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Ischemic mitral regurgitation (MR) is a common occurrence following myocardial infarction and its presence 
is associated with poor outcomes. The optimal treatment of ischemic MR is a matter of debate, especially 
for patients with moderate MR severity. Some authors advocate for isolated coronary artery bypass grafting 
(CABG) for patients with moderate MR, maintaining that reverse ventricular remodeling will reduce MR 
grade and its associated mortality risk, while others argue that a concomitant mitral valve repair (MVR) 
or replacement is superior. The Cardiothoracic Surgical Trials Network (CTSN) recently published the 
1-year results of the Surgical Treatment of Moderate Ischemic Mitral Regurgitation study, a multicenter, 
randomized, controlled trial investigating the impact of MVR in addition to CABG compared to CABG 
alone in the treatment of moderate ischemic MR. Here, we have reviewed previous observational and 
prospective studies investigating moderate ischemic MR treatment as well as the results of the current CTSN 
randomized trial. Furthermore, we have summarized the current state of the available evidence and preview 
potential new information that will become available with planned subgroup analyses and further follow-up 
of enrolled patients in the recently completed CTSN trial.
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Perspective

Introduction

Mitral regurgitation (MR) is the most common heart valve 
disease in the United States, affecting approximately 1.7% 
of the American population (1-3). As the US population 
continues to age, the incidence of MR is expected to rise (1). 
The presence of MR has repeatedly been associated with 
adverse cardiac events and mortality (2,4-6). Due to the 
poor outcomes seen with coronary artery disease associated 
with MR, cardiac operation is often indicated, especially 
in symptomatic patients (7). However, there remains 
considerable debate regarding the most appropriate 
treatment option.

MR is traditionally classified by both the etiology 

and the underlying mechanism. Classifications based on 
etiology include “ischemic” and “non-ischemic”, while 
classifications based on mechanism include “functional” 
and “structural” (2). Ischemic MR (IMR) is functional MR 
that occurs secondary to the effects of coronary artery 
disease (2). In functional MR, ventricular remodeling 
results in both annular dilation and lateral displacement of 
the papillary muscles. This tethers the leaflets of the mitral 
valve resulting in regurgitation (2). MR is further graded 
as mild, moderate, or severe based on ventriculography or 
echocardiography using many differing criteria (2,8), with 
increasing MR grade demonstrated to be associated with 
increased mortality and cardiovascular events (6).
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Approximately 20% of MR is ischemic and associated 
with myocardial infarction (MI) (2,9). In a study of 1,331 
patients, 50% developed MR within thirty days of an MI (9). 
While the majority of cases of MR in this study were mild, 
12% of patients had either moderate or severe MR. Severity 
of IMR directly impacts 1-year survival; ranging from 85% 
for patients with mild IMR to 75% for those with severe 
IMR (10-12). The presence of MR prior to other cardiac 
operations has also been associated with worse outcomes, 
even when only mild in severity (13).

Moderate ischemic mitral regurgitation

While most authors believe that treatment of IMR should 
vary based on severity, there is substantial disagreement as 
to the most appropriate treatment for each grade of disease. 
The subject of debate surrounding therapy for moderate 
IMR is whether its treatment should be coronary artery 
bypass grafting (CABG) alone or CABG in conjunction with 
mitral valve surgery. Proponents of isolated CABG argue 
that by treating the underlying cause, revascularization 
leads to reverse remodeling of the left ventricle which in 
turn decreases the tethering of the mitral valve leaflets and 
results in a reduction in regurgitation (14). Proponents of 
combined CABG and mitral valve surgery argue that the 
success of isolated revascularization depends on the extent 
of viable myocardium (15). Therefore, sufficient ventricular 
remodeling may not occur with isolated CABG in the 
presence of scar, thus necessitating concomitant mitral valve 
repair (MVR) or replacement. Supporting this argument, 
Penicka et al. demonstrated that improvement in MR in 
patients with moderate mitral regurgitation (MMR) who 
underwent an isolated CABG was limited to patients who 
had viable myocardium and an absence of dyssynchrony 
between papillary muscles (15). In addition, Aklog et al. 
demonstrated that roughly 40% of patients continued to 
have moderate MR following isolated CABG for MMR (16). 
Conversely, concomitant mitral surgery has been associated 
with increased operative mortality when compared to 
CABG alone (17,18).

This debate has been fueled by the publication of 
numerous observational and randomized studies, each 
of which has differed in design, MR definition and study 
population, resulting in conflicting findings (Tables 1,2). 
Some of the retrospective studies failed to appropriately 
discriminate true IMR from other etiologies, while two 
of the three currently published randomized studies were 
limited by small sample sizes (19-21). Most of these studies 

failed to demonstrate either a survival advantage or a 
symptomatic benefit with concomitant mitral surgery. For 
example, Wong et al. retrospectively reviewed 251 patients 
with MMR who underwent CABG (22). In this study, 31 
patients underwent a concomitant mitral annuloplasty. Due 
to its limited sample size, this study failed to demonstrate 
a survival advantage for mitral annuloplasty at a median 
follow-up of 4.3 years. However, the group of patients that 
underwent concurrent MVR did have significantly less MR, 
at a median follow-up of one year, than the isolated-CABG 
group (22). Harris et al. similarly investigated 176 patients 
with MMR, of whom 34 underwent concomitant MVR (18). 
In this study, operative mortality was significantly higher in 
the group undergoing valve surgery (21% vs. 9%); but there 
was no significant difference in recurrent MR, New York 
Heart Association (NYHA) heart failure class, or overall 
survival at five years. Interestingly, in a subset of patients 
with NYHA heart failure class III and IV prior to surgery, 
concomitant annuloplasty was associated with significantly 
improved 5-year survival (18).

Corroborating some of the findings of these retrospective 
studies, the results of the first prospective randomized 
controlled trial comparing isolated CABG vs. CABG plus 
MVR in patients with MMR was published in 2009 (20). 
This single center Italian study randomized 102 patients; 48 
patients underwent CABG plus MVR, while 54 underwent 
CABG alone. The primary endpoints were NYHA 
functional class, left ventricular end-systolic diameter 
(LVESD), left ventricular end-diastolic diameter (LVEDD), 
and ejection fraction (EF). MR was graded both by 
transthoracic echocardiography (TTE) and transesophageal 
echocardiography (TEE) (20). In this study, only 15.5% 
of patients in the CABG plus MVR group demonstrated 
NYHA class II or greater heart failure symptoms versus 
43.7% in the isolated CABG group (P=0.002) at the 
time of last follow-up (20). Additionally, CABG-only 
patients had higher rates of post-operative MR, with lesser 
improvements in LVESD and LVEDD. However, this study 
failed to demonstrate improvement in EF or survival (20).

Deja et al. performed a sub-analysis of STICH (Surgical 
Treatment for Ischemic Heart Failure Trial) to investigate 
the role of concomitant MVR and CABG on long-
term outcomes in patients with IMR (23). Ninety-one 
patients in this trial had moderate to severe MR, 49 of 
whom underwent MVR in addition to CABG. MVR was 
associated with significantly longer ICU and hospital stays, 
but in contrast to previous studies, was also associated with 
a significantly decreased rate of 30-day mortality (17,18,23). 
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Also, in contrast to previously discussed studies, MVR was 
associated with significantly improved long-term survival 
even after adjustment for other patient characteristics 
(hazard ratio: 0.41; 95% confidence interval: 022-0.77) (23). 
These results must be interpreted in light of the inclusion 
criteria of STICH, which only included patients with a 
decreased EF at baseline (<35%). Despite this, in a study 
of IMR patients with an LVEF <50%, Goland et al. did not 
corroborate the results of the STICH subanalysis (24).

Further clouding the picture, the results of the 
Randomized Ischemic Mitral Evaluation (RIME) trial 
were published in 2012 (21). This multicenter prospective 
trial was performed in the United Kingdom and Poland. 
The trial only randomized 73 out of a planned total of 100 
patients who had moderate MR by echocardiography to 
either isolated CABG or concomitant CABG plus MVR, 
as the study was stopped early after the primary endpoint 
reached significance. The primary endpoint was the peak 
oxygen consumption at one year. Secondary endpoints 
included left ventricular end systolic volume index 

(LVESVI), MR volume, and brain natriuretic peptide (BNP) 
levels, all at one year (21).

In the RIME trial, CABG plus MVR (n=34) patients 
had a 22% increase in their peak oxygen consumption at 
one-year compared to only a 5% increase in the isolated 
CABG group (P<0.001). Additionally, CABG plus MVR 
patients had a 28% decrease in LVESVI compared to a 6% 
decrease in the isolated CABG group (P=0.002), as well as 
lower MR grade and BNP levels. Lastly, the CABG plus 
MVR group had a median NYHA functional class of I 
compared to II in the isolated CABG group. Despite this, 
no difference in survival was identified and there was a 
trend towards increased post-operative complications in the 
CABG plus MVR group including dialysis requirement, re-
operation for bleeding or tamponade, and stroke (21).

Although limited by small sample size and limited 
follow-up, the RIME trial provides evidence to support the 
use of MVR in this patient population (21). The primary 
endpoint, peak oxygen consumption, is clinically relevant 
having been recognized as a measure of functional capacity, 

Table 1 A review of pertinent observational studies comparing isolated CABG and CABG + MVR for the treatment of moderate 
ischemic mitral regurgitation

Study Years
Number  
of  
patients

Severity  
of MR

Results

Recurrent MR LVESV NYHA
Operative 
mortality

Survival

Wong et al. 1991-
2001

251 Moderate Significantly more 
MR in patients  
who received 
isolated CABG

No significant long-
term difference 
(median follow-up: 
4.3 years)

Kang et al. 1997-
2003

107 Moderate 
or severe

Significantly more 
MR in patients  
who received 
isolated CABG

No significant 
difference 
between 
groups

Significantly 
higher in  
MVR group

No significant long-
term difference 
(mean follow-up: 3.3 
years)

Harris et al. 1991-
1996

176 Moderate No significant 
difference  
between groups

No significant 
difference 
between groups

Significantly 
higher in  
MVR group

No significant 
difference at five 
years

Castleberry 
et al.

1990-
2009

1,894 Moderate 
or severe

Significantly 
reduced in MVR 
group (median 
follow-up: 5.4 years)

Deja et al. 2002-
2007

91 Moderate 
or severe

Significantly 
higher in 
isolated  
CABG group

Significantly 
improved in MVR 
group (median 
follow-up: 4.7 years)

CABG, coronary artery bypass grafting; MVR, mitral valve repair; MR, mitral regurgitation; LVESV, left ventricular end-systolic 
volume; NYHA, New York Heart Association Class of Heart Failure.
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Table 2 A review of prospective studies comparing Isolated CABG and CABG + MVR for the treatment of moderate ischemic mitral 
regurgitation

Study Smith et al. (CTSN) Fattouch et al. Chan et al. (RIME)

Years 2009-2013 2003-2007 2007-2011

Geographic setting United States and Canada Italy United Kingdom and Poland

Group Isolated  
CABG

CABG +  
MVR

Isolated 
CABG

CABG +  
MVR

Isolated  
CABG

CABG +  
MVR

Patients 151 150 54 48 39 34

Primary endpoints LVESVI (mL/m2) at one year NYHA class II or greater Change in peak oxygen 
consumption at 1 year

46.1±22.4 49.6±31.5 43.7% 15.5%** 0.8±2.9 3.3±2.3***

Secondary endpoints

Change in LVESVI (mL/m2) −4.4±17.4 −22.2±25.6

LVESD (mm)† 42±8 37±5**

Change in MR Volume (mL/beat) −9.2±19.1 −28.2±24.6**

Change in BNP (pg/mL) −394.7±213.6 −557.4±182.9**

Residual MR (moderate/severe) 31.0% 11.2%*** 50% 4%‡

Early outcomes

CBP time, min ± SD (Q1-Q3) 106.8±49.7 163.1±54.9*** 65±17 112±32*** 84 [70-106] 147 [133-169]***

Early mortality, in-hospital or 30-day 2.7% 1.3% 1.8% 4.0% 3.0% 3.0%

Hospital LOS, days 14.2±7.7 15.2±9.5 9.3±2.8 9.7±5.1 9 15*

One year outcomes

Mortality (%) 7.3% 6.7% 1.9% 4.2% 5.0% 9.0%

Stroke (%) 1.3% 4.0%

Heart failure rehospitalization 13.2% 14.7% 8.0% 3.0%

NYHA class III or IV 10.3% 7.9% 15.0% 4.0%*

*, P≤0.05; **, P<0.01; ***, P<0.001; †, data presented is final LVESD, P value is based on change in LVESD; ‡, no statistical analysis 
performed. CABG, coronary artery bypass graft; MVR, mitral valve repair; MR, mitral regurgitation; BNP, brain natriuretic peptide; 
LVESVI, left ventricular end-systolic volume index; LVESD, left ventricular end-systolic dimension; CBP, cardiopulmonary bypass; 
SD, standard deviation; LOS, length of stay; NYHA, New York Heart Association Class of Heart Failure.

and demonstrated to have a strong association with survival 
(25-27). Detractors of this study argue that isolated CABG 
relies on reverse ventricular remodeling in order to treat 
MR, a process that can take longer than a year (28). 
Alternatively, MVR results in an immediate resolution of 
MR. Therefore, comparison of MR rates at one year may be 
unjustly biased in favor of MVR. As a result, the differences 
in peak oxygen consumption in this study may disappear at 
longer follow-up.

The largest prospective randomized trial to date is 
the Surgical Treatment of Moderate Ischemic Mitral 
Regurgitation Trial, conducted by the Cardiothoracic 
Surgical  Trials  Network (CTSN) (29).  This tr ial 
randomized 301 patients at 26 sites to CABG plus MVR 

using an undersized complete ring (n=150) or isolated 
CABG (n=151). The primary end point was left ventricular 
end-systolic volume index (LVESVI) at 12 months and 
secondary endpoints included a major adverse cardiac or 
cerebrovascular events (MACCE) composite, as well as 
mortality, functional status, and quality of life (29,30).

In an effort to better approximate clinical practice, 
patients were enrolled in this study without a “run-
in” period that would have allowed for optimization of 
their medical therapy prior to their qualifying TTE (30). 
Following their qualifying imaging, where moderate MR 
was defined using integrative criteria by a certified site 
echocardiographer, patients remained in the trial regardless 
of subsequent MR grade change prior to surgery (8,30). 
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Furthermore, since several studies have demonstrated 
that the severity of MR may change with anesthesia and 
loading conditions, the intraoperative transesophageal 
echocardiograph was utilized solely as a final determination 
of structural normality of the mitral apparatus (31). This 
theoretically led to the inclusion of patients with more “real 
world” MR for analysis (30).

Both arms of the study had improved LVESVI (LV 
remodeling) at one year (29). Unlike the RIME trial, there 
was no significant difference in LVESVI between the 
groups (21,29). Similar to other studies, isolated CABG 
patients had more residual MR (31.0% vs. 11.2%, P<0.001), 
but this was not associated with any difference in MACCE 
or survival at 12 months (16,22,29). Also in contrast to 
previous studies, there was no difference in 30-day mortality, 
functional status, or quality of life at 1 year between the two 
groups (17,18,20,21,29).

The CTSN study did demonstrate a significantly 
higher rate of neurologic events (i.e., stroke, transient 
ischemic attack, and metabolic encephalopathy) as well as 
supraventricular arrhythmias in the CABG plus MVR group 
as compared to the CABG alone group (29). Both of these 
findings may be secondary to the left atriotomy required 
for the MVR. Patients in the CABG plus MVR group had 

significantly longer operative times, as well as ICU stays, 
but this did not translate to different rates of readmission 
between groups (29).

The differing results of the RIME and the CTSN trials 
may, in part, be explained by their study design and the 
baseline differences in the study population. The RIME 
population was older, more often male, and excluded 
patients with NYHA class IV heart failure (21). In the 
CTSN trial, the cardiopulmonary bypass and aortic cross-
clamping times were substantially longer, implying that 
the CTSN surgeons may have used different operative 
techniques (29). Ultimately however, the CTSN study 
had a more rigorous methodology. It required that the 
operating surgeons perform, on average, a minimum of ten 
MVRs a year; all patients had to have a transesophageal 
echocardiogram to rule out any structural valve abnormality; 
and all echocardiograms were interpreted by a blinded core 
laboratory (29,30).

The largest study to date regarding the treatment 
of moderate and severe IMR is by Castleberry and 
colleagues (32). This group examined 4,989 patients with 
IMR over a 10-year period at a single center. Patients 
in this study either received medical management 
(n=1,800), revascularization with PCI (n=1,295), surgical 
revascularization with CABG (n=1,651), or concomitant 
CABG and MVR (n=243). In this large study, isolated 
CABG achieved the highest adjusted survival at 10 years, with 
a median follow-up of 5.37 years (Figure 1). Additionally, 
there was no significant association between severity of 
MR and overall survival regardless of treatment type (32). 
Although this publication is retrospective, it represents 
the largest and most comprehensive study of survival after 
mitral intervention to date.

Conclusions and future directions

Despite contradictory smaller studies, the largest studies 
regarding MMR demonstrate no survival benefit associated 
with CABG and concomitant MVR at one year (29). While 
it is likely that there is a subset of patients whose survival, 
functional status, or symptoms may improve with MVR, 
this subset of patients has yet to be definitively identified. 
Soon, the CTSN trial will report 2-year survival outcomes 
and thereby provide more evidence regarding the long-
term impact of revascularization in IMR. Furthermore, 
this trial gathered specific data on neurologic function, 
functional status, cardiac wall motion, and detailed 
operative techniques (30). Planned subgroup analyses of the 
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Figure 1 From Castleberry et al., among patients with IMR, 
isolated CABG provides improved survival compared to 
concomitant CABG-MVRR, PCI, or optimum medical therapy. 
IMR, ischemic mitral regurgitation; CABG, coronary artery 
bypass grafting; MVRR, mitral valve repair or replacement; PCI, 
percutaneous coronary intervention. Reprint from the permission 
with ref. (32).
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CTSN trial will be critical to our understanding of IMR 
and its treatment. In particular, the planned analysis of sub-
segmental wall motion based on TEE and its impact on 
IMR will be paramount.

In conclusion, the best clinical data available today 
supports isolated CABG as first line therapy in the short 
term for moderate ischemic MR. Ongoing follow up and 
subgroup analyses of current data may identify groups 
of moderate IMR patients that would most benefit from 
concomitant MVR and CABG.
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