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Abstract 

Percutaneous balloon mitral valvuloplasty (PBMV) is 

an effective form of treatment for patients with mitral 

valve stenosis (MS). The commissural (com.) 

appearance is a factor that is not assessed by the mitral 

valve (MV) scores (as the Wilkins score). The aim of 

this study was to determine whether the presence of 

calcium in the MV coms. as demonstrated 

echocardiographically, could predict restenosis at 3 

years follow-up after PBMV. 220 consecutive patients 

with rheumatic MS who underwent successful PBMV 

by using the Inoue balloon catheter were studied 

prospectively. Com. calcification (calc.) was present 

in 70 patients (32%). Com. splitting occurred 

immediately after PBMV in all the 220 patients 

studied. Bilateral com. splitting was present more 

significantly in patients without com. calc. than in 

patients with com. calc. (P < 0.001). 140 patients 

presented at 3 years follow-up. Com. calc. was present 

in 35 patients (25%) while the other 105 patients 

(75%) had no com. calc. Bilateral com. splitting was 

present more significantly in patients without com. 

calc. than in patients with com. calc. (P < 0.001). 

Severe MR was present in 20 patients (14.3%). It was 

present more significantly in patients with com. calc. 

than in patients without com. calc. (P < 0.001). 

Restenosis occurred in 30 patients (21.4%). 

Conclusion, patients with com. calc. have a lower 

incidence of bilateral com. splitting; have a higher 

incidence of severe MR at one year and at 3 years 
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follow-up after PBMV. Old age, large LAD, high total 

echo score of the MV, MV score  8, lower MVA 

before PBMV, low incidence of bilateral com. 

splitting, low MVA after PBMV and the presence of 

com. calc. are significant predictors of restenosis at 3 

years follow-up. Com. calc. is a strong predictor of 

restenosis at 3 years follow-up after PBMV.  

Keywords: Percutaneous balloon mitral 

valvuloplasty; Restenosis; Rheumatic Mitral Stenosis; 

Commissural calcification 

Abbreviations: PBMV = Percutaneous balloon mitral 

valvuloplasty); COM-CALC = commissural 

calcification; MVA= mitral valve area; LAD= left 

atrial diameter.; F.C.= Functional Class. 

Introduction 

PBMV is an effective form of treatment for MS. It is 

important to identify patients who would benefit from 

this procedure. In the selection of patients for PBMV, 

MV morphology is conventionally assessed by 

echocardiographic scores (as Wilkins score)
 
[1] based 

on a semiquantitative assessment of leaflet mobility, 

thickening, calcification and subvalvular thickening, 

however, these scores do not include com. assessment. 

As com. splitting is the dominant mechanism by 

which MS is relieved by PBMV
 
[2-11], assessment of 

the com. morphology should logically be an important 

part of the evaluation of patients with MS considered 

for PBMV.
 

Aim of the work 

To determine whether the presence of calcium in the 

mitral valve coms., as demonstrated 

echocardiographically, could predict restenosis at 3 

years follow-up after PBMV. 

Patients and Methods 

235 consecutive patients with rheumatic MS who were 

scheduled for PBMV were studied prospectively at the 

NHI during the period between August 2008 and 

March 2012. 

Exclusion criteria: 

1. Patients with intracardiac masses or thrombi. 

2. Patients with previous PBMV or surgical mitral 

commissurotomy. 

3. Patients who developed suboptimal outcome after 

the procedure. 

4. Patients who developed severe MR after the 

procedure. 

Every patient was subjected to: 

1. Complete history taking. 

2. Clinical examination. Evaluation of the NYHA, 

F.C. was done. 

3. Chest X-Ray. 

4. ECG. 

5. PBMV procedure: was done by using the Inoue 

balloon catheter technique
 
[2]. 

6. Transthoracic echocardiography (TTE): was done 

before the procedure, at one-year follow-up and at 

3 years follow up. 

* MVA was measured by planimetry of the mitral 

orifice in the parasternal short-axis view. The MV was 

scored using the criteria described by Wilkins et al. 

[1]. MV score  8 was considered high
 
[12]. 

* Optimal (successful) outcome was considered if the 

MVA post PBMV was  1.5cm
2
 and an increase in 

MVA of at least 25% from the initial MVA was 

achieved [9]. 

* Com. Morphology was assessed in the parasternal 

short axis view. Both anterolateral and posteromedial 

coms. were individually examined. Com. calc. was 

either unilateral or bilateral. Unilateral com. calc. was 

either anterolateral or posteromedial. 
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* Com. splitting was identified as a new area of echo 

dropout along the long axis of the MV orifice which 

was contiguous with the orifice
 
[12]. Com. splitting 

was either unilateral or bilateral. Unilateral com. 

splitting was either anterolateral or posteromedial. 

Transesophageal Echocardiography (TEE): was 

done before PBMV to all the patients.  

One-year follow-up: 

* TTE was done to the patients who presented at one-

year follow-up. 

* TEE was done to the patients who developed severe 

MR. 

* Restenosis: echo restenosis was defined at follow-up 

as a loss of 50% of the initial gain and a MVA < 1.5 

cm
2
.
 
[3]  

3 Years follow-up: 

* TTE was done to the patients who presented at 3 

year follow-up. 

* TEE was done to the patients who developed severe 

MR. 

* Informed consent was obtained from the patients. 

Statistical Analysis 

* Quantitative data were expressed as mean ± standard 

deviation.  

* Student’s t test was used to compare quantitative 

data between 2 groups.  

* Discrete variables were compared with Chi squared 

test. 

* A value of p < 0.05 was considered statistically 

significant. P < 0.01 was considered highly 

significant. 

Results 

* 235 consecutive patients with MS who were 

scheduled for PBMV were studied prospectively. In 3 

patients, the procedure was not completed due to 

inability to cross the interatrial septum. Cardiac 

tamponade occurred in 3 patients as a complication of 

transseptal puncture. Suboptimal outcome occurred in 

2 patients. So, these 8 patients were excluded from the 

study. 7 patients developed severe MR. All of them 

had a high total MV score ( 8/16). Also, all of them 

had com. calc. (unilateral). TEE was done to all of 

them. The mechanism of severe MR in these 7 

patients were tears of the mitral leaflets. Leaflet tears 

were related to the calcified com. if splitting occurred 

in that com. (2 patients) and to the contralateral com. 

if the calcified com. did not split (5 patients). These 7 

patients were also excluded from the study. So, the 

study population consisted of 220 patients. All of them 

were in NYHA, F.C. > II. 

* Com. calc. was present in 70 patients (32%). It was 

unilateral com. calc. {43 patients (61.4%) had 

anterolateral com. calc. and 27 patients (38.6%) had 

posteromedial com. calc. (Figure 1)}.  The other 150 

patients (68%) had no com. calc.  

* Com. splitting occurred immediately after PBMV in 

all the 220 patients studied. Of the 70 patients with 

com. calc., 10 patients (14.3%) had bilateral com. 

splitting (Figure 2) while 60 patients (85.7%) had 

unilateral com. splitting {40 patients (66.7%) had 

anterolateral com. splitting (Figure 3) and 20 patients 

(33.3%) had posteromedial com. splitting (Figure 4). 

Of the 150 patients without com. calc., 120 patients 

(80%) had bilateral com. splitting while 30 patients 

(20%) had unilateral com. splitting {19 patients 

(63.3%) had anterolateral com. splitting (Figure 5) and 

11 patients (36.7%) had posteromedial com. splitting}. 

Bilateral com. splitting was present more significantly 

in patients without com. calc. than in patients with 

com. calc. (P < 0.001). 

One-year follow-up results:  

* 190 patients presented at one year after PBMV. 

Com. calc. was present in 56 patients (29.5%). 34 

patients (60.7%) had anterolateral com. calc. and 22 



Cardiol Cardiovasc Med 2020; 4 (1): 028-038         DOI: 10.26502/fccm.92920099 

Cardiology and Cardiovascular Medicine                      Vol. 4 No. 1 - February 2020. [ISSN 2572-9292]                031  

patients (39.3%) had posteromedial com. calc. The 

other 134 patients (70.5%) had no com. calc. 

* Com. splitting was present in all the 190 patients. 

No patient who had com. splitting immediately after 

PBMV developed com. fusion of any com. at one-year 

follow-up. Of the 56 patients with com. calc., 7 

patients (12.5%) had bilateral com. splitting while 49 

patients (87.5%) had unilateral com. splitting {32 

patients (65.3%) had anterolateral com. splitting and 

17 patients (34.7%) had posteromedial com. splitting}. 

Of the 134 patients without com. calc., 106 patients 

(79.1 %) had bilateral com. splitting while 28 patients 

(20.9 %) had unilateral com. splitting {18 patients 

(64.3 %) had anterolateral com. splitting and 10 

patients (35.7 %) had posteromedial com. splitting}. 

Bilateral com. splitting was present more significantly 

in patients without com. calc. than in patients with 

com. calc. (P < 0.001).  

* Severe MR was present in 17 patients (8.9%). None 

of them had tears of the mitral leaflets. Of the 56 

patients with com. calc., 14 patients (25%) had severe 

MR. Of the 134 patients without com. calc., 3 patients 

(2.3%) had severe MR. Severe MR was present more 

significantly in patients with com. calc. than in 

patients without com. calc. (P < 0.001). 

* Restenosis occurred in 10 patients (5.3%). 

* All the 17 patients with severe MR and the 10 

patients with restenosis were not followed up. 

3 years follow-up results:  

* 140 patients presented at 3 years after PBMV. 

* Com. calc. was present in 35 patients (25%). 21 

patients (60%) had anterolateral com. calc. and 14 

patients (40%) had posteromedial com. calc. The other 

105 patients (75%) had no. com. calc. 

* Com. splitting was present in all the 140 patients. 

No patient who had com. splitting at one-year follow-

up after PBMV developed com. fusion of any com. at 

3 years follow-up. 

* Of the 35 patients with com. calc., 4 patients 

(11.4%) had bilateral com. splitting (Figure 2) while 

31 patients (88.6%) had unilateral com. splitting {20 

patients (64.5%) had anterolateral com. splitting 

(Figure 3) and 11 patients (35.5%) had posteromedial 

com. splitting (Figure 4)}. Of the 105 patients without 

com. calc., 79 patients (75.2 %) had bilateral com. 

splitting while 26 patients (24.8 %) had unilateral 

com. splitting {17 patients (65.4 %) had anterolateral 

com. splitting (Fig. 5) and 9 patients (34.6 %) had 

posteromedial com. splitting}. 

* Bilateral com. splitting was present more 

significantly in patients without com. calc. than in 

patients with com. calc. (P < 0.001). 

* Severe MR was present in 20 patients (14.3%). 

None of them had tears of the mitral leaflets. Of the 35 

patients with com. calc., 15 patients (42.9%) had 

severe MR. Of the 105 patients without com. calc., 5 

patients (4.8%) had severe MR. Severe MR was 

present more significantly in patients with com. calc. 

than in patients without com. calc. (P < 0.001). 

* Restenosis occurred in 30 patients (21.4%) (Figure 

3). 

* MV score  8 was present in 59 patients (42.1%). Of 

the 35 patients with com. calc., 30 patients (85.7%) 

had MV score  8. Of the 105 patients without com. 

calc., 29 patients (27.6%) had MV score  8. MV 

score  8 was present more significantly in patients 

with com. calc. than in patients without com. calc. (P 

< 0.001). 

* The patients were classified into 2 groups: 

      Group I: (Restenosis group): 

* Included 30 patients (21.4%) with restenosis.  

* Their age ranged from 24 to 47 years old with a 

mean of 35.03 ± 6.64 years. 20 patients (66.7%) were 
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females (F) and 10 patients (33.3%) were males. 20 

patients (66.7%) were in sinus rhythm (SR) and 10 

patients (33.3%) were in atrial fibrillation (AF). LAD 

ranged from 4.5 to 5.8 cm with a mean of 5.12 ± 0.38 

cm. Total echo score of the MV ranged from 6.0 to 

10.0 with a mean of 8.03 ± 1.61. MV score  8 was 

present in 20 patients (66.7%). MVA before PBMV 

ranged from 0.6 to 1.0 cm
2
 with a mean of 0.80 ± 0.15 

cm
2
. Mild MR before PBMV was present in 11 

patients (36.7%). Com. calc. was present in 30 

patients (100%). Bilateral com. splitting was present 

in two patients (6.7%). MVA immediately after 

PBMV ranged from 1.6 to 2.1 cm
2
 with a mean of 

1.82 ± 0.18 cm
2
. 

Group II: (No restenosis group): 

* Included 110 patients (78.6%) without restenosis.  

* Their age ranged from 15 to 39 years old with  a 

mean of 25.54 ± 4.89 years. 70 patients (63.6%) were 

females and 40 patients (36.4%) were males. 76 

patients (69%) were in SR and 34 patients (31%) were 

in AF. LAD ranged from 4.2 to 5.7 cm with a mean of 

4.91 ± 0.51 cm. Total echo score of the MV ranged 

from 6.0 to 9.0 with a mean of 6.90 ± 1.10. MV score 

 8 was present in 39 patients (35.4%). MVA before 

PBMV ranged from 0.7 to 1.2 cm
2
 with a mean of 

0.90 ± 0.19 cm
2
. Mild MR before PBMV was present 

in 38 patients (34.5%). Com. calc. was present in 5 

patients (4.5%). Bilateral com. splitting was present in 

81 patients (73.6%). MVA immediately after PBMV 

ranged from 1.8 to 2.4 cm
2
 with a mean of 2.10 ± 0.24 

cm
2
. 

(3) Predictors of restenosis at 3 years follow-up: 

(Table 1) 

* Several factors were compared in both groups. The 

factors analyzed were: age, gender, rhythm, LAD, 

total echo score of the MV, MV score  8, MVA 

before PBMV, Mild MR before PBMV, bilateral com. 

splitting, MVA immediately after PBMV and com. 

calc. 

Group I 

Restenosis (30) 

Group II 

No restenosis (110) 

P Value 

Age 35.03 ± 6.64 25.54 ± 4.89 P < 0.001 

Gender (F) 20 (66.7%) 70 (63.6%) NS 

Rhythm (AF) 10 (33.3%) 34 (31%) NS 

LAD 5.12 ± 0.38 4.91 ± 0.51 P < 0.05 

MV score 8.03 ± 1.61 6.90 ± 1.10 P < 0.001 

MV score  8 20 (66.7%) 39 (35.4%) P < 0.01 

MVA before 0.80 ± 0.15 0.90 ± 0.19 P < 0.01 

Mild MR before 11 (36.7%) 38 (34.5%) NS 

Bilateral com. splitting 2 (6.7%) 81 (73.6%) P < 0.001 

MVA after 1.82 ± 0.18 2.10 ± 0.24 P < 0.001 

Com. calc. 30 (100%) 5 (4.5%) P < 0.001 

Table 1: Predictors of restenosis at 3 years follow-up. 
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* Patients with restenosis (group I) at 3 years follow-

up had: 

1. An older age (P < 0.001). 

2. A larger LAD (P < 0.05). 

3. A higher total echo score of the MV (P < 

0.001). 

4. A higher incidence of MV score  8 (P < 

0.01). 

5. A lower MVA before PBMV (P < 0.01). 

6. A lower incidence of bilateral com. 

splitting (P < 0.001). 

7. A lower MVA after PBMV (P < 0.001). 

8. The presence of com. calc. (P < 0.001). 

* So, old age, large LAD, high total echo score of the 

MV, MV score  8, low MVA before PBMV, low 

incidence of bilateral com. splitting, low MVA after 

PBMV and the presence of com. calc. were significant 

predictors of restenosis at 3 years follow-up. 

* NYHA, F.C. > II was present in 26 patients (86.7%) 

of the patients with restenosis while it was present in 

22 patients (20%) of the patients without restenosis. 

NYHA, F.C. > II was present more significantly in 

patients with restenosis than in patients without 

restenosis (P < 0.001) (Table 2). So patients with 

restenosis developed a worse F.C. in the majority of 

them. 

* Severe MR occurred in 15 patients (42.9%) of the 

patients with restenosis, while it occurred in 5 patients 

(4.8%) of the patients without restenosis. Severe MR 

occurred more significantly in patients with restenosis 

than in patients without restenosis (P < 0.001) (Table 

2). 

Group I 

Restenosis (30) 

Group II 

No restenosis (110) 

P Value 

NYHA, F.C. > II 26 (86.7%) 22 (20%) P < 0.001 

Severe MR 15 (42.9%) 5 (4.8%) P < 0.001 

Table 2: Comparison between the 2 groups as regards NYHA, F.C. and Severe MR at 3 years follow-up. 

(A) Anterolateral com. calc.       (B) Posteromedial com. calc. 

Figure 1: TTE, parasternal short-axis view showing com. calc. before PBMV. 
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(A) Bilateral com. splitting immediately after PBMV. (B) Bilateral com. splitting at 3 years  

follow-up 

Figure 2: TTE, parasternal short-axis view showing bilateral com. splitting in a patient with anterolateral com. calc.  

(A) Anterolateral com. splitting immediately after 

PBMV. 

(B) Anterolateral com. splitting at 3 years follow-up 

Figure 3: TTE, parasternal short-axis view showing anterolateral com. splitting in a patient with posteromedial com. 

calc. who developed restenosis at 3 years follow-up. 

(A) Posteromedial com. splitting immediately after 

PBMV. 

(B) Posteromedial com. splitting at 3 years follow-up 

Figure 4: TTE, parasternal short-axis view showing posteromedial com. splitting in a patient with anterolateral com. 

calc. 
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(A) Anterolateral com. splitting immediately after 

PBMV. 

(B) Anterolateral com. splitting at 3 years follow-up 

Figure 5: TTE, parasternal short-axis view showing anterolateral com. splitting in a patient without com. calc. 

Discussion 

The immediate success rate and long-term outcome of 

PBMV are dependent on the underlying MV 

morphology. However, the com. appearance is a factor 

that is not assessed by the MV scores (as the Wilkins 

score).  

The present study was designed to determine whether 

the presence of calcium in the MV Coms., as 

demonstrated echocardiographically, could predict 

restenosis at 3 years follow-up after PBMV.  

In the present study, 220 consecutive patients with MS 

who underwent successful PBMV were studied 

prospectively. Com. calc. was present in 70 patients 

(32%). It was unilateral com. calc. It is to be noticed 

here in the present study that no patient studied had 

bilateral com. calc., the reason for this is that all the 

patients with MS and bilateral com. calc. had a very 

high total echo score (Wilkins Score) and from the 

beginning, none of them was scheduled for PBMV. 

Sutaria et al.
 
[11] reported the same finding in their 

patients studied. 

It has been documented in the literature that the 

mechanism of MVA increase after PBMV is splitting 

of one or both of the fused coms. Also it has been 

documented that patients with bilateral com. splitting 

have a higher increase in MVA than patients with 

unilateral com. splitting
 
[2-11]. 

In the present study, com. splitting occurred in all the 

patients studied. The reason for this is that all the 220 

patients studied had undergone a successful procedure 

and patients with suboptimal outcome were excluded 

from the study. In the present study, bilateral com. 

splitting occurred more significantly in patients 

without com. calc. than in patients with com. calc. 

immediately after PBMV, at one-year follow-up and 

at 3 years follow-up. Since com. splitting is the 

dominant mechanism by which MS is relieved by 

PBMV, so, direct assessment of the MV com. 

morphology should be an important part of the 

evaluation of patients with MS considered for PBMV 

and not to depend only on other scores of the MV as 

they do not include com. assessment. 

In the present study, 7 patients were excluded because 

they developed severe MR immediately after PBMV. 

All of them had. com. calc. At one-year follow-up and 

at 3 years follow-up, severe MR was present more 

significantly in patients with com. calc. than in 
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patients without com. calc. In agreement with this 

result, Cannan et al.,
 
[10] reported the same result at a 

mean follow-up period of 1.8 years. 

In the present study, restenosis occurred in 30 patients 

(21.4%) at 3 years follow-up. Thomas et al.,
 

[9] 

reported restenosis in 21% of their patients at one-year 

follow-up. Desideri et al.,
 
[13] reported restenosis in 

20% of their patients followed for a mean period of 19 

months. Zeitoun et al.,
 
[14] reported restenosis in 15% 

of their patients followed for a mean period of 16 

months. These reports have a different and variable 

durations of follow-up compared to the present study. 

In the present study, the patients who presented at 3 

years follow-up were classified into 2 groups. Group I 

included 30 patients (21.4%) with restenosis and 

group II included 110 patients (78.6%) without 

restenosis.  

To determine the factors predicting restenosis at 3 

years follow-up, several factors were compared in 

both groups. Old age, large LAD, high total echo 

score of the MV, MV score  8, low MVA before 

PBMV, low MVA after PBMV were significant 

predictors of restenosis at 3 years follow-up in the 

present study. This result is in agreement with the 

results of Thomas et al.,
 
[9], Desideri et al.,

 
[13] and 

Zeitoun et al.,
 
[14] but with a variable durations of 

follow-up periods. 

Low incidence of bilateral com. splitting was a 

significant predictor of restenosis at 3 years follow-up 

in the present study. Cannan et al.,
 
[10] and Fatkin et 

al.,
 
[12] reported that bilateral com. splitting was a 

significant predictor of a good outcome after PBMV. 

Com. calc. was a significant predictor of restenosis at 

3 years follow-up in the present study. We did not find 

in the literature any report evaluating the role of com. 

calc. for predicting restenosis at 3 years after PBMV 

to compare the result of the present study with it. 

In the present study, patients with restenosis 

developed a worse F.C. in the majority of them. 

Similar result was reported by Thomas et al.,
 
[9] 

Desideri et al.,
 
[13] and Zeitoun et al.,

 
[14]

 
but with a 

variable period of follow-up. Babu et al. [15] validated 

the importance of assessing the morphology of mitral 

valve commissures.

Conclusions and Recommendations 

1. Patients with com. calc. have a lower 

incidence of bilateral com. splitting than patients 

without com. calc. after PBMV, at one year and at 

3 years follow-up. 

2. Patients with com. calc. have a higher 

incidence of severe MR at one year and at 3 years 

follow-up after PBMV. 

3. Restenosis occurs in 21.4% of the patients at 

3 years follow-up after PBMV. 

4. Old age, large LAD, high total echo score of 

the MV, MV score  8, low MVA before PBMV, 

low incidence of bilateral com. splitting, low MVA 

after PBMV and the presence of com. calc. are 

significant predictors of restenosis at 3 years 

follow-up after PBMV. 

5. Com. calc. is present in all the patients who 

develop restenosis at 3 years follow-up after 

PBMV. So, com. calc. is a strong predictor of 

restenosis at 3 years follow-up after PBMV. 

6. Patients with restenosis at 3 years follow-up 

after PBMV have a worse NYHA F.C. than 

patients without restenosis. 

7. Patients with restenosis at 3 years after 

PBMV have a higher incidence of severe MR than 

patients without restenosis. 
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It is recommended that every effort should be done 

by the echo operators to evaluate the MV coms. 

searching for calc. and not to depend only on the 

scores of the MV for evaluating the patients before 

doing PBMV. 
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