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Introduction

Several studies have demonstrated that
percutaneous balloon mitral valvotomy is
a safe and effective procedure for the treat-
ment of patients with symptomatic mitral
stenosis with immediate results that may
be comparable to surgical commissuroto-
my1-9.

This procedure has not only been suc-
cessfully performed in younger patients
with optimal anatomy but also in elderly
patients unfit for surgery or in selected el-
derly patients with a good echocardio-
graphic score10-16.

The aim of this study was to evaluate
the changes in mitral valve area and mean
transmitral pressure gradient before and af-
ter percutaneous balloon mitral valvotomy
and at 2 years of follow-up, hypothesizing
that patients’age would be an important de-
terminant for the success of balloon valvo-
tomy, and to study the extent to which these
changes are related to the patients’ age.

Methods

Patient population. The study included
24 patients (6 men, 18 women, average age
58 years, range 39-80 years) with mitral
stenosis undergoing percutaneous balloon
mitral valvotomy between May 1992 and
October 2000. All patients had been sub-
mitted to two-dimensional and Doppler
echocardiographic examinations immedi-
ately before and immediately after (mean 3
± 3 days following the pre-procedural
echocardiogram) the procedure and at a
mean follow-up of 2 years (range 12 to 73
months). 

Before valvuloplasty, 8 patients had si-
nus rhythm, 14 had atrial fibrillation, and 2
were pacemaker-dependent. Six patients
were in NYHA functional class IV, 15 were
in NYHA class III, and 3 patients were in
NYHA class II. 

Thirteen patients had at least one coro-
nary risk factor. Four had hypertension, 1
was diabetic, 2 had a history of coronary
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Background. The aim of this study was to evaluate the changes in mitral valve area and mean
transmitral pressure gradient before and after percutaneous balloon mitral valvotomy and at 2 years
of follow-up. We hypothesized that the patient’s age would be an important determinant for the suc-
cess of balloon valvotomy.

Methods. We studied 24 patients with mitral stenosis (6 men and 18 women with an average age of
58 years, range 39 to 80 years), who underwent percutaneous balloon mitral valvotomy. Two-dimen-
sional and Doppler echocardiographic examinations were taken before, immediately after and at a
mean follow-up of 24 months (range 12 to 73 months). The correlation between the changes in the mi-
tral valve area or mean transmitral pressure gradient and age was assessed with rank correlation and
with stepwise multiple linear regression analysis correcting for sex, days of follow-up, heart rate
score, pulmonary hypertension, mitral regurgitation and Wilkins score at follow-up.

Results. Changes in the mitral valve area did not correlate with age. The reduction in mean trans-
mitral pressure gradient at follow-up was associated with age with a 20.6% less reduction in mean
transmitral pressure gradient (95% confidence interval 3.5-40.4%, p < 0.021) for every other year of
the patients’ age. When comparing changes in mean transmitral pressure gradient before and after
percutaneous balloon mitral valvotomy, the strength and consistency of the association with age ap-
peared similar (mean transmitral pressure gradient -0.9 ± 3.0 vs -2.8 ± 3.4 mmHg).

Conclusions. Age is a predictive factor for the reduction in mean transmitral pressure gradient af-
ter percutaneous balloon mitral valvotomy. This suggests that a better outcome is to be expected in
younger patients, independently of the list of factors taken into consideration in our study.
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disease, 3 had a history of cerebrovascular disease, and
3 had hypercholesterolemia.

No patient had previous percutaneous balloon mi-
tral valvotomy. 

Four patients had previous surgical commissuroto-
my (21 to 32 years before), one had previous aortic
valve replacement, one had previous repair of coarcta-
tion of the aorta, and one had concomitant moderate
aortic stenosis.

Echocardiographic analysis. Two-dimensional and
Doppler echocardiography were performed in all pa-
tients before percutaneous balloon mitral valvotomy,
after 3 ± 3 days) following the pre-procedural echocar-
diogram and at a mean follow-up of 24 ± 19 months. 

All echocardiographic measurements were record-
ed on videotape and reviewed for subsequent analysis
by two independent observers who were unaware of the
patients’ catheterization data. A Toshiba 160 SSH ul-
trasound imager (Toshiba Medical Systems, West Sus-
sex, UK) was used in the study. The mitral valve area
was calculated using the pressure half-time method17

from the continuous wave Doppler mitral velocity pro-
file, averaging 3 to 5 beats in patients in sinus rhythm
and 5 to 10 beats in those with atrial fibrillation. The
mean transmitral pressure gradient was calculated from
the same tracings using the simplified Bernoulli equa-
tion. The Wilkins echocardiographic score (from 0 to 4)
was assigned for leaflet mobility, valvular thickening,
valvular calcification and subvalvular thickening. The
scores of the four individual features were added in
each patient to obtain a total echocardiographic score
(range 0 to 16)18.

Mitral regurgitation was graded as none, trivial,
mild, mild-moderate or moderate.

Pulmonary hypertension was classified as follows:
normal for a systolic gradient across the tricuspid valve
< 25 mmHg; mild for a gradient ranging from 25 to 40
mmHg; moderate for a gradient ranging from 40 to 60
mmHg; severe for a gradient > 60 mmHg.

We generated a heart rate score on the basis of the
following categories: sinus rhythm, atrial fibrillation,
and pacing rhythm.

Statistical analysis. Results are expressed as means ±
SD unless otherwise stated. The distribution of the vari-
ation of the mitral valve area and of the mean transmi-
tral pressure gradient was gaussian. The correlation be-
tween the variation of the mitral valve area and of the
mean transmitral pressure gradient and age was first as-
sessed using Pearson rank correlation analysis. Simple
and stepwise multiple linear regression analysis was
used to assess the importance, together with age, of sex,
days of follow-up, heart rate score, pulmonary hyper-
tension, severity of mitral regurgitation at follow-up,
and Wilkins score at follow-up19,20, considered as cate-
gorical where appropriate. Interactions between select-
ed variables were allowed to enter if they had addition-

al predictive power. Results of linear regression are ex-
pressed as the percentage variation of the relative risk
(RR), with 95% confidence intervals (CI). The power
of the study was calculated with type I error (�) 0.05
and type II error (�) 0.221. Analyses were performed us-
ing Stata 5 software (Stata Corp., College Station, TX,
USA).

Results

Baseline characteristics and initial results are sum-
marized in table I. The mean mitral valve area was 1.16
± 0.37 cm2 before percutaneous balloon mitral valvoto-
my, increasing to 1.70 ± 0.40 cm2 after an average of 3
days following the procedure and increasing further to
1.74 ± 0.64 cm2 at a mean follow-up of 2 years. 

The mean transmitral pressure gradient was 7.1 ±
3.8 mmHg before percutaneous balloon mitral valvoto-
my, decreasing to 5.0 ± 1.7 mmHg after an average of
3 days following the procedure, and reaching 5.2 ± 2.3
mmHg at a mean follow-up of 2 years.

The changes occurring in the mean mitral valve area
and mean transmitral pressure gradient comparing the
two measures before and after the procedure and at fol-
low-up are shown in table II.

A rank correlation scatter diagram of the age and
mean transmitral pressure gradient changes at follow-
up together with a regression line are shown in figure 1.
The correlation rank test (r2 = -0.09, p > 0.05) suggests
that in our patients the mitral valve area changes were
not correlated with age. Furthermore, univariate and
multivariate linear regression analyses showed that,
within our population, age seemed to be unrelated to
the changes in the mitral valve area. 

The change in the mean transmitral pressure gradi-
ent at follow-up was correlated to the patients’ age (r2 =
0.178, p < 0.039). Univariate analysis demonstrated
that this association was statistically significant with a
13% reduction in the mean transmitral pressure gradi-
ent at follow-up (95% CI 0.7-27.1%, p < 0.04) for every
year increase in the patients’ age. Multivariate analysis
yielded similar results, with a 20.6% reduction in the
mean transmitral pressure gradient (95% CI 3.5-40.4%,
p < 0.021) for every year increase in the patients’ age
when correcting for sex, days of follow-up, pulmonary
hypertension, mitral regurgitation, heart rate score, and
Wilkins score. 

A rank correlation scatter diagram of the age and
mean transmitral pressure gradient changes immediate-
ly after the procedure together with the regression line
are shown in figure 2. The mean transmitral pressure
gradient change after the procedure correlated with the
patients’ age (r2 = 0.129, p < 0.01). Stepwise linear re-
gression univariate analysis was not significant, with an
11.3% reduction in the mean transmitral pressure gra-
dient (95% CI -2.3 to 26.8%, p < 0.11) for every year
increase in the patients’ age. Multivariate analysis
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demonstrated that this association became significant
when adding the follow-up mitral regurgitation data to
the model, with a 17.0% reduction in the mean trans-
mitral pressure gradient (95% CI 3.3-32.5%, p < 0.016)
for every year increase in the patients’ age. A similar re-
sult was obtained when we corrected for sex, days of
follow-up, pulmonary hypertension, mitral regurgita-
tion, heart rate score, and Wilkins score with a 22.2%

reduction in the mean transmitral pressure gradient
(95% CI 2.0-46.5%, p < 0.033). 

Patients improved clinically after 2 years of follow-
up. Seventeen (71%) of the 24 patients improved by at
least one functional class: 65% of the patients aged be-
tween 30 and 59 years, and 75% of the patients aged be-
tween 60 and 80 years. Five patients remained in the
same functional class and in only 2 cases was a wors-
ening by one functional class observed (Fig. 3). 

Discussion

Our results indicate that the reduction in the mean
transmitral pressure gradient after an average of 2 years
of follow-up correlates with the patients’ age, with a
20.6% decrease in the mean transmitral pressure gradi-
ent for every year increase in the patients’ age. When
comparing the changes in the mean transmitral pressure
gradient before and immediately after percutaneous
balloon mitral valvotomy, the strength and consistency
of the association with age appeared similar. 

Nevertheless, the mitral valve area did not show any
statistically significant relationship to the patients’ age,
in contrast with the findings of a recent study by Kra-
suski et al.22 having a larger sample of patients, though
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Table II. Mean mitral valve area and mean pressure gradient
changes: comparison between follow-up and pre-intervention;
post-intervention and pre-intervention; post-intervention and
follow-up.

Follow-up vs pre-intervention
Months 24 ± 19
Mitral valve area (cm2) 0.58 ± 0.63
MPG (mmHg) -1.90 ± 3.01

Post-intervention vs pre-intervention
Days 3 ± 4
Mitral valve area (cm2) 0.54 ± 0.28
MPG (mmHg) -2.13 ± 3.22

Post-intervention vs follow-up
Months 24 ± 19
Mitral valve area (cm2) -0.04 ± 0.56
MPG (mmHg) 0.24 ± 2.09

MPG = mean transmitral pressure gradient.

No. patients 24
Sex (M/F) 6/18
NYHA class

II 3
III 15
IV 6

Sinus rhythm 8
Atrial fibrillation 14
Paced rhythm 2
Previous commissurotomy 4
Concomitant aortic stenosis 1
Previous aortic valve replacement 1
Mitral valve morphologic score

Pre-intervention
Mobility 2.0 ± 0.4
Thickening 2.0 ± 0.2
Calcification 1.5 ± 0.7
Subvalvular thickening 1.7 ± 0.5
Total echocardiographic 7.3 ± 1.2

Post-intervention
Mobility 1.6 ± 0.5
Thickening 2.0 ± 0.0
Calcification 1.4 ± 0.6
Subvalvular thickening 1.5 ± 0.6
Total echocardiographic 6.6 ± 1.2

Follow-up
Mobility 1.8 ± 0.6
Thickening 2.0 ± 0.0
Calcification 1.4 ± 0.7
Subvalvular thickening 1.6 ± 0.6
Total echocardiographic 6.8 ± 1.5

MPG = mean transmitral pressure gradient.

Mitral area (cm2)
Pre-intervention 1.16 ± 0.37
Post-intervention 1.70 ± 0.40
Follow-up 1.74 ± 0.64

MPG (mmHg)
Pre-intervention 7.1 ± 3.8
Post-intervention 5.0 ± 1.7
Follow-up 5.2 ± 2.3

Mitral regurgitation
Pre-intervention

None 2
Trivial 11
Mild 10
Mild-moderate 1
Moderate 0

Follow-up
None 1
Trivial 11
Mild 5
Mild-moderate 1
Moderate 6

Table I. Characteristics of the 24 patients in whom balloon mitral valvuloplasty was performed.



not considering variations in the mean transmitral pres-
sure gradient. However, the determination of the mitral
valve area on the basis of pulmonary hypertension is
dependent upon the left ventricular compliance and
volume loading conditions. These can explain the lack
of correlation. 

The calculation of the mitral valve area by the
Doppler pressure half-time method is a reliable non-in-
vasive tool for the determination of the orifice area in
patients undergoing percutaneous balloon mitral valvo-
tomy and is sufficiently accurate to assess the results of
this procedure 24 to 48 hours after valvuloplasty23-26.
The calculation of the mitral valve area by planimetry

is often a good alternative but it is not always possible
to obtain adequate cross-sectional images of the mitral
orifice and therefore has a restricted application in such
patients. 

The interobserver variability was always < 5% and
was controlled for by an independent physician.

The limited number of patients included in the pre-
sent study did not allow to assess whether this associa-
tion is truly linear and the variation from the mean fol-
low-up appears to be a limitation. 

Age seems to be inversely related to the reduction in
the mean transmitral pressure gradient after percuta-
neous balloon mitral valvotomy. A larger sample of pa-
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Figure 2. Scatter diagram showing the changes in the mean transmitral pressure gradient (mPG) prior to the procedure through post-intervention and
age at the time of the procedure.

Figure 1. Scatter diagram showing the changes in the mean transmitral pressure gradient (mPG) prior to the procedure through follow-up (FU) and
age at the time of intervention.



tients may help to reduce uncertainty and the width of
the CI, inevitably large with such a small number of pa-
tients. We conclude that, similar to what observed in
other studies22, our results suggest a better outcome of
percutaneous balloon mitral valvotomy in younger pa-
tients, at least in terms of the mean transmitral pressure
gradient, independently of sex, days of follow-up, pul-
monary hypertension, mitral regurgitation, heart rate
score, and Wilkins score and that elderly patients
should be aware of this limitation.
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Figure 3. Changes in the patients’NYHA class before percutaneous bal-
loon mitral valvotomy (PMV) through 2 years of follow-up.


