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Abstract: Functional mitral regurgitation (FMR) occurs in the absence of organic mitral valve (MV)
disease and is a result of LV dysfunction due to ischemic vs. non ischemic etiologies. The prevalence of FMR
is increasing, as 2.0-2.5 million people in the USA were diagnosed with FMR in 2000—and this number
is expected to double to 4 million by 2030. FMR tends to develop in a significant number of patients after
myocardial infarction (MI) and many develop heart failure (HF) subsequently with mortality rates ranging
from 15-40% at 1 year. Therefore, there has been much interest and effort to develop optimized methods
for quantifying and classifying the severity of FMR, as well as developing effective therapeutic interventions
to improve outcomes in patients with significant FMR. Echocardiogram is typically the primary diagnostic
method of assessment, however, there have been various technological advances including cardiac CT and
cardiac MRI that can better guide quantification and management of this disease. Management of this disease
is mostly aimed at optimizing left ventricular (LV) remodeling with surgical and transcatheter management
gaining more popularity with recent times. The purpose of this paper is to provide a comprehensive review

of the current evaluation methods and interventional strategies for FMR.
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Introduction

Mitral regurgitaion is categorized as functional mitral
regurgitation (FMR) in the setting of normal mitral
leaflet morphology, but dilated mitral annulus due to left
ventricular dilation/dysfunction, typically secondary to
ischemic or non-ischemic cardimoyopathic myocardial
disease (1,2). The prevalence of FMR continues to rise, and
4million people in the USA are expected to be diagnosed
with FMR by 2030 (3). Prior studies have shown that
significant FMR developed in ~50% of patients after
myocardial infarction (MI) (4-7) and up to 50% of patients
with heart failure (HF) (8). Moreover, FMR portends poor
prognosis, with mortality rates ranging from 15-40% at
1 year (9-12). Therefore, there has been much interest
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and effort to develop optimized methods for quantifying
and classifying the severity of FMR, as well as developing
effective therapeutic interventions to improve outcomes in
patients with significant FMR.

Pathophysiology of FMR

FMR is characterized by normal MV leaflets which are
apically displaced in the left ventricle and occur in 20-25%
of patients with adverse prognosis after revascularization or
MI (11). The MV consists of anterior and posterior leaflets,
which attach to the mitral annulus. The mitral subvalvular
apparatus, comprises of 2 main papillary muscles (PM)
(anterolateral and posteromedial) arising from LV
myocardium, and chordae tendineae, which support the
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mitral leaflets (1). Carpentier’s classification provides
important categorization of mitral regurgitation, based on
the etiology/mechanism of MV disease: type I represents
normal valve movement, such as annular dilation or leaflet
perforation; type II represents excessive movement; type
III represents restrictive movement with IIla defined as
diastolic restriction such as rheumatic disease, and IIIb
systolic restriction as in functional disease (13). FMR
results from a complex relationship of LV dilation/
dysfunction, abnormal valvular/subvalvular apparatus
geometry, displacement of one or both PM, resultant MV
leaflet tethering and incomplete systolic MV closure in
both ischemic cardiomyopathy (ICM) and nonischemic
cardiomyopathy (NICM) FMR. In FMR, there is a
complex interplay of annular dilatation, PM displacement
with increased systolic leaflet tethering and regional or
global LV remodeling results in incomplete mitral leaflet
closure in the setting of normal mitral leaflets (14). Global
LV enlargement or remodeling/scarring can affect PMs,
causing posteriorly directed or central MR (15). In addition,
normal saddle-shape of annulus is important to maintain
normal leaflet stress, and the loss of this shape/annular
flattening can result in increased leaflet stress with chronic
MR leading to increased mitral leaflet area, insufficient
leaflet remodeling all which contribute to severe MR (1,16).

Ischemic MR (IMR)

IMR is the most frequent etiology of regurgitation in FMR.
LV remodeling after MI results in PM displacement causing
systolic tenting of the MV and this can occur with normal
left ventricular ejection fraction (LVEF) as ventricular
remodeling with regional wall motion abnormalities can
cause MV tethering causing reduced closing forces causing
regurgitation (17). The PM contributes nonextensible
chordae to both anterior and posterior mitral leaflets. LV
remodeling can lead the PM to displace apically, which
results in a more apical position of the leaflets and their
coaptation point causing a deformity of anterior leaflet
described as ‘seagull sign’ (18). In addition, reduced closing
forces can cause reduction in synchronicity between the
two PMs, alter systolic annular contraction and decrease LV
contractility which leads to a self-perpetuating physiology
where resultant MR leads to further ventricular dilatation,
leading to further PM displacement, annular enlargement
and further regurgitation (18-20). Type IIIb Carpentier
classification is the most common form of IMR, with
restricted motions of margins of the leaflets in systole.
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IMR is defined by (I) prior history of MI, (II) tethering of
posterior-medial scallop of posterior leaflet (most common),
and (III) type IIIb Carpentier’s dysfunction with restricted
leaflet motion in systole (13). IMR can be further classified
based on echocardiogram parameters into asymmetric
or symmetric tethering patterns. Asymmetric tethering
is associated with inferolateral MI with inferolateral
remodeling, and increased tenting areas with akinesia or
dyskinesia at the base of the LV causing a MR jet that
is posterior directed. Symmetric outflow tract tethering
pattern is seen with large anterior or multiple infarcts
leading to greater eccentric remodeling, bi-leaflet apical
tethering, larger tenting areas and a MR jet that is centrally
directed (20). In addition, FMR, including IMR, is dynamic
in nature with flow mainly occurring in early and late
systole and decreased regurgitation in mid-systole since LV
maximally exerts force to close the leaflets in mid-systole,
reducing the orifice area (14).

Nonischemic causes of FMR

Non-ischemic causes of FMR include idiopathic dilated
cardiomyopathy and atrial fibrillation. Typically, NICM
FMR is characterized by LV/LA dilation, mitral annular
dilation, loss of mitral annulus contraction, and inadequate
MV leaflet length (Carpentier type I MR) (21), with resultant
MYV mal-coaptation. While the pattern of mitral annular
dilation is typically symmetric in NICM FMR due to global
LV dysfunction, the mitral annular dilation is typically
greatest in the septal-lateral direction, and correlates
with the severity of LV dysfunction (22). Functional atrial
mitral regurgitation has recently been recognized as an
important cause of FMR due to atrial fibrillation. Atrial
fibrillation frequently results in significant atrial dilation
and remodeling, resulting in mitral annular enlargement
and reduced leaflet coaptation causing MR even without LV
systolic dysfunction. In addition, the dilated left atrium (LA)
has been shown to cause anterior mitral leaflet flattening
along the mitral annular plane and postural mitral leaflet
bent toward the LV cavity, restricting its movement (23).

Prognostic implications

FMR is associated with higher cardiovascular mortality in
patients with HF with reduced EF (HFrEF) (24). Studies
have shown that patients with HFrEF and significant FMR
have impaired left atrial function, higher LV filling and
pulmonary pressures, higher incidence of right ventricular
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Echocardiographic Categorization of Mitral Regurgitation

Mild Moderate Severe
Structgral [PETEIEIES Normal Normal or dilated Usually dilated
LA size " "
1Y et Normal Normal or dilated Usually dilated

Normal or abnormal Normal or abnormal

Mitral leafet or support apparatus

Dppler parameters

Color flow jetarea Small, central jet VeiEtsls
usually <4 cm” or
<20% of LA area)
Mitral inflow - PW A wave dominant Variable
Jet density - CW Incomplete or faint Dense

Jet contour - CW Parabolic Usually parabolic

Pulmonaray vein flow Systolic dominance Systolic blunting
Quantitative, parameters <0.3 03-0.69
VC widh (cm) <30 30-44 45-59
R Vol (ml/beat) , <30 30-39 40-49
RF (%)EROA(cm®) <0.20 0.20-0.29 0.30-0.39

Abnormal/Flail leaflet
Ruptured papillary muscle

| Flow Cbi’]yergence

Large central jet ’

(usually > 10cm2 or >40% of LA area) &
or variale size wall Vena contracta = ==, |
impinging jet swirling in LA . [ g_ 7Y

E wave dominant o | |

(E usually 1.2 m/s) c / | ‘? =

Dense N | e\

Early peaking-triangular Jet Area — -é e

Ry
/ =

>60 e

Systolic flow reversal
A AN A AN A

Figure 1 Mitral regurgitation grading based on American Society of Echocardiography guidelines. LA, left atrium; LV, left ventricle; PW,

pulse wave; CW, color wave; VC, vena contracta; R Vol, mitral regurgitant volume; RE, regurgitant fraction; EROA, effective regurgitant

orifice area.

dysfunction and overall worse clinical status (25). In patients
with non-ST segment elevation MI (NSTEMI), presence
and degree of MR was associated with worse long-term
prognosis, especially after first acute coronary syndrome
event (9). FMR has been shown as an independent predictor
of death and heart transplantation in patients with less
severe symptoms (not advanced HF) of HF, indicating
that FMR plays a major role in early phase of HF (26).
When comparing MR five days post-MI, at one month
and 20 months post MI, the severity of MR at baseline was
associated with larger LV end-diastolic and end-systolic
volumes, increased sphericity index and reduced EF and
over worse LV function indicating increased likelihood of
adverse outcomes (27). Studies have shown that significant
functional MR developed in ~50% of patients after an MI
(4,6) and is associated with more deaths and complications
than the combination of all other consequences of MI (28).
Moreover, FMR was associated with more deaths and
complications than the combination of all other consequences
of MI (28), as well as more hospitalizations and worse long-
term prognosis than patients with chronic HE, but without
significant FMR (12,29,30).

Imaging evaluation of functional MR
Echocardiogram

Echocardiogram is typically the primary diagnostic method
of assessment. Echocardiography provides comprehensive
assessment of LV systolic and diastolic function, MV
and mitral annular morphology, left atrial size, and right
ventricular function. Severity of MR is evaluated by
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integrating both qualitative and quantitative assessments.
American Society of Echocardiography guidelines on MR
grading is provided in Figure 1 (see Figure I). Qualitative
assessments include MV morphology, color flow imaging
and continuous wave Doppler assessment of the MR jet.
Functional MR jets are typically central if there is more
symmetric annular dilation or posteriorly directed when
there is posterior mitral leaflet restriction.

Flow convergence analysis is the most widely used
method for quantifying mitral regurgitation, where color-
flow imaging proximal to the regurgitant orifice is used to
measure proximal iso-velocity surface area (PISA). This
method allows the measurement of effective regurgitant
orifice area (EROA) and regurgitant volume (RVol) (2). The
PISA method is the most quantitative method, and it applies
principle that blood approaching a circular orifice will
form concentric, hemispheric shell of increasing velocity
and decreasing surface area; however limitation of this
method is assumption that EROA is circular in shape. This
assumption is problematic in the setting of FMR, where the
orifice tends to be ovoid in shape. In addition, it is essential
that color wave doppler signal is well aligned with the
regurgitant jet to measure EORA and poor alignment with
an eccentric jet will lead to underestimated velocity and
overestimation of EROA by PISA (31,32).

Quantification of FMR, using the EROA method, has
been a topic of much controversy. In 2014, the ACC/
AHA released guidelines, which decreased the threshold
for severe FMR to EROA >0.2 cm or regurgitant volume
>30 mL, based on studies demonstrating an increase risk
in mortality with EROA >0.2 cm’ (12,33-35). This change
in EROA threshold resulted from the fact that total LV
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forward stroke volume (SV) may be reduced in the setting
of cardiomyopathy. Thus resultant MR volume (MRV)
would likely be lower than in primary MR in most cases.
Additionally, because the ERO in FMR is frequently
elliptical and dynamic, and because the 2D PISA method
assumes a round and static orifice, both EROA and vena
contracta width measurements may be significantly
underestimated (36,37). However, much debate ensued
regarding the validity of the change in criteria and whether
the quantification criteria for FMR should be based on
prognosis alone (36-39). Thus, the ACC/AHA released
an update to the Valve Guidelines in 2017, stating that
the threshold criteria for FMR should now be the same
as that for primary MR (EROA >0.4 cm’, RVol >60 mL,
regurgitant fraction >50%) (40). Interestingly, the European
guidelines have maintained the secondary MR threshold
EROA >0.2 ¢cm’, and a recent study suggested that the
optimal cut off might be EROA >0.3 cm’ (22,41).

Alternatively, the vena contract method can also be used
to quantify FMR. Vena contracta refers to the width of
regurgitant jet as it escapes regurgitant orifice, reflecting
the regurgitant orifice area. Vena contracta in IMR is
elongated along the mitral coaptation line, and a mean vena
contracta width is obtained from 4 chamber and 2 chamber
views with vena contracta <0.3 cm considered mild MR and
>0.7 cm considered as severe MR (20). With FMR, the
major limitation to vena contracta assessment is that the
orifice is usually slit-like or elliptical. Therefore, the vena
contract method tends to underestimate MR severity.

3D echocardiography provides more comprehensive
assessment of the MV apparatus compared to 2D
echocardiography, and better delineates the spatial
relationship between MV and LV and bimodal/saddle shape
of the mitral annulus. It can be used to measure coaptation
depth, tenting area and the angle subtended by posterior
MYV leaflet (15). These details can allow the clinician to
elucidate the etiology of FMR, for example in IMR, typically
the posteriomedial PM is displaced leading to asymmetric
tethering and restricted closure of medial portion of the
posterior leaflet and nonischemic MR usually involves
displacement of both PMs leading to central MR and
even tethering lengths demonstrated on 3D imaging (42)
3D echo cam overcomes the assumptions of a circular
regurgitant orifice area, by permitting direct planimetry
of the vena contracta regardless of orifice shape or
number of jets (43).
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Cardiac MRI
Cardiac MRI (CMR) has demonstrated to be the gold

standard in quantification of ventricular size, function,
as well as ventricular remodeling (44). Mitral regurgitant
can also be quantified by CMR by deriving the mitral
regurgitant volume and mitral regurgitation fraction as the
calculated difference between the LV SV (determined by
endocardial segmentation of cine images) and forward aortic
flow volume using breath-held phase-contrast imaging
(see Figure 2). The mitral regurgitant fraction is calculated
using the equation: MRV/LV SV) x 100%. This indirect
method has been shown by several prior publications to
have excellent reproducibility (lower variability compared
to echocardiography) (45).

CMR also provide superior assessment of the subvalvular
mitral apparatus and also provides tissue characterization
of the myocardium, which can be an essential component
of understanding the etiology of the underlying
cardiomyopathy and the overall health of the myocardium.
The presence of global wall motion abnormalities with equal
PM displacement can cause IMR to appear similar to non-
ischemic functional MR and location (46) and severity of LV
myocardial fibrosis with ICM can impact the progression
of ischemic functional MR (47,48). CMR can be used to
accurately quantify MR and predict outcomes in patients
undergoing surgical MV intervention for IMR. For example,
viability assessment with CMR imaging has demonstrated
that patients with IMR and large scar burden are at
highest risk for mortality after surgical intervention (49).
Furthermore, a recent study demonstrated a novel interaction
between CMR quantification of IMR and myocardial size, in
which the hazard ratio of patients with significant IMR (mitral
regurgitant fraction >35%) and small myocardial infarct
size was 1.51 (0.57, 3.98), while for patients with significant
IMR and large MIS (230%) was 5.41 (2.34, 12.7) (50).
Thus, this study demonstrated that risk associated with
IMR is more comprehensively described as an interaction
between IMR severity and myocardial infarct size,
quantified by CMR. Myocardial fibrosis, as assessed by
CMR, has also been shown as a significant predictor of
LV remodeling after cardio-resynchronization therapy
(CRT) and MR severity is associated with increased diffuse
myocardial fibrosis, independent of the presence of late
gadolinium enhancement (LGE) quantification (21).
While CMR provides comprehensive assessment of FM,
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CMR Methods for Valvular Regurgitation

Approach

Preferred method for quantification)

MR

(LV SV)- (PA forward SV)

Secondary method for quantification)

Coorborating signs of significant regurgitation

(LV SV)- (PA forward SV)
(LV SV)- (RVSV)
(Mitral inflow SV) - (AO total forward SV)
LV dilation, LA dilation

Diastole

LV Stroke VOlume (LVSV)

LVSV = LVEDV-LVESV
LVSV = 240 mL- 100 mL
LVSV - 140 mL

Systole

Mitral Regurgitant Volume (M RVol)

M RVol = LVSV-AO stroke volume
M RVol= 140 mL- 80 mL
M RVol - 60 mL

Figure 2 Mitral regurgitation quantification based on cardiac MRI. LVSV, left ventricular stroke volume; LVEDYV, left ventricular end

diastolic volume; LVESV, left ventricular end systolic volume; AO, aortic.

limitations of CMR include suboptimal image quality in
patients who have cardiac arrhythmias, pacemakers and
implantable cardioverter-defibrillators, inability perform
adequate breath holds, and claustrophobia.

Cardiac CT

Cardiac CT can also be used in evaluating MR and by
providing accurate volumetric measures of chamber
dimensions, and assessment of the MV and mitral annular
geometry. Cine cardiac CT can be performed and can
provide assessment of LV function, though the temporal
resolution is inferior to that of echocardiography and
CMR and comes at the cost of significant increased
radiation exposure. Cardiac CT provides an important
role for pre-procedural planning for percutaneous MV
replacement interventions, and is routinely acquired as
part of the pre-procedural evaluation for percutaneous
MV replacement, which are currently in development and
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are being deployed as part of several research trials. In
regards to transcatheter percutaneous MV replacement,
recent studies have demonstrated the importance of pre-
procedural planning with cardiac CT to predict the risk of
left ventricular outflow tract (LVOT) obstruction, which
has been associated with increased procedural mortality (51).
Using cardiac CT imaging, a neo-LVOT can be
reconstructed with dedicated post-processing software, and
an area of less than 2 ecm’ is currently thought to increase
the risk of obstruction (52). Summary of various imaging
modalities in diagnosing and prognosticating function
mitral regurgitation can be seen in Tible 1 (see Tuble 1).

Therapeutic considerations of FMR
Medical therapy

Medical therapy is mostly aimed at optimizing LV
remodeling. Guideline directed medical therapy (GDMT)
for HF is typically the first-line treatment for patients
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Table 1 Overview of imaging modalities
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Imaging modality Strength

Weakness

2D-echocardiogram

Can be used for qualitative assessments: include MV morphology, color
flow imaging and continuous wave signals of MR jet

3D-echocardiogram

Can provide comprehensive views of MV apparatus, the spatial
relationship between MV and LV and bimodal/saddle shape of the mitral

Excellent for screening for FMR and ruling out the presence of primary MR Accuracy of quantitative techniques

is uncertain and controversial

All of the current techniques for
quantitation of MR may
underestimate MR severity

3D color Doppler is limited by lower
temporal resolution

annulus, measure coaptation depth, tenting area and the angle

Can be used to assess etiology of FMR

Image quality may be limited in
patients with dilated cardiomy
opathies

Predict MR outcomes such as significant recurrent MR after annuloplasty

Cardiac MRI
function

Gold standard assessment of tissue characterization

Gold standard assessment of cardiac chamber sizes and ventricular

Limitations of CMR include cardiac
arrhythmias, pacemakers and
implantable cardioverter-defibrillators
and claustrophobia

Severity of myocardial infarct size in ICM and presence of myocardial
fibrosis in NICM provides powerful prognostication

More Quantitative assessment of FMR severity and novel interaction
between myocardial infarct size and MR severity may provide more

comprehensive risk stratification

Myocardial fibrosis has also been shown as a significant predictor of LV

remodeling after CRT
Cardiac CT

Highly accurate volumetric measures of chamber dimensions, and
assessment of the mitral valve and mitral annular geometry

Exposure to radiation and iodinated
contrast

Provides important pre-procedural assessment prior to percutaneous mitral Inability to assess FMR severity or

valve interventions

provide quantitative measurements
of FMR

FMR, functional mitral regurgitation; MR, mitral regurgitation; MV, mitral valve; LV, left ventricle; ICM, ischemic cardiomyopathy; NICM,

nonischemic cardiomyopathy; CRT, cardio-resynchronization therapy.

with FMR (53). Beta blockers and angiotensin-converting
enzyme inhibitors (ACEi) are recommended for all patients
with FMR with LV dysfunction to reduce or reverse LV
remodeling and thereby reduce severity of MR (54,55).
Sacubitril/Valsartan has been shown to significantly improve
LV systolic remodeling and less significant MR (56). Among
patients with secondary functional MR, sacubitril/valsartan
reduced MR to a greater extent as exhibited by decrease
in ERO an regurgitant volume than valsartan alone (57).
Diuretics can reduce symptoms of disease however no
recent studies have reported their effects on preventing
progression of the underlying disease. Few small cohort
studies have shown beneficial effects of pharmacologic
vasodilators such as nitroprusside, nitrates and hydralazine
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in treatment of severe MR. Patients showed improved
hemodynamics, improved symptoms, lower central venous
pressure and overall improvement in cardiac output (58).

CRT

While GDMT for secondary MR is important in afterload
reduction and treating HF symptoms, cardiac resynchronization
therapy (CRT) has also shown to be effective in treatment of
MR. CRT is a class I recommendation for patients in sinus
rhythm with NYHA functional class II to IV symptoms on
GDMT with LVEF <35%, left bundle branch block and QRS
>150 ms (59). CRT can have beneficial effect on secondary
MR through reversal of LV remodeling, improving
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LV systolic function, and restoration of synchronous
ventricular contraction. Patients at high surgical risk
with secondary MR may benefit from CRT as shown by
van Bommel ez 4/., where patients with severe FMR who
received CRT had significant reduction in MR measured
by vena contracta width, EROA, tenting area, left atrial
volume and jet area with superior survival after CRT (60).
However, benefit of CRT may be limited in patients with
IMR, given these patients tend to have LV dilation and
leaflet tethering or scar at the LV pacing lead tip which can
impede resynchronization (61).

Surgery

MYV annuloplasty is a surgical technique where primary
target of treatment is aimed at mitral annular dilation. First
introduced in 1968 by Alain Carpentier, this technique
involves use of a rigid or semi-rigid ring to downsize the
annulus diameter to its native geometry. This will bring
the annulus and leaflets together and into alignment to
achieve a central line of coaptation (62). Recurrent MR is
frequent outcome after MV annuloplasty for secondary MR
patients, with risk factors of recurrence include severe pre-
operative MR, centrally directed or multiple jets, greater
amount of LV dilation, symmetric anterior leaflet tethering,
>11 mm coaptation height and presence of basal aneurysm/
dyskinesis (63). MV repair is generally associated with lower
perioperative mortality, while replacement provides better
long-term correction with lower risk of recurrence.
Studies in IMR population showed that MV
replacement is a suitable option for those with chronic
ischemic mitral regurgitation with impaired LV function.
However, no significant difference was found in LV reverse
remodeling or survival in patients who underwent MV
repair vs. those who underwent MV replacement (64).
While there have been studies showing lower recurrence
rates of MR after replacement compared to repair, , one
meta-analysis suggested that mitral valve repair may be
associated with improved short and long term survival (65).
However, there is still no clear mortality benefit when
comparing both surgical interventions in ischemic or
non-ischemic secondary MR. ACC/AHA guidelines on
valvular heart disease recommend MV surgery for chronic
severe FMR who are undergoing CABG or aortic valve
replacement, a chordal-sparing MV replacement instead of
MV repair for severely symptomatic patients with chronic
severe IMR despite GDMT as class IIA indication (40).
When comparing MV repair vs. replacement, mitral
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regurgitation recurred more frequently in the repair
group resulting in more HF symptoms and admissions (4).
In addition, in patients that undergo repair, early hazard
of increased neurologic events and supraventricular
arrhythmias was noted (5).

Percutaneous therapy

Minimally invasive percutaneous approach to correct MR
has gained a lot of popularity and momentum over the past
several years. MitraClip device, inspired by end-to-end
MV repair technique performed by suturing together the
leading edges of the scallops of the mitral leaflets at the site
of regurgitation creating a double orifice MV, is intended
for patients who are at high surgical risk. This is an edge-to-
edge leaflet repair system with a deliverable clip that grasps
the A2/P2 leaflets at the site of regurgitation, creating the
double orifice (66). EVEREST II trial was one of the first
trials to compare MitraClip with surgical MV repair or
replacement in patients with severe regurgitation; this data
showed that MitraClip was not as effective as surgery for
complete resolution of MR or LV remodeling, however it
demonstrated a better safety profile at 30 days compared
to surgery. However, 73% of patients in this study had
primary MR and only 27% had secondary MR (67,68).
The TRAMI (Transcather Mitral Valve Interventions) trial
enrolled 1,064 patients who were subsequently treated with
MitraClip, in which 71% had FMR with NYHA class 111/
IV HF symptoms. There were no procedural deaths and
at 3-month follow up about 66% of patients remained in
NYHA class I/II (69).

Recently, two major MitraClip randomized control
trials evaluated the survival benefit in patients with FMR
which demonstrated conflicting results and have resulted in
much debate and controversy: percutaneous repair with the
MitraClip Device for severe functional/secondary mitral
regurgitation (MITRA-FR) trial and the Cardiovascular
Outcomes Assessment of MitraClip Percutaneous
Therapy for Heart Failure Patients with Functional Mitral
Regurgitation (COAPT) trial. The MITRA-FR trial was
a multicenter, randomized controlled trial that compared
MitraClip to optimal medical therapy in patients with
severe, chronic, secondary MR—defined as RV >30 mL/
beat or EROA >22 mm’ and all patients were deemed
inoperable. Outcomes of this study showed no significant
difference in primary end point of composite death from
any cause or unplanned HF hospitalization at 12 months.
In addition, this study reported higher rates of stroke,

Cardiovasc Diagn Ther 2021;11(3):781-792 | http://dx.doi.org/10.21037/cdt-20-277



788

renal failure, and hemorrhage in the intervention group.
However, criticisms of this study include that the underlying
cardiomyopathy, rather than the MR, was the true underlying
driver of poorer outcomes in patients with severe MR. In
addition, higher number of patients had residual MR after
MitraClip procedure, had higher rate of device implantation
failure, and high mortality and rehospitalization rates of the
cohort raising concerns that the population enrolled were
simply too sick to benefit from any intervention (70).

On the other hand, the COAPT trial, which was also a
randomized, multicenter trial of MitraClip in symptomatic
HF patients with moderate to severe or severe MR with
NYHA II-IVa symptoms demonstrated contrasting
results (71). The primary endpoint in this trial was HF
hospitalizations within 24 months, and patients in the
MitraClip arm demonstrated significantly lower rates of
HF hospitalizations than patients in the GDMT arm, with
better quality of life scores, functional capacity, degree
of MR and LV remodeling in the intervention arm. The
results of this study demonstrated an impressive reduction
in recurrent hospitalizations and all-cause mortality after
percutaneous MitraClip placement compared to medical
therapy alone. Overall, the patients enrolled in the COPAT
trial were healthier than MITRA-FR trial and had to be on
maximally tolerated GDMT before enrollment, which may
represent a more highly selective cohort being enrolled in
the COAPT trial. The COAPT trial also enrolled patients
with less adverse LV remodeling and patients demonstrated
lower rates of residual MR in the intervention arm, which
may partially explain the positive survival benefit in this
trial, in contrast to the results from the MITRA-FR and
EVEREST 1I trials. The results of the COPAT trial led
to FDA approval for MitraClip for the treatment of FMR.
However, given the conflicting results of the MITRA-
FR and COAPT trials, many questions remain regarding
optimal patient selection criteria, and it is unlikely that all
patients with FMR will equally benefit from MV repair.
Therefore, further studies are needed to determine optimal
selection criteria for patients with significant FMR, who are
being considered for MitraClip intervention.

Currently, edge to edge leaflet repair is the only
guideline recommended transcatheter treatment for FMR;
however, there are various new devices in development for
percutaneous MV repair such as, Carillon mitral contour
system, and Cardioband to name a few (72). Devices such
as Neochord (NeoChord DS 1000) which are less invasive,
are already in use worldwide for MV repair. Typically, MV
repair is performed with the patient in cardioplegic arrest
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to allow exposure of MV. Transcatheter MV replacement
devices for functional MR are in development; however,
these devices are often bulky and limited to transapical
delivery method. Lastly, transcatheter MV-in-valve
and valve-in-valve ring using transcatheter aortic valve
implantation devices are currently alternative strategies
that can be pursued in patients with prior surgical MV
intervention, who are considered to have high surgical risk
with significant FMR (73-75).

Conclusions

FMR, regardless of underlying etiology, is strongly
associated with poor prognosis in patients with HF.
Echocardiography remains the primary imaging modality
for the diagnosis of FMR; however, advanced imaging
modalities are being increasingly utilized for improved
assessment of degree of MR, as well as to delineate the
etiology and tissue characterization of the underlying
cardiomyopathy. GDMT is the initial treatment strategy,
aimed at treating the HF symptoms. The role surgical
intervention for FMR remains to be unclear and
controversial. MitraClip intervention holds great promise
for this high-risk disease. Ongoing studies and randomized
control trials for emerging transcatheter MV interventions
are essential to further guide optimal treatment strategies in
this complicated patient population.
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