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ABSTRACT
Objective: To know the predictors of a successful outcome of percutaneous transvenous mitral commissurotomy (PTMC) other than described 
in the Wilkins scoring system.
Methods: Two hundred fifty-eight consecutive patients were enrolled for this observational study in a tertiary care heart center of Pakistan 
who had a Wilkins score of ≤8. Patients with more than mild mitral regurgitation (MR) or having a clot in the left atrium were excluded. The 
Bonhoeffer multi-track system was used as a default technique. Successful PTMC was defined as achieving a mitral valve area (MVA) of ≥1.5 
cm2 with no more than mild MR.
Results: Out of 258 PTMC procedures, 197 were successful. The Bonhoeffer multi-track system was used in ~94% cases. Among unsuccessful 
procedures, 41 patients did not achieve the required valve area, and 21 patients developed more than mild MR, including those 8 patients who 
did not achieve the required valve area and had more than mild MR. Bigger mean annulus size (33.5±2.6 versus 32.8±2.1 mm; p=0.02) and pre-
procedure MVA (0.93±0.1 versus 0.87±0.1 cm2; p=0.002) had a significant effect on successful PTMC. Lower mean preprocedure systolic right 
ventricular pressure on echo (65.4±19.4 versus 75.3±18 mm Hg; p=0.000) and on cath (74±21.5 versus 81.5±24.6 mm Hg; p=0.002), lower grade of 
left ventricular dysfunction (p=0.04), and tricuspid regurgitation on echo (p=0.003) also had positive effects on the outcome.
Conclusion: Bigger preprocedure mitral valve annulus size and mitral valve area, and better left and right ventricular hemodynamics are cor-
related with successful PTMC. (Anatol J Cardiol 2015; 15: 373-9)
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Predictors of successful percutaneous transvenous mitral 
commissurotomy using the Bonhoeffer Multi-Track system in patients with 
moderate to severe mitral stenosis: Can we see beyond the Wilkins score?

Introduction

Rheumatic mitral stenosis (MS) is one of the common valvu-
lar heart diseases in southeast Asia (1, 2). Percutaneous trans-
venous mitral commissurotomy (PTMC) is an established alter-
native to surgical mitral commissurotomy and is often a pre-
ferred method of treatment in patients with symptomatic moder-
ate to severe mitral stenosis and with suitable anatomy (3-5). 
The Wilkins scoring system is an established method of predict-
ing the outcome of PTMC (6, 7). However, there are studies that 
have questioned the accuracy and validity of this scoring sys-
tem as a predictor of outcomes and that have suggested a more 
refined and comprehensive assessment in light of recent data 
(8-11). Moreover, The Wilkins scoring system is mainly based on 

the structural changes of the mitral valve apparatus and is lack-
ing in demographic, technical, and other echocardiographic 
features. Secondly, in the majority of cases (17 out of 22), a sin-
gle-balloon technique was used by Wilkins et al. (6). Therefore, 
despite the common incidence in our part of the world, we did 
not know if there were other predictors of outcome besides that 
described by Wilkins et al. (6) In particular, if we are using a 
double-balloon (Bonhoeffer multi-track system) technique, then 
it is more important to know the other predictors of the outcome 
in our setup (12).

This study was designed to determine the predictors of a 
successful outcome of PTMC in patients with symptomatic 
moderate to severe mitral stenosis by Bonhoeffer multi-track 
system (12).
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Methods

Study design and patients
This observational study was conducted at a tertiary care 

cardiovascular center of the National Institute of Cardiovascular 
Diseases, Karachi, Pakistan, during the years 2009 to 2011. A 
total of 258 consecutive patients presenting with moderate to 
severe mitral stenosis and with a Wilkins score of ≤8 were 
included in study. Patients with more than mild mitral regurgita-
tion (MR) and/or a clot in the left atrium (LA) and/or a Wilkins 
score of >8 were excluded from the study. Patients with con-
comitant significant valvular disease besides tricuspid regurgi-
tation (TR) were also excluded from the study.

The double balloon (Bonhoeffer multi-track system) was 
used as the default technique. The single-balloon technique was 
used as an alternative when the double-balloon technique was 
not feasible.

Procedure
A right femoral approach was used for catheterization; 6 F 

and 8 F sheaths were introduced into the femoral artery and 
vein, respectively. Right heart pressure hemodynamics were 
checked and recorded with a balloon angiographic catheter. 
Similarly, left heart pressures were recorded with a 6 F pigtail 
catheter, and then it was left in the ascending aorta for continu-
ous pressure monitoring and for an anatomical landmark. An 8 F 
Mullins sheath was introduced into the femoral vein, and the 
interatrial septum was punctured with a Brockenbrough needle. 
A Mullins sheath was then introduced into the LA with the dila-
tor. Once the position in the LA was confirmed with the help of a 
small injection of contrast material, the dilator and Brockenbrough 
needle were removed. Simultaneous pressure of the LA and LV 
was recorded with the Mullins in the LA and a pigtail catheter in 
the LV to obtain the gradient across the mitral valve. A flow-
directed end-hole balloon catheter was introduced into the 
Mullins sheath, and the mitral valve was crossed, followed by 
the aortic valve, and then it was kept just distal to the arch of 
aorta. A 0.035” wire with a 6-cm floppy J-tip was then intro-
duced into the balloon catheter and positioned preferably just 
distal to the arch of aorta to get better support and stability. The 
balloon catheter, along with the Mullins sheath, was removed, 
and the skin and interatrial septum were dilated with a 14 F dila-
tor. The balloons of the multi-track system were prepared with 
contrast, and the first multi-track balloon was introduced and 
positioned across the mitral valve, and then, the second balloon 
was advanced over the wire and lined up with the first one. The 
balloons were then inflated simultaneously under fluoroscopic 
vision once, twice, or more until the disappearance of the so-
called waist (which is formed around the inflated balloon by 
tight mitral stenosis). The balloons were removed, and pres-
sures of the right and left heart were recorded with the help of 
multi-track angiographic and pigtail catheters. After the achieve-
ment of an acceptable transmitral gradient, the system was 
removed, and hemostasis was secured.

Data collection and definitions
The study was approved by the hospital research ethics 

committee. Written informed consent was taken by all eligible 
patients, and information was collected in the form of a detailed 
questionnaire, included the following: patient’s demographics; 
prior history of surgery, commissurotomy, or thromboembolic 
event; electrocardiographic findings; echocardiographic find-
ings before and after the procedure; and hemodynamic and 
catheterization data.

Transthoracic echocardiography was performed just after 
and 24-48 hours after the procedure, and all findings were 
recorded. The same experienced echocardiographer performed 
all measurements using the parasternal short and long axis and 
four-chamber views. 

Prospectively collected procedure-related complications 
included: death, pericardial tamponade, thromboembolism, and 
moderately severe MR. Procedure-related death was defined as 
in-hospital death that was directly related to PTMC. MR was 
graded as follows: mild, moderate, moderately severe, and 
severe. More than mild MR was defined as a central jet of >4 
cm2 or occupying >20% of the LA area on color Doppler echo-
cardiography. Successful PTMC was defined as achieving a 
post-procedural mitral valve area (MVA) of ≥1.5 cm2 with no 
more than mild MR.

Statistical analysis
Data were entered and analyzed using SPSS, version 17 

(SPSS Inc., Chicago, IL, USA). Mean±SD was computed for all 
quantitative variables. Frequency and percentages were calcu-
lated for all categorical variables. Independent sample t-test 
was applied to compare means of various quantitative variables, 
like age, weight, and annulus size, etc, whereas chi-square test 
was applied for the association between relative frequencies of 
qualitative variables. Binary logistic regression was performed 
to determine the significant predictive factors for a successful 
PTMC outcome. A p value of <0.05 was considered significant.

Results

Out of 258 PTMC procedures, 197 (76.3%) were successful 
and 61 (23.6%) were unsuccessful. Among unsuccessful proce-
dures, 41 (15.8%) patients did not achieve the required valve 
area, and 21 (8.1%) patients developed more than mild MR, 
including those 8 (3.1%) patients who did not achieve the 
required valve area and had more than mild MR. Tamponade 
developed in 5 patients (1.9%). One patient died, and two proce-
dures were abandoned.

Table 1 shows the baseline demographic and preprocedural 
echo and cath features of the successful and unsuccessful 
procedures of PTMC. A trend of successful PTMC was observed 
toward taller and heavier patients, but the difference was not 
significant among the two groups (p=0.05). However, a signifi-
cant difference was observed between annulus size and prepro-
cedural MVA among the successful and unsuccessful groups. 
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Similarly, a significant difference in RV pressure was observed 
among the two groups, and high RV pressure was correlated 
with unsuccessful procedures. Moreover, moderate to severe 
TR was frequently observed among unsuccessful procedures 
(p=0.003). LV dysfunction was also frequently found with unsuc-
cessful procedures (p=0.003).

Table 2 shows the technical features and postprocedural 
cath and echo findings of successful and unsuccessful proce-
dures. The PTMC wire was most commonly placed in the 
ascending aorta and least commonly placed in the LV apex, but 
this placement did not show any significant difference over the 
success of the procedure. Regarding balloon sizes, a 14x16-mm 
balloon set was most successful, although the 14x14-mm bal-
loon set was used most frequently. Similarly, two or more bal-
loon inflations correlated more frequently with successful out-

 Successful Unsuccessful P 
 n=197 (%) n=61 (%) value

Age, years (±SD) 30 (9.8) 27.9 (8.8) 0.12
Height (±SD) 155.4 (7.5) 153.2 (8.5) 0.05
Weight (±SD) 52 (11.6) 48.9 (10) 0.05
Gender   0.60

Male 55 (27.9) 15 (24.5)
Female 142 (72.0) 46 (75.4)

Previous commissurotomy   1.00
Yes 05 (2.5) 01 (1.6)
No 192 (97.4) 60 (98.3)

History of CVA   1.00
Yes 03 (1.5) 00
No 194 (98.4) 61

History of atrial fibrillation   0.37
Yes  14 (7.1) 02 (3.2)
No 183 (92.8) 59 (96.7)

Echo features

Annulus size, mm (±SD) 33.5 (2.6) 32.8 (2.1) 0.02
MVA, cm2 (±SD) 0.93 (0.1) 0.87 (0.1) 0.002
RV pressure, 65.4 (19.4) 75.3 (18) <0.001 
mm Hg (±SD)
MPG across MV, 16.0 (4.5) 16.8 (4.7) 0.22 
mm Hg (±SD)
LA size, mm (±SD) 47.5 (6.1) 47.9 (6) 0.69
Mitral regurgitation   0.63

Yes 49 (24.8) 17 (27.8)
No 148 (75.1) 44 (72.1)

Tricuspid regurgitation   0.003
Yes 132 (67.0) 28 (45.9)
No 65 (32.4) 33 (54.0)

LV dysfunction   0.04
No / mild  186 (94.4) 53 (86.8)
Moderate / severe 11 (5.5) 08 (13.1)

Cath findings (±SD)

RV systolic pressure, 74 (21.5) 81.5 (24.6) 0.02 
mm Hg
Mean LA pressure, 32.4 (7.6) 31.8 (8.6) 0.60 
mm Hg
LVEDP, mm Hg 13.2 (3.9) 12.4 (3.7) 0.19
Mean PG across MV, 19.3 (7.7) 20.1 (8.5) 0.46 
mm Hg

Calcification on fluoroscopy   0.07
No calcium 185 (93.9) 53 (86.8)
Moderate / Severe 12 (6.09) 08 (13.1)

AF - atrial fibrillation, Cath - cathetrization; CVA - cerebrovascular accident; LA - left 
atrium; LV - left ventricle; LVEDP - left ventricular end-diastolic pressure; MPG - mean 
pressure gradient; MV - mitral valve; MVA - mitral valve area; RV - right ventricle

Table 1. Baseline demographic and preprocedural echocardiographic 
and catheterization features of patients undergoing percutaneous 
transvenous mitral commissurotomy

 Successful Unsuccessful P 
 n=197 (%) n=61 (%) value

Technique of procedure

Position of wire   0.87
Descending aorta 66 (33.5) 19 (31.1)
Ascending aorta 76 (38.5) 23 (37.7)
LV apex 55 (27.9) 19 (31.1)

Balloon sizes   0.002
Double balloon 14x14 120 (60.9) 34 (55.7)
Double balloon 14x16 43 (21.8) 06 (9.8)
Double balloon 16x16 18 (9.1) 04 (6.5)
Single/graduated balloon 16 (8.1) 16 (26.2)

Number of balloon inflations   0.002
Once 18 (9.1) 12 (19.6)
Twice and more 179 (90.8) 48 (78.6)

Catheterization features (±SD)

RV systolic pressure, mm Hg 52.9 (14.9) 63.2 (21.8) <0.001
Mean LA pressure, mm Hg 18.2 (5.2) 18.8 (6.4) 0.48
LVEDP, mm Hg 15.6 (4.3) 14.8 (5.1) 0.19
Mean PG across MV, mm Hg 2.8 (2.9) 4.0 (04) 0.01

Echocardiographic features

MVA, cm2 (±SD) 1.8 (0.2) 1.4 (0.2) <0.001
Mean PG across MV, mm Hg 5.6 (02) 8.3 (3.6) <0.001
PA pressure, mm Hg 35.1 (12.9) 47 (14.9) <0.001
Post-PTMC MR   <0.001

No/Mild 197 (100) 40 (65.5)
Moderate/Severe 00 21 (34.4)

Post-PTMC TR   0.06
No/Mild 159 (80.7) 41 (67.2)
Moderate/Severe 38 (19.2) 18 (29.5)

LA - left atrium; LVEDP - left ventricular end-diastolic pressure; MV - mitral valve;  
MVA - mitral valve area; MR - mitral regurgitation; PA - pulmonary artery; PG - pressure 
gradient; PTMC - percutaneous transvenous mitral commissurotomy; RV - right ventricle; 
TR - tricuspid regurgitation

Table 2. Technical and postprocedural catheterization and 
echocardiographic features of patients who underwent PTMC
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comes. Right ventricular (RV) systolic pressure and mean pres-
sure gradient (MPG) across the mitral valve on cath was signifi-
cantly high in unsuccessful procedures as compared to suc-
cessful procedures just after the procedure. Similarly, MVA, 
MPG, and RV pressure were significantly raised on echocar-
diography in unsuccessful procedures when performed on Day 
1 of the procedure.

Table 3 shows the categorical analysis of the PTMC proce-
dure in different groups. The findings strengthened the observa-
tion mentioned in Table 1. MVA of <0.9 cm2 and mitral annulus 
size of ≤33 mm predicted a greater chance of an unsuccessful 
procedure. Similarly, the higher the RV pressure, the greater the 
chance was of predicting an unsuccessful procedure.

Table 4 shows the multivariate analysis for factors predicting 
a successful outcome of PTMC. The variables age, gender, annu-
lus size, and preprocedure echocardiographic and catheteriza-
tion features were included in the model to evaluate if they were 
significant predictive factors for a successful PTMC outcome. It 
was found that annulus size, preprocedure MVA, and RV pres-
sure on echo and cath were individually significant predictors, 
but the multivariate logistic regression showed that only MVA 
(p=0.030) and RV pressure (p=0.040) were significant. 

Figure 1 depicts the same relation of higher RV pressure with 
an unfavorable outcome of the PTMC procedure.

 Successful Unsuccessful P 
 n=197 (%) n=61 (%) value

Age, years   0.29

≤30 117 (59.3) 41 (67.2)

>30 80 (40.6) 20 (32.7)

BSA, m2   0.03

≤1.3 28 (14.2) 16 (26.2)

>1.3  169 (85.7) 45 (73.7)

Height, cm   0.17

≤150 59 (29.9) 24 (39.3)

>150 138 (70.0) 37 (60.6)

Weight, kg   0.19

≤45 66 (33.5) 26 (42.6)

>45 131 (66.4) 35 (57.3)

Echo features

Annulus size, mm   0.001

≤33 99 (50.2) 45 (73.7)

>33 98 (49.7) 16 (26.2)

MVA, cm2   0.04

<0.9 117 (59.3) 45 (73.7)

≥0.9 80 (40.6) 16 (26.2)

MPG across MV, mm Hg   0.80

≤12 45 (22.8) 13 (6.5)

>12 152 (77.1) 48 (24.3)

RV pressure, mm Hg   0.002

≤60 95 (48.2) 16 (26.2)

>60 102 (51.7) 45 (73.7)

LA size, mm   0.88

≤45 86 (43.6) 26 (42.6)

>45 111 (56.3) 35 (57.3)

Cath findings

RV systolic pressure, mm Hg   0.006

≤90 164 (83.2) 40 (65.5)

>90 33 (16.7) 21 (34.4)

Mean LA pressure, mm Hg   0.10

≤25 36 (18.2) 17 (27.8)

>25 161 (81.7) 44 (72.1)

LVEDP, mm Hg   0.55

<18 165 (83.7) 53 (86.8)

≥18 32 (16.2) 08 (13.1)

Mean PG across MV, mm Hg   0.96

<12 35 (17.7) 11 (18.0)

≥12 162 (82.2) 50 (81.9)
LA - left atrium; LVEDP - left ventricular end-diastolic pressure; MV - mitral valve;  
MPG - mean pressure gradient; MVA - mitral valve area; PTMC - percutaneous 
transvenous mitral commissurotomy; RV - right ventricle

Table 3. Univariate analysis of demographic, echocardiographic, and 
catheterization features of patients who underwent PTMC

  95% 
 Odds Confidence Interval P 
Variable Ratio for Odds Ratio value

Annulus size, mm 1.103 0.976-1.247 0.117

Preprocedure MVA, cm2 13.02 1.15-148.21 0.039

Preprocedure RV pressure, 0.978 0.959-0.998 0.030 
mm Hg

Preprocedure RV pressure 0.996 0.981-1.010 0.566 
at cath, mm Hg
MVA - mitral valve area; PTMC - percutaneous transluminal mitral valve commissurotomy; 
RV - right ventricle

Table 4. Factors predicting successful outcome of PTMC on 
multivariate analysis

Figure 1. Trend of successful PTMC outcome with preprocedure right 
ventricular pressure. Note that success rate decreases as RVP increases
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Discussion

PTMC is considered the mainstay of treatment in patients 
with MS (13-15). It is a time-tested, safe, and effective treatment 
(15-17). Despite the careful selection of patients using Wilkins 
score and selecting patients with a Wilkins score of <8, PTMC 
carries a considerable failure rate (18, 19). This led us to search 
for other predictors of successful PTMC.

Bonhoeffer et al. (12) have described the use of a multitrack 
system, which is actually a refinement of the double-balloon 
technique. This technique is one of the two main techniques that 
are currently used. The other one is the Inoue balloon technique, 
which was first described in 1984, and is claimed to be the most 
commonly used technique (20). However, in our institute, the 
Bonhoeffer (Multi-track) double-balloon technique is used in the 
majority of cases. To the best of our knowledge, this is the larg-
est dataset showing the experience of the Bonheoffer technique 
for PTMC procedures in our part of the world. Secondly, this is 
the first study showing the predictors of the outcome in PTMC 
procedures other than Wilkins score.

Wilkins score concentrates on mitral valve apparatus and 
does not consider patient demographics and technical and 
echocardiographic features, including other systems, like pul-
monary artery hypertension (6, 7). According to our findings, 
there are several other features that may help us in predicting 
the outcome of the procedure. However, these findings need 
discussion.

Among demographic features, one important finding is 
the tendency of a successful PTMC in patients with 
increased BSA. It is an established fact that the annular 
dimensions of the mitral valve increase correspondingly 
with body surface area (21). Although some other mitral 
valve structures, like interpapillary muscle and papillary 
muscle annular distance, have the same correlation, MV 
annular area shows the highest correlation with BSA (21, 22). 
Hence, the mitral valve shows a steady rise in its diameter 
with a rise in body surface area (21). This is probably the 
reason for the tendency of our operator to use a more 
aggressive approach-i.e., use of a bigger balloon and multi-
ple inflations-in patients with increased BSA to get the 
optimum result; hence, they got better results.

Among echocardiographic features, we observed in our 
data that patients with a smaller annular size and valve area 
showed less favorable results (Table 1 and 3). Mitral annular 
calcification and valvular size have been reported recently as 
factors predicting suboptimal outcomes (23, 24). It is a known 
fact that MVA in rheumatic heart disease (RHD) reduces by 0.1 
mm2/year. Therefore, a smaller MVA and annular size reflects 
more chronic disease and, understandably, more complex his-
topathological changes in mitral valve apparatus, including 
subendothelial collagen fibrosis and calcinations (25). This 
apparently requires a bigger balloon with multiple dilations to 
get the favorable outcome. In contrast, our operators used a 
less aggressive approach, and (in general) they used an under-

sized balloon in patients with a smaller annular size as a bid to 
prevent MR. Had they used a bigger balloon, would it have 
made the outcome better? It was not in our scope to answer 
this question, and study did not have sufficient power to settle 
this issue. However, we observed in our study that a bigger set 
of balloons is more successful than a smaller set of balloons 
(Table 2).

Similarly, increased pulmonary artery and right heart pres-
sures are also a reflection of chronic disease and poor medical 
management (26). This is understandable in our setting, in which 
patients from far-flung rural areas do not have access to better 
medical facilities, and they are left untreated for a longer period 
of time until they become symptomatic (27-29). Usually, they 
present with extensive disease, and obviously, their outcome is 
not as good as in those patients with better right heart hemody-
namics. This is the fact that we observed and documented in our 
data. In fact, we observed that pre-procedural RV pressure on 
echocardiography and right heart catheterization had a strong 
relation with the outcome of the procedure (Table 3). The higher 
the RV pressure was, the poorer the outcome was in our study 
(Fig. 1).

Left ventricular dysfunction is another echocardiographic 
finding that predicted a less favorable outcome in our study 
(Table 1). Although it lost its significance in the multivariate 
analysis, it can be said that it may have an impact on outcomes, 
keeping in mind the fact that LV dysfunction is not an uncommon 
association with mitral stenosis (30). In addition to that, the 
infarct shows a severe form of disease and further complicates 
the disease with atrial fibrillation and thrombus formation, which 
is, again, more commonly seen with mitral stenosis associated 
with LV dysfunction (30, 31). Hence, with a worse LV geometry 
and deformed subvalvular apparatus, the outcome of PTMC 
understandably could not be as favorable as observed with nor-
mal LV function.

One surprising technical finding that we observed was the 
negative relation of the wire positioning on the outcome of the 
procedure. Ideally, the PTMC wire should be parked in the arch 
of aorta. It is believed that this position gives better support and 
alignment to the balloon and makes the procedure easier and 
quicker. Equivalent results, irrespective of the place of the wire 
positioning, may be related to our experienced operators in 
high-volume center, leading to better balloon control.

It may be argued that the overall success rate of the PTMC 
procedures, ~77% in our study, is not up to the mark. Although 
the success rates of PTMC procedures in other landmark stud-
ies are comparable (18, 19), it should be noted that the postpro-
cedural mean MVA of unsuccessful procedures was 1.4 cm2 
(Table 2), whereas it was significantly smaller (0.8 cm2) before 
the procedure (Table 1) as compared to successful procedures 
(0.9 cm2). Therefore, though technically speaking, these proce-
dures were unsuccessful, practically most of these patients 
showed remarkable clinical improvement. It is probably due to 
the achievement of more than 50% of the valve area from the 
baseline value in most of these so-called unsuccessful proce-
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dures. Secondly, in ~6% of cases, our operators used the single-
balloon technique. These were the high-risk and/or pregnant 
patients in whom the operator wanted to make the procedure 
simpler and quicker. Hence, they used a single balloon in these 
patients, despite knowing the suboptimal outcome of this tech-
nique (32, 33). Therefore, not surprisingly, the single-balloon 
technique was found inferior to the double-balloon technique in 
our study, and it further validates what is already reported in the 
literature (32, 33).

What are the implications of our findings? Our study sug-
gests that there is a need to look for other demographic, echo, 
and technique-related predictors of a successful PTMC rather 
than just sticking to only mitral valve apparatus-related predic-
tors. It also highlights the need for a modified Wilkins score that 
includes other parameters, like BSA, pulmonary artery pressure, 
and LV dysfunction.

Study limitations

As the selection of balloon size was absolutely at the discre-
tion of the operators, they did not use any uniform criteria to 
select the balloon size. Some of our operators used BSA, and 
others used annular size for the selection of the balloon set. 
Therefore, the results may not be standardized. Secondly, echo-
cardiography was done just after the procedure, and it was 
repeated 24-48 hours after the procedure. Most of our patients 
belonged to far-flung rural areas, and they were followed up in 
their local hospital. Therefore, we could not record their follow-
up echo findings and did not know if there was any long-term 
impact on the results.

Conclusion

Besides Wilkins score, increased body surface area, bigger 
preprocedure mitral valve annulus size and mitral valve area, 
and better left and right ventricular hemodynamics are signifi-
cantly correlated with successful PTMC. Our study urges the 
need for percutaneous intervention before the worsening of 
annulus size and pulmonary artery pressure, along with a suit-
able mitral valve apparatus. It further suggests the development 
of a modified Wilkins score incorporating other predictors of 
successful PTMC.
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