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Abstract Functional mitral regurgitation (FMR) occurs when
normal or nearly normal mitral leaflets are prevented from
proper coaptation by underlying left ventricular (LV) dysfunc-
tion, mitral annular dilation, or both. FMR is associated with
an adverse prognosis in nonischemic or ischemic LV dysfunc-
tion. Multiple studies have confirmed that even mild FMR
portends a worse prognosis, and that the risk of FMR is
independent of LV volumes and other clinical risk factors.
FMR can be difficult to quantitate echocardiographically be-
cause it is load dependent and can vary considerably from
exam to exam. There is a systematic tendency to underesti-
mate FMR severity by echocardiography because the
regurgitant orifice in FMR is typically elliptical, but the for-
mula for calculating regurgitant orifice area assumes circular
geometry. Treatment of FMR begins with guideline-directed
medical therapy (GDMT) for LV dysfunction and heart fail-
ure, including cardiac resynchronization, if indicated. Revas-
cularization should be considered for ischemic FMR, when
indicated. Finally, mitral valve surgery should be considered
in patients undergoing CABG in whom moderate or greater
FMR is present, and also when severe symptomatic FMR
persists despite optimal GDMT and revascularization.

Percutaneous options for treatment of FMR are in develop-
ment but are not currently approved in the US.
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Introduction

Mitral valve regurgitation (MR) represents nearly one-
third of acquired left-sided valve pathology in developed
countries [1]. In broad terms, MR is classified as either
primary or secondary. Primary MR is due to pathologic
abnormalities of the leaflets such as myxomatous degen-
eration, rheumatic heart disease, endocarditis, autoim-
mune diseases, radiation injury, drugs, etc. Severe primary
MR causes a pure volume overload on the left ventricle
(LV), which can cause heart failure (HF) symptoms, pul-
monary venous hypertension, and atrial fibrillation even
when LV ejection fraction (LVEF) is preserved by favor-
able loading conditions. Correction of primary MR in a
timely fashion reverses these consequences. The gold
standard for correction of primary MR is surgical mitral
valve repair, which has been shown to restore normal age-
adjusted longevity in multiple studies [2-4]. Secondary
MR, also known as functional MR, occurs when the
mitral leaflets are structurally normal or nearly normal,
but leaflet coaptation is restricted by abnormal structure
and function of the left ventricle (LV). In functional MR
(FMR), there is controversy whether surgical correction of
MR is beneficial since the underlying problem is LV
dysfunction. This review will focus on the role of FMR
in ischemic and non-ischemic LV dysfunction, specifical-
ly focusing on natural history, mechanism, quantification
of MR severity, and treatment options.
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Prognosis of Functional MR

MR is detected in 45 %–75 % of patients with systolic
dysfunction [5-7]. Moderate/severe MR occurs in about
12 % and severe MR in 4 % of patients with systolic HF
[8]. Several observational studies have demonstrated that
FMR confers a poor prognosis relative to patients with LV
dysfunction who do not have FMR. This is true for patients
with recent acute myocardial infarction (MI) and for pa-
tients with chronic ischemic or nonischemic cardiomyop-
athy. In the Survival and Ventricular Enlargement (SAVE)
trial [9], patients with FMR within 16 days following acute
MI were more likely to experience cardiovascular mortal-
ity (29 % vs 12 %; P<.001), and severe heart failure (24 %
vs 16 %; P=.0153) than those without MR. The presence
of MR was an independent predictor of cardiovascular
mortality (relative risk, 2.00; 95 % CI, 1.28–3.04). Data
from trials of thrombolysis for acute MI also showed poor
prognosis for ischemic MR [10]. Post-MI patients had a 1-
year mortality rate of 52 % if they had severe MR, 22 % if
they had mild-moderate MR, and 11 % if they had no MR.
Grigioni et al [11] studied 303 patients presenting at least
16 days following acute MI. The adjusted relative risks of
total and cardiac mortality associated with the presence of
ischemic MR (n=194) was 1.88 (P=0.003) and 1.83 (P=
0.014), respectively, compared with patients without ische-
mic MR (n=104). Trichon et al [5] reported 2057 patients
with ischemic MR and chronic LV systolic dysfunction and
showed MR to be an independent predictor of mortality
and also found significantly lower survival rates at 1, 3,
and 5 years in HF patients with moderate to severe MR vs
those without MR or with mild MR. Outcomes in HF
patients with FMR are similar whether the cause of HF is
ischemic or nonischemic cardiomyopathy. In the BEST
trial [12], vena contracta width >0.4 cm (moderate or
greater MR) was an independent predictor of mortality
along with LV end-diastolic volume and a restrictive dia-
stolic filling pattern. Cioffi et al [13] studied 170 patients
with EF≤40 % (ischemic and nonischemic) and varying
degrees of MR. MR severity was the strongest predictor of
1-year mortality, independent of the presence of diabetes
mellitus, older age, and larger LV end-diastolic volume.
Rossi et al [14] studied 1256 patients with FMR because of
ischemic and nonischemic cardiomyopathy. Using quanti-
tative measures of FMR severity, FMR was an independent
predictor of poor survival, even when effective regurgitant
orifice area (EROA) was 0.2 cm2, a finding typically
considered to be the threshold for distinguishing mild from
moderate MR. Results from an MR substudy of the STICH
(Surgical Treatment for Ischemic Heart Failure) trial con-
firmed the previous observational studies [15]. Of 1212
randomized patients with EF≤35 % and CAD amenable to
CABG, 554 (46 %) had mild MR, 181 (15 %) had

moderate MR, and 39 (3 %) had severe MR. There was a
graded worsening of prognosis with increasing MR sever-
ity. This study clearly demonstrated the adverse prognosis
of untreated ischemic FMR in a cohort of patients with
ischemic cardiomyopathy treated with current guideline-
directed medical therapy with rigorous long-term follow-
up in a randomized controlled trial setting. Furthermore,
the consistent finding in multiple studies that FMR predicts
mortality independently of LV volume or LVEF suggests
that although FMR is caused by LV dysfunction, it may be
a reasonable target for therapy.

Mechanism(s) of Functional MR

Carpentier [16] described 3 different types ofMR according to
leaflet motion. Carpentier class I MR is associated with nor-
mal leaflet motion and can be due to either structural abnor-
malities of the leaflets themselves, such as endocarditis or cleft
leaflet, or may be due to pure annular dilation, such as chronic
atrial fibrillation or restrictive cardiomyopathy. Class II MR is
due to excessive motion of the leaflets into the left atrium
because of prolapse or flail. This is the most common form of
primary MR. Carpentier class IIIa is restriction of leaflet
motion in both systole and diastole, classically seen in rheu-
matic heart disease or other inflammatory conditions. In Class
IIIa, the mitral leaflets are typically thickened, calcified and
relatively immobile. Class IIIb is leaflet restriction in systole
only, which is the most common leaflet motion abnormality in
FMR. Leaflet thickening and calcification is usually absent or
age-related, and the abnormal systolic motion of the leaflets is
due to underlying LV dysfunction.

The mechanism of ischemic FMR has been reviewed in
detail by Levine and Schwammenthal [17]. Normally, as the
LV shortens, papillary muscle contraction maintains the dis-
tance between the papillary muscle tips and mitral annulus to
prevent prolapse of the leaflets into the left atrium. The pap-
illary muscles, normally parallel to the LV long axis and
perpendicular to the leaflets, efficiently balance forces gener-
ated by ventricular pressure on the leaflet surface. Ischemia or
HF displaces the myocardial segments underlying the papil-
lary muscles in an outward and/or apical direction, restricting
leaflet closure in systole. This is known as tethering of the
mitral leaflets and is often most on the posterior leaflet [15]
and particularly on the posteromedial scallop [18]. The annu-
lus is often dilated, and when present, annular dilation is
associated with assumption of circular geometry rather than
its typical “D” shape. Annular dilation may also be asymmet-
ric with predominance of dilation next to the posteromedial
scallop of the posterior leaflet [19]. In addition, there is often
reduced closing force on the leaflets from LV systolic dys-
function. Contrary to earlier beliefs, pure papillary muscle
dysfunction is not usually a major cause of FMR. Kaul et al
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[20] showed that reducing papillary muscle perfusion did not
cause MR. In contrast, global hypoperfusion with LV dilata-
tion caused FMR with incomplete leaflet closure correlating
directly with the degree of LV dysfunction.

In the VALIANT trial [21] of 610 patients following acute
MI, tenting area, coaptation depth, annular dilatation, and left
atrial size were all associated with the degree of baseline MR.
Tenting area, defined as the area enclosed between the annular
plane and the mitral leaflets in mid-systole, was the only
significant and independent predictor of worsening MR. In-
terestingly, not all patients with a dilated left ventricle develop
MR [22]. This is, in part, because of adaptive increases in
mitral leaflet surface area that occur in some patients with LV
dysfunction. A recent study by Chaput et al [23] elegantly
showed that patients with ischemic MR had lower leaflet area
to closure area than those without MR. Inadequate leaflet
expansion to compensate for LV dilatation appear to play a
role in the mechanism of ischemic MR [24]. Finally, atrial
functional MR is a subcategory of secondary MR, which
occurs secondary to atrial fibrillation or restrictive cardiomy-
opathy [25]. As noted earlier, this form of FMR is Carpentier
class I leaflet motion, in which pure annular dilation second-
ary to atrial dilation is the underlying mechanism of FMR. An
interesting subgroup of patients with FMR have isolated
inferobasal myocardial infarction with marked posterior leaf-
let tethering but preserved EF. In such patients, HF symptoms
are clearly due to the FMR itself and not to LV dysfunction.
This contrasts with the more typical variant of FMRwherein it
can be difficult to determine whether HF symptoms are due to
the underlying LV dysfunction, FMR, or both. Figure 1 illus-
trates different categories of FMR, highlighting the heteroge-
neity of this condition. Ischemic FMR is further complicated
by CAD, ongoing ischemia, the need for and adequacy of
coronary revascularization, and myocardial viability.

Assessing Severity of FMR

Echocardiography is the most widely used method for
assessing the presence, mechanism and severity of MR. Eval-
uation of the severity of MR by echocardiography is complex,
and all methods have inherent strengths and weaknesses.
Simple “eyeball” grading of MR color flow jets is prone to
error and should be discouraged. Both the American Society
of Echocardiography [26] and European Association of Echo-
cardiography guidelines [27•] state that the size of the color
Doppler MR jet in the left atrium should not be used as the
sole measure of MR severity. Instead, an integrative approach
that incorporates several quantitative and qualitative measures
should be used. The integrative approach combines quantita-
tive measures of MR severity, such as EROA and regurgitant
volume (RgV) with qualitative parameters including mitral
filling pattern, pulmonary vein flow pattern, density of theMR

signal on continuous wave Doppler, left atrial size, and pul-
monary artery pressure. Some of these qualitative methods,
though subjective, are highly specific. For example, systolic
flow reversal in the pulmonary veins is highly specific for
severe MR [26, 27•]. Conversely, an A-wave dominant mitral
inflow pattern virtually excludes severe MR [26, 27•]. These
patterns can help mitigate errors that are inherent in quantita-
tive methods. Unfortunately, most of the studies evaluating
prognosis of FMR or response of FMR to treatment did not
use either quantitation of MR severity or the integrative meth-
od, as currently recommended.

The most accepted and well-studied method of quantitating
MR severity is calculation of EROA. This is usually done by
the proximal isovelocity surface area (PISA) method which
assumes that flow approaches a circular orifice in a flat surface
in an infinite series of hemispheric shells, each of which has
the same velocity [26, 27•]. The assumption of a circular
orifice is a major limitation of the PISA method in FMR
because the elliptical orifice is usually elliptical [28•]. As a
result, PISA tends to underestimate EROA in FMR (Fig. 2).
This may be largely responsible for the fact that prior studies
have shown an adverse prognosis even with EROA >0.2 cm2

[14, 29]. Recent studies have shown that 3D echocardiograph-
ic measurement of EROA directly (without assumption of
circular geometry) results in larger and more accurate values
in FMR. Regurgitant volume can be calculated by the formula
EROA×VTI, where VTI is the velocity-time integral of the
MR jet measured by continuous wave Doppler. Regurgitant
volume and fraction can also be determined accurately from
cardiac magnetic resonance (CMR) imaging, which may be
very helpful when echocardiography is of poor quality or
conflicts with the clinical picture or catheter-based data. A
detailed review of quantitation of MR severity, including the
integrative approach combiningmultiple variables was recent-
ly published [28•].

In patients with functional MR (FMR) caused by LV
dysfunction, EROA tends to decrease during mid-systole
[30] and can vary significantly with loading conditions.
This can result in FMR severity varying considerably on
sequential echocardiograms. It is best to optimize medical
therapy and diuretic doses prior to evaluating FMR sever-
ity, but it should be recognized that FMR severity can
change over time in response to therapy, HF exacerba-
tions, underlying ischemia, hypertensive episodes, and/or
day to day variations in loading conditions.

There is some disparity among the guidelines as to
what constitutes severe MR. All the guidelines agree that
EROA≥0.4 cm2, RgV≥60 mL, and RgF≥50 % constitute
severe primary MR [26, 27•, 31••, 32], although these
values are derived from a single-center observational
study [33]. The Cardiothoracic Surgery Network trials
originally used EROA≥0.4 cm2 for the severe MR trial
and 0.2 to 0.39 cm2 for the moderate MR trial [34]. These
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entry criteria were subsequently modified to allow lower
values for EROA if accompanied by other echocardio-
graphic signs that indicated that MR severity was worse,
such as RgV, VCW, elevated E-wave velocity, or pulmo-
nary vein flow reversal. This takes into account the ten-
dency of PISA to underestimate EROA in FMR. The
recent ACC/AHA guidelines on valvular heart disease
propose a new definition for severe FMR at EROA
>0.2 cm2 [31••]. This lower threshold accounts for the
possibility that the actual EROA is larger than calculated
by PISA in FMR, as well as the fact that MR in the
setting of a cardiomyopathy has been associated with an
adverse prognosis. However, it is not clear what to do
with a patient with a EROA of 0.2 cm2 measured accu-
rately by 3D TEE or CMR techniques, nor are there
convincing data showing that correction of FMR at the
lower threshold improves patient outcomes in FMR.
Therefore, this new recommendation is likely to be con-
troversial. While it is clear than EROA >0.2 cm2 confers
an adverse prognosis in FMR, it is neither clear nor likely
that EROA of 0.2 cm2 constitutes severe MR in terms of
actual regurgitant volume.

EAE guidelines emphasize the potential value of exercise
echocardiography in the evaluation of patients with ischemic
FMR [27•]. Exercise echocardiography is useful in the eval-
uation of exercise-related changes in LV systolic function,
ROA, and pulmonary artery pressure. Changes in EROA
during exercise are not related to resting MR severity [30];
however, increases in EROA (≥13 mm2) during exercise in
FMR have been shown to be associated with symptom status
and a worsened prognosis [35, 36]. Finally, increased pulmo-
nary artery pressure during exercise (≥60 mmHg) is consid-
ered a Class IIa indication for surgery in asymptomatic severe
MR [31••, 32].

CMR offers an excellent method for quantifying MR se-
verity [37-39]. CMR offers the potential to directly quantify
RgV, RgF, and EROA in patients with MR. Because of its
accuracy, reproducibility, and precision in measuring LV vol-
umes, CMR is useful for evaluation of LV remodeling in MR
[40]. Finally, CMR can identify the presence of scar or fibrosis
using delayed hyperenhancement of gadolinium contrast
agents. Limitations of CMR include cardiac arrhythmias that
preclude adequate gating, pacemakers or implantable
cardioverter-defibrillators, and claustrophobia. CMR should

Fig. 1 Heterogeneity of FMR. The classic cause of FMR is LV dysfunc-
tion, which can be nonischemic or ischemic cardiomyopathy. Treatment
options for both start with GDMT for LV dysfunction/heart failure. If
patient is not a transplant/LVAD candidate, mitral valve surgery can be
considered. For ischemic FMR, in addition to GDMT, revascularization
and viability may be considered. A subgroup of ischemic FMR patients
have isolated inferobasal MI with preserved LV function. These patients

clinically resemble primary MR in that their symptoms are due to the
FMR, not the underlying LV dysfunction. Mitral valve surgery should be
considered early. Finally, there is a group of FMR patients for whom the
cause is pure mitral annular dilation secondary to atrial dilation, not LV
dysfunction. These include chronic atrial fibrillation and restrictive car-
diomyopathy. In addition to medical therapy or arrhythmia control, these
patients may benefit from mitral valve annuloplasty
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be used when echocardiography is technically difficult or
equivocal.

Management

Medical Therapy

The first line of therapy for FMR is to address the underlying
LV dysfunction with guideline-directed medical therapy
(GDMT) [41••, 42], which is indicated (Class I, level of
evidence A) in the most recent guidelines. The goal of such
medical therapy is to optimize cardiac performance, reduce
symptoms, and enhance survival by unloading the LV and
maintaining euvolemia. This includes carefully titrated diuret-
ic therapy, ACE inhibitors or angiotensin receptor antagonists
and beta-blockers, especially carvedilol. The use of carvedilol
has been shown to decrease severity of FMR, and is also
associated with an increase in the forward aortic stroke vol-
ume [43]. Neurohormonal antagonists should be titrated to the
targeted dose or the highest tolerated dose. It has been shown
that in patients who respond to such therapy with improved

LV function, there is a reduction (at least on qualitative grad-
ing) of MR severity.

Cardiac Resynchronization Therapy

Like GDMT, cardiac resynchronization therapy (CRT) is in-
dicated (Class I, level of evidence A) for FMR patients who
meet the indications for CRT. Dyssynchrony is presumed to
exacerbate the underlying causes of FMR. Uncoordinated LV
contraction worsens papillary muscle displacement and leaflet
tethering, and inefficient LV systolic function results in de-
creased closing forces. CRT has been shown to cause a reduc-
tion in FMR through decreased leaflet tenting and presumably
increased closing forces. Improvement in MR severity might
be dependent on the improvement in LV dyssynchrony
[44-46]. Interruption of CRT can result in immediate recur-
rence of MR [47, 48]. MR reduction could also be related to
CRT-related reverse remodeling that requires weeks/months
to occur [49, 50].

Results from the MIRACLE trial [51] showed an improve-
ment in MR severity index following CRT institution in HF
patients (EF≤35 %) with a prolonged QRS (≥130 ms) and

Fig. 2 Transesophageal echocardiographic images from a typical patient
with FMR because of dilated ischemic cardiomyopathy. The top left panel
shows a PISA radius (yellow arrow) of 0.8 cmwith an aliasing velocity of
29.3 cm/s, giving a peak MR flow rate of 118 mL/s. EROA is calculated
as 0.25 cm2 by dividing peak MR flow rate by peak MR velocity of
476 cm/s from the continuous wave Doppler spectrum (Lower left panel).

This is a classic underestimation of the true EROA because the orifice is
not circular, but highly elliptical, as shown in the top right panel, which is
a direct 3D TEE image of the EROA, which measures 0.61 cm2. The
RgVol is 36 mL by 2D PISA method, but 87 mL by 3D EROA. The
bottom right panel shows systolic flow reversal (yellow arrows) in the left
upper pulmonary vein, which is highly specific for severe MR
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LVEDD≥55 mm. Similar results were seen in the multicenter
trial by Biase et al [52] (n=794, median follow-up=
26 months). In this study, nonischemic patients (n=379),
compared with the ischemic group (n=379), had a significant-
ly higher rate of CRT responders ie, LV reverse remodeling (P
>0.001). Severity of MR at baseline (regression coefficient=
0.76, R-square=0.44, P <0.001) and MR change at 3 months
(regression coefficient=0.69, R-square=0.41, P <0.001) were
found to have strong correlation with MR (improvement/
worsening) at 12 months. Also, marked (≥1 grade) improve-
ment of MR at 3 months was associated with a better response
to CRT. In the study by Onishi et al [53] (n=274), there were
114 (48 %) patients with significant MR (≥moderate) at base-
line; of whom 48 (42 %) patients had MR improvement at
6 month follow-up, and 24 (19%) patients hadMRworsening
after CRT. Three echocardiographic features were indepen-
dently associated with improved MR after CRT on multivar-
iable analysis: anteroseptal to posterior wall radial strain
dyssynchrony >200 ms, lack of severe LV dilatation (end-
systolic dimension index <29 mm/m(2)), and lack of echocar-
diographic scar at papillary muscle insertion sites (all P
<0.05). In this study, significant MR after CRT was strongly
associated with less favorable long-term survival. There were
a total of 66 events (47 deaths, 10 transplants, and 9 LVassist
devices). Events were strongly associated with significant MR
after CRT (hazard ratio, 3.58; 95 % confidence interval (CI),
2.18–5.87; P <0.0001). Similar findings with longer follow-
up were shown by Van Bommel et al [54] (n=85, median
follow-up=32 months). However, most of these studies used
inaccurate measures of MR severity, such as jet area to LA
area, which have several limitations as discussed previously.

Revascularization

Patients withMRbecause of ischemic cardiomyopathy should
undergo appropriate revascularization as indicated for docu-
mented ischemia. In the STICH trial, which randomized 1212
patients with HF because of ischemic cardiomyopathy to
GDMT vs GDMTand CABG, there was a trend for improved
all-cause mortality with CABG (hazard ratio 0.86, 95 % CI
0.72–10.4, P=0.12) [55•]. The secondary endpoint of cardiac
mortality (hazard ratio 0.81, 95 % CI 0.66–1.00, P=0.05) was
improved significantly by CABG, as was the combined end-
point of all-cause mortality and hospitalization for cardiac
causes (hazard ratio 0.74, 95 % CI 0.64–0.85, P<.001). Re-
vascularization of ischemic cardiomyopathy can result in im-
proved LV size and systolic function, improved HF symptoms
and reduction of FMR. Kang et al [56] reported a
nonrandomized study of 185 undergoing coronary revascular-
ization by PCI (n=66) or CABG (n=119). In a propensity-
matched analysis, cardiac events were lower with CABG
compared with PCI (hazard ratio 0.499, 95 % CI 0.25–0.99,
P=0.043). There are no prospective randomized trials

comparing CABG to PCI for FMR patients, but this study
suggests that CABG may be superior. Because reverse LV
remodeling after revascularization is not immediate, it is usu-
ally appropriate to wait 3 months to determine if significant
reverse remodeling and improvement in FMR have occurred.

Surgical Therapy for MR

In patients who have significant symptomatic FMR despite
optimal GDMT and revascularization (if indicated), surgical
correction of FMR can be considered. The current trend
amongst most clinicians is to repair MR greater than mild
severity when the patient is already scheduled for CABG [57,
58]. This is supported by the recent ACC/AHA guidelines,
which state that mitral valve surgery is reasonable for patients
with symptomatic severe FMR who are undergoing CABG or
AVR (Class IIa, level of evidence C) [31••]. Mitral surgery can
also be considered for 2 other situations: (1) severely symp-
tomatic patients (NYHA Class III or IV) with chronic severe
FMR (Class IIb, level of evidence B), or (2) chronic moderate
FMR who are undergoing other cardiac surgery (Class IIb,
level of evidence C) [31••].

When considering mitral valve surgery for FMR, it is
important to distinguish between ischemic and nonischemic
etiology. For moderate ischemic MR, some have argued that
revascularization by CABG reverses LV remodeling, resulting
in normalization of ventricular geometry and therefore im-
provement of elimination of FMR [59]. However, several
studies showed that CABG alone is often insufficient and
leaves many patients (40 %) with significant residual FMR
[58, 60]. Randomized clinical trials have been performed in
this area, but are not definitive. Fattouch [61] reported no
significant benefit to adding mitral valve annuloplasty to
CABG in a small single-center randomized trial of 102 pa-
tients. This study was underpowered and does not exclude the
possibility of a benefit. In a substudy of the STICH trial [15],
there was a strong trend for benefit to adding mitral valve
repair to CABG vs medical therapy alone. Patients who re-
ceived CABG plus mitral valve repair had a lower point
estimate for mortality, but this was not statistically significant
(hazard ratio 0.62; 95 % CI, 0.35–1.08). After adjustment for
baseline prognostic variables, CABG with mitral surgery was
superior to CABG alone (hazard ratio 0.41, 95 % CI, 0.22–
0.77; P=0.006). Unfortunately, although STICH was a ran-
domized trial, the decision to treat the mitral valve during
CABG was not randomized, but left to the discretion of the
surgeon. In the RIME trial [62], 73 patients with moderate
FMR were randomized to CABG alone vs CABG plus mitral
valve repair. The trial was stopped early for a benefit in the
primary endpoint of peak oxygen consumption. LV remodel-
ing, MR severity and functional class were better with mitral
valve repair, but the trial was not powered for mortality.
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In nonischemic cardiomyopathy, a retrospective analysis
by Wu et al [63] failed to show a benefit of mitral valve
annuloplasty over medical therapy alone with a primary end
point of death, LV assist device implantation, or heart trans-
plantation. However, in the ACORN trial [64], mitral valve
repair, with or without an external cardiac restraint device in
patients with heart failure (NYHA 3-4), LVEF≤35 % and LV
dilation, was associated with progressive reduction in LV
mass, increased EF, and sphericity index, all consistent with
reverse remodeling. In the study by Braun et al [65], LVend-
diastolic dimension was the best predictor of the extent of
reverse remodeling where patients with LV end-diastolic di-
mension≤65 mm showed the most benefit. This suggests that
earlier intervention may be more beneficial than waiting until
severe LV dilation has taken place.

MV Repair vs MV Replacement

Currently, the decision between repair and replacement is left
to the surgeon’s discretion. Mitral repair is generally preferred
whenever possible based on valve pathology and patient
stability, because it avoids long-term anticoagulation, de-
creases infective endocarditis risk, and provides greater leaflet
durability. Also, retrospective studies have shown lower peri-
operative mortality and, in 1 propensity-matched comparison,
improved 5-year survival for repair vs replacement (58 vs
36 %) [66]. Among repair techniques, ring annuloplasty is
considered the gold standard. Partial-ring annuloplasty is be-
lieved to be inadequate for preventing progressive annular
dilation [67]. Similarly, flexible rings also permit annular
distortion and have been found to have a 4-fold greater recur-
rence of MR over rigid rings [68]. Full ring annuloplasty
undersized by 1 to 2 sizes restores annular geometry, ensuring
proper leaflet coaptation and providing proper annular reduc-
tion andminimal risk for stenosis [69, 70]. Failure to downsize
can result in a recurrence rate of 30 % to 40 % [69]. Saddle-
shaped complete rings have also reported to improve restora-
tion of annular geometry, decrease leaflet strain, and increase
durability [71]. However, even with ring-induced annular
reduction, concomitant prolapse or tethering of the valve
leaflets may persist, requiring additional procedures. Tethered
or elongated chordae of the anterior leaflet can be relocated by
transposition of chordae or replacement with suture. Papillary
muscles may also be relocated to a more favorable position on
the ventricular wall [72].

MVR is usually reserved for situations in which the valve
cannot be reasonably repaired, or repair is unlikely to be
tolerated clinically. MVR is more appropriate for complex
valve disease with both structural and functional MR, involv-
ing multiple or eccentric regurgitant jets. MVR is also usually
faster than repair with a shorter CPB time, and, therefore, may
be more appropriate for high-risk surgical candidates. Biolog-
ical prostheses are generally used for older patients, those with

expected survival less than 10 years, and in patients unable to
tolerate or maintain compliance with anticoagulation. MVR
without preservation of the mitral apparatus and chordal struc-
tures is not recommended because preservation of the mitral
apparatus has shown to preserve LV geometry and systolic
function, and improve survival [73-76]. In FMR, operative
mortality for MV surgery is approximately 3 %–4 % [77-80].
Five-year survival has been traditionally low, at approximate-
ly 30 %–40 %, because of the significance of this disease and
the underlying cardiomyopathy.

The Cardiothoracic Surgical Trials Network (CTSN)
[81•] enrolled 251 patients with moderate to severe ische-
mic MR and coronary artery disease between 2009 and
2011 and randomized them to ether receive mitral valve
repair (126 patients) or chord-sparing replacement (125
patients). The primary endpoint was LV reverse remodel-
ing assessed by LV end-systolic volume index (LVESVI)
measured at 12 months. At 12 months, LVESVI was
54.6 mL/m2 in the repair group vs 60.7 mL/m2 in the
replacement group, for a mean change from baseline of -
6.6 and -6.8 mL/m2, respectively. There was no significant
between-group difference in LVESVI after adjustment for
death. The 1-year mortality rate was 14.3 % in the repair
group vs 17.6 % in the replacement group. However, the
repair group showed a significantly higher rate of recur-
rence of moderate or severe MR at 12 months (32.6 % vs
2.3 %). There were no significant differences between the
groups in the rate of a composite of major adverse cardiac
or cerebrovascular events, functional status or quality of
life at 12 months. The investigators concluded that al-
though replacement provided a more durable correction
of MR, there was no significant between-group difference
in clinical outcomes. Long-term follow-up is ongoing. The
high recurrence rate of significant MR, despite the use of
complete rigid rings in the hands of excellent surgeons,
may turn out to change the current practice of favoring
annuloplasty over chord-sparing MVR. It may also damp-
en enthusiasm for percutaneous annuloplasty devices in
current development.

Percutaneous Options

A variety of percutaneous approaches have been devised
for the minimally invasive treatment of MR, with the goal
of serving the large demand for restoration of mitral func-
tion without the increased perioperative risk of traditional
surgery. Feldman and Young [82] recently published an
excellent review of such devices, which generally attempt
to mimic a surgical technique but in a beating heart without
cardiopulmonary bypass or aortic cross-clamping. Each
percutaneous system attempts to address a component of
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the pathophysiology associated with the mechanism of
MR. These devices enable leaflet repair, chordal replace-
ment, annular shape change, LV geometry change, or even
complete valve replacement. Although the use of percuta-
neous approaches is often limited to patients who present
as poor surgical candidates, their effectiveness and useful-
ness should continue to increase as engineering improve-
ments occur. The most widely used of these is the
MitraClip, which is a cloth-covered cobalt-chromium clip
that pins the anterior and posterior leaflets together in a
manner analogous to the Alfieri stitch. MitraClip has been
used in over 13,500 patients worldwide and is considered
Class IIb for treatment of FMR in the ACC/AHA HF
guidelines [41••] and the European valve guidelines [32].
Although MitraClip has been shown to improve MR se-
verity, symptoms, and cause reverse remodeling in both
primary MR and FMR [83-88], it is currently only ap-
proved in the US for use in patients with primary degen-
erative MR who are at prohibitive risk for surgical repair.
Approval for FMR will not be forthcoming until the results
of the COAPT trial are available. COAPT is a randomized
controlled trial of FMR patients treated with GDMT in-
cluding CRT, if indicated) vs GDMT plus MitraClip. The
primary endpoint is rate of HF hospitalization. Results are
not expected until 2016.

Several annuloplasty devices have been developed using a
variety of approaches. Indirect annuloplasty via the coronary
sinus has shown good preliminary results [89] but is limited
because the coronary sinus overlies the left circumflex coro-
nary artery in a substantial number of patients, is often >1 cm
from the mitral annulus, which is especially true as the LV
dilates, and does not allow for a complete ring repair. Direct
annuloplasty devices can be performed via the left atrium
through direct surgical approaches or trans-septal approaches.
Such devices have anchoring systems to connect to the mitral
annulus and can be tightened under TEE guidance to achieve
maximal reduction of MR in a beating heart. An alternative
approach is to place the annuloplasty ring in the LV behind the
subvalvular apparatus. A criticism of these devices is that they
are not complete rings. Given the 32 % recurrence rate of
significant MR in the CTSN trial with direct surgical implan-
tation of complete rigid rings, these percutaneous
annuloplasty rings will be required to demonstrate durability.
Chordal repair techniques are being developed, but these are
more appropriate for primary degenerative MR than for FMR.
Finally, there are several devices being developed for mitral
valve replacement, either via transapical or trans-septal ap-
proaches. Like TAVR, TMVR offers the potential to provide
beating heart valve replacement to high risk patients and may
be particularly suitable for FMR. In contrast to TAVR, TMVR
will be harder to develop because of the noncircular shape of
the mitral annulus, the potential for pushing the anterior mitral
leaflet into the LV outflow tract, and difficulty anchoring the

device to the anterior portion of the mitral annulus (the
aortomitral curtain). The usefulness and effectiveness of these
devices will need to be compared with the gold standard of
ring annuloplasty.

Conclusions

FMR is a complex disorder in which MR occurs because of
disordered LV geometry and contractile function or pure
annular dilation because of atrial enlargement. Treatment of
FMR should first be targeted to the underlying LV dysfunction
using guideline-directed medical therapy, as well as CRT and/
or coronary revascularization, when indicated. Mitral valve
surgery can be considered when patients are already scheduled
for CABG or other cardiac surgery, or when symptoms persist
and are attributable to FMR, despite optimal guideline-
directed medical therapy. Advances in percutaneous devices
for treatment of FMR are promising and will continue to
evolve.
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