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Abstract

Echocardiography is the primary imaging modality for the evaluation of mitral valve regurgitation. A comprehensive
assessment of mitral regurgitation using different echocardiographic techniques provides important information
regarding the etiology and severity of mitral regurgitation and its consequences on cardiac function. In addition,
echocardiography plays an important role in the management of patients with mitral regurgitation.
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INTRODUCTION

Echocardiography is the gold standard diagnostic test for the evaluation of valvular heart disease,
particularly mitral regurgitation (MR)". An accurate assessment of MR severity is vital for clinical
decision-making. Two-dimensional (2D) and three-dimensional (3D) echocardiography are mainly used to
identify the etiology and mechanism of MR, while Doppler techniques provide accurate assessment of MR
severity. In addition, integration of other supportive findings such as size and function of the left ventricle
(LV), coexistence of significant tricuspid regurgitation and pulmonary artery pressure play an important
role in the decision-making process regarding the type and time of intervention for severe MR In this
article, we will discuss in detail the role of echocardiography in the evaluation of MR.
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Figure 1. Two-dimensional transthoracic echocardiography demonstrates a myxomatous mitral valve and prolapse of posterior mitral
leaflet (arrow) with severe MR. RV: right ventricle; RA: right atrium; LV: left ventricle; LA: left atrium; MR: mitral regurgitation. Reproduced
with permission from Manjunath ez a/."’

Figure 2. Two-dimensional transthoracic echocardiography in apical four-chamber view shows a dilated LV with mitral valve coaptation
point displaced into the LV and severe MR. LV: left ventricle; LA: left atrium; MR: mitral regurgitation. Reproduced with permission from
Manjunath et /.

ASSESSMENT OF ETIOLOGY AND MECHANISM OF MR

Understanding the complex anatomy of the mitral valve (MV) is essential for accurate assessment of
MR. The MV apparatus consists of mitral annulus, MV leaflets, chordae tendineae, papillary muscles
and the underlying ventricular wall. Pathological abnormality of any one of these components can lead
to MR [Figure 1]™*. For instance, MR can occur due to primary (degenerative) MV disease affecting
the MV leaflets and/or chordae tendineae, while secondary MR occurs due to a pathological process of
the LV or left atrium (LA) [Figure 2][4’5]. In case of ventricular disease, due to either ischemic or non-
ischemic cardiomyopathy, MR occurs due to regional or global remodeling of the LV, which causes lateral
displacement of papillary muscles, resulting in annular dilation and leaflet tethering. However, there are
some differences in the mechanism of MR in these two types of cardiomyopathy. The main mechanism
for secondary MR in ischemic cardiomyopathy occurs due to inferior wall motion abnormalities, leading
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Figure 3. M-mode transthoracic echocardiogram in the parasternal long-axis view shows mid to late systolic MR in a patient with MV
prolapse. IVS: interventricular septum; MR: mitral regurgitation; MV: mitral valve; LV: left ventricle; LA: left atrium; RV: right ventricle.
Copyright with Aiman Smer

to systolic restriction and tethering of the posterior MV leaflet. This asymmetrical tenting pattern of the
MV leaflets usually leads to posteriorly directed MR In contrast, non-ischemic secondary MR is usually
associated with global wall motion abnormalities, leading to equal displacement of papillary muscles and
annular dilation, which results in symmetrical tethering of both leaflets leading to central MR

Atrial fibrillation is another common cause of secondary MR, termed atrial MR. In patients with chronic
atrial fibrillation, severe LA enlargement and annular dilation can lead to incomplete coaptation of the
MYV leaflets. Atrial remodeling of the mitral annulus can also lead to posterior displacement of the mitral
annulus and tethering of the posterior MV leaflet™. In addition, myocardial dyssynchrony due to left
bundle branch block or right ventricular pacing can potentially predispose to MR by a decrease in MV

closing forces and dyssynchronous papillary muscle function”.

M-MODE ECHOCARDIOGRAPHY

M-mode was one of the earliest echocardiographic techniques to evaluate MV abnormalities””. The high
temporal resolution of M-mode allows accurate diagnosis of the mechanism of MR in patients with MV
prolapse and MR induced by hypertrophic obstructive cardiomyopathy. Adding color Doppler M-mode
improves its diagnostic accuracy and helps determine whether MR is holosystolic or mid or late systolic
[Figure 3]. This is an important aspect to consider since MR severity may be overestimated when using
standard 2D/color Doppler imaging criteria of severity such as MR jet area, jet area/LA size ratio and
proximal jet convergence and vena contracta (VC) size, because they do not take into account the duration
of MR.

2D ECHOCARDIOGRAPHY

2D transthoracic echocardiography (TTE) is the primary diagnostic test for the initial detection of
MR and assessing its severity as well as evaluating the etiology and mechanism of MR [Table 1]. 2D
echocardiography can easily differentiate between primary MR due to MV prolapse or ruptured chord
versus secondary (functional) MR due to dilated LV. This anatomic assessment of the MV and LV in terms
of morphology and function, can be particularly useful in determining whether percutaneous or surgical
MYV repair should be considered. The transthoracic parasternal long- and short-axis views of MV allow
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Table 1. Etiology and mechanism of mitral regurgitation

Etiology of mitral regurgitation Mechanism of mitral regurgitation
Atrial fibrillation Annular dilation, leaflet mal-coaptation
Acute ischemia Papillary muscle dysfunction or rupture
Congenital or genetic disorders; Marfan syndrome, Ehlers-Danlos Leaflet prolapse, cleft or rudimentary leaflets
syndrome, Down syndrome
Endocarditis; infective and marantic Leaflet perforation, mal-coaptation, chordal rupture
Drugs; fenfluramine and dexfenfluramine Leaflets, chordae
Functional/secondary; dilated cardiomyopathy Left ventricular remolding, papillary muscle displacement
leading to leaflet tethering and annulus dilation

Hypertrophic obstructive cardiomyopathy Systolic anterior motion of anterior mitral valve leaflet
Myxomatous degeneration (primary)

(1) Barlow's disease Leaflets prolapse

(2) Fibroelastic deficiency Rupture chordae
Mitral annular calcifications Annulus, leaflets
Rheumatic heart disease Leaflets, chordae
Radiation Leaflets, chordae

Figure 4. Mitral valve segment and scallop analysis with two-dimensional transthoracic echocardiography. Left upper panel: parasternal
long-axis view depicting A2 segment and P2 scallop. Right upper panel: parasternal short-axis view permitting the assessment of AT,
A2 and A3 segments and P1, P2 and P3 scallops. Left lower panel: apical four-chamber view showing A3, A2, and P1. Right lower panel:
apical two-chamber view displaying P3, A2 and P1. RA: right atrium; RV: right ventricle; LV: left ventricle; LA: left atrium; TV: tricuspid
valve; AO: aorta. Reproduced with permission from Pierard et a/."™

direct visualization of mitral valve scallops and leaflet motion [Figure 4]"". 2D echocardiography can also
accurately diagnose rheumatic MR and endocarditis-induced MR.

2D transesophageal echocardiography (TEE) is indicated for evaluation of patients with MR in whom TTE
is of poor quality or provides nondiagnostic information about the mechanism and severity of MR, A jet
area of 10-15 cm” signifies severe MR. The proximity to the MV apparatus and 3D capabilities of TEE allow
accurate assessment of MV abnormalities. In addition, TEE can provide additional information regarding
the feasibility of percutaneous intervention and the likelihood of successful surgical repair. There are
several TEE parameters required to assess the suitability of transcatheter edge-to-edge clip repair (MitraClip)
for patients with severe chronic MR, who are deemed high surgical risk [Table 2]"*"* Echocardiographic
features such as MV area, annular calcification and the number of scallops involved in MR can predict
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Table 2. Echocardiographic parameters for MitraClip feasibility
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Favorable

Unfavorable

Contraindicated

Etiology of MR

Location of MR
Grasp zone
Calcification
Length
Mitral valve
Area
Gradient
Length of posterior leaflet
Leaflet mobility
Primary MR

Secondary MR

Myxomatous valve disease
Central, A2/P2 segments

None
>170 mm

>4 cm’

<4 mmHg

>10 mm

Mobile

Flail gap <10 mm

Flail width <15 mm
Coaptation depth <11 mm
Coaptation length > 2 mm

Severe annular dilation, > 50 mm or

EROA > 70.8 mm’

Rheumatic or endocarditis valve
disease

Peripheral, A1/P1or A3/P3 segments Perforated mitral leaflets or clefts

Mild
7-10 mm

>35and<4cm’

>4 and < 5 mmHg

7-10 mm

Restricted motion

Flail gap > 10 mm

Flail width >15 mm
Coaptation depth > 11 mm
Coaptation length <2 mm

Moderate to severe
<7mm

<35cm’
>5 mmHg
<7mm

Immobile

EROA: effective regurgitation orifice area; MR: mitral regurgitation

Figure 5. Two-dimensional transesophageal echocardiography demonstrates a flail MV (arrow) in five- and 2-chamber views. LV: left
ventricle; LA: left atrium; MV: mitral valve. Copyright with Aiman Smer

successful MitraClip placement™. In primary MR, measurements of leaflet separation and flail gap and
width are important for procedural success [Figure 5]. While in secondary MR, measurements of annular
diameter and coaptation length and depth are essential to predict adequate leaflet grasping and successful
repair [Figure 6]. In addition, TEE is essential to guide both surgical and percutaneous MV repair,
immediately assess procedural success and identify potential complications.

3D ECHOCARDIOGRAPHY

3D echocardiography either from a transthoracic or transesophageal approach can provide superb images of
the MV apparatus. The ability of 3D imaging to visualize the MV from different 2D angles allows accurate
assessment of MR"". A unique advantage of 3D TEE is the ability to provide an en face view of the MV
from the LA perspective, which is similar to the surgeons view in the operating room [Figure 7]. This view
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Figure 6. Two-dimensional transesophageal echocardiography demonstrates systolic non-coaptation gap (1) of the MV which is
displaced into the LV. #2 represents the perpendicular distance of the MV coaptation point from the MV annulus. LV: left ventricle; LA:
left atrium; MV: mitral valve. Copyright with Aiman Smer
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Figure 7. Live/real-time three-dimensional transesophageal echocardiography shows an en face view of the MV. MV: mitral valve; AML:
anterior MV leaflet; AV: aortic valve; LAA: left atrial appendage; PML: posterior MV leaflet. Copyright with Aiman Smer

allows accurate localization of the involved MV leaflet or scallop in MR and also identify rare conditions
such as MV cleft, which is very difficult to diagnose on 2D imaging. In addition, 3D echocardiography is
especially useful in prosthetic MV regurgitation and guidance of percutaneous cardiac interventions. For

instance, the use of real-time 3D TEE in MitraClip procedure is crucial for optimal trans-septal puncture
and device placement.

In general, 2D and 3D echocardiography are mainly used to identify valve pathology and mechanism of
MR. However, there are certain structural findings such as flail leaflet, ruptured papillary muscle, and large
coaptation defect, which are specific for severe MR. In addition, dilated LV along with atrium with normal
LV function suggests severe MR.
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Table 3. Grading the severity of mitral regurgitation
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Mild

Moderate

Severe

Qualitative parameters
MV morphology
Color flow Doppler of MR jet*

Continuous wave Doppler
MR jet density
MR jet contour

Flow convergence zone*
Semi-quantitative parameters
Vena contracta
Mitral valve inflow

Pulmonary veins flow
LA/LV size

Normal/abnormal
<20% of LA size

Faint
Parabolic

No or small

<0.3cm

A-wave dominant
Mitral to aortic TVI ratio
<1m/s

Systolic dominance
Normal

Normal/abnormal
20%-40% of LA size

Dense

Parabolic
Intermediate

0.3-0.69 cm

Mitral to aortic TVl ratio 1to 1.4 m/s

Normal or systolic blunting
Intermediate

Flail leaflet/chordal rupture
> 40% of LA size

Dense
Early peaking-triangular

Large

>0.7cm
E-wave dominant, > 1.2 m/s
Mitral to aortic TVI > 1.4 m/s

Systolic flow reversal in > 1 vein
Enlarged, particularly with

normal LV function
Quantitative parameters

Effective regurgitant orifice areaby < 0.2 cm’
PISA or 3D color Doppler echo

Regurgitant volume

0.2-0.29 cm? Mild to moderate > 0.4 cm?

0.3-0.39 cm® Moderate to severe
30-44 mL/beat; Mild to moderate
45-59 mL/beat; Moderate to severe
30%-39%; Mild to moderate
40%-49%; Moderate to severe

<30 mL/beat > 60 mL/beat

Regurgitant fraction <30% >50%

MR: mitral regurgitation; MV: mitral valve; LA: left atrium; LV: left ventricle; TVI: time velocity integral. *At Nyquist limit between 50-70
cm/s. Color Doppler gain needs to be optimized

ASSESSMENT OF SEVERITY OF MR

Doppler echocardiography is the primary method for the detection and quantification of MR [Table 3]
The density of the continuous wave Doppler signal of the MR envelop is a useful qualitative parameter
of MR severity. In general, small, faint MR jets with little or no flow convergence zone indicate mild
MR, while large and dense jets with a large flow convergence or vena contracta are typically severe. A

[16]

comprehensive color and spectral Doppler evaluation of MR using semi-quantitative and quantitative
parameters should be performed when more than mild MR is suspected"”.

An accurate assessment of MR severity is crucial for appropriate management and patient selection for
interventional procedures. Given the limitations of standard echocardiographic methods in quantifying
severe secondary MR, the concept of functional MR proportionality to the LV size has been proposed to
accurately identify patients with clinically significant secondary MR". If the regurgitant volumes of severe
functional MR is still proportional to the LV size, the patient is less likely to benefit from MV interventions.
On the other hand, when the regurgitant volumes become disproportional to the degree of LV dilation
(MR is greater than expected for the given LV size), the patient is more likely to benefit from MV
interventions . This concept has gained more interest after the recent controversy about the results of the
COAPT (Transcatheter Mitral-Valve Repair in Patients with Heart Failure) and MITRA-FR (Percutaneous
Repair or Medical Treatment for Secondary Mitral Regurgitation) trials"**". In these two large randomized
trials on MitraClip placement for severe secondary MR, different echocardiographic eligibility criteria and
definitions were used for MR severity””". The COAPT trial included patients with an effective regurgitant
orifice area (EROA) of at least 0.3 cm” and regurgitant volume (RVol) > 45 mL/beat, while MITRA-FR
included patients with less severe functional MR, EROA of at least 0.2 cm” and RVol > 30 mL/beat.
In addition, the COAPT trial included only patients with LV end-systolic dimension of 70 mm or less,
while MITRA-FR did not have restrictions regarding LV size. Given the conflicting results of these two
trials, further studies to test the concept of disproportionate functional MR are needed. Meanwhile, careful
patient selection for MitraClip is essential to achieve favorable outcomes.
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Figure 8. Two-dimensional transthoracic echocardiography in apical four-chamber view in a patient with severe MR. The vertical arrow
points to a large flow acceleration, and the distance between the two + signs represents the vena contracta width, which measures 113
cm, indicative of severe MR. Not only the turbulent flow signals (right arrow in LA) but also the accompanying laminar flow signals (red,
left arrow in LA) moving in the same phase as the turbulent flow signals represent MR. Thus, MR flow signals practically completely fill
the LA, indicative of torrential MR. MR severity would have been underestimated if the red laminar signals were not taken into account.
LV: left ventricle; LA: left atrium; MR: mitral regurgitation. Reproduced with permission from Manjunath et a/.""

COLOR DOPPLER

Color flow Doppler (CD) is commonly used for the detection and assessment of MR severity””. This
technique allows visualization of MR and identifies several characteristics of the regurgitant jet including
number of jets, site, direction and the three components of the regurgitant jet (flow convergence, vena
contracta and jet area) [Figure 8], Obtaining CD imaging of the MV in the parasternal short-axis view
is important to localize the site of the MR jet. The spatial orientation of the regurgitant jet area within the
LA during ventricular systole is proportional to the severity of MR, On the basis of the percentage ratio
of the color jet area to the LA, MR can be graded as mild, moderate or severe if the ratio is < 20%, 20%-40%
or > 40%, respectivelym]. However, it is important to understand that there are several technical and
hemodynamic factors that can influence the relationship between the jet size and MR severity. For instance,
using inappropriate Nyquist limit or color gain could over- or underestimate the color jet size. A lower
Nyquist limit will exaggerate lower velocities, and thus make the MR jet appear larger, while reducing the
color gain results in a smaller jet and vice versa [Figure 9]'’. Thus, it is reccommended to use a standard
Nyquist limit between 50-70 cm/s and optimize color gain to eliminate random lower flow velocity signals
or color artifacts in the LA". CD could be misleading in acute MR and in patients with hypotension
or tachycardia. On the other hand, MR jet may appear larger in patients with elevated LV end-diastolic
pressure due to high driving pressure across the MV, which can be seen in cases of significant aortic
stenosis, LV outflow obstruction or uncontrolled hypertension. CD could also overestimate MR jet area
when multiple jets are present”".

Eccentric MR jets are sometimes difficult to detect and appear smaller due to loss of energy when the
regurgitant jet impinges the LA walls or the other leaflet, known as Coanda effect [Figure 10]"*. This
problem is often obviated when one takes into account the laminar (red/blue) flow signals moving in the
same phase as the turbulent (mosaic colored) eccentric jet. Loss of energy from impingement results in low
velocity and therefore laminar MR signals. Presence of eccentric jet generally indicates significant MR and
should raise the suspicion of the possibility of underlying structural abnormalities such as torn chord or
leaflet perforation. Careful evaluation of other echocardiographic parameters such as the presence of large
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Figure 9. Two-dimensional transthoracic echocardiography. Apical four-chamber views. A, B: when the NL of 48 cm/s (A) was increased
to 80 cm/s (B) without moving the transducer and keeping the color Doppler gain constant at 31, the MR flow signals showed marked
reduction in size in this patient with substantial MR; C, D: in another patient with substantial MR, reducing color Doppler gain from 46% (C)
to 27% (D) keeping the NL constant at 50 cm/s and not moving the transducer resulted in complete disappearance of MR signals. Color
gain is optimized by first increasing it till stationary artifactual echoes often extending beyond the LA walls appear and then decreasing
it gradually till they just disappear. LA: left atrium; MR: mitral regurgitation; NL: Nyquist limit; RV: right ventricle; RA: right atrium; LV: left
ventricle; MV: mitral valve. Reproduced with permission from Manjunath et a/."

Figure 10. Two-dimensional transthoracic echocardiography in apical four-chamber view in a patient with severe MR. A relatively small
size wall hugging turbulent eccentric MR jet (right arrow) consistent with mild MR is noted. If the laminar flow signals (red, left arrow)
moving in the same phasic manner as the turbulent MR jet (to differentiate them from pulmonary venous inflow) are taken into account,
MR severity would not be underestimated and would be correctly considered severe, as the combined turbulent and laminar flow signals
virtually fill the whole LA. The laminar low velocity red flow signals also representing MR result from the high velocity turbulent flow
signals striking the LA lateral wall resulting in marked reduction of their velocity. RV: right ventricle; RA: right atrium; LV: left ventricle; LA:
left atrium; MV: mitral valve; MR: mitral regurgitation; TV: tricuspid valve. Reproduced with permission from Manjunath et a/."
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Figure 11. A-D: Live/real-time three-dimensional color Doppler transthoracic echocardiographic technique for assessment of vena
contracta area. Three-dimensional color Doppler dataset showing MR (A) cropped from top to the level of the vena contracta (arrowhead,
B) and tilted to view it en face (arrowheads in C and D). The vena contracta area is then measured by planimetry. MR: mitral regurgitation.
Reproduced with permission from Khanna et a/.%"

convergence zone, elevated mitral inflow E velocity (> 1.2 m/s) or systolic flow reversal into pulmonary
veins are also useful for accurate assessment of MR severity in such cases of eccentric MR.

Due to several technical and hemodynamic limitations, CD should not be used alone to assess MR
severity””. Therefore, an integrative approach using supportive spectral Doppler and 2D echocardiographic
parameters is recommended when suspecting significant MR on CD. The utility of 3D CD in assessing MR
severity is emerging because of its ability to view both the flow convergence zone and the vena contracta en

26
face™

VENA CONTRACTA

The vena contracta width is the narrowest region of the MR jet that occurs at or immediately downstream of
the regurgitant orifice. When assessed in 3D en face view, it represents the defect through which MR occurs
or in other words the cross-sectional area of the effective regurgitant orifice area [Figures 11 and 12]*”.
For accurate measurement, VC in 2D imaging should be assessed in a zoom view perpendicular to
the commissural line (e.g., the parasternal long axis or the apical 4-chamber view). In general, the
VC is independent of flow rate or driving pressure”. Regardless of MR etiology, VC is a useful semi-
quantitative measure of MR severity in both central and eccentric jets[m. It is recommended to average
VC measurements over 2 to 3 beats using two orthogonal planes”™. A VC width of < 3 mm indicates mild
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VCA=0.43 cm?

Figure 12. Live/real-time three-dimensional color Doppler transesophageal echocardiographic technique for assessment of VCA. The
three-dimensional dataset is cropped at the level of the MR vena contracta (MR jet origin) and cropped to view it en face (arrowhead).
VCA measured 0.43 cm?, indicative of severe MR. VCA: vena contracta area; LV: left ventricle; MR: mitral regurgitation; AV: aortic valve.
Copyright with Navin C. Nanda

MR, whereas a width of > 7 mm defines severe MR"”. If multiple jets are noted, the widths of VC maybe
additive. However, VC may underestimate MR severity in cases of multiple jets or if there is an elliptical
regurgitant orifice. On the other hand, VC could overestimate MR severity if regurgitant jet is limited to
early, mid or late systole”™. Recently, emerging data show that 3D area measurements of VC as well as flow

[30,31]

convergence may provide useful quantitative assessment of MR severity

FLOW CONVERGENCE/PROXIMAL ISOVELOCITY SURFACE AREA

Imaging the flow convergence region proximal to the regurgitant orifice is highly recommended for MR
quantitation. Qualitatively, the presence of a large convergence zone indicates substantial MR [Figure 8].
Quantitatively, the flow convergence method can be used to quantify the regurgitant flow rate, which is
used to calculate the EROA, RVol and regurgitant fraction (RF)"”. These are essential measures of lesion
severity, volume overload and predict outcomes for patients with severe MR. The proximal isovelocity
surface area (PISA) method is based on the continuity principle[m. In any regurgitant lesion, blood flow
accelerates towards the regurgitant orifice and creates concentric hemispherical isovelocity surfaces (shells)
centered at the regurgitant orifice [Figure 13]"*. The blood flow rate across all these hemispherical surfaces
is constant and equal to the flow rate through the regurgitant orifice™. Color flow mapping provides the
ability to visualize any one of these hemispheres that corresponds to certain aliasing velocity threshold. The
apical 4-chamber view is recommended for optimal PISA measurements. The area of interest is optimized
by lowering the image depth and shifting the Nyquist limit towards the direction of MR jet, i.e., down
on TTE and up on TEE. To calculate the flow rate, multiply the aliasing velocity (Va) by 2 nr* (area of
corresponding hemisphere), where r is PISA radius [Figure 14]". On the basis of regurgitant flow, EROA,
RVol and RF can be calculated using standard formulas.

Regurgitant flow = Va x 2mtr’

EROA = Regurgitant flow/Peak velocity of MR
RVol = EROA x Velocity Time Interval of MR
RF = RVol/stroke volume of regurgitant valve

A simplified method to calculate EROA is to measure PISA radius at Nyquist limit of 40 cm/s, assume peak
MR jet velocity of 5 m/s, and then EROA = r’/2"". Regardless of MR etiology, EROA of > 0.4 cm’ and/or RVol
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Flow
acceleration

Figure 13. A simple example of the generation of flow acceleration can be shown by observing the draining of water from a household
bathtub. Flow acceleration or a localized area of high velocity develops as the large body of water moves toward the “hole” or opening in
the bottom of the tub, through which water flows into the drain. Adjacent to this “hole,” the area of flow acceleration becomes smaller
and tends to take the shape and size of the circular “hole” (vena contracta). Reproduced with permission from Kapur et a/.”*

Flow convergence method

PISA radius (r)

Reg flow = 2nr’ x Va
EROA = Reg flow / PkV¢,

Figure 14. Schematic depiction of the flow convergence or PISA method for quantitating valvular regurgitation. Va is the velocity at which
aliasing occurs in the flow convergence toward the regurgitant orifice. PISA: proximal isovelocity surface area; EROA: effective regurgitant
orifice area; PkV_ : peak velocity of the regurgitant jet determined by continuous wave Doppler; Reg flow: regurgitant flow; Reg jet:
regurgitation jet. Reéproduced with permission from Manjunath et a/.*”

> 60 mL indicates severe MR [Table 2]. However, in secondary MR, EROA = 0.2 cm” and/or RVol > 30 mL

. . . [35]
is associated with worse outcomes

Similar to VC measurement, the PISA method could be misleading if multiple jets or noncircular
regurgitant orifices present. It could be technically challenging to obtain accurate PISA measurements in
cases of eccentric jets. A major problem in quantifying MR severity by the PISA method is the assumption
that the flow convergence is hemispherical in shape, which is not the case in most patients with MR. Thus,
EROA by PISA equation is not recommended in the presence of MV devices including MitraClip, because
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14]

the assumption of hemispherical proximal flow conversion zone is even further disrupted by the device'”
The use of 3D echocardiography could help overcome some of these limitations.

SPECTRAL DOPPLER

Spectral Doppler remains useful and provides important parameters for quantitative assessment of MR
severity [Table 3]. Both the mitral to aortic TVI ratio of > 1.4 and the systolic flow reversal into pulmonary
veins are specific signs of severe MR. Similar to the quantitative volumetric method, the pulsed wave
Doppler method is time-consuming and has several limitations™

ROLE OF STRESS TESTING

Both in primary and secondary MR, exercise stress echocardiography can provide additional diagnostic
and prognostic information in asymptomatic patients””. For patients with severe MR and equivocal
symptoms, exercise testing can be useful in assessing symptomatic status and functional capacity.
Inadequate increase in LV ejection fraction with exercise predicts worse postoperative LV function™. In
secondary MR, an increase in EROA > 0.13 cm’ during exercise is associated with worse cardiovascular

outcomes'””. Currently, there is no role for pharmacological stress echocardiography in evaluation of MR

severity.

CONCLUSION

2D echo imaging is the modality of choice for evaluating the etiology and mechanism of MR and associated
lesions. MR severity in real world practice is semi-quantitatively assessed by eyeballing the proportion of
the LA area occupied by the regurgitant jet on 2D/color Doppler imaging. This is supplemented by linear
measurements of flow convergence and VC. When MR appears moderately severe or severe by these
methods and intervention, where MitraClip is a consideration, more comprehensive and complicated
quantitative echo methods, which may include 3D imaging, are used.
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