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Introduction

Functional ischemic mitral regurgitation (FIMR)
is a frequent end-stage complication of coronary
artery disease which results from the process of
negative left ventricular remodeling. Chronic myo-
cardial ischemia and infarction effect an increase
in left ventricular size secondary to myocyte loss
and lengthening. As left ventricular size increases,
the mitral annulus dilates and papillary muscle dis-
placement tethers the mitral valve leaflets, causing
FIMR. FIMR causes further impairment of ven-
tricular function through volume overload, leading
to the cycle of progressive left ventricular dilata-
tion and worsening mitral regurgitation (MR)
known as negative left ventricular remodeling
[1-4]. With viable ischemic myocardium, revas-
cularization of significant coronary artery disease
may prevent further damage, relieve the contribut-
ing ischemia, and stop or reverse the remodeling
process. However, the effect of correcting the isch-
emiaalone on valve function has been unpredictable
and often transient, leaving the majority of patients
with residual, recurrent, or progressive MR [5].
Significant mitral regurgitation is treated by either
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valve repair or replacement. Mitral repair, while in
the distant past was performed by suture annulo-
plasty, is now primarily performed by reduction
annuloplasty (RA) with placement of an under-
sized annuloplasty device. This strategy increases
the coaptive leaflet margin and reduces or elimi-
nates the regurgitation [6]. Current surgical tech-
niques for FIMR have significant procedural risk,
and the late survival remains poor [7]. Due to the
risk associated with current surgical therapies, the
vast majority of patients with FIMR are treated
medically [8]. In this chapter we will review cur-
rent clinical and experimental data on the mecha-
nisms and treatment of FIMR.

Clinical Scope and Consequences
of Functional Ischemic MR

Heart failure affects over five million patients in
the United States, with nearly 500,000 new cases
diagnosed each year [9]. Coronary artery disease
is a leading cause of systolic heart failure, affect-
ing 40-60 % of heart failure patients [10]. In
these patients, mitral regurgitation frequently
coexists with systolic heart failure due to regional
and global left ventricular remodeling. This mitral
regurgitation, known as FIMR, is distinguished
from other organic causes of mitral regurgitation,
such as leaflet prolapse due to myxomatous
change, leaflet flail secondary to chordal rupture,
or leaflet perforation from endocarditis.
Functional ischemic MR can occur with pre-
served global left ventricular (LV) function
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(left ventricular ejection fraction [LVEF]>30 %)
or with severe LV dysfunction (LVEF<=30 %).
In the former case, regional tethering and restric-
tion of the posterior mitral valve leaflet result in
FIMR, while in the latter case, increased LV
dimensions and sphericity result in FIMR.
Following myocardial infarction, there is a graded
independent association between the severity of
FIMR and the late development of heart failure.
Aronson et al. prospectively studied 1,190
patients with acute myocardial infarction (MI)
for the late development of congestive heart fail-
ure (CHF) [11]. In this cohort, FIMR, which was
quantified echocardiographically during the hos-
pitalization for acute MI, was mild in 39.7 % and
moderate or severe in 6.3 %. All grades of FIMR
(mild through severe) were associated with a
significantly increased risk of CHF and death.
Another large cohort study reported a similar
relationship between moderate or severe FIMR
and the late risk of CHF or death; importantly,
this relationship was independent of left ventric-
ular ejection fraction [12]. FIMR occurs in the
majority of patients with ischemic cardiomyopa-
thy, and their survival correlates with the degree
of FIMR. In a recent observational study, Trichon
et al. found an incidence of FIMR of 59 % in a
cohort of 1,214 ischemic cardiomyopathy patients
at a single center undergoing diagnostic work-up
for heart failure (New York Heart Association
[NYHA] class 2—-4) [13]. The FIMR was mild
(grade 1+ or 2+) in 38 % of the patients and mod-
erate or severe (grade 3+ or 4+) in 17 %. Survival
rates at 1, 3, and 5 years were significantly lower
in patients with moderate to severe MR versus
those with mild or no MR, and the degree of
mitral regurgitation was an independent predictor
of mortality by multivariable analysis.

Grigioni et al. also published their data on long-
term outcomes in patients with chronic FIMR. In
their series of 303 patients with previous transmu-
ral MI, 64 % developed chronic FIMR [14].
Patients with FIMR experienced worse survival
rates than those without MR (38+5 % vs. 616 %
at 5 years). Survival was also affected by FIMR
grade (61+6 % at 5 years for no MR; 47+8 % at
5 years for effective regurgitant orifice (ERO)
<20 mm?; 29+9 % at 5 years for ERO>20 mm?).
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Because FIMR has been associated with
excess cardiac mortality, there has been consider-
able interest in the impact of its surgical correc-
tion on long-term outcomes. It is hypothesized
that FIMR itself is an important contributor to the
process of negative left ventricular remodeling,
and elimination of FIMR, in combination with
revascularization and/or medical therapy, may
allow for normalization of left ventricular geom-
etry. While FIMR can be reduced or eliminated
with valve replacement or repair techniques,
there has not been a direct correlation between
elimination of FIMR and long-term reverse left
ventricular remodeling. Moreover, valve repair
techniques may have limited durability in certain
clinical circumstances, leading to recurrent
FIMR. As a consequence, long-term results of
mitral surgery for FIMR have been inconsistent.

Experimental Studies of Functional
Ischemic MR: Animal Models

The varied clinical presentation of patients makes
itextremely difficult to analyze outcomes of FIMR
treatment. Patients have varying amounts of isch-
emia, infarct, and subvalvular distortion which are
both difficult to quantify and impossible to stratify
for in the analysis of clinical trials. Fortunately,
various animal models have been developed
which, despite their limitations, offer insight into
this complex disease and its treatment.

The Gorman research group at the University
of Pennsylvania has performed a series of ovine
myocardial infarct experiments which investigate
the complex relationship of ischemic myocardial
injury, LV remodeling, and functional mitral
regurgitation. Their initial experimental series
demonstrated that after a severe ischemic injury,
ongoing negative LV remodeling will continue to
occur even if the FIMR is “pretreated” or pre-
vented by restrictive annuloplasty performed at
the time of ischemic insult [15]. Lateral wall
infarcts were induced in two groups of sheep; one
group was pretreated with reduction annuloplasty
(RA), while the other group was given a sham
intervention (control). After 8 weeks, the RA
group had successful prevention of FIMR, yet
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both groups had equal increases in left ventricular
end-diastolic dimension (LVEDD; 68+23 % for
RA and 89+16 % for control; p=NS) and equal
decreases in ejection fraction (36.7+3.7 % to
253+£2.9%forRAand42.4+2.6%t032.4+£2.0%
for control; p=NS). In a more recent experimental
report, restrictive mitral annuloplasty performed
8 weeks after large ischemic injury and myocar-
dial infarction did not alter the ongoing process of
LV dilation and negative remodeling, despite
“successful” elimination of FIMR. In this model,
after a severe infarction, negative remodeling pro-
gressed over a period of 6 months (twofold
increase in end-diastolic volume and threefold
increase in end-systolic volume) and was unaf-
fected by eliminating the volume overload associ-
ated with the FIMR. Nevertheless, elimination of
FIMR withreduction annuloplasty did significantly
reduce pulmonary artery hypertension and was
associated with greater forward cardiac output in
the treated animals.

These experimental results are in marked
opposition to ovine infarct experiments from
Levine’s group at Massachusetts General
Hospital. In his series [16], all sheep had antero-
apical infarcts, and two-thirds were also given
controlled MR via a left ventricular to left atrial
shunt (creating a 30 % regurgitant fraction). At
one month postinfarction, half of the sheep had
their shunts closed. The negative remodeling in
this “MR-treated” group reversed, such that at
3 months, LV end-diastolic dimensions were the
same as infarct alone and significantly better than
infarct plus untreated MR. The authors concluded
that repair of moderate MR substantially reverses
the otherwise progressive remodeling process,
with reduced left ventricular volumes, relatively
maintained contractility, persistently activated
intracellular signals promoting hypertrophy and
opposing apoptosis, and reduced matrix prote-
olytic activity.

These seemingly contradictory results lead us
to question the driving mechanisms for ongoing
cardiac remodeling in ventricles with large
infarcts zones and functional MR. Autopsy series
[17] suggest that the remodeling pathway is
related to the degree of myocardial mass lost and
the amount of scarring, both of which lead to an
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increase in LV dimension that triggers cardiac
myocyte apoptosis in border zones and to a lesser
extent in remote regions of the ventricle. Also,
there is strong laboratory evidence that mechani-
cal tension (stress/strain) is responsible for acti-
vating the apoptotic pathway [18]. Another
driving force in cardiac remodeling is the increase
in cardiac myocyte length and decrease in end-
diastolic wall thickness via chronic volume over-
load, as well the activation of neurohumoral
systems including activation of adrenergic path-
ways, activation of the renin-angiotensin-aldos-
terone system, and release of atrial natriuretic
peptide. We are left with the unanswered ques-
tion as to which of the above mechanisms pre-
dominates in the remodeling response in these
animal models.

Clinical data does provide insight into the
ventricular response to the elimination of FIMR
in the setting of preexisting damage. Dion dem-
onstrated that when LV end-diastolic dimension
is less than 6.5 cm, restrictive annuloplasty can
reliably eliminate MR and is associated with sus-
tained reverse ventricular remodeling [19]. This
size stratification method may make it possible to
identify ventricles in which the activation of car-
diac myocyte apoptosis is not overwhelming and
in which elimination of FIMR would allow for
reversal of the cardiac myocyte lengthening due
to chronic volume overload. Similarly, Alfieri
reported two different patient responses to reduc-
tion annuloplasty for FIMR [20]. In his series,
those patients who responded with reverse remod-
eling had long-term elimination of FIMR, and
those who had ongoing negative remodeling had
recurrence of their mitral insufficiency. In these
patients, the degree of ventricular end-diastolic
enlargement had a borderline significance in pre-
dicting ongoing negative remodeling.

It is possible to argue that the Gorman labora-
tory model is congruous with the “nonresponders”
and does not reflect the group of patients who are
capable of the reverse remodeling response (as
demonstrated in the Levine model). Further labo-
ratory work will be necessary to elucidate the
above listed factors which control the ultimate
fate of the ventricle. With an understanding of
this, we will not only be able to clearly identify
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“responders” to reduction annuloplasty but also
be able to develop other strategies to deal with
the evolving pattern of ventricular remodeling.

Surgical Techniques for the Treatment
of Functional Ischemic MR

While either mitral repair or replacement is accept-
able for treating functional mitral regurgitation
(FMR), there are two well-known confounding
factors which impact the utilization of these thera-
pies. The first factor is that the degree of functional
mitral regurgitation is often downgraded during
intraoperative transesophageal echocardiography
(TEE) evaluation; as a result FMR tends to go
untreated. Aklog et al. demonstrated in a popula-
tion of patients with 3+ FMR documented preop-
eratively on transthoracic echocardiogram that
only 10 % of the patients have 3+ MR on intraop-
erative TEE [5]. Unfortunately, their postopera-
tive transthoracic echocardiogram reveals that
89 % still have 2+ or worse FMR. The second
confounding factor is the misperception that
CABG alone will improve MR of ischemic etiol-
ogy. In patients with preoperative baseline MR of
3+ who underwent CABG alone, 40 % of these
patients had no improvement in MR postopera-
tively, with 86 % having 2+ or worse FMR [5].
Having acknowledged some uncertainty in
patient selection, the primary surgical interven-
tion for functional ischemic mitral insufficiency
is reduction annuloplasty or mitral valve replace-
ment. While there are multiple factors which
influence the decision whether to replace or repair
FIMR valves, first we shall review the compara-
tive outcomes. Gillinov et al. presented the
Cleveland Clinic series of 397 mitral valve repairs
and 85 mitral valve replacements analyzed by
propensity case matching [21]. They demon-
strated improved survival with valve repair ver-
sus valve replacement in “better risk patients.”
However, the 5-year survival was 56 % for repair
and 36 % for replacement even in these patients.
No survival benefit was demonstrated for repair
over replacement in NYHA class 4 patients or in
patients greater than 70 years of age. At the same
time, we reported the experience at New York
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University. It was clear in our series that there
was a significant difference in preoperative risk
between those patients who received mitral repair
and those that received mitral valve replacement
for FIMR. The patients in our series who under-
went replacement were more likely to be intu-
bated, have preoperative shock, or have
preoperative intra-aortic balloon pump place-
ment. Our repair strategy was downsizing annu-
loplasty to treat the annular dilation and/or
moderate to severe leaflet tethering. Our multi-
variable analysis demonstrated that hospital death
was predicted by NYHA class 4 and a lack of
angina. Analysis of death or complication via
multiple logistic regression revealed that repair
had half the risk compared to replacement.
Indeed, when we analyzed the different preopera-
tive risk subgroups, the hazard ratio for death or
death and complication was always less than 1.
This indicated that there was always a benefit to
repair over replacement; the only subgroup in
which this was not true was those patients who
had previous surgery. Our 5-year complication-
free survival was 63 % in our repair patients as
compared to 30 % in the replacement patients.
While late death was predicted by NYHA class 4
and the presence of prior cardiac surgery, compli-
cation-free survival was favored (oddsratio=0.29)
by mitral valve repair.

The above-mentioned datasets have therefore
been used to support a preference for repair ver-
susreplacement. However, there are some patients
in whom mitral repair may not have durability;
this is discussed later in this chapter in the
“Clinical Results” section.

In addition to the standard procedure of reduc-
tion annuloplasty, multiple alternative techniques
have been advocated to treat FMR. These include
the cutting of secondary chordae [22], posterior
papillary muscle relocation [23, 24], anterior
leaflet augmentation [25], and posterior leaflet
patching. Division of secondary chordae releases
the downward tented leaflet of the anterior mitral
valve and decreases mitral leaflet tenting area.
However, it is also argued that this effectively
removes support from the papillary muscles,
increases the sphericity of the ventricle, and
worsens left ventricular performance [26].
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The leaflet augmentation strategies with patching
have demonstrated success in small series with
limited follow-up. Of interest are the papillary
muscle relocation procedures. Kron’s group has
limited data showing outcomes of placement of a
traction suture placed into the posterior papillary
muscle which shortens the distance to the right
fibrous trigone [22]. Recently, the follow-up
results of the “papillary muscle sling” technique
have been published. A 4 mm graft is used to
bring the papillary muscles together to reduce
ventricle distortion. In a patient population at
high risk for recurrence of MR (larger LV dimen-
sion), 4-year follow-up has been accrued. These
results demonstrated good freedom from recur-
rent MR and improvements in ventricular diam-
eter, volume, ejection fraction, and sphericity
index [24].

Clinical Results of Surgical Treatment
of Functional Ischemic MR

The strategy for surgical intervention in FIMR is
based on four observations. First is the theoreti-
cal argument that FIMR imposes an important
secondary remodeling stimulus on a ventricle
that has already sustained a severe primary injury.
Second, there is strong evidence that even mild
MR is a poor prognostic sign in acute patients
and those who have suffered an MI [14]. Third,
there is a dramatic beneficial effect reported with
valve repair for structural mitral valve disease.
And fourth, there are limited alternative surgical
options for FIMR patients with end-stage CHF.
Clearly, from retrospective studies, there is little
data at this time to support the concept that repair-
ing these valves increases long-term survival [27,
28]. In rough summation, these clinical series
show 50-60 % 5-year survival in patients under-
going treatment for their FIMR. This contrasts to
Ellis et al.’s follow-up of patients undergoing
percutaneous coronary intervention: those with
either grade 3 or 4 MR at the time of intervention
had only a 50 % survival at 36 months [29].
There is data, however, demonstrating that
intervention on moderate or worse mitral
insufficiency provides symptomatic benefits in
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those with patients with heart failure [27].
This has been excellently demonstrated by Dion
in a subset of patients [19]. Specifically, in those
patients with FIMR and LVEDD <6.5 cm, the
S5-year survival for CABG and mitral repair was
80 %. These patients had an improvement in
NYHA class from 2.9 to 1.6. Moreover, there
was negligible recurrence of MR: mean follow-
up MR grade was 0.8 (scale of 0—4), and 85 % of
patients had less than grade 2. In contrast, patients
with preoperative LVEDD greater than 6.5 cm
had a 5-year survival of only 49 %, and there was
little evidence of reverse remodeling. The authors
concluded that for patients with an end-diastolic
dimension of 6.5 cm or less, restrictive annulo-
plasty with revascularization provides a “cure”
for ischemic MR and heart failure. While this
may be an optimistic evaluation, their work does
demonstrate the dramatic clinical benefit of sur-
gical treatment of FIMR in appropriately selected
patients.

Although valve repair is generally believed to
be superior over replacement, there are several
important technical considerations. First, most
authors agree that either a rigid or semirigid
remodeling device should be used and aggressive
downsizing should be performed. Mitral
insufficiency recurs at unacceptable rates when
either flexible devices, tissue reinforcement, or
suture-only techniques are used [7, 30, 31].
Secondly, multiple authors have noted that in
patients with excessive distortion of the subval-
vular apparatus, recurrent MR after reduction
annuloplasty is not infrequent. Calafiore et al.
noted that when the tenting distance was greater
than 1 cm, the return of MR was “inevitable”
[30]. Similarly, Duran noted that the degree of
papillary displacement with respect to depth and
angle correlated with return of MR [32].

Therefore, for treatment of FIMR, we do not
recommend attempting a repair with reduction
annuloplasty alone when the LVEDD is greater
than 6.5 cm or the depth of leaflet coaptation is
greater than 1 cm. Their results can be unpredict-
able and disappointing; patients with these
dimensions are best served by chordal-sparing
tissue valve replacement which reliably provides
symptomatic relief.
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Acker and colleagues published outcomes of
the CorCap study in which patients underwent
mitral valve surgery alone as a control arm of a
Food and Drug Administration (FDA)-monitored
investigational device study [33]. These medi-
cally optimized patients with significant func-
tional MR, myopathic hearts, and symptomatic
CHF underwent mitral valve surgery alone as
control therapy. The patients were NYHA class 3
or 4, had EF <35 % (mean EF 23+9 %), and had
dilated left ventricles (mean LVEDV
270.1+100.3 mL). These patients had a remark-
able 1.6 % 30-day mortality and significant
improvements in quality of life, exercise perfor-
mance, and NYHA functional class over the
2-year follow-up. Equally as important, mitral
valve operations led to improvements in LV vol-
umes (mean decrease of 45 mL), mass, and shape,
all consistent with reverse remodeling. Finally,
unlike other reported experiences in the litera-
ture, the operations were durable, as recurrence
of clinically significant MR was uncommon in
this patient cohort. The authors’ concluded that
“the improvement in LV structure and clinical
function along with a very low mortality rate
justifies strong consideration to offering mitral
valve (MV) surgery to heart failure patients who
are on an optimal medical regimen.” The out-
comes do support the hypothesis that these
patients with cardiomyopathy benefit from the
surgical correction of the functional mitral
insufficiency. The results of this study add to a
growing experience of clinical improvement with
mitral valve repair. There is a significant caveat
to this dataset however; 90 % of these FMR
patients had a nonischemic etiology. How gener-
alizable this is to the ischemic functional MR
population is yet to be determined.

The New York University Experience

Our institutional experience with MV repair in
the setting of impaired left ventricular function,
including long-term echocardiographic and clini-
cal outcomes, was recently presented at the
annual meeting of the American College of

L.B. Balsam et al.

Cardiology. Over 14 years, 193 patients with
severe mitral regurgitation and EF<50 % under-
went mitral repair alone (reduction annuloplasty)
without CABG. Sternotomy was utilized in 56
patients, and a mini-thoracotomy approach was
used in 137 patients. Mean age was 63.7 years
(range 24-90). Preoperative NYHA class was 2.8
(54.4 % were 3 or 4), and 41 (21.2 %) patients
had previous cardiac surgery. Preoperative EF
distribution was 40—49 % in 52 patients (26.9 %),
30-39 % in 81(42.0 %), 20-29 % in 37(19.2 %),
and <20 % in 23(11.9 %).

Hospital mortality was 5.7 % overall and
3.6 % for mini-thoracotomy. Propensity-adjusted
multivariate predictors (odds ratio; p-value) of
hospital mortality were ischemic etiology (22.7;
p=0.03), age (p=0.04), and chronic obstructive
pulmonary disease or COPD (6.5; 0.03). The
sternotomy approach (4.8; p=0 .10) and periph-
eral vascular disease (5.8; p=0.10) were weakly
associated with hospital mortality. Freedom from
all cause death was 74 % at 5 years (84 % for
nonischemic patients and 51 % for ischemic
patients; p<0.001). Predictors of decreased sur-
vival were age (p<0.001), severely impaired
ejection fraction (p=0.01), ischemic etiology
(»<0.04), and cerebrovascular disease (p=0.06).
NYHA class improved 0.9 grades (p=0.01).
At 5 years, freedom from valve reoperation was
92 %; freedom from valve reoperation or severe
recurrent mitral insufficiency was 88 %. We con-
cluded that reduction annuloplasty in FMR
patients with decreased EF improves late NYHA
functional status and is associated with good late
survival. Significantly, the predictors of poor sur-
vival were age, lower EF, ischemic etiology, and
cerebrovascular disease.

We recently published standard outcomes of
CABG and reduction annuloplasty for FIMR in a
controlled, prospective multicenter series [34].
Seventy patients with coronary artery disease
requiring revascularization, severe or symptom-
atic moderate FIMR, ejection fraction >25 %,
LVEDD <7.0 cm, and >30 days since acute myo-
cardial infarction were treated with CABG and
device reduction annuloplasty. Two patients
underwent immediate intraoperative conversion to



4 Mitral Valve Repair for Ischemic Mitral Regurgitation...

45

Table 4.1 Structural and functional changes in patients treated with CABG and reduction annuloplasty

Baseline 1 year
MR grade 2.54+0.81 (N=70) 0.52+0.66* (N=46)
LV EF 37.9+11.7 (N=67) 47.0+12.5%* (N=46)
LVEDD (cm) 5.83+0.68 (N=60) 5.34+0.86%* (N=38)
LVESD (cm) 4.66+0.89 (N=57) 3.94+1.08%* (N=35)

#p<0.001; #p=0.001; **¥p=0.01

1.5 years
0.35+0.63* (N=33)
46.5+11.8%* (N=33)
5.55+0.80 (N=26)
426+1.03 (N=23)

2 years

0.48+0.62* (N=26)
47.0£12.9%*%* (N=25)
5.16+0.75%** (N=17)
3.96+0.95%** (N=17)

Mixed model, pairwise comparison versus baseline, adjusted for multiple comparisons

Reprinted from the Journal of Thoracic Cardiovascular Surgery, Vol. 141, Grossi EA, Woo Y], Patel N, et al., Outcomes
of coronary artery bypass grafting and reduction annuloplasty for functional ischemic mitral regurgitation: a prospective
multicenter study (Randomized Evaluation of a Surgical Treatment for Off-Pump Repair of the Mitral Valve),

pp. 91-97, copyright 2011, with permission from Elsevier

a valve replacement due to inability of reduction
annuloplasty to correct MR. The as-treated results
included a 30-day mortality of 4.1 %, with
the patients receiving an average of 2.8 bypass
grafts. Mean follow-up was 24.6 months. MR
severity was significantly reduced from
2.54+0.80 at baseline to 0.52+0.66 and
0.35+0.63 at 1 and 2 years, respectively (MR
scale was O=none, 1=mild, 2=moderate,
3 =moderate-severe, 4=severe). Freedom from
death or valve reoperation was 78 +5 % at 2 years.
Ejection fraction significantly improved from
38 % to 47 % at 2 years. Reverse remodeling was
evident with significant decreases in end-diastolic
and end-systolic dimensions (Table 4.1). NYHA
class was improved one or greater grades in
65.9 % at 1 year and 72.0 % at 2 years. Cox
regression analyses suggested that increasing age
(p=0.001; hazard ratio (HR) 1.16/year, 95 % CI
1.06-1.26) and renal disease (p=0.018;
HR=3.48; 95 % CI 1.25-9.72) were associated
with decreased survival.

From these data, we can conclude that CABG
with reduction annuloplasty for FIMR predict-
ably reduces MR and relieves symptoms in
patients without excessive preexisting ventricular
distortion. This operative strategy for the treat-
ment of moderate to severe MR is associated with
improved indices of ventricular geometry,
improved NYHA functional class, and excellent
freedom from recurrent mitral insufficiency.
While long-term prognosis and outcomes remain
uncertain, this dataset delineates the midterm
benefits of such an approach.

Future Approaches in the Treatment
of Functional Ischemic MR

Novel Clinical Research

One characteristic of functional MR is the presence
of “normal” leaflet structure in the setting of ven-
tricular remodeling which distorts the subvalvular
apparatus and impairs valve function. A novel
approach to treating this FMR is offered by the
Coapsys device (Myocor, Inc., Maple Grove, MI),
a ventricular shape change device that can be placed
without the need for cardiopulmonary bypass to
reduce FMR. This device consists of two pads
which are connected by a transventricular “chordal”
suture. After echocardiographically assisted place-
ment across the left ventricle, the device is tight-
ened to compress the mitral annulus, thereby
reducing FMR and positively reshaping the ventri-
cle [35]. An FDA-monitored investigational device
trial was conducted in patients requiring CABG
who had severe MR or symptomatic moderate MR,
ejection fractions >=25 %, and LVEDD<=7.0 cm.
The hypotheses tested were that investigative “off-
pump” treatment would have non-inferior efficacy
(as measured by MR degree) and superior safety
efficacy as compared to standard mitral repair [36].
The trial was terminated prematurely when the
recent financial collapse resulted in the bankruptcy
of the trial sponsor (Myocor Inc.).

Recruitment had accrued 165 patients, the
prespecified value for the “first-look™ data analysis.
The Coapsys device was associated with greater



46

L.B. Balsam et al.

2
% —— Control
g 067 |—— Treatment
a ® Censored
5 t| @ Censored
g Y
S 04 Adjusted Log-rank = 4.30; p=0.038 i
c/j) s Hazard ratio=0.421; 95% CI (0.200 - 0.866) ; p=0.038
02 T Intent-to-Treat Survival After Mitral Repair (Control)
vs Coapsys (Treatment) for FMR
0-0 : T T T T T T T T T
0 12 24 36
Number at Risk Survival Time (Months)
Control n=83 61 39 22
Treatment n=82 67 48 36

Fig. 4.1 Randomized Coapsys trial demonstrating late
superior survival from all cause death for the
Coapsys+CABG patients as compared to the control
mitral repair+ CABG patients (Reprinted from the Journal
of the American College of Cardiology, Vol. 56, Grossi

long-term positive ventricular reshaping, with
the LVEDD decreasing from 6.0+0.8 to
54£0.8 cm as compared to 59+0.7 to
5.6£0.9 cm for the control MV repair (effect of
time p<0.001, repeated measures analysis of
variance [ANOVAY]; effect of treatment p=0.02).
However, the MR treatment efficacy was not as
effective with the Coapsys treatment: the stan-
dard mitral repair technique reduced MR
(O=none, 1=mild, 2=moderate, 3=moderate-
severe, 4=severe scale) from 2.54+0.80 to
0.35+0.63 at 24 months, while Coapsys reduced
MR from 2.40+0.87 to 1.24+0.97 (both effect of
time and treatment p =0.0001, repeated measures
ANOVA). What was totally unanticipated was
that the trial discerned a significant survival
benefit to the Coapsys treatment; at 24 months,
there was nearly half the incidence of death with
the Coapsys device as compared to standard
mitral repair (Fig. 4.1). Twenty-four-month sur-
vival from all cause death was 89 % in the
Coapsys randomized group as compared to 78 %
in the standard treatment group (adjusted log-rank

EA, Patel N, Woo Y], et al., Outcomes of the RESTOR-MV
Trial (Randomized Evaluation of a Surgical Treatment for
Off-Pump Repair of the Mitral Valve), pp. 1984-1993,
copyright 2010, with permission from Elsevier)

4.30; p=0.038; intent-to-treat analysis); a more
powerful benefit to the Coapsys treatment was
noted in the as-treated analysis (p=0.020).

These findings are very provocative: patients
with FIMR requiring revascularization treated
with ventricular reshaping rather than standard
mitral repair surgery had improved survival and
significant reduction of major adverse outcomes.
This unique dataset should guide further research
in this area towards “ventricular solutions.”

Current Clinical Trials

Currently two topical clinical trials regarding the
outcomes of ischemic mitral regurgitation are
being conducted by the National Heart, Lung,
and Blood Institute (NHLBI)-sponsored
Cardiothoracic Surgical Trials Network. The first
trial is entitled “Evaluation of Outcomes
Following Mitral Valve Repair or Replacement in
Severe Chronic Ischemic Mitral Regurgitation.”
In this study, patients with severe FIMR will be
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randomized to either mitral repair or replace-
ment; concomitant CABG will be performed if
indicated. Pre- and postoperative evaluation will
include cardiopulmonary exercise evaluation.
The patients will be followed for 24 months.
Interestingly, no restrictions are being applied as
to the mitral valve repair technique employed by
an individual surgeon.

The second trial 1is entitled “Surgical
Interventions for Moderate Ischemic Mitral
Regurgitation.” The purpose of this trial is to
determine whether repairing moderate mitral
insufficiency at the time of planned CABG will
have beneficial effects. Again, cardiopulmonary
exercise testing, neurocognitive tests, and quality
of life surveys will be conducted over a 2-year
period. Unfortunately, patient recruitment has
been an issue for both trials. It has been specu-
lated that there is a lack of clinical equipoise
when treating “stentable” coronary artery disease
in the presence of moderate MR which has lim-
ited patient referral. The NHLBI has announced a
request for additional investigative sites to cor-
rect this issue.

Summary

FIMR is a common end-stage complication of
coronary artery disease that develops from myo-
cardial injury and subsequent negative LV remod-
eling. While various animal models have been
developed to offer insight into this complex
pathologic process, data inferred from them is
conflicting. More sensitive and specific models
are warranted to gain insight into patient-specific
disease status and treatment outcomes.

FIMR can be eliminated with valve replace-
ment or repair techniques, and this provides docu-
mented relief of heart failure symptoms. Notably,
in patients with smaller ventricles, a majority will
have positive LV remodeling. Mitral repair appears
to have benefit over replacement for the majority
of patients. However, in those patients who are
NYHA class 4 or greater than 70 years of age,
there is no advantage to repair over replacement.
Extensive valvular distortion is probably best
treated with mitral replacement. Novel techniques
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are being developed not only to treat the valve but
also to treat the underlying ventricular disease.
The combined approaches of annular repair and
ventricular reshaping may offer the best therapy
for this very sick patient cohort in the future.
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