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Abstract
Objectives. To enlighten preprocedural risk factors of mitral valve restenosis in a large, single-center cohort of patients
submitted to percutaneous mitral balloon commissurotomy (PMBC) for the treatment of mitral stenosis (MS) secondary
to rheumatic heart disease. Methods. This is a database analysis of a single-center, high-volume tertiary institution
involving all consecutive PMBC procedures performed in the mitral valve (MV). Restenosis was diagnosed when MV
area was <1.5 cm  and/or loss of 50% or more of the immediate procedural result aligned with the return/worsened
symptoms of heart failure. The primary endpoint was to determine the preprocedural independent predictors of
restenosis after PMBC. Results. Among a total of 1921 PMBC procedures, 1794 consecutive patients without previous
intervention were treated between 1987 and 2010. Throughout 24 years of follow-up, MV restenosis was observed in
483 cases (26%). Mean age was 36 years and most (87%) were female. Median follow-up duration was 9.03 years
(interquartile range, 0.33-23.38). Restenosis population, however, presented a significantly lower age at the procedure
time as well as a higher Wilkins-Block score. At multivariate analysis, independent preprocedure predictors of
restenosis were left atrium diameter (hazard risk [HR], 1.03; 95% confidence interval [CI], 1.02-1.05; P<.04),
preprocedure maximum gradient (HR, 1.02; 95% CI, 1.00-1.03; P=.04), and higher Wilkins-Block score (>8) (HR,
1.38; 95% CI, 1.14-1.67; P<.01). Conclusions. At long-term follow-up, MV restenosis was observed in a quarter of
the population undergoing PMBC. Preprocedure echocardiographic findings, including left atrial diameter, maximum MV
gradient, and Wilkins-Block score were found to be the only independent predictors.

J INVASIVE CARDIOL 2023;35(3):E113-E121.

Key words: mitral valve stenosis, percutaneous mitral balloon comissurotomy, rheumatic heart disease, restenosis

Development of restenosis after successful percutaneous mitral balloon valvuloplasty (PMBC) is a challenging issue and
can occur within the first year after the procedure and thereafter in a growing percentage.  Its incidence varies
widely in the literature (from 4% to 39%) according to the differences in populations and follow-up duration.

Another relevant issue to define the real incidence of mitral restenosis refers to its definition. Since patients with mitral
valve area (MVA) >1.5 cm  are generally considered to have mild stenosis and tend to be relatively asymptomatic, this
value has been arbitrarily adopted as the threshold to define procedural  success, as well as future recurrence of the
stenosis.

The potential clinical impact of time-dependent MVA reduction during long-term follow-up is not contemplated in this
definition, and data on its occurrence are not available in current published registries. Furthermore, little is known on
the preprocedural echocardiographic findings and on PMBC acute results in predicting the long-term occurrence of
restenosis.
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We sought to determine the independent preprocedure predictors of restenosis following successful PMBC on patients
with mitral stenosis (MS) who have not been previously submitted to any invasive (percutaneous or surgical) valve
procedure.

Methods
Study population. A prospective database was created to assemble information from all 1921 consecutive PMBC
procedures performed at a single-center, high-volume tertiary institution through patients with severe rheumatic MS
submitted to PMBC between 1987 and 2010. For the purpose of the present study, 116 procedures were excluded from
the analysis due to a prior surgical mitral valve intervention and another 11 patients were excluded due to missing data
crucial to the implementation of the analysis.

All procedures were executed by the same team of interventional cardiologists and were guided by transesophageal
echocardiography. Patient clinical status was determined according to the New York Heart Association (NYHA)
classification.

Indications for PMBC were in compliance with national and international guidelines of cardiac valve diseases at the time
of the procedure, as follows: (1) symptomatic patients with moderate or severe MS with favorable valve morphology,
based on echocardiographic evaluation, including Wilkins score ≤8; (2) asymptomatic patients with moderate to
severe MS and pulmonary hypertension (systolic pulmonary artery pressure >50 mm Hg at rest) with favorable valve
morphology; and (3) symptomatic patients with moderate or severe MS, with unfavorable valve morphology, but not
eligible for surgery. Contraindications to PMBC were detailed previously and correspond to guidelines, including patients
with moderate or greater MR or left atrial appendage thrombus.

The study protocol and related materials were approved by the institutional review board and ethical committee of our
center and followed the principles of the 1975 Declaration of Helsinki. Patients were enrolled after signing the informed
consent.

Percutaneous mitral balloon commissurotomy and imaging study. PMBC was performed by an antegrade
transseptal approach using the Inoue technique,  multitrack,  double-balloon,  or metallic commissurotomy.
Balloon size was chosen according to the mitral annulus size or to obtain an effective balloon dilation area/body surface
area of approximately 4 cm /m ,  and 1-step dilation was performed. Maximum balloon size was determined by the
following formula: (patient height [cm]/10) + 10.  The decision to perform additional inflations was left at the
operator’s discretion and based on immediate hemodynamic and echocardiographic findings.

Doppler echocardiographic evaluation was performed before and during the procedure and 24 hours after PMBC, and
included the assessment of MVA using 2-dimensional echocardiography or, when the planimetry was not viable, the
pressure half-time method. Estimation of mitral regurgitation (MR) was performed by the semiquantitative color
Doppler method  and classified as absent (0), mild (1+), moderate (2+), moderately severe (3+), or severe (4+).

In addition, MV morphological assessment was performed based on the semiquantitative valve analysis, including the
degree of leaflet mobility (ranging from 1-4), valve calcification, as well as valvar and subvalvar apparatus thickening.
The sum of these characteristics  resulted in the echocardiographic score proposed by Wilkins and Block et al.
Patients were categorized according to the score obtained into score ≤8 or score >8 groups.

The success of the procedure was defined as the achievement of postprocedure MVA ≥1.5 cm  or a gain of at least
50% of the preprocedure MVA, without angiographic MR <3+ (by the Sellers classification), and in the absence of in-
hospital major adverse cardiac and cerebrovascular events, including any death, stroke, mitral valve surgery, and
cardiac tamponade.

Follow-up and restenosis. Clinical and echocardiographic evaluations were performed immediately after the
procedure and annually after PMBC for up to 24 years. Clinical evaluation was performed by direct interview (history
and physical examination) of the patient at outpatient visits. Adverse events were monitored throughout the study
period. If a patient was lost to follow-up, family, physician, or personal cardiologist was contacted.

Restenosis was defined as the worsening of symptoms of heart failure combined with echocardiographic findings
supporting such clinical findings, or when a follow-up echocardiography was performed and revealed the degeneration
of MS, defined as MVA (obtained through either planimetry or half pressure time) <1.5 cm  and/or loss of 50% or
more of the postprocedural immediate result, in an otherwise asymptomatic patient.

Statistical analysis. Continuous variables were reported as mean ± standard deviation and were compared using
Student’s t test or the Wilcoxon test, as appropriate. Categorical variables were reported as percentages and compared
using Chi-square or Fisher’s exact test.

Significant variables in the univariate analysis and/or clinically relevant variables were included in the logistic regression
analyzes for predictors of immediate success after PMBC. Stepwise-backward method was used to access the reduced
model.
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Long-term restenosis-free survival was calculated using the Kaplan-Meier method. Univariate analysis was used to test
the relationship between clinical and treatment variables and the occurrence of restenosis in the follow-up, by Cox
regression for the quantitative variables and by the log-rank test for the qualitative variables. At the multivariate
analysis, multiple stepwise Cox regression methodology was applied to the covariables found significant at the
univariate analysis.

The population was divided according to the occurrence of MV restenosis and a total of 16 variables were analyzed, 4
clinical (age, gender, NYHA classification, and baseline electrocardiographic rhythm) and 12 echocardiographic
parameters: pressure half-time valve area (PHVA), planimetry valve area (PLVA), maximum mitral gradient (MaxMG),
medium mitral gradient (MedMG), left ventricular ejection fraction (LVEF), left atrium diameter, Wilkins score, mitral
leaflet mobility, MV thickness, subvalvular thickening, MV calcification, and MR).

For all analyses, P-value was considered significant when <.05. The data were analyzed using the statistical software
package IBM SPSS (Statistical Package for the Social Sciences), version 20.0, and R Core Team 2017 (The R
Foundation for Statistical Computing) programs.

Results
Between 1987 and 2011, a total of 1921 consecutive PMBC procedures were performed in our center. Among the total
population, 1805 procedures (93.9%) were performed on MV without previous interventions. For the final analysis, 11
procedures were excluded due to insufficient data. Restenosis was observed in 483 patients (26%).

Baseline clinical, electrocardiographic and echocardiographic variables are shown in Table 1 and Table 2, respectively.
Mean population age was 36.5 ± 12.8 years and most (86.1%) were female. Interestingly, pulmonary artery
hypertension was the single clinical variable to differ between groups (34.8% vs 21.7%; P<.01), being significantly
more present in restenosis group. Regarding echocardiography variables, only Wilkins score variables differ significantly
(8.76 ± 1.27 [IQR, 6-14] vs 8.62 ± 1.17 [IQR, 6-14]; P=.05). MV thickness and express calcification were both
significantly more observed in the restenosis population. Although not as statistically significant, the subvalvular
apparatus was more compromised in the group without restenosis.

Table 1. Baseline clinical and electrocardiographic variables.
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Table 2. Baseline echocardiographic variables.

Figure 1 shows Kaplan-Meier overall cumulative incidence of restenosis after PMBC due to rheumatic mitral stenosis.
The median follow-up time for the study population was 9.03 years, ranging from 0.33 up to 23.38 years.
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Figure 1. Kaplan-Meier cumulative incidence of restenosis after percutaneous mitral balloon commissurotomy due to rheumatic mitral stenosis.

Figure 2 shows grading of MV characteristics (Wilkins score) distribution among patients submitted to PMBC with and
without restenosis throughout 24 years of follow-up.

Figure 2. Grading of mitral valve characteristics (Wilkins score) distribution among patients submitted to percutaneous mitral balloon commissurotomy with and
without restenosis throughout 24 years.
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The different echocardiographic parameters evaluated in the Wilkins score play different roles in the occurrence of
restenosis, with the most impactful being the leaflet mobility (Figure 3A) (log-rank P<.01), valvular calcification
(Figure 3C) (log-rank P<.01), and valve thickness (Figure 3D) (log-rank P=.02). In the present analysis, subvalvular
thickening was less relevant (Figure 3B) (log-rank P=.51). Of note, unfavorable Wilkins score (>8) was associated
with a higher  occurrence of restenosis, as showed in Kaplan-Meier restenosis-free survival curves after PMBC (Figure
4).

Figure 3. Restenosis-free survival after percutaneous mitral balloon commissurotomy according to Wilkins score variables and grades. (A) Leaflet mobility. (B)
Subvalvular thickening. (C) Valvular calcification. (D) Valve thickness.
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Figure 4. Kaplan-Meier restenosis-free survival after percutaneous mitral balloon commissurotomy according to Wilkins score (≤8 or >8).

Table 3 displays the results of the univariate analysis. Lack of atrial fibrillation at the time of PMBC was the single
clinical variable that correlated to restenosis-free survival in the univariate model, regardless of how the analysis was
made (grouped [P=.36] or ungrouped [P<.01]; hazard risk [HR], 1.16; 95% confidence interval [CI], 0.84-1.59)
(Table 3). Figure 5 illustrates the Kaplan-Meier curves for the comparison between patients with and without atrial
fibrillation. Conversely, echocardiographic measurements, such as maximum and medium MV gradients, pressure-half
time MVA, and left atrium diameter were all correlated to the development of restenosis. Regarding Wilkins score
variables, leaflet mobility (P<.001), valve thickness (P=.047), and calcification (P<.001) were found to be significantly
related to the development of restenosis. Interestingly, subvalvular apparatus thickening did not show the same
correlation (P=.93). When these variables were combined in the Wilkins score and grouped as favorable (≤8) or
unfavorable (>8), the latest one was strongly correlated to poor clinical outcomes.

Table 3. Predictors of shorter restenosis-free survival at univariate analysis after percutaneous mitral balloon commissurotomy.
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Figure 5. Kaplan-Meier restenosis-free survival according to baseline cardiac rhythm before percutaneous mitral balloon commissurotomy. A-fib = atrial fibrillation;
non-A-fib = no atrial fibrillation.

Table 4 displays the multivariate analysis. Only echocardiographic variables were associated with the occurrence of
restenosis, ie, left atrium diameter (HR, 1.03; 95% CI, 1.02-1.05; P<.04), preprocedure maximum gradient (HR,
1.02; 95% CI, 1.00-1.03; P=.04), and higher Wilkins score (>8) (HR, 1.38; 95% CI, 1.14-1.67; P<.01).

Table 4. Multivariate analysis for predictors of shorter restenosis-free survival after percutaneous mitral balloon commissurotomy.

At a median of 9.03 years (IQR, 0.33-23.38) of clinical follow-up, mortality was similar between both groups (1% for
patients without restenosis vs 0.94% for those with restenosis; P=.89). However, patients with restenosis required
significantly more percutaneous redilation (31.2% vs 0.11%; P<.01) and/or surgical MV replacement (19.66% vs
8.43%; P<.01).

Discussion
Using data from our local registry, we have identified that development of restenosis after successful PMBC was time
dependent, and that preprocedure echocardiographic findings of left atrial diameter, maximum MV gradient, and higher
Wilkins-Block score were found to be independent predictors of this deleterious event throughout time (up to 24
years).

In the 40 years since its first performance, PMBC has revolutionized the evolution of MS patients in developing
countries and remains an important option for suitable patients in industrialized nations. Mitral valve restenosis is
expected at some point during follow-up due to the persistence of underlying rheumatic pathology. However, the timing
of its appearance and incidence rates have been shown to be multifactorial; most studies correlate restenosis with age
and anatomy, and time to restenosis correlates with the initial improvement in MVA.

In a study from Saudi Arabia, patients with a mean age of 31 years had freedom from restenosis in 85%, 70%, and
44% at 5, 10, and 15 years, respectively.  Baseline echocardiographic score, which represents MV morphology, has
been found to be the most important preprocedural factor determining procedural success, as well as being an
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independent factor determining event-free survival.  These findings have been very useful in selecting
appropriate candidates for PMBC, with a standard guideline of echocardiographic score ≤8. However, a number of
alternative scoring systems have been proposed because of multiple limitations of this score.

The analysis of a homogeneous mechanism of MV deterioration, ie, mitral restenosis, is more appropriate to ensure a
reliable identification of predictive factors of good late functional results.  Late outcome is highly dependent on the
immediate results of PMBC and poor immediate results are related to insufficient valve opening or severe traumatic
MR, leading to early surgery or death in most patients.  Conversely, after good immediate results, late functional
deterioration is progressive and occurs at a constant rate over time, as shown by the linear decrease of the curve in
the present series. Restenosis has been shown to be the main cause of late deterioration after successful PMBC, and
therefore, must be monitored.

Controversial reports are available for the relationship between restenosis and long-term clinical outcomes.  The
absence of regular echocardiographic follow-up data and relatively short follow-up duration of the previous reports
might have contributed as serious confounding factors. Considering the gradual deterioration of functional class and a
continued risk of MV surgery after PMBC  with relatively sharp deterioration of functional status 5 years after
successful PMBC,  longer clinical observation was required to accurately assess the procedural success of PMBC.

Regarding the echocardiography variables in the present study, only Wilkins score variables differed significantly (8.76
± 1.27 [IQR, 6-14] vs 8.62 ± 1.17 [IQR, 6-14]; P=.05) between groups. Specifically, the variables of leaflet mobility
(P<.001), valve thickness (P=.047), and calcification (P<.001) were found to be significantly related to the
development of restenosis. This has not been demonstrated previously, and only leaflet calcification and subvalvular
thickening were independently predictive of outcomes; leaflet mobility and leaflet thickening, the other 2 elements of
the scoring system, were not.

In another study, baseline echocardiographic score was not an independent predictor of procedural success and
development of restenosis or clinical events, probably due to selection bias. In contrast to our study, the mean
echocardiographic score was 7.3 ± 1.3 and the proportion of patients with echocardiographic score >8 was
significantly lower (around 30%), while the population was older. Thus, the prognostic power of echocardiographic
score might be underestimated.

After a good immediate result with PMBC, 1 out of 3 patients remains free from surgery, and 1 out of 5 have a good
functional result at 20 years. Percutaneous mitral balloon commissurotomy can also be used to treat restenosis, but
only a few series have reported mid-term results, with the longest follow-up reported to 10 years. A series of 163
consecutive patients with previous commissurotomy (surgical commissurotomy in the majority) reported overall
survival of 68% at 20 years after PMBC and a large majority of patients had a reintervention on the MV, since only 16%
of patients were free from any reintervention.

Patients with restenosis after PMBC or closed surgical separation can be treated by repeat PMBC, which has similar
curative effect with primary PMBC and better improvement of symptoms with long-term follow-up.

The presence of AF is definitely associated with worse outcomes in patients with rheumatic MS and with suboptimal
results after PMBC, as demonstrated previously  and in the present study, and could represent ongoing inflammation.
Atrial fibrillation may be the equivalent of symptom onset, signifying that rheumatic MS is resulting in progressive left
atrial damage and also may contribute to persistent atrial fibrillation and restenosis after PMBC. Commissurotomy does
not appear to prevent the occurrence of atrial fibrillation, but should be considered the first-line therapy in MS when
atrial fibrillation is associated with severe symptomatic MS, or even asymptomatic patient with a favorable valve
morphology for several reasons.

In this study, we reported patients with restenosis after PMBC, which has shown to be effective and to provide
satisfactory immediate results irrespective of the type of past commissurotomy procedures done. Restenosis with
persistent commissural opening is due to valve rigidity and PMBC should not be attempted in these cases.

Follow-up of patients after successful PMBC is similar to that of asymptomatic patients and should be more frequent if
asymptomatic restenosis occurs.  Restenosis is the first indication to consider reintervention. When symptomatic
restenosis occurs after surgical commissurotomy or PMBC, reintervention in most cases requires valve replacement,
but PMBC can be proposed in selected candidates with favorable characteristics if the predominant mechanism is
commissural refusion.  The success of reintervention largely correlates with elements of the echocardiographic scores,
and in particular, with whether or not the commissures have re-fused and look amenable to splitting. Unknown issues
include the lack of consideration of the types and extent of commissural fusion, as well as MV calcification, which could
directly influence restenosis.

Study limitations. Despite being one of the largest and longest available databases on this subject, this is a
retrospective analysis that carries some limitations inherent to this kind of study. In addition, this is a single-center
report from a tertiary institution with interventional cardiologists with extensive experience with the procedure; thus,
the results obtained may not reflect the practices in other populations worldwide.
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Conclusion
Over a very long-term follow-up period, MV restenosis was observed in a quarter of the population submitted to PMBC
due to rheumatic mitral stenosis. Preprocedure echocardiographic findings, including left atrial diameter, maximum MV
gradient, and higher Wilkins-Block score, were found to be independent predictors of this deleterious event throughout
time.
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