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Aim: To evaluate the reliability of the mitral leaflet separation (MLS) index against the traditional
echocardiographic methods in measuring mitral valve area (MVA) pre and post percutaneous balloon
mitral valvuloplasty (PBMV).
Methods: Ninety patients suffering symptomatic moderate to severe MS underwent PBMV at Ain Shams
University Hospital in cardiology department. Seventy of the patients were females representing 77.8%
and 20 were males representing 22.2%. Their age ranged from 22 to 56 years. All patients were subjected
to full transthoracic echocardiography (TTE) examination pre and post PBMV. MLS index was introduced
as a comparative parameter with traditional echocardiographic methods for assessment of MVA, measur-
ing average of distance between tips of MV leaflets in parasternal long axis and four chamber two dimen-
sional echocardiographic views.
Results: MVA increased from 0.95 ± 0.28 to 2.21 ± 0.41 cm2 (P=0.001) using 2D planimetry; and
increased from 0.93 ± 0.23 to 2.21 ± 0.46 cm2 (P= 0.0011) by pressure half time method (PHT). MLS
index was correlated with MVA by 2D planimetry pre and post PBMV (r=0.453) and (r=0.668) respectively
(p=0.0001) and strongly correlated with MVA using PHT post PBMV (r=0.768) (p=0.0001). Post PBMV 14
patients suffered significant mitral regurgitation 3 of them were transferred to surgery. MLS index above
11.75 mm and below 9.15 mm had excellent positive predictive value for detecting mild and severe MS
respectively.
Conclusion: The MLS index it is a simple and effective method for assessment of the MVA, it has an excel-
lent correlation with MVA with an excellent sensitivity and specificity for the prediction of effective MVA.
The MLS index cannot evaluate outcome of PBMV because it is an anatomical parameter and not flow
dependent thus does not correlate with grades of mitral regurgitation.

� 2018 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Rheumatic heart disease remains a major cause of cardiovascu-
lar disease in developing nations, although the prevalence of rheu-
matic heart disease (RHD) has declined sharply in industrialized
countries during the last century.1 RHD is by far the most impor-
tant form of acquired heart disease in children and young adults
living in developing countries which are inhabited by 80 percent
of the world’s population; RHD accounts for about a quarter of
all patients with heart failure in endemic countries.2,3

In the great majority of cases, mitral stenosis is caused by rheu-
matic involvement of the mitral valve,4,5 although only 50 to 70
percent of patients report a history of rheumatic fever.6,7

Mitral stenosis (MS) is a disabling and eventually lethal disease.
Untreated progressive disease can lead to significant symptoms
(eg, dyspnea and fatigue) and serious complications (eg, pul-
monary edema, systemic embolism, and pulmonary hyperten-
sion).8–10

Although medical therapy can relieve symptoms, it does not
affect the obstruction to flow. As a result, surgical commissuro-
tomy and open valvuloplasty were, for many years, the only meth-
ods by which MS could be corrected. However, the development of
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percutaneous balloon mitral valvuloplasty (PBMV) by Inoue in
1984 and Lock in 1985 for the treatment of selected patients with
MS has revolutionized the treatment of this disorder.8–10 The long-
term results, lower costs, and the avoidance of thoracotomy make
PBMV the treatment of choice in patients with MS who have the
following features:

� Moderate to severe MS
� Pliable, noncalcified mitral valves
� Symptomatic or, if asymptomatic suffering from pulmonary
artery hypertension

� The absence of left atrial thrombus or moderate to severe mitral
regurgitation

In addition, patients who are too old or frail for surgery or those
with severe valve deformities might consider PBMV as a palliative
procedure in the absence of left atrial thrombus or moderate to
severe mitral regurgitation.11

The mitral valve was the first structure to be identified by
echocardiography. Technical advances have enabled echocardiog-
raphy to identify almost any anatomic or functional abnormality
of the mitral valve.12,13

Echocardiography is the most accurate approach for diagnosis
and evaluation of MS.14 Echocardiography is recommended in all
patients with MS at initial presentation, for reevaluation of chang-
ing symptoms or signs, and at regular intervals for monitoring dis-
ease progression.15

When transthoracic images are suboptimal, transesophageal
echocardiography (TEE) is appropriate.15 TEE is also necessary to
exclude left atrial thrombus and to evaluate mitral regurgitation
(MR) severity when PBMV is considered.15

In all patients with MS, a detailed echocardiographic examina-
tion, including 2D echocardiography (transthoracic or trans-
esophageal), a Doppler study, and color flow Doppler imaging,
provides sufficient information to develop a therapeutic plan with-
out the need for cardiac catheterization.15

The mitral leaflet separation (MLS) index, measures the distance
between the tips of the mitral leaflets in parasternal long-axis and
four- chamber views. These two readings are averaged to yield the
mitral leaflet separation index. It was recently presented as a reli-
able measure of MS severity and as a surrogate for mitral valve
area (MVA).16
2. Objective

To evaluate the accuracy of MLS index in selected patients with
MS, before and after PBMV, compared to conventional methods by
transthoracic echocardio-graphy [TTE].
Fig. 1. MVA by 2D planimetry echocardiography pre PBMV from a patient included
in our study number 79.
3. Methods

This study was approved by our institutional review board and
informed consent was obtained from all individuals enrolled in the
study.

3.1. Study population

This was a prospective observational study which included all
patients referred for elective BMV in the Cardiology Department
Ain Shams University hospital. The study included ninety patients.

The inclusion criteria for the study group were as follows: (i)
patients’ age from 10 to 60 years, (ii) Symptomatic mode rate-to-
severe MS. (iii) Asymptomatic moderate-to-severe MS with pul-
monary hypertension (PASP more than 50 mmHg at rest) (iv)
patients in sinus rhythm or atrial fibrillation.
The exclusion criteria were as follows: (i) patients with mild MS
(MVA > 1.5 cm2), (ii) Patients who are not candidates for BMV (due
to either Wilkins score > 10, commissural calcification or left atrial
thrombus), (iii) Moderate-to-severe valvular disease other than
MS. (iv) Congenital MS. (v) Patients with organic tricuspid valve
disease. (vi) Evidence of rheumatic activity during the preceding
6 months.

3.2. Standard trans-thoracic echo- cardiographic study

All patients were studied in the left lateral decubitus position
using an ultrasound system (GE vivid 5). Standard 2D and
M-mode echocardiograms were obtained according to the
American Society of Echocardiography guidelines. The conven-
tional indices for assessment of the severity of MS; MVA by
planimetry and pressure half-time and the mean mitral valve pres-
sure gradients and PASP were measured as recommended.

All echocardiographic examinations as well as follow-up mea-
surements were done by a senior echocardiographer with 10 years’
experience in performing echocardiograms. To avoid personal bias
in assessing the anatomic scores and the mitral valves, these
parameters were graded by at least two experienced echocardiolo-
gists and in case of disparity, by a third one to ensure correct
measurements.

Grading of the severity of the MS and MR was done according to
ACC 2006 guidelines for valvular heart disease.15

3.3. Severity of MS was determined using the following methods

Severe MS was defined as a MVA of 1 cm2 or less by planimetry
or pressure half-time method and/or a mean transmitral gradient
of greater than 10 mmHg (Figs. 1 and 2). Moderate MS was defined
as a MVA between 1 cm2 and 1.5 cm2 by planimetry or pressure
half-time method, with a mean transmitral gradient of 5 to 10
mm Hg. Mild MS was defined as a MVA of greater than 1.5 cm2

by planimetry or pressure half-time and/or a transmitral gradient
of less than 5 mm Hg.

Mitral valve scoring using Wilkin’s scoring system of mitral
valve on scale of 1 through 4, with a score of 1 representing nor-
mal. The four elements were the mobility of the anterior leaflet,
the severity of subvalvular disease, the calcification of the anterior
leaflet, and the thickness of the anterior leaflet. The value for each
of these four scores was added together for a total ‘‘splitability
index” of 4 to 16.17

3.4. Severity of MR was determined using the following methods

Severe MR was defined as a large central color doppler jet area
more than 10 cm2 or more than 50% of LA area or variable size



Fig. 4. MLS measured in parasternal 2D echo pre PBM V from patient number 55.

Fig. 5. MVA by 2D planimetry post PBMV from patient number 83.

Fig. 2. MVA by PHT echocardiography pre PMBV from a patient included in our
study number 17.
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wall-impinging jet swilling in LA. Moderate to Severe MR was
defined as a color doppler jet area greater than mild but no criteria
for severe MR or 35–50% of LA. Moderate MR was defined as a color
doppler jet area greater than mild but no criteria for severe MR or
15–30% of LA. Mild MR was defined as small, central jet less than 4
cm2 or less than 15% of LA area.15,18

3.5. Mitral Leaflets Separation (MLS) index

The maximal separation of the mitral valve leaflet tips was mea-
sured from inner edge to inner edge in diastole in the parasternal
long-axis and apical 4-chamber views. These two readings were
averaged to yield the MLS index. All measurements were obtained
from the mean of 3 beats. All measurements were made blinded to
the MVA and transmitral gradient (Figs. 3 and 4).

3.6. Percutaneous Balloon Mitral Valvuloplastv (PBMV)

During cardiac catheterization, a transseptal puncture was used
to gain access to the mitral valve from the left atrium. A double bal-
loon technique was used where two balloons were advanced from
the venous circulation to the right atrium, across the interatrial
septum to the left atrium, and across the stenotic mitral valve.
Inflation and rapid deflation of the balloons would open the steno-
tic valve via separation of the fused commissures. 9,16

3.7. Follow up echocardiogram

Patients in the study group underwent full echocardiographic
study including MLS INDEX within 24 to 48 h post-BMV.(Figs. 5–8).
Fig. 6. MVA measured by PHT post PBMV from patient number 68.

Fig. 3. MLS measured in apical 4chamber view pre PBMV from patient number 48.
3.8. Statistical analysis

All data were gathered, tabulated, and statistically analyzed on
a PC using a commercially available statistical software package
MedCalc version 11.6.1.0 (MedCalc Software, Mariakerke, Bel-
gium). Qualitative variables were expressed as frequency and per-
centage. Quantitative variables were expressed as mean + SD.
Qualitative variables were compared using Chi-squared test. Quan-
titative variables were assessed using paired t-test. Correlations
were performed with linear regression and Pearson’s coefficient.
Correlation coefficient and intra-class correlation were applied
for the substudy to assess inter- and intra-observer variability.



Fig. 8. MLS measured in 4chamber view post PBMV from patient number 19.

Table 1
Comparison between 2D planimetry, PHT and MVG pre and post PBMV.

Pre Post T,p

2D [cm2 ] 5.41
Range 0.45–1.44 1.5–3.6 0.001*

Mean S.D. 0.95 ± 0.28 2.21 0.41
PHT [cm2] 3.22
Range 0.5–1.5 1.5–3.7 0.001*

Mean S.D. 0.93 ± 0.23 2.21 ± 0.46
MVG[mmHg] 5.18
Range 5.5–30 2.4–13 0.001*
MeanS.D. 14.5 ± 6.03 5.17 ± 2.06

* Correlation is significant at the 0.05 level.

Fig. 10. MVA post PBMV using 2D planimetry.

Fig. 7. MLS measured in parasternal view post PBMV from patient number 38.
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ROC Curve was generated to identify the cut off value of MLS index
to determine the grade of MS using 2D plannimetry and PHT. P <
0.05 was considered significant, and P < 0.01 was considered highly
significant.

4. Results

Out of 115 patients referred to our hospital in the specified per-
iod of time for elective BMV, 90 patients were enrolled in this
study. Twenty-five patients were not fit for BMV due to presence
of LA thrombus by transoesophageal echo.

The age ranged from 22 to 56 years with mean age of 28.3 ± 10
years. Seventy of them were females representing 77.78% of the
population while 20 were males representing 22.22% of the popu-
lation. The echocardiographic score ranged from 5 to 12 (8.50 ± 1.
26). The mean duration of symptoms was 3.1 + 4.2 years; all
patients were in NYHA class II-III.
Fig. 9. MVA pre PBMV using 2D planimetry.
Half of the patients (50%) suffered severe MS and the rest suf-
fered moderately severe MS as assessed by 2D planimetry echocar-
diography (Fig. 9).

Successful BMV was achieved with significant increase in
planimetry and pressure half time (PHT) measured MVA as well
as significant drop in mean PG across the mitral valve and pul-
monary artery systolic pressure (Table 1) where 94% of the study
population improved to mild MS while 6% improved to moderate
MS (Fig. 10).

4.1. MR pre and post PBMV

Before BMV 69 patients (76.7%) had no MR and 21 patients
(23.3%) had mild MR (Fig. 13). Post PBMV 25 patients (27.8%)
had no MR, 23 patients (25.6%) had mild MR, 28 patients (31.1%)
had moderate MR, 8 patients (8.9%) had moderate to severe MR
and 6 patients (6.7%) had severe MR 3 of them (3.3%) transferred
to surgery (Figs. 11, 12).
Fig. 11. Mitral regurgitation pre PBMV.



Fig. 12. Mitral regurgitation post PBMV.

Fig. 13. cutoff values of MLS index using 2d planimetry method.
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4.2. MLS index pre and post PBMV

Pre BMV, MLS ranged between 3.55 and 11.55 mm with mean
of 7.61 ± 2.47 mm, while Post BMV it ranged between 10–19.0
mm with mean of 13.36 ± 2.25 mm these values were statistically
significant when compared pre and post PBMV. (P = 0.001)
(Table 2) as well as significantly positively correlated with MVA
when measured by 2D planimetry both before (r = 0.453) and after
the procedure (r = 0.668) and positively correlated with MVA mea-
sured by PHT planimetry after the procedure (r = 0.768) as shown
in Table 3.
4.3. The cut off value of MLS index in determination the grade of MS

All patients’ data were gathered and classified according MVA
using: both 2D planimetry and PHT methods and ROC curves were
generated to determine the cut off values of MLS index for both
methods of MVA measurements.
4.4. ROC Curve to determine the cut off value of MLS index in
determination the grade of MS using 2D planimetry

Those patients whose MVA using 2D were less than 1.0 cm2

(severe MS) were corresponding to cutoff value of MLS index equal
to 9.05 mmwith sensitivity and specificity 62.2% and 53.9% respec-
tively. And the patients with a MVA using 2D between 1.1 and 1.5
cm2 (moderate MS) were corresponding to cutoff value of MLS
Table 2
Comparison between MLS pre and post PBMV.

MLS index Pre PBMV Post PBMV

Range 3.55–11.55 10–19.0
Mean 7.61 13.29
S.D. 2.47 2.25
T 5.21
P 0.001*

Table 3
Correlations between MLS and MVA by 2D and PHT pre and post PBMV.

MLS index Pre MLS index post

2D Pre Pearson Correlation .453(**) .366
Sig. (2-tailed) .001 .017

2D Post Pearson Correlation -.291 .668(**)
Sig. (2-tailed) .0419 .0001

PHT Pre Pearson Correlation �.201 .357
Sig. (2-tailed) .168 .021

PHT Post Pearson Correlation �.207 .768(**)
Sig. (2-tailed) .151 .0001

* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.001 level.
index equal to or greater than 10.1 mm with sensitivity and speci-
ficity 60.4% and 54.1% respectively (Fig. 13) and (Tables 4 and 5).

4.5. ROC Curve to determine the cut off value of MLS index in
determination the grade of MS using PHT

Those patients whose MVA using PHT were less than 1.0 cm2

(severe MS) were corresponding to cutoff value of MLS index equal
to 9.150 mm with sensitivity and specificity 93.9% and 91% respec-
tively. And the patients MVA using PHT between 1.1 and 1.5 cm2

(moderate MS) were corresponding to cutoff value of MLS index
equal to or greater than 10.15 mm with sensitivity and specificity
87.9% and 92% respectively. And the patients MVA using PHT more
than 1.5 cm2 (mild MS) were corresponding to cutoff value of MLS
index equal to or greater than 11.75 mmwith sensitivity and speci-
ficity 77.9% and 95% respectively (Fig. 14) and (Tables 6 and 7).

5. Discussion

Mitral stenosis (MS) comprises a main portion of valvular heart
disease and in the great majority of cases mitral stenosis is caused
by rheumatic involvement of the mitral valve.4,5 Rheumatic mitral
stenosis (MS) is a frequent cause of valve disease in developing
countries.19

The safety and efficacy of PBMV have been clearly shown over
the last 20 years,20 and PBMV is the treatment of choice15,21

patients with favorable anatomy.22

Echocardiography is the most accurate approach for diagnosis
and evaluation of MS.14,15 Echocardiography is recommended in
Table 4
Area Under the Curve using 2D planimetry method.

Area Asymptotic 95% Confidence Interval

Lower Bound Upper Bound

0.539 0.455 0.624

Table 5
Coordinates of the Curve using 2D planimetry method.

Greater Than or Equal To (a) Sensitivity Specificity

Moderate 10.1 0.604 0.541
Severe 9.0500 0.622 0.539



Table 7
Coordinates of the Curve using PHT.

Positive if Greater Than or Equal To (a) Sensitivity Specificity

Mild 11.7500 0.779 0.95
Moderate 10.1500 0.879 0.92
Severe 9.1500 0.939 0.91

Fig. 14. cutoff values of MLS index using PHT.

Table 6
Area Under the Curve using PHT.

Area Asymptotic 95% Confidence Interval

Lower Bound Upper Bound

0.948 0.910 0.986
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all patients with MS at initial presentation and for monitoring dis-
ease progression.21

The mitral valve area (MVA) can be measured by planimetry,
pressure half-time, continuity equation, and proximal isovelocity
surface area methods.23

MVA measured by 2D Planimetry is considered as the reference
method but must be precisely performed at the tips of the leaflets.
Difficulty in acquiring this plane is one major limitation of the
method.15,21
Table 8
Results of different studies comparable to this study using 2D and PHT for measuringMVA

Study Number of patients Method

Drighil’ et al. 200828 12 PHT
Bitigen et al. 200629 20 PHT

Planimetry
Vahanian et al. 200130 464 PHT

Planimetry
Fawzy et al. 200731 531 PHT
Boscarini et al. 199132 31 PHT

Table 9
Results of different studies comparable to this study using MVG.

Study Number of patients Parameter

Drighil et al. 200828 12 MVG
Bitigen et al. 200629 20 MVG
Fawzy et al. 200731 531 MVG
Boscarini et al. 199132 31 MVG
Transmitral gradient and the continuity equation depend
quadratically on transvalvular flow and are, hence, affected by car-
diac output and presence of mitral regurgitation.24

The idea of using mitral leaflet separation (MLS) index as a
measure of MS severity was first proposed by Fisher et al. in
1979.17,25 They measured the maximum diastolic separation of
the mitral valve leaflets by M-mode echocardiography and found
a good correlation with MVA obtained invasively using Gorlin
formula.

Unlike planimetry, measuring the MLS on 2D imaging is techni-
cally easier and more accurate as the narrowest part of the mitral
funnel can be easily identified.24

The mitral leaflet separation (MLS) index, measuring the
distance between the tips of the mitral leaflets in paraster-
nal long-axis and four- chamber views, these two readings
were averaged to yield the mitral leaflet separation
index.24,26

The MLS demonstrated a very good correlation with MVA mea-
sured with 2D planimetry and PHT methods and is very easy to
obtain in the hands of the inexperienced and in special setting like
Cath lab.24,26,27

Also the MLS was reported as a simple and effective method for
assessment of the MVA and had an excellent sensitivity and speci-
ficity for the prediction of an effective MVA.27

In our study 90 patients with wide range of mitral stenosis
severity were evaluated before and after PBMV using 2D planime-
try and PHT for obtaining MVA to assess our new parameter MLS
index.

70 patients were females (77.78%) and 20 of them were males
(22.22%).

The current study results demonstrated that percutaneous bal-
loon mitral valvuloplasty (PBMV) is a successful method to
improve the mitral valve area and mean pressure gradient across
the valve.

The mitral valve area increased from 0.95 ± 0.28 to 2.21 ± 0.41
cm2 (P = 0.001) using 2D planimetry; and increased from 0.93 ± 0.
23 to 2.21 ± 0.46 cm2 (P = 0.0011) by pressure half time method
(PHT).

Those outcomes from our study are comparable with the results
from other studies (Tables 8, 9).

5.1. Standard parameters

In our study Mean pressure gradient across the mitral valve
(MYG) decreased from 14.5 ± 6.03 to 5.17 ± 2.06 mmHg (P =
0.001) .
.

Pre balloon MVA (cm2) Post balloon MVA (cm2)

0.91 ± 0.29 1.86 ± 0.43
0.7 ± 0.2 1.9 ± 0.27
1 ± 0.2 2.2 ± 0.2
l.l ± 0–3 l-l ± 0–3
l.l ± 0–3 2 ± 0–4
0.92 ± 0.17 1.95 ± 0.29
0.94 ± 0.17 1.96 ± 0.33

Pre balloon MVG (mmHg) Post balloon MVG (mmHg)

16.4 ± 8.8 5 ± 1.5
8 ± 5 3 ± 1.3
14.4 ± 2.0 5.4 ± 2.0
8.9 ± 3.1 3.9 ± 1.3
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5.2. The new parameter MLS index

According to MVA all patients’ data were gathered and classi-
fied according MVA using; both 2D and PHT; pre and post PBMV
against MLS index pre and post PBMV to have a cut off values for
MTVA and grading of mitral stenosis using MLS index:

There was a positive significant correlation between MVA using
2D planimetry and MLS index pre and post PBMV (r = 0.453) and (r
= 0.668) respectively (p-0.0001).These results are similar to the
results of both Seow SC et al. 2006 and Holmin C et al. 2007.24,26

There was also a positive significant correlation between MVA
using PHT and MLS index post PBMV (r = 0.768) (p = 0.0001)
matching the results of Seow SC et al. 2006.24

When using MVA measured by 2D planimetry a ROC curve was
generated and we could categorize moderate MS; by an MLS index
greater or equal 10.1 mm with sensitivity and specificity’ 60.4%
and 54.1% respectively. For severe MS; a MLS index; below 9.05
mm had sensitivity and specificity 62.2% and 54% respectively.

When using MVA measured by PHT a ROC curve was generated
and we could categorize mild MS; by an MLS index; equal to or
greater than 11.75 mm with sensitivity and specificity 77.9% and
95% respectively. For moderate MS; an MLS index; equal to or
greater than 10.15 mm had sensitivity and specificity 87.9% and
92% respectively. For severe MS; an MLS index; below or equal to
9.150 mm had sensitivity and specificity 93.9% and 91%
respectively.

These results were similar to Seow SC et al. 200624 as they
announced an MLS index of 12.5 mm for mild MS, 11.1 mm for
moderate MS and 8.4 for severe MS with 92.3% sensitivity and
100% specificity.

Also these results were similar to Holmin C et al. 2007.26 They
found an MLS index of 12.00 mm for non-severe MS (mild and
moderate) had 85% sensitivity and 89% specificity and an index
of 8.0 mm for severe MS with 98% sensitivity and 96% specificity.

A MLS index above 11.75 mm and below 9.15 has excellent pos-
itive predictive value for detecting mild and severe MS respec-
tively.24–26

6. Conclusion

� MLS index is an accurate and reliable measure of MS severity in
the majority of patients with MS. Unlike planimetry, MLS index
is technically easier particularly in poorly echogenic patient and
with less-experienced echocardiographers.

� MLS index is feasible and provides a quick estimate of MS sever-
ity from standard 2D echocardiographic views without having
to resort to tedious measurements especially in the setting of
PBMV inside cath lab. The MLS index is complimentary and can-
not be considered a substitute measure for MVA 2D planimetry
and PHT.

� MLS index has no respect to the outcome of PBMV because MLS
index is an anatomical parameter and doesn’t show any relation
with different grades of mitral regurgitation as it is not flow
dependent.
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