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Objective: Functional ischemic mitral regurgitation is a complication of ventricular remodeling; standard ther-
apy is reduction annuloplasty and coronary artery bypass grafting. Unfortunately, outcomes are retrospective
and contradictory. We report a multicenter study that documents the outcomes of reduction annuloplasty for
functional ischemic mitral regurgitation.

Methods: Twenty-one centers randomized 75 patients to the coronary artery bypass grafting þ reduction an-
nuloplasty subgroup that was the control arm of the Randomized Evaluation of a Surgical Treatment for Off-
pump Repair of the Mitral Valve trial. Entry criteria included patients requiring revascularization, patients
with severe or symptomatic moderate functional ischemic mitral regurgitation, an ejection fraction 25% or
greater, a left ventricular end-diastolic dimension 7.0 cm or less, and more than 30 days since acute myocardial
infarction. All echocardiograms were independently scored by a core laboratory. Reduction annuloplasty was
achieved by device annuloplasty. Two patients underwent immediate intraoperative conversion to a valve re-
placement because reduction annuloplasty was unable to correct mitral regurgitation; as-treated results are pre-
sented.

Results: Thirty-day mortality was 4.1% (3/73). Patients received an average of 2.8 bypass grafts. Mean follow-
up was 24.6 months. Mitral regurgitation was reduced from 2.6� 0.8 preoperatively to 0.3� 0.6 at 2 years. Free-
dom from death or valve reoperation was 78%� 5% at 2 years. There was significant improvement in ejection
fraction and New York Heart Association class with reduction of left ventricular end-diastolic dimension. Cox
regression analyses suggested that increasing age (P¼ .001; hazard ratio, 1.16 per year; 95% confidence interval,
1.06–1.26) and renal disease (P¼ .018; hazard ratio, 3.48; 95% confidence interval, 1.25–9.72) were associated
with decreased survival.

Conclusions: Coronary artery bypass grafting þ reduction annuloplasty for functional ischemic mitral regur-
gitation predictably reduces mitral regurgitation and relieves symptoms. This treatment of moderate to severe
mitral regurgitation is associated with improved indices of ventricular function, improved New York Heart
Association class, and excellent freedom from recurrent mitral insufficiency. Although long-term prognosis re-
mains guarded, this multicenter study delineates the intermediate-term benefits of such an approach. (J Thorac
Cardiovasc Surg 2011;141:91-7)
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Functional ischemic mitral regurgitation (FIMR) is a fre-
quent end-stage complication of coronary artery disease
caused by ventricular remodeling. With increasing ventric-
ular size, the mitral annulus dilates and papillary muscle
displacement tethers leaflets, causing functional mitral re-
gurgitation (FMR). This further impairs ventricular func-
tion with the progression of negative left ventricular (LV)
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remodeling.1,2 Current treatments for LV dysfunction with
FMR include medical therapy and surgery. With viable
ischemic myocardium, revascularization prevents further
damage, relieves the contributing ischemia, and may
stop or reverse the remodeling process. The effect of
correcting the ischemia alone on valve function has been
unpredictable and often transient, leaving the majority of
patients with residual, recurrent, or progressive mitral
regurgitation (MR).3 Significant MR is treated by valve re-
pair or replacement. Mitral repair is primarily done with
a reduction annuloplasty (RA), whereby an undersized an-
nuloplasty device increases the coaptive leaflet margin
and eliminates regurgitation.4 Current surgical techniques
for FMR have significant procedural risk, and the late out-
comes remain guarded.5 Although valve repair is generally
believed to be superior to replacement, replacement is
sometimes recommended in patients with significant leaflet
tethering who are considered high risk for recurrence.6

Thus, the gold standard therapy for FIMR is RA and cor-
onary artery bypass grafting (CABG) when appropriate.
Outcome data are retrospective, limited to individual series,
and somewhat contradictory. This report details a prospec-
tive, multicenter, independently monitored and audited
study that documents the outcomes of RA for FIMR using
core laboratory reviewed data.

MATERIALS AND METHODS
Twenty-one centers (Appendix 1) randomized 75 patients to

a CABGþRA as a stratum in the control arm of the Randomized Evalua-

tion of a Surgical Treatment for Off-pump Repair of the Mitral Valve trial.

This Food and Drug Administration (FDA)-approved investigational de-

vice trial (Clinical Trials ID¼ NCT00120276) compared CABG plus ven-

tricular reshaping (Coapsys; Myocor Inc, Maple Grove, Minn) with

CABGþRA; the primary, comparative outcomes have been reported.7 Pa-

tients were on average 65.8 years old and predominately male (86.3%).

Table 1 contains patient demographic information for the 75 randomized

patients. The FDA’s study entry criteria favored the exclusion of particu-

larly high-risk surgical candidates to evaluate differences in midterm sur-

vival. Entry criteria included patients requiring revascularization,

patients with severe FIMR (or symptomatic moderate FIMR), an ejection

fraction 25% or greater, an LV end-diastolic (LVED) dimension 7.0 cm

or less, and more than 30 days since an acute transmural myocardial infarc-

tion. Appendix 2 shows full inclusion/exclusion criteria. All echocardio-

grams were independently reviewed and scored by a core laboratory

(Mayo Clinic). MR severity was graded as 0 ¼ none, 1 ¼ mild,

2 ¼ moderate, 3 ¼ moderate–severe, and 4 ¼ severe. RA was achieved

by band or ring annuloplasty; the type of annuloplasty device was chosen

at the surgeon’s discretion. Two patients underwent intraoperative conver-

sion to chordal sparing mitral valve replacement due to an inability to cor-

rect MR with RA. The as-treated results are presented.

This study was approved by each participating medical center’s institu-

tional review board. Adverse events were adjudicated by an independent

Clinical Events Committee, and results were monitored by a Data Safety

Monitoring Board. The trial was initiated as a feasibility study in April

2003 and expanded with FDA approval into a pivotal study in June 2004.

This study was prematurely terminated when the sponsor failed to secure

ongoing funding in October 2008. At the time of closure, 165 patients

had been randomized. Mean follow-up was 24.6 months. The database

was maintained in Clindex (FORTRESS Medical Systems, Hopkins,

MN), and statistical analyses, such as mixed model and multivariable Cox

regression, were performed using SAS (SAS Institute Inc, Cary, NC) and

SPSS (SPSS Inc, Chicago, IL). Mean and standard deviations are reported.

RESULTS
Operative mortality was 4.1% (3/73). Patients received

a mean of 2.8 bypass grafts. Multivariable Cox regression
analyses revealed that older age (P ¼ .001; hazard ratio
[HR] ¼ 1.16/y; 95% confidence interval [CI], 1.06–1.26)
and the presence of renal disease (P ¼ .018; HR ¼ 3.48;
95%CI, 1.25–9.72) were associatedwith decreased survival.
Renal disease (P¼ .007; HR¼ 3.8; 95%CI, 1.5–10.0), older
age (P ¼ .055; HR ¼ 1.1, 95% CI, 0.99–1.1), and LV end-
systolic volume index (P ¼ .091, HR ¼ 1.02, 95% CI,
0.99–1.04) were associated with decreased freedom from
death, reoperation, or recurrent MR (moderate or worse).

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 (Table 2). Two patients had RA performed
without impact on MR grade and had to be intraoperatively
converted to mitral replacement; these patients were ex-
cluded from this as-treated analysis. In total, 12 patients
(16.1%) had moderate or worse recurrent MR during
follow-up. The technical details of these patients are in-
cluded in Appendix 3.

Five patients had moderate MR at discharge and a 48%
2-year survival; however, this was not statistically signifi-
cant when compared with all patients (P¼ .45). One patient
had recurrent MR (mild at discharge and moderate–severe
at 1 year) with reoperative valve replacement at 15 months.
This patient’s baseline LVED dimension was 6.3 cm with
a baseline ejection fraction of 40%.

Table 3 summarizes the functional and dimensional
changes. 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. New York Heart Association class sig-
nificantly improved in the majority of patients; 65.9% im-
proved 1 or more grades at 1 year and 72.0% at 2 years.

Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CI ¼ confidence interval
FDA ¼ Food and Drug Administration
FIMR ¼ functional ischemic mitral regurgitation
FMR ¼ functional mitral regurgitation
HR ¼ hazard ratio
LV ¼ left ventricular
LVED ¼ left ventricular end diastolic
MR ¼ mitral regurgitation
RA ¼ reduction annuloplasty
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