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ABSTRACT 

BACKGROUND: 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. important determinant of success and safety of BMV is the selection of optimal 

hardware, particularly the size of the balloon used for the dilatation, in order to achieve maximum 

valve area post dilatation while minimising periprocedural risks including worsening mitral 

regurgitation and valvular damage. 

 

OBJECTIVES: 

To compare the measurements of valve area and intercommissural distance derived balloon sizing 

with the balloon sizing derived by conventional height based measurements. 

To assess the immediate outcomes of BMV including severity of MR and final valve area obtained 

after BMV and assess the effect of balloon sizing parameters. 

 

RESULTS: 

A total of 47 patients were studied, Mean height based balloon size was 25.3mm, and the 

intercommisural distance by 3D TEE was 22.77mm. Majority of pateints underwent BMV with a 24 

mm balloon, with subsequent dilatations based on hemodynamic parameters. The intercommissural 

distance showed a positive correlation with the final balloon size used( r(45) = 0.44, p = .002) 

particularly in those patients with a larger discrepancy.  3 pateints developed severe MR requiring 

surgery, and 15 patients had worsening of MR post procedure. No significant difference noted in the 

difference in balloon sizing in these patients.  

 

CONCLUSION:  

3D transesophageal echocardiography to assess the mitral valve anatomy is beneficial in patients 

undergoing BMV, and the intercommisural distance measured by 3D TEE has a strong positive 

correlation with the Balloon size used for dilatation, and may be used as a method to estimate the 
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appropriate balloon size to optimise outcomes in patients undergoing BMV. 
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INTRODUCTION 

Rheumatic heart disease (RHD) contributes significantly to the burden of 

cardiovascular disease and mortality in low- and middle-income countries. Recent studies 

indicate that it ranks as the fifth leading cause of disability-adjusted life years (DALYs) in Asia 

and the sixth globally (1,2). Among the various cardiac valves affected by RHD, the mitral 

valve is most commonly involved, often presenting with stenosis and/or regurgitation (3). 

Mitral stenosis (MS) was first described by Vieussens in 1705. Initially, surgical mitral 

commissurotomy and mitral valve replacement were the primary treatments for symptomatic 

patients. A major breakthrough occurred in 1984, when Japanese surgeon Kanji Inoue 

pioneered the technique of Balloon Mitral Valvotomy (BMV), revolutionising the approach to 

treating severe mitral stenosis (4). Since then, BMV has proven to be an effective option for 

many patients with suitable valve anatomy. However, the outcomes of BMV can vary 

depending on the specific characteristics of the valve (5). 

The primary mechanism with which BMV helps in achieving adequate valve opening is 

commissural splitting. In selecting patients for BMV mitral valve morphology is assessed 

with two-dimensional transthoracic and transoesophageal echocardiography. procedure with 

equivalent or even better results as surgical commissurotomy 

However, the safety and success of BMV techniques are mainly dependent on the 

selection of patients, and assessment of valve morphology is essential for proper 

selection to optimise outcomes and minimise procedure related risks.  

Assessment of the mitral valve is conventionally done using 2D echocardiography, 

and scoring systems such as the Wilkins score are used to evaluate the mitral valve 

anatomy for prediction of safety and outcomes.  

Another important determinant of success and safety of BMV is the selection of 

optimal hardware, particularly the size of the balloon used for the dilatation, in order 
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to achieve maximum valve area post dilatation while minimising periprocedural risks 

including worsening mitral regurgitation and valvular damage.  

The main purpose of BMV is to provide an adequate mitral valve area (MVA) of > 1.5 

cm2 with no significant MR. Definitions of a successful BMV include 

• 50–60% reduction in transmitral gradient. 

• MVA greater than 1.5 cm2. 

• A decrease in left atrial pressure to less than 18 mmHg in the absence of 

complications 

The most widely used method to decide the size of the dilatation balloon uses an 

empirical formula to calculate inflated balloon catheter diameter based on the height 

of the patient [size = 0.1 × height (cm) + 10. This method has its limitations in that it 

does not take into account the patients overall body habitus. Although this has been 

a widely accepted criteria for balloon sizing, considerable variations exist in patients 

with respect to the valve anatomy, severity of MS and the involvement of valve 

commissures including commissural fusion and calcification, that may significantly 

alter the anatomy, requiring an individualistic approach for assessment of 

appropriate balloon sizing based on the valve anatomy assessed by 

echocardiography.  

 

 

 

Pathophysiology of Mitral Stenosis- 

Under normal conditions, the mitral valve orifice measures between 4 and 6 square 

https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-left-atrium-pressure


 

13 

 

centimeters, facilitating a shared chamber-like connection between the left atrium and left 

ventricle during diastole. Early in diastole, a slight pressure gradient exists between the left 

atrium and left ventricle, which quickly equalizes, allowing efficient blood flow during most 

of the filling phase. 

In mitral stenosis, the narrowing of the mitral valve orifice impedes the free flow of 

blood from the left atrium to the left ventricle, resulting in a sustained pressure gradient 

between the two chambers. This gradient increases left atrial pressure, which in turn leads to 

left atrial enlargement and pulmonary congestion. The restricted flow also limits left ventricular 

diastolic filling, reducing cardiac output as the severity of the stenosis progresses. 

Because the left atrium must generate sufficient force to propel blood across the stenotic 

valve, mitral stenosis causes significant structural and functional changes in the atrium. These 

changes, including left atrial enlargement, can predispose individuals to complications such as 

atrial fibrillation and an increased risk of thrombus formation within the left atrium. 

Understanding the role of left atrial function in mitral stenosis is crucial, as well as 

identifying methods to accurately assess these changes and their impact on disease progression 

and management. 

 

 

Table 1: Classification of Mitral Stenosis Severity 

Severity 

Mitral Valve 

Area (cm²) 

Mean Pressure 

Gradient (mm Hg) 

Pulmonary Artery Systolic 

Pressure (mm Hg) 

Mild Greater than 1.5 Less than 5 Less than 30 

Moderate 

Between 1.0 and 

1.5 

5 to 10 30 to 50 
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Severity 

Mitral Valve 

Area (cm²) 

Mean Pressure 

Gradient (mm Hg) 

Pulmonary Artery Systolic 

Pressure (mm Hg) 

Severe Less than 1.0 Greater than 10 Greater than 50 

 

According to the 2020 ACC/AHA Guidelines for the Management of Valvular Heart 

Disease, the stages of mitral stenosis (MS) are categorized based on a combination of factors, 

including the patient’s symptoms, the structural characteristics of the valve, hemodynamic 

parameters, and the impact of valve obstruction on the left atrium (LA) and pulmonary 

circulation (16). 

Table: Stages of Mitral Stenosis (MS) Based on 2020 ACC/AHA Guidelines 

 

Stage Definition 

Valve 

Anatomy 

Valve 

Hemodynamic 

Hemodynamic 

Consequences 

Symptoms 

A: At Risk 

Risk of 

developing 

MS 

Mild doming 

of the valve 

during 

diastole 

Normal trans 

mitral flow 

velocity 

No left atrial 

(LA) or 

pulmonary 

abnormalities 

None 

B: Progressive 

Progressive 

MS 

Rheumatic 

changes with 

commissural 

fusion and 

diastolic 

doming of 

leaflets 

Mitral valve 

area >1.5 cm²; 

increased trans 

mitral flow 

velocities 

Mild to 

moderate LA 

enlargement; 

normal 

pulmonary 

pressures at 

rest 

None 
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Stage Definition 

Valve 

Anatomy 

Valve 

Hemodynamic 

Hemodynamic 

Consequences 

Symptoms 

C: 

Asymptomatic 

Severe 

Severe MS 

without 

symptoms 

Rheumatic 

changes with 

commissural 

fusion and 

diastolic 

doming of 

leaflets 

Mitral valve 

area ≤1.5 cm²; 

diastolic 

pressure half-

time ≥150 ms 

Severe LA 

enlargement; 

pulmonary 

artery systolic 

pressure 

(PASP) >50 

mm Hg 

None 

D: 

Symptomatic 

Severe 

Severe MS 

with 

symptoms 

Rheumatic 

changes with 

commissural 

fusion and 

diastolic 

doming of 

leaflets 

Mitral valve 

area ≤1.5 cm²; 

diastolic 

pressure half-

time ≥150 ms 

Severe LA 

enlargement; 

PASP >50 mm 

Hg 

Reduced 

exercise 

tolerance; 

exertional 

dyspnea 

Abbreviations: MS: Mitral stenosis, mm Hg: Millimeters of mercury, MVA: Mitral valve area, 

PHT: Pressure half-time, PASP: Pulmonary artery systolic pressure, LA: Left atrium 

The guidelines recommend intervention for mitral stenosis under the following conditions: 

 For symptomatic patients (NYHA class II, III, or IV) with severe rheumatic MS (MVA 

≤1.5 cm², Stage D) and valve morphology suitable for intervention. 

 For asymptomatic patients with severe rheumatic MS (MVA ≤1.5 cm², Stage C) and 

favorable valve morphology. 

Long-term studies indicate that approximately 70% to 80% of patients who achieve a 
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successful initial outcome following percutaneous balloon mitral valvuloplasty (PBMV) 

remain symptom-free after 10 years. Additionally, 30% to 40% maintain freedom from 

recurrent symptoms after 20 years (17,18). 

Rheumatic mitral valve (MV) pathology manifests in four distinct forms: commissural 

involvement (30%), cuspal changes (15%), chordal alterations (10%), and combined pathology 

(45%) (19). The mechanisms by which balloon mitral valvuloplasty (BMV) increases the mitral 

valve area (MVA) include: 

1. Commissural splitting (primary mechanism), 

2. Annular stretching, and 

3. Fracture of nodular calcium within the leaflet tissue. 

Al Zaibag et al. demonstrated that the principal mechanism for valve dilation during single-

balloon BMV is splitting one or both commissures. This phenomenon was also observed with 

the double-balloon technique (20). Reid et al. proposed that annular stretching contributes to 

the increase in MVA. Two-dimensional echocardiography revealed a slight reduction in MVA 

within 24 hours post-percutaneous mitral valvuloplasty (PMV), with no significant change 

after a month, indicating that annular stretching may play a role in valve dilation (21). 

Additionally, balloon dilation can cause the fracture of nodular calcium within the leaflet tissue 

(22). 

Waller et al. examined mitral valves from surgical and necropsy specimens. They found 

that single-balloon dilation caused superficial cracking, double-balloon dilation resulted in 

deeper splitting of fused commissures, and oversized balloons led to annular and left atrial wall 

injury. Valves previously subjected to commissurotomy exhibited splitting near healed cracks 

(19). Ribeiro et al. observed that commissural splitting occurred more frequently in calcified 

commissures (81%) than in noncalcified ones (65%). This finding underscores that 
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commissural splitting is the primary mechanism for MVA enlargement after successful BMV 

using either single or double balloons (23). 

A successful BMV procedure is defined by: 

1. A ≥50% increase in MVA from baseline, 

2. A final MVA >1.5 cm², and 

3. The absence of mitral regurgitation exceeding Sellers grade 2. 

 

 

 

 

 

 

 

 

 

 

 

 

MITRAL VALVE ANATOMY 

The anatomical components of the MV include the annulus, leaflets, chords and 

papillary muscles. Normal function of the MV de. ends on the integration of these 



 

18 

 

structures and on the absence of supravalvar pathology or significant disease of the 

left ventricle. 

The annulus is a fibrofatty non-planar ring with a geometric shape similar to a riding 

saddle, with two axes, the anteroposterior (AP) axis and an orthogonal axis along the 

commissure.  

 

Fig 1. Saddle shaped anatomy of the mitral valve showing the different planes of 

measurement of the AP dimension, annulus and Intercommissural diameter( ICD).  

 

 

The AP dimension is usually in a higher plane and is measured in a mid-esophageal 

aortic valve long-axis (ME AV LAX) view whereas the commissural diameter should 

be measured in the mid-esophageal bi-commissural (ME bi-com) view. 
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Fig 1. Normal mitral valve TEE showing the bicommisural view (A), and 

measurement of the intercommisural distance. The Septal-latera diameter 

measurement is also shown (B).  

 

Rheumatic mitral stenosis affects all the components of the mitral valve. It leads to 

valve leaflet thickening and calcification with reduced movement of valve leaflets. 

The commissures are fused, and often times calcific, leading to a reduction in the 

overall valve area. The subvalvar apparatus including the chordae are fibrotic and 

shortened, leading to a funnel shaped valvular orifice with the subchondral area 

being smaller than the area at the valve annulus. This fibrosis and shortening also 

leads to restriction of leaflet movements, restricting valve opening and contributing to 

mitral stenosis creating a gradient  between Left atrium and left ventricle.  
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Fig 2. 3D TEE image of a patient with mitral stenosis, showing the short axis view 

demonstrating leaflet thickening and commissural fusion(A) and the long axis view 

showing subvalvar involvement in rheumatic pathology (B).  

 

 

 

Fig 3. TEE showing the assessment pf Intercommisural distance in a patient with 

mitral stenosis. The left side image (A) shows the measurement taken in 2D TEE 

bicommisural view, and the right panel ( B) shows the measurement taken in 3D 

image of the mitral valve. 
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REVIEW OF LITERATURE 

Initial work on the utility of TEE in assessing the mitral valve anatomy in MS came as 

early as 1998, when Applebaum et al studied and performed TEE in 50 patients with 

severe MS prior to BMV, And studied the effects of the procedure on mitral valve 

anatomy. They found that The three-dimensional echocardiographic reconstruction 

enabled visualization of the mitral valve so that commissural splitting and leaflet 

tears not seen on the two-dimensional echocardiogram became visible. 

Subsequently, TEE became routine practice to assess the anatomy prior to BMV, 

and to also assess for LA thrombus and LA appendage thrombus prior to procedure.  

3D Echo variables complement 2D echo in MV pre-BMV assessment. Anwar et al. 

proposed a 3D echo score to predict BMV outcome more accurately.[29] Individual 

RT3DE score points of leaflets and subvalvular apparatus summed to calculate the 

total score, ranging from 0 to 31 points. Total score of mild MV involvement was 

defined as <8 points, moderate MV involvement 8–13, and severe MV involvement 

>14. Higher scores correlated with poor BMV outcome. 

Balloon sizing by different methods has been studied, and a study by Sanati et al in 

2005 with 85 patients showed that Selection of balloon size according to 

echocardiographic commissural diameter is a good alternative method. Assuming 

the possible discrepancy between height-based and commissural-based estimated 

balloon sizes in some cases, adjustment of balloon sizes according to the maximal 

commissural diameter may result in acceptable results and fewer complications. 
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Further studies by Tastan et al showed that Choosing Inoue balloon size by 

measuring maximal diastolic annulus diameter by echocardiography for BMV may be 

an acceptable method for appropriate final MVA and to avoid risk of significant MR.  

Hani M. Mahmoud et al in 2017 published their study on the use of 3 D echocardiography in 

mitral stenosis to accurately determine valve area, however the clinical implications and 

therapeutic utility of the same were not elucidated. 

Most studies have used conventional 2D echo based measurements, and there is 

limited data on the role of 3D TEE based measurements of intercommisural distance 

to accurately determine the balloon size for BMV.  
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RESEARCH QUESTION 

How can 3D echocardiography be utilised in patients with severe MS undergoing BMV for 

assessment of mitral valve anatomy and for the choice of BMV balloon sizing to optimise the 

outcomes by achieving higher Mitral valve are with minimal MR post BMV? 

How do the analytical measurements including 3D Mitral valve area and intercommissural distance 

compare with the measurements obtained by traditional height based measurements used for balloon 

sizing in BMV? 
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OBJECTIVES 

 

To compare the measurements of valve area and intercommissural distance derived balloon 

sizing with the balloon sizing derived by conventional height based measurements. 

To assess the immediate outcomes of BMV including severity of MR and final valve area 

obtained after BMV and assess the effect of balloon sizing parameters. 
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MATERIALS AND METHODS 

STUDY DESIGN AND PROTOCOL 

Study design: Observational study.  

Study duration: 10 months 

Patients were clinically examined, and subjected to an echocardiographic study at: 

 Admission/ prior to the procedure 

 Discharge following the procedure 

After obtaining informed consent, patients were then recruited and the data was processed 

and analysed.  

 

STUDY PARAMETERS 

• Clinical functional assessment 

• Echocardiographic data: 

• Severity of MS and MR 

• Associated valvular leisons 

• Mitral valve area by 2 D planimetry 

• Wilkins score 

• Intercommisural distance 

• MV gradients 

• Transesophegeal echocardiography and 3D MV area and anatomy assessment 
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• 3D intercommissural distance 

• Mitral valve navigator tool derived MVA 

• LA/ LAA clot.  

The above echocardiographic data were obtained on Philips Epiq 7 system. Post analysis of 3 

D data was performed on the same system and measurements recorded.  

3D intercommissural distance was recorded, as well as TEE recorded 2D and 3 D mitral 

annular measurements. Balloon size for BMV was assessed as per the conventional height 

based sizing method and recorded.  

The patients then underwent the procedure as per routine protocol under local anaesthesia and 

fluoroscopic guidance. Balloon sizes for dilatation were chosen as per height based sizing, 

taking into account the size availability operator preference. Based on hemodynamics, 

periprocedural transthoracic echo and assessment of MR, subsequent dilatations were given 

until an adequate acceptable result reached, with transmitral gradient being less than 5.  

Patients were then monitored in the ICU for 24 hours, and a preprocedural 2 D thransthoracic 

echocardiogram was performed prior to discharge, to look for valve area, mitral regurgitation 

and ventricular function, and rule out pericardial effusion.  

 



 

27 

 

 

Fig 4: 3D transesophageal echocardiographic images obtained from a patient with severe MS, 

and from the left panel( LA view), the intercommisural distance was calculated.  

 

STATISTICS 

• Continuous variables are expressed as mean ± standard deviation (SD) or median 

(interquartile range, IQR).  

• Paired t-test or Wilcoxon signed-ranks test is used to compare the differences between 

two-time points during the follow-up.  

• Categorical data- described as number (%) 

• Bland Altman plot is used to assess the difference in the two methods 

• Spearmans and Kendall Rau correlation coefficients were used to assess the relation 

between different methods.  
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RESULTS 

A total of 47 patients undergoing BMV at our centre between January 2024 and November 

2024 were analysed. The preprocedural TEE was analysed and measurements taken.  

DEMOGRAPHIC DETAILS: 

The mean age of patients recruited was 45.3 years, and 35 female patients and 12 male 

patients were included.  

 

AGE HEIGHT WEIGHT 

MS 

MEAN 

MS 

GRAD 

PRE LVEF 

LA 

SIZE 

MVA 

BY 

PHT 

MVA 

2D 

MV 

ANNULUS 

Mean 45.38 156.23 60.84 14.43 23.34 61.13 44.72 0.99 0.97 32.03 

Mean 

± Std. 

45.38 

± 

10.74 

156.23 ± 

6.73 

60.84 ± 

13.02 

14.43 ± 

4.69 

23.34 ± 

7.18 

61.13 

± 7.04 

44.72 

± 5.79 

0.99 ± 

0.22 

0.97 ± 

0.28 

32.03 ± 

3.35 

 

 

Table 1. Baseline demographic details of the overall cohort. Abbreviations: MS- mitral stenosis, 

Grad- gradient, Pre- pre procedure, LVEF- Left ventricular ejection fraction, LA- Left atrium, MVA- 

Mitral valve area, PHT- Pressure half time . 2D: 2 dimensional echocardiography. 
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Fig 5: Raincloud plot showing the mean age of patients recruited.  

 

There were no significant differences in the baseline parameters across both genders.  

The baseline LV ejection fraction was a mean of 61%, and mean mitral stenosis gradient of 14.43 

mmHg, and LA size of 44mm. The mitral valve area by 2D echocardiography was 0.97cm2, and by 

Pressure half time method was 0.99cm2. 

Measurements of mitral valve were compared.  

Mitral valve area was assessed by 3 different methods: MVA by 2 D echocardiography, MVA by 3 D 

echocardiography and MVA by Pressure half time.  
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Fig 6- Mitral valve area by 3 different methods as assessed ny echocardiography.  

  

Mean diff. Std. Error  p 

MVA 

BY 

PHT 

MVA 2D 0.02 0.031 0.511 1 

MVA 

BY 

PHT 

MVA 3D 0.04 0.027 1.373 .53 

MVA 

2D 

MVA 3D 0.02 0.034 0.641 1 

 

Table 2: Anova test for comparison of the different methods of mitral valve area estimation 

With a p-value of .477, the results are not statistically significant at the conventional alpha levels of 

0.05, indicating that there are no significant differences among the means of the 3 levels MVA BY 

PHT, MVA 2D and MVA 3D.  

 

Following this, the balloon sizing methods were then assessed. Conventional balloon sizing using 

height based calculation was done, and also the intercommissural distance as measured by 3 d 

echocardiography was compared.  
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Fig 7- Bar chart showing the measurements ontained by different methods for balloon sizing, and the 

final size of the balloon used for dilatation during BMV.  

The calculated balloon size by height based measurements was larger, with a difference of 2.49 mm. 

However, the final balloon size used during the BMV procedure had a mean value of 23.14mm, which 

correlated better with the intercommissural distance than the conventional balloon sizing.  

 

Table 3: Mixed ANOVA test comparing the different methods for balloon size estimation and 

comparing with the final balloon size used for dilatation.  
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Fig 8- Bland Altman plot showing the relation between the values obtained by Intercommissural 

distance to the conventional height based formula for balloon sizing.  

There is a significant disagreement between the two methods, with the ICD measurements being 

smaller than the height based measurements. Kendall Tau correlation analysis showed that there is no 

significant correlation between the two valvues( p=0.998).  

The details of the BMV procedure were then analysed. The mean size of the Accura Balloon selected 

for the BMV was 24 mm, and 22 patients underwent 3 successive dilatations with increasing balloon 

volume and size, and 9 patients underwent 3 successive dilatations.  
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NO of 

dilatations Frequency Mean Std. Deviation Maximum 

BALLOON SIZE 2 22 24.09 0.75 26 

 
1 16 24 0.73 26 

 
3 9 24 1 26 

FINAL SIZE 2 22 23.45 0.86 25 

 
1 16 22.19 0.54 24 

 
3 9 24.06 1.01 25 

      

 

Table 4 showing the details of the procedure including balloon size and number of dilatations.  

Fig – Showing the balloon sizes in patients who ad worsening MR and those with no worsening MR 

post procedure.  
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3 patients had progression to severe Mitral regurgitation(MR) during BMV, requiring urgent Surgical 

MVR. 16 patients had worsening MR by more than one grade, but did not require further intervention 

and tolerated the MR.  

 

Fig 9- Line diagram showing the calculated balloon size, intercommisural distance and the final 

balloon size for dilatation among 2 groups—1 with worsened MR by more than one grade post BMV 

and Group 0 with  no worsened MR.  

 

Analysis of the intercommissural distance( ICD 3D) with respect to the final balloon size for 

dilatations that gave the optimal BMV results was performed using Spearmans correlation test.  

The correlation coefficient indicates the strength and direction of the linear relationship between ICD 

3D and FINAL SIZE. The coefficient 0.44 suggests a moderate, positive correlation. This means that, 

generally, as ICD 3D increases, FINAL SIZE also tends to increase.  

Here, the p-value of .002 is less than 0.05, which suggests that the correlation observed in the sample 

(r = 0.44) is unlikely to be due to chance. The null hypothesis that there is no correlation between ICD 

3D and FINAL SIZE in the population is therefore rejected. The result of the Spearman correlation 
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thus showed that there was a statistically significant correlation between ICD 3D and FINAL SIZE.  

The result of the Spearman correlation showed that there was a moderate, positive correlation 

between ICD 3D and FINAL SIZE. The correlation between ICD 3D and FINAL SIZE was statistically 

significant, r(45) = 0.44, p = .002..  

 

 

 

 

 

 

 

Table 6- Post procedure parameters and outcomes.  

 

The outcomes of BMV were analysed, and successful BMV and suboptimal BMV were identified.  

3 patients had severe Mitral regurgitation requiring Surgical intervention, and one of them had a 

papillary muscle rupture causing severe MR, while the other 2 patients had Anterior mitral leaflet 

tears which led to severe Mitral Regurgitation.  

Out of 47 patients, 1 patient had a suboptimal BMV with residual gradient of more than 5 mmHg, and 

a valve area of less than 1 cm2 post procedure.  

 

Final MV area 

(Calculated) 

Increase in 

MVA 

(Calculated 

Excel) 

Maximum 

dilation 

given 

Increase 

in MV 

area 

% Increase 

in MV 

area 

Post MR 

severity 

Echo 

Mean 2.04 1.09 23.24 1.09 27.71 2.22 

Std. 

Deviation 

0.98 0.77 1.05 0.76 38.28 0.85 

Maximum 4.6 3.12 25 3.12 83 4 
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Although 16 patients had worsening MR by more than one grade/ more than moderate MR, this was 

well tolerated in all but 3 patients who required surgical intervention.  

6 out of the 47 patients had a partial commissural splitting, while 38 of them had splitting of both 

commissures post procedure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION: 
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Our study aimed to assess the utility of 3D echocardiography in patients undergoing BMV 

and particularly focussed on the utility of measurements obtained by 3 D echocardiography to 

assist in the selection of balloon size in BMV.  

We studied a total of 47 patients, of whom only 3 had serious adverse events of severe MR 

post procedure who required surgical intervention.  

This was a descriptive study, where we compared the conventional height based sizing 

method with the echo based methods, and our results showed that there is no agreement with 

the values. This is probably due to the differences in values obtained by the 

echocardiographic method based on the valve anatomy and extent of the rheumatic pathology 

affecting the mitral valve, a factor that is not taken into consideration with traditional height 

based calculation.  

We also looked at the relation of the ICD measurements to the final size of the balloon that 

was used for dilatation during BMV and found that the ICD had a 

moderate, positive correlation with the balloon size that achieved best outcomes, suggesting 

that the initial sizing based on this method may be accurate, This correlation was statisticaly 

significant.  

The adoption of this new method would be especially worthwhile in cases with a great 

difference between the balloon sizes estimated by the two methods, such as those in our 

study. 

Although the numbers are very small, in the 2 patients who had severe MR due to leaflet 

injury, the balloon used for dilatation was larger than the size estimated by the 

intercommissural distance calculation.  
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A study by Sanati et al, also looked at the echocardiogram based ballon sizing in relation to 

traditional balloon sizing, and described a concept- ‘height–commissure mismatch.’- where 

the height based sizing showed much higher values than the echocardiogram based methods, 

and they identified this in a significant proportion of patients who developed severe MR.  

The number of patients in our study who developed severe MR is small, and thus the 

statistical analysis could not be performed, and these remain observational data.  

 

It can be postulated that although selecting BMV balloon size using the height-based formula 

is a reasonable and relatively safe method, adjustment of balloon sizes according to the 

commissural diameter—especially in those with considerable discrepancy between height-

based versus commissural based estimated balloon sizes—may result in even fewer cases of 

significant MR due to oversized ballooning. 

The findings of this study show that the Intercommisural distance by 3 D echocardiography 

correlates with the balloon size that can achieve best results, and this paves the way for 

utilising this method of balloon sizing.  

Further comparative studies of the two methods need to be undertaken, to compare the 

outcomes.  
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LIMITATIONS 

The limitations of this study are the small sample size, and the nature of the study as it an 

observational descriptive study.  

However the results are promising, and further larger studies and comparative studies can be 

undertaken to optimise outcomes in patients undergoing BMV.  
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CONCLUSION: 

3D transesophageal echocardiography to assess the mitral valve anatomy is beneficial in 

patients undergoing BMV, and the intercommisural distance measured by 3D TEE has a 

strong positive correlation with the Balloon size used for dilatation, and may be used as a 

method to estimate the appropriate balloon size to optimise outcomes in patients undergoing 

BMV.  
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CONSENT FORMS 

 

PARTICIPANT INFORMATION SHEET 

 

TITLE OF THE STUDY: UTILITY OF 3D ECHOCARDIOGRAPHY FOR OPTIMISATION OF 

BALLOON MITRAL VALVOTOMY 

You are being requested to participate in this study where we will assess the symptoms before and 

after the BALLOON MITRAL VALVOTOMY( BMV) for Mitral Stenosis. This is a procedure done 

to relive the stenosis of the left sided heart velve- the mitral valve, using a balloon, which is placed 

across the diseased valve via a small incision in the groin, through the femoral vein, to reach the heart. 

The balloon is then positioned across the valve and inflated, to relieve the valvular obstruction and 

improve patient symptoms. This procedure is performed in selected patients who are deemed suitable 

for the procedure after having assessed the valve anatomy and characteristics by transthoracic and 

transesophageal echocardiography. Both transthoracic echocardiography and transesophageal 

echocardiography will also be performed before the procedure, and data will be collected. 

Transthoracic echocardiography will be done after the procedure to see the outcomes and changes in 

valve area.   

 Your participation in this study would contribute immensely to improving future care of patients with 

mitral stenosis who are eligible to undergo BMV . We will be able to identify new methods based on 

echo derived measurements to make the procedure safe and effective in future.   

 If you take part what will you have to do?  

The study will require your consent after clarifying all related queries.All treatment that you have and 

will be receiving shall be as per routine protocols of the institution and it will not be changed during 

this study. The participation in the study is purely voluntary and there will be no difference in your 

treatment or follow up if you decide not to cooperate for the study.  

Will you have to pay for the investigations?  

No additional investigations will be needed apart from routine protocols.  

 

What happens if you are detected to have any fresh problems during the study?  

No additional risks are anticipated due to the study 
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Will your personal details be kept confidential?  

The results of this study may be published in a medical journal for advancement of medical sciences 

and surgical standards of care.You will not be identified by name in any publication or presentation of 

results. However, your medical notes may be reviewed by people associated with the study, without 

your additional permission.  

If you have any further questions, please ask Dr.Pooja Prasad(Tel 9945713382, 

pooja90prasad@gmail.com) 

For any clarifications regarding the study’s ethics clearance you may contact the Member Secretary of 

the SCTIMST-IEC. The phone number is:  0471- 2524689 and the email id is 

iec.mem.sec@sctimst.ac.in 
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പഠനത്തിൻ് റെ പപര : ബലൂൺ മിട്രൽ വാൽപവാപടാമി 

ഒപ റിമമപേഷനായി 3D എപകാകാർഡിപയാട്രാഫിയുറര 

ട്പപയാജനം 

 

മിട്രൽ സ്റ്റെനനോസിസിനോയുള്ള ബലൂൺ മിട്രൽ വോൽനവോനടോമി(ബിഎംവി) 

എന്ന ചികിത്സക്ക് മുമ്ും നേഷവുമുള്ള ലക്ഷണങ്ങൾ 

വിലയിരുത്തുന്നതിനോയുള്ള ഈ പഠനത്തിൽ പസ്റ്റെരുക്കോൻ നിങ്ങന ോര് 

അഭ്യർത്ഥിക്കുന്നു.  

ഇരത ്വേത്തുള്ള ഹൃദയ സ്റ്റവൽവോയ മിട്രൽ വോൽവിസ്റ്റല തകരോറുകസ്റ്റ  

പരിഹരിക്കോനുള്ള ഒരു ചികിത്സോരീതിയോണ് ബലൂൺ മിട്രൽ 

വോൽനവോനടോമി. 

തുരയിസ്റ്റല ധമനികൾ വഴി ഒരു ബലൂൺ വോൽവിനു കുറുസ്റ്റക 

സ്ഥോപിക്കുകയും വോൽവിസ്റ്റല തരസ്സം ഒഴിവോക്കുകയും നരോഗ ലക്ഷണങ്ങൾ 

സ്റ്റമച്ചസ്റ്റെരുത്തുകയും സ്റ്റചയ്യുന്നു.  

ട്രോൻസ്നതോറോസിക്, ട്രോൻസഈ്നസോഫോഗൽ എനക്കോകോർഡിനയോട്ഗോഫി 

എന്നിവയിലൂസ്റ്റര വോൽവിൻ്്സ്റ്ററ ഘരനയും സവിനേഷതക ും 

വിലയിരുത്തിയ നേഷം നരപരിട്കമത്തിന് അനുനയോജ്യസ്റ്റമന്ന ്കരുതുന്ന 

തിരസ്റ്റെരുത്ത നരോഗിക ിലോണ് ഈ ചികിത്സ നരത്തുന്നത.് 

2d എനക്കോകോർഡിനയോട്ഗോഫി- ട്രോൻസ്നതോറോസിക് 

എനക്കോകോർഡിനയോട്ഗോഫി, ട്രോൻസഈ്നസോഫോഗൽ 

എനക്കോകോർഡിനയോട്ഗോഫി എന്നിവ ബലൂൺ മിട്രൽ വോൽനവോനടോമിക്ക് മുമ്് 

നരത്തുകയും ഡോറ്റ നേഖരിക്കുകയും സ്റ്റചയ്യും. ഈ ചികിത്സക്കു നേഷം 

ട്രോൻസ്നതോറോസിക് എനക്കോകോർഡിനയോട്ഗോഫിയും നരത്തുന്നു. 

ഈ പഠനത്തിസ്റ്റല നിങ്ങ ുസ്റ്റര പെോ ിത്തം, ബിഎംവിക്ക ്വിനധയരോകോൻ 
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നയോഗയതയുള്ള മിട്രൽ സ്റ്റെനനോസിസ് നരോഗിക ുസ്റ്റര ഭ്ോവി പരിചരണം 

സ്റ്റമച്ചസ്റ്റെരുത്തുന്നതിന് വ സ്റ്റരയധികം സംഭ്ോവന സ്റ്റചയ്യും. പഠനത്തിൽ നിന്ന് 

ട്പതിധവനിക്കുന്ന വിവരങ്ങൾ അരിസ്ഥോനമോക്കി ഭ്ോവിയിൽ ഈ ചികിത്സ 

സുരക്ഷിതവും ഫലട്പദവുമോക്കുന്നതിനും പുതിയ രീതികൾ 

തിരിച്ചറിയോനും ഞങ്ങൾക്ക് സോധിക്കും. 

 

ഈ പഠനത്തിൽ പറെരുകുകയാറെെിൽ നിങ്ങൾ എന്താെ  

റെപേണ്ടത ? 

ബന്ധസ്റ്റെട എല്ലോ സംേയങ്ങ ും വയക്തമോക്കിയതിന് നേഷം ഈ പഠനത്തിന് 

നിങ്ങ ുസ്റ്റര സമ്മതം ആവേയമോണ്. നിങ്ങൾക്ക് നിലവിൽ 

കിടിസ്റ്റക്കോണ്ടിരിക്കുന്ന എല്ലോ ചികിത്സക ും ആേുപട്തിയുസ്റ്റര പതിവ ്

നട്പോനടോനക്കോ ുകൾ അനുസരിച്ചോയിരിക്കും. പഠന സമയത്ത് അതിന് 

മോറ്റമുണ്ടോകില്ല. പഠനത്തിസ്റ്റല പെോ ിത്തം പൂർണ്ണമോയും സവനമധയോ 

ഉള്ളതോണ.് പഠനത്തിനോയി സഹകരിനക്കണ്ടതിസ്റ്റല്ലന്ന ്നിങ്ങൾ 

തീരുമോനിക്കുകയോസ്റ്റണെിൽ നിങ്ങൾക്ക് നിലവിൽ കിടിസ്റ്റക്കോണ്ടിരിക്കുന്ന 

ചികിത്സയിൽ യോസ്റ്റതോരു വയതയോസവും ഉണ്ടോകില്ല. 

പരിപ ാധനകൾക  പെം നൽപകണ്ടിവരുപമാ? 

പതിവ ്ചികിത്സക്ക് പുറസ്റ്റമ അധിക പരിനേോധനകൾ ആവേയമില്ല. 

 

പഠനത്തിനിറര നിങ്ങൾക  എറന്തെിലും പുതിയ ട്പശ്നങ്ങളുറണ്ടന്ന  

കറണ്ടത്തിയാൽ എന്ത  േംഭവികും? 

പഠനം കോരണം അധിക അപകരസോധയതകസ്റ്റ ോന്നും ട്പതീക്ഷിക്കുന്നില്ല 

 

നിങ്ങളുറര േവകാരയ വിവരങ്ങൾ രഹേയമായി േൂക്ഷികുപമാ? 
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ഈ പഠനത്തിന്സ്റ്ററ ഫലങ്ങൾ സ്റ്റമഡിക്കൽ സയൻസസിൻ്്സ്റ്ററ പുനരോഗതിക്കും 

േസ്ട്തട്കിയോ നിലവോരം സ്റ്റമച്ചസ്റ്റെരുത്തുന്നതിനുമോയി ഒരു സ്റ്റമഡിക്കൽ 

നജ്ണലിൽ ട്പസിദ്ധീകരിനച്ചക്കോം. ഏസ്റ്റതെിലും ട്പസിദ്ധീകരണത്തിനലോ 

ഫലങ്ങ ുസ്റ്റര അവതരണത്തിനലോ നിങ്ങസ്റ്റ  നപരുസ്റ്റകോണ്്ട തിരിച്ചറിയോൻ 

കഴിയില്ല. എന്നിരുന്നോലും, അധിക അനുമതിയില്ലോസ്റ്റത പഠനവുമോയി 

ബന്ധസ്റ്റെട ആ ുകൾ നിങ്ങ ുസ്റ്റര സ്റ്റമഡിക്കൽ കുറിെുകൾ അവനലോകനം 

സ്റ്റചയ്നതക്കോം. 

നിങ്ങൾക്ക് കൂരുതൽ നചോദയങ്ങ ുസ്റ്റണ്ടെിൽ, ദയവോയി നഡോ.പൂജ് 

ട്പസോദിനനോര ്നചോദിക്കുക ( 9945713382, pooja90prasad@gmail.com) 

പഠനത്തിന്സ്റ്ററ ധോർമ്മികതയുമോയി ബന്ധസ്റ്റെട എസ്റ്റെെിലും 

വയക്തതകൾക്കോയി നിങ്ങൾക്ക് ഇൻെിററ്യൂട് എത്തിക്സ് കമ്മിറ്റിയുസ്റ്റര സ്റ്റമമ്ർ 

സ്റ്റസട്കടറിയുമോയി ബന്ധസ്റ്റെരോവുന്നതോണ്. നഫോൺ നമ്ർ: 0471- 2524689, 

ഇസ്റ്റമയിൽ ഐഡി: iec.mem.sec@sctimst.ac.in 

 

 

 

 

 

 

 

 

 

 

 

INFORMED CONSENT FORM  

Title of the study: UTILITY OF 3D ECHOCARDIOGRAPHY FOR OPTIMISATION OF 
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BALLOON MITRAL VALVOTOMY 

Participant’s name: Age (in years): I_________________________, son/ daughter/husband/wife/ —

————————————————of _________________________________________ declare 

that (Please tick boxes)  

• I have read the above information provided to me regarding the study:[ ]  

• I have clarified any doubts that I had. [ ]  

• I 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 [ ]  

• I understand that the study staff and institutional ethics committee members will not need my 

permission to look at my health records even if I withdraw from the study. I agree to this access [ ]  

• I understand that my identity will not be revealed in any information released to third parties or 

published [ ] 

 • I voluntarily agree to take part in this study [ ]  

• I have been provided with the contact numbers of the principle investigator, in case I want to know 

more about the study and participants rights [ ].  

Name:  

 

Signature:  

 

Name of witness:  

Date:  

 

Signature:  

Relation to participant:  

 

Person Obtaining Consent: 
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 I attest that the requirements for informed consent for the medical research project described in this 

form have been satisfied. I 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. I further certify 

that I encouraged the participant to ask questions and that all questions asked were answered.  

Name :  

 

Signature :  

 

Date :  

 

Place : SCTIMST, Thiruvananthapuram 

 

 

 

 

 

 

 

 

 

 

 

പഠനത്തിന്സ്റ്ററ നപര്: ബലൂൺ മിട്രൽ വോൽനവോനടോമി ഒപ്റ്റിമമനസഷനോയി 
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3D എനക്കോകോർഡിനയോട്ഗോഫിയുസ്റ്റര ട്പനയോജ്നം 

 

പസ്റ്റെരുക്കുന്നയോ ുസ്റ്റര നപര:്  

ട്പോയം (വർഷങ്ങ ിൽ):  

ഞോൻ ____________________________  

* പഠനവുമോയി ബന്ധസ്റ്റെട് എനിക്ക് നൽകിയ നമൽെറെ വിവരങ്ങൾ 

ഞോൻ വോയിച്ചു. 

 

. എനിക്ക് ഉണ്ടോയിരുന്ന എല്ലോ സംേയങ്ങ ും ഞോൻ വയക്തമോക്കിയിടുണ്്ട. 

 

. ഈ പഠനത്തിസ്റ്റല എനസ്്റ്ററ പെോ ിത്തം പൂർണ്ണമോയും സവനമധയോ 

ഉള്ളതോസ്റ്റണന്നും എനസ്്റ്ററ പതിവ് ചികിത്സസ്റ്റയനയോ നിയമപരമോയ 

അവകോേങ്ങസ്റ്റ നയോ ബോധിക്കോസ്റ്റത എനെോൾ നവണസ്റ്റമെിലും പെോ ിത്ത 

അനുമതി പിൻവലിക്കോൻ എനിക്ക് സവോതട്െയമുസ്റ്റണ്ടന്നും ഞോൻ 

മനസ്സിലോക്കുന്നു. 

 

. ഞോൻ പഠനത്തിൽ നിന്ന് പിന്മോറിയോലും എനസ്്റ്ററ ആനരോഗയ നരഖകൾ 

നനോക്കോൻ പഠനം നരത്തുന്നവർക്കും സ്ഥോപനത്തിസ്റ്റല ധോർമ്മിക സമിതി 

അംഗങ്ങൾക്കും എനസ്്റ്ററ അനുമതി ആവേയമിസ്റ്റല്ലന്ന് ഞോൻ മനസ്സിലോക്കുന്നു. 

ഈ നരപരിനയോര് ഞോൻ നയോജ്ിക്കുന്നു. 

 

* മൂന്നോം കക്ഷികൾക്ക് നൽകുകനയോ ട്പസിദ്ധീകരിക്കുകനയോ സ്റ്റചയ്യുന്ന ഒരു 

വിവരത്തിലും എനസ്്റ്ററ വയക്തിപരമോയ വിവരങ്ങൾ സ്റ്റവ ിസ്റ്റെരുത്തിസ്റ്റല്ലന്ന ്

ഞോൻ മനസ്സിലോക്കുന്നു.  
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. ഈ പഠനത്തിൽ പസ്റ്റെരുക്കോൻ ഞോൻ സവനമധയോ സമ്മതിക്കുന്നു.  

 

 

*പഠനസ്റ്റത്തക്കുറിച്ചും പസ്റ്റെരുക്കുന്നവരുസ്റ്റര അവകോേങ്ങസ്റ്റ ക്കുറിച്ചും 

കൂരുതൽ അറിയോൻ ആട്ഗഹിക്കുന്നുസ്റ്റവെിൽ ട്പധോന അനനവഷകനസ്്റ്ററ 

നകോൺരോക്റ്റ ്നമ്റുകൾ എനിക്ക് നൽകിയിടുണ്്ട.  

 

നപര്: 

 

കസ്റ്റയ്യോെ്: 

 

സോക്ഷിയുസ്റ്റര നപര:്  

കസ്റ്റയ്യോെ്: 

 

െോഫിനസ്്റ്ററ നപര:് 

 

ഈ നഫോമിൽ വിവരിച്ചിരിക്കുന്ന സ്റ്റമഡിക്കൽ ഗനവഷണ പദ്ധതിക്ക് 

അറിനവോസ്റ്റരയുള്ള സമ്മതത്തിനുള്ള ആവേയകതകൾ തൃപ്തികരമോസ്റ്റണന്ന ്

ഞോൻ സോക്ഷയസ്റ്റെരുത്തുന്നു. പസ്റ്റെരുക്കുന്നയോന ോര് ഗനവഷണ പദ്ധതി ചർച്ച 

സ്റ്റചയ്യുകയും നയോയമോയും സംഭ്വിക്കുസ്റ്റമന്ന് ട്പതീക്ഷിക്കോവുന്ന 

അപകരസോധയതക ും ട്പതികൂല ട്പതികരണങ്ങ ും ഉൾസ്റ്റെസ്റ്റര 

സമ്മതപട്തത്തിൽ അരങ്ങിയിരിക്കുന്ന എല്ലോ വിവരങ്ങ ും 

സോനെതികമല്ലോത്ത പദങ്ങ ിൽ ഞോൻ വിേദീകരിക്കുകയും സ്റ്റചയ്തു. 

നചോദയങ്ങൾ നചോദിക്കോൻ ഞോൻ പസ്റ്റെരുക്കുന്നവസ്റ്റര 

നട്പോത്സോഹിെിച്ചുസ്റ്റവന്നും നചോദിച്ച എല്ലോ നചോദയങ്ങൾക്കും ഉത്തരം 
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നൽകിയിടുസ്റ്റണ്ടന്നും ഞോൻ സോക്ഷയസ്റ്റെരുത്തുന്നു.  

 

 

നപര്: 

 

കസ്റ്റയ്യോെ്. 

തീയതി: 

സ്ഥലം: SCTIMST, തിരുവനെപുരം 
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Prasad Pooja  

Last Name First Name Middle Name 

Date of Birth (dd/mm/yy) 25/09/90 Sex  Female 

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

Professional Mailing Address 

(Include Institution name) 

Study Site Address (Include 

Institution name) 

 pooja90prasad@gmail.com Post Doctoral Fellow 

Department of Cardiology, 

SCTIMST 

Telephone (Office): Mobile Number:9945713382 

Telephone (Residence): Email pooja90prasad@gmail.com 

Academic Qualifications (Most recent qualification first) 

Degree/Certificate Year Institution, Country 

MD internal Medicine 2018 RGUHS, India 

MBBS 2014 RGUHS, India 

DM cardiology 2023 SCTIMST, TVM 

   

   

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

Travancore-Cochin Medical Council registration; 79077 

Current and previous positions (most recent position first) 

Month and Year Title Institution/Company, Country 

2020 march-dec Registrar, Cardiology KIMS, TVM 

February 2019- Feb 

2020 

Senior Resident, Department of Medicine Bowring Hospital, Bangalore 

July 2019- Feb2020 Senior Resident, Department of Medicine Vydehi Institute of Medical Sciences, blr 

January 2021 to 

Dec 2023 

Senior Resident, Department of 

Cardiology 

SCTIMST, TVM 

Brief summary of relevant research experience: 

Dessertation undertaken as a part of postgraduate course, titled “Comparision Of Accuracy 

Of Light’s Criteria, Adenosine Deaminase And Pseudocholinesterase Levels In The 

Etiological Diagnosis Of Pleural Effusion”. 

 

Current project/s at hand: 

 
Signature:   
                                

Date:   

29.06.

2024                                                                                            

Place: 

TVM 

 

 


