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From the *Case Western
ABSTRACT

Background: TheWilkins score and commissural calcification scores predict outcomes after percutaneous balloon
mitral valvuloplasty. However, many cardiologists are inadequately trained in their application—both in the
United States where the incidence of rheumatic heart disease has fallen and in rheumatic heart disease endemic
countries where training infrastructure is weak.

Objectives: This study sought to develop a computer-based educational module teaching 2 scoring systems for
rheumatic mitral stenosis and to validate the module among cardiology fellows in the United States and Uganda.

Methods: We developed a module organized into 3 sets of 10 echocardiograms each. The module was
completed by 13 cardiology fellows from 2 academic centers in the United States and 1 in Uganda. Subject
answers were compared with a score assigned by 2 experts in echocardiography. The primary outcome
was change in subjects’ accuracy from set 1 to set 3, measured by mean absolute deviation from expert
scores. Secondary outcomes included change in interoperator variability and individual subject bias from
set 1 to set 3.

Results: The mean absolute deviations from expert scores in sets 1 and 3 were 2.09 and 1.82 for the Wilkins
score (possible score range 0 to 16) and 1.13 and 0.94 for the commissural calcification score (possible score
range 0 to 4). The change from set 1 to set 3 was statistically significant only for 1 of the Wilkins component
scores (leaflet calcification, p < 0.001.) No change was seen in the interoperator variability. Individual subject
bias in assigning the total Wilkins score was reduced from set 1 to set 3.

Conclusions: Use of this module has the potential to enhance the training of cardiologists in the
echocardiographic assessment of mitral stenosis. Modified versions of this module or similar ones should be
tested in targeted populations of cardiology trainees with the most exposure to mitral stenosis interventions.
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Wilkins et al. [1] reported a novel scoring system in
1988 to predict success of percutaneous balloon mitral
valvuloplasty (PBMV) for the treatment of mitral stenosis.
The Wilkins scoring system relies on 4 echocardio-
graphic characteristics of the mitral valve: leaflet
mobility, leaflet thickness, leaflet calcification, and
subvalvular thickening. Each variable is scored on a scale
of 0 to 4 with higher scores representing more severe
involvement. The additive score of 0 to 16 was found to
predict outcomes, with higher scores (>8) predictive of
suboptimal outcomes.

Several alternative echocardiographic systems for
prediction of post-PBMV outcomes have been developed
subsequently, including commissural calcification (CC)
scoring [2,3]. The CC system, which our module teaches
and was published by Sutaria et al. [2] in 2000, scores
each quadrant of the commissure 0 or 1 based on the
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presence of calcification for a total score 0 to 4, with
lower scores predicting better outcomes after PBMV.
Other proposed scoring systems for pre-procedural
assessment of mitral stenosis include assessment of
mitral annular calcification [4]; ratio of posterior to
anterior mitral valve leaflets [5]; a novel score proposed
by Iung and Cormier [6] based on valve flexibility,
subvalvular fusion, and leaflet calcification; and a scoring
system using real-time 3-dimensional echocardiography
[7]. Of these alternative scores, scoring of commissural
morphology has shown particularly strong evidence for
prediction of post-PBMV results [8].

Case-based modules have been successfully used to
teach skills in other areas of echocardiography, including
assessment of left ventricular function [9] and a
3-dimensional echocardiography module to enhance
assessment of transesophageal echocardiography [10].
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TABLE 1. Expert scores of each mitral stenosis case included in the module

Set Case

Wilkins Score

Commissural

Calcification

(0e4)

Wilkins Total

(0e16)

Leaflet

Mobility

(0e4)

Leaflet

Thickness

(0e4)

Leaflet

Calcification

(0e4)

Subvalvular

Thickening

(0e4)

Set 1 Case 1 9 2 2 2 3 1

Case 2 12 3 3 3 3 1

Case 3 4 1 1 1 1 3

Case 4 13 3 4 3 3 2

Case 5 7 1 2 2 2 3

Case 6 11 2 3 4 2 1

Case 7 14 4 3 4 3 1

Case 8 7 2 2 1 2 1

Case 9 7 1 1 3 2 1

Case 10 6 2 2 0 2 1

Set 1 median (Q1, Q3) 8 (7, 12) 2.5 (1, 3) 2 (2, 3) 2.5 (1, 3) 2 (2, 3) 1 (1, 2)

Set 2 Case 11 5 1 2 1 1 1

Case 12 8 2 2 2 2 0

Case 13 5 1 1 1 2 0

Case 14 10 3 2 3 2 1

Case 15 5 1 1 1 2

Case 16 8 2 2 2 2 2

Case 17 9 2 2 2 3 1

Case 18 14 4 4 4 2 4

Case 19 6 1 2 1 2 2

Case 20 7 2 2 1 2 0

Set 2 median (Q1, Q3) 7.5 (5, 9) 2 (1, 2) 2 (2, 2) 1.5 (1, 2) 2 (2, 2) 1 (0, 2)

Set 3 Case 21 10 3 2 3 2 2

Case 22 11 3 3 3 2 1

Case 23 6 1 2 1 2 1

Case 24 4 1 1 1 1 1

Case 25 9 2 3 2 2 1

Case 26 8 2 2 2 2 1

Case 27 6 1 2 1 2 0

Case 28 8 2 2 2 2 1

Case 29 8 2 2 2 2 2

Case 30 4 1 1 1 1 1

Set 3 median (Q1, Q3) 8 (6, 9) 2 (1, 2) 2 (2, 2) 2 (1, 2) 2 (2, 2) 1 (1, 1)

Module Median (Q1, Q3) 8 (6, 10) 2 (1, 2) 2 (2, 2) 2 (1, 3) 2 (2, 2) 1 (1, 2)

p Value Set 1 vs. set 2 0.28 0.56 0.43 0.34 0.28 0.85

Set 1 vs. set 3 0.24 0.50 0.47 0.30 0.10 0.27

Set 2 vs. set 3 0.82 0.82 1.00 1.00 0.34 0.81

Q, quartile.
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Our project had 2 objectives. The first objective was to
develop a computer-based module that teaches correct
application of the Wilkins and CC scoring schema of the
mitral valve. The second was to validate the module’s use
by cardiology fellows in Uganda and the United States.
We hypothesized that use of this teaching module by
cardiology fellows would improve accuracy, reduce
interoperator variability (IOV), and reduce individual
subject bias in the application of the Wilkins and CC
scores for mitral stenosis.
METHODS

Development of the teaching module

Thirty representative transthoracic echocardiograms were
selected, 20 from the University Hospitals-Harrington
Heart and Vascular Institute (HHVI) database in Cleveland,
OH, USA, and 10 from the Uganda Heart Institute in
Kampala, Uganda. Echocardiograms were selected for
presence of rheumatic mitral stenosis, transvalvular
gradient >5 mm Hg, valve area <1.5 cm2, and no more
GLOBAL HEART, VOL. 13, NO. 2, 2018
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TABLE 2. Inter-reader agreement of experts by set

Wilkins Score

Commissural Calcification

Total Wilkins

Score Leaflet Mobility Leaflet Thickness Valve Calcification Subvalvular Thickening

Set 1 0.830

(0.444e0.958)

0.900

(0.632e0.976)

0.724

(0.207e0.929)

0.890

(0.598e0.974)

0.231

(�0.380 to 0.740)

0.033

(�0.165 to 0.449)

Set 2 0.793

(0.361e0.948)

0.869

(0.514e0.969)

0.529

(�0.120 to 0.868)

0.644

(�0.028 to 0.909)

0.355

(�0.260 to 0.796)

0.422

(�0.127 to 0.826)

Set 3 0.825

(0.397e0.962)

0.907

(0.637e0.980)

0.621

(�0.147 to 0.913)

0.755

(0.238e0.944)

�0.324

(�0.997 to 0.506)

�0.135

(�0.254 to 0.386)

Overall 0.822

(0.642e0.916)

0.886

(0.764e0.947)

0.631

(0.324e0.816)

0.821

(0.645e0.915)

0.192

(�0.544 to 0.699)

0.157

(�0.099 to 0.457)

Values are intraclass correlations (95% confidence intervals).
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than moderate mitral regurgitation. Echocardiograms were
selected to represent a range of pathologic severity.

Mitral valve scores were determined by the average of the
assessments of 2 expert readers working independently, with
significant disagreements (score difference of>2) adjudicated
by a third expert. The experts are HHVI attending echocar-
diographerswho have extensive experience both in theUnited
States and in areas of higher rheumatic heart disease (RHD)
prevalence, and both have evaluated at least 200 cases of
rheumatic mitral stenosis.

The module was presented as a slideshow with
embedded videos of the selected views. Cases were organized
into 3 sets of 10 cases each. We began by dividing cases at
random into the 3 sets and then modified the distribution as
necessary to ensure that each set had a comparable average
Wilkins andCCscore and comparable image quality. Subjects
were shown a brief explanation of the Wilkins and CC scores
and were then immediately asked to apply the scoring system
to the first set of 10 cases as a pre-test. The subjects then
proceeded to the didactic portion of the module, which be-
gins with several slides with information and discussion on
the application of Wilkins and CC scoring, followed by
example slides for each of the Wilkins components and the
CC score. Each slide shows several examples drawn from the
pre-test, accompanied by an explanation of the correct
scoring. Following these examples, the subjects scored an
additional 10 cases (set 2). During these cases, subjects were
shown the expert score immediately following each case.
Finally, subjects scored the final set of 10 cases as a post-test.
Subjects did not have access to the expert scores for the post-
test. The module was designed so that it could be completed
by a fellow in 1 sitting over a 2- to 3-h period, but subjects
were permitted to complete the module at their own pace.

Subject selection and recruitment
Subjects to validate the teaching cases were recruited on a
voluntary basis from fellows in the HHVI, Uganda Heart
Institute, and University of Kentucky Gill Heart Institute
cardiology fellowship programs. There was no requirement
for a particular amount of prior echocardiography experience.
Participation and results were collected with complete
anonymity.
GLOBAL HEART, VOL. 13, NO. 2, 2018
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Outcomes
The primary outcome was 1) the change in accuracy—
defined as the mean absolute value of deviation from expert
scores on individual cases—for the total Wilkins score from
set 1 to set 3. Secondary outcomes were 2) change in
accuracy for each of the Wilkins component scores sepa-
rately from set 1 to set 3; 3) change in IOV of theWilkins and
CC scores from set 1 to set 3; and 4) change in IOV of the
Wilkins component scores from set 1 to set 3. We also
analyzed the change in subject bias from set 1 to set 3,
measured as the mean deviation for each subject by set.

Statistical analysis
Accuracy was assessed by measuring the mean of the abso-
lute value of the deviation of a subject answer from the
expert answer on each individual case. The average of these
absolute deviations for each set (10 cases with 13 subject
answers each) was then reported as the mean absolute
deviation. Significance in changes in mean absolute devia-
tion were compared using the Wilcoxon test for paired
observations. Intraclass correlation was used to assess IOV
among the expert readers and IOV of the cardiology fellows’
scores separately by case set. Subject bias was assessed for
each subject by calculating the mean of the deviation from
expert scores for each of the 10 cases in 1 set. Analyses were
performed using GraphPad Prism for Mac OS X (version
6.0h; GraphPad Software, La Jolla, CA, USA) and STATA
(version 14.0; StataCorp, College Station, TX, USA). A p
value of <0.05 was considered statistically significant.

RESULTS
The average expert scores for each individual case used in the
teaching module are displayed in Table 1. The severity of
cases was well balanced among the 3 sets without significant
differences among the sets in terms of mean Wilkins score,
CC score, or any of the Wilkins components (all p > 0.10).
Agreement between the 2 expert scorers is shown in Table 2.
High intraclass correlation was seen between experts for the
total Wilkins score and leaflet characteristics of mobility,
thickness, and calcification. Low intraclass correlation was
seen for subvalvular thickening, which is consistent with
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FIGURE 1. Mean absolute deviation of trainee score compared with expert score.
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previous reports [11], and commissural calcification
scoring.

Thirteen subjects completed the teaching module
during the study period, 7 from the United States and 6
from Uganda. There was a decrease in the absolute devi-
ation from the expert score from set 1 to set 3 for the
Wilkins score, the CC score, and each of the 4 components
of the Wilkins score (Figure 1) though this change was
statistically significant only for leaflet calcification
(p < 0.001). IOV between subjects, measured by intraclass
correlation (Table 3), did not change appreciably from set
1 to set 3.

Individual subject bias was assessed by the average
deviation from expert score by set (Figure 2). For overall
Wilkins score, the mean subject bias was lower in set 3
than in set 1 (1.23 vs. 0.62, set 1 vs. 3; p ¼ 0.01).

DISCUSSION
Although many prior studies report the predictive value
and IOV of scoring systems for mitral stenosis (Table 4)
[12], there has been relatively little prior study of how
readily these scoring systems can be taught to nonexperts.
Our study is the first to report on use of computer-based
simulation to teach the Wilkins and CC scoring systems.
In our study, use of a computer-based teaching module
was associated with a trend toward improved accuracy in
scoring of mitral stenosis, though the improvement was
statistically significant in only 1 of the component scores.
GLOBAL HEART, VOL. 13, NO. 2, 2018
June 2018: 105-111



TABLE 3. Intersubject variability by set

Wilkins Score

Commissural CalciumTotal Wilkins Score Leaflet Mobility Leaflet Thickness Leaflet Calcification Subvalvular Thickening

Set 1 0.458 (0.223e0.815) 0.354 (0.148e0.747) 0.406 (0.204e0.732) 0.345 (0.159e0.680) 0.252 (0.098e0.590) 0.110 (0.024e0.357)

Set 2 0.608 (0.395e0.845) 0.601 (0.388e0.841) 0.427 (0.227e0.730) 0.549 (0.336e0.812) 0.246 (0.093e0.565) 0.328 (0.135e0.698)

Set 3 0.438 (0.237e0.738) 0.302 (0.135e0.621) 0.369 (0.181e0.684) 0.471 (0.265e0.762) 0.109 (0.017e0.367) 0.032 (�0.034 to 0.280)

Values are intraclass correlations (95% confidence intervals).

gSCIENCEj
We did not see a change in intersubject variability in
scoring from set 1 to set 3. For subvalvular thickening and
CC score, there was poor inter-reader agreement among
both experts and trainees. Individual subject bias was
reduced from set 1 to set 3.
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The incidence of RHD has declined significantly in
North America [13]. As a result, cardiologists in training
in the United States receive relatively little experience
evaluating mitral stenosis. In contrast, cardiology trainees
in Sub-Saharan Africa have frequent exposure to RHD but
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TABLE 4. Reported intraobserver and interobserver variability of expert application of Wilkins score

Intraobserver Interobserver Unit of Measurement

Wilkins et al. [1] 0.41 0.38 Mean unsigned difference

Salarifar et al. [4] 7.50% 11.10% % Difference

Components 0.58e0.68 0.48e0.62 Kappa

Anwar et al. [11]

Thickness 0.65 0.55 Kappa

Mobility 0.58 0.56 Kappa

Calcification 0.41 0.03 Kappa

Subvalvular involvement 0.14 0.01 Kappa

Veyrat et al. [12] 3.75% 4.73% % Difference
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are without access to PBMV in many locations and may
not have been exposed to the use of these scoring
systems. The Wilkins and commissural calcification
scores, being based on subjective evaluation, could vary
in application between subject experts and nonexperts.
Thus far, intra- and interobserver variability of the Wil-
kins score have only been reported for expert readers.

This study highlights the difficulty of developing a
gold standard for teaching a subjective scoring system.
This difficulty was highlighted by the low intraclass
correlation between experts seen for subvalvular thick-
ening and commissural calcification. Of note, the low
expert agreement in assessing subvalvular thickening has
been reported by other groups as well [11]. Additionally,
this study may not have been adequately powered to
detect a difference between set 1 and set 3, since a
consistent trend toward improvement was seen that did
not meet statistical significance for most component
scores. It is also possible that exposure to a greater
number of cases would have resulted in a continued
downward trend in deviation from expert scores. Our
study was not designed to assess the number of cases
required for competence in these scoring systems, and
this would be an important area for further research.

Our study has several strengths. The use of echocar-
diograms from patients both in the United States and in
Sub-Saharan Africa increases the generalizability of the
content taught by the module. Validation by trainees in
both the United States and Uganda also adds to the
generalizability of the study findings. By reporting results
for all component scores, our study demonstrates that
some of the components are highly variable and thus more
difficult to teach.

This is the first study to assess an educational module
designed to teach the Wilkins and CC scores to fellows in
training. Among cardiologists practicing only in Western
countries, this skill set may be most important for those
who specialize in echocardiography or interventional car-
diology, but it is important to demonstrate the feasibility of
teaching echocardiographic scoring systems to a general
cardiology fellow for those fellows who plan to practice in,
or are training in, a resource-limited setting, as well as for
fellows who plan to specialize in imaging or intervention.
Simulation is an increasingly discussed and imple-
mented tool in cardiology training [14,15]. Use of
simulation may be an important tool in medical
education as part of capacity-building projects in
resource-limited settings. Our teaching module could be
used as a simulation for development and maintenance of
competence in this area in cardiology trainees in the
United States and in countries with higher prevalence of
RHD. In Uganda, the first PBMV was performed at the
Uganda Heart Institute in 2012 by a team from the HHVI.
Since that time, 2 Ugandan interventional cardiologists
have been trained in Cleveland and since December 2016
are now independently performing percutaneous mitral
valve interventions. Future studies in resource-limited
settings should evaluate the usefulness of the Wilkins
and CC scores to predict outcomes and should assess the
utility of refined teaching modules among a growing
number of cardiology trainees in these countries.
CONCLUSIONS
Use of a computer-based module consisting of 30 cases of
rheumatic mitral stenosis tended to improve scoring of
valve suitability for PBMV in mitral stenosis and decreased
subject bias, but there was significant heterogeneity among
subcomponents of the Wilkins score. Leaflet calcification
improved the most, but subvalvular thickening and
commissural calcification scores showed substantial inter-
observer variability among both experts and trainees. This
educational module has the potential to enhance fellow
training in echocardiographic assessment of the mitral
valve and mitral stenosis. Modified versions of this module
or similar ones should be tested in targeted populations of
cardiology trainees with the most exposure to mitral ste-
nosis interventions.
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