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ABSTRACT
Objective We analysed long-term results of
percutaneous mitral commissurotomy (PMC) performed
because of mitral restenosis after previous
commissurotomy.
Design Follow-up of a prospective cohort.
Setting Tertiary university hospital.
Patients We studied 163 consecutive patients who
underwent PMC because of restenosis occurring 16
±8 years after previous commissurotomy (closed-heart in
121, open-heart in 30 and PMC in 12). Mean age was
48±14 years; 62 patients (38%) had valve calcification.
Restenosis was due to bicommissural fusion in all cases.
Intervention PMC using a single or double balloon in
80 patients and the Inoue balloon in 83.
Results Good immediate results (IR) (valve area
≥1.5 cm2 with MR≤2/4) were obtained in 135 pts
(83%). 20-year rates were 27.9±4.7% for cardiovascular
survival without mitral surgery and 14.8±3.9% for good
functional results (cardiovascular survival without
reintervention on the mitral valve and in New York Heart
Association (NYHA) class I or II). After good IR, 20-year
rates were 33.2±5.5% for cardiovascular survival
without surgery and 17.9±4.7% for good functional
results. After good IR, multivariate predictive factors of
poor late functional results were higher NYHA class
(p=0.01), atrial fibrillation (p=0.0002) and higher mean
mitral gradient after PMC (p=0.004).
Conclusions In patients with restenosis after mitral
commissurotomy, PMC provides good IR in most cases.
After good IR, one patient out of three remains free
from surgery and one out of five has good functional
results at 20 years. These findings support the use of
PMC after previous commissurotomy, particularly in
selected patients with few symptoms and in sinus
rhythm.

INTRODUCTION
Mitral commissurotomy, whether surgical of percu-
taneous, is hampered by late mitral restenosis,
which is a frequent presentation of mitral stenosis
in Western countries, given the decrease of new
cases of rheumatic valve disease.1 Surgery of mitral
restenosis is most often a mitral valve replacement
with the long-term risk of prosthesis-related com-
plications. Since previous commissurotomy is often
a surgical commissurotomy (closed- or open-heart
commissurotomy), patients are also exposed to the
risk of redo mitral surgery and are thus considered
to be at a higher risk for surgery. Percutaneous

mitral commissurotomy (PMC) can be used to treat
restenosis, but only a few series reported mid-term
results, the longest follow-up being 10 years.2–10 In
addition, a history of commissurotomy has been
identified as a predictive factor of poor immediate
and late results in certain series of PMC.11 12 Series
with long-term follow-up are therefore needed to
evaluate the usefulness of PMC in deferring
surgery in patients with previous commissurotomy.
The aim of this study is to assess the very long-

term results from repeat PMC for restenosis after
previous commissurotomy in terms of survival,
freedom from mitral surgery, freedom from any
mitral intervention and good late functional results.
We also analysed the predictive factors of immedi-
ate and late results to better select candidates to the
procedure.

METHODS
Study population
Between 1986 and 1995, 163 consecutive patients
residing in France underwent PMC because of
restenosis after a previous commissurotomy in our
institution. These 163 patients represent 16% of the
1024 procedures of PMC performed in our institu-
tion during this period. Closed-heart commissurot-
omy was performed in 121 patients, open-heart
commissurotomy in 30 patients and PMC in 12
patients. All patients had experienced functional
improvement after initial commissurotomy. PMC
was performed a mean of 16±8 years after previous
commissurotomy (up to 38 years). Baseline charac-
teristics of the population are reported in table 1.
Mean age was 48±14 years (23–80); 140 patients
(86%) were highly symptomatic in New York Heart
Association (NYHA) class III or IV.

Measurements
Echocardiographic examination was performed on
the day preceding PMC and 24–48 h after the pro-
cedure by the same experienced examiners. The ref-
erence measurement for valve area was planimetry
by two-dimensional echocardiography on the short
axis view. In cases of missing data, Doppler was
used as a substitution measurement.11 The severity
of mitral regurgitation was assessed according to
Sellers’ classification on left ventriculography in a
30° right anterior oblique view. In cases of missing
data, we used an assessment by colour Doppler.13

After echocardiography and fluoroscopy, valve
anatomy was classified into three groups according
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to Cormier’s score as previously reported: flexible valves and
mild subvalvular disease (chordae ≥10 mm long) (group 1), flex-
ible valves and extensive subvalvular disease (chordae <10 mm
long) (group 2), and calcified valves confirmed by fluoroscopy
(group 3).11 14

In addition, we systematically assessed the commissural status
using echocardiography on the parasternal short axis view. We
considered PMC only if the restenosis was the consequence of
refusion of both commissures.3 In case of persistent opening of
one or both commissures, restenosis was presumed to be mainly
the consequence of valvular and/or subvalvular rigidity, and
surgery was considered the best option if its risk was not esti-
mated to be prohibitive.

Good immediate results were defined as a composite criterion
of final valve area≥1.5 cm2 and mitral regurgitation ≤2/4.

Procedure
All the procedures were performed using the antegrade transve-
nous approach. A single balloon was used in the first four
patients, then a double balloon in 76. Finally, beginning in
October 1990, we systematically used the Inoue balloon in the
remaining 83 patients according to the stepwise technique
under echocardiographic monitoring.

Follow-up
Follow-up was performed prospectively in the 163 patients res-
iding in France who underwent PMC for mitral restenosis after
previous commissurotomy. Data were collected either during
patient’s visits to the department or by a standardised question-
naire sent to the patient’s cardiologist.

Follow-up was concluded in December 2008. Follow-up was
considered incomplete if the last follow-up contact was before
January 2008.

The events taken into account for the follow-up were death,
need for reintervention on the mitral valve and NYHA class III

or IV at last follow-up. These clinical events were combined in
the following composite endpoints:

▸ overall survival
▸ cardiovascular survival without reintervention on the

mitral valve (surgery or repeat PMC)
▸ cardiovascular survival without mitral surgery
▸ good functional results defined as cardiovascular survival

without reintervention on the mitral valve and in NYHA
class≤II.

Statistical analysis
All data were entered prospectively in a computerised database
starting from 1986.

Continuous variables were expressed as mean value±SD.
Cumulative survival curves were determined by the Kaplan–
Meier method. Univariate analysis of the predictive factors of
poor immediate results was performed using a paired t test for
continuous variables and a χ2 test for qualitative variables.
Variables with p<0.25 were entered in a multivariate logistic
model and selected by a backward procedure with a threshold
of p=0.05. Univariate analysis of the predictive factors of late
results was performed using a log rank test. The dependent vari-
able was the previously defined composite endpoint of good
functional results. Independent variables with p<0.25 were
entered in a multivariate Cox proportional hazards model and
were selected by a backward procedure with a threshold of
p=0.05. Analysis was performed with SAS statistical software
(release 9.2, SAS Institute Inc. SAS Institute, Cary, North
Carolina, USA).

RESULTS
Immediate results
Of the 163 patients who underwent PMC, there was no proced-
ural mortality but one patient experienced embolism with
sequelae. The most frequent complication was traumatic mitral
valve regurgitation in nine patients (5%). Good immediate
results were obtained in 135 patients (83%). There was no sig-
nificant difference in the rates of good immediate results accord-
ing to the type of initial commissurotomy: 68% after
closed-heart commissurotomy, 77% after open-heart commissur-
otomy and 68% after PMC (p=0.61). The two predictive
factors of poor immediate results in multivariate analysis were
older age (adjusted OR per 10-year increase: 1.97, 95% CI 1.42
to 2.73, p<0.0001) and smaller valve area (adjusted OR per
0.1 cm2 decrease 1.35, 95% CI 1.09 to 1.67, p=0.006).

Poor immediate results were related to insufficient valve
opening in 19 patients (12%) and to mitral regurgitation≥Seller’s
grade 3 in nine patients (5%).

After PMC, valve area increased from 1.1±0.2 to 1.8±0.3 cm2

(p<0.0001) and mean gradient decreased from10±5 to 5
±2 mmHg (p<0.0001).

LATE RESULTS
Follow-up was completed for 151 patients (93%) with a median
follow-up period of 89 months (IQR 33–171). The first events
which occurred during follow-up are detailed in table 2.

Death occurred in 31 patients and was from cardiovascular
cause in 48% of them.

The most frequent events were interventions on the mitral
valve in 91 patients. Surgical management was required in 67
patients (74%), and consisted most often in mitral valve replace-
ment. A repeat PMC was performed in 24 patients (26%), a
mean of 10±5 years after the index PMC. Finally, 10 patients
were in NYHA class III or IV at last follow-up, either waiting

Table 1 Baseline characteristics of the population of 163 patients

Variables Mean±SD or n (%)

Age (years) 48±14
Female sex 137 (84)
NYHA functional class
I 0 (0)
II 23 (14)
III 131 (80)
IV 9 (6)

Atrial fibrillation 77 (47)
Previous embolic events 13 (8)
Left atrium diameter 51±9
Mitral regurgitation
0 103 (63)
1 58 (36)
2 2 (1)

Valve anatomy (Cormier’s score)
1 5 (3)
2 96 (59)
3 62 (38)

Valve area (echocardiography), cm2 1.1±0.2
Mean gradient (Doppler), mm Hg 10±5

NYHA,New York Heart Association.
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for surgery or under medical treatment alone because of surgical
contra-indication or patient’s wishes.

Overall 20-year survival was 67.9±5.6% in the whole popu-
lation and 72.4±5.7% after good immediate results.

The curves corresponding to the composite endpoints (car-
diovascular survival without reintervention, cardiovascular sur-
vival without surgery and good functional results) are
represented in figures 1–3 for the whole population of 163
patients and for the patients who experienced good and poor
immediate results (135 and 28 patients, respectively).

Cardiovascular survival without mitral surgery was 27.9
±4.7% at 20-year follow-up for the whole population. After
good immediate results of PMC, it was 72.4±4.3% at 10 years
and 33.2±6.3% at 20 years (figure 1).

Cardiovascular survival without reintervention on the mitral
valve was 16.2±4.3% at 20-year follow-up for the whole popu-
lation. After good immediate results of PMC, the rate of cardio-
vascular survival without reintervention was 60.8±4.6% at
10 years and 19.1±5.0% at 20 years (figure 2).

Good functional results, defined as cardiovascular survival
without reintervention on the mitral valve and in NYHA class I
or II, were 14.8±3.9% at 20-year follow-up in the whole popu-
lation. After good immediate results of PMC, the rate of good
functional results was 57.7±4.5% at 10 years and 17.9±4.7%
at 20 years (figure 3).

There were no differences in terms of 10-year good func-
tional results according to the type of previous commissurotomy
(49±5% and 40±9% for initial closed- and open-heart commis-
surotomy, respectively, and 49±15% for initial PMC, p=0.67)
(figure 4).

The univariate analysis of the predictive factors of late func-
tional results in the 135 patients who underwent good immedi-
ate results of PMC is presented in table 3.

The multivariate Cox analysis identified three predictive
factors of poor late functional results after good immediate
results of PMC (table 4). Two predictors were preprocedural
variables, that is, a higher NYHA functional class (p=0.01) and

Figure 1 Cardiovascular survival without surgery at 20-year follow-up
after percutaneous mitral commissurotomy for mitral restenosis
following previous commissurotomy in the whole population and in
patients who experienced good and poor immediate results. Kaplan–
Meier rates are presented with SEs.

Figure 2 Cardiovascular survival without reintervention at 20-year
follow-up after percutaneous mitral commissurotomy for mitral
restenosis following previous commissurotomy in the whole population
and in patients who experienced good and poor immediate results.
Kaplan–Meier rates are presented with SEs.

Table 2 Events occurring during follow-up

Events

Whole population
(n=163)
n (%)

Good immediate
results (n=135)
n (%)

Poor immediate
results (n=28)
n (%)

Death 31 (19) 23 (17) 8 (29)
Cardiovascular 15 (9) 8 (6) 7 (25)
Non-cardiovascular 16 (10) 15 (11) 1 (4)
Procedure on
mitral valve

91 (56) 72 (53) 19 (68)

Repeat PMC 24 (15) 24 (18) 0
Conservative
surgery

5 (3) 4 (3) 1 (4)

Isolated mitral
valve replacement

54 (33) 36 (26) 18 (64)

Mitral valve
replacement+other
procedure

8 (5) 8 (6) 0

NYHA class III or
IV (non-operated)

10 (6) 8 (6) 2 (7)

NYHA,New York Heart Association; PMC, percutaneous mitral commissurotomy.

Figure 3 Twenty-year actuarial rates of good functional results after
percutaneous mitral commissurotomy for mitral restenosis following
previous commissurotomy in the whole population and in patients who
experienced good and poor immediate results. Kaplan–Meier rates are
presented with SEs.
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initial atrial fibrillation (p=0.0002). The third predictive factor
was a higher mean mitral gradient after PMC (p=0.004).

DISCUSSION
In this series reporting the longest follow-up of PMC for resten-
osis after initial mitral commissurotomy, PMC provided good
immediate results in the majority of cases (83%). After good
immediate results, more than half of patients remained free
from reintervention after 10 years and almost one out of five
patients still presented with good functional results at 20 years.
We also specifically studied the issue of survival without surgery
which has never been studied in this particular population.
After good immediate results of PMC, one out of three patients
was free from surgery at 20-year follow-up. These results lead
to strongly considering PMC in this population, in particular in
patients with moderate symptoms and in sinus rhythm.

Population
In this series, previous mitral commissurotomy consisted in
closed-heart in the majority of patients (74%), followed by
open-heart (17.5%) and PMC (7.5%). Besides the usual contra-
indications for PMC, only patients with mitral restenosis due to
bicommissural refusion were candidates for PMC, as now
recommended.15 Restenosis with persistent commissural
opening is due to valve rigidity and PMC should not be
attempted in these cases.

The only series reporting a follow-up beyond 15 years
included a small number of patients with previous commissurot-
omy, precluding any analysis of this subgroup.16 17 The interest
of the present series is to specifically assess the very long-term
follow-up of this particular population, presenting with less
favourable characteristics. This is attested by the fact that 86%
of patients were highly symptomatic in NYHA class III or IV,
almost half of patients (47%) had initial atrial fibrillation and
only 3% of our population presented with ideal anatomical
conditions.

It is therefore of particular interest to assess the impact of
PMC following previous commissurotomy in this population
since surgical management would consist most often of mitral

valve replacement with the inherent operative risks of redo
surgery and of long-term prosthesis-related complications.18 19

Immediate results
In this series, there was neither procedural mortality nor tampon-
ade, showing the safety of the procedure. Good immediate
results were obtained in 83% of patients showing the efficacy of
the procedure even in this population with less favourable ana-
tomical and clinical characteristics. There was no significant dif-
ference regarding good immediate results according to the type
of initial commissurotomy (closed- or open-heart commissurot-
omy and PMC). Older age and smaller valve area were the two
independent factors associated with poor immediate results. This
is consistent with predictive factors identified in a large series of
PMC.11 20 21 The impact of age has been shown to be particu-
larly marked in patients with a history of commissurotomy.11

Long-term results
In this series of 163 consecutive patients with previous commis-
surotomy (surgical commissurotomy in the majority), overall

Figure 4 Twenty-year actuarial rates of good functional results after
percutaneous mitral commissurotomy (PMC) for mitral restenosis
according to the type of prior commissurotomy in the whole
population. Kaplan–Meier rates are presented with SEs.

Table 3 Univariate analysis of the predictive factors of late
functional results after good immediate results of PMC

Variables and subgroups HR (95% CI) p Value

Preprocedural variables
Age (per 10-year increase) 1.15 (0.94 to 1.40) 0.17
Male sex 1.29 (0.75 to 2.22) 0.36
NYHA functional class 0.08
Per one class increase 1.72 (0.94 to 3.13)

Valve anatomy 0.14
1 1
2 1.35 (0.91 to 2.00)
3 1.82 (0.82 to 4.01)

Rhythm 0.001
Sinus 1
Atrial fibrillation 2.16 (1.40 to 3.35)

Previous commissurotomy 0.85
Closed-heart 1
Open-heart 1.12 (0.64 to 1.98)
PMC 1.20 (0.65 to 2.62)

Valve area, cm2 0.83
Per 0.1 cm2 decrease 0.99 (0.89 to 1.10)
Mean gradient, mm Hg 0.62
Per one mm Hg increase 0.99 (0.94 to 1.04)
Mitral regurgitation 0.07
0 1
1–2 1.48 (0.96 to 2.28)
Per-procedural variables
Type of balloon 0.97
Single or double balloon 1
Inoue 1.01 (0.66 to 1.55)
Postprocedural variables
Valve area, cm2 0.07
Per 0.1 cm2 decrease 1.09 (0.99 to 1.19)
Mean gradient, mm Hg 0.02
Per one mm Hg increase 1.15 (1.02 to 1.30)
Mitral regurgitation 0.71
0–1 1
2 0.95 (0.73 to 1.24)

NYHA,New York Heart Association; PMC,percutaneous mitral commissurotomy.
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survival was 68% at 20 years after PMC. This illustrates the low
mortality rate of treated mitral stenosis even in this population
with less favourable characteristics.

At 20 years, a large majority of patients had a reintervention
on the mitral valve since only 16% of patients were free from
any reintervention. Reinterventions consisted most often in
mitral surgery and when surgery was performed, it was a mitral
valve replacement in the majority of cases (68% of reinterven-
tions). Only a few conservative surgeries were possible given the
anatomy of the mitral valve and the majority were performed in
the group of good immediate results. It is interesting to note
that in this group (135 patients) a third of the reinterventions
consisted in a new PMC, again deferring the time for surgery.
Therefore, 28% of patients were free from surgery at 20 years,
this rate increasing to 33% after good immediate results of
PMC. The unique long-term follow-up reported in this series
allows us to accurately assess the role of PMC in postponing
surgery, which has never been analysed in previous series of
PMC for restenosis, all of which considered all types of reinter-
vention (surgery and re-PMC) together.

Good functional results after good immediate results were
obtained in 58% of patients at 10 years and only 18% of
patients at 20 years. Even though 20 year results are less good
than usual in reported series after PMC, we must take into
account the characteristics of this particular population, with
non-favourable anatomy and frequent non-favourable clinical
characteristics. Moreover, in this study the linear shape of the
different event free survival curves shows that deterioration of
the results of PMC is progressive over time. There is indeed no
drop of the curves and no cut-off point in terms of years of
follow-up beyond which results dramatically fall. We can thus
expect that a close follow-up would allow patients to be referred
for timely surgery when needed.

Even if most patients present with non-ideal anatomical con-
ditions, these results show that PMC should be considered for
mitral restenosis due to refusion of both commissures after pre-
vious commissurotomy in two different types of populations:

▸ the very high surgical risk patients, in which it is a valuable
palliative procedure

▸ good candidates for PMC, with favourable clinical condi-
tions as assessed by the identification of predictive factors
of good immediate and late results, that is, younger and
less symptomatic patients in sinus rhythm.

For patients with non-favourable clinical conditions, PMC
may be considered according to the individualised expected risk
of mitral surgery.

The only postprocedural variable predicting late functional
results was mitral gradient. The prognostic role of mitral gradi-
ent has been shown in other studies and in our overall

experience.22–25 Mitral gradient should therefore be taken into
account in the analysis of immediate results of PMC and for
planning follow-up.

Study limitations
A limitation of the present study is the absence of standardised
echocardiographic follow-up. We could, therefore, neither
analyse the anatomical mechanisms involved in secondary
deterioration after successful PMC nor establish the exact rate
of mitral restenosis.

We report no difference in terms of immediate or long-term
results according to the type of initial commissurotomy (closed-
or open-heart surgical commissurotomy or PMC). The limited
number of subjects of the three subgroups may, however, be
insufficient to provide sufficient statistical power.

CONCLUSIONS
This series shows that in selected patients with restenosis after
previous commissurotomy, successful PMC enables one out of
three patients to remain free from any other surgery at 20 years.
After good immediate results of PMC, one out of five patients
still exhibits good functional results at 20 years, even though
almost no patients presented with favourable anatomical charac-
teristics. These findings support the use of PMC after previous
commissurotomy in selected cases, particularly in patients with
few symptoms and in sinus rhythm.
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