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ABBREVIATIONS

AF - Atrial fibrillation

AML - Anterior Mitral Leaflet
BMYV - Balloon Mitral VValvuloplasty
BSA - Body Surface Area

Cath - Catheterization

CMV - Closed Mitral VValvatomy
CO - Cardiac Output

Cl - Cardiac Index
EF - Ejection Fraction
FC - Functional class

LA - Leftatrium

LAm - Left atrial mean pressure

LVed - Left ventricular end-diastolic pressure
LVID - Left ventricular internal diameter in diastole
MR - Mitral Regurgitation

MS - Mitral Stenosis

MV - Mitral valve

MVA - Mitral valve area

MVG - Mitral valve gradient

NYHA- New York Heart Association Classification
PA - Pulmonary artery

PASP - Pulmonary artery systolic pressure

PAmM - Pulmonary artery mean pressure

PBMYV - Percutaneous balloon mitral valvuloplasty
PHT - Pressure half time

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



SYNOPSIS

INTRODUCTION:

Echocardiographic predictors of redo-percutaneous balloon mitral valvuloplasty
(redo-PBMV) have not been well studied, and indications are based mainly on Wilkins
score!. Mahfouz et al? has studied a novel “Redo score” in patients developing mitral
restenosis and has found it better predictor of success rate of BMV than Wilkins score.
Several studies have reported improved accuracy and superiority of RT3DE over 2DE for
MVA estimation®. RT3DE allows a unique ‘‘en face’’ view and morphologic analysis of the
entire MV apparatus, including the MV annulus, the subvalvular apparatus, and its anatomic

relation to other nearby structures.

AIM: To evaluate the role of real time 3D echocardiography in predicting success rates of

redo-BMV.

METHODOLOGY:

We analysed 42 patients who underwent BMV at our centre from Jan 2022 to Nov 2022.
These patients were divided into two groups. Group | included patients undergoing redo
BMV, whereas Group Il included patients who did not have any previous procedure in the
past and had undergone BMV for the first time. As a part of pre-procedure evaluation, during
trans-oesophageal echocardiography, additional real time 3D data was collected, and 3D
echocardiographic score (Figure 1 and 2) was calculated. Based on immediate post
procedural outcomes, 3D score was compared with traditional Wilkins score and findings
were analysed. Procedural success was be defined as an increase of >50% of MVA or a final
area of >1.5 c¢cm? with no more than 1 grade increment in MR severity assessed by

echocardiography 24 hours after the procedure.



RESULT:

The median age of patients in Group | was 44.5 (IQR-19) years; whereas in Group I,
it was 42.5 (IQR-17) years (P value- 0.548). Both the groups had female preponderance with
68% females in Group-1 and 80% females in Group Il (P value -0.177). 4 patients (25%) in
Group | and 1 patient (4%) in Group Il had atrial fibrillation (P value- 0.061). Mean mitral
valve gradient was 12 + 4.6 mmHg in group | and 14 + 4.5 mmHg in group Il (P value-
0.242). There was no statistically significant difference between mitral valve area of both the
groups as measured by planimetry (1 4+ 0.11 cm? vs 0.93 4+ 0.17 cm? [P value- 0.214]) or by
pressure half time (0.96 + 0.12 cm? in group | vs 0.95 +0.12 cm? in group Il [P value-
0.857]). The median Wilkins score was 10 (IQR-2) in group I, whereas it was 9 (IQR-2) in
group Il (p value- 0.575). The 3-dimensional echocardiographic analysis revealed a
numerically higher 3D score in group | ( 11 (IQR-3) vs 10 (2) [P value- 0.631]). Mitral valve
gradient by simultaneous left atrial and left ventricular pressure assessment was found to be
14.09 + 5.3 mmHg vs 12.36 + 4.02 mmHg (P value- 0.352) and subsequent mitral valve area
was found to be 0.94 + 0.23cm? vs 0.99 + 0.2 cm? (P value- 0.596). A Wilkin’s score < 10
was found to be associated with 84% success rates. [Odds ratio-0.04; [95% CI- 0.008-0.286]
(p <0.001). All patients with 3 D Score <10 had procedural success rate of 100% and 59% of

patients with 3 D score >10 had unsuccessful BMV. (p value <0.001)

Further subgroup analysis of group | revealed that 11 patients (69%) had a successful
outcome whereas 5 patients (31%) had an unsuccessful outcome. The patients with
unsuccessful outcome in redo-BMV group had significantly higher Wilkins score [11 (IQR-
1) vs 9 (IQR-2) (P value- 0.018)] and 3D score [13 (IQR-2) vs 10 (IQR-2) (P value- 0.002)]
than those with successful outcome. Most of the patients (81%) had mild mitral regurgitation

after the procedure. Subgroup analysis of group Il revealed that 8 patients (69%) had a



successful outcome whereas 8 patients (31%) had an unsuccessful outcome. Most of the
patients (77%) had mild mitral regurgitation. No correlation was found between Wilkin’s
score and 3 D Score in predicting procedural success or postprocedural MVA.
CONCLUSION:

The Real time 3D-echocardiographic score gives a detailed morphological assessment
of MV and helps in the proper selection of the therapeutic strategy for patients with MS. A
3D echocardiographic score of < 10, appeared as a promising tool to predict procedural

success irrespective of the traditional 2D-Wilkins score.



INTRODUCTION:

The global burden of Rheumatic heart disease (RHD) is estimated to be 15.6 million
cases with mortality of over 233,000 per year!. Our nation contributes to more than 1 million
cases of RHD? and the mortality and morbidity also remains high compared to western

population.

Rheumatic mitral valve (MV) disease remains a major health problem, particularly in
developing countries®. 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 by class | indication in symptomatic patients with severe

rheumatic mitral stenosis (mitral valve area < 1.5 cmz) (NYHA 11, 1l or 1V) and with
appropriate valve morphology (in the absence of left atrial thrombus) without moderate or

severe mitral regurgitation (MR)®.

Mitral valve morphology is traditionally evaluated by two-dimensional transthoracic
echocardiography (TTE) with Wilkins score (WS) criteria in the selection of suitable patients
for PBMVS®. Low WS in studies was associated with low risk of restenosis in follow- ups;
whereas, high WS was associated with a high risk of restenosis’. However, the traditional
Wilkins score may have many limitations including inability to assess commissural
involvement or differentiate nodular fibrosis from calcification, ignoring the distribution of
pathologic abnormalities and contribution of each variable and underestimating sub valvular
disease*. For this purpose, In 2005, Sutaria et al. proposed role of transoesophageal

echocardiographic assessment for evaluating commissural fusion and calcification®. Later, a



new three-dimensional (3D) echocardiography (3DE) scoring system has been proposed by

Anwar et al. for better guiding of MV intervention®.

The introduction of real-time three-dimensional echocardiography (RT3DE) and
advances in analysis software have improved MV orientation and evaluation®. Several studies
have reported improved accuracy and superiority of RT3DE over 2D echocardiography for
MVA estimation*®!, RT3DE allows a unique ‘‘en-face’” view and morphologic analysis of
the entire MV apparatus, including the MV annulus, the sub valvular apparatus, and its
anatomic relation to other nearby structures. However, it is known that mitral stenosis might
develop secondary to the progression of the disease in the follow-up of the patients after first
PBMYV, and there are a limited knowledge about outcome and success in terms of redo
PBMV!?14 The data regarding role of three dimensional echocardiography in assessing

patients undergoing redo PBMV is scarce®®.

In the current study, we assessed the new RT3DE score for the assessment of the MV
in patients with re-severe MS in comparison with Wilkins’s score for the prediction of PTMV

outcomes.



HYPOTHESIS:

3D echocardiographic assessment of mitral valve is noninferior to Wilkins score for
mitral valve assessment in patients post Balloon Mitral Valvuloplasty or Closed

Mitral VValvotomy with mitral re-stenosis for predicting success of redo-BMV.

AlIM:

To evaluate the role of real time 3D echocardiography in predicting success rates of

redo-BMV.

OBJECTIVES:

To study various 3D parameters for mitral valve assessment prior to balloon mitral
valvuloplasty in patients undergoing redo BMV and also in patients undergoing BMV
for the first time.

To calculate 3D echocardiographic score (Anwar score)* and compare it with

traditional Wilkins score to assess procedural success.



REVIEW OF LITERATURE:

Mitral stenosis first described by Vieussens in 1705, first disease to be diagnosed by
echocardiography® and the first valve lesion to be treated by surgery!’ and balloon mitral
valvotomy(BMV)?. It is highly prevalent in developing countries because of high prevalence
of rheumatic fever. In India, school survey between 1940-1983, the prevalence of rheumatic
heart disease was 6 per 1000 children (1.8 to 11/1000 children), and from 1984 to 1995 it was
reported to be from 1 to 3.9 per 1000.vs 0.5 per 1000 in developed countries®. In the largest
school survey conducted to date at Vellore during 2001-2002, a total of 2,29,829 children
between 6-18 years of age were screened as part of a school health programme®. 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%?*.

Rheumatic fever (RF)/rheumatic heart disease (RHD) is the result of autoimmune
response to group A beta-hemolytic streptococcal pharyngitis leading to immune mediated
inflammatory injury to cardiac valves. The inflammatory injury of the pericardium and
myocardium is transient and self-limiting, without leaving any sequelae. The valvular injury
is the main cause of acute and long-term morbidity and mortality in patients with acute RF
and RHD, respectively??. The risk of RF/RHD is primarily determined by the host, agent and
environmental factors?®. RF/RHD is considered to be a physical manifestation of poverty.
The distribution of the burden of RF/RHD mirrors the distribution of human development
index in given geographical region, state, and nation, as well as globally. The socioeconomic
state, access, and quality of health-care services are important determinants of the burden of
RF/RHD. The incidence of RF/RHD has practically disappeared in developed countries?*.

However, RF/RHD continues to be a major cause of disease burden among children,



adolescents, and young adults in low-income countries and even in high-income countries
with socioeconomic inequalities. The burden of RF/RHD is likely to be variable among
countries, within the country, within states depending upon the socioeconomic status and
state of health systems?>. The major determinant of the persistent burden of RF/RHD in low
income and lower-middle income countries are because of poor standards of living
conditions, overcrowding, and lack of strong population-based surveillance system for
pharyngitis, RF and RHD for effective implementation of primary and secondary preventive

interventions.

Although a worldwide decline in health-related burden of RHD was noted, the global
burden of rheumatic heart disease continues to be significant although it is largely limited to
poor and marginalized populations. The persistence of high rates of RHD in poor regions of
the world where RHD remains endemic (defined as having high RHD-related mortality
exceeding 0.15 deaths per 100,000 population among children 5-9 years of age). Overall,
there were an estimated 38.0 million to 40.8 million cases of RHD globally in 2017, with the
highest prevalence, disability, and mortality in Oceania, South Asia, and sub-Saharan
Africa?®, The prevalence ranged from 3.4 cases per 100,000 population in non-endemic
countries to >1000 cases per 100,000 in endemic countries. There are a few reports of
sporadic outbreaks of acute rheumatic fever (ARF) in the United States in the 1980s and

1990s and more recent reports from Australia and Italy?’.

Gender is an important biological determinant of susceptibility to diseases and their
outcomes. The sex hormones are known to regulate both adaptive and innate immune
responses. It is a well-established fact that autoimmune diseases have gender predilections.
RHD is an autoimmune-mediated valvular injury, therefore, the autoimmune response may

differ between genders, leading to differences in valvular damage and severity. The
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epidemiological studies of RF and RHD report no gender predilection for the incidence of

RF; however, RHD is more prevalent in females®,

RHD typically affects left-sided valves, with greater affinity and consequence for the
mitral valve. Characteristic acute mitral valvulitis shows mitral annulus dilatation, chordal
elongation, and anterior leaflet prolapse, with varying degrees of MR and rarely chordal
rupture. Isolated aortic disease occurs in 2% of cases. Right-sided valve disease is not
infrequent, typically affects the tricuspid valve (as primary valvulitis or as the result of
deleterious hemodynamic consequences of left-sided valve disease), and rarely affects the
pulmonic valve. 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?°.

MS limits blood flow from the left atrium to the left ventricle, and over the time, leads
to development of exertional dyspnoea and exercise intolerance, which worsen gradually.
Some serious potential complications are associated with prolonged disease: while the
stenosis progresses, pressure in the left atrium rises, resulting in left atrial enlargement and
eventually atrial tachyarrhythmia: atrial fibrillation or flutter. These in turn can lead to
thromboembolic events, most frequently to the cerebral circulation, resulting in cerebral
ischemia and neurological damage. The elevated pressure in the left atrium can also result in
pulmonary congestion and hypertension, which affect the right side of the heart, resulting in
right ventricle dysfunction and tricuspid regurgitation. In turn, this may result in peripheral

edema, ascites, and pleural effusions. Heart failure symptoms develop with progressive heart
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valve damage. It should also be considered that because of the slow, progressive nature of
many valve lesions, patients may not recognize symptoms because they may have gradually
limited their daily activity levels. Although chronic heart valve disease is often manifested in
adolescents and young adults, advanced valve damage happens earlier in life in the most
endemic regions. Patients may be diagnosed after a known ARF attack, however, a
significant portion of RHD patients, well over 50% in low and middle income countries, may
present without any prior symptoms or memory of ARF. In these settings, RHD may present
for the first time during pregnancy or after a complication such as acute heart failure, atrial
arrhythmia, an embolic event, or infective endocarditis (IE). Most patients have heart failure
symptoms at the time of clinical diagnosis through auscultation of pathological heart

murmurs.

An electrocardiogram and chest radiograph can be helpful in the initial assessment of
RHD patients. 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®!.

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).
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Table 1 : Grading of severity of mitral stenosis:

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

Table 2 : Stages of mitral stenosis:

Stages Definition Valve Valve Hemodynamic | Symptoms
Anatomy hemodynamics | Consequences
A Atrisk MS Mild  valve | Normal None None
doming transmitral
during flow velocity
diastole
B Progressive Rheumatic Increased Mild to | None
MS valve transmitral moderate LA
changes with | flow velocities | enlargement
commissural
MVA > 1.5| Normal PASP
fusion  and
cm? at rest
diastolic

13




doming  of

the mitral
valve

leaflets.

Planimetered
MVA >15

cm?

Diastolic PHT

<150 ms

Asymptomatic

severe MS

Rheumatic
valve

changes with
commissural
fusion  and
diastolic
doming of
the  mitral

valve

leaflets.

Planimetered
MVA < 1.5

cm?

Diastolic PHT

> 150 ms

Severe LA

enlargement

Elevated
PASP >50

mmHg

None

Symptomatic

severe MS

Rheumatic
valve
changes with

commissural

Diastolic PHT

Severe LA

enlargement

Elevated

Decreased
exercise
tolerance,

exertional
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fusion  and
diastolic

doming  of
the valve
leaflets.

Planimetered
MVA < 1.5

cm?

> 150 ms

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, the only
definitive therapy is a mechanical relief in this obstruction. Three procedures are effective in
providing such therapy, which are percutaneous transvenous mitral commissurotomy
(PBMV), surgical mitral commissurotomy, and mitral valve replacement. A successful
PBMYV 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 ventricular end

diastolic pressure.

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

valvular heart disease® indication for intervention in mitral stenosis-

favourable.

mitral stenosis (valve area <1.5 cm?).

Should be limited to patients with clinically significant (moderate to severe)

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




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

e In symptomatic patients (NYHA class Il, 11, or 1) with severe rheumatic MS
(mitral valve area <1.5 cm?, Stage D) and favourable valve morphology.
e 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

e Mobile and relatively thin valve leaflets
e Free of commissural calcium

e Absence of significant subvalvular fusion

An anatomic mitral morphology score can be used to determine suitability for PBMV

and to evaluate the appearance of the commissures and degree of calcification.

Long-term follow-up has shown 70% to 80% of patients with an initial good result
after PBMV to be free of recurrent symptoms at 10 years, and 30% to 40% are free of

recurrent symptoms at 20 years34.

2D echocardiography, including Doppler, is the most commonly used method of
assessment of mitral stenosis (MS) and is the basis of current guidelines on its

management>33, However, the mitral valve is a complex structure with a geometrically
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irregular appearance, especially in the presence of significant calcification or rheumatic
infiltration. It is therefore difficult to correctly bisect the leaflet tips using 2D transthoracic
echocardiography (TTE). Other 2D methods derive the mitral valve orifice area (MVOA)
from calculations involving the velocity of blood flow through the stenotic orifice, such as
the pressure half-time (PHT) method. These are subject to haemodynamic variables such as
loading, left ventricular compliance and coexisting valve disease and must therefore be

interpreted in the context of potential confounders®.

Given these inherent issues with 2D, the use of 3D echocardiography is becoming
more established. 3D TTE offers an adjustable dataset that can be manipulated with multi-
plane reconstruction to more accurately align with the true mitral valve orifice and has been

validated against the data obtained by Gorlin’s equation at invasive catheterisation®®,

The Safety and success of BMV techniques are mainly dependent on the selection of
suitable patients. Patient ages, functional class, mitral valve (MV) morphology, pre-
procedural MV area (MVA), and the size of the balloon used; all are considered as predictors
of procedural outcome. Current scores that target patient selection before BMV particularly
the two-dimensional (2D) Wilkins score may have many limitations including inability to
assess commissural involvement or differentiate nodular fibrosis from calcification, ignoring
the distribution of pathologic abnormalities and contribution of each variable and

underestimating subvalvular disease®.

As it is well known that not only Wilkins score but mitral valve commissure
morphology is also important in the success of PBMV, in 2005, Sutaria et al. came up with a
novel method evaluating commissural fusion and calcification by transoesophageal

echocardiography (TEE)®.
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Later on with the introduction of real-time three-dimensional echocardiography
(RT3DE) and advances in analysis software have improved MV orientation and evaluation.
Several studies have reported improved accuracy and superiority of RT3DE over 2DE for
MVA estimation.RT3DE allows a unique ‘‘en face’’ view and morphologic analysis of the
entire MV apparatus, including the MV annulus, the subvalvular apparatus, and its anatomic
relation to other nearby structures. Anwar et al proposed a new three-dimensional (3D)
echocardiography (3DE) scoring system for better guiding of MV intervention. This new
RT3DE score was shown to be feasible and highly reproducible for the assessment of MV
morphology in patients with MS. It can provide incremental prognostic information in

addition to Wilkins’s score®.

Anwar et al conducted a two-staged study, where in the first stage, the feasibility of a
new RT3DE score was assessed in 17 patients with MS. The second stage was planned to
validate the RT3DE score in 74 consecutive patients undergoing percutaneous mitral
valvuloplasty. The new RT3DE score was constructed by dividing each mitral valve (MV)
leaflet into 3 scallops and was composed of 31 points (indicating increasing abnormality),
including 6 points for thickness, 6 for mobility, 10 for calcification, and 9 for subvalvular
apparatus involvement. The total RT3DE score was calculated and defined as mild (<8),
moderate (8-13), or severe (>14). MV morphology was assessed using Wilkins’s score and
compared with the new RT3DE score. The authors found that in the first stage, the RT3DE
score was feasible and easily applied to all patients, with good interobserver and intra-
observer agreement. In the second stage, RT3DE improved MV morphologic assessment,
particularly for the detection of calcification and commissural splitting. Both scores were
correlated for assessment of thickness and calcification (r = 0.63, P < .0001, and r = 0.44, P <
.0001, respectively). Predictors of optimal percutaneous mitral valvuloplasty success by

Wilkins’s score were leaflet calcification and subvalvular apparatus involvement, and those
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byRT3DE score were leaflet mobility and subvalvular apparatus involvement. The incidence
and severity of mitral regurgitation were associated with high-calcification RT3DE score.
The new proposed RT3DE score for the morphologic evaluation of the MV in patients with
MS was feasible and reproducible and compared favourably with Wilkins’s score. This
RT3DE score did appear to provide additional valuable information beyond the standard
Wilkins’s score, however it could only provide incremental prognostic information in

addition to Wilkins’s score.

Farrag wt al* compared the 3D-Anwar and 2D-Wilkins scores in mitral assessment for
BMV, and investigate the additive value of 3DE in prediction of immediate post-procedural
outcome. Fifty patients with rheumatic mitral stenosis and candidates for BMV were included
in the study. The patients mean age was 29.5 + 7.8 years (19-55 years old), and 64% of them
were females. Thirty percent of patients had atrial fibrillation (AF), 66% were in New York
Heart Association (NYHA) functional class Il1, while 18% were in class 1l and 16% were in
class 1V. Patients were subjected to 2D- and real-time 3D-transthoracic echocardiography
(TTE) before and immediately after BMV for assessing MV area (MVVA), 2D-Wilkins and
3D-Anwar score, commissural splitting, and mitral regurgitation (MR). Transoesophageal
echocardiography (TEE) was also undertaken immediately before and intra-procedural.
Percutaneous BMV was performed by either multi-track or Inoue balloon technique. The
2DE underestimated post-procedural MVA than 3DE (p = 0.008). Patients with post-
procedural suboptimal MVA or significant MR had higher 3D-Anwar score compared to 2D-
Wilkins score (p = 0.008 and p = 0.03 respectively). The 3D-Anwar score showed a negative
correlation with post-procedural MVA (r = — 0.48, p = 0.001). Receiver operating
characteristic (ROC) curve analysis for both scores revealed superior prediction of
suboptimal results by 3D-Anwar score (p < 0.0001). The 3DE showed better post-procedural

posterior-commissural splitting than 2DE (p = 0.004). Results of both multi-track and Inoue
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balloon were comparable except for favourable posterior-commissural splitting by multi-
track balloon (p = 0.04). The authors finally concluded that 3DE gave valuable additive data

before BMV that may predict immediate post-procedural outcome and suboptimal results.

A.A. Alkhouly et al*” performed a pilot, prospective study to evaluate the role of three
dimensional transesophageal echocardiography (3D-TEE) in the prediction of MR after
PBMV through mitral valve quantification (MVQ). The authors studied 37 patients with
rheumatic, moderate-to-severe mitral stenosis, and divided them into two age and sex
matched groups. Group | included 25 patients without significant MR following PBMV [vena
contract area (VCA) <0.4 cm2], while group Il included 12 patients with significant MR after
PBMYV [VCA >0.4 cm2]. Both groups were comparable in terms of TEE data, Wilkins score
for favourability of PBMV and baseline hemodynamics. Data from MVQ showed that both
groups were comparable (p > 0.05) in terms of MV annulus quantification (Anteroposterior
diameter, annular sphericity, 3D area and height), MV scallops (Al, A2, A3, P1, P2 and P3)
areas, as well as Al and A2 tenting volumes. However, significant differences between the
two groups as regard total MV, A2, P2 and P3 tenting volumes (p < 0.05) and tenting height
(p =0.03), as well as A2, A3 and P2 prolapse volumes (p < 0.05) were noted. Moreover, this
data showed a significant difference between both groups in terms of MV coaptation heights
(p = 0.01), but not in anterior coaptation length (p = 0.13). They concluded that mitral valve
quantification through 3D-TEE is a simple automated method, easily applicable to patients
before PBMV. Moreover, MVVQ-derived data, such as MV scallops' tenting and prolapse
volumes, coaptation heights, and exposed and total A2 lengths may predict the possibility of

significant MR after PBMV.

Sancar et al®® studied fifty cases of redo PBMV and evaluated a novel scoring system

including three dimensional (3D) transesophageal echocardiography (TEE) of the mitral
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valve structure in terms of success of the procedure. The patients were divided into two
groups according to the success of the Redo PBMV procedure which was defined as post-
procedural MVA > 1.5 cm2 and post-procedural mitral regurgitation less than moderate by
echocardiographic evaluation after PBMV. A novel score based on 3D TEE findings was
created by analyzing the images recorded before Redo PBMV and by evaluating the mitral
commissure and calcification. The role of traditional WS and novel score in the success of the
procedure were investigated. In the study group, 36 patients (72%) had successful redo
PBMYV procedure. WS was 8 (IQR 7-9) and novel 3D TEE score was found 4 (IQR 3-4) in
the whole study group. While no statistically significant relationship was found between WS
and procedural success (p = 0.187), a statistically significant relationship was found between
novel 3D TEE score and procedural success (p = 0.042). Specifically, the procedural
successes rate was > 90% when novel 3D TEE score was < 4. The novel 3D TEE score might
be an informative scoring system in the selection of suitable patients for successful redo

PBMV, especially in patients who are considered for surgery due to the high WS.
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MATERIALS AND METHODS:

Study design:

* Prospective Cohort Study.

Sample size: 42

Study Period: January 2022 to November 2022

Inclusion Criteria:

e All patients who underwent balloon mitral valvuloplasty for denovo mitral stenosis
and those undergoing balloon mitral valvuloplasty for mitral restenosis following

BMV/CMV in the past were included in the study.

Exclusion Criteria:

e Those who did not give consent will be excluded.

e Those patients with associated moderate or severe MR or other valve lesions requiring
surgical correction, presence of left atrial (LA) and/or LA appendage thrombus,
history of recent thromboembolic events within the last month, associated significant
coronary artery disease requiring surgical revascularization, and acute rheumatic
activity and/or infective endocarditis were excluded.

e Those patients with H/O mitral valve repair, ASD closure, concomitant valve

replacement will be excluded.
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METHODOLOGY:

We analysed 42 patients who underwent BMV at our centre from Jan 2022 to Nov 2022.
These patients were divided into two groups. Group | included patients undergoing redo
BMV, whereas Group Il included patients who did not have any previous procedure in the

past and had undergone BMV for the first time.

Baseline characteristics, demographic & echocardiographic data were collected from all
the patients who underwent percutaneous balloon mitral valvuloplasty for re-severe mitral
stenosis (Group-1) and for new mitral stenosis (Group-I1). As a part of pre-procedure
evaluation, during trans-oesophageal echocardiography, additional real time 3D data was
collected, and 3D echocardiographic score (Figure 1 and 2) was calculated. Based on
immediate post procedural outcomes, 3D score was compared with traditional Wilkins score

and findings were analysed.

Anterior leaflet Posterior leaflet
Al A2 A3 P1 P2 P3

Thickness (0-6) (0 = normal, 1 = thickened)* 0-1 0-1 0-1 0-1 0-1 0-1
Mobility (0-6) (0 = normal, 1 = limited)* 0-1 0-1 0-1 0-1 0-1 0-1
Calcification (0-10) (0 = no, 1-2 = calcified)’ 0-2 0-1 0-2 0-2 0-1 0-2

Subvalvular apparatus’

Proximal third Middle third Distal third
Thickness (0-3) (0 = normal, 1 = thickened) 0-1 0-1 0-1
Separation (0-6) (0 = normal, 1 = partial, 2 = no) 0,1,2 0,1,2 0,1,2

*Normal = 0, mild = 1 to 2, moderate = 3 to 4, severe = 5.
tNormal = 0, mild = 1 to 2, moderate = 3 to 5, severe = 6.

Figure 1: Real time 3 D echocardiographic score (Anwar score)3 for mitral valve
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Figure 2: Real time 3D echocardiographic images [Panel A: en face view of mitral valve
in closed position as seen from atrial aspect showing stenotic mitral valve with
calcification; Panel B: Long axis real time 3 D echocardiographic view showing thickened
subvalvar mitral apparatus]

Outcomes/Endpoint:

* Procedural success will 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. The reference measurement for MVA

was 2-dimensional echocardiography planimetry.

Statistical Analysis:

« Data analysis was done by primary investigator with assistance from a statistician. All
statistical analyses were performed using SPSS version 25 (SPSS, Inc, Chicago, IL).
Each component of both scores was assessed separately, and then the total scores of
2DE and RT3DE were calculated for every patient. Both scores were investigated for
correlations using Pearson’s Chi square analysis to demonstrate the basic differences.
Paired t test was also used, and P < .05 was set as the criterion for significance in all

comparisons.
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RESULTS:

Baseline Characteristics:

We analysed 42 patients with severe mitral stenosis who underwent balloon mitral
valvuloplasty (BMV) during the study period at our centre. Our study was approved by
Institutional ethics committee (SCT/IEC/1907). 16 patients who underwent redo BMV were
included in Group-1, whereas 26 patients who underwent BMV for the first time for de-novo
mitral stenosis were included in group-1l. 12 patients (75%) in the Group-I, had undergone
prior BMV and 4 patients (25%) had undergone prior closed mitral valvotomy (CMV). The

median duration of prior BMV or CMV in Group-I was 15 years.

Most of the patients had isolated mitral stenosis. The median age of patients in Group
| was 44.5 years with interquartile range of 19; whereas in Group II, it was 42.5 years with
interquartile range of 17 years (P value- 0.548). Both the groups had female preponderance
with 68% females in Group-1I and 80% females in Group Il (P value -0.177). The patients in
Group | had a median body surface area of 1.57 (IQR- 0.18) and patients in Group Il had
median body surface area of 1.6 (IQR-0.21) [P value-0.317]. 1 patient (6%) in Group | and 6
patients (24%) in Group Il had history of stroke (P value- 0.222). Similarly, Group | had 1
patient (6%) and Group Il had 4 patients (15%) with diabetes (P value- 0.633). 4 patients
(25%) in Group | and 1 patient (4%) in Group Il had atrial fibrillation (P value- 0.061). Most
of the patients in group | had presented with functional class-11 (7 patients, 44%) and
functional class- Il (7 patients, 44%); whereas 2 patients (13%) had presented with
functional class- IV. In group I, majority of the patients were in functional class- Il (18

patients, 70%) and 8 patients (30%) were in functional class- IlI.
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Baseline 2 -dimensional echocardiographic analysis revealed that, 4 patients (25%) in
Group | and 2 patients (8%) in Group Il had no mitral regurgitation. Trivial mitral
regurgitation was present in 7 patients (44%) in Group | and 9 patients (35%) in Group Il. 5
patients (31%) in Group | and 15 patients (58%) in Group Il had mild mitral regurgitation.
The mean left atrial diameter in group | was 46 + 5.3 mm and 45 + 6.7 mm in group Il (P
value- 0.332). The left ventricular internal diameter in diastole was found to be similar in
both the groups [43 +5.3 mm vs 44 + 5.1 mm, (P value- 0.857)]. Similarly, the ejection
fractions in either of the groups were comparable [66 + 7.3 % vs 65 + 6.4% (P value-
0.477)]. Mean right ventricular systolic pressure was 42 + 11 mmHg in group | and 36 + 17

mmHg in group Il (P value-0.058).

Baseline Characteristics Group | (n=16) Group Il (n=26) | p-value
Age, median(IQR) 44.5 (19) 42.5 (17) 0.548
Height, median(IQR) 162 (23) 152 (5) 0.177
BSA, median (IQR) 1.57 (0.18) 1.6 (0.21) 0.317
Female, n(%o) 11 (68%) 21 (80%) 0.465
Stroke, n (%) 1 (6%) 6 (24%) 0.222
DM, n (%) 1 (6%) 4 (15%) 0.633
AF, n (%) 4 (25%) 1 (4%) 0.061
Functional Class, n (%) 0.99
FC-11 7 (44%) 18 (70%)

FC-111 7 (44%) 8 (30%)

FC-1V 2 (13%) 0
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Echo parameters Group | (n=16) Group Il (n=26) p-value
Mitral Regurgitation, n (%) 0.189
Grade 0 4 (25%) 2 (8%)

Grade | 7 (44%) 9 (35%)

Grade I1 5 (31%) 15 (58%)

LA diameter, mm 46 + 5.3 45+ 6.7 0.332
LVID, mm 43 +5.3 44 +5.1 0.857
EF, % 66 +£7.3 65 +6.4 0.477
RVSP, mmHg 42 + 11 36 + 17 0.058
TAPSE 20 £2.2 19+2.1 0.960
MVA (2D), cm? 1.0+ 0.11 0.93 +0.17 0.214
MVA (PHT), cm? 0.96 + 0.12 0.95+0.12 0.857
MS gradient, mmHg 12+ 4.6 14+ 4.5 0.242

The mean tricuspid annular plane systolic excursion was 20 + 2.2 mm in group | and
19 + 2.1 mm in group |1 (P value- 0.960). Mean mitral valve gradient was 12 + 4.6 mmHg in
group |, whereas patients with newly developed mitral stenosis had numerically higher
gradients- 14 + 4.5 mmHg but was not statistically significant (P value- 0.242). There was no
statistically significant difference between mitral valve area of both the groups as measured
by planimetry (1 +0.11 cm? vs 0.93 + 0.17 cm? [P value- 0.214]) or by pressure half time

(0.96 + 0.12 cm?in group 1 vs 0.95 + 0.12 cm? in group |1 [P value- 0.857]).
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Echo Characteristics Group I (n=16) Group Il (n=26) p-value

MC fused 5 (31%) 16 (62%) 0.057
MC split 11 (69%) 10 (39%) 0.057
LC fused 9 (56%) 20 (77%) 0.187
LC split 7 (44%) 6 (23%) 0.187
Bi-commissural fusion 2 (12%) 12 (46%) 0.025
Uni-commissural fusion 10 (62%) 12 (46%) 0.303
Lack of bilateral complete fusion 4 (25%) 2 (8%) 0.180

Detailed valve morphological analysis revealed completely fused medical commissure
in 6 patients (31%) in group | vs 16 patients (62%) in group Il (P value- 0.057) and fused
lateral commissure in 9 patients (56%) in group | vs 20 patients (77%) in group Il (P valve-
0.187). Partial or complete split of medical commissure was seen in 11 patients (69%) in
group | vs 10 patients (39%) in group Il (P value- 0.057); whereas split lateral commissure
was noted in 7 patients (44%) in group | vs 6 patients (23%) in group Il (P value- 0.187).
Group Il had statistically significant number of patients with bicommissural fusion than
group | [46% vs 12 %; P value-0.025]. Patients with uni-commissural fusion were
comparable in both the groups (P value- 0.303). Although patients with lack of complete
bilateral fusion were more in group | than group Il, it was not found to be statistically

significant (P value-0.180).
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The median Wilkins score was 10 (IQR-2) in group I, whereas it was 9 (IQR-2) in
group Il (p value- 0.575). On analysing individual components of Wilkins score, mobility,
thickening and calcification was found to be similar whereas subvalvar pathology was found
to be relatively more in group | than group II; but the difference was not statistically

significant (P value- 0.307).

Echo parameters Group I (n=16) Group Il (n=26) p-value
Mobility 2(1) 2(1) 0.726
Thickening 2 (1) 2 (1) 0.802
Calcification 2 (0.25) 2 (1) 0.610
Subvalvar pathology 3(1) 2 (1) 0.307
Wilkin’s score 10 (2) 9(2) 0.575
3D Score 11 (3) 10 (2) 0.631

The 3-dimensional echocardiographic analysis revealed a numerically higher score in
group | than group 11, but it was not statistically different. (Group I- 11 (IQR-3) vs Group II-
10 (2) [P value- 0.631]). Individual component analysis of real time 3-D score in each group
showed similar frequencies in both the groups except for mobility in A2 scallop which was
found to be restricted more in group Il than group I, indicating complex morphology mitral

valves.
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3D echo Characteristics
Leaflet thickness Al
Leaflet thickness A2
Leaflet thickness A3
Leaflet thickness P1
Leaflet thickness P2
Leaflet thickness P3
Leaflet Mobility Al
Leaflet Mobility A2
Leaflet Mobility A3
Leaflet Mobility P1
Leaflet Mobility P2

Leaflet Mobility P3

Leaflet Calcification Al
Leaflet Calcification A2
Leaflet Calcification A3
Leaflet Calcification P1
Leaflet Calcification P2
Leaflet Calcification P3
Subvalvar thickness Prox
Subvalvar thickness Mid
Subvalvar thickness Dist
Subvalvar separation Prox

Subvalvar separation Mid

Subvalvar separation Distal

Group | (n=16)
15 (94%)
9 (56%)
10 (62%0)
10 (62%)
10 (62%)
12 (75%)
13 (81%)
2 (12%)
8 (50%0)
10 (62%)
6 (38%)

12 (75%)

6 (38%)
4 (25%)
4 (25%)
4 (25%)
5 (31%)
8 (50%)
15 (94%)
3 (19%)
1 (6%)
10 (62%)

2 (12%)

Group Il (n=26)
21 (81%)
12 (46%)
9 (35%)
13 (50%)
12 (46%)
15 (58%)
15 (58%)
11 (42%)
9 (35%)
15 (58%)
15 (58%)

18 (69%)

12 (46%)
7 (27%)
6 (23%)
8 (31%)
8 (31%)
13 (50%)
24 (93%)
9 (35%)
6 (23%)
16 (62%)

3 (12%)

p-value

0.380

0.525

0.078

0.429

0.303

0.256

0.180

0.042

0.324

0.758

0.204

0.740

0.847

1.000

0.506

0.740

1.000

0.675

1.000

0.316

0.222

1.000

1.000

NA
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Hemodynamic data prior to BMV, was also found to be largely comparable between
the groups. The mean pulmonary arterial systolic pressure was 46.5 + 14.9 mmHg in group |
vs 45.2 + 15.1 mmHg in group 1l (P value- 0.81). Left atrial mean pressure was found to be
25.81 + 7.7 mmHg in group | vs 24 + 4.2 mmHg in group Il; whereas mean left ventricular
end-diastolic pressure was 10.97 + 2.8 mmHg in group | vs 12.19 + 2.9 mmHg in group Il (P
value- 0.332). Mitral valve gradient by simultaneous left atrial and left ventricular pressure
assessment was found to be 14.09 + 5.3 mmHg vs 12.36 + 4.02 mmHg (P value- 0.352) and
subsequent mitral valve area was found to be 0.94 + 0.23cm? vs 0.99 + 0.2 cm? (P value-

0.596).

Hemodynamics Group | (n=16) Group Il (n=26) P-value

RA mean 713+2.5 6.92+ 2.6 0.756
PA systolic pressure  46.5 + 14.9 452+ 15.1 0.81

PA mean 305+ 11.2 27.7+9.2 0.596
LA mean 2581+ 7.7 24+ 4.2 0.357
LV Ed 10.97 + 2.8 1219+ 2.9 0.332
MVG 14.09 £ 5.3 12.36 + 4.02 0.352
MVA by cath 0.94 £ 0.23 0.99 + 0.20 0.596

Further subgroup analysis of group | revealed that 11 patients (69%) had a successful

outcome whereas 5 patients (31%) had an unsuccessful outcome.
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Group |- Redo-16 patients

m Successful ®m Unsuccessful

In the subgroup analysis, the baseline parameters were found to be similar between
unsuccessful and successful categories. Echocardiographic parameters revealed similar
dimensions of left atrium and left ventricle; comparable ejection fraction and right ventricular
function. Mitral stenosis gradient was relatively higher in patients with successful outcome
than those with unsuccessful outcome, however the difference was not statistically significant
(P value- 0.332). The patients with unsuccessful outcome in redo-BMV group had
significantly higher Wilkins score [11 (IQR-1) vs 9 (IQR-2) (P value- 0.018)] and 3D score

[13 (IQR-2) vs 10 (IQR-2) (P value- 0.002)] than those with successful outcome.
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Echo Characterstics

Mitral regurgitation, n (%)

Grade 0

Grade |

Grade Il

LA diameter, mm
LVID, mm

EF, %

RVSP, mmHg
TAPSE

MVA (2D), cm2
MVA (PHT), cm2
MS gradient, mmHg
Mobility
Thickening
Calcification
Subvalvar pathology
Wilkin’s score

3D Score

MC fused

MC split

LC fused

LC split

Bi-commissural fusion
Uni-commissural fusion

Lack of bilateral complete fusion

Unsuccessful (n=5)

2 (40%)
1 (20%)
2 (40%)
48 + 6.2
40 + 5.4
64 + 8.7
40 +7.6
21 +3.3
0.99 +0.12
0.93 +0.13
11+ 36
3(1)
3(1)

2 (1)
3(1)

11 (1)
13 (2)

1 (20%)
4 (80%)
1 (20%)
4 (80%)
0

2 (40%)

3 (60%)

Successful(n=11)

2 (18%)

6 (55%)
3 (27%)
45 + 4.24
43455
67 + 6.4
43 +13.4
20 £1.7
1.0+ 0.11
0.97 +0.13
13+ 49
2 (1)

2 (1)

2 (0)
3(1)
9(2)

10 (2)

4 (36%)
7 (64%)
8 (72%)
3 (28%)
2 (18%)
8 (73%)

1 (9%)

p-value

0.912

0.459
0.253
0.420
0.776
0.861
0.770
0.445
0.332
0.031
0.280
0.186
0.671
0.018
0.002
0.622
0.622
0.106
0.106
1.000
0.299

0.063



Characteristics

Leaflet thickness Al
Leaflet thickness A2
Leaflet thickness A3

Leaflet thickness P1

Leaflet thickness P2

Leaflet thickness P3

Leaflet Mobility Al

Leaflet Mobility A2

Leaflet Mobility A3

Leaflet Mobility P1

Leaflet Mobility P2
Leaflet Mobility P3

Leaflet Calcification Al

Leaflet Calcification A2

Leaflet Calcification A3
Leaflet Calcification P1
Leaflet Calcification P2
Leaflet Calcification P3

Subvalvar thickness Prox

Subvalvar thickness Mid
Subvalvar thickness Dist

Subvalvar separation Prox

Subvalvar separation Mid

Subvalvar separation Distal

Unsuccessful (n=5)
4 (80%0)
4 (80%)
4 (80%)
2 (40%)
5 (100%6)
5 (100%)
3 (60%)
1 (20%)
3 (60%)
3 (60%0)
2 (40%)
4 (80%)
3 (60%)

3 (60%)

2 (40%)
2 (40%)
1 (20%)
4 (80%)
5 (100%)
1 (20%)
1 (20%)

4 (80%)

1 (20%)

0

Successful(n=11)
11 (100%)
5 (46%)

6 (55%)

8 (73%)

5 (46%0)

7 (64%)
10 (91%)
1 (9%)

5 (46%)

7 (64%)

4 (36%)

8 (73%)

3 (27%)

1 (9%)

2 (18%)
2 (18%)
4 (36%)
4 (36%)
10 (91%)
2 (18%)
0

6 (55%)

1 (9%)

0

p-value

0.313
0.308
0.588

0.299

0.093

0.245

0.214

0.547

1.000

1.000

1.000
1.000

0.229

0.063

0.547
0.547
1.000
0.282

1.000

1.000
0.313

0.588

1.000

NA
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Hemodynamics
RA mean, mmHg
PASP, mmHg
PA mean, mmHg
LA mean, mmHg
LV Ed, mmHg

MVG, mmHg
MVA by cath

Hemodynamic assessment after BMV procedure revealed significant fall

PRE-BMV
712+ 2.5
46.5 + 14
305 +11

2581 7.7

10.87 + 2.8

14.09 £ 5.3
0.94 +0.23

POST- BMV

711122
40.18 £ 9.4
24.56 £ 6.1

1756 £5.1

13.06 + 2.8

5.26 + 4.07
1.7+0.34

p-value
0.565
0.039
0.014

0.001

0.005

0.001
0.001

in

pulmonary artery systolic pressure (P value- 0.039), pulmonary artery mean pressure (P

value- 0.014), left atrial mean pressure (0.001) and mitral valve gradient (P value- 0.001). A

significant rise in left ventricular end-diastolic pressure (P value- 0.005) was also noted along

with increase in mitral valve area (P value- 0.001).
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After the procedure, 1 patient (6%) developed acute severe mitral regurgitation due to

leaflet tear and required mitral valve replacement surgery. Most of the patients (81%) had
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* When the echocardiographic scores were compared, it was found that the 3D score
was higher than Wilkins score (P value-0.026). However, no statistically significant
correlation was found between either Wilkins score with procedural success or post
procedural MVA. (p value>0.05) or 3D Score with procedural success or
postprocedural MVA. (p value>0.05)

» Similarly, no correlation was found between Wilkin’s score and 3 D Score in

predicting procedural success or postprocedural MVA.

Subgroup analysis of group Il revealed that 8 patients (69%) had a successful outcome

whereas 8 patients (31%) had an unsuccessful outcome.

Group lI-New- 26 patients

o=

m Successful = Unsuccessful
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Baseline parameters

Mitral Regurgitation, n (%)
Grade 0
Grade |
Grade 11

LA diameter, mm

LVID, mm

EF, %

RVSP, mmHg

TAPSE

MVA (2D), cm2
MVA (PHT), cm2
MS gradient, mmHg
Mobility

Thickening
Calcification

Subvalvar pathology

Wilkin’s score
3D Score
MC fused

MC split

LC fused

LC split
Bi-commissural fusion
Uni-commissural fusion

Lack of bilateral complete
fusion

Unsuccessful (n=8)

1 (12%)
2 (25%)
5 (62%)

46 + 3.2

19 + 0.51
0.78 +0.23
0.86 + 0.17
13+48

3 (1)

3(2)
2 (1)

3(1)

11 (2)
12 (2)
4 (50%)

4 (50%)
6 (75%)
2 (25%)
3 (38%)
4 (50%)
1 (12%)

Successful(n=18)

1 (6%)
7 (39%)
10 (56%)

43 + 8.4

44 +5.2

68 +5.7

36 (21)

21+2.7
0.94 +0.13
0.95 + 0.09
14 +4.5

2 (0)

2(1)
2 (1)

2(1)

9(2)
10 (1)
12 (67%)

6 (33%)
14 (78%)
4 (22%)
9 (50%)
8 (44%)
1 (6%)

p-value

0.692

0.676

0.372

0.978

0.697

0.020
0.114
0.438
0.716
0.001

0.274
0.281

0.054

0.013
0.001
0.664

0.664
1.000
1.000
0.683
1.000
0.529
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Characteristics Unsuccessful (n=8) Successful(n=18) p-value

Leaflet thickness Al 7 (88%) 14 (78%) 1.000
Leaflet thickness A2 4 (50%) 8 (44%) 1.000
Leaflet thickness A3 3 (38%) 6 (33%) 1.000
Leaflet thickness P1 6 (75%) 7 (39%) 0.202
Leaflet thickness P2 3 (38%) 9 (50%) 0.683
Leaflet thickness P3 2 (25%) 13 (72%) 0.038
Leaflet Mobility Al 5 (63%) 10 (56%) 1.000
Leaflet Mobility A2 4 (50%) 7 (39%) 0.683
Leaflet Mobility A3 5 (63%) 10 (56%) 0.078
Leaflet Mobility P1 5 (63%) 10 (56%) 1.000
Leaflet Mobility P2 5 (63%) 10 (56%) 1.000
Leaflet Mobility P3 6 (75%) 12 (67%) 1.000
Leaflet Calcification Al 5 (63%) 7 (39%) 0.258
Leaflet Calcification A2 3 (38%) 4 (22%) 0.635
Leaflet Calcification A3 2 (25%) 4 (22%) 0.076
Leaflet Calcification P1 2 (25%) 6 (33%) 1.000
Leaflet Calcification P2 1 (13%) 7 (39%) 0.360
Leaflet Calcification P3 5 (63%) 8 (44%) 0.159
Subvalvar thickness Prox 8 (100%) 16 (89%) 1.000
Subvalvar thickness Mid 4 (50%) 5 (28%) 0.382
Subvalvar thickness Dist 2 (25%) 4 (22%) 1.000
Subvalvar separation 7 (88%) 9 (50%) 0.099
Prox

Subvalvar separation Mid 2 (25%) 1 (6%) 0.215
Subvalvar separation 0 0 NA

Distal



Hemodynamics

RA mean, mmHg

PASP, mmHg
PA mean, mmHg
LA mean, mmHg
LV Ed, mmHg
MVG, mmHg

MVA by cath

Hemodynamic assessment after BMV procedure revealed significant fall

PRE-BMV POST- BMV p-value
69+ 26 6.7+18 0.855
45.26 + 15 43.07 £12.9 0.015
27.7+9.2 265+ 7.8 0.096
24+ 4.2 18.34 + 7.2 0.001
1219 £ 2.9 1423 + 24 0.001
12.36 £ 4.1 483 £ 6.7 0.001
099+0.2 1.88 £ 0.2 0.001

in

pulmonary artery systolic pressure (P value- 0.015), left atrial mean pressure (0.001) and

mitral valve gradient (P value- 0.001). A significant rise in left ventricular end-diastolic

pressure (P value- 0.001) was also noted along with increase in mitral valve area (P value-

0.001).
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After the procedure, 2 patient (4%) developed acute severe mitral regurgitation due to

leaflet tear and required mitral valve replacement surgery. Most of the patients (77%) had

mild mitral regurgitation.
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Wilkins 3Dscore

When the echocardiographic scores were compared, it was found that the 3D score
was higher than Wilkins score (P value-0.003). However, no statistically significant
correlation was found between either Wilkins score with procedural success or post
procedural MVA. (p value>0.05) or 3D Score with procedural success or
postprocedural MVA. (p value>0.05)

Similarly, no correlation was found between Wilkin’s score and 3 D Score in
predicting procedural success or postprocedural MVA.

On comparing overall data there was significant improvement in MVA after BMV
(0.97 £0.21 — 1.81 £ 0.31) [Paired t test, p value <0.001]

A Wilkin’s score < 10 was found to be associated with 84% success rates. [Odds

ratio-0.04; [95% Cl- 0.008-0.286] (p <0.001)
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All patients with 3 D Score <10 had procedural success rate of 100% and 59% of

patients with 3 D score >10 had unsuccessful BMV. (p value <0.001)
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DISCUSSION:

In patients with severe mitral stenosis, clinical evaluation and mitral valve anatomy
assessment are essential for correctly selecting therapeutic strategies®®*. 2D (Two
dimensional) transthoracic echocardiography allows to classify patients into anatomic groups
for prediction of immediate and long-term outcomes of BMV#?43, Although Wilkins’s score
is the most commonly used score, several other 2D echocardiographic scoring systems have
been suggested for the assessment of MV anatomy*4-46; however none of the available scores
has shown to be superior to any of the others®43,

Real time three dimensional echocardiography provides an en-face view of mitral
valve. In addition to this, rotation and orientation of the mitral valve to the desired plane are
easy and are not dependent on the orientation of the acoustic window in which image
acquisition is done!!. Many studies have demonstrated the superiority of real time 3D
echocardiography for the qualitative morphologic description of mitral valve®. RT3DE
provides a unique orientation of MV leaflets, commissures, and MVA that could be obtained
in a high percentage of the population and may become the standard echocardiographic
technique in the future for the assessment of patients with MS2,

For patients with severe mitral stenosis undergoing redo balloon mitral valvuloplasty,
the traditional Wilkins score is currently used, although no clear cut-off is defined. With 2D
echocardiography, a redo score was proposed by Mustafa et al*’ with a cut-off value of <8,
which was found to be 96% sensitive and 85% specific in predicting BMV success. Although
3D echocardiography appears to be beneficial in the assessment of mitral valve anatomy prior
to BMV in patients new mitral stenosis*®®, it has not been widely studied in patients
undergoing redo BMV?*®, In this study, we tried to analyse the real time 3D score (Anwar
score) in patients undergoing redo BMV and compare it with the traditional 2D

echocardiographic Wilkin’s score.
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We analysed 42 patients with severe mitral stenosis who underwent balloon mitral
valvuloplasty (BMV) during the study period. 16 patients who underwent redo BMV were
included in Group-1, whereas 26 patients who underwent BMV for the first time for de-novo
mitral stenosis were included in group-11. 12 patients (75%) in the Group-I, had undergone
prior BMV and 4 patients (25%) had undergone prior closed mitral valvotomy (CMV). The
median duration of prior BMV or CMV in Group-I was 15 years.

Median age of our redo patients was comparable to study by Sancar et al®® [44.5 years
vs 44 years], whereas Mostafa et al*’ had more of older patients [44.5 years vs 65.8 years].
The patients undergoing BMV for the first time, however were older than those in Farrag et
al* group [42.5 years vs 29.5 years]. Majority of the patients in our study groups were
females, which was similar with studies by Sancar et al and Farrag et al; whereas Mostafa et
al group had more of male preponderance. Atrial fibrillation was found to be in lesser
proportion in our study group of patients undergoing BMV for the first time than those
reported by Farrag et al [4% vs 30%]. However, in redo group, atrial fibrillation was
relatively comparable with other studies**” except for study by Sancar et al who reported
only 2.8% of atrial fibrillation. Our study group had lesser proportion of diabetic individuals
(6%) than Mostafa et al (29%) group and Sancar et al (16%). Majority of our patients were in
functional class Il and I11 which was a similar finding as previously reported studies®%.

Two dimensional echocardiographic assessment of patients in our study revealed that
the left atrial and left ventricular dimensions between redo and new groups were similar and
were consistent with other studies®%°. Mean left ventricular ejection fraction was also found
to be comparable to Sancar et al group whereas Mostafa et al had reported an ejection of 44.2
+ 13.8 %. Our study reported average 2D mitral valve area of 1 + 0.11 in group | and 0.93 +
0.17 cm?; which was similar to Sancar et al (1.1 cm?), Farrag et (0.96 + 0.14 cm?) and also

Mostafa et al group (0.94 + 0.14 cm?). Mitral valve area by pressure half time was also
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reported to be similar to other previous studies'®>347, Mitral valve gradient in our study was
numerically greater in group Il than group I (14 vs 12 mmHg, p value- 0.242), indicating that
patients who underwent redo BMV had relatively less mitral valve gradient with lesser
measured mitral valve area. Mean mitral valve gradient in other reported studies however,
was relatively high*3®, Median Wilkins score in our study was 10 and 9 in group | and group
Il respectively; which was higher than the one reported by Mustafa et al and Sancar et al
group whereas it was comparable with Farrag et al group. Preprocedural mitral regurgitation
was reported to be less than grade Il in 69% of patients in group | and 58% of patients in
group Il had grade Il mitral regurgitation. Similarly, Sancar et al had reported almost 94%
patients with none to mild preprocedural mitral regurgitation, whereas Anwar et al group had
reported 84% patients with less than mild mitral regurgitation.

Three dimensional echocardiographic assessment of mitral valve anatomy in terms of
mobility, thickness, calcification and subvalvar pathology revealed median real time 3D
scores of 11 and 10 in group | and group 11 respectively. Farrag et al had reported 3D score in
patients with optimum results as 7.58 + 2.18; whereas 3D score was 19.16 + 3.86 in patients
with suboptimal post procedural mitral valve area and a 3D score of 16 + 2.83 in patients
with significant post procedural mitral regurgitation. In our study, there were 3 patients who
had developed severe mitral regurgitation requiring surgical valve replacement; all of them
had a 3D score of more than 14. 3D score in our study was found to be significantly higher
than Wilkins score as it allows detailed assessment of mitral valve anatomy. Similar
association was also reported by Farrag et al where only patients undergoing BMV for the
first time were studied.

After balloon mitral valvotomy with a median of 24 mm Accura balloon and on an
average two dilatations, the procedural success rate in our study was 69% in group I and 70%

in group Il. This was largley comparable with Farrag et al group (72%) [28 size balloon] and
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Sancar et al (72%). Suboptimal results were noted in 25% and 23% in group | and group II,
respectively, which was comparatively higher than those reported by Farrag et al (12%). The
same group also reported 16% incidence of postprocedural mitral regurgitation, which was
higher than our study (6% in group I vs 7% in group I1). In group I, there was significant fall
in pulmonary artery systolic pressure (P value-0.03), pulmonary artery mean pressure (P
value- 0.014), left atrial mean pressure (P value- 0.001) and mitral valve gradient (P value
<0.001), whereas a significant rise in left ventricular end diastolic pressure (P value- 0.005)
and mitral valve area (P value- 0.001) was noted. Patients in group Il, post procedure showed
significant fall in pulmonary artery systolic pressure (P value-0.015), left atrial mean pressure
(P value-0.001) and trans mitral gradient (P value- 0.001), whereas a significant rise in left
ventricular end-diastolic pressure (P value- 0.001) and mitral valve area (P value- 0.001) was
noted. Similar to our study, Farrag et al also reported significant fall in mitral valve gradient
(P value <0.0001), pulmonary artery systolic pressure (P value < 0.0001) and a significant
rise in post procedural mitral valve area (P value < 0.0001). Anwar et al had also reported a
significant rise in mitral valve area by 2D as well as 3D echocardiographic assessment and
fall in trans mitral gradient (P value< 0.0001).

Sancar et al studied a novel 3D score which was a modification of transesophageal
echocardiographic score by Sutaria et al and proposed it as an alternative option for treatment
of patients who are primarily considered for surgery due to high Wilkins score. In our study,
although no correlation could be established between 3D score and Wilkins score, the 3D
score was significantly higher in patients having successful outcomes than those who had
poor outcomes; indicating its role in assessment of patients prior to BMV. Since our study
had more of complex valve morphology, we arrived at a higher cut-off of >10 for Wilkins
score (Odds ratio- 0.04 [95% CI- 0.008-0.286]), which was also demonstrated in previous in

vivo study®. Similarly, when 3D data was analysed, it was found that 100% patients with 3D
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score <10, had 100% procedural success, whereas 59% of patients with 3D score >10 had
unsuccessful outcomes (0.001). Based on our limited study data, we propose a new cut-off of
3D score <10, likely to be associated with better outcome even if the Wilkins score is high.
Under dilating the valve with one size less balloon can still help in achieving good result post

BMV.
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LIMITATIONS:
It was a single center prospective study, constrained by usual potential confounders of
limited sample size.
In particular, the causal link with clinical outcomes, though not significant, should be
interpreted with some caution as the applied analysis will have been less robust than
with a larger sample.
Being a tertiary care center, our study population included a lot of patients with
relatively complex mitral valve anatomy who were deemed unsuitable for BMV.
There is lack of long term follow up data of patients after BMV.
It would be interesting to study the association between 3D measures and clinical

outcomes on follow up in a larger study.
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CONCLUSION:
» The Real time 3D-echocardiographic score gives a detailed morphological assessment
of MV and helps in the proper selection of the therapeutic strategy for patients with

MS.

* A 3D echocardiographic score of < 10, appeared as a promising tool to predict

procedural success irrespective of the traditional 2D-Wilkins score.
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PROFORMA

Role of real time 3D echocardiography for Prediction of Success of Redo-Percutaneous
Balloon Mitral Valvuloplasty in Patients with Mitral Restenosis

Sr. No.-
Patient ID-
Age-

Sex-

BMYV date-

Clinical Parameters-

Weight-
Height-

Functional Class

Rhythm

Prior BMV date

Duration

Transthoracic Echocardiographic parameters-

Ejection Fraction

LA size

Indexed LA size

MVA by 2D

Indexed MVA by 2D

MVA by PHT

Indexed MVA by PHT

MS gradient

Mobility

Thickening

Calcification

Subvalvar pathology

Wilkins score

Medical commissure

Lateral commissure

Mitral Regurgitation (0-1)

RVSP

TAPSE

3 D Transoesophageal echocardiographic parameters-

Leaflet-

Al A2

A3

P1

P2

P3

Thickness (0-6)

Mobility (0-6)

Calcification (0-10)

Subvalvular apparatus-

‘ Prox third

Mid third

Distal third
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Thickness (0-3)

Separation (0-6)

CATH data-

PRE

POST

PAP

LA

LV

MG

MVA

INDEXED MVA

co

Cl

PVR

SVR

DILATOR/BALLOON USED

SIZE

No. OF DILATATIONS

MR SEVERITY
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data will be based on records and "research” nature of the study (as compared to “routine” procedures)

* As a consequence, to the above point, please clarify whether the cost of the procedures and
investigations will be borne by the patients (as research participants) or by the hospital.

¢ Study period should be mentioned as six months after getting the IEC clearance.

One set of all the documents including those revised are to be submitted to the IEC Office. The covering
letter should indicate the revisions made.

Sincerely,

ol ——

Dr. G. Srinivas
Member Secretary, IEC
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STUDY CONSENT FORM
TITLE OF THE STUDY: ROLE OF REAL TIME 3D
ECHOCARDIOGRAPHY FOR PREDICTION OF SUCCESS OF REDO-
PERCUTANEOUS BALLOON MITRAL VALVULOPLASTY IN
PATIENTS WITH MITRAL RESTENOSIS
Study number: All patients undergoing redo PBMV at SCTIMST will be included in study
Participant’s name:
Date of Birth / Age (in years):
I
son/daughter of
(Please tick boxes).
[ ] Declare that | have read the above information provided to me regarding the study:
“ROLE OF REAL TIME 3D ECHOCARDIOGRAPHY FOR PREDICTION OF SUCCESS
OF REDO-PERCUTANEOUS BALLOON MITRAL VALVULOPLASTY IN PATIENTS
WITH MITRAL RESTENOSIS” and have clarified any doubts that I had.
[ 11 also understand that my participation in this study is entirely voluntary and that I am free
to withdraw permission to continue to participate at any time without affecting my usual
treatment or my legal rights.
[ 11 understand that the study staff and institutional ethics committee members may not need
my permission to look at my health records even if | withdraw from the trial. | agree to this
access.
[ 11 understand that my identity may not be revealed in any information released to third
parties or published.
[ 11 voluntarily agree to take part in this study.
[ 11 received a copy of this signed consent form.

Name: Name of witness:
Signature: Relation to participant:
Date: Date:

| attest that the requirements for informed consent for the medical research project described
in

this form have been satisfied. | have discussed the research project with the participant and
explained to him or her in nontechnical terms all of the information contained in this
informed

consent form, including any risks and adverse reactions that may reasonably be expected to
occur. | further certify that | encouraged the participant to ask questions and that all questions
asked were answered.

Name and Signature of Person Obtaining Consent
Dr. Walse Rohit Sunil

PDF, Adult Cardiology and Interventions

Dept. of Cardiology SCTIMST

For any technical clarifications, please contact Dr. Srinivas G, Member Secretary, IEC,SCTIMST (Email:
iec.mem.sec@sctimst.ac.in, Phone no. 0471-2524689)
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SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND
TECHNOLOGY,
TRIVANDRUM
PATIENT INFORMATION SHEET
TITLE: ROLE OF REAL TIME 3D ECHOCARDIOGRAPHY FOR PREDICTION OF
SUCCESS OF REDO-PERCUTANEOUS BALLOON MITRAL VALVULOPLASTY IN
PATIENTS WITH MITRAL RESTENOSIS
Name of Investigators: DR WALSE ROHIT SUNIL, DR HARIKRISHNAN S., DR
SANGAY G.
Dear Patient/Parent
We welcome you and thank you for your interest in this research project titled “ROLE OF
REAL TIME 3D ECHOCARDIOGRAPHY FOR PREDICTION OF SUCCESS OF REDO-
PERCUTANEOUS BALLOON MITRAL VALVULOPLASTY IN PATIENTS WITH
MITRAL RESTENOSIS”. Before your participate in this study, it is important for you to
understand why this research is being carried out. This form will provide you all the relevant
details of this research. It will explain the nature, the purpose, the benefits, the risks, the
discomforts, the precautions and the information about how this project will be carried out. It
is important that you read and understand the contents of the form carefully. This form may
contain certain scientific terms and hence, if you have any doubts or if you want more
information, you are free to ask the study personnel or the contact person mentioned below
before you give your consent and also at any time during the entire course of the project.
Transesophageal echocardiography is an imaging study of heart using an
echocardiographic probe. During this procedure, with local anaesthesia, a plastic tube will be
inserted through your mouth into the oesophagus. This procedure is done as a part of routine
protocol to look for any clot in chambers of heart before going ahead for balloon mitral
valvuloplasty. While performing the echocardiogram, a 3-dimensional assessment of your
mitral valve will be done using an in-built software and real time 3D score will be calculated.
This score will be compared with 2-dimensional score obtained from transthoracic
echocardiography and assessed for predicting success rated of PBMV. PBMV is a procedure
to treat mitral stenosis and reduce symptoms such as chest pain, fatigue, shortness of breath,
difficulty when exercising, dizziness and fainting. A plastic tube (introducer) is inserted into
an artery in your groin (femoral artery). A balloon catheter is passed through the introducer
sheath and directed to your mitral heart valve. The balloon is inflated to open your valve.
This balloon catheter is removed. Your own diseased valve will not be cut or removed. In
addition, xrays and a transeosaphageal echo are performed during the procedure.
What does the present study involve?
It involves collection of clinical and echocardiographic data as a routine workup and
compared to post procedure data.
How long does it take?
The hospital visit will be a routine consultation, and the echocardiogram done will be part of
routine follow up. This may take upto 2-3 hours. Please be prepared to be in the hospital OPD
during that time.
What are the responsibilities of participants?
Your decision to participate in this study is voluntary, your own personal choice. You may
choose not to continue at any time, for any reason, without notice.
What are the expected risks for the participants?
The study involves collection of data from case records, pre and post procedure. There will
be no risks for the participants because of participation in the study. They will be managed
according to the hospital protocol. No specific additional intervention will be done.
What are the expected benefits of the research to the participants?
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The participants are evaluated in detail for any cardiac cause for functional impairment. A
follow up examination and evaluation may be helpful in identification of any risk factors for
poor outcomes or functional deterioration. It may be helpful in detecting patients who require
early intervention or addition of medical therapy. The data derived from the study may be
helpful in planning appropriate timing and surgical strategies for patients with similar
conditions in the future.

Will participants be compensated for participation in this trial?

You will not be paid for participation in the study.

Will my participation in this study be kept confidential?

All records of your study will be kept confidential. Your identity will not be revealed in any
publication or release of results. Study records will be kept indefinitely for analysis and
follow-up.

Can i withdraw from the study at any time during the study period?

Yes, you can. Your decision will not affect your regular medical care.

If there are any new findings / information, would i be informed?

Yes.

What happens in case of a study related injury?

There will be no study related injury.

Is there any alternative to the treatment mentioned?

Not applicable.

If you have any further questions, please ask: Dr. Walse Rohit Sunil (Principal investigator),
Senior Resident, Department of Cardiology (Email: walserohit@sctimst.ac.in Ph No:
9029649379)

For any technical clarifications, please contact Dr. Srinivas G, Member Secretary, IEC,
SCTIMST (Email: iec.mem.sec@sctimst.ac.in, Phone no. 0471-2524689)
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CURRICULUM VITAE

LAST NAME FIRST NAME MIDDLE NAME
WALSE ROHIT SUNIL
Date of Birth (dd/mm/yy)- 13/08/1991 | Sex- Male

Study Site Affiliation (e.g. Principal Investigator, Co-Investigator, Coordinator) Principal
investigator

Professional Mailing Address(Include Study Site Address(Include Institution name)
Institution name)
Dr. Walse Rohit Sunil, Room no. 8, old PG Department of Cardiology, SCTIMST

hostel, Sree Chithra Staff quarters, SCTIMST,
Kumarapuram, Trivandrum- 695011

Telephone (Office):: -- Mobile Number:: 9029649379

Telephone (Residence):: -- Email ::
walserohit@gmail.com
walserohit@sctimst.ac.in

Academic Qualifications (Most recent qualification first)

Degree/Certificate Year Institution, Country

DM CARDIOLOGY 2019-2021 SCTIMST, TRIVANDRUM,
KERALA

MD (GENERAL MEDICINE) 2015-2018 GMC, AURANGABAD,
MAHARASHTRA, INDIA

MBBS 2009-2014 SETH G S MEDICAL COLLEGE &
KEMH, MUMBAI, MAHARASHTRA,
INDIA

Details of professional registration : (MCI/State Registration/Bar Council/DCl/etc including
Registration Number and Year of Registration: TCMC 80882

Current and previous positions (most recent position first)

Month and Year Title Institution/Company, Country

From 01/01/2022 PDF, Adult SCTIMST, INDIA
Cardiology &
Interventions

8/1/2019 TO 31/12/2021 Senior Resident, SCTIMST, INDIA
Department of
cardiology

17/07/2015 TO 17/07/2018 Resident, GMC, AURANGABAD,
Department of MAHARASHTRA, INDIA
General Medicine

Brief summary of relevant research experience:

Gopalakrishnan A, Sunil WR, Sasikumar D, Kurup HK, Krishnamoorthy KM, Tudo o
gue bifurca néo é artéria pulmonar (All that bifurcates is not pulmonary artery),
Revista Portuguesa de Cardiologia (2022), doi:
https://doi.org/10.1016/j.repc.2021.12.016

Walse Rohit Sunil, Arun Gopalakrishnan, Bijulal Sasidharan, Kavassery Mahadevan
Krishnamoorthy, Sivasankaran Sivasubramonian, Progressive coarctation after device
closure of arterial duct — Case report, IHJ Cardiovascular Case Reports (CVCR),
Volume 5, Issue 3, 2021

Dr. Rohit Walse, Dr. Mangala Borkar Sonavani. “ADVERSE EVENTS AMONG
PATIENTS OF DRUG RESISTANT TUBERCULOSIS IN INTENSIVE PHASE
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RECEIVING SECOND LINE ANTI TB TREATMENT?” Global Journal for Research
Analysis- 2018, Vol 7

Walse, Rohit, Siddharth Mankar, & Nilesh Lomte. "MULTIPLE ENDOCRINE
NEOPLASIA TYPE 2B SYNDROME: A RARE CASE PRESENTATION." INDIAN
JOURNAL OF APPLIED RESEARCH, 8.2 (2018)

Surwade, D., Muley, D., Walse, D., & Kharat, D. (2018). Generalised Osteolytic Lesions
in an HIV Positive Male with Tuberculosis and Toxoplasmosis: A Rare Case

Report. INDIAN JOURNAL OF APPLIED RESEARCH, 2017, 7(6).

Mangala Sonavani Borkar, Gajanan Surwade, Shailaja Rao, Sandip Uppod, Rohit
Walse, Jyoti Ghatge, A STUDY OF 395 NEWLY DIAGNOSED HIV POSITIVE
GERIATRIC CASES, INDIAN JOURNAL OF APPLIED RESEARCH : Volume™7 |
Issue™8 | August™2017

Muley, Dr. Mamta, Dr. Rohit S Walse, & Dr. Gajanan A Surwade. "*Autosomal
Recessive Transmission of Hemophilia A: A Rare Case Report.” INDIAN JOURNAL
OF APPLIED RESEARCH [Online], 7.6 (2017)

Surwade, Dr. Gajanan, Dr. Rohit S Walse, Dr. Akash V Kharat, & Dr. Nilesh A Wagh.
"“PRADER-WILLI SYNDROME - PRESENTATION OF AN EXCEPTIONAL
CASE”." INDIAN JOURNAL OF APPLIED RESEARCH [Online], 7.7 (2017)
Mangala Sonavani Borkar, Avinash Lamb, Gajanan Surwade, Rohit Walse, Pranay
Jambhulkar, Amol Karde “Preliminary Report of Forty Three XDR TB Cases
Admitted in DR-TB Center in GMCH , Aurangabad” International Journal of Science
And Research (1JSR) 6.8, 2017

Dr. P. S. Jirvankar, Dr. Kailas Chintale, Dr. Mayur Nandwalkar, Dr. Rohit Walse
FRIEDREICH¥S ATAXIA: PRESENTATION OF A CASE Indian Journal of Applied
Research,Volume : 6 | Issue : 8 | August 2016

Kharat, Dr.Akash, Dr.Srikrushna A. Khandagale, Dr.Nilesh A. Wagh, & Dr.Rohit S.
Walse. "TAKAYASU ARTERITIS: PRESENTED AS HEADACHE, A RARE CASE
REPORT." INDIAN JOURNAL OF APPLIED RESEARCH [Online], 7.7 (2017)
Dr.MangalaBorkarSonavani, Dr.Shailaja Rao, Dr.AkshayKashid, Dr.SunitaPatil,
Dr.Vimlesh Pandey, Dr.RohitWalse A Rare Genetic Disorder € Bardet Biedl
Syndrome Indian Journal of Applied Research, Vol.5, Issue : 9 September 2015

Current project/s at hand: Nil

| Date :: 13/01/2022
( o Place :: Trivandrum

|

Signature: | a
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