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Abstract

Mitral stenosis (MS) is the main clinical expression of
chronic rheumatic heart disease. In symptomatic patients with
severe MS and favorable anatomy, percutaneous mitral balloon
valvuloplasty (PMBV) is the first-line therapeutic strategy.
For the proper selection of candidates, the Wilkins-Block
echocardiographic score was developed to characterize mitral
valve morphology and predict eligibility for the procedure. This
score includes four structural domains: leaflet mobility, valve
thickening, degree of calcification, and subvalvular apparatus
involvement, grading each parameter from 1 to 4 points,
resulting in an overall range of 4 to 16 points, in increasing
order of anatomical severity. The Wilkins score has become
a widely validated tool, showing a consistent correlation with
the immediate and long-term outcomes of PMBV.

Among the limitations of the score, the absence of
commissural anatomy assessment stands out, a variable
recognized as a relevant prognostic determinant due to its
strong association with the occurrence of post-procedure mitral
regurgitation, considered the most frequent and clinically
significant complication of PMBV. With the accumulation of
clinical and technical experience, the indications for PMBV
have been progressively extended to include patients with less
favorable anatomical profiles. In these contexts, selection must
be particularly rigorous, incorporating not only morphological
criteria derived from echocardiographic evaluation, but also
clinical aspects, in order to ensure satisfactory results and
minimize the risk of complications.

Introduction

Rheumatic fever is a disease resulting from pharyngotonsillitis
caused by the bacterium Streptococcus pyogenes in
susceptible individuals'. Chronic rheumatic heart disease
(CRHD) is the most important consequence of rheumatic fever
and constitutes a significant public health problem, especially
in low- and middle-income countries, where it continues to
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be associated with high morbidity and mortality."? The mitral
valve (MV) is the most frequently affected in CRHD, with mitral
stenosis (MS) being its main chronic manifestation.

Pathophysiology of mitral stenosis

Rheumatic mitral stenosis (RMS) results from thickening and
calcification of the cusps, shortening of the chordae tendineae,
and commissural fusion, progressively reducing the valve area.
The consequent atrioventricular diastolic gradient leads to
pulmonary venocapillary congestion, pulmonary hypertension,
and right ventricular dysfunction.? Left atrial pressure overload
promotes structural remodeling, predisposing to arrhythmias,
especially atrial fibrillation (AF), which precipitates symptoms
and increases the risk of thromboembolic events. It is estimated
that 80% of strokes in patients with rheumatic stenosis occur
in the MS-AF association, with a substantial impact on quality
of life.>*

Echocardiography in the evaluation of the mitral valve

The MV is a complex anatomical structure that includes the
fibromuscular ring, two cusps (anterior and posterior), chordae
tendineae, and papillary muscles, and has a close structural
relationship with the underlying ventricular myocardium.® The
anterior cusp is longer and semicircular, while the posterior
cusp is shorter and segmented; the posterior cusp is subdivided
into three segments (P1-lateral, P2-central, P3-medial),
corresponding to A1, A2, and A3 of the anterior cusp.’

Echocardiographic evaluation of the mitral valve requires a
multimodal approach, in which two-dimensional transthoracic
echocardiography (2D TTE) represents the initial and
fundamental method for morphological and functional analysis
of the valve. This modality enables an accurate analysis of
the thickness and mobility of the cusps, the presence and
extent of calcifications, and the integrity and impairment of
the subvalvular apparatus.® Doppler ultrasound allows for
the quantification of the severity of mitral valve lesions by
measuring transvalvular gradients, effective orifice areas in
cases of stenosis, and regurgitation parameters, such as volume
and regurgitant fraction. Color Doppler analysis complements
this assessment, allowing for the visualization of the regurgitant
jet, estimation of the vena contracta, and application of the
Proximal Isovelocity Surface Area (PISA) technique for a
more accurate quantification of mitral regurgitation.® The
Transesophageal echocardiography (TEE) is recommended
when greater anatomical detail is needed, particularly in
the characterization of mitral regurgitation mechanisms,
the evaluation of infective endocarditis, and the planning of
percutaneous or surgical therapies.” Three-dimensional (3D)
echocardiography, especially via TEE, improves the spatial
analysis of the valve, enabling multiplanar reconstructions with
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Central lllustration: My Approach to Wilkins-Block score in rheumatic mitral stenosis
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« Preferably assess the anterior
leaflet

» Measure maximum diastolic
excursion

« Reflect thickening, calcification,
and subvalvular apparatus

* Represent the main marker of
procedural success

Subvalvuvar

« Perform semi-quantitative evaluation

« Use parasternal and apical cuts

* Observe during diastole (relaxed
chordae tendineae) and systole
(tensioned chordae tendineae)

* Be aware of the tendency to
underestimate the involvement

Evaluate the extension and localization of each abnormality

Consider valvular deformity and localization of calcification, especially in the commissure
Identify the presence or absence of commissural fusion

Integrate all parameters to determine the eligibility of the procedure

Thickening

» * Assess along the long parasternal
axis

« Measure perpendicular to the
anterior leaflet

« Pay attention to overlapping with
calcification

 Consider that a harmonic image
may overestimate the thickening

» Calcification

« Distinguish hyperechogenicity from
fibrosis

« Identify acoustic shadowing, a
specific finding of calcification

* Assess extent and location in the
leaflets and commissures

 Observe reduced valve mobility
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Practical recommendations for echocardiographic evaluation of rheumatic mitral stenosis (RMS) in the selection of candidates for

percutaneous mitral balloon valvuloplasty (PMBV).

direct anatomical correlation, a more precise measurement
of the valve area, a dynamic evaluation of the annulus, and
the segmental characterization of the cusps.®

Percutaneous mitral balloon valvuloplasty

The PMBV. introduced in 1984 by Inoue et al., is the
treatment of choice for severe mitral stenosis with favorable
anatomy.” Itis an invasive procedure, with efficacy comparable
to surgical commissurotomy.® Balloon inflation promotes mitral
valve opening, primarily through commissural separation of
fibrotic adhesions.” When inflated inside the valve orifice,
the balloon generates radial forces that concentrate in the
commissural regions, promoting tension redistribution and
favoring symmetrical orifice opening.’

Prior echocardiographic evaluation is mandatory to
determine if the MV anatomy is adequate for commissural
opening and if it will allow for an increased valve area without
inducing significant mitral regurgitation. Several scores have
been developed for this purpose.’ Obtaining good results
depends particularly on the appropriate selection of patients.
Several outcome predictors have been described, including
age, functional class, previous commissurotomy, valve area,
valve anatomy, and balloon size. Among these, mitral valve
morphology is the single most determinant factor, reinforcing
the need for the systematic use of echocardiographic
scores. Unfavorable results are frequently related to adverse
morphological changes, especially cusp calcification and

subvalvular involvement.” To estimate the probability of
successful dilation, the Wilkins-Block score was developed,
based on the 2D assessment of valve morphology.

Wilkins-Block Score

Wilkins et al., in 1988,'* proposed an echocardiographic
score for the structural evaluation of RMS, which demonstrated
a significant correlation with valve opening capacity after
percutaneous valvuloplasty. In the original score, success
was defined dichotomously by obtaining a mitral valve area
> 1.0 cm?, without considering the development of mitral
regurgitation. This score is obtained through a systematic
and relatively simple analysis of valve morphology as viewed
through a TTE, using the conventional cuts employed in the
evaluation of the mitral valve. In certain situations, modified
cuts may be necessary for better anatomical characterization,
especially of the subvalvular apparatus (Central Figure).

The evaluation of each parameter is performed subjectively
through a semi-quantitative score that covers leaflet mobility,
valve thickening, degree of calcification, and involvement of
the subvalvular apparatus. Each item receives a score from
1 to 4 points, resulting in a total score ranging from 4 to 16
points, in ascending order of structural severity. In general,
patients with a score < 8 have favorable anatomy and are
the best candidates for PMBV, with high rates of immediate
success and maintenance of long-term results.'® Patients with
intermediate scores, between 9 and 11, may still be considered
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for the procedure, especially when a detailed evaluation of
the commissures suggests a favorable morphology. Scores =
12 reflect extensively affected and calcified valves, in which
the probability of significant hemodynamic gain is reduced
and the chance of complications increases, making surgical
valve replacement more appropriate.

Leaflet mobility is graded according to the degree of
restriction of the anterior leaflet during the diastole (Figure
1A). Increased restriction corresponds to progressively higher
scores. Thus, when the limitation is restricted to the ends
of the leaflets, 1 point is assigned. In cases where mobility
is preserved in the medial and basal regions, the value is 2
points. Restriction of mobility limited only to the basal region
corresponds to 3 points. Finally, complete immobility of the
leaflets is scored with 4 points. Table 1 presents a practical
checklist for the systematic application of the Wilkins score.

Subvalvular involvement refers to the involvement of the
chordae tendineae and papillary muscles (Figure 1B). One
point is assigned when the thickening is minimal and restricted
to the region immediately below the leaflets. Thickening that
extends beyond this level, but that is limited to the proximal
third of the chordae tendineae, corresponds to 2 points.
When there is involvement that reaches the distal third of
the chordae tendineae, 3 points are assigned. Finally, diffuse
thickening associated with the shortening of all chordae
tendineae, extending to the level of the papillary muscles,
receives 4 points.

The thickness of the leaflets is measured in the parasternal
section at maximum diastole (Figure 1C). Leaflets with
thickness close to normal (=4-5 mm) receive 1 point.
Thickening restricted to the extremities, preserving the middle
region, with measurements between 5-8 mm, corresponds
to 2 points. Diffuse thickening involving all portions of the
leaflet, still within the range of 5-8 mm, receives 3 points.
When there is significant thickening of the entire leaflet, with
measurements greater than 8—10 mm, 4 points are assigned.

Valvular calcification is determined by the presence and
extent of hyperechogenic areas (Figure 1D). The isolated
presence of a small area receives 1 point. Minimal areas
confined to the extremities correspond to 2 points. When
calcification extends to the middle region of the leaflets, 3
points are assigned. Diffuse calcification, extending beyond
the limits of the leaflets, is scored with 4 points.

Although each component of the score is evaluated
individually, the parameter that best reflects the overall
morphology of the valve is the sum of the scores assigned to
each item, translating the degree of structural involvement.
Leaflet mobility, in turn, constitutes an integrating parameter,
as it reflects the combined impact of thickening, calcification,
and subvalvular involvement, all contributing to the restriction
of valve movement. Figure 2 illustrates a case of mitral stenosis
with thin leaflets, restriction limited to the extremities, absence
of calcification, and no evidence of subvalvular involvement.
By contrast, Figure 3 demonstrates calcification affecting the
medial and distal portions of the leaflets, with a preservation
of the basal region and no involvement of the commissures,
which would not contraindicate the percutaneous procedure.
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Experience accumulated over the years

Since its introduction, the Wilkins score continues to be
the most widely used tool for selecting suitable candidates
for PMBV, due to its simplicity and practicality." The main
valvular heart disease guidelines of the AHA/ACC and ESC’"'®
use the Wilkins score as an eligibility criterion for patients with
rheumatic MS for the percutaneous procedure.

In addition to its usefulness in morphological
characterization, the Wilkins score is an important predictor
of long-term outcomes after PMBV.'® However, this score does
not include the assessment of commissural anatomy, currently
recognized as a relevant prognostic determinant due to its
association with the development of post-procedure mitral
regurgitation (MR)."” Figure 4 illustrates the wide spectrum of
commissural involvement patterns in RMS. In patients with
marked commissural asymmetry, balloon inflation tends to
exert disproportionate force on the contralateral commissure,
predisposing to the onset of MR. Similarly, when there is
significant commissural calcification, the balloon’s inability to
adequately separate the commissures results in excessive force
transmission to the valve tissue, favoring rupture or laceration
of the leaflets.'®1”

With the advancement of experience, the indications
for PMBV have been progressively expanded to include
less favorable conditions, demonstrating that it is a safe and
effective procedure in certain patients with an intermediate
Wilkins score.’® The selection of these cases, however,
must be judicious and individualized, considering not
only echocardiographic parameters, but also clinical and
hemodynamic aspects, such as age, history of previous
commissurotomy, NYHA functional class, presence of atrial
fibrillation and pulmonary hypertension.' Among the
echocardiographic criteria, intense calcification of the leaflets,
severe or asymmetric commissural calcification or fusion, and
the presence of extensive subvalvular disease stand out as
major risk factors for complications.?

Limitations of the Wilkins-Block score

Despite its widespread use in clinical practice, the
Wilkins score has important limitations. The analysis of the
components is semi-quantitative and subject to interobserver
variability, in addition to assigning identical weight to variables
that have different predictive capacities for the post-PMBV
outcome. The score also does not assess commissural anatomy,
a fundamental aspect in predicting post-PMBV MR, and
frequently underestimates subvalvular involvement. Added
to this are the difficulty in distinguishing nodular fibrosis from
calcification, the disregard for the heterogeneous distribution
of lesions, and the lack of integration of information provided
by transesophageal or 3D echocardiography.’®'"'”

In view of these limitations, new models, such as the Nunes
score,'” have been proposed. Unlike the Wilkins score, the
Nunes score assigns different weights to variables, incorporates
commissural parameters, and allows one to predict the risk of
post-procedure MR, in addition to identifying good candidates
for PMBV even among patients with borderline Wilkins scores
(9 to 11 points), traditionally considered to be at a higher
risk.”” Table 2 presents the main studies that described new
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Figure 1 - Schematic representation of the Wilkins score. A: Leaflet mobility (red marking indicates progression of reduced mobility).
B: Subvalvular involvement (red marking indicates progression of thickening and shortening of the chordae tendineae). C: Anterior
leaflet thickening (the detailed image shows the values that determine each score). D: Valvular calcification (white dots progress in

quantity and extent across the leaflets).
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Table 1 — Wilkins Score - Practical Checklist

Score
Parameters
1 2 B3] 4
Mobilit jotzztg;iﬁnlaylritoge Restriction of distal Restriction of mora Minimal or no mobilit
y ges. thin, third than half of the leaflet y
normal leaflets.
Leaflets Restriction only at the Thickening restricted Thickening involving

Thickening edges. Thin, almost
normal leaflets.

Calcification Absent

Subvalular No significant changes

the extremity and
medial third

Extensive at the
extremity and medial

to the extremity

Points at the extremity

Thickening reaching
the middle region of
the strands

Thickening near the
leaflets

Diffuse thickening

Diffuse and extensive
in both

Thickening up to
the distal third or
extensive fusion

Figure 2 - Rheumatic mitral stenosis (RMS) with favorable anatomy. 2D transthoracic echocardiogram (TTE): parasternal long-axis
view (A) and apical four-chamber view (B), showing mitral valve with thin, mobile leaflets without calcification, consistent with anatomy

favorable to PMBYV.

Figure 3 - Valvular calcification. Echocardiographic images show the calcification of the mitral valve leaflets, affecting their medial
and distal portions, with preservation of the base, demonstrated in the parasternal long-axis view (A) and in the apical four-chamber
view (B). It is important to note that, in this case, the calcification is restricted to the leaflets, without commissure involvement, which

does not constitute a contraindication to PMBV.
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Figure 4 - Patterns of commissural involvement (parasternal short axis view). A: symmetrical commissural involvement. B/C: commissural
asymmetry with predominance of thickening and calcification of the posteromedial commissure. D: large valvular deformity and commissural
asymmetry with predominance of thickening and calcification of the anterolateral commissure.

models for evaluating MV morphology, when compared
to the Wilkins score. With the evolution of PMBV, several
studies have also identified additional valve morphology
variables associated with post-PMBV outcomes, highlighting
the inherent limitations of the Wilkins score.

Conclusions and future perspectives

The Wilkins score has become an international benchmark
for selecting patients for PMBV, due to its simplicity and broad
clinical applicability. However, the evidence accumulated
over the last few decades demonstrates that its limitations
reduce the ability to predict post-procedure outcomes in
certain scenarios, especially due to the lack of assessment of
commissural anatomy and the uniform weighting assigned
to variables with unequal prognostic impact. Other scores,
including the Nunes score, emerge as promising alternatives,
incorporating additional parameters and a greater ability
to discriminate outcomes, especially in the subgroup of
patients with intermediate Wilkins scores. These advances
contribute to reducing complications, such as post-procedure
mitral regurgitation, and increasing the safety of PMBV
recommendations within more heterogeneous populations.

In the future, the integration of new imaging technologies,
including 3D echocardiography, TEE, and quantitative
morphological analysis techniques, should further refine the
structural assessment of the MV. Furthermore, algorithms based
on artificial intelligence and machine learning can offer more
robust predictive models, capable of accurately combining
anatomical, clinical, and hemodynamic parameters. Such
strategies would not only be able to improve the selection of

candidates for PMBV, but they could also guide therapeutic
decisions in cases of unfavorable anatomy, expanding the
role of echocardiography in the contemporary management
of RMS.

Author Contributions

PConception and design of the research: Gomes NFA,
Nunes MCP; Writing of the manuscript and critical revision
of the manuscript for intellectual content: Gomes NFA,
Figueiredo FA, Rodrigues EF, Soares CK, Nunes MCP.

Potential conflict of interest

No potential conflict of interest relevant to this article
was reported.

Sources of funding

Maria Carmo Pereira Nunes receives a research grant from
CNPq, in the PQ-1A category.

Study association

The authors of this article are affiliated with the Postgraduate
Program in Health Sciences: Infectious Diseases and Tropical
Medicine at UFMG.

Ethics approval and consent to participate

This article does not contain any studies with human
participants or animals performed by any of the authors.

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(4):e20250083



Gomes et al.
Wilkins score

Review Article

Table 2 - Data from the main articles that described new models for evaluating rheumatic mitral valve, as compared to the
Wilkins score for selecting patients eligible for PMBV

Cannan

et 2l 2" 1997
Padial

etal?? i)
Palacios

e 2123 2002
Cruz-

Gonzales 2009
et al.*

Rifaie

et al.?5 2009
Anwar

e 2125 2010
Babu

of 2127 2013
Nunes

et al?” 2014

149

117

879

1085

50

91

100

325

Commissural calcification.

Thickness and calcification
of the leaflets, degree and
symmetry of commissural
involvement, severity of
subvalvular involvement.

Mitral valve area, history of
previous commissurotomy,
MR.

Age < 55 years, NYHA* | or Il
AVMS pre-PMBV < 1.0cm?,
MR pre-PMBV <2\,

Wilkins score <8, Male sex.

Calcification (mainly
commissural) and
subvalvular involvement.

Thickness, mobility,
calcification and subvalvular
apparatus through 3D TTE”

Commissural morphology
through TEE"-

AVM <1cm2, maximum
leaflet displacement
<12mm, commissural area
ratio >1.25, subvalvular
involvement.

Best predictor of
intermediate-term
outcomes.

Identifies patients

at a higher risk of
developing MIt post-
VMP.

Identifies patients more
favorable to PMBV
among patients with

a low or intermediate
Wilkins score.

Greater sensitivity and
specificity.

Greater sensitivity,
specificity, and positive
and negative predictive
values.

Improved the
morphological
assessment of the
mitral valve, particularly
for the detection

of calcification and
commissural anatomy.

Predictor of good
outcomes in patients
with a Wilkins score
> 8.

Improved risk
classification.

The presence of commissural
calcification is a predictor of
outcome after PMBV*.

Predictor of MR development post-
PMBV.

Clinical and morphological
predictors associated with the
Wilkins score identify patients most
favorable to PMBV.

Clinical, anatomical, and
hemodynamic variables predict
the success of PMBV and clinical
outcomes.

Best predictor of MR post-PMBV.

Adds prognostic information to the
Wilkins score.

Should be evaluated together with
the Wilkins score to adequately
select patients for PMBV.

Quantitative echocardiographic
parameters with greater accuracy
in predicting outcomes after PMBV.

* percutaneous mitral balloon valvuloplasty; ' mitral requrgitation; * New York Heart Association functional class; $ mitral valve area;
73D transthoracic echocardiogram (TTE); Ttransesophageal echocardiogram (TEE).
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