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ABSTRACT

Thereisan increasing number of patients with mitral
regurgitation secondary to dilated cardiomyopathy.
Recent data suggest that mitral regurgitation (MR)
can be surgically corrected in heart failure with sym-
ptomatic improvements and favourable reverse left
ventricular remodeling. However, several questions
remain to be answered, regarding the optimal man-
agement of functional mitral regurgitation, the cor-
rect timing of surgery and the choice of the surgical
technique to perform in patients affected by dilated
cardiomyopathy. In the setting of ischemic chronic
cardiomyopathy, data derived from the recent litera-
ture suggest that concomitant severe ischemic MR
should be addressed during CABG to improve sur-
vival and quality of life. Most surgeons perform con-
comitant CABG and mitral valve surgery in patients
with ischemic chronic cardiomyopathy and moderate
to severe MR. In the setting of chronic dilated car-
diomyopathy, most clinicians would agree that cor-
rection of severe MR in heart failure is warranted,
mostly due to a symptomatic benefit and reduction of
number of re-hospitalizations. M oreover, rever se ven-
tricular remodeling has been demonstrated with un-
dersized annuloplasty rings and correction of MR:
this could lead to improved contractility, reduction in
left ventricular end-diastolic and end-systolic vol-
umes, and finally to improved NYHA functional class.
Recent large studies suggest that patients undergoing
mitral valve repair had improved perioperative sur-
vival, shorter length of stay, and improved long-term
survival than those undergoing mitral valve replace-
ment because the preservation of the subvalvular ap-
paratus seems to result in superior left ventricular
remodelling and in greater improvement in NYHA
class. In the near future, data from multi-institutional,
randomized prospective trials will help to elucidate
many of the questions and concer ns regarding repair

of severe functional mitral regurgitation. Finally,
technology applied to heart surgery is continually
evolving and will allow more exciting cellular and
novel device therapies for the treatment of functional
mitral regurgitation secondary to dilated cardiomyo-
pathy.
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1. INTRODUCTION

Nearly 6 million Americans suffer from heart failure [1]
and many of these patients have a dilated cardiomyopa-
thy based on either ischemic or idiopathic dilated etiol-
ogy. Functional mitral regurgitation (MR) is a frequent
complication of dilated cardiomyopathy and it is related
to a dilated annulus with tethered papillary muscles re-
sulting from a dilated, nonelliptical, spherical ventricle,
in the presence of a structurally normal valve and sub-
valvular apparatus. Functional MR worsens the symp-
toms of chronic heart failure and it has been well demon-
strated that it is a significant factor for increased mortal-
ity in the natural history of these patients[2].

Although the correction of MR with a ssimple annu-
loplasty has been advocated as a safe procedure with
acceptable mortality [3,4], it remains a matter of debate
whether this could alow improved long-term survival.
Other authors supported undersized annuloplasty ring
implantation, stressing the concept that a small ring can
facilitate reverse remodeling to a more eliptical ven-
tricular shape[5].

Particularly in the setting of chronic ischemic cardio-
myopathy, the optimal management of patients with con-
comitant functional MR remains to be established [6-9].
The benefit of mitral valve plasty (MVP) compared with
mitral valve replacement (MVR) has been shown con-
vincingly in patients affected by degenerative mitral
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regurgitation (MR), but such an advantage remains con-
troversial in the presence of chronic ischemic MR [6-14],
particularly in case of concurrent left ventricular dys-
function [15,16].

Finally, in consideration of several studies reporting
high recurrence of MR, it appears mandatory to discuss
the correct indications for the optimal surgical manage-
ment of functional MR in dilated cardiomyopathies.

2. MITRAL REGURGITATION
SECONDARY TO CHRONIC
ISCHEMIC CARDIOMYOPATHY

Regardiess of the specific etiology of heat failure, all
patients with left ventricular dysfunction experience re-
modeling of the ventricle towards a progressive dilation
[17]. Normal function of the mitral valve apparatus de-
pends from a correct interaction among the mitral annu-
lus, the leaflets, the sub-valvular apparatus, and the sub-
tending myocardium [18]. It is well known that the pap-
illary muscles are displaced as a consequence of left
ventricular dilatation, creating a tension on the mitral
leaflets and causing a secondary lack of coaptation. This
pattern results in a functional MR in presence of avave
without intrinsic disease. The presence of such a func-
tional MR creates a vicious cycle, worsening left ven-
tricular volume overload, leading to further dilatation
and then to amore severe MR.

Particularly in chronic ischemic cardiomyopathy the
ventricular dilation tends to be asymmetric depending on
the variable areas of myocardial infarction, whereas pa-
tients with different etiology of cardiomyopathy present
symmetric ventricular dilation [19].

Surgical repair or replacement of the mitral valve can
lead to the interruption of this cyclic problem, preventing
further ventricular dilation and thus prolonging survival
and improving quality of life. The choice to repair or
replace the mitral valve concomitant with the coronary
revascularization appears reasonable in consideration of
greater risk of postoperative death after CABG aone
[20]. On the other hand, this decision is controversial
because of the retrospective nature of the available scien-
tific results and the lack of evidence of the optimal tim-
ing and the correct indications for the correction of func-
tional MR.

Severe MR (4+) associated or not with symptoms of
heart failure remains a mandatory indication to surgical
correction, independently from the need for coronary re-
vascularization. On the other hand the benefits of treating
moderate (3+) MR in the absence of heart failure symp-
tomatology remains a matter of debate.

Three-year survival in patients undergoing percutane-
ous coronary intervention for acute coronary syndromes
with concomitant ischemic MR has been reported to
range from 46% - 76%, on the basis of the severity of
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MR [21]. For moderate MR, 5-year survival ranges be-
tween 60% and 70% [22,23] whereas one-year mortality
rates for severe MR are reported as high as 40% [24].
Moreover, in the setting of coronary artery bypass graft-
ing (CABG), myocardial revascularization alone in pa-
tients with chronic ischemic MR has a higher hospital
mortality than in patients without valve insufficiency
[25]. These data suggest that concomitant severe ische-
mic MR should be addressed during CABG to improve
survival and quality of life.

In the setting of moderate functional MR, several stud-
ies have compared the results of CABG aone versus
CABG with concomitant MVR [26-30]. Some of them
proved no improvement in survival after CABG with
concomitant MVR [26,27,29,31] whereas others found a
significant improvement in follow-up survival [28,32-
35]. Although it remains unclear whether there is a sur-
vival benefit with repair, it is well known that there are
improvements in symptoms, exercise tolerance, and re-
verse ventricular remodelling [28,32-35]. Regardless of
the controversial evidence, there is an increasing trend
toward performing MVR at the time of CABG [20]. A
prospective, randomized trial, the Moderate Mitral Re-
gurgitation in Patients Undergoing CABG trial [36], is
enrolling patients to answer this question. Currently, most
surgeons will perform concomitant CABG and MVR in
patients with ischemic chronic cardiomyopathy and mod-
erate to severe MR.

As these patients are at even higher risk than those
with coronary artery disease and left ventricluar dysfunc-
tion, optimal patient selection is mandatory. Factors that
have been shown to be predictive of better outcome from
MVP include the presence of more viable myocardium,
less papillary muscle dyssynchrony (<60 milliseconds),
and a shorter mitral valve coaptation depth [20,37]. On
the other hand, the presence of preoperative inotropic
support and LV end-diastolic diameter greater than 65
mm have been found to be associated with worse mortal-
ity [38].

3. MITRAL REGURGITATION
SECONDARY TO DILATED
CARDIOMYOPATHY

Significant MR occurs in 35% to 50% of all patients with
chronic heart failure, including nonischemic dilated
cardiomyopathy (DCM) [39]. In patients with left ven-
tricular dysfunction, MR results a strong and indepen-
dent predictor of mortality [40]. As the degree of MR
increases, survival rates worse significantly, with a 4-
year survival in this patient population of 49% to 57%
[41]. Although MR clearly increases the mortality asso-
ciated with heart failure, indications for surgical inter-
vention remain a matter of debate because mitral valve
surgery is an independent predictor of mortality after
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cardiac surgery [42] and no study has demonstrated that
MR correction improves survival in this setting.

Different etiologies of DCM, including idiopathic,
viral, postpartum, valvular, and storage diseases causes,
can result in functional MR by similar mechanisms as
described above for ischemic cardiomyopathy. The
anatomical cause of MR in dilated cardiomyopathy is
related mainly to the tethering of the mitral valve leaflets
because of left ventricular dilatation and change in the

geometry from an elliptical to spherical shape [39,43-45].

A loss of contractile function without a change in left
ventricular geometry does not result in significant MR
[46].

In this setting repair or replacement of the mitral valve
prevents ongoing volume overload of the ventricle and
thus exacerbation of pathologic remodelling, and allevi-
ates LV wall stress, thereby facilitating a more efficient
eliptica geometry. Severa isolated, nonrandomized,
single-center studies report benefits both from left ven-
tricular remodeling and, in a few reports, survival stand-
point [47,48]. However, alack of large, prospective, ran-
domized, multi-ingtitutional data demonstrating the ad-
vantage to surgery over medical therapy reduces the con-
sensus on the benefits of surgical correction of MR. In
addition, data from several small studies suggest that
there is not a survival benefit to surgical correction of
MR over medical therapy [49-51].

Most clinicians would agree that correction of severe
MR in heart failure is warranted, mostly due to a symp-
tomatic benefit and reduction of the number of re-hos-
pitalizations. Moreover, reverse ventricular remodeling
has been demonstrated with undersized annuloplasty
rings and correction of MR [52-54]: this could lead to
improved contractility, reduction in left ventricular end-
diastolic and end-systolic volumes, and finally to im-
proved NYHA functional class.

The best clinical data that exist regarding MVR of se-
vere MR in idiopathic dilated cardiomyopathy derived
from the results of the subgroup analysis of the ACORN
clinical trial. This trial enrolled 300 patients with dilated
cardiomyopathy (mostly with idiopathic etiology) and
heart failure symptoms to evaluate the safety and effi-
cacy of the CorCap cardiac support device [55]. This
study evaluated two groups: patients who underwent
mitral valve surgery and those without, respectively. The
mitral valve surgery group contained 193 patients who
received mitral valve surgery alone (repair or replace-
ment, control group, n = 102), or mitral valve surgery
with implantation of the CorCap Cardiac Support Device
(treatment group, n = 91), respectively. Patients who did
not need mitral surgery (n = 107) were randomized to
optimal medical therapy (control, n = 50) or isolated
treatment with the CorCap Device (treatment, n = 57).
The mean LV end-diastolic volume was 69.7 mm, gec-
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tion fraction was 23.9%, and pesk volume of oxygen
utilization (VO,) was 14.1 mL/kg/min. Short-term and
long-term follow-up for up to 5 years have been evalu-
ated. In the subgroup of patients receiving mitral valve
surgery, the 30-day survival after surgery was 1.6%.
Functionally, significant improvements in NYHA class
(2.8 to 2.2), 6-minute walk test (40.4-m increase), Min-
nesota Living with Heart Failure (MLHF) questionnaire,
and peak VO, were noted at 2 years. In addition, a statis-
tically significant improvement in left ventricular ejec-
tion fraction was noted at 5 years. All patients experi-
enced left ventricle reverse remodeling after mitral valve
replacement. Of these 193 patients, only 29 were noted
to have recurrent MR. Interestingly, there was no differ-
ence in survival or degree of reverse remodelling be-
tween mitral valve repair and replacement [56-58].
Overal survival was 86.5% at 1 year, 85.2% at 2 years,
and 70% at 5 years [55-58]. These data from the ACORN
trial demonstrate that mitral valve surgery can be per-
formed safely in patients with advanced heart failure
with long-term functional and physiological benefits.

4, SURGICAL STRATEGIES
4.1. Indications

The current indications regarding mitral valve interven-
tion in patients with severe left ventricular dysfunction
are controversial because no prospective randomized
trials exist that demonstrate a surviva benefit. The cur-
rent American College of Cardiology/American Heart
Association valve disease guidelines recommend mitral
valve surgery in patients with advanced heart failure, but
only if MV repair or replacement with chordal sparing
are options [59]. Thus, MVP or MVR should be per-
formed in patients with severe MR secondary to severe
left ventricular dysfunction [39,59].

Even though MV P has been demonstrated to be feasi-
ble with limited mortality, patients unlikely to benefit
from mitral valve intervention include those with irre-
versible pulmonary hypertension and chronic advanced
right ventricular dysfunction. Ideal operative candidates
have a less spherical ventricle, have a less fibrotic myo-
cardium, and demonstrate contractile reserve [39].

Several studies have demonstrated large left ventricu-
lar end-diastolic volume (>65 mm), large left ventricle
end-systolic volume (>51 mm), large left atrial volume,
poor left ventricle sphericity index, and very low gection
fraction as predictors of lack of reverse remodeling after
MVP or MVR and hence reduced physiological benefit
to the patient [33,38,60,61].

4.2. Typeof Surgery

One of the questions not completely answered in patients
with ventricular dysfunction and MR is the optimal type
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of mitral valve intervention. There are 2 general options:
to repair or replace the mitral valve. However, there are
many types of repair, without a clear consensus in the
literature. Although they did not include patients with
heart failure, two large studies suggest that patients un-
dergoing MVP had improved perioperative survival,
shorter length of stay, and improved long-term survival
than those undergoing MVR [62,63]. Another study
showed a similar trend favoring MV P over replacement
in terms of 5-year survival as long as the mitral valve
coaptation depth was less than 10 mm [37]. When it ex-
ceeds this depth, replacement should be performed tak-
ing care to preserve the subvalvular apparatus. The pre-
servation of the subvalvular apparatus seems to result in
superior left ventricular remodelling [4]. MVP has aso
been associated with greater improvement in NYHA
functional class[4].

MV P does have a problematic failure rate in functional
MR related to lack of reverse remodeling and progres-
sive ventricular dilation [52]. De Bonis et al. [64] re-
ported an MV P failure rate of 9%, although other studies,
such as that from the Cleveland Clinic, have demon-
strated very high recurrence (30% - 40%) of severe (3 -
4+) MR after annuloplasty as soon as 6 months after
surgery [65]. These results are in contrast to the findings
by Spoor and Bolling [66] in which minimal recurrent
MR was seen up to 4 years after MR with rigid annu-
loplasty by using aring that was down-sized by 2 sizes.

Gillinov et al. [15] when comparing MVP versus re-
placement for functional MR, reported 5-year survival of
58% for valve repair and 36% for replacement. However,
the MVP group had significantly fewer NYHA class IV
patients and less severe MR preoperatively. In the pro-
pensity matched poorer risk groups (more severe conges-
tive heart failure, MR, and emergency surgery) and for
the group as a whole, there was no difference between
repair and replacement, and 5-year survival was uni-
formly <50%.

About the question on the optimal surgical strategy for
the correction of ischemic MR, recently, an Italian mul-
ticenter, 15-year, retrospective, propensity score (PS)-
matched analysis of a robust patient cohort was designed
to elucidate comparative effectiveness of MVPand MVR
in association with coronary artery bypass grafting
(CABG) and in the presence of left ventricular dysfunc-
tion [67]. Careful patient selection was carried out pur-
posefully to focus on a homogeneous patient popul ation,
eliminating some common confounding factors charac-
terizing published series on the matter, and to define
early and long-term outcomes. Of 1006 patients with
chronic ischemic MR and impaired left ventricular func-
tion 298 (29.6%) underwent MV R whereas 708 (70.4%)
received MVP. Propensity scores were calculated and
244 pairs of patients were matched. Early deaths were
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3.3% in MVPversus 5.3% in MVR (P = NS). Eight-year
survival was 81.6% * 2.8% and 79.6% = 4.8% (P = 0.42),
respectively. However, actual freedom from all-cause
reoperation and valve-related reoperation were 64.3% *
4.3% versus 80% + 4.1%, and 71.3% + 3.5% versus
85.5% + 3.9in MVP and MVR, respectively (P < 0.001).
Actual freedom from all valve-related complications was
68.3% + 3.1% versus 69.9% + 3.3% in MVP and MVP,
respectively (P = 0.78). Left ventricular function did not
improved significantly, and it was comparable in the 2
groups postoperatively. The authors concluded that MVR
is a suitable option for patients with chronic ischemic
mitral regurgitation and impaired left ventricular function.
It provides better results in terms of freedom from reope-
ration with comparable valve-related complication rates.

Critiques of the failure after annuloplasty are based on
the lack of undersizing (2 - 4 sizes), use of a partid
rather than complete ring, and the use of a flexible rather
than rigid ring. It has been found that there is an almost
4-fold increase (9.5% vs 2.5%) in recurrence rate of
ischemic MR by using aflexible ring as compared with a
nonflexible ring in patients with a preoperative gjection
fraction <30% [66]. Gorman and colleagues have de-
monstrated that use of a saddle-shaped annuloplasty ring
decreases | egflet strain, restores normal annular geometry,
and might increase repair durability [68,69]. Severa
studies have attempted to identify patients who will have
successful long-term correction of MR after an under-
sized annuloplasty ring. Identified risk factors include
the presence of a single central jet as compared with
multiple complex jets, severe leaflet tethering, and ex-
cessive coaptation depth (>10 mm) [37,61,70,71]. Care-
ful preoperative assessment of leaflet function is vital in
determining whether a patient will have long-term bene-
fit from MV annuloplasty for functional MR.

New annuloplasty rings specifically have been de-
signed for functional MR [66,72-74], characterized by
various shapes with the aim to improve the durability of
valve repair in this setting.

5. FUTURE TRENDS

Several percutaneous strategies for treating functional
MR are being investigated. A percutaneous mitral an-
nuloplasty device (CARILLON) has been designed to be
inserted into coronary sinus to improve leaflet coaptation.
In animal models of ischemic MR, this device has de-
monstrated to be effective [75,76]. Initial data from cli-
nical trials have demonstrated safety and feasibility for
the CARILLON device [77,78].

Additional percutaneous devices have attempted to
improve valvular competence by using a clip (MitraClip,
Abbott Laboratories, Abbott Park, IL) to re-approximate
the valve leaflets, much like an Alfieri-type repair. Ana-
lysis in a high surgical risk population demonstrates
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feasibility and a hemodynamically significant reduction
in MR, although many patients are left with lesser de-
greesof MR, limiting its widespread use [79,80]. Several
percutaneous transcatheter MVR devices are being in-
vestigated in large animal models and have shown the
potential for translation into clinical therapy. These trans-
catheter therapies might provide a mean to treat symp-
tomatic MR in patients believed to be at prohibitive risk
for traditional surgery.

During recent years, the importance of infarct stabili-
zation in reducing adverse remodelling and subsequent
left ventricular dilatation has become recognized. This
new approach is based on the use of injectable polymers
into the myocardium to stiffen and thicken infarct areain
the early post-myocardia infarction period to normalize
left ventricular wall stress and attenuate adverse left ven-
tricle remodelling. A lot of biopolymers have been used
for this therapeutic purpose, including fibrin, hyaluronic
acid, peptides, and thermoresponsive gels. Initia data
demonstrate improved wall stress, limited infarct expan-
sion, and reduced global ventricular remodeling after
polymer-based infarct stabilization [81].

In the near future, data from multi-institutional, ran-
domized prospective trials will help to elucidate many of
the questions and concerns regarding repair of severe
functional mitral regurgitation.

It is an exciting time in the management of heart fail-
ure because technology applied to heart surgery is con-
tinually evolving and will allow more interesting cellular
and novel device therapies for the treatment of functional
MR secondary to dilated cardiomyopathy.
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