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KEY POINTS

� Patient selection is mandatory to successful mitral valve repair in functional mitral valve
regurgitation.

� Preoperative echo evaluation is critical to better evaluate the anatomic modification of the mitral
apparatus.

� In light of recent randomized trials, several patients could benefit from transcatheter mitral therapy.

� Mitral annuloplasty is not effective in all patients with functional mitral valve regurgitation; mean-
while, adding surgical techniques should be performed to improve the repair durability.
INTRODUCTION The pathophysiology and treatment of FMR are
s.
co
m

Functional mitral regurgitation (FMR) is a common
clinical entity that will likely increase in the future
due to predicted demographic changes. It is also
associated with poor long-term survival. The
anatomic structure of the mitral valve apparatus
is complex and consists of several components,
each of which can be affected by a variety of dis-
eases resulting in mitral regurgitation (MR).

In primary MR, the valvular incompetence is
caused by compromised or structurally disrupted
components of the valve apparatus.

In secondary or FMR, themitral apparatus is struc-
turally normal, with the regurgitation resulting from
failureofcoaptationof themitral valve leafletswithout
coexisting structural changes of the valve itself.

As a consequence of this, we see a systolic
retrograde flow from the left ventricle into the left
atrium due to reduction of the normal systolic
coaptation of the mitral valve leaflets. A slow pro-
gression of the symptoms is typical for this valve
disease and often ends in irreversible left ventricu-
lar dysfunction.
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quite complex.
Given the complexity of its pathogenesis, a solu-

tion to correct the valvular and subvalvular
dysfunction, along with the left ventricular (LV)
geometric distortion associated with ischemic
MR (IMR) has not yet been elucidated.1,2

DEFINITION OF SEVERE FUNCTIONAL MITRAL
REGURGITATION

In the 2017 European Society of Cardiology
(ESC) guidelines, an effective regurgitant orifice
area (EROA) �20 mm2 and a regurgitant volume
(RV) �30 mL are considered as cutoff values to
define severe FMR,3 whereas in the 2017 Amer-
ican College of Cardiology/American Heart As-
sociation (ACC/AHA) guideline update severe
FMR, similarly to severe primary MR, is defined
as an EROA �40 mm2 and an RV �60 mL.4 Cur-
rent divergences between European and Amer-
ican recommendations confirm that assessment
of FMR severity is challenging for several
reasons.
search, Maria Eleonora Hospital, Viale Regione Sicili-

ca
rd
io
lo
gy
.th

ec
li
ni
c

F MICHIGAN from ClinicalKey.com by Elsevier on May 26, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.

mailto:khalilfattouch@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ccl.2021.01.012&domain=pdf
https://doi.org/10.1016/j.ccl.2021.01.012
http://cardiology.theclinics.com


Fattouch & Guccione186
1. First, lower EROAs (�20 mm2 vs �40 mm2)
have been shown to be associated with a
worse prognosis in patients with FMR
compared with those affected by primary MR.

2. Second, EROA may be underestimated in pa-
tients with FMR due to its semilunar instead of
round shape, as in primary MR.

3. Third, in the presence of LV dysfunction and
low stroke volume, smaller RVs reflect a signif-
icant regurgitation fraction.

4. Finally, FMR is a dynamic condition and its de-
gree may change depending on the phase of
cardiac cycle and loading conditions (ie, sys-
temic arterial pressure, medical therapy, exer-
cise). Exercise echocardiography can play a
crucial role in the assessment and quantifica-
tion of the dynamic component of FMR.5

Importantly, FMRseverity should alwaysbeevalu-
ated after optimization of guideline-directedmedical
therapy (GDMT). Finally, clinical and echocardio-
graphic findings should be integrated to prevent un-
necessary intervention when MR may not be as
severe as documented on noninvasive studies.
CURRENT GUIDELINES
In Accordance with American Heart
Association Guidelines

Class I

1. Patients with chronic secondary MR (stages B
to D) and heart failure (HF) with reduced LV
ejection fraction (LVEF) should receive stan-
dard GDMT therapy for HF, including
angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, beta blockers,
and/or aldosterone antagonists as indicated.
(Level of Evidence: A)

2. Cardiac resynchronization therapy with biven-
tricular pacing is recommended for symptom-
atic patients with chronic severe secondary
MR (stages B to D) who meet the indications
for device therapy

Class IIa

1. Mitral valve surgery is reasonable for patients
with chronic severe secondary MR (stages C
and D) who are undergoing coronary artery
bypass grafting (CABG) or aortic valve replace-
ment. (Level of Evidence: C)

Class IIb

� Mitral valve repair or replacement may be
considered for severely symptomatic patients
(New York Heart Association [NYHA] class III
to IV) with chronic severe secondary MR
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(stage D) who have persistent symptoms
despite optimal GDMT for HF. (Level of Evi-
dence: B)

� Mitral valve repair may be considered for pa-
tients with chronic moderate secondary MR
(stage B) who are undergoing other cardiac
surgery. (Level of Evidence: C)
In According with European Society of
Cardiology Guidelines

I C

Surgery is indicated in patients with severe sec-
ondary MR undergoing CABG and LVEF
greater than 30%.

II A C

Surgery should be considered in symptomatic
patients with severe secondary MR, LVEF
less than 30% but with an option for revascu-
larization and evidence of myocardial viability.

II B C

� When revascularization is not indicated, sur-
gery may be considered in patients with se-
vere secondary MR and LVEF greater than
30% who remain symptomatic despite
optimal medical management (including car-
diac resynchronization therapy [CRT] if indi-
cated) and have a low surgical risk.

� When revascularization is not indicated and
surgical risk is not low, a percutaneous
edge-to-edge procedure may be considered
in patients with severe secondary MR and
LVEF greater than 30% who remain symp-
tomatic despite optimal medical management
(including CRT if indicated) and who have a
suitable valve morphology by echocardiogra-
phy, avoiding futility.

� In patients with severe secondaryMR and LVEF
less than30%who remain symptomaticdespite
optimal medical management (including CRT if
indicated) and who have no option for revascu-
larization, the heart teammay consider a percu-
taneous edge-to-edge procedure or valve
surgery after careful evaluation for a ventricular
assist device or heart transplantation according
to individual patient characteristics.

It therefore appears evident that the role of mitral
valve surgery for the treatment of isolated severe
FMR is also unclear. European recommendations
suggest surgical treatment in this scenario only
for patients with severe HF symptoms despite
optimal GDMT, LVEF greater than 30%, and low
comorbidity burden.
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SURGICAL TREATMENT OF FUNCTIONAL
MITRAL REGURGITATION

The most commonly recommended surgery for
patients with moderate or severe FMR is mitral
valve repair or chordal sparing replacement, but
a lack of conclusive evidence in favor of one or
the other technique has left the choice largely to
the surgeon’s preference and expertise. Several
randomized and observational studies have found
that restrictive mitral valve repair is associated
with lower perioperative mortality but has high
rate of MR recurrence, which is cited at 30% to
60% at mid-term follow-up.6,7 Undersizing valve
repair is preferentially performed with closed rings,
often with predetermined geometry, compared
with partial ring or band. Conversely, replacement
provides better long-term correction with a lower
risk of MR recurrence and repeat surgery but has
higher perioperative morbidity. A recent meta-
analysis reported a rate of death at 35% higher
in the replacement patients than in the repair sub-
jects. This relative long-term risk has been attrib-
uted to the fact that patients undergoing mitral
valve replacement tend to be older and have
more coexisting illnesses than those undergoing
repair.8 Complete preservation of subvalvular
apparatus is recommended.

The mitral valve repair techniquemost commonly
performed is a restrictive annuloplasty with the use
of a rigid or semirigid ring to downsize the annulus
diameter. Combined restrictive annuloplasty and
subvalvular procedures directly addressing papil-
lary muscle (PM) displacement and leaflet tethering
also have been successfully performed.

Procedures involving the PMs require knowl-
edge of their anatomy and blood flow distribution,
as well as recognition of the different divisions of
PMs and anatomic variants. Two main procedures
are performed in this context: PM approximation
or “sling,” and PM relocation.
TRANSCATHETER THERAPY

Percutaneous MR treatment mimics surgery by
using annuloplasty, edge-to-edge repair, or pros-
thesis implantation.

Reduction of the severity of MR may be accom-
plished percutaneously by approximation of the
anterior and posterior mitral leaflets, a procedure
that leads to formation of a double-orifice valve.
In the randomized Endovascular Valve Edge-to-
Edge Repair Study (EVEREST) II, transcatheter
mitral-leaflet approximation with the MitraClip de-
vice (Abbott, Chicago, IL) was safer than surgical
mitral valve repair but was not as effective in
reducing the severity of MR.
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It should be noted, however, that patients
included in EVEREST II were low-risk candidates
for surgery mainly affected by primary MR (73.4%),
and, hence, quite different from those undergoing
MitraClip treatment in current practice in Europe.

For many years after the publication of EVER-
EST II results, evidence supporting the use of
MitraClip for the treatment of FMR was derived
only from observational studies.

Recently, 2 intensely awaited randomized
controlled trials have been published. Both MITRA-
FR (Multicentre Study of Percutaneous Mitral Valve
RepairMitraClipDevice inPatientsWithSevereSec-
ondary Mitral Regurgitation ) and COAPT (Cardio-
vascular Outcomes Assessment of the MitraClip
Percutaneous Therapy for Heart Failure Patients
with Functional Mitral Regurgitation) investigated
the role of MitraClip treatment in patients with
ischemic or nonischemic FMR, who remained
symptomatic (NYHA class II–IV) despite GDMT.9,10

In COAPT, device-based treatment resulted in a
significantly lower rate of hospitalization for HF,
lower mortality, and better quality of life and func-
tional capacity within 24 months of follow-up than
medical therapy alone. In addition, the rate of
freedom from device-related complications with
transcatheter mitral valve repair exceeded a pre-
specified objective performance goal.

A total of 614 patients with moderate-to-severe
(31) or severe (41) FMR (EROA >30 mm2 and
RV >45 mL), NYHA class II–IV, and LVEF 20% to
50% were randomized to MitraClip plus GDMT
(n 5 302) or GDMT alone (n 5 312). The primary
effectiveness endpoint (HF hospitalizations at
24 months) was significantly lower in the MitraClip
group compared with the GDMT group (35.8% vs
67.9% per patient-year; hazard ratio [HR]0.53,
95% confidence interval [CI] 0.40–0.70; P<.001)
with a very favorable number needed to treat of
3.1. Importantly, significant differences between
groups were also observed in the composite of
death and HF hospitalization at 1 year (45.7% in
the device arm vs 67.9% in the control arm; HR
0.57, 95%CI 0.45–0.72; P<.001), all-cause mortal-
ity alone at 24 months (29.1% in the device arm vs
46.1% in the control arm; HR 0.62, 95% CI 0.46–
0.82), and need for LV assist device at 1 year
(3% in the device arm vs 7.1% in the control
arm; HR 0.34, 95% CI 0.13–0.87; P 5 .02).

In the MITRA-FR trial, 6304 patients with severe
FMR (defined as EROA >20 mm2 and RV >30 mL),
NYHA class II–IV, and LVEF 15% to 40%, were
randomized to MitraClip plus GDMT (n 5 152) or
GDMT alone (n 5 152). The primary composite
endpoint (all-cause death and hospitalization for
HF at 12 months) was similar between the 2
arms (54.6% in the device group vs 51.3% in the
F MICHIGAN from ClinicalKey.com by Elsevier on May 26, 
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control group; odds ratio 1.16, 95% CI 0.73–1.84),
and both single endpoints did not significantly
differ between groups. No significant differences
were noted across specified subgroups.

SUMMARY

In conclusion, it appears there is no agreement be-
tween the 2 trials; however, we think that the re-
sults of MITRA-FR and COAPT trials should be
interpreted as complementary rather than
contradictory.
To obtain a prognostic benefit, only selected pa-

tients should receive MitraClip therapy. Accurate
evaluation of GDMT before intervention is essen-
tial. GDMT is also necessary after the intervention.
This reinforces the importance of the heart team
with active participation of HF specialists in deci-
sion making and patient management. Interven-
tion should be considered only in the presence of
severe FMR, defined as EROA >30 mm2 and
RV >45 mL according to COAPT criteria. Finally,
it is important to exclude patients with advanced
cardiomyopathy, defined as NYHA class IV, right
ventricular failure, severe tricuspid regurgitation,
as well as patients with marked LV dilatation or
severely reduced LVEF. In these patients, LV
assist device/transplantation should be discussed
by the heart team if appropriate, whereas patients
in whom no benefit could be expected from any
intervention should stay on GDMT.
Percutaneous intervention (ie, MitraClip), when

used in a timely manner in properly selected pa-
tients, may interrupt the vicious circle that ultimately
leads to end-stage HF in patients with chronic HF.

CLINICS CARE POINTS
� Patient selection and preoperative echocar-
diographic evaluation are critical for success-
ful mitral valve repair in functional mitral
regurgitation.

� Transcatheter mitral valve intervention
would be beneficial in selected patients
with functional mitral regurgitation.

� Mitral annuloplasty alone is not effective in
some patients, and additional surgical tech-
niques should be considered to improve the
repair durability.
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