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Each structural element of the mitral valve may be
involved in the pathology and pathophysiology of
rheumatic mitral stenosis (MS) (1,2). Therapeutic deci-
sion-making and prediction of both immediate and
late procedural results is currently focused on the
descriptive morphological characteristics of the mitral
valve, as obtained by echocardiography and using a
variety of scoring systems (3-5). However, the choice of
therapeutic modality should be based on a combina-
tion of the descriptive and functional anatomy of the
mitral valve.

Immobile and ‘frozen’ posterior mitral leaflet
(FPML) is commonly noted on echocardiography in
patients with rheumatic MS. The aim of the present

study was to evaluate the incidence and clinical signif-
icance of FPML in patients with severe pliable MS, and
its impact on the immediate outcome of percutaneous
balloon mitral commissurotomy (PBMC).

Clinical material and methods

Patients
A total of 131 PBMC procedures was performed by

the present authors between January 1998 and January
2002. The optimal results were defined as: post-proce-
dure mitral valve area (MVA) ≥1.5 cm2 without major
complications (death, angiographic mitral regurgita-
tion grade >II/IV, tamponade or major embolic event)
(6). A total of 92 patients (70%) had optimal results,
whilst a sub-optimal PBMC result (MVA <1.5 cm2) was
obtained in 35 patients (27%). The procedure failed in
four patients (3%). Thirty ‘ideal’ patients were selected
according to the following transthoracic echocardiog-
raphy (TTE) criteria: Wilkins’ score <8, bilateral com-
missural fusion, and absence of commissural
calcification. Patients after previous balloon dilatation
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Background and aim of the study: The incidence and
clinical significance of immobile and ‘frozen’ poste-
rior mitral leaflet (FPML) were evaluated in the
pathophysiology and immediate outcome of patients
with severe pliable mitral stenosis (MS) undergoing
percutaneous balloon mitral commissurotomy
(PBMC).
Methods: During the past four years, 30 ‘ideal’
patients (mean age 46 ± 8 years) with Wilkins’ score
<8, bilateral commissural fusion and absence of com-
missural calcification underwent peri-procedural
echocardiographic analysis. Anterior mitral leaflet
(AML) mobility index (MI), chordae tendineae (CT)
length, and mitral valve area (MVA) were evaluated.
Results: Pre-procedure FPML was noted in 28
patients (93%). All patients achieved MVA ≥1.5 cm2.
Post-procedure MVA in patients with bilateral com-

missural splitting was 1.9 ± 0.2 cm2 versus 1.6 ± 0.1
cm2 in patients with unilateral commissural splitting
(p <0.05). CT lengths directed to the AML and PML
were 15 ± 2 mm and 8 ± 2 mm, respectively (p <0.05).
MI of the AML before and immediately after PBMC
was 0.4 and 0.6, respectively (p <0.05). None of the
patients with FPML showed improved mobility fol-
lowing successful PBMC.
Conclusion: FPML may be found in most patients
with pliable MS. It is mainly a result of short, rigid
and fused CT directed to the PML. A ‘single-wing
door’ or a unicuspid valve may be used as a model
for rheumatic pliable MS. It is suggested that pre-
procedure leaflet morphology and functional assess-
ment should focus on the AML.
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or mitral valve surgery, or those with a clinically and
echocardiographically non-ideally pliable valve
(Wilkins’ score ≥8, significant leaflet thickening or cal-
cification and either partial or unilateral split commis-
sures) were excluded from the study.

Echocardiographic assessment
All patients underwent TTE before, during, and 24 h

after the PBMC procedure. For pre-procedure TTE, the
Wilkins’ score, commissural calcification, site of fusion
(bilateral or unilateral), leaflet mobility and chordae
tendineae length (mm) directed to both leaflets, were
determined (3,7). Chordae tendineae length was meas-
ured as the mean distance (in mm) between the tip of
the papillary muscle and the ventricular aspect of both
leaflets during early systole, using modified views (8).
In order to assess leaflet motion and to measure the
mobility index (MI), the mitral leaflets were imaged in
the parasternal long-axis view during maximal dom-
ing of the anterior mitral leaflet (AML) in early diastole
(4). As shown in Figure 1, the extent of doming of the
AML was quantified by drawing a line from the junc-
tion of the posterior wall of the aortic root to the tip of
the AML. From this line, a perpendicular was drawn to
the leading edge of the maximal dome of the AML,
and leaflet motion was expressed as the slope between
these two lines (4). The MI was graded as mild (≥0.45),
moderate (0.26-0.44) and severe (<0.25) impairment
(4). The MVA (in cm2) and mean transvalvular diastolic
gradient (in mmHg) were calculated using planimetry
and Doppler echocardiography, respectively.

PBMC technique
All patients underwent PBMC by the trans-septal

antegrade approach, using the Inoue balloon catheter
(Toray Industries Inc., Tokyo, Japan) and the step-wise
dilatation technique (9). Balloon diameter size was
determined according to the patient’s height (10).
Immediately after dilation, the planimetric valve area,
transvalvular gradients, post-dilatation commissural
morphology (unilateral or bilateral splitting) and peri-
procedural complications were monitored continuous-
ly using TTE.

Statistical analysis
Values of MVA (cm2), transvalvular gradient

(mmHg) and chordae tendineae length (mm) were
reported as mean ± SD. Student’s t-test was used to
compare continuous variables, and a chi-square test
for comparing categorical variables. A p-value <0.05
was considered to be statistically significant.

Results

A total of 101 ‘non-ideal’ patients was excluded;

hence, data were analyzed from 30 ‘ideal’ patients (26
women, four men; mean age 46 ± 8 years) who under-
went successful PBMC.

Incidence and impact of FPML
Pre-procedure FPML was identified in 28 patients

(93%), while only very mild posterior displacement of
the PML in early diastole was noted in two patients.
There was no improvement in PML mobility following
PBMC in any of the 30 patients, regardless of the post-
procedure commissural status.

Chordae tendineae length and morphology
The mean chordae tendineae length directed to the

AML was 15 ± 2 mm, while that directed to the PML
was 8 ± 2 mm (p <0.05). Dense subvalvular fibrosis,
shortening and fusion of the chordae tendineae was
detected only in those directed to the PML.

Post-dilatation commissural status
Patients were allocated to two groups according to

their post-PBMC commissural morphology: 12
patients (40%) had bilateral commissural splitting
(BCS), and 18 (60%) had unilateral commissural split-
ting (ULCS). Patients with post-procedure BCS had a
larger mean MVA and lower mean transvalvular gra-
dient than those with post-procedure ULCS (1.9 ± 0.2
cm2 versus 1.6 ± 0.1 cm2 and 4 mmHg versus 8 mmHg,
respectively; p <0.05). The mean post-procedure MI of
the AML was higher in the BCS group than in the
ULCS group (0.7 versus 0.5, p <0.05) (Table I).
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Figure 1: Calculation of the mobility index of the anterior
mitral leaflet. Maximal doming of the anterior leaflet was
quantified in the parasternal, long-axis, two-dimensional
echocardiographic view. The height (H) of doming was

divided by length (L) to express the slope of leaflet motion.
(Reproduced from Reference (4), with permission). 



Discussion

The results of this retrospective study showed that
an immobile or ‘frozen’ PML is an abnormal pre-pro-
cedure morphological finding in almost all patients
with pliable mitral stenosis. The immobility of the pos-
terior leaflet persists after successful balloon dilatation,
but was not affected by balloon-induced commissural
splitting, and did not affect procedural success.
Bilateral commissural splitting and an increase in AML
mobility index - regardless of the presence or absence
of a ‘frozen’ PML - were mainly responsible for the
increase in mitral valve area after PBMC. It is suggest-
ed that commissural fusion does not affect the mobili-
ty of the PML, which is most probably principally
affected by the anatomical mode of insertion and
attachment of the fused chordae tendineae to the PML.

However, as has been reported with surgical com-
missurotomy in patients who achieve a final orifice
area that is much closer to that of a normal valve, some
posterior leaflets may acquire a degree of mobility. It
can be assumed that with PBMC - however large the
final orifice may be - rheumatic commissural fusion is
not completely resolved. Although the present patients
had ‘ideal’, pliable, non-calcific MS, 60% of them had
unilateral splitting in the absence of any commissural
calcification. Thus, the present findings were in accor-
dance with a previous in-vitro study conducted by
Ribeiro et al., who indicated that overall commissural
splitting occurred preferentially in calcified commis-
sures (81%) as opposed to only 56% in non-calcified
commissures (11). Moreover, with the stepwise dilata-
tion Inoue technique, no further dilatations were made
once a reasonable MVA had been achieved, even in the
presence of unilateral splitting, mainly to avoid peri-
procedural complications such as high-grade mitral
regurgitation.

Posterior mitral leaflet structure and its chordae
tendineae

Although the surface area of both mitral leaflets is
identical, they differ in the length of attachment to the
mitral annulus and the mode of insertion of chordae
tendineae directed to each leaflet’s ventricular surface
area. The posterior mitral (mural) leaflet is more nar-
row, has two clefts that create three scallops, and has a
longer attachment to the annulus compared to the
anterior (aortic) leaflet. Whereas most of the chordae
tendineae directed to the AML are inserted to its mar-
ginal zone, those directed to the PML from its margin
back to the annulus attach to both its rough and clear
ventricular zones (12).

Previous studies
The present results comply with previous clinical

observations relating to mitral valve conservation sur-
gery. Commerford et al. (13) analyzed 654 patients
who underwent closed mitral valvotomy (the surgical
equivalent of PBMC) operated on during a 12-year
period, and concluded that a mobile anterior mitral
leaflet is a prerequisite for a non-restrictive valve
motion after closed commissurotomy. Green et al. (14)
showed that successful mitral ring annuloplasty
(regardless of the type of ring) results in a ‘frozen’ and
immobile posterior leaflet. This observation fully sup-
ports the concept that a rheumatic pliable valve is
almost a single-leaflet functioning valve, similar to the
mitral apparatus obtained after successful mitral ring
annuloplasty. In a recently published editorial, relating
to the septolateral cinching technique, Frater com-
mented that a rheumatic FPML is not corrected by
commissurotomy, and that the posterior mitral leaflet
stays immobile well after the stenosis has been correct-
ed (15).
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Table I: Transthoracic echocardiography results according to post-percutaneous balloon mitral commissurotomy commissural
status.

Parameter Commissural splitting
________________________________________________________

Bilateral Unilateral
(n = 12) (n = 18)

MVA (cm2)* 1.9 ± 0.2 1.6 ± 0.1+

MTG B/A (mmHg) 16/4 15/8+

AML-MI (B/A) 0.4/0.7 0.4/0.5+

*Values are mean ± SD.
AML: Anterior mitral leaflet; B/A: Before/after PBMC; MTG: Mean transvalvular gradient; MI: Mobility index; MVA: Mitral
valve area.
+p <0.05.
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In conclusion, a FPML may be found in most patients
with severe pliable mitral stenosis, and is mainly the
result of short, rigid and fused chordae tendineae
directed to the PML. A ‘single-wing door’ or a unicus-
pid valve may be used as a model for rheumatic pli-
able mitral stenosis. It is suggested that finding an
immobile and ‘frozen’ posterior mitral leaflet should
not affect pre-PBMC assessment and the prediction of
procedural success. The therapeutic approach should
be mainly based on pre-procedure assessment of the
anterior mitral leaflet structure and function and on
commissural morphology.
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