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Introduction
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Rheumatic heart disease (RHD) is one of the most
frequent cardiac disorders in poor nations, where it is
the second leading cause of morbidity and mortality
after atherosclerotic vascular diseases [1]. The most
frequent valve lesion encountered in chronic RHD is
MS, which often presents as exertional dyspnea and
symptoms of right heart failure caused by pulmonary
hypertension [2]. For most people with severe MS,
PBMV is regarded a better option than surgery [3].
The pre-procedural echocardiographic score, which
reveals the degree of mitral valve morphologic defects,
is the strongest predictor of immediate outcomes [4].
For the examination of mitral valve morphology prior
to PBMV, a two-dimensional (2D) echocardiographic
total scoring approach (Wilkins’ score) has been presented. Total scores for leaflet motion, leaflet thickness,
valvular calcification, and subvalvular disease are used
in this procedure [5]. Although this scoring approach
has been frequently utilized because of its simplicity,
each component grading remains semi-quantitative,
sensitive to observer variability, and less accurate in
identifying patients with scores in the mid-range [6].
Several criteria, such as asymmetrical commissural affection and absolute leaflet displacement in diastole,
have been postulated for predicting Mitral Regurgitation (MR), although the ideal combination of characteristics predicting outcome variables has yet to be determined [7]. TEE is a highly effective diagnostic tool
for assessing heart structure and function [8]. Unlike
2D TEE, which employs typical imaging planes, 3D
TEE uses volume datasets to provide a more comprehensive assessment of mitral valve (MV) anatomy and
morphology from numerous angles [9].
This study implies that these morphologic quantitative characteristics will be a straightforward and independent tool for predicting PBMV outcome.
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Abstract
Aims: The goals of this prospective observational study were
to identify quantitative morphological factors that might aid in
the prediction of PBMV outcome, as well as to define the function of 3D TEE in mitral valve evaluation.
Material and Methods: The trial comprised seventy individuals who had isolated severe rheumatic Mitral Stenosis (MS) who
were scheduled for PBMV between October 2017 and March
2021. Trans-thoracic echocardiography (TTE) was used for
pre-procedural evaluation. Posterior to Anterior Leaflet Length
Ratio (P/ALLR), Commissural Area Ratio (CAR), Doming Height
(DH), and Calcification Score (Ca score) were also assessed using 2D and 3D-Trans-esophageal Echocardiography (TEE). Following that, all patients were monitored for three months.
Results: We have had 50(71.5%) successful procedures and
20(28.5%) unsuccessful procedures. The additional parameters
showed highly significant difference between successful and
un-successful groups (P-value <0.001). The cut-off points that
predict successful procedures were; P/A LLR >0.6 and >0.55 by
2-D and 3-D TEE respectively, CAR ≤ 1.28 and ≤ 1.25 by 2-D and
3-D TEE respectively, DH > 1.2 cm by 2-D TEE, and Ca Score ≤ 2.
Conclusion: In our research, we discovered that these characteristics may predict the result of PBMV and contribute value to
the semi-quantitative methodologies we adopted to use.
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Aim of the work
The goal of this study is to identify quantitative
morphological parameters that may be used to predict
success following PBMV, as well as to define the function of 3D TEE in mitral valve evaluation.

Material and method
The study included seventy patients, both sexes,
over the age of 18, who had isolated severe MS with
a Wilkins’ score ≤ 12, as well as non-existing or mild
mitral MR, and who underwent PBMV between October 2017 and March 2021. All participants in the research provided informed consent. Any patient who
had a contraindication for the procedure was ruled
out. Each patient had a complete medical history taken
including age, gender, diabetes, hypertension, NYHA
class, clinical examination, and a 12-lead resting electrocardiogram (ECG). TTE examined the traditional
indices for assessing MS severity, such as mitral valve
area (MVA) by planimetry, peak and mean transmitral
valve pressure gradients, MR severity with vena contracta (MRVC), and PASP, before and after PBMV. TEE
was performed before the procedure to confirm grade
of MR, rule out thrombus, and examine the mitral valve
using the quantitative parameters listed below; in the
mid esophageal long axis view, P/ALLR and DH were
assessed as indicated in (Figure 1). Then, with the image fixed at end diastole after using the X-plane and 3D
zoom modes, a transverse line was drawn connecting
both annular sides and crossing the commissures, another line was drawn to define the mid-point of the first

line, the areas on both sides of this point were traced,
and the large area was divided by the small one to get
CAR (Figure 2). P/ALLR was calculated by measuring
the length of the anterior and posterior leaflets in the
same image. Calcification Score (0-10) was assessed using Anwar Score; 1 point for calcification in one of the
middle scallops vs 2 points if it appears in one of the
commissural scallops [10]. After PBMV, success was
defined as successful dilatation of the MV with an area
(MVA) more than 1.5 cm2, as well as no deterioration
of the MR by more than one grade; MRVC ≤ 0.4cm.
For three months, all patients were monitored for the
necessity for MVR, re-do, NYHA, rhythm, and death.

Figure 2: Measurement of CAR with 3-D TEE.

Statistical Analysis
Data were gathered, edited, coded, and put into the
IBM SPSS version 23 Statistical Package for Social Science. When the data was determined to be non-parametric, the quantitative data was presented as mean,
standard deviations, and ranges rather than mean,
standard deviations, and ranges. Qualitative factors
were also given numerically and as percentages. The
following p-values were judged significant: P-value
more than 0.05 indicates non-significant (NS), P-value less than 0.05 indicates significant (S), and P-value
less than 0.01 indicates highly significant (HS) (HS).
Figure 1: Measurement of P/A LLR and doming height with 2-D TEE.

Results

Blue lines: anterior and posterior leaflet length.Green line: from

According to the results of PBMV, patients were
classified based on procedure success and the two el-

the annulus to doming of anterior leaflet (doming height).
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ements of procedure results separately; degree of dilatation and progression of MR.
The study included 70 patients; 57 (81.4%) were
female and 13 (18.6%) were male. The mean age was
34.69 ± 8.65 years. There was only 9 (12.9%) diabetic
patients and 10 (14.3%) were hypertensive. Regarding
rhythm; 19 (27.1%) patients were AF (Table 1).
We have had 50(71.5%) successful procedures and
20(28.5%) unsuccessful procedures; 10 patients purely
non-dilated, 9 patients were dilated but had worsening
of MR and 1 patient was non-dilated and had worsening of MR (Table 2).
Only ECG rhythm had the significant difference
between the two groups; 9 (45%) of unsuccessful patients had atrial fibrillation (AF) and 40 (80%) of successful patients were sinus (P-value 0.034). (Table 3)
Table 4 reveals that the mean value of Wilkin’s
score showed a highly significant difference (P-values
0.001). The mean values of left atrial diameter (LAD)
and peak pressure gradient demonstrated a significant
difference between the two groups (P-values 0.027 and
0.045 respectively). However, there was no significant
difference in MVA, mean pressure gradient, PASP, or
MRVC. When the two components of success were
evaluated independently, we discovered that baseline
MVA differed significantly between the dilated and
non-dilated groups (P-value 0.014), while it showed
non-significant difference when compared with mitral
regurgitation results (P-value 0.821).

The mean value of P/A LLR, CAR, and DH showed
highly significant difference between successful and
unsuccessful groups (P-value 0.000) (Table 5).
Table 1
Descriptive statistics of demographic data
No. = 70
Age
Sex

Mean ± SD

34.69 ± 8.65

Range

18 – 58

Female

57 (81.4%)

Male

13 (18.6%)

No

61 (87.1%)

Yes

9 (12.9%)

No

60 (85.7%)

Yes

10 (14.3%)

A

19 (27.1%)

S

51 (72.9%)

DM
HTN
ECG rhythm

Table 2
Descriptive analysis of procedure success
Procedure Success

Dilatation
Mitral regurgitation

Un Successful

Successful

No. = 20

No. = 50

No

11 (55.0%)

0 (0.0%)

Yes

9 (45.0%)

50 (100.0%)

No

10 (50.0%)

50 (100.0%)

Yes

10 (50.0%)

0 (0.0%)

Table 3
Comparison of clinical data to procedure success
Success
Basic data

Age
Sex
DM
HTN
ECG rhythm

C/O NYHA

Un Successful

Successful

No. = 20

No. = 50

36.25 ± 5.88

34.06 ± 9.52

Range

26 – 47

18 – 58

Female

17 (85.0%)

40 (80.0%)

Male

3 (15.0%)

10 (20.0%)

No

18 (90.0%)

43 (86.0%)

Yes

2 (10.0%)

7 (14.0%)

No

17 (85.0%)

43 (86.0%)

Yes

3 (15.0%)

7 (14.0%)

A

9 (45.0%)

10 (20.0%)

S

11 (55.0%)

40 (80.0%)

NYHA I

1 (5.0%)

0 (0.0%)

NYHA II

7 (35.0%)

22 (44.0%)

NYHA III

12 (60.0%)

28 (56.0%)

Mean ± SD

*:Chi-square test; •: Independent t-test
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Test value

P-value

Sig.

0.956•

0.342

NS

0.236*

0.627

NS

0.204*

0.652

NS

0.012*

0.914

NS

4.515*

0.034

S

2.819*

0.244

NS

Table 4
Comparison between pre- interventional TTE data according to procedure success.
Success
TTE

Wilkins score
LAD (cm)
MVA (cm2)
P gr (mmHg)
M gr (mmHg)
PASP (mmHg)
MR vc (cm)

Un Successful

Successful

No. = 20

No. = 50

Mean ± SD

8.80 ± 0.77

7.90 ± 1.04

Range

8 – 10

6 – 10

Mean ± SD

5.04 ± 0.24

4.82 ± 0.39

Range

4.6 – 5.6

4.2 – 6.5

Mean ± SD

0.96 ± 0.14

1.02 ± 0.15

Range

0.7 – 1.2

0.6 – 1.3

Mean ± SD

27.15 ± 5.12

24.88 ± 3.79

Range

19 – 42

18 – 38

Mean ± SD

15.00 ± 2.45

14.60 ± 2.57

Range

11 – 23

11 – 23

Mean ± SD

58.35 ± 17.30

58.66 ± 14.90

Range

35 – 90

35 – 106

Median (IQR)

0.1 (0.05 - 0.2)

0.1 (0 - 0.2)

Range

0 – 0.2

0 – 0.2

Test value

P-value

Sig.

3.515•

0.001

HS

2.268•

0.027

S

-1.612•

0.112

NS

2.039•

0.045

S

0.596•

0.553

NS

-0.075•

0.940

NS

-0.648‡

0.517

NS

Test value•

P-value

Sig.

-7.552

0.000

HS

7.366

0.000

HS

-5.324

0.000

HS

•: Independent t-test; ‡: Mann Whitney test
Table 5
Comparison between pre- interventional 2D-TEE data according to procedure success.
Success
2-D TEE

P/A LLR
CAR
DH (cm)

Un- Successful

Successful

No. = 20

No. = 50

Mean ± SD

0.51 ± 0.05

0.66 ± 0.08

Range

0.4 – 0.6

0.47 – 0.8

Mean ± SD

1.33 ± 0.05

1.15 ± 0.10

Range

1.21 – 1.4

1.01 – 1.43

Mean ± SD

1.11 ± 0.07

1.31 ± 0.16

Range

1 – 1.21

1.12 – 2.2

•: Independent t-test

As regard 3-D TEE measurements, the mean value of P/A LLR, CAR, and the median for Ca Score
showed highly significant difference between successful and unsuccessful groups (P-value 0.000) (Table 6).
There were no deaths reported. Symptoms follow-up demonstrated better NYHA class in successful
versus un-successful patients with highly significant
difference (P-value 0.000). Regarding re-intervention,
no patient (0%) in the successful group requires it, but
12 patients (60%) in the failed group require MV Replacement (MVR) with a highly significant difference
(P-value 0.000), and 2 patients (10%) require re-do
PBMV with a significant difference (P-value 0.023)

(Table 7). The analysis of MVR patients revealed that
three were solely non-dilated, one was non-dilated
with MR, and eight had MR.
The cut-off points of 2-D TEE parameters that predict success were P/A LLR > 0.6 with 74.0% sensitivity
and 100.0% specificity. CAR ≤ 1.28 with 90.0% sensitivity and 85.0% specificity. DH > 1.2 cm with 84.0%
sensitivity and 95.0% specificity (Figure 3), and that
for 3-D TEE parameters were P/A LLR > 0.55 with
84.0% sensitivity and 90.0% specificity. CAR ≤ 1.25
with 80.0% sensitivity and 95.0% specificity. Ca Score
≤ 2 with sensitivity 80.0% and specificity 75.0% (Figure 4).
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Table 6
Comparison between pre- interventional 3D-TEE data according to procedure success.
3-D TEE
Mean ± SD
Range
Mean ± SD
Range
Median (IQR)
Range

P/A LLR
CAR
Ca score

Success
Un Successful
Successful
No. = 20
No. = 50
0.52 ± 0.05
0.66 ± 0.09
0.45 – 0.7
0.49 – 0.9
1.33 ± 0.05
1.15 ± 0.10
1.2 – 1.43
1 – 1.35
4.5 (2.5 - 5.5)
1 (1 - 2)
0–7
0–4

Test value

P-value

Sig.

-6.614•

0.000

HS

7.152•

0.000

HS

-4.779‡

0.000

HS

•: Independent t-test; ‡: Mann Whitney test
Table 7
Comparison of three months follow-up data according to procedure success.

NYHA

Rhythm
Need MVR
Need Redo
Death

NYHA I
NYHA II
NYHA III
NYHA IV
A
S
No
Yes
No
Yes
No
Yes

Procedure Success
Un Successful
Successful
No.
%
No.
%
3
15.0%
44
88.0%
5
25.0%
6
12.0%
6
30.0%
0
0.0%
6
30.0%
0
0.0%
9
45.0%
10
20.0%
11
55.0%
40
80.0%
8
40.0%
50
100.0%
12
60.0%
0
0.0%
18
90.0%
50
100.0%
2
10.0%
0
0.0%
20
100.0%
50
100.0%
0
0.0%
0
0.0%

*:Chi-square test

Figure 3: The Receiver-Operating Characteristic (ROC) curve of 2-D TEE measurements
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Test value*

P-value

Sig.

42.875

0.000

HS

4.515

0.034

S

36.207

0.000

HS

5.147

0.023

S

NA

NA

NA

Figure 4: The Receiver-Operating Characteristic (ROC) curve of 3-D TEE measurements

Discussion
According to the procedure success definition,
MVA was measured by planimetry to be greater than
1.5 cm2 with no more than a one-grade rise in MR.
Our study found that 20 procedures (28.5 percent)
were unsuccessful, which is quite similar to Rifaie et
al., study, which found that 30 percent of patients were
unsuccessful [11]. In addition, Nunes et al., discovered
(35 percent) of patients with sub-optimal outcomes
[12]. Individuals with AF had a considerably poorer
result than patients with sinus rhythm, according to
Fatkin et al., (P-value 0.002) [13]. While Nunes et al.,
found no significant difference in rhythm (P-value
0.424), they did find a highly significant difference in
age; the suboptimal group was elder (P-value 0.001)
[12]. This might be explained by the fact that the
mean age in our study was 34.69±8.65 years, whereas
in Nunes et al., study it was 57±16 years [12]. Shaw
et al., reported that PBMV produces good results in
individuals under the age of 55, but the improvement
is less maintained in the elderly [14]. Mailer et al.,
found that lower baseline MVA, larger trans-mitral
gradient, and LAD were predictors of unsatisfactory
results and the development of MR following PBMV
[15], which was consistent with our findings. Nunes
et al., found a highly significant difference in Wilkins

score, baseline MVA, CAR, and DH between the two
groups (P-value 0.001) [12]. Reifart et al., dilated in
vitro 15 excised MV from MS patients who received
MVR and discovered a 20% rate of leaflet rupture.
They proposed that MR following PBMV is determined by the symmetry of morphologic alterations
rather than their severity [16]. According to Rifaie et
al., calcification and sub-valvular illness are the only
independent predictors of immediate post-procedural prognosis [11]. Anwar et al., discovered that leaflet
mobility and sub-valvular thickness as 3-D score components were independent indicators of procedural
success (P-value 0.004 and 0.04 respectively) [10]. All
of the previous investigations agreed with our findings
when the quantitative evaluation of leaflet mobility
was stated as maximal leaflet displacement; DH, and
when valve thickness and fibrosis was expressed as
P/A LLR and CAR. According to Mahfouz, P/A LLR
is significantly correlated with PBMV outcome, with
greater ratios producing much better results [17]. In
terms of calcification, we assessed it using 3-D TEE
and assigned a score in the same manner as Anwar et
al., who proposed a new score for assessing MV, reported that 3DE could predict the extent and distribution of calcification in each scallop from a single short
axis cut plain, and discovered that calcification was
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the only independent predictor of the development
of significant MR [10]. Shakil et al., found a significant difference in calcium detection and evaluation
between 2-D and 3-D echocardiography; 2DE detected calcification in 26 (52 percent) of cases versus 35
(70 percent) of cases with 3-DE (P-value 0.002) [18].
According to Sutaria et al., and Messika-Zeitoun et
al., calcification of commissures is a powerful predictor of outcome following PBMV because it influences the degree of commissural splitting [19,20]. Our
findings reveal that 90 percent of patients with deteriorating MR require MVR, but only 13.6 percent of
non-dilated individuals require MVR, indicating that
severe MR is a better predictor of patients’ symptoms
and need for MVR than poor MVA. Nunes et al.,
discovered that the event-free survival rate at 2 years
was only 13% in patients with moderate MR against
62 percent in those with mild MR (P0.001), and the
rate of MVR was significantly greater in individuals with moderate MR (46 percent versus 9 percent,
P0.001) [12]. In our investigation, the cut-off values
for quantitative parameters that indicate success were
as follows: P/A LLR >0.6 and >0.55 by 2-D and 3-D
TEE, CAR ≤1.28 and ≤1.25 by 2-D and 3-D TEE, and
DH > 1.2 cm by 2-D TEE. It was virtually identical
to Nunes et al., who concluded that DH > 12mm and
CAR ≤ 1.25 were considered as cut-off points between
successful and subpar groups [12]. In addition, Mahfouz defined P/A LLR > 0.5 as a cut-off between the
successful and unsuccessful groups [17]. In our study,
the cut-off point for calcification that predicted procedure success was Ca score ≤ 2, which means a calcium
score less than moderate, as demonstrated by Soliman
et al., who graded leaflet calcification to four grades
modified from Anwar et al.,[10] with permission as
follows: normal=0, mild=1–2, moderate=3–5, and severe ≥6 [21].
Finally, we discovered that these quantitative characteristics might predict PBMV outcomes and added
value to the semi-quantitative traditional approaches
we used.

Conclusion
Our study revealed that P/A LLR > 0.55,
CAR ≤ 1.25, DH > 1.2 cm, and Ca Score ≤ 2 determined by 2-D and 3-D TEE are specific and sensitive
predictors of PBMV success in a quantitative way, aiding the traditional scoring methods in selecting the
appropriate patients for the procedure.
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The study’s weaknesses were a limited sample size,
the lack of multicenter participation, and a short follow-up time.
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