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Mitral stenosis is an important cause of heart valve disease globally. Echocardiography is the main imaging modality used
to diagnose and assess the severity and hemodynamic consequences of mitral stenosis as well as valve morphology.
Transthoracic echocardiography (TTE) is sufficient for the management of most patients.
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| 1. Introduction

Mitral stenosis is an important cause of heart valve disease globally. Rheumatic heart disease is the most common
etiology worldwide &, Though its prevalence has been steadily decreasing in developed countries, it is still frequent in
low-income countries. The prevalence of degenerative mitral stenosis increases with age, and is a common finding in the
elderly population in developed countries [2. Both types of mitral stenosis are more frequent in females . Less common
causes of mitral stenosis include: congenital causes, systemic immune-mediated diseases, carcinoid syndrome,
radiotherapy, and some drugs.

Echocardiography is the main imaging modality to diagnose and assess the severity and hemodynamic consequences of
mitral stenosis 4= as well as valve morphology. Transthoracic echocardiography (TTE) is sufficient for the management
of most patients.

| 2. Two-Dimensional Transthoracic Echocardiography Assessment

Two-dimensional transthoracic echocardiography is the first-line method used to evaluate mitral valve morphology and to
diagnose and assess the severity and hemodynamic consequences of mitral stenosis. In order to perform a
comprehensive assessment, multiple scanning planes should be explored:

2.1. Parasternal Long-Axis View

The parasternal long-axis view allows for visual assessment of mitral valve morphology and leaflet excursion. It
demonstrates A2 and P2 scallops. Leaflet motion and thickness and the presence and extend of calcification should be
reported. The characteristic doming of the anterior leaflet is better seen in this view (Figure 1). In mitral stenosis, color
Doppler demonstrates diastolic turbulence across the mitral valve in this view.
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Figure 1. Parasternal long-axis view showing the A2 and P2 mitral scallops.
2.2. Parasternal Short-Axis View

The parasternal short-axis view allows for visual assessment of the leaflets and commissures. Commissural fusion is best
seen in this view. The posteromedial (left) and anterolateral (right) commissures are visualized. Scallops one to three are
seen from the anterolateral commissure to posteromedial commissure. This view is also used to perform planimetry of the
mitral leaflet tips. Tilting from base to apex will demonstrate the narrowest valve orifice (Figure 2).
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Figure 2. Parasternal short-axis view showing the posteromedial (PM) and anterolateral (AL) commissures and the mitral

scallops.

2.3. Apical Four Chamber View

The apical four chamber view typically demonstrates A3, A2, and P1 scallops from left to right (Figure 3A). It allows for
visual assessment of the anatomy and mobility of both mitral leaflet. Continuous wave Doppler parallel to the mitral inflow
in this view is used to measure transmitral gradients across the valve (Figure 3B). The densest portion of the curve
should be used. Calculation of mitral valve area by PHT is also performed in this view (Figure 3C).
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Figure 3. (A) Apical four chamber view depicting the P1, A2, and A3 mitral scallops. (B,C) Continuous wave Doppler
parallel to the mitral inflow in apical four-chamber view. The Doppler profile (B) and the deceleration slope of the E wave
(C) are traced to obtain the transmitral gradients and the PHT respectively.

2.4. Classification of Mitral Stenosis Severity

Table 1 shows the classification of mitral stenosis severity according to mitral valve area and supportive findings.

Table 1. Classification of mitral stenosis severity at heart rates between 60 and 80 bpm and in sinus rhythm. Adapted from

Baumgartnet et al. [€],

Mild Moderate Severe

Specific Findings

Mitral Valve Area (cm?) >1.5 1.0-15 <10



Mild Moderate Severe
Supportive Findings
Mean Transmitral Gradient (mmHg) :350 350_1500 :;g

PSP (mmHg)

2.5. Assessment of Feasibility of Percutaneous Mitral Commissurotomy

Suitability of mitral valve for percutaneous mitral commissurotomy is based on echocardiographic findings. Scoring

systems have been developed to help with this task. The Wilkins score [ (Table 2) is the most widely accepted criteria for

patient selection.

Table 2. Wilkins score. The total score is the sum of the items (ranging from 4 to 16). Adapted from Wilkins et al. 4,

Grade

Mobility

Thickening

Subvalvular
Thickening

Calcification

Highly mobile valve with

Leaflets near normal in

Minimal thickening just below

A single area of

1 'only Iea.flet thickness (4-5 mm) the mitral leaflets |ncr¢?ased echo
tips restricted brightness
Leaflet mid and base Mid leaflets normal, Thickening of chordal structures Scattered areas of
2 portions have normal considerable thickening of extending to one third of brightness confined to
mobility margins (5-8 mm) the chordal length leaflet margins
Valve contl.nue.s to move Thickening ex.tendlng Thickening extended to distal . Brlghtnes.s exte.ndlng
3 forward in diastole, through the entire leaflet R into the mid portions of
. third of the chords
mainly from the base (5-8 mm) the leaflets
. Considerable thickening Extensn{e thickening and Extensive brightness
No or minimal forward of shortening of all chordal throuah
4 movement . structures extending down to 9
o all leaflet tissue (>8-10 R out much of the leaflet
of the leaflets in diastole the papillary .
mm) tissue
muscles

Percutaneous mitral commissurotomy is contraindicated in patients with a mitral valve area >1.5cm?, left atrial thrombus,
more than mild mitral regurgitation, severe calcification, absence of commissural fusion, severe concomitant aortic valve
disease, severe combined tricuspid stenosis and tricuspid regurgitation requiring surgery or concomitant coronary artery
disease requiring surgery 41,

| 3. Two-Dimensional Transesophageal Echocardiography Assessment

Transesophageal echocardiography should be performed to exclude left atrial thrombus before percutaneous mitral
commissurotomy or after an embolic event 4. Due to the absence of interference from the chest wall or the lung,
transesophageal echocardiography offers a higher imaging resolution. Thus, it is also useful in patients with limited
acoustic window or when clarification regarding valve morphology or suitability of mitral valve for percutaneous mitral
commissurotomy (Figure 5).

Figure 4. (A) Mid-esophageal four chamber view. (B) Color Doppler at the mitral valve level in a mid-esophageal four
chamber view. (C) Continuous wave Doppler parallel to the mitral inflow in mid-esophageal four chamber view.

| 4. Three-Dimensional Echocardiography Assessment

3D echocardiography represents a key innovation in cardiovascular imaging. The development of matrix-array
transducers has allowed for real-time acquisition and online display of 3D images. Nowadays, 3D echocardiography is
available on most ultrasound machines, and current transducers are able to acquire both 2D and 3D images. These



technological advances have led to a progressive implementation of 3D echocardiography in routine clinical practice. Its
main advantages are:

« It measures all three spatial dimensions. Therefore, it is not reliant on plane positioning and does not require geometric
assumptions of cardiac structures.

« Images can be rotated and viewed from different perspectives. This allows for a better understanding of the relationship
between structures and makes 3D images more intuitive.

On the contrary, limitations of 3D echocardiography include reduced spatial and temporal resolution compared to 2D
echocardiography and suboptimal images in patients with arrhythmias.

First, 2D images should be used to locate the planes for imaging the mitral valve. Later, 3D imaging of the mitral valve can
be performed using multiple 3D imaging modalities.

4.1. Simultaneous Biplane Imaging

Biplane mode allows for the use of a dual screen to display the mitral valve in two planes in real time. The second plane is
usually orthogonal, though any rotation angle can be used. Color Doppler imaging can also be used together with biplane
imaging. This mode is useful for a preliminary evaluation of the mitral valve. Scallops and segments of the mitral valve can
be investigated by manipulating the lateral plane in different angle orientations in order to provide detailed information
regarding mitral valve anatomy and the mechanism and etiology of mitral stenosis. In transthoracic echocardiography,
biplane imaging can help ensure that planimetry takes place at the leaflet tips. An orthogonal plane can be obtained
placing the cursor at the leaflet tips in the parasternal long-axis view. However, in order to avoid an oblique short-axis
view, adequate alignment of the mitral orifice in the long-axis view is required.

4.2. Full Volume Imaging

Full volume imaging provides the largest sector and allows for an evaluation of the entire mitral valve apparatus. Real-
time full volume acquisitions generally result in poor spatial and temporal resolution. Therefore, whenever possible, ECG
gating acquisitions should be used. A full volume with gated acquisition is reconstructed by merging several individual
volume slices gated to the ECG. This results in high temporal and spatial resolution. However, it can also be susceptible
to artefacts due to arrhythmias and/or respiratory motions. ECG should be optimized to show a distinct R wave and the
number of acquisition beats should be adjusted attending to the patient’s circumstances. Moreover, images should be
obtained with breath-holding. Once acquired, the full volume dataset can be cropped, rotated, viewed in multiple
perspectives, or decomposed into 2D cross-sections.

4.3. Real-Time 3D Imaging

Real-time 3D imaging permits a narrow sector and therefore higher spatial and temporal resolution. However, the sector is
generally insufficient to visualize the entire mitral valve apparatus. The pyramidal volume should be acquired at a
decreased depth and focused on the mitral valve. This allows for an initial 3D evaluation of the mitral valve.

4.4. Focused Wide-Sector (3D Zoom) Imaging

Focused wide-sector imaging allows for a 3D focused view of the mitral valve. In transthoracic echocardiography, 3D
zoom of the mitral valve can be acquired from both the parasternal and the apical views (Figure 5). The anterior leaflet is
adequately visualized in both views while the posterior leaflet is better seen from the parasternal view [&. The mitral valve
should be oriented with the aortic valve placed superiorly regardless of if the valve is oriented as viewed from the left
atrium or the left ventricle (Figure 6) [,
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Figure 6. Zoom 3D focused on the mitral valve as view from the left atrium with the aorta placed superiorly (surgical
view).

Three-dimensional echocardiography is superior in evaluating mitral stenosis severity, because direct visualization of the
valve orifice in multiple planes ensures that the planimetry takes place at the level of the mitral leaflet tips, where the valve
orifice is narrowest. Indeed, 3D planimetry has been reported as the most accurate method for mitral valve area
evaluation B and it has become the reference method for mitral valve area quantification.

In order to perform 3D planimetry, the 3D zoom dataset should include the entire mitral annulus and the leaflet height.
Later, the frame when leaflet excursion is greater should be identified and multiplane reconstruction should be used to
achieve a parallel alignment with the narrowest portion of the mitral valve orifice. Finally, the mitral valve area is obtained
tracing the inner edge of the orifice (Figure 7). Modern software permits multiple short-axis slices to be reconstructed to
help identify the narrowest mitral valve orifice (Figure 8).
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Figure 7. Zoom 3D focused on the mitral valve from the mid-esophageal four chamber view. Multiplanar reconstruction to
perform 3D planimetry.

Figure 8. Analysis of zoom 3D dataset focused on the mitral valve obtained from the mid-esophageal four chamber view.
Multiple short-axis slices are reconstructed to help identify the narrowest mitral valve orifice.

4.5. Assessment of Feasibility of Percutaneous Mitral Commissurotomy Using 3D Echocardiography

A scoring system based on 3D echocardiography, the Anwar score, has been developed for the evaluation of patients
before percutaneous mitral commissurotomy 12 (Table 3).

Table 3. Anwar score. The total score is the sum of the items (ranging from 4 to 16). Mild mitral valve involvement is

defined as < 8 points, moderate involvement as 8 to 13 and severe MV involvement as > 14 points. Adapted from Anwar
etal. 12,

Anterior Leaflet Posterior Leaflet
Thickness (0-6) (0 = normal, 1 = thickened) Al A2 A3 P1 P2 P3
Mobility (0-6) (0 = normal, 1 = limited) 0-1 0-1 0-1 0-1 0-1 0-1
Calcification (0-10) (0 = no, 1-2 = calcified) 0-2 0-1 0-2 0-2 0-1 0-2

Subvalvular Apparatus

Proximal Third Middle Third Distal Third

Thickness (0-3) (0 = normal, 1 = thickened) 0-1 0-1 0-1



Separation (0-6) (0 = normal, 1 = partial, 2 = no) 0-2 0-2 0-2
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