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Abstract
Background  Percutaneous balloon mitral valvuloplasty (PBMV) is the ACC/AHA class I recommendation for treating 
symptomatic rheumatic mitral stenosis with suitable valve morphology, less than moderate MR and absence of left 
atrium clot. The mitral valve restenosis and significant mitral regurgitation (MR) are known adverse outcomes of 
PBMV. This study aimed to evaluate the outcomes of PBMV in patients with severe mitral stenosis and the effect of 
Commissural Calcification (CC) on the outcomes.

Methods  In this single-center retrospective cohort study, 876 patients who underwent PBMV were categorized into 
three groups based on their Wilkins score (Group I: score ≤ 8, Group II: score 9–10, and Group III: score 11–12). Patients 
were evaluated before, early after PBMV and at 6- and 24-month follow-ups. Main clinical outcomes were defined as 
significant restenosis and or symptomatic significant MR (moderate to severe and severe MR) or candidate for mitral 
valve replacement (MVR). The outcomes were compared between patients with and without CC.

Results  A total of 876 patients with mean age 46.4 ± 12.3 years (81.0% females) were categorized based on Wilkins 
score. 333 (38.0%) were in Group I, 501 (57.2%) were in Group II, and 42 (4.8%) were in Group III. CC was present in 
175 (20.0%) of the patients, among whom 95 (54.3%) had calcification of the anterolateral commissure, 64 (36.6%) 
had calcification of the posteromedial commissure, and in 16 (9.1%) patients both commissures were calcified. There 
was a significant difference in Wilkins score between patients with and without CC (P < 0.001). CC was associated with 
higher odds of significant symptomatic MR at early and mid-term follow up (OR: 1.69, 95%CI 1.19–2.41, P = 0.003; and 
OR: 3.90, 95%CI 2.61–5.83, P < 0.001, respectively), but not with restenosis (P = 0.128). Wilkins Groups II and III did not 
show higher odds of significant symptomatic MR compared to Group I at early (II: P = 0.784; III: P = 0.098) and mid-term 
follow up (II: P = 0.216; III: P = 0.227). Patients in Wilkins Group II had higher odds of restenosis compared to Group I (OR: 
2.96,95%CI: 1.35–6.27, P = 0.007).
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Introduction
While rheumatic mitral stenosis (MS) is not a significant 
burden of cardiovascular disease in developed coun-
tries, it has remained one of the most common cause of 
heart valve disease in developing countries [1]. Untreated 
mitral stenosis is associated with poor prognosis, and 
may lead to complications such as pulmonary hyperten-
sion, atrial fibrillation and heart failure [2].

Percutaneous balloon mitral valvuloplasty (PBMV) 
is the ACC/AHA class I recommendation for the treat-
ment of symptomatic rheumatic mitral stenosis with 
suitable valve morphology, less than moderate MR, and 
absence of left atrium clot [3]. A successful PBMV will 
result in an increase in mitral valve area (MVA) without 
significant MR [4–7]. However, complications associated 
with PBMV, including significant MR, minimal improve-
ment in clinical status or MVA, underscore the need 
for a nuanced preprocedural evaluation and correlation 
with the outcomes [4, 5]. MR is the one of the most fre-
quent complications of PBMV [6]. While the severity of 
MR after PBMV is often mild, more severe MR occurs 
in about 20% of the patients [7, 8]. Other complications 
of PBMV, such as embolic stroke, cardiac tamponade, 
and cardiac perforation, are rare. The role of echocar-
diographic characteristics of the mitral valve in predict-
ing the severity of MR after PMV is controversial [9–12]. 
However, structural characteristics of the mitral valve are 
the most important factors for predicting the outcomes 
after PMV. The Wilkins score system is widely used to 
assess the suitability of the mitral valve leaflets for PBMV 
based on their morphological features including leaflet 
mobility, subvalvular thickening, leaflet thickening, and 
leaflet calcification [13, 14]. This scoring system is widely 
used to identify the patients who will benefit from PBMV 
as lower Wilkins scores are associated with a better-than-
average prognosis after PBMV [8]. The main outcomes 
of PBMV include mitral valve regurgitation and mitral 
valve restenosis [9]. While the structure of the valvular 
commissures is not included in the Wilkins scoring sys-
tem [15, 16], current studies have shown its association 
with the occurrence and severity of post-procedural MR 
[17, 18] and restenosis [10]. In vivo and in vitro studies 
have confirmed that commissural splitting is the domi-
nant mechanism by which mitral valve area (MVA) is 
increased during balloon dilatation [11, 12]. This under-
scores the importance of a more thorough assessment of 

CC as a predictive factor for post-procedural complica-
tions. In this study, we aimed to evaluate MV CC impact 
on the short-term and mid-term outcomes after PBMV 
and to compare its predictive value with the conventional 
Wilkins score system. We hypothesized that the presence 
of CC would significantly predict the incidence of MR at 
short-term and mid-term follow-ups and might predict 
the occurrence of restenosis after PMV.

Methods
Study design and population
In this retrospective Cohort single-center study, 995 
symptomatic moderate to severe and severe mitral ste-
nosis (MVA ≤ 1.5 cm2) patients who underwent PBMV 
between 2009 and 2019 at Rajaie Cardiovascular, medi-
cal, and Research Center in Tehran, Iran, were enrolled. 
Exclusion criteria were MR (Moderate or severe), 
left atrial/ left atrial appendage thrombosis, Wilkins 
score > 12, concomitant coronary artery disease, and a 
history of previous valvular surgery. Patients who had 
major complications including tamponade, valve rupture, 
severe MR within the first 24 h after PBMV, and patients 
who were lost to follow-up (during the first 6 months 
after successful procedure) were excluded. All remaining 
patients were included in data analysis.

Clinical assessment and follow-up
All patients were evaluated using transthoracic echocar-
diography (TTE) at the echocardiography unit of Rajaie 
cardiovascular, medical, and research center before and 
24 h after PBMV to confirm the success of the procedure. 
All measurements were performed by expert cardiac 
sonographer and reviewed by a level III echocardiologist 
based on the recommendations of the American Society 
of Echocardiography guidelines [15]. MVA by planimetry 
and pressure half-time was measured in all patients.

All patients underwent PBMV using a self-position-
ing single balloon (Inoue balloon) and a step-wise dila-
tion strategy based on current guidelines [7]. The upper 
limit of the balloon diameter was decided according to 
the patient’s height. Successful PMV was defined as post-
PBMV > 1.5 cm2 or at least a 25% increase in the valve 
area with less than one grade increase in MR and without 
any major complications such as tamponade or cardiac 
perforation. MR severity was assessed by echocardiog-
raphy using integration of multiple echocardiographic 
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parameters and scored as absent or trivial, mild, mod-
erate, moderate to severe, and severe [13, 14]. An ultra-
sound evaluation of the mitral valve structural features 
and subvalvular apparatus was performed for each 
patient before the procedure, supervised and interpreted 
by a level III echocardiographer, Wilkins echocardio-
graphic scoring system was used to evaluate mitral valve 
structure. This system consists of 4 parameters: (a) leaf-
let thickening, (b) leaflet mobility, (c) leaflet calcifica-
tion, and (d) subvalvular thickness. Each component 
is assigned a score from 0 to 4, and summing the indi-
vidual scores results in a total mitral valve Wilkins score 
that ranges from 0 to 16. Patients were divided into three 
subgroups based on the Wilkins score. Group I consisted 
of patients with a Wilkins score ≤ 8, Group II included 
patients with a Wilkins score of 9–10, and Group III con-
sisted of patients with a Wilkins score of > 10. Also, we 
have grouped the patients into two subgroups based on 
the presence or absence of CC. CC was determined visu-
ally when there was a bright echo density (higher signal 
density compared to the adjacent structure) on mitral 
valve commissures by 2D TTE. The presence of shadow 
behind the calcification was a confirmatory sign of calci-
fication but not applicable for all subjects [11, 15].

Study outcomes
The presence of symptomatic significant MR (moderate 
to severe or severe) that patient was candidate for surgi-
cal Mitral valve replacement (MVR) and/or mitral valve 
restenosis (defined as a 50% reduction in MVA after 
successful PBMV) served as the study outcomes. Symp-
tomatic MR was defined as dyspnea New York Heart 

Association (NYHA) class II or greater [16]. Patients 
were followed with TTE and screened for MR severity at 
6 and 24 months and for restenosis at 24 months. Inci-
dence of MR and restenosis were compared based on 
the presence or absence of CC and based on the Wilkins 
score categories to identify the association between CC 
and Wilkins score with short-term and mid-term out-
comes after PMV.

Statistical analysis
Normally distributed continuous variables are described 
with mean ± SD and were compared with student T-Test, 
while non-normally distributed continuous variables are 
described with median [IQR] and were compared using 
the Mann-Whitney U test. Categorical variables are 
described as number (percent) and were compared suing 
the Chi-square or Fisher’s exact tests. The Wilcoxon 
test was used to compare echocardiologic parameters 
over time. Pearson test was used to find the correlations 
between the variables.

Univariable binary logistic regression analysis was used 
to explore the association between predictors (CC and 
Wilkins score categories) and study outcomes. Multi-
variable binary logistic regression models were fitted to 
assess the association between predictors and study out-
comes after adjusting for covariates. For the multivari-
able models, X2, degrees of freedom, and P-values were 
reported, and odds ratios, 95% confidence intervals and 
P-values were reported for each predictor. Nagelkerke’s 
R^2 was used to quantify the contribution of predictors 
to the outcome. The Hosmer and Lemeshow test was 
used to assess goodness of fit and Akaike information cri-
terion was applied to avoid overfitting.

Statistical analysis was performed using SPSS version 
28 and R version 4.3.2. A P-value less than 0.05 was con-
sidered significant.

Results
Baseline characteristics
The medical records of 1032 patients after PBMV were 
reviewed. Seventy-six patients were excluded due to 
acute major complications during the first 24  h after 
PBMV (32 patients developed tamponade, and 44 
patients underwent surgical mitral valve replacement due 
to valve rupture and severe MR). Of the remaining 956 
patients, 80 patients were excluded due to lack of follow-
up. Finally, 876 patients were included in our analysis 
(Fig. 1). The median age of the patients was 46.0 [28–64] 
years, and 81.1% of the patients (n = 710) were females. 
Among participants, 333 patients (38.0%) had a Wilkins 
score of 8 or less were included in group I, 501 patients 
(57.2%) had a Wilkins score of 9 or 10 and were assigned 
to group II, and 42 patients (4.8%) with a score greater 
than 10 were classified as group III. Median Wilkins score Fig. 1  Retrospective Cohort study flowchart
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was 9 [8.5–9.5] in the overall population. Additionally, 
175 (20%) patients had CC prior to PMV, from which 95 
(10.8%) were on the anterolateral commissure, 64 (7.3%) 
were on the posteromedial commissure, and the remain-
ing 16 had bicommissural calcification on mitral valve 
leaflets. Baseline characteristics and echocardiographic 
measurements of patients based on Wilkins score and CC 
are summarized in Table 1. There was a significant differ-
ence in Wilkins score between patients with and without 
CC (P < 0.001) (Fig. 2).

At baseline, there was no significant difference in 
MVA, MVAI, PAP, mean LA pressure and LVEF between 
patients with and without CC (all P > 0.05). However, 
there was a significant difference in MVA, MVAI, and 
PAP among Wilkins score groups, with patients in 
Wilkins group III having lower MVA and MVAI and 
higher PAP compared to the other groups (P < 0.001, 
P = 0.003, and P = 0.002, respectively).

In the short-term and mid-term echocardiographic 
evaluation following the PBMV, MVA increased signifi-
cantly compared with baseline measurements in total 
cohort (baseline: 0.9 [0.8-1.0]; short-term: 2.4 [2.2–2.6]; 
mid-term 2.1 [2.1–2.1]; both p < 0.0001).

Mitral regurgitation at short-term follow up
At the 6-month follow-up, 246 (28.1%) patients had 
symptomatic significant MR. The prevalence of symp-
tomatic significant MR was 65 (37.1%) in patients with 
CC and 181 (25.8%) in those without CC (P = 0.003) in 
short-term follow up (Fig.  3A). Among Wilkins score 
groups, 93(27.9%) patients in group I, 136 (27.1%) 
patients in group II, and 17(40.5%) patients in group III 
developed symptomatic significant MR in short-term fol-
low-up (P = 0.182) (Fig. 3B).

A univariable binary logistic regression revealed that 
patients with CC had significantly higher odds of experi-
encing short-term moderate and severe symptomatic MR 
that led to MVR (OR: 1.69, 95%CI 1.19–2.41, P = 0.003). 
This model explained 1.4% (Nagelkerke R2) of the vari-
ance in significant symptomatic MR incidence. In a mul-
tivariate logistic regression adjusted for age, sex, MVAI, 
PAP, and LVEF (X2 [6] = 49.11, P < 0.001), CC remained 
significantly associated with higher odds of short-term 
symptomatic significant MR (OR: 1.65, 95%CI: 1.15–2.37, 
P = 0.006). This model explained 7.4% (Nagelkerke R2) of 
the variance in MR at mid-term follow-up.

On the other hand, Wilkins groups II and III did not 
show significantly higher odds ratios for predicting 
short-term MR compared to group I (group II: OR: 0.96, 
95%CI: 0.70–1.31, P = 0.784; group III: OR: 1.75, 95%CI: 
0.90–3.39, P = 0.098).

Mitral regurgitation at mid-term
At two years follow up, hundred and twenty-six (14.4%) 
patients had significant symptomatic MR that led to 
MVR. (Fig.  3C). There was a significant difference in 
the prevalence of MR in mid-term evaluation between 
patients with and without CC (CC: 54 (30.9%); no CC: 72 
(10.3%), P < 0.001). Although there was an incremental 
increase in the prevalence of MR in mid-term follow up 
among Wilkins groups I through III, this difference was 
not statistically significant (group I: 41 (12.3%); group II: 
77 (15.4%); group III: 8 (19%), P = 0.317) (Fig. 3D).

In univariable binary logistic regression analysis, 
Wilkins groups II and III had higher odds of develop-
ing MR in mid-term, however these differences were not 

Table 1  Baseline Characteristics and Echocardiographic Parameters of the Study
Variable CC+ CC- P-value Wilkins group I Wilkins group II Wilkins group III P-value
Age 46.70 ± 12.01 46.36 ± 12.39 0.74 45.08 ± 12.17 47.03 ± 12.30 49.83 ± 12.45 0.15
Female (%) 143(81.7%) 567 (82.1%%) 0.91 283(84.9%) 400(79.8%) 27(64.2%) 0.07
MVA 0.9 [0.75–1.05] 0.9 [0.75–1.05] 0.286 0.90 [0.75–1.05] 0.90 [0.75–1.05] 0.83 [0.69–0.98] < 0.001
MVAI 0.41 [0.33–0.49] 0.41 [0.32–0.50] 0.079 0.42 [0.34-50] 0.41 [0.32–0.51] 0.34 [0.24–0.44] 0.003
sPAP 40 [32.5–47.5] 45 [35–55] 0.421 41 [33.5–48.5] 45 [36.5–53.5] 50 [37.5–62.5] 0.002
LVEF 55 [51–59] 55 [52.5–57.5] 0.050 55 [52.5–57.5] 55 [52.5–57.5] 50 [45–55] 0.309
Mean LAP 22 [16–28] 24 [18–30] 0.541 58.4 [52.9–63.9] 25 [19.5–30.5] 27.5 [22–33] 0.173
CC: Commissural Calcification; MVA: Mitral valve area; MVAI: Mitral valve area index; sPAP: Systolic pulmonary artery pressure; LVEF: Left ventricular ejection fraction; 
LAP: Left atrial pressure

Fig. 2  Wilkins score based on the presence or absence of CC. Box and 
whiskers represent the distribution of the Wilkins score in patients with 
and without CC. Dots represent the actual value of Wilkins score for each 
patient. CC: commissural calcification
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statistically significant (group II: OR:1.29, 95%CI: 0.86–
1.94, P = 0.216; and group III: OR: 1.68, 95%CI: 0.73–3.87, 
P = 0.227). In contrast, CC was significantly associated 
with higher odds of MR incidence at mid-term follow-up 
in univariate (OR: 3.90, 95%CI 2.61–5.83, P < 0.001), as 
well as multivariate model adjusted for age, sex, MVAI, 
PAP, and LVEF (X2 [6] = 49.11, OR: 3.78, 95%CI: 2.52–
5.68, P < 0.001). Univariate and multivariate models could 
predict 8.2% and 9.7% (Nagelkerke R2) of the variation in 
MR occurrence at mid-term follow-up, respectively.

Mitral valve restenosis at mid-term follow-up
Mitral valve restenosis occurred in 45 (5.1%) patients 
during the 24-month follow-up. There was no significant 
difference in the prevalence of restenosis among patients 
with and without CC (CC: 13 (7.4%), no CC: 32 (4.6%), 
P = 0.125) (Fig.  4A). However, a significant difference in 
restenosis was observed among Wilkins score categories 

(P = 0.016). Patients in Wilkins group III had the high-
est occurrence rate of restenosis, followed by group II, 
and patients in group I had the lowest rate of restenosis 
(group III: 3 (7.1%), group II: 34 (6.8%), and group I: 8 
(2.4%)) (Fig. 4B).

Binary logistic regression was used to examine the 
effects of Wilkins categories and CC on restenosis inci-
dence at follow-up. While patients with CC showed 
higher odds of experiencing restenosis, this difference 
was not statistically significant (OR: 1.68, 95%CI: 0.861–
3.27, P = 0.128).

The univariate model for Wilkins score was statistically 
significant (X2(df = 2) = 9.18; P < 0.001). In comparison to 
group I, the odds of experiencing restenosis in follow-up 
were significantly higher for group II (OR: 2.96,95%CI: 
1.35–6.27, P = 0.007). However, the odds for group III, 
while elevated, did not reach statistical significance 
(OR: 3.13, 95%CI: 0.80-12.27; P: 0.103). In multivariable 

Fig. 3  Figure 3 A-D Occurrence of short-term MR based on presence or absence of CC(3 A) and Wilkins Score (3B), and mid-term MR based on presence 
or absence of CC (3 C) and Wilkins Score (3D)
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logistic regression model adjusted for age, sex, MVAI, 
PAP, and LVEF (X2 [7] = 14.52, P = 0.043), Wilkins group 
II still had significantly higher odds for developing reste-
nosis (OR: 2.97, 95%CI: 1.35–6.55, P = 0.007). Patients 
in Wilkins group III had higher odds of having reste-
nosis compared to group I, however this difference was 
not statistically significant (OR:3.49, 95%CI: 0.85–14.26, 
P:0.082).

Discussion
Short-term and mid-term follow up for MR severity
The main findings of our study are: 1. The importance of 
commissural calcification in predicting significant MR 
after PBMV in short-term and mid-term follow-up. 2. No 
statistically significant correlation between Wilkins score 
and significant MR following PBMV. 3. Mitral valve reste-
nosis occurs more in patients with higher Wilkins score.

It has been shown that MR following PBMV is a com-
mon finding. However, significant MR following PBMV 
is a determinant of worse outcomes and need for mitral 
valve replacement. The precise mitral valve character-
istics that can predict the outcomes remain to be eluci-
dated [17–19].

Traditionally, the Wilkins score is used for pre-proce-
dural risk assessment of patients undergoing PBMV [20]. 
However, the role of the Wilkins score in predicting clini-
cal outcomes after PBMV is controversial. While sev-
eral studies have shown Wilkins score to be a significant 
albeit relatively weak predictor of complications after 
PBMV [21–23], other studies have rejected any associa-
tion between the mitral valve score and clinical outcomes 
and/or echocardiographic findings following PBMV [11, 
24]. In our study, there was an incremental increase in 
the prevalence of significant MR in mid-term follow up 
of patients with higher Wilkins score, but it was not sta-
tistically significant which highlights that Wilkins score 

is not a strong predictor for occurrence of the significant 
MR following PBMV.

Previous studies have indicated that the optimal 
Wilkins score for PBMV is ≤ 8 [22]. Our study showed 
that in patients with a Wilkins score 9–10, PBMV can be 
performed with acceptable results if there is no CC. Fur-
thermore, the semi-quantitative nature of the scoring sys-
tem and lacking commissural assessment limits Wilkins 
score comprehensive predictive capacity. Although the 
Wilkins score does not directly assess the commissures, 
our study showed significantly higher scores in patients 
with CC. The degenerative disease of the commissures 
probably parallels with leaflet and subvalvular disease, 
with heavy generalized leaflet calcification likely involv-
ing the commissures.

In our study, presence of CC (unicommissural or 
bicommissural) was associated with a significantly higher 
rate of significant MR regardless of the total Wilkins 
score. Previous studies have confirmed that the mecha-
nism underlying the increase in valve area during PMV 
involves the splitting of one or both fused mitral commis-
sures, highlighting the need for examination of the CC as 
a separate entity with significant impact on PBMV out-
comes [11, 12, 25].

In the study by Saturia et al., suggesting a new scoring 
system focused on the CC, they found that CC is associ-
ated with higher rates of MR after PBMV in patients with 
a Wilkins score of 8 or less [21]. Moreover, Fatkin et al. 
used TTE to demonstrate that commissural morphology 
resulted in a more accurate prediction of immediate out-
comes compared to the Wilkins score in patients under-
going PBMV [11].

Notably, Anwar et al. used 3-Dimensional TTE for 
evaluating the structure of mitral valve to predict the 
outcomes of PBMV and reported that CC is related to a 
more severe MR in mid-term follow up, aligning with our 

Fig. 4  4A and 4B Occurrence of mitral valve restenosis based on presence or absence of CC (4A) and Wikins score (4B)
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findings [26]. Although we used 2-D TTE, potentially less 
precise than 3-D TTE, our results align with the study 
by Cannan et al., which reported that CC assessed by 
2-dimensional echocardiography was a better predictor 
of significant MR compared to the Wilkins score. Their 
study also linked CC to higher rates of post-procedural 
complications, including moderate or severe MR, further 
supporting our observations [15].

While the Wilkins score remains a valuable screening 
tool for patients referred for PBMV, our results, in con-
junction with prior studies, show the potential of CC as 
a reliable predictor of significant MR after PBMV and a 
possible indication for MVR.

Mitral valve restenosis
Restenosis can develop after PBMV due to various fac-
tors such as disease progression, sub-optimal MVA after 
PBMV, and valve structure features like leaflets calcifica-
tion and subvalvular calcification. However, mitral valve 
restenosis is not a common early complication following 
PBMV [27]. In a study by Sriram et al., restenosis rates 
were as low as 10% at 4 years, 18% at 5 years and 39% at 
the end of 7 years [28]. Similarly, in another study con-
ducted by Wang et al., restenosis rate was 40% at the end 
of 6 years [29].

In our study, despite having a higher prevalence of 
restenosis, patients in Wilkins Group III did not have sig-
nificantly higher odds of restenosis compared to Group I. 
However, patients in Group II had higher odds of reste-
nosis than Group I. We speculate that the inconsistency 
in our results might be due to having fewer numbers of 
patients in Group III as well as short follow-up time after 
PBMV, resulting in low rates of restenosis at 24-months. 
Also, despite having higher rates of restenosis in patients 
with CC, CC was not a significant predictor of restenosis 
at 24-months. As we mentioned before this finding might 
be due to insufficient follow-up time after PBMV. Future 
studies with longer follow-up times are required to evalu-
ate the predictiveness of CC on the incidence of resteno-
sis after PBMV.

Conclusion
In our study, commissural calcification was associated 
with higher rates of significant MR at short-term and 
mid-term follow-up after PBMV, while Wilkins score was 
not a strong predictive of MR. A detailed assessment of 
commissural calcification can provide beneficial prog-
nostic information in patients undergoing PBMV in addi-
tion to the current valve scoring such as Wilkins score. It 
is reasonable to consider MVR when there is unfavorable 
MV morphology [19].

Limitations
This study has a few limitations. First, this is a single-
center retrospective study. However, the large number of 
cases with uniform approach in the center can compen-
sate for some of the drawbacks. Second, the follow-up 
periods were relatively short, especially for the assess-
ment of restenosis. Third, the CC was visually assessed 
however, this study was done by expert echocardiogra-
phers in a large referral center.
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