Bioscientia Medicina: Journal of Biomedicine L Translational Research

elISSN (Online): 2598-0580

Bioscientia Medicina: Journal of Biomedicine &

Translational Research

Journal Homepage: www.bioscmed.com

Anatomical and Hemodynamic Evaluation of Mitral Stenosis Patients with

Echocardiography

Muhammad Muktil*, Erwin Sukandi2, Ali Ghanie?, Taufik Indrajaya?, Syamsu Indra?2

1Subspecialized Residency Training, Department of Internal Medicine, Faculty of Medicine, Universitas Sriwijaya/ Dr
Moh Hoesin General Hospital, Palembang, Indonesia

2Medical Staff, Cardiovascular Division, Department of Internal Medicine, Faculty of Medicine, Universitas Sriwijaya
Universitas Sriwijaya/ Dr Moh Hoesin General Hospital, Palembang, Indonesia

ARTICLE INFO
Keywords:
Echocardiography

Mitral stenosis
Mitral valve area

Severity

*Corresponding author:
Muhammad Mukti

E-mail address:

mukti.zn@gmail.com

reviewed and
of the

All  authors  have
approved the final version
manuscript.

https://doi.org/10.32539/bsm.v5i4.378

1. Introduction

ABSTRACT

Mitral stenosis (MS) is the most common valvular heart disease encountered
in developing countries. The cause of MS is almost always chronic rheumatic
heart disease. Echocardiography is the single most important diagnostic tool
in the evaluation of MS. The objectives are to confirm the etiology, to assess
the severity of stenosis, to recommend the type and timing of intervention, to
assess other valvular lesions, presence of thrombus, and vegetation.
According to current guidelines and recommendations for clinical practice,
the severity of MS should not be defined by a single value but rather be
assessed by a multimodality approach that determines valve areas, mean
Doppler gradients, and pulmonary arterial pressures. The European Society
of Echocardiography/American Society of Echocardiography (EAE/ASE)
recommendations of measurement method for clinical practice were
categorized into three level of recommendations. Mitral valve area (MVA) can
be assessed by planimetry using either 2D or 3D imaging, pressure half-time
(PTH), the continuity equation, and the proximal isovelocity surface area
(PISA) method. These result echocardiographic examinations can increase
the accuracy and appropriate management with a good prognosis.

The normal mitral valve complexis a dynamic three-
dimensional system that allows blood flow to the left
ventricle (LV) during diastole and ensures
unidirectional pumping function of the heart by tightly
closing the left atrium (LA) of the LV during systole. The
main components of the mitral complex are the mitral
annulus, mitral leaflets, chordae tendineae, and the LV
wall with papillary muscles (PMs). 1 Disruption of any
of these components can lead to mitral stenosis and

mitral regurgitation or a combination of both.12

Mitral stenosis (MS) is characterized by a narrowing
of the valve orifice and obstruction of blood flow to the
left ventricle.3 The most common etiology of mitral
stenosis is rheumatic fever,34 in adult patients more
than 90%.5 The prevalence of MS in Europe and other
countries Progress is still about 10% of cases of left
valve heart disease.3.6 Meanwhile in Indonesia, cases of
mitral stenosis are still found. The exact number is not
known, but from the pattern of etiology of heart disease
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Palembang for 5 years (1990-1994) it was found that
13.94% with valvular heart disease.4 Mitral rheumatic
stenosis is more common in women (3:1), data MS at
RSUP Dr. M. Djamil Padang in 2012-2016 suffered the
most by women (72.3%).7 Pulmonary hypertensionis a
complication that often occurs in mitral stenosis, with
a complex pathophysiology.48

With the development of knowledge in the field of
echocardiography, the role of echocardiography is very
important to evaluate valve anatomy and hemodynamic
consequences in MS patients, without having to
perform invasive catheterization procedures. The
severity of MS can be assessed by several screening
methods that have been recommended in clinical

The this

examination can be a basis for consideration for further

practice. results of echocardiography
management, both medical therapy or the type and
time of intervention chosen by taking into account the
prognostic aspects of the patient based on the results
of the echocardiographic examination and -clinical
findings. This literature review aims to summarize

of anatomical examination and

that be

several methods

echocardiographic hemodynamics can

performed in mitral stenosis patients.

Mitral valve anatomy

The mitral valve is a complex of anatomical and

functional structures that are essential for the
pumping function of the heart. The main components
of the mitral complex are the mitral annulus, mitral
leaflets, chordae tendineae (corda), and the LV wall is
connected to the papillary muscles (PMs: papillary
muscles), this can be seen in Figure 1.1

The normal mitral valve apparatus is a dynamic
three-dimensional system, which allows blood to flow
rapidly into the left ventricle (LV) during diastole and
ensures unidirectional pumping function due to the
closure of the left atrium (LA) from the LV during
systolic. Good valve function depends on the integrity
and harmonious interaction of these components and
imbalance can result in leakage (regurgitation,
insufficiency, incompetence) and narrowing (stenosis),
or a combination of regurgitation and stenosis leading
to mitral valve dysfunction.i 2

The mitral annulus represents the junction zone
that separates the tissues of the left atrium and the left
ventricle, which is a fibrous ring and is also the site of
attachment of the mitral leaflet. This is a dynamic
structure during the cardiac cycle. This mitral annulus
is shaped like a kidney bean, where the commissure
diameter is than the

(transverse) greater

anteroposterior diameter through the leaflet A2-P2.1.2,9

LV
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e
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Figure 1. A. Schematic apical long-axis view of the heart during systolic with the apex above. B. Surgical view when

the mitral valve is open during diastole. C. Surgical view when the mitral valve is closed during systole (Ao: aorta;

LA: left atrium; LV: left ventricle; PM: papillary muscle).

The mitral valve has anterior (A1, A2 and A3) and

posterior (P1, P2 and P3) leaflets and variable scissor

1

commissures closing the medial and lateral clefts. The

anterior leaflet is about 1.5-2.5 cm long.9 The posterior



leaflet has a wider attachment (2/3) to the annulus
than the anterior leaflet (1/3, usually 3 cm). 1,2,9,10

The normal mitral valve area (MVA) is about 4-6
cm2. A decrease in MVA below 1.5 cm2 will result in
MS symptoms and at an MVA below 1 cm?2 (severe MS)

patients will usually have symptoms at rest.8

Anatomical and hemodynamic evaluation with
echocardiography

In mitral stenosis Echocardiography is the most
important diagnostic tool in the evaluation of mitral
stenosis. Echocardiography has a great role in
analyzing valve anatomy, hemodynamics, severity of
stenosis and its consequences, assessing other valvular
lesions, presence of thrombus and vegetations and for

confirming the diagnosis of MS. The results of this

echocardiographic assessment can be the basis for
recommendations for the type of therapy and the time
of intervention. 6,11 Confirmation of the etiology on
echocardiography by looking at the differences in the
appearance of calcification, commissural fusion and
mitral leaflet mobility in cases of rheumatic MS,
degenerative MS and congenital MS, this is described
in table 1.11

Various kinds of echocardiographic window
displays that can be used in the assessment and
measurement of mitral stenosis patients both
qualitatively and quantitatively assessments are

summarized in table 2.11

Table 1. Comparison of the three causes of MS.1!!

Variable MS Rheumatism Congenital MS Degenerative MS
Calcification Leaflets and commissure Rarely Annulus to leaflets
commissure Fusion Varies Usually free
Leaflet Mobility Limited Limited The ends are usually free

Table 2. Summary of echo window display and assessment of mitral stenosis.11

Window Rate K ualitati f

Quantitative Assessment Note

PLAX Mitral apparatus
morphology, aortic valve

morphology, color Doppler

MR mitral leaflets separation, area jet MR

/ LA area

PSAX Mitral valve morphology,
commissural calcification,
aortic valve morphology,
LA, and LAA clot
(thrombus)

A4C Mitral valve morphology,
MR color jet direction, MR.

LA dimensions, aortic annulus, LVd
and LVs dimensions.

Dimensions of the mitral annulus,

Mitral valve area with planimetry

Peak and mean gradients, MVA with
IPM, MS VTI, TR peak gradient, TR

Linear LV measurements were
obtained at diastole and
systole.

Value the four characteristics
of the mitral valve. Modification
of appearance to

assess subvalvular pathology

Trace the inner contour of the

narrowest hole in mid-diastole

In nonlinear mitral

flow, mid- diastole tilt is used

182
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spectral doppler
assessment

Mitral anulus dimensions,

severity, mitral leaflet separation

for IPM ; TR jet area / RA area .
Take the mean of the mitral

leaflet separation obtained from

tricuspid valve the PLAX and A4c tampilan
morphology, and function displays
IAS, aneurysm
and thrombus
A5C Aortic valve a LVOT VTI, Doppler to LVOT VTI is obtained by
assess AS and AR placing a volume
sample proximal to the aortic
valve avoiding areas of flow
convergence
A2C Mitral valve morphology MR color Doppler and spectral Doppler 2- chamber display modification
LAA clot was used to assess LAA

MR: Mitral regurgitation, LA: Left atrial, LAA: Left atrial appendage, LVs: Left ventriculars, LVd: Left ventricle

diameter, PHT: Pressure half time, MVA: Mitral valve area, VTI: Velocity-time-integral, TR: Tricuspid regurgitation,

RA: Right atrial, PLAX: Parasternal long-axis view, PSAX: Parasternal short-axis view, IAS: Interatrial septum, LVOT:

Left ventricular outflow tract, AR: Aortic regurgitation, AS: Aortic stenosis, MS: Mitral stenosis.

In MS echocardiography examination, there are
several methods of severity assessment that are
recommended to be performed on the patient. All
modalities such as M-mode, 2D echo and Doppler
evaluation should be used in the assessment.1l With
M-mode echocardiography, the motion of the mitral
leaflet can be evaluated and this view is useful in

detecting disorders of the mitral valve.10 However the

development of 2D echo and Doppler echo has take over
the role of the M-mode echo in the diagnosis and
assessment of MS severity. In clinical practice, The
European Society of Echocardiography / American
Society of Echocardiography (ESE/ASE) divides
echocardiographic examination methods into three

levels of recommendation (table 3).6

Table 3. Recommendation level for echocardiographic examination based on ESE/ASE 2009 6

Recommended Level

In Clinical Practice

Level 1
Level 2

Level 3

The method is appropriate and recommended for all patients with valvular stenosis.

Clinically reasonable methods are used when additional information is needed on a

selective patient.

The method is not recommended for routine clinical practice although it may be

appropriate for research applications and in rare clinical cases.

Mitral valve morphology analysis

Anatomical evaluation is a major component of the
echocardiographic assessment of MS because of its
implications for adequate choice of intervention.6

Parameters that need to be assessed regarding valve

morphology are as follows, namely thickening, mobility,
subvalvular fusion, commissural fusion and valvular
calcification. !

Echocardiographic examination on the long axis

parasternal (PLAX) view can evaluate valve leaf
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thickening and mobility. Cord shortening and

thickening were assessed using the PLAX and apical

with regard to the commissure area on the short
axis parasternal (PSAX) view.6,11

The anatomical defects of the mitral valve are
expressed in a combination of scores of various
components of the mitral apparatus or using an overall
assessment of valve anatomy, such as using the
Wilkins score (table 4).6,11 The Wilkins score is a
quantitative method of evaluating the mitral valve and
the mitral apparatus by echocardiography to assess
severity. mitral stenosis, each component has a value
range of 1-4, so the minimum value is 4 and the
maximum value is 16. 611,12,13,14

The Wilkins score can be one of the considerations

views. The report should also mention disturbances in
the anatomical homogeneity of the valves, particularly
in conducting intervention, if the Wilkins score < 8 is
good, balloon valvuloplasty (commissurotomy) is
performed, if the score is 8-12 without significant
calcification, valve repair is recommended and if the
scoreis = 12, valve replacement is recommended. 13,14,15
If Wilkins score < 8, the valve is flexible and not calcified
with subvalvular disease, this shows as the best
indicator for immediate balloon commissurotomy. In
the study of Mughal et al, patients with a Wilkins score
< 8 who underwent percutaneous transvenous mitral
commissurotomy (PTMC) had a 95.6% success rate (n

= 23).12

Table 4. Wilkins score system for mitral valve based on echocardiographic features 2D.6

Score Mobility Thickening

Calcification Subvalvular thickening

1 The valve is very
mobile, only the leaf
tip movement is
limited

2 Middle and basal

Mitral leaf thickness is

almost normal (4-Smm)

Only one area with Minimal thickening just

increased brightness below the mitral leaf

(brightness)

leaves have limited

mobility

The valve moves
forward diastole ik ,

mainly of basalt

Leaflet movement is
absent or minimal

during diastole

Normal middle leaf,
thickening at margins
(5-8 mm)

Thickening extends
over the entire leaflet
(5-8 mm)

The valve leaflets are
very thickened (>8-10

mm)

Bright areas are
scattered along the

leaflet margin

The bright area
extends to the center

of the leaflet

Almost all parts of the
valve leaf tissue are

very bright

The thickening of the
cord structure extends to
1/3 of the length of the
cord

The thickening extends
to the distal 1/3 of the

cord
Severe thickening and
shortening of the entire

cord structure extending

to the papillary muscles

The Wilkins score can be one of the considerations
in conducting intervention, if the Wilkins score < 8 is
good, balloon valvuloplasty (commissurotomy) is
performed, if the score is 8-12 without significant
calcification, valve repair is recommended and if the
score is 2 12, valve replacement is recommended. 13,
14,15 If Wilkins score < 8, the valve is flexible and not
calcified with subvalvular disease, this shows as the

best indicator for immediate balloon commissurotomy.

In the study of Mughal et al, patients with a Wilkins
score < 8 who underwent percutaneous transvenous
mitral commissurotomy (PTMC) had a 95.6% success

rate (n = 23).12

Valve thickening
Rheumatic disease activity increases thickness and
limits mobility of the mitral leaflet. Commissural fusion

leads to doming of the anterior leaflet which gives a
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hockey stick appearance,10,11 this can be seen in

Figure 2a.

Figure 2. (a) Measuring the thickness of the anterior leaflet tip at diastolic. (b) Objective measurement of leaflet

mobility (ab/xy) 1!

The normal thickness of the mitral leaflet is 2-4 mm.
There are 4 levels of thickness on the Wilkins Score.
The thickness of the mitral leaflet can be compared
with the thickness of the posterior aortic wall. Normal
value when the ratio <1.4. Light thickeningif the ratio
is 1.4 - 2, moderate thickening if the ratio value is 2 -

5 and heavy thickeningif the ratio is >5.6

Valve mobility
Leaflet mobility was assessed on both the PLAX and

apical 4 chamber (A4C) displays. The extent of anterior
leaflet doming can be objectively assessed by the Reid
scoring system. A line is drawn from the junction of the
posterior wall of the aortic root to the tip of the anterior
mitral leaflet (xy=H). A plumb line is drawn to the front
end of the maximum dome (ab=L). Mobilityis expressed
as a slope by dividing the height of the dome by the
length of the dome, then the mobility assessment can
use the H/L formula (table 7), this can be seen in Figure
2b.11

Table 5. Objective levels of mitral valve mobility according to the Reid scoring system. 11

H/L ratio (ab/xy) Level Score
<0.25 Light 0
0.25-0.44 Medium 1
> 0.45 Weight 2

Subvalvular fusion

Subvalvular pathology in the arthritic process can
affect the entire mitral apparatus. The cords may
become thickened, fused, shortened and calcified. 2D

echo assessment of the subvalvular structures is

essential. Usually, a visual assessment is sufficient to
make decisions about MS management. However, an
objective assessment can be done using the Lung et al

score. (Table 6).511
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Table 6. Lung and cormier scores.511

Echocardiography group Mitral valve anatomy

Group 1 AML bending no calcification and mild Subvalvular disease (thin
cord, the length of 210 mm

Group 2 AML bending no calcification and disease
Subvalvular weight (chordal thickness, length <10 mm

Group 3 Mitral valve calcification of any extent, as assessed by
fluoroscopy, regardless of the subvalvular apparatus

AML: anterior mitral leafle

Cord length is measured on A4C or A2C. Mild echocardiography (TTE) and 2D transesophageal
subvalvular disease is indicated when the cord length echocardiography (TEE) can be wused to properly
is more than 10 mm. Severe subvalvular disease is visualize chordal abnormalities in mitral
diagnosed when the chordae are <10 mm.5.11 stenosis.59,10,11 This can be seen in Figures 3 and 4.

Modified PLAX and A4C views on 2D transthoracic

st
e

Basal chordae

Strut chordae

Marginal chordae /

Figure 3. PLAX 2D display where there are 3 types of korda (a. strut and marginal; b. basal) that can be
distinguished.?
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Figure 4. TEE long axis view of a patient with severe mitral stenosis, diastolic dominance and hockey stick shape of

the mitral valve anterior leaflet (AMVL) and restricted posterior leaflet (PMVL). The subvalvular apparatus is thickened

but not calcified. The Wilkins score of this valve was calculated to be about 8, indicating suitability for PBMV.5

Commissure fusion

Commissural fusion can be assessed from the PSAX
display used for planimetry. However, the anatomy of
the commissures may be difficult to assess, particularly
in patients with severe valvular abnormalities.
Commissures are better visualized using real-time 3D

echocardiography. Commissural fusion in patients

with rheumatic MS can be seen in Figure 16.6,15
Commissural fusion is an important feature for
differentiating rheumatic M'S from degenerative MS and
for checking the consistency of severity measures.
Complete fusion of the two commissures generally

indicates severe MS. 6.16
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Figure 5. A typical example of rheumatic MS. (A) Leaflet thickening at the edges is shown in the PLAX display. (B)
Posterior leaflet immobility and anterior leaflet doming as typical morphological characteristics of rheumatic mitral
valve disease are shown in a 3-dimensional transoesophageal image. 3-dimensional transesophageal images of the
left atrial aspect (C) and the left ventricular aspect (D) showing the fusion of the two commissures (red arrow). AML

= anterior mitral leaflet; PML = posterior mitral leaflet. 15

Calcification commissural calcification score by looking at the dots
Calcifications are identified by bright echogenic dots that show high intensity echo brightness can be seen
above the leaflet. 5,11,16 How to calculate the in Figure 6.15

Score Graded 0-4

D.

Example: Score 1+#1+1=3

Example: Score 1+41+0+0=2

Figure 6. Evaluation of the Komisura Calcification Score. Commissural calcifications were calculated by assigning
each half of the commissures (anterolateral and posteromedial) with detectable high intensity echo brightness with
a score of 1. Commissural calcifications ranged from grade O (no calcification) to grade 4. (A) Both commissures were
completely calcified. (B) An example where half the commissure is calcified on the left side and the entire commissure
is calcified on the right side, then the value is 3. (C) 2D PSAX display at the level of the mitral leaflet shows that only
1 commissure is completely calcified, whereas the other commissures do not show calcification. (D) Left atrial aspect
3D TEE view. The score calculated in this example is 2. ALC = anterolateral commissure; Ao = aorta; PMC =

posteromedial commissure.15

Stenosis Severity Assessment

The assessment of mild, moderate and severe MS ASE (table 7). There are several other parameters to
depends on the valve area, mean transmitral gradient assess the severity of MS such as separation of the two
and peak tricuspid regurgitation gradient (TR) mitral leaflets and estimation of valve area by Doppler,
according to the guidelines established by the ESE and half-life pressure and continuity equations. 11

Table 7. Classification of severity of mitral stenosis based on ESE/ASE*.6,11
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Light Medium Weight
Specific findings (cm?)
- Valve area >15 10-15 <10
Supportive findings (mmHg)
- Mean gradient <5 5-10 > 10
- Pulmonary artery pressure <30 30-50 > 50

* Heart rate between 60-80 in sinus rhythm

Mitral valve area planimetry (level 1
recommendation)

Theoretically, planimetry using 2D
echocardiography of the mitral orifice has the
advantage of obtaining a direct measurement of the
mitral valve area (MVA) independent of flow conditions,
cardiac chamber compliance, or associated valve
lesions. In practice, planimetry has been shown to have
the best correlation with the anatomic area of the valve,
for this reason planimetryis considered as a reference
for measuring MVA.6

Planimetric measurements were obtained by direct
tracing of the mitral orifice, including the commissure
opening, as seen on the PSAX view. Careful scanning

from the apex to the base of the LV is required to ensure

that the cross sectional area (CSA) is measured at the
tip of the leaflet. The measuring plane should be
perpendicular to the mitral orifice, which has an
elliptical shape (Figure. 7).6,15,16

The gain setting should be good enough to visualize
the entire contour of the mitral orifice. The optimal time
of the cardiac cycle for measuring planimetry is mid-
diastole. This is best done using cineloop mode on a
frozen image.6

Planimetric measurements require technical
expertise. The measuring plane should be optimally
positioned in the mitral orifice. Recent reports suggest
that real-time 3D echo (figure 7)!5 and 3D-guided
biplane imaging are useful in optimizing the position of

the measuring plane.6

Figure 7. Planimetric method for evaluating MVA with 2D and 3D echoes. (A) Planimetric measurements of the 2D
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PSAX view. (B) Using 3D TEE. (C) Direct depiction of MVA in 3D TEE images (left ventricular aspect). 15

Planimetry is a routine examination that must be Some recommendations for routine measurement
carried out in clinical practice. However, routine methods that can be carried out in clinical practice are
evaluation of MS severity should incorporate listed in table 8.6

measurements of the mean gradient and IPM methods.

Table 8. Recommendations for recording and measuring data in routine use for quantitation of mitral
stenosis.6
_ DataBlement  Recording  Measwememt
Planimetry - PSAX 2D view - Contour in the mitral orifice

- Determine the smallest hole by scanning - Includes commissure when opened
from apex to basal

- 3D echo-oriented measurement plan - In mid-diastole (use cine-loop)
placement

- Lowest gain setting to visualize the - Average measurement if atrialfibrillation

entire mitral space

Systolic - Continuous wave Doppler - Maximum velocity of tricuspid regurgitation

pulmonary artery flow

pressure Tekanan

- Multiple acoustic windows to - Estimate right atrial pressure according to

optimize intercept angle the diameter of the inferior vena cava
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Mitral leaflet separation index

This mitral leaflet separation index is measured in
the PLAX display and the A4C display. The distance
between the ends of the leaflets when the wide
separation at the time of diastolic is measured for at
least three cardiac cycles and then the average is taken.
Index < 0.8 cm predicts severe MS, index 1.1-1.2 or

more indicates mild MS.11

Pressure gradient (recommended level 1)

The diastolic estimated pressure gradient is
obtained from the velocity of the transmitral flow using
the Bernouli equation, P = 4 v2. The use of continous
wave doppler (CWD) is preferred to ensure maximum
velosity. When pulsed wave Doppler (PWD) is used, the
sample volume should be placed at the level or after the
leaflet tips (valve leaf tip).6.11

Gradient Doppler is assessed using the apical view
in most cases because it allows for parallel alignment
of the ultrasound beam and the incoming mitral
stream, this minimizes the angle of intercept with the

2807029132

Cl 55Hz
13cm

HOPITAL BICHAT

mitral stream in order to avoid unreliable velosity
results. Color Doppler in the apical view is useful for
identifying the mitral eccentric jet during diastole
which may be encountered in cases of severe deformity
of the valvular and subvalvular apparatus. In this case,
the Doppler beam is guided by the zone of highest flow
velocity identified by the Doppler heat.6

Optimization of gain settings, beam orientation and
good acoustics is required to obtain a clear contour of
the Doppler flow. The maximum and mean mitral
gradient are calculated by the integrated software using
a trace of the transmitral Doppler spectral waveform
during diastolic on the monitor screen. The gradient
mean is a relevant hemodynamic feature (Fig. 8). While
the maximum gradient is less attractive because it
comes from the peak mitral velocity (peak mitral
velocity), which is influenced by left atrial compliance

and left ventricular diastolic function.6

S$5-1/CARDIO
8:42:05 c3

50%
1.8MHz
FP 226Hz '
< Vmax 187 cm/s

Vmoy 133 cm/s

GP max 14 mmHg

GP moy 8mmHg

ITv 416cm__
+ Vmax 189 cm/s

Vmoy 111cm/s =200

GP max 14 mmHg

GP moy 6 mmHg

TV 47.1 cmig 7 1°°

cmis

-100

P -200

Figure 8. Determination of the mean mitral gradient in a severe MS patient with atrial fibrillation. The mean gradient

varies according to diastolic length: 8 mmHg during short diastolic (A) and 6 mmHg during longer diastolic (B).6

Part-time pressure (IPM) (level 1 recommendation)
Pressure half-time (IPM) is defined as the time
interval in milliseconds between the maximum mitral
gradient at the beginning of diastolic and the time point
at which the gradient is half the maximum initial value.
Valve area (cm?2) is inversely proportional to the

decrease in velocity (velocity) of transmitral flow during

diastole. And MVA is obtained by using the empirical
formula: MVA=220PHT. The half-life pressure is
obtained by tracing the slope of the E-wave deceleration
on the Doppler spectral display of the transmitral flow
and the valve area is automatically calculated by the

integrated software of the echo machine (Figure.

9).56,11,17
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Figure 9. Calculation of the mitral valve area (MVA) using the half-life pressure method (PTH = P1/2 t).5

Occasionally, mid-diastolic flow is higher than early
diastolic, so the IPM method cannot be used to assess
MS (figure 10). When the transmitral flow does not have
homogeneous decelerations, the initial part of the slope
can be neglected (first 300 ms) and IPM can be obtained
from the mid-diastolic slope.!!

The half-life pressure is highly dependent on the

orifice of the mitral valve. However, IPM is also affected
by LA and LV diastolic compliance, initial transmitral
gradient and LA contractile strength. The half-life
pressure is less dependent on heart rate and
transmitral flow so it can be used in various R R

intervals such as atrial fibrillation. 11

Figure 10. This spectral Doppler waveform, only the gradient can be measured, while the IPM cannot be

measured.!1

The weaknesses of IPM are as follows: 11
1. If concurrent aortic regurgitation (AR) is
significant, it increases LV end-diastolic
pressure, lowers the late diastolic gradient

between LA and LV, causing a decrease in PHT

so that MVA is overestimated.

2. If the atrial septal defect (ASD) coincides, the
left-to-right shunt decompresses the LA and
decreases the gradient between the LA and LV,

causing a decrease in IPM, resulting in an
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overestimation of the MVA.

3. If LV relaxation is abnormal, for example: LV
hypertrophy, then the deceleration time and
IPM are prolonged, causing an underestimated
MVA.

Patients with atrial fibrillation, at the time of tracing
should avoid short diastolic slopes and take long
diastolic slopes with 5 different cardiac cycles, then
take the average value of the 5 cycles. 6,11 The IPM
method is widely used because it is easy to do, will but
has some limitations that affect the relationship

between IPM and MVA.6

Continuity equation (Level 2 recommendation)
The continuity equation, as in the estimation of the
aortic valve area (AVA), is based on the law of

conservation of mass and assumes that the volume of

PHIL vs
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blood flowing through the mitral annulus during
diastole must equal that flowing across the mitral
orifice (equal to the sample volume of the aorta). The
mitral annulus can be replaced with a left ventricular
outflow tract (LVOT). This substitution only applies if
there is no significant AR. So that MVA can be assessed

using the formula below.6,11,18

MVA =1 (D_2> (VTIaortic)
4 VTImitral

bad : 3,14
D :diameter LVOT (cm)
VTI : Velocity time integral (cm)

An example of measuring MVA using the continuity

equation method can be seen in Figure 11.6.11

171172008 123013 TISOE Mi14

5108122001117  GOVT GEN HOSPITALCH S5-1/GH
R 16uz -

Figure 11. MVA with continuity equation (a) PLAX display for measuringleft ventricular outflow tract (LVOT) diameter

(b) A4C display for measuring velocity time integral (VTI) of mitral stenosis (c) ASC display for measuring VTI LVOT.
In the picture the diameter of LVOT = 1.96 cm, VTI LVOT = 17.4 cm, VTI mitral = 74.9 cm, then MVA = 1.96 x 1.96

x 0.785 x 17.4 / 74.9 = 0.7 cm?2.11

Proximal isovelocity surface area (PISA) method
(Level 2 recommendation)

The basic principles of the PISA method are 1) Flow
dynamic properties; 2) The principle of continuity. The
PISA method or proximal surface area isovelocity is
based on the hemispherical shape of the convergence
of diastolic mitral flow on the atrial side of the mitral
valve, as demonstrated by calor Doppler. This allows

the volume of mitral flow to be assessed. Thus, to

determine MVA by dividing the volume of mitral flow by
the maximum velocity of diastolic mitral flow assessed
by CWD. The formula used to measure MVA using the
PISA method can be seen below. 417,18

|4 a
— 2 al )
MVA = 2mr? X (Vmax x(1ggs)

r : radius of convergent hemisphere (cm),

Val : aliasing speed (cm/s),
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Vmax : peak velocity of mitral flow by CWD (cm/s),
o : mitral leaflet opening angle relative to the

direction of flow

This method can be used in patients with significant
MR. However, it is technically demanding and requires
a lot of measurement. Its accuracy is affected by the
uncertainty in the measurement of the radii of the
convergent hemisphere and the opening angle. How to
take the size of the radius of convergence and opening
angle can be seen in Figure 12A.6,19

In some Vaiiasing studies it is used as a constant value
and the central valve angle can be fixed by 100° in the
PISA equation based on previous study reports, then
the MVA calculated by PISA can be simulated by

leaving only two variables, namely PISA radius and

Vmax which is known as the simple PISA method.
(PISAsimple). The equation calculation between
ordinary PISA (conventional PISA) and simple PISA

(PISA simple) can be seen below. 18,20

PISAgimpie = 2112 X (Var /Vinax) X (/180)
= 2x3,14 x 1% X (33 /Vypax) X (100/180)
= (2% 3,14 X 33 X 100/180) X (r2/Viay)
= 115 X 12 [Vyux

So the calculation using the simple PISA method
only requires the measurement of two variables,
namely the PISA radius (r) and the peak velocity of the
mitral flow (Vmax) as assessed by CWD. An example of
measurement with PISAsimple can be seen in Figure

12.20

PISA rmadius= 1.56 cm, Vinax= 189 cmfs, Angle a= 98 degrees, Vad = 33 cmfs

D | MYAbyPISAcasan= 2x3.14x(1.56)*x(33/189) x(98/180).. = 1.45 cm®

MVA by PISAgrgre = 115%(1.56)%189 ....................... =1.48 cm?
MVADBYPHT ... =111 cm?
MVA by PIARIMETY ... =147 cm?

Figure 12. Calculation of MVA with different methods; A, PISA method. B, IPM method. C, planimetric method. and

D, examples of MVA calculations using various methods show a good match between planimetry, conventional PISA

and simple PISA, but do not apply to IPM

Mitral valve resistance (MVR) (Level 3
recommendation)

Mitral valve resistance is defined as the ratio of the
mean mitral gradient (MPG) to the transmitral diastolic
flow rate, which is calculated by dividing the sample
volume by the diastolic filling period. Mitral valve
resistance is an alternative measure of MS severity,
which is less dependent on flow conditions. Mitral valve
resistance correlates well with pulmonary artery

pressure, but has not been shown to have added value

for assessing the severity of MS compared to valve

area.t

Pulmonary artery pressure estimates, using
Doppler estimation of the systolic gradient between the
right ventricle (RV) and right atrium (RA), reflect the
consequences of MS more than the severity itself.
Pulmonary artery pressure is important for clinical
decision making.4 Mitral valve resistance is calculated
from the equation which is represented as the metric

unit adynes.sec/cmS5.21,22
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MPG

MVR =
LVOT; X LVOTy 7,
DFT
MVR : mitral valve resistance
MPG : mean transmitral pressure gradient
LVOTd : LV outlet diameter
LVOTVTI : channel time integral speed exit LV
DFT : diastolic filling time (diastolic filling

time)

The LVOT diameter is rated in the PLAX display and
the LVOTVTI is rated in the ASC display with PWD.
Display A4C for assessing DFT, starting from the
beginning of wave E to the end of wave A. Display A4C
is also used to assess transmitral MPG using
CWD.19,20 Here we can also calculate cardiac output
(CO) = (LVOTVTI) x 0.785 x (LVOTd )2 x (HR).22

In another study, MVR was calculated using a

simpler variable by including the conversion factor

Another role of echocardigraphy in the evaluation
of mitral stenosis

Another valve disease frequently associated with
rheumatic MS is aortic stenosis (AS). The severity of AS

Tricuspid valve analysis should look for signs of
involvement of the arthritic process. More often,
associated with tricuspid disease is functional TR.6
Calculation of the estimated right ventricular systolic
pressure (RVSP) = systolic pulmonary artery pressure
(sPAP), can then be calculated from the modified
Bernoulli equation: RVSP = sPAP = 4V2 + right atrial

pressure, where 'V' is the maximum speed of the

(1333) in the formula with metric units

(dynes.sec/cmb) with the equation:23

1333 X TMPGean

MVR =
Q
Conversion factor : 1333
Q . transmitral diastolic flow

velocity (mL/s)
TMPGmean : mean of transmitral pressure

gradient (mmHg)

Where Q is calculated as the stroke volume divided by
the diastolic filling period. Stroke volume is measured
as LVOT diameter, LVOT time integral velocity (VTI),

and continuity equation.

can be underestimated because decreasing sample
volume to MS reduces the aortic gradient, so it is
necessary to estimate the aortic valve area (AVA). In
cases of severe aortic regurgitation (AR), the IPM

method for MS assessmentis invalid.6

tricuspid valve regurgitation jet.5:21

All approaches to measuring the severity of mitral
stenosis have their advantages and disadvantages. In
terms of discrepancy, planimetric results are reference
measurements, except with poor acoustic performance.
The advantages and disadvantages of each method for

evaluating mitral stenosis can be seen in table 9.6
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Table 9. Approach to evaluation of mitral stenosis.10

Measurement Unit Formula/Method Concept Adva:tage Deficiency
Valve area
- Planimetry with cm 2 Tracing the mitral orifice Direct - Accurate - Experience required
2D echo using 2D . echo measureme - Not always suitable
nt of the - Free from (bad acoustic window,
anatomy of other heavy valve
the MVA factors calcification
anatomy
- Part time cm 2 220/PHT The rate of Easily Dependence on other
pressure (IPM) drop in obtained factors(AR, RA complian
transmissio ce, LV diastolic
n flow is function, ...)
inversely
proportional
to MVA
- Continuity cm 2 MVA=(CSA wvor)(VTI portic =~ Volume Free from - Multiple
equation )/ VTI mitral flows throu  flow measurements
gh the conditions (source of error)
mitral and - Invalid if AR or MR is
orifice are significant
the same
- PISA cm 2 2 i r 2 (Valiasing) / Peak MVAis Free from Technically difficult
VMitralxa / 1800 assessed by flow
dividing the conditions
mitral
volume flow
by the
maximum
diastolic
mitral flow
rate
Mean gradient mmHg AP=Z4v2 / N The Easy to get Depends on heartrate
pressure and flow conditions
gradientis
calculated
from the
velocity
using the
Bernoulli
persamaan
equation
Systolic mmHg SPAP= 4v2 Tricuspid Addition of Obtained - Variable estimates of
pulmonary artery + RA pressure RA pressure in the RA . pressure
pressure (sPAP) and RA majorityof - No estimate of
gradient patients pulmonary vascular
between RV~ with MS resistance
and RA.
Mean mmHg AP=2X4v2 / N Gradient Additional - Experience required
gradient and systo sPAP = 4v2 Tricuspid assessment value in - Lack of validation for
lic pulmonary + RA pressure and sPAP to tolerance decision making
artery pressure increase assessmen
during exercise workload - t
Valve Resistance dyne s MVR= P wmax / Resistance Initially No prognostic value.
sec/ cm [(CSALVOT)(VTI aortic)/ D  to flow suggested There is no clear
5 FT] caused by to be threshold for severity
MS. less flow- No added value vs valve
dependent area
, but no
confirmati
on

Recommendation level: in all patients (yellow); selective patients with rationality (green); not recommended (blue).
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AR, Aortic regurgitation ; CSA, cross-sectional area ; DFT, diastolic filling time ; LA, leftatrium ; LV, left ventricle ; LVOT, left ventricular

outflow tract ; MR, mitral regurgitation ; MS, mitral

stenosis ; MVA, mitral valve
resistance ; A P, gradient ; SPAP, systolic pulmonary artery pressure ;r, the

area ; MV R, mitral valve
radius of the convergence hemisphere ; RA, right

atrium ; RV, right ventricle ; IPM , pressure half-time ; v, velocity ; VTI, integral velocity time ; N, number of instantaneous measurements .

Conclusion

Echocardiography is the most important
diagnostic tool in the evaluation of MS aiming to
confirm the etiology, assess the severity of the
stenosis, recommend the type and timing of
intervention, to assess other valvular lesions,
presence of thrombus, and vegetations. The
European Society of Echocardiography/American
Society of Echocardiography has developed several
guidelines on measurement methods for clinical
practice which are categorized into three levels of
recommendation. The routine methods recommended
by EAE/ASE to be performed in clinical practice are
as follows: planimetric method, IPM, mean gradient
and pulmonary artery systolic pressure. In case of
discrepancy, planimetric results are reference
measurements, except with poor acoustic
performance.

The results of this echocardiography examination
can be a basis for consideration for patient
management of the selected therapeutic procedure
while still considering indications, contraindications

and prognostic aspects.
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