm/sec following PBMV (p<0.01).
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Figure 12: Improvement in LAA late emptying velocity post PBMV compared to
pre PBMYV values.
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Figure 13: Improvement in LAA early filling velocity post PBMV compared to pre
PBMYV values.
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The pre PBMV values of LAA 45, LAA 90, LAA mean, LALEV, LAEFV were
compared with those of post PBMV measured 24 hrs after the PBMYV through TEE

and were analysed using paired t-Test. All of them were statistically significant

(p<0.05)
Pre BMV Post BMV P value

Mean 2D 0.79+/-0.16 1.87+/-0.25 <0.01
MVOA
MVG Peak 21.6+/-6.82 11.16+/-2.73 <0.01
MVG Mean 13+/-4.1 4.84+/-1.1 <0.01
LAA area 45 5.43+/-0.78 4.74+/-0.61 <0.01
LAA area 90 6.17+/-0.86 5.46+/-0.87 <0.01
LAA area mean 5.92+/-0.9 5.1+/-0.69 <0.01
LAALEV 21.71+/-4.01 33.02+/-6.91 <0.01
LAAEFV 30.89+/-8.67 42.26+/-12.12 <0.01

Table 3: Statistical analysis. TEE parameters pre and post PBMV. Analysed using

paired t-Test with a p<0.05 taken as statistically significant.
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Prior to undergoing PBMV, MVG mean had strong negative correlation
with LAA EFV (-0.46), meaning that elevated MVG mean was strongly correlated
with reduced LAA EFV calculated by Spearman’s correlation. MVG peak had
strong negative correlation with LAA EFV (-0.42), meaning that elevated MVG
peak was strongly correlated with reduced LAA EFV.

Prior to undergoing PBMV, MVG mean had weak positive correlation with
LAA LEV (0.07), meaning that elevated MVG mean was weakly correlated with
elevated LAA EFV calculated by Spearman’s correlation. MVG peak had weak
positive correlation with LAA LEV (0.02), meaning that elevated MVG peak was
weakly correlated with elevated LAA EFV.

Pre PBMV Spearman’s Correlation
Coefficient

Mean MVG- LAA EFV -0.4614

Peak MVG - LAA EFV -0.4274

Mean MVG - LAA LEV 0.0778

Peak MVG - LAA LEV 0.0234

Table 4: Pre PBMV Correlation between LAA velocities and transmitral gradient
assessed using Spearman’s Corerelation with negative value depicting negative

correlation and positive value depicting positive correlation.
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After undergoing PBMV, MVG mean had strong negative correlation
with LAA EFV (-0.49), meaning that elevated MVG mean was strongly correlated
with reduced LAA EFV calculated by Spearman’s correlation. MVG peak had
strong negative correlation with LAA EFV (-0.36), meaning that elevated MVG
peak was strongly correlated with reduced LAA EFV.

After undergoing PBMV, MVG mean had weak positive correlation with
LAALEV (0.05), meaning that elevated MVG mean was weakly correlated with
elevated LAA EFV calculated by Spearman’s correlation. MVG peak had strong
negative correlation with LAA LEV (-0.40), meaning that elevated MVG peak was
strongly correlated with reduced LAA EFV.

Post PBMV Spearman’s Correlation
Coefficient

Mean MVG- LAA EFV -0.4940

Peak MVG - LAA EFV -0.3668

Mean MVG - LAA LEV 0.0505

Peak MVG - LAA LEV -0.4092

Table 5: Post PBMV Correlation between LAA velocities and transmitral gradient
assessed using Spearman’s Corerelation with negative value depicting negative

correlation and positive value depicting positive correlation.
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DISCUSSION
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Rheumatic mitral stenosis is a chronic disease process causing progressive
thickening of the mitral leaflets and submitral apparatus, fusion of the mitral
commissures leading to progressive narrowing of the mitral orifice. Since it’s a
fibrotic thickening in carefully selected patients, the mitral valve is amenable to
PBMV. However, calcification of the already thickened valve may impose risk of
mitral regurgitation and mitral valve tear. In due course the mitral valve after PBMV
undergoes for restenosis over period of months to years. The left atrial appendage is

a cul-de-sac which acts as a reservoir of blood from left atrium.

Any increase in left atrial pressure will reflect in left atrial appendage and
LAA undergoes progressive dilatation. In patients raised LAA pressure and atrial
fibrillation, LAA serves as a source for thrombus. Apart from serving as a reservoir
of LA blood, LAA cand dilate help to reduce the elevated LA pressure. LAA with its
contractile function adds to the atrial kick during atrial systole. In long standing
disease process like rheumatic mitral stenosis, where the disease process takes
decades to reach of severe mitral stenosis, the LA and hence the LAA pressure stays
elevated and the LAA becomes dilated. Whether this long-standing elevated
pressures in LA and LAA causes permanent dilatation and loss of LAA contractile
function is a major concern, since it can act as a source of thrombus even after

PBMYV is done in patients with sinus rhythm too.

We analysed 19 patients with rheumatic severe mitral stenosis who
underwent their first percutaneous balloon mitral valvuloplasty (PBMV) and in sinus
rhythm during the study period. Unlike other studies we had fewer male patients (1
patient). Hence the results may not reflect the data from male patients. However

rheumatic heart disease is common among females compared to males.

Wilkins score in majority of our patients (84.2%) was between 6 and 8. This
was similar to the study conducted by VG reddy et al where the mean Wilkins score
was 6+0.8%. The LAA filling and emptying velocities in mitral stenosis are lesser
when compared to normal people and in those with mitral regurgitation as evidenced

by the study conducted by Yetka Gurlertop et al**. They recruited 20 patients in
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control group, 20 each in mitral regurgitation and mitral stenosis and proved that this

reduced velocities in mitral stenosis are due to the raised LA pressure.

VG reddy et al. did a similar study, on assessing LAA function by pulsed
wave doppler on 3™ day after PBMV?3?. Mean age of our patients was 45.2+11.3
years while their study population had population with mean age of 33.6+10.3 years.
Their patients were younger compared our study population. 71% of the study by
VG reddy et al. were females, while 94.7% of our study group had females. Similar
to our study, the study by Tatani et al. contained predominantly female participants
(83.3%). In the study conducted by Tatani et al. on 12 patients with severe
rheumatic mitral stenosis and in sinus rhythm, LAA ejection fraction was analysed
pre and post PBMV and there was a non-significant increase®. Porte et al. in their
study involving 37 patients of which 30 were in sinus rhythm demonstrated similar
result of non-significant improvement in LAA ejection fraction*’. Vijayvergia et al.
too demonstrated that there was no significant improvement in LAA ejection

fraction post successful PBMV*.

Pollick & Taylorand Pozzoli et al. described that the apex of LAA
contracts is highly contractile and he base is less contractile*” **. They had
demonstrated that the LAA pulsed wave doppler shows biphasic flow across LAA.
LAA systole produces a positive wave and LAA diastole produces a negative wave.
Hwang et al. found out that LAA undergoes more dilatation and have lesser ejection
fraction in patients with theumatic mitral disease and sinus rhythm when compared
to those with patients with non-rheumatic AF*. This is because of degeneration of
myocardial fibres and resultant interstitial fibrosis due to repeated rheumatic

activity.

Our study showed that post successful PBMV the LAA LEV and LAA EFV
increases significantly which was consistent with the results of studies conducted by
Tatani et al., VG reddy et al., Porte et al., and Vijayvergia et al. 20 patients were
analysed pre and post PBMV by Karakaya et al. and they found that the increase in
LAA emptying velocity was significant and LAA filling velocity was not significant.

The mean age group of those patients were 33+8 years®.
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In our study, we observed that post successful PBMV there is reduction in
LAA area measured at 45 and 90 degrees which is statistically significant. The mean
LAA area at 45 degrees decreased from 5.43+0.78 to 4.74+0.61. The mean LAA
area at 90 degrees decreased from 6.17+0.86 to 5.46+0.87. Though there are many
studies conducted on assessment of LAA function post PBMYV, very limited data on
morphological changes in LAA post PBMYV is available. Karakeya et al. has studied
the LAA area change using the formula (maximal LAA area — minimal LAA area)/
maximal LAA area x 100. They found no significance. This is partly because that
whole of LAA cannot be visualised in a single standard view. CT volume assessment

of LAA volume may help to overcome this.

Porte et al. in their study found an increase in peak doppler velocity after
PBMYV which correlated with decrease in transmitral gradient and increase in mitral
valve area. However, after multivariate analysis only the correlation between peak
doppler velocity and transmitral gradient was significant. In our study we found a
strong negative correlation between the transmitral gradient (mean as well as peak)
and LAA filling velocity. This was true both in pre and post PBMV situations. It
translates as, raised transmitral gradient leads to raised LA pressure which in turn

decreases LAA filling velocity

The correlation was not significant between the transmitral gradient and LAA
emptying velocities both in pre and post PBMV situations. We did the correlation
study using Spearman’s correlation coefficient taking positive values as positive

correlation and negative values as negative correlation.
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STRENGTHS AND LIMITATIONS
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The TEE was done by a single operator in the same Philips Epic 7c echo machine
for the whole study, so inter observer and machine related variability and bias is

negligible.

The entire study participants were females except for a single male participant. More

male participants are required for a better understanding.

The sample size is small due to the inclusion and exclusion criteria required for the

study.

It’s a single centre study, multicentre study involving different patient’s body

morphology will give a wider analysis of the parameters.

The study doesn’t correlate the results with clinical improvement.

The study includes only immediate post-procedure results, long term follow-up TEE

will provide better insights into the study.
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CONCLUSION
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There is significant increase in LAA filling and emptying velocity post BMV

signifying regain of contractile function

There is significant reduction of LAA area post BMV signifying LAA can regain its
size and morphology post BMV

There is a strong negative correlation between transmitral gradient and LAA filling

velocity.
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PROFORMA:
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Morphological and functional changes in left atrial appendage following

percutaneous balloon mitral valvotomy

Sr. No: Patient ID:

Sex:

BMYV date:

Clinical Parameters:

Weight:
Height:

Functional Class

Rhythm

Duration

Transthoracic Echocardiographic parameters:

Parameters Pre PBMV

Post PBMV

Ejection Fraction

LA size

MVA by 2D

MVA by PHT

MS gradient - peak

MS gradient - mean

Mobility

Thickening

Calcification
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Subvalvar pathology

Wilkins score

Medical commissure

Lateral commissure

Mitral Regurgitation

severity

RVSP

Transoesophageal echocardiographic parameters:

PRE

POST

LAA area 45°

LAA area 90°

LAA mean area

LAA EFV

LAALFV

LAA EEV

LAALEV
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SREE CHITRA TIRUNAL INSTITUTE FOR
MEDICA SCIENCES AND TECHNOLOGY, TRIVANDRUM
KERALA - 695011

INFORMED CONSENT FORM

Title of Study:

Morphological and functional changes in left atrial appendage following

percutaneous balloon mitral valvotomy

Principal Investigator: Dr.Mohamed Iliyas.PDF, Adult Cardiology & Interventions

Guides: Dr.Harikrishnan S. Professor, Department of Cardiology.

Dr. Arun Gopalakrishnan. Additional Professor, Department of Cardiology.

Please tick the following points:

L

II.

I1I.

IV.

VL

I agree to participate as a participant in the study described in the Participant
Information Sheet attached to this form. [ ]

I acknowledge that I have read the Participant Information Sheet, which
explains why I have been selected, the aims of the study and the nature and the
possible risks of the investigation, and the information sheet has been
explained to me to my satisfaction. [ |

Before signing this consent form, I have been given the opportunity of asking
any questions relating to any possible physical and mental harm I might suffer
because of my participation, and I have received satisfactory answers. [ ]

I understand that my participation is voluntary and that I am free to withdraw
at any time, without giving any reason, without my medical care or legal
rights being affected. [ ]

I agree that research data gathered from the results of the study may be
published if I cannot be identified. [ ]

I understand that if I have any questions relating to my participation in this

research, I may contact my doctor, who will be happy to answer them. [ ]
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VII.  Tacknowledge receipt of a copy of this Consent Form and the Participant

Information Sheet attached to this form [ ].

Name of Participant

Signature of Participant

Date Time

Name of Witness

Signature of Witness

Date Time

Name of Person conducting Informed Consent discussion

Signature of Person conducting Informed Consent discussion

Date Time
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PATIENT INFORMATION SHEET

Title of the study:
Morphological and functional changes in left atrial appendage following

percutaneous balloon mitral valvotomy

Principal Investigator:

Dr. Mohamed Iliyas, PDF, Adult Cardiology & Interventions, Department of
Cardiology, SCTIMST, Trivandrum

Co-Principal Investigator:

Dr. Harikrishnan S, Professor, Department of Cardiology, SCTIMST, Trivandrum
Dr. Arun Gopalakrishnan, Additional Professor, Department of Cardiology,
SCTIMST, Trivandrum

Sir/ Madam,

We invite you to take part in our study titled “Morphological and functional changes

in left atrial appendage following percutaneous balloon mitral valvotomy™.

Before you agree to participate in this research study, it is important that you read
and understand this information sheet which will provide you with all the
information needed for participation in this study so that you can make a well
informed and considered decision about participation. In addition, should you have
any questions, the investigator and his team members will be happy to answer them
and explain to you more about this research study, the procedure involved and the
related issues. You may ask them any questions you may have regarding the study or
ask them to explain any word or information that you don’t clearly understand.
Study Overview

You are invited to take part in this study as you are undergoing percutaneous balloon
mitral valvotomy for treatment of severe rheumatic mitral stenosis. As part of
follow-up, you would be clinically evaluated in this study. Patients undergoing
percutaneous balloon mitral valvotomy from May to December 2023 at, SCTIMST
will be included in the study.

Purpose of this study
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The purpose of this study is to analyze the changes happening in the left atrial
appendage pre and post percutaneous balloon mitral valvotomy.

Study Procedures

If you are willing to participate, your data will be analyzed from Our computer
registry and you will be interviewed and examined by investigator and the clinical
findings will be noted. This shall be planned when you are followed up in OPD. The
investigators will share the details with you.

Risks and Discomfort

This study involves collecting results of transthoracic and transesophageal
echocardiogram done pre and post percutaneous balloon mitral valvotomy. While
performing transesophageal echo there is a minimal risk of tooth dislodgement,
oropharyngeal bleeding, esophageal perforation.

Benefits

Taking part in this research study may benefit you in early detection post procedural
complications. We also do hope that this study will shed light on whether patients
undergoing percutaneous balloon mitral valvotomy are at risk of developing left
atrial appendage thrombus and embolism.

Confidentiality

Your privacy is very important to us and the results of the tests performed on you
will be treated as highly confidential, and nobody other than the investigators listed
above will be knowing the test results. Your name or any other identifiable details
will not be published in any research paper or scientific presentation arising out of
the study.

Rights

Your participation in the trial is voluntary. You do not have to take part in this study
if you are unwilling and you will not be losing any of your rights as a patient if you
choose not to participate. You will also be at the liberty to withdraw from the study
at any stage (even after signing this consent form) of the study in case you want to

withdraw.
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Contact Information
When you read this information, your treating doctor will be available to discuss and

answer any questions you may have. If you have any queries, please contact:

Dr. Mohamed Iliyas

Post doctoral Fellow, Department of Cardiology,

Sree Chitra Tirunal Institute for Medical Sciences and Technology
Tel: +91 9790632014,

Email: dr.mohd.iliyas@gmail.com

If you have any questions, concerns or complaints about the research please contact:

Dr. Srinivas G

Member Secretary, Institutional Ethics Committee,
Sree Chitra Tirunal Institute for Medical Sciences and Technology
Tel: 0471 2524689

iec.mem.sec(@sctimst.ac.in
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