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Abstract

Mitral regurgitation (MR) is one of the most frequent indications for valve surgery in developed countries, and echocar-
diographic assessment is an essential tool to evaluate its etiologies, severity, and therapeutic indications. The mitral valve
apparatus is a complex structure composed of several parts: apart from the mitral valve leaflets and annulus, it also includes
the chordae tendineae, papillary muscles, and left ventricular (LV) wall. MR can be caused not only by organic changes of the
mitral valve leaflets or chordae (primary MR) but also by extreme mitral annular enlargement or mitral leaflet tethering due
to displacement and malfunction of papillary muscles and LV wall (secondary MR). In secondary MR with LV dysfunction,
a milder degree of MR can be associated with adverse outcomes compared with primary MR. Grading the severity is the
first step in evaluation of indication for surgical/transcatheter interventions. As such, there are several techniques to assess
the severity of MR using echocardiography. However, none of the techniques is reliable enough by itself, and it is always
recommended to integrate multiple methods. In cases where echocardiographic assessment of MR severity is inconclusive,
magnetic resonance may be helpful. In addition to the severity, anatomical information, such as localization in primary MR
due to mitral valve prolapse and LV size in secondary MR due to LV dilatation/dysfunction, is an important concern in pre-
surgical echocardiography. Transesophageal echocardiography and three-dimensional echocardiography are key techniques
for anatomical evaluation including mitral valve and LV volumes. In transcatheter intervention for MR, echocardiography
plays a pivotal role as a guide for procedures and endpoints. In this review article, the authors provide a comprehensive
summary of current standards of echocardiographic assessment of MR.

Keywords Echocardiography - Three-dimensional (3D) echocardiography - Mitral regurgitation - Mitral valve prolapse -
Mitral valve repair - Transcatheter mitral valve repair

Introduction physicians must provide optimal interventions at the opti-

mal time.

Mitral regurgitation (MR) is one of the most common val-
vular heart diseases in developed countries and the second
most frequent indication for valve surgery in Japan [1, 2].
Chronic MR generally progresses without symptoms for a
long time and can cause functional and structural deteriora-
tion of the left atrium (LA) and ventricle (LV), which are
associated with increased mortality and morbidity [3, 4].
Accordingly, patients with significant chronic MR should
undergo routine evaluation regardless of symptoms and

< Nobuyuki Kagiyama
kgnb_27_hot@yahoo.co.jp

West Virginia University Heart and Vascular Institute, 1
Medical Center Drive, Morgantown, WV 26505, USA

Echocardiography is noninvasive and the most accessible
imaging tool that can be useful for the evaluation of MR or
other various conditions and diseases. Even though other
cardiac imaging modalities, such as magnetic resonance
imaging (MRI) and computed tomography (CT), have been
reported to provide more accurate assessment of regurgi-
tant volume and anatomical details [5, 6], echocardiography,
along with physical examinations, will remain the first line
and routine evaluation tool for valvular heart disease because
of its repeatability and accessibility. The strengths of echo-
cardiography in evaluation of MR also include its capabil-
ity of comprehensive evaluation of anatomical, physiologi-
cal, and functional aspects in real time, enabling it to be an
extension of physical examinations and an intra-procedural
guidance. However, inter-and intra-observer variability and
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moderate reproducibility/accuracy in grading MR severity
should be acknowledged. The purpose of this review docu-
ment is to provide a comprehensive summary of current
standards of echocardiographic assessment of MR.

Anatomy of mitral valve

The mitral valve apparatus is a complex structure consist-
ing of several parts: the mitral valve leaflets and annulus,
chordae tendineae, papillary muscles, and left ventricular
wall. Dysfunction of any of these components can cause
MR (Fig. 1a) [2]. Mitral valve leaflets are further classified
into anterior and posterior leaflets. The anterior leaflet has
double the leaflet length and half the circumferential width
of the posterior leaflet, resulting in a similar leaflet area.
The posterior leaflet is further divided into three segments
by indentations: P1 (lateral scallop), P2 (middle scallop),
and P3 (posterior scallop). The corresponding segments of
the anterior leaflet are called A1, A2 and A3, respectively.
The anterior and posterior leaflets are connected by small
redundant tissues called medial and lateral commissures
(Fig. 1b). As described below, identifying the localization of
the pathology is very important and each component should
be carefully assessed in presurgical evaluation of MR.

Fig. 1 Mitral valve apparatus.
Right panels: A 3D echocar-
diographic image of the entire
mitral apparatus. Left upper
panel A specimen of the mitral
valve apparatus, Left bot-

tom panel echocardiographic
surgeon’s view of mitral valve
leaflet. APM anterior papillary
muscle, PPM posterior papillary
muscle, LV left ventricle
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General classification of MR
Primary and secondary MR

Chronic MR is generally classified into primary (organic)
and secondary MR (functional) (Fig. 2). In primary MR, the
most common cause is mitral valve prolapse [7, 8] in which
the leaflet body deviates above the mitral annulus toward
the LA in systole (Fig. 3a) [2, 3]. Etiologies of mitral valve
prolapse can be further subclassified into fibroelastic defi-
ciency and Barlow’s disease [2, 9]. While fibroelastic defi-
ciency is generally characterized by localized involvement of
the leaflet with healthy adjacent segments and is commonly
seen in elderly patients, Barlow’s disease is a disease entity
with diffuse excess tissue including large and myxomatous
leaflet, diffusely elongated chordae, and enlarged annulus,
although there is an overlap between these two [10, 11]. Flail
is a term that is usually used as a specific pattern of mitral
valve prolapse in which the leaflet body and also the tip are
flipped toward the LA (Fig. 3b) [3, 4]. It is often caused by
chordae rupture and is usually associated with severe MR.
Other etiologies of primary MR include rheumatic valve
diseases, infective endocarditis, congenital anomaly of the
mitral valve, and calcification of the mitral valve apparatus.
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muscles
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Mitral Regurgitation (MR)

Primary MR / Secondary MR /
Organic MR Functional MR
Other Due to Due to
Due to Leaflet . -
Components Left Ventricle Left Atrium

Mitral Valve Prolapse Ruptured chordae/ Ischemic heart disease (Ischemic MR) Severe dilatation of LA

* Fibroelastic deficiency papillary muscles due to * Myocardial infarction Atriogenic tethering

* Barlow’s disease * Infective endocarditis * Ischemic cardiomyopathy
Calcified deterioration * Myocardial infarction Nonischemic cardiomyopathy

Infective endocarditis

Fig.2 Classification of MR. Each of the primary and secondary MR includes several etiologies. LA left atrium

Fig.3 Type of prolapse. a
Transthoracic echocardiogra-
phy of mitral valve prolapse
without flail. b Transthoracic
echocardiography of mitral
valve with flail leaflet. ¢ and d
Transesophageal echocardiog-
raphy of mitral valve prolapse
with flail leaflet
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Secondary MR is dominantly caused by LV dilatation and
dysfunction. Papillary muscles are displaced to a lateral and
apical location in the dilated LV, tethering the chordae and
leaflets toward it. In systole, tethered leaflets cannot close at
the mitral annular level, resulting in insufficient coaptation
[12, 13]. One of the most common scenarios is LV dilata-
tion due to myocardial infarction, which is seen in about 5%
of patients who undergo primary catheter intervention for
acute myocardial infarction [14], and such secondary MR
caused by ischemic etiology is called ischemic MR. Any
other diseases that cause LV dilatation and dysfunction can
be related to secondary MR. Furthermore, recent studies
reported MR caused by extreme dilatation of the LA and
related mechanisms, which is now called atrial functional
MR and is mostly observed in patients with atrial fibrilla-
tion (AFib) [15, 16]. Although the detailed mechanisms of
atrial functional MR are yet to be established, it is generally
characterized by an extremely enlarged LA and mitral annu-
lus, absence of LV dysfunction or dilatation, and a normal
mitral valve leaflet [17]. This type of MR can be considered
a subtype of secondary MR, and other etiologies such as
systolic anterior motion of the mitral valve in hypertrophic
cardiomyopathy can also be included in secondary MR by

Type ll

Type |

* Mitral valve prolapse
* Chordae rupture

* Severe dilatation of LA
and mitral annulus

* Infective endocarditis

* Mitral valve cleft

* Extreme calcification

Fig.4 Carpentier classification of MR. The upper panels show
transesophageal echocardiographic images of the mitral valve in
each type of mitral regurgitation, and the lower panels are the color
Doppler images corresponding to the upper panels. Type I refers to
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definition, although the term “secondary MR” generally
implies secondary MR due to LV dilatation and dysfunction.

It is well known that primary and secondary MR have
different significance on outcome, and the effectiveness of
therapeutic interventions is also different. While moderate
or less primary MR is usually considered benign, even mild
secondary MR is associated with an increase in adverse car-
diac events [6]. Thus, guidelines recommend different man-
agement strategies for primary and secondary MR [3, 18,
19]. However, it should be acknowledged that the evidence
is mostly based on mitral valve prolapse for primary MR
and MR due to LV dilatation and dysfunction for secondary
MR. Thus, physicians should not apply the same strategy to
all etiologies of primary (or secondary) MR.

Carpentier classification of MR based on leaflet
motion

The Carpentier classification is another classification of
MR based on leaflet motion (Fig. 4). Type I refers to MR
with normal leaflet motion, which includes annular dila-
tation and leaflet perforation. Some congenital anomalies
such as cleft mitral valve are also considered Type 1. Type

Type llla Type lllb

* Ischemic or non-ischemic
cardiomyopathy

* Rheumatic MR

MR with normal leaflet motion. Type II leaflet motion is defined by
excessive deviation toward the left atrium. Type I1la MR is caused by
restriction by the leaflet itself. In Type IlIb, the leaflet is tethered by
displaced papillary muscle and/or shortened chordae
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IT leaflet motion is defined by excessive deviation toward
the LA that is similar to mitral valve prolapse. Type III
refers to restrictive leaflet motion where leaflets do not
close at the level of the mitral annulus. Type III is further
divided into Type Illa, which is restricted by the leaflet
itself due to rheumatic or other post-inflammatory disor-
ders, and Type IIIb, where the leaflet is tethered by dis-
placed papillary muscle and/or shortened chordae. This
classification is independent of classification into primary/
secondary MR, i.e., Type I can be either primary (leaf-
let perforation) or secondary (annular dilatation). As the
Carpentier classification is more directly associated with
surgical planning than primary/secondary MR, it can help
facilitate communication between sonographer/cardiolo-
gist and surgeons.

Acute MR

Acute MR occurs in several situations, such as acute impair-
ment of LV function in acute myocardial infarction or acute
myocarditis, papillary muscle or chordae rupture, and infec-
tive endocarditis. Although acute MR is much less common
than chronic MR, it usually relates to severer clinical pres-
entation and frequent pulmonary edema due to less cardiac
compensation to the sudden increase in volume overload
[20-22]. It generally causes acute elevation of LA pressure,
tachycardia, and sometimes hypotension due to decreased
LV stroke volume. Increased LA pressure shortens the dura-
tion of MR, resulting in less visible color Doppler MR jet.
Accordingly, acute MR is often underestimated by echocar-
diography. Other echocardiographic findings independent of
color Doppler, such as systolic flow reversal in the pulmo-
nary vein, anatomic findings of severe MR such as flail, and
hyperdynamic LV, are helpful [4].

Echocardiographic assessment of MR
severity

Accurate and reproducible assessment of the severity of MR
is crucial for its appropriate management as it is directly
associated with the prognosis [23, 24]. Table 1 summarizes
the strengths and limitations of the approaches for grading
MR severity, and Table 2 shows the cutoff for each grade.
Most current guidelines recommend treatment strategies
based on MR severity [3, 18, 19]. Echocardiography, owing
to its wide availability and completely noninvasive nature,
is the most important and repeatable tool for MR grading.
However, every single echocardiographic approach has limi-
tations and, thus, a comprehensive approach with a good
understanding of those limitations is always recommended.

Color Doppler jet area

Color Doppler jet area is one of the most commonly used
approaches for grading MR severity in routine clinical prac-
tice. Using the apical 4-chamber view, with tilting of the
plane to capture the largest jet, MR jet area and LA area
should be measured on the same plane, and the ratio of MR
jet area to LA area was evaluated (Fig. 5a). This approach
is commonly used as a first screening of the presence of
MR. On the other hand, this is not essentially a flow image
but rather an image of the spatial distribution of velocities
within the image plane. This approach is easy and visually
intuitive, but it is imprecise for grading MR severity com-
pared with other approaches [4, 25]. In cases of acute MR,
eccentric jet, and significantly enlarged LA, in particular, the
MR jet area tends to be underestimated. Accordingly, when
moderate or more MR is suspected, other approaches should
be employed to grade MR severity together in conjunction
with this.

Vena contracta width

Vena contracta width is a relatively easy and objective
method that provides semiquantitative grading of MR sever-
ity. Vena contracta width is the width at the narrowest part
of the MR jet (Fig. 5b). It is measured on the parasternal
long axis view as other views, e.g., the 2-chamber view,
can cause significant over/underestimation of the severity.
Vena contracta<0.3 cm and > 0.7 cm is relatively specific to
mild and severe MR, respectively, whereas there is an over-
lap of mild, moderate, and severe MR in vena contracta of
0.3-0.7 cm. Vena contracta is also reported to be accurate in
evaluating eccentric jet [26]. Furthermore, a previous study
demonstrated that vena contracta width reflected orifice size
and was resistant with changes in the flow [27]. However, it
is significantly influenced by the orifice shape, i.e., it under-
estimates MR when the orifice is elliptical and it cannot be
applied to multiple jets.

Proximal isovelocity surface area method

The proximal isovelocity surface area (PISA) method is
one of the most commonly used quantitative approaches
for MR grading. Previous studies have reported that MR
quantification using the PISA method is associated with
the prognosis [6, 23, 28]. Using an apical view, the size
of the proximal flow convergence radius is measured with
the color Doppler baseline shifted in the direction of the
jet (=change the Nyquist limit: often to 30-40 cm/s).
Then, MR in continuous wave Doppler is traced to obtain
the time velocity integral (TVI) and maximum velocity
(Fig. 5¢). The effective regurgitant orifice area (EROA)
and regurgitant volume (RV) can both be calculated using
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Table 2 Severity of MR

Mild Moderate Severe
Color Doppler jet area to LA area ratio® <20% 20-50% 50%<
Vena contracta width <0.3cm 0.3-0.7 cm 0.7cm<
EROA <0.2 cm? 0.2-0.3 cm* 0.3-0.4 cm® 0.4 cm<
RV <30ml 3045 ml 45-60 ml 60 ml<
Regurgitant fraction <30% 30-40% 40-50% 50% <
Supportive findings
Color Doppler findings Proximal conver- Proximal convergence flow (+)

Mitral valve morphology
Pulmonary vein flow pattern
Continuous wave Doppler of MR
Mitral inflow pattern

Left ventricular motion

gence flow (+)
Flail, significant gap between leaflets
Systolic flow reversal
Dense, holosystolic flow/Triangular shape
High E wave velocity (> 1.2 m/s)
Hyperdynamic motion

4Should not be used alone

a Jetarea/LAarea

b Vena contracta width

C PISA-based EROA/RV

Fig.5 Grading methods of MR. a Ratio of color Doppler jet area to left atrium area. b Vena contracta width. ¢ Proximal isovelocity surface area

method

these measurements. The biggest pitfall is in measuring
the size of the proximal flow convergence radius, which
is sometimes difficult, mainly due to unclear location of
the orifice. As small errors in the size of the radius result
in a big difference in the estimated value, it should be
measured carefully using a zoomed image with accurate
detection of orifice location. For an eccentric jet or ellip-
tical orifice, this approach can underestimate MR severity
as well as vena contracta.

Volumetric method

In the volumetric method, MR volume is derived as the dif-
ference between the stroke volume (SV) calculated at the LV
outflow tract and the volume of LV inflow [29-31]. Alterna-
tively, MR volume can be obtained as the difference between
the SV calculated at LV outflow and the SV measured by
tracing the LV endocardium (2D disc method or ideally 3D
method). In the former method, the LV inflow volume is
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calculated using TVI of mitral inflow measured at the mitral
annular level and mitral annular diameters. This approach is
resistant to multiple jets, elliptical orifice shape, eccentric
jet, and duration of MR (non-holosystolic MR), in contrast
to other quantitative/semiquantitative approaches. However,
there are many steps in the calculation process and small
errors in each measurement can accentuate error in the final
results [4]. Therefore, it requires certain training, and repro-
ducibility remains a major concern.

Other supporting findings

Other than the quantitative/semiquantitative approaches,
several simple approaches are sometimes helpful for dif-
ferentiating severe MR (Table 2) [4]. For example, if clear
proximal convergence flow is observed, the severity of
MR should be more than moderate. Flail leaflet, with a
clear gap between the diseased and adjacent leaflet tip, is
mostly related to severe MR. Reversal Doppler wave pat-
tern of pulmonary vein flow is an additional metric indicat-
ing severe MR. Also, it is sometimes useful to check the
continuous wave Doppler pattern and the shape of MR. In
severe MR, the pattern is dense, and the shape can become
triangular since the flow velocity drops fast due to a rapid
increase in LA pressure. The mitral inflow pattern is usually
E wave dominant with a high peak velocity in severe MR

(> 1.2 m/s). Lastly, hyperdynamic LV motion without any
other cause may indicate compensation effort against severe
MR. These metrics can help to make a quick assessment of
the severity and can also help when other quantitative met-
rics are inconsistent.

MRI has recently been reported as a more accurate tool
for quantification of MR [32, 33]. In cases where echocar-
diographic assessment of MR severity is inconclusive, mag-
netic resonance may be helpful.

3D Echocardiography

3D echocardiography, especially with transesophageal
echocardiography, has already become a routine tool for
presurgical assessment of MR. Compared with 2D echocar-
diography, which requires some experience to visualize the
3D morphology, 3D echocardiography provides much more
intuitive images, improving the accuracy of localization of
the mitral valve pathology even by novice readers (Fig. 6)
[34], and making it easier to communicate with surgeons and
other medical staff who are not experts in echocardiography.

Furthermore, 3D echocardiography allows not only vis-
ual assessment but also quantitative approaches that may
be more accurate than 2D methodologies. For example, 3D
quantitative assessment including prolapse volume and its

Fig.6 Localization of mitral valve prolapse. Panels a, ¢, and e show 3D echocardiographic images, and b, d, and f are their 3D modeling. Panels
a and b are posterior, ¢ and d are anterior, and e and f are bileaflet prolapse, respectively
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ratio to height allows accurate differentiation of fibroelastic
deficiency from Barlow’s disease, which requires more com-
plex repair [9, 35]. Recently, such quantitative approaches
have become easier and faster because of advances in tech-
nologies [36-38].

Vena contracta area is an area of vena contracta meas-
ured by 3D color Doppler [39]. Although the principle of
vena contracta area is the same as vena contracta width, i.e.,
assessment of the narrowest part of MR flow, vena contracta
area can be applied to any form of MR orifice because of its
3D nature. Similarly, 3D PISA methods can assess the mor-
phology and size of PISA without shape assumption, with a
previous study reporting its superiority over 2D PISA [40].
Currently, these 3D color Doppler-based techniques require
manual processing of multiplanar reconstruction and have
limited evidence in clinical settings, although they seem to
be promising in assessment of MR severity.

Echocardiography for guiding therapeutic
planning

Key echocardiographic findings in primary MR

In primary MR, the primary indication for surgery is “severe

MR + symptoms”. If a patient is symptomatic with severe
MR, intervention should only be considered as far as the

patient is suitable for the surgery. Risk of surgical treatment
should be contemplated by a multidisciplinary heart team
based on a multifactorial assessment. The echocardiologist/
sonographer must, at the least, consider LV function includ-
ing LVEF. Both ACC/AHA and ESC guidelines consider
LVEF < 30% as high risk [3, 18, 19, 41]. For asymptomatic
patients with severe MR, reduced LVEF, enlarged LV end-
systolic diameter, elevated pulmonary artery pressure, and
new onset of atrial fibrillation are associated with poor
prognosis and, therefore, a marker of indication of surgery
[42-44]. Recently, impaired global longitudinal strain has
been reported as an earlier marker of LV deterioration asso-
ciated with increased adverse events [45]. Exercise stress
echocardiography may be helpful to reveal exercise-induced
change in MR severity, pulmonary artery pressure, and
symptoms [46—49]. A simplified flowchart is provided in
Fig. 7.

Repairability of the valve is one of the most important
factors that should be evaluated using echocardiography. In
mitral valve prolapse, the most repairable type is posterior
leaflet prolapse involving a relatively small area, which is
usually repaired by a simple technique such as triangular
resection. Anterior leaflet prolapse generally requires a more
complex surgical technique such as artificial chord and is
considered more difficult to repair [19]. Furthermore, wide-
spread prolapse with diffuse excess tissue and significantly
enlarged leaflets and annulus, such as Barlow’s disease,

Primary Severe MR

Symptomatic

Asymptomatic

|

LVEF £30%

LVEF >30%

Signs of cardiac
deterioration*

No sings of cardiac
deterioration*

Refractory to medical therapy,
repairable valve and low comorbidity

No Yes

Medical therapy
percutaneous repair

Surgery (repair)

Follow up

Fig. 7 Simplified treatment flow diagram for primary MR. Signs of
cardiac deterioration include left ventricular ejection fraction <60%,
left ventricular end-systolic diameter>40 (or 45) mm, systolic pul-

monary artery pressure>50 mmHg, and new onset of atrial fibril-
lation. Impaired global longitudinal strain may also be considered a
sign of cardiac deterioration
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requires even more complex repair [9]. However, as tech-
niques used for each pathology and success rates of repair
vary significantly between institutes, it is important for the
echocardiologist/sonographer to be familiar not only with
the general techniques of mitral valve repair but also with
the institutional characteristics such as preferred techniques.
3D echocardiography is very useful for detecting accurate
localization of the prolapse lesion and for communicating
with surgeons, as discussed above.

Percutaneous mitral valve repair using MitraClip is a new
option in mitral valve repair; however, it should be acknowl-
edged that the use of MitraClip is currently limited only to
those patients with high risk of mortality and morbidity for
open heart surgery. This is primarily because it provides
only one technique used in surgical mitral valve repair, i.e.,
Alfieri stich. Since the MitraClip procedure is dominantly
guided by echocardiography, i.e., operators cannot directly
look at the valve, pre- and intra-procedural echocardiogra-
phy should be performed meticulously. Anatomical features
of ideal candidates for MitraClip include: (1) MR originating
from the mid portion of the valve (2) lack of severe cal-
cification/rheumatic change on leaflet tips (3) mitral valve
area>4 cm? (4) posterior leaflet length > 10 mm (5) flail
width <15 mm and gap < 10 mm, and (6) coaptation depth
(tenting height) < 11 mm and coaptation length>2 mm
[50]. As echocardiography is practically the only imaging
modality that provides hemodynamic, functional, and tissue
information throughout the procedure, appropriate imaging
and determination of endpoints are essential. In particular,
3D transesophageal echocardiographic imaging, especially
an en-face view (surgeon’s view) of the mitral valve, plays
a pivotal role in showing delivery catheters, wires, devices,
and cardiac structures in a single view and in relation to each
other. Supplemented by the simultaneous bi-plane function,
3D echocardiography helps guide proper positioning of the
transseptal puncture (superior and posterior position: 4-5 cm
above the mitral annulus in primary MR and approximately
3.5 cm in secondary MR [50]) angle between the clip and
the mitral valve, and the position that the device grasps the
mitral valve. Since the objective of MitraClip is usually not
to eliminate MR but rather to reduce the amount of MR,
and the use of too many clips may cause mitral stenosis,
the definition of endpoints varies from patient to patient.
Recently published guidelines recommend: (1) evaluation
by color Doppler image and integration with other methods,
(2) check for changes in patterns of pulmonary vein flow and
mitral inflow, (3) when possible, vena contracta area, and (4)
check the transmitral gradient [51].

Treatment strategy for secondary MR

Indication for interventions in secondary MR is more com-
plicated than in primary MR as the therapeutic effect of
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interventions is less clear [18, 19, 52, 53]. Even though
there is mounting evidence of an association between
the presence of significant secondary MR and increased
adverse events, there has been no established evidence for
surgical interventions. Accordingly, both AHA/ACC and
ESC guidelines currently do not have class I or I1a indi-
cation criteria for isolated surgery for secondary MR [3,
18, 19, 41]. In clinical practice, surgical intervention for
secondary MR is often considered in symptomatic patients
who are refractory to medical therapy and have no other
therapeutic options. Frequent recurrence of MR and high
peri-surgical comorbidity/mortality remain big concerns
[54], yet many repair techniques have been invented for
secondary MR [52, 53, 55, 56]. These techniques have not
been standardized, and echocardiographic findings associ-
ated with successful repair are also yet to be established.
When planning such surgeries, discussion with surgeons
would be helpful to define important echocardiographic
points.

The results of the COAPT trial, therefore, had a big
impact on the therapeutic strategy for secondary MR [57].
This randomized control trial published in the end of 2018,
where symptomatic patients with severe secondary MR were
randomized to MitraClip + medical therapy or optimal medi-
cal therapy alone, showed a 40% decrease in hazard for death
by MitraClip. However, it may be too early to uncondition-
ally accept this result. Importantly, the MITRA-FR study,
an RCT with a similar design, showed completely opposite
results including no difference between MitraClip and the
control group [58]. Currently, the success of COAPT trial
is mainly considered because of the patient inclusion crite-
ria. Compared with MITRA-FR, COAPT included patients
with less dilated LV despite severer MR. Pibarot et al. pro-
posed the following criteria for patients who benefit from
MitraClip: (1) > moderate-to-severe secondary MR defined
as EROA 30 mm? and/or regurgitant volume > 45 ml (2)
LVEF between 20% and 50% and LV end-systolic diam-
eter <70 mm, and (3) persistent heart failure symptoms
(NYHA > 1II) despite optimal (maximally tolerated) GDMT
with cardiac resynchronization and coronary revasculariza-
tion, if appropriate [59].

Conclusions

Echocardiography is the first and the most important imag-
ing tool in evaluation of MR, although there are pitfalls and
limitations. Appropriate use of echocardiography while
keeping these limitations in mind is essential and will
become even more important in the era of transcatheter valve
treatment.
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