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Abstract Introduction Moderate mitral regurgitation (MR) of ischemic etiology has been
associated with worse outcomes after coronary artery bypass grafting (CABG). Studies
comparing concomitant mitral valve replacement/repair (MVR/Re) with CABG and
standalone CABG have reported conflicting results. We performed a systematic review
and meta-analysis of the published literature.
Patients and Methods We searched using PubMed, Cochrane, EMBASE, CINAHL, and
Google scholar databases from January 1960 to June 2016 for clinical trials comparing
CABG to CABG þ MVR/Re for moderate MR. Pooled risk ratio or mean difference (MD)
with 95% confidence intervals (CI) for individual outcomes were calculated using
random effects model and heterogeneity was assessed using Cochrane’s Q-statistic.
Results A total of 11 studies were included. Mean follow-up was 35.3 months. All-
cause mortality (Mantel–Haenszel [MH] risk ratio [RR]: 0.96, 95% CI: 0.75–1.24,
p ¼ 0.775), early mortality (MH RR: 0.65, 95% CI: 0.39–1.07, p ¼ 0.092), and stroke
rates (MH RR 0.65, 95% CI: 0.21–2.03, p ¼ 0.464) were similar between CABG and
CABG þ MVR/Re groups. Adverse event at follow-up was lower with CABG (MH RR:
0.90, 95% CI: 0.61–1.32, p ¼ 0.584). MD of change from baseline in left ventricular (LV)
end-systolic dimension (MD: � 2.50, 95% CI: � 5.21 to � 0.21, p ¼ 0.071) and LV
ejection fraction (MD: 0.48, 95% CI: � 2.48 to 3.44, p ¼ 0.750) were not significantly
different between the groups. Incidence of moderate MR (MH RR: 3.24, 95% CI: 1.79–
5.89, p < 0.001) was higher in the CABG only group.
Conclusion Addition of MVR/Re to CABG in patients with moderate ischemic MR did
not result in improvement in early or overall mortality, stroke risk, or intermediate
markers of LV function when compared with CABG alone.
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Introduction

The prevalence of ischemic mitral regurgitation (MR) is
increasing and the current estimated prevalence is approxi-
mately 1.6 to 2.9 million patients in the United States alone.1

Functional MR occurs in approximately 20% of patients with
chronic coronary artery disease (CAD),2more commonly after
an inferiormyocardial infarction (MI).3 Though there are clear
guidelines for repair of degenerative MR, repair of functional
MR secondary to ischemia has always been a topic of debate.
The pathophysiology of ischemicMR differs fromprimaryMR
due to myxomatous mitral valve, rheumatic disease, or
endocarditis.4,5 IschemicMR is generally considered a disease
of the ventricle with a potential for improvement following
coronary artery bypass grafting (CABG).6 The 2014 European
Society of Cardiology guidelines7 recommend mitral valve
surgery in patients with moderate MR undergoing CABG
(Class IIa) and the recent American College of Cardiology
(ACC)/American Heart Association (AHA) valvular heart
disease guidelines recommend considering repair for moder-
ate and severe ischemic MR at the time of CABG8 (Class IIb).
Concomitant mitral valve surgery and CABG results in
increased aortic cross-clamp and surgical bypass time,
predisposing to longer hospital stay and increased peripro-
cedural complications.9,10 However, these must be balanced
against the fact that the presence of moderate regurgitation
after CABG is associated with worse outcomes.11 Left ventric-
ular (LV) remodeling is not uniform after CABG, and therefore,
it is difficult to predict the improvement in MR after surgery
and this further complicates the decision process.12,13 In view
of this conflicting evidence,we aimed to perform a systematic
review and meta-analysis to assess whether concomitant
mitral valve surgery with CABG improves clinical outcomes
when compared with CABG alone.

Materials and Methods

Literature Search
We performed an electronic search using the terms “ischemic
MR,” “functionalMR,” “moderateMR” “mitral valve replacement
(MVR),” “mitral valve repair (MVRe),” “mitral valve regurgita-
tion,” “mitral valve insufficiency,” and their combinations using
PubMed, Cochrane, EMBASE, CINAHL, and Google scholar data-
bases for studiespublishedbetween January1960and June2016
comparing mitral valve surgery to conventional therapy with
CABGalone. Thedetailed search strategy for PubMed is shown in
►Supplementary Appendix 1 [available online only].

The systematic review and meta-analysis was performed
and reported according to the Preferred Reporting Items for
Systematic review and Meta-Analysis (PRISMA) guidelines
(►Supplementary Checklist 1 [available online only]).14

Search strategy is shown as PRISMA flowchart
(►Supplementary Fig. 1 [available online only]) and Medline
search is shown in ►Supplementary Appendix 1 [available
online only].We also performed handsearch by reviewing the
reference sections of the included studies, reviewarticles, and
editorials. As per Cochrane guidelines, we excluded confer-
ence abstracts with unpublished data.

Eligibility Criteria
Studies selected met the following criteria for eligibility: ran-
domized controlled trials (RCTs), retrospective or prospective
observational studies; all patients had moderate MR before
surgery; compared two groups, one group with isolated CABG
and the other with CABGplusMVRMVR/Re; included only adult
patients; and published in English language. We excluded
studies that included patients with trace, mild, and severe MR,
mixed pathologyofMRwith onlyminimal subgroup of ischemic
MR, concomitant procedure other than atrial septal defect, atrial
fibrillation ablations, or tricuspid repair.

Definitions
Functional ischemic MR was defined as per the American
Society of Echocardiography guidelines15 in some studies and
by semiquantitative methods in other studies and is reported
in ►Table 1. The term functional ischemic MR implies regur-
gitation secondary to failure of coaptation of anatomically
normal leaflets and chordae or secondary to regional or
global LV remodeling secondary to CAD.6 All-cause mortality
was defined as death from any cause during follow-up and
early mortality as death within 30 days of surgery or during
hospitalization.

Data Collection
We included patient demographics, sample size, and type of
study in a structured abstract (►Table 1). We abstracted
patient data including sample size, mean age, mortality data,
and riskestimates fordifferent analyses. Two reviewers (M.A.N.
and S.A.) independently reviewed the studies for inclusion.
Any disagreement was resolved by consensus opinion.

Outcomes
Weassessed the outcomes including all-causemortality, early
mortality, LV end-systolic dimension (LVESD), LV ejection
fraction (LVEF) and LV end-systolic volume index (LVESVi),
New York Heart Association (NYHA) class, stroke, MR grade,
reoperations, adverse events, and readmissions at follow-up.
We also compared aortic cross-clamp times (CCTs), cardio-
pulmonary bypass (CPB) time, and usage of intra-aortic
balloon pump (IABP) between the two groups.

Statistical Analysis
Statistical analysis was performed using Comprehensive
Meta-Analysis (CMA) version 3.3.07. Categorical events data
were pooled using random effects model, with the pooled
effect size represented as Mantel–Haenszel (MH) risk ratio
(RR) with 95% confidence interval (CI) limits. Mean difference
(MD) was used for reporting outcomes with continuous
variables. The isolated CABG group was considered as the
experimental group and so any RR (with 95% CI) < 1 favors
that cohort. Publication bias was assessed visually using the
funnel plot. Cochrane’s Q statistics was calculated and used to
determine the heterogeneity of included studies for each end
point. I2 values of < 25, 25 to 50, and 50 to 75% were
considered as low, moderate, and high heterogeneity, respec-
tively. An exclusion sensitivity analysis was included for
heterogeneity when necessary. A p-value of < 0.05 was
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considered statistically significant. A metaregression was
performed when required to examine the impact of modera-
tor variables on specific outcomes.

Results

Study Characteristics
A total of 2,577 unique studies were identified in the initial
search using the search criteria as specified in
►Supplementary Appendix 1 [available online only]. After
applying inclusion and exclusion criteria as specifiedearlier, 11
studies,16–26 including 4 RCTs and 7 observational studies
qualified for the final analysis. The mean follow-up duration
was 35.3months. A total of 873patients had isolated CABGand
527 patients received CABG with MVR/Re. ►Table 1 summa-
rizes the demographic characteristics of individual studies
and ►Supplementary Table 1 [available online only] summa-
rizes overall results of studies comparing isolated CABG to
CABG with MVR/Re in patients with moderate MR.

All-Cause Mortality
All-cause mortality was reported in 10 studies. The RR for all-
cause mortality was not different (MH RR: 0.96, 95% CI: 0.75–
1.24,p ¼ 0.775) between the twogroups (►Fig. 1A). Funnel plot
showed minimal bias (►Supplementary Fig. 2A [available
online only]>) and heterogeneity of the included studies was
low (I2 ¼ 9). Sensitivity analysis with exclusion of the study22

with the maximum strength did not change the results of the
analysis (MH RR 0.99, 95% CI: 0.74–1.32, p ¼ 0.925). Analysis of
pooled RRs of only RCTs showed no difference in all-cause
mortality between the two groups (MH RR 1.08, 95% CI: 0.62–
1.88, p ¼ 0.775 for RCTs) (►Fig. 1B). Exclusion of studies with
low EF21,22 at baseline did not alter the results (MH RR 0.83, 95%
CI: 0.63–1.09, p ¼ 0.180). Also, exclusion of studies where a
small proportion of patients received concomitant MVR18,21 did
not alter the results (MH RR 0.91, 95% CI: 0.69–1.19, p ¼ 0.475).
Ametaregression of follow-up time onRR for all-causemortality
(►Fig. 1C) was insignificant (p ¼ 0.106).

Early Mortality
Eight studies reported early mortality comparing CABG and
CABG with MVR/Re (►Fig. 2A). Early mortality was not
significantly different between the two groups (MH RR:
0.65, 95% CI: 0.39–1.07, p ¼ 0.092). An exclusion sensitivity
analysis excluding the study with maximum weight18

showed a trend in favor of CABG but was not statistically
significant (MH RR: 0.44, 95% CI: 0.19–1.03, p ¼ 0.058),
though there was a strong trend in favor of the CABG alone
group. Funnel plot of the included studies showed minimal
bias (►Supplementary Fig. 2B [available online only]).
Heterogeneity was low (I2 ¼ 0) among the included studies.

Major Adverse Events at Follow-up
Five studies that reported adverse events at follow-up were
analyzed (►Fig. 2B). There was no difference in major adverse
cardiac events (MACE) between the isolated CABG group (MH
RR: 0.90, 95% CI: 0.61–1.32, p ¼ 0.584) and the CABG with
MVR/Re group. Heterogeneity was low (I2 ¼ 42%).

Neurological Events/Stroke at Follow-up
Four studies reported major neurological events/stroke at
follow-up (►Fig. 2C). Incidence of stroke showed a favorable
trend toward the CABG group but without achieving statisti-
cal significance (MH RR 0.65, 95% CI: 0.21–2.03, p ¼ 0.464).
Heterogeneity was low (I2 ¼ 0).

Mitral Regurgitation Grade at Follow-up
A total of 10 studies reportedmoderate-to-severeMRgrade at
follow-up with one study reporting separately for LVEF < 40
and > 40% (►Fig. 2D). Incidence ofmoderate-to-severeMR at
follow-up was higher in the CABG alone group when com-
paredwith CABG þ MVR/Re (MH RR: 3.24, 95% CI: 1.79–5.89,
p < 0.001). Heterogeneity was moderate (I2 ¼ 36%).

Left Ventricular End-Systolic Dimension
During the follow-up period, five studies reported LVESD
(►Fig. 3A). MD between pre- and post-LVESD trended toward
improvement with the addition of MVR/Re to CABG but did
not reach statistical significance (MD: � 2.50, 95% CI: � 5.21
to � 0.21, p ¼ 0.071). Heterogeneity was high however
limiting confidence in this result (I2 ¼ 67%).

Left Ventricular Ejection Fraction
A total of seven studies reported LVEF during the follow-up
(►Fig. 3B). The LVEF improved in both the groups. Calculated
MDbetweenpre- and post-LVEF in CABGwas not significantly
different from CABG þ MVR/Re (MD: 0.48, 95% CI: � 2.48 to
3.44, p ¼ 0.750). Heterogeneity was high (I2 ¼ 77%).

Left Ventricular End-Systolic Volume Index
Two studies reported LVESVi at follow-up (►Fig. 3C). Change in
LVESVi between pre- and post-CABG was not significantly
different when compared with change in LVESVi between
pre- and post–CABG þ MVR/Re (MD: � 9.56, 95% CI: � 24.19
to 5.07, p ¼ 0.200). Heterogeneity was high (I2 ¼ 84%).

New York Heart Association Class
Three studies reported NYHA class at follow-up (►Fig. 3D).
MD in NHYA class between pre- and post-CABG favored the
addition of MVR/Re (MD: � 0.85, 95% CI: � 1.58 to � 0.12,
p ¼ 0.023). However, heterogeneity was high (I2 ¼ 90%).

Intra-aortic Balloon Pump Usage
Intraoperative IABP usage was reported in four studies
(►Fig. 4A). Comparison of the two arms with CABG and CABG
with MVR/Re showed no significant difference (MH RR: 0.74,
95% CI: 0.46–1.20, p ¼ 0.224). Heterogeneity was low (I2 ¼ 0).

Aortic Cross-clamp Time
Five studies reported aortic CCT between the two groups
(►Fig. 4B). MD was in favor of the CABG group (MD: � 42.53
minutes, 95% CI: � 62.27 to � 22.79, p < 0.001). Calculated
heterogeneity was high (I2 ¼ 96%).

Cardiopulmonary Bypass Time
Intraoperative CPB was compared between the CABG and
CABG with MVR/Re groups and was reported in five studies
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(►Fig. 4C). MD was in favor of the CABG group (MD: � 48.87
minutes, 95% CI: � 71.95 to � 25.78, p < 0.001). I2 was 94%
showing high heterogeneity.

Cardiac Reoperations at Follow-up
Three studies reported cardiac reoperations (►Fig. 4D) dur-
ing follow-up and the RR was not different between the two
groups. (MH RR 0.52, 95% CI: 0.18–1.45, p ¼ 0.209). Calculat-
ed heterogeneity was moderate (I2 ¼ 35%).

Readmissions at Follow-up
Two studies reported readmission rates (►Supplementary

Fig. 2C [available online only]) and this was not statistically
significant between the two groups (odds ratio 1.02, 95% CI:
0.94–1.12, p ¼ 0.593). Heterogeneity was low (I2 ¼ 0).

Discussion

Much of the evidence for managing valvular heart disease
rests on expert opinion and analysis of retrospective data,
given the small size and relative rarity of RCTs for the surgical
management of valvular heart disease.8 This disparity is even
more apparent inmanaging patientswith secondaryMR from
ischemic heart disease.8 The 2014 ACC/AHA guidelines8 and
the European Society of Cardiology guidelines7 recommend
surgical intervention of the mitral valve in moderate second-
ary MR as Classes IIb and IIa, respectively, with a level of
evidence C (expert opinion) citing a lack of evidence to make
stronger recommendations. A few small RCTs16,17,23 and a
recent modest sized randomized trial27 have sought to ad-
dress this gap in the field of incidental moderate ischemic MR
at the time of CABG, with mixed results and limitations in
their power to detect hard clinical end points.28 The results of
this review therefore help consolidate the literature and
provide much needed information on both the long- and
short-term outcomes of patients undergoing concomitant
mitral valve surgery for moderate MR at the time of CABG.

The major findings of this analysis are a decrease in
recurrence of moderate-to-severe MR with the addition of
valve intervention to CABG coupled with an improvement in
NYHA class. However, NYHA class was reported in only two
studies with high heterogeneity limited confidence in the
results. Moreover, there was no difference in early and all-
cause mortalities, stroke, reoperations, readmissions, or even
intermediate markers of remodeling such as LVESD, LVEF, or
LVESVi. Overall mortality was also not different between the
two groups when we excluded studies with baseline low EF.

There was an increase in aortic cross-clamp and cardiopul-
monary bypass times associated with addition of mitral valve
surgery to CABG in patients with moderate ischemic MR but
fortunately this did not increase early mortality or MACE. Thus,
overall, it appears that the addition of mitral valve surgery for
moderateMR at the time of CABG reduces the riskof subsequent
significantMR, but this did not translate into an improvement in
ventricular remodeling or hard clinical outcomes.

Functional MR as a result of CAD is widely considered to be
a disease primarily of the ventricle, with adverse ventricular
remodeling after MI/ischemia contributing to abnormalTa
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papillary muscle and chordal architecture and function,
abnormal leaflet closing forces and annular dilation.29 Pro-
gressive LV remodeling leads to LV dilatation, and therefore,
the LV becomes more spherical by mechanisms already
described.30 This further worsens the severity of MR by
increasing the preload and wall tension, which in turn
contributes to heart failure. It has long been recognized
that the presence of any degree of ischemic MR is an
independent prognostic marker of adverse outcomes.11 In a
study of 1,190 patients, moderate-to-severe ischemicMRwas
associated with 30% mortality at follow-up compared with
6.5% in patients with no MR.31

Based on this poor natural history, patients with moderate
MR undergoing CABG are frequently offered simultaneous
MVR/Re with studies showing no difference between MVR
and MVRe.32 Advocates of this approach cite the detrimental
effect of residual MR after CABG toward outcomes and the
potential benefit that improving the MR may have on symp-
toms and LV remodeling.11 This is largely based on retrospec-
tive data and three small randomized trials from Chan et al
(n ¼ 73), Fattouch et al (n ¼ 102), and Bouchard et al
(n ¼ 31).16,17,23 However, these trials showed improvements
only in intermediate end points such as echocardiographic
parameters of remodeling; no improvements were seen in
long-term hard clinical end points. These randomized trials
did report symptomatic improvement in these patients, but
these trials were underpowered to elicit a difference in

mortality, and long-term outcomes were not affected.33 In
our study, therewas no difference in the surrogatemarkers of
LV function such as LVESD, LVEF, and LVESVi. This suggests
that the LV performance does not change significantly over
and beyond the benefits accrued from revascularization alone
with the addition of MVR/Re in patients with moderate
ischemic MR. This may likely explain the lack of mortality
benefit observed in these patients.

Supporters of the more conservative approach of forego-
ing MVR/Re and performing only CABG in patients with
moderate MR quote the hypothesis34 that the mitral valve
in these patients acts a “pop-off” valve for the failing left
ventricle and correction of the valve is associated with worse
outcomes. Also, the aortic CCT and CPB times are increased
with the addition of mitral valve surgery to CABG. Previously
studies have suggested that concomitant MVR/Re and CABG
has been associated with increased major adverse events
when compared with CABG alone.10 However, this was not
observed in our study, where despite the higher bypass and
CCTs in this group, there was no increase in early mortality or
incidence of major adverse events. This suggests that there
may not be significant harm from the addition of mitral valve
intervention to CABG. One could speculate that this risk
would be even lower if the valve is repaired as opposed to
replace although we cannot make that conclusion based on
our study as there were only one to two studies that included
a very minor proportion of patients with concomitant MVR.

Fig. 1 (A) Comparison of all-cause mortality between CABG and CABG þ MVR/Re including all studies; (B) comparison of all-cause mortality
between CABG and CABG þ MVR/Re including only RCTs; and (C) metaregression of follow-up time on all-cause mortality. CABG, coronary artery
bypass grafting; MVR/Re, mitral valve replacement/repair; RCTs, randomized controlled trials.
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With viable hibernating myocardium, revascularization
has the potential to improve LV function and reverse LV
remodeling and thereby improve MR. Roshanali et al35

reported that if reversibility of myocardium could be shown
by dobutamine stress echocardiogram (DSE), these patients
could benefit from CABG alone. However, in their recent
study, they found that viability prediction by DSE does not
essentially reflect the long-term outcomes in patients receiv-
ing isolated CABG for moderate ischemic MR.36 The largest
randomized trial of moderate MR undergoing CABG reported
their 1- and 2-year outcomes recently and the addition of
MVR/Re to CABG did not result in improvement in symptoms,
mortality at 1 year or LVESVi at either 1 or 2 years.27 There
was, however, a higher risk of neurological events and longer
hospital stay associated with the addition of MVR/Re and a
longer bypass time. There was expectedly a significantly
lower incidence of residual moderate-to-severe MR in the
MVR/Re group compared with the CABG only group (11.2 vs.
31%, respectively). Similar results were obtained in our
meta-analysis but compared with the recent modest sized
randomized trial; our analyses of the composite data suggest
that there is no increase in MACE or stroke with the addition
of MVR/Re. It remains to be seen how residual MR affects

long-term clinical outcomes in this randomized trial partic-
ipants. In our meta-analysis, all-cause mortality was not
impacted by the follow-up duration on metaregression.
Although there is clear lack of evidence to support concomi-
tant mitral surgery for moderate ischemic MR at this time,
there may be a subgroup of patients who might benefit from
this. Intuitively, one might expect patients with large scar or
aneurysm burden to benefit from concomitant mitral valve
surgery, since a significant degree of reverse remodeling is
unlikely without viable myocardium. However, this hypoth-
esis remains largely unproven and identifying these and other
patients who may benefit continues to remain a challenge.
Until further data become available, our analysis provides the
most comprehensive summary of the available literature.

Limitations

The limitations of this meta-analysis are similar to those
inherent to a meta-analysis of retrospectively collected data
including all the inherent biases and limitations the original
studies may contain. Most of the studies included were
retrospective cohorts with only a few RCTs. As a result of
this, we could not adjust for confounding variables that were

Fig. 2 (A) Comparison of early or inhospital mortality between CABG and CABG þ MVR/Re; (B) comparison of adverse events at follow-up
between CABG and CABG þ MVR/Re; (C) comparison of neurological events at follow-up between CABG and CABG þ MVR/Re; and (D)
comparison of moderate-to-severe regurgitation between CABG and CABG þ MVR/Re at follow-up. CABG, coronary artery bypass grafting; MVR/
Re, mitral valve replacement/repair.
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not adjusted for in the primary studies. The variably defined
major perioperative adverse outcomes limited us from
reporting MACE at follow-up. The included studies were
conducted over a varying period of time and improvement
in surgical techniques and medical therapy over this period
may have had a confounding role. To avoid this, we performed
a metaregression for outcomes of interest. Assessment of
myocardial viability was not performed universally in all the
studies and that may be a major limiting factor in the out-
comes of these studies. This may be a major limitation factor
in interpretation of the results of our meta-analysis. Mitral
valve surgery included both replacement and repair, and
therefore, we could not compare these techniques. There
were a very few studies that reported replacement and we
did not have patient level data for indirect comparison of
repair with replacement. Some of the differences in outcomes
could be due to the use of repair as opposed to replacement,
which has recently been shown in a large randomized trial32

to have higher recurrent MR compared with valve replace-
ment in ischemic MR. The variable definitions used for MR
could possibly be a source of potential bias in our meta-
analysis. However, historically, the accurate determination of
mitral regurgitant severity is often challenging and dynamic,
but the performance of valve surgery for theMR suggests (but

does not prove) that it was at least of moderate intensity for
the surgeon to justify thehigher risk of additional mitral valve
surgery. Finally, publication bias is an inherent limitation of
meta-analyses.

Conclusion

In summary, the results of our systematic review and meta-
analysis of the published literature on concomitant mitral
valve surgery for moderate ischemic MR at the time of
surgical revascularization do not support the addition of
MVR/Re to standard CABG surgery. This approach is associat-
ed with no demonstrable benefit in terms of hard clinical end
points such as stroke, early or long term mortality, or surro-
gate markers of ventricular remodeling. There was however a
decrease in recurrent significant MR and potential improve-
ment in NYHA class with mitral valve intervention. Whether
this translates into long-term benefit is uncertain, but there
does not appear to be a benefit in the short term after surgery.
Fortunately, there appeared to be no significant increase in
perioperative or short-term major adverse events despite a
longer bypass and aortic CCT. Further research should focus
on identifying subgroups of patients with moderate ischemic
MR who may benefit from mitral surgery with CABG, such as

Fig. 3 (A) Comparison of mean difference between pre- and postleft ventricular end-systolic dimension between CABG and CABG þ MVR/Re
groups at follow-up; (B) comparison of mean difference between pre- and postleft ventricular ejection fraction between CABG and CABG þ MVR/
Re groups at follow-up; (C) comparison of mean difference between pre- and postleft ventricular end-systolic volume index between CABG and
CABG þ MVR/Re groups at follow-up; and (D) comparison of mean difference between pre- and post-NYHA class between CABG and
CABG þ MVR/Re groups at follow-up. CABG, coronary artery bypass grafting; MVR/Re, mitral valve replacement/repair; NYHA, New York Heart
Association.

Thoracic and Cardiovascular Surgeon

Surgical Treatment of Moderate Ischemic Mitral Regurgitation Anantha Narayanan et al.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f I

lli
no

is
 a

t C
hi

ca
go

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



those with large areas of infarct without viable myocardium,
who would theoretically not be expected to benefit from
revascularization alone.

Note
All authors had full access to all data in the study and take
responsibility for the integrity of the data and the accuracy
of the data analysis. We would like to thank Dr. Aryan
Mooss for his expert opinion. We would like to acknowl-
edge Baskaran Krishnamoorthy for reviewing the article
for English language, spelling and grammar corrections.
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