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Background: The clinical benefits of a concomitant mitral valve (MV) surgery in patients with
moderate ischemic mitral regurgitation (iMR) undergoing coronary artery bypass grafting (CABG) remain
controversial.

Methods: The study involved 710 patients (mean age, 65.0+8.9 years; 504 males) with moderate iMR
undergoing CABG between 1990 and 2015. Of these, 116 (16.3%) patients underwent a concomitant MV
surgery (MVS; replacement in 10, repair in 106) and 594 (83.7%) underwent CABG only. Clinical and
echocardiographic outcomes were compared before and after adjustment with the use of propensity score (PS)
analyses.

Results: Early mortality occurred in 22 (3.7%) and 13 (11.2%) patients in CABG-only and CABG
with MVS group, respectively (P=0.001). After adjustment, CABG with MVS group showed significantly
increased risks of early death (P<0.001), low cardiac output syndrome (LCOS) (P=0.001) and surgical
bleeding (P=0.014). During a median follow-up of 78.0 months (quartile 1-3, 33.6-115.9 months), overall
mortality occurred in 286 (40.3%) patients. The addition of an MV surgery showed an increased risk of
overall mortality [hazard rato (HR), 1.34; 95% confidence interval (CI), 0.99-1.80; P=0.055], which became
comparable 1 year after surgery on landmark survival analysis (HR, 0.94; 95% CI, 0.64-1.39; P=0.772).
Improved left ventricular (LV) ejection fraction and LV reverse remodeling were observed in both groups
without significant intergroup differences.

Conclusions: The addition of a concomitant MV surgery increased the risk of early mortality
and complications in patients with moderate iMR undergoing CABG. In long-term clinical and

echocardiographic outcomes, a concomitant MV surgery seemed to confer no significant clinical benefits.
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Introduction

Functional ischemic mitral regurgitation (iMR) is a
significant contributor to cardiac failure and mortality (1).
The structural remodeling and enlargement of the left
ventricle (LV) that accompanies coronary artery disease
(CAD) incapacitate the mitral valve (MV) from functioning
normally, regardless of the structural integrity of the
valve per se (2). Despite the growing evidence predicting
poor survival outcomes in patients with uncorrected iMR
during surgical revascularization (3), a clear consensus has
not yet been established on whether a concomitant MV
surgery during coronary artery bypass grafting (CABG) can
improve the prognosis in such patients (4). Several previous
studies have reported some reductions in the severity of
MR, following a concomitant MV surgery, but there is
limited evidence supporting any benefits regarding the
long-term survival or cardiac function (5-7). Furthermore,
an additional MV surgery during CABG may also pose
problems inherent to the inevitably prolonged duration of
surgery and its procedural complexities.

A recent prospective randomized study (8) showed that
a concomitant MV surgery during CABG did not produce
any significant clinical benefits and increased the risk of
early complications, when compared to CABG alone.
However, the interpretations from the study were limited
by the short follow-up duration of 2 years. Long-term
comparative data on clinical outcomes with a reasonable
sample size based on the performance of a concomitant MV
surgery are scarce. Thus, we evaluated the early and long-
term clinical outcomes of patients with moderate iMR,
who either underwent CABG alone or CABG with an MV
surgery to elucidate any clinical values in performing an

additional MV surgery at the time of CABG.

Methods
Study population

From our institutional cardiac surgery database, we
identified a total of 7,798 patients with ischemic heart
disease who underwent CABG between July 1990 and
September 2015 at Asan Medical Center, Seoul, Korea.
After the exclusion of patients who had (I) structural MV
or aortic valve (AV) pathologies or (II) concomitant AV or
aortic root surgery, the final sample included 710 patients
with moderate iMR who underwent either CABG only
(CABG-only group, n=594) or CABG with a concomitant
MV surgery (CABG + MVS group, n=116).
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The severity of iMR was graded as mild, moderate or
severe, in accordance with the 2015 American Association
for Thoracic Surgery Consensus Guidelines (9).
Preoperative echocardiographic evaluations were performed
on the entire cohort by experienced cardiologists at our
institution, who graded the severity of MR by integrating
multiple echocardiographic parameters suggested by the
recent guidelines (10,11).

The decision to perform additional MV surgeries was
based on patients’ demographic and clinical profiles,
ultimately at the discretion of the attending surgeon
with consideration of the estimated operative risks, after
consulting the patient and the family. This study was
approved by the institutional review board and ethics
committee of Asan Medical Center (No. 2015-1308), which
waived the requirement for informed consent because of the
retrospective nature of the study design.

Surgical procedures

All patients underwent surgery through a median full-
sternotomy. All surgical procedures were carried out under
cardiopulmonary bypass (CPB) with intermittent antegrade
or retrograde cardioplegia, except the patients (n=254)
undergoing off-pump CABG in CABG-only group. In situ
left internal mammary artery (IMA) was the first choice
for grafting to the left anterior descending coronary artery,
whenever possible. Saphenous vein grafts and radial arteries
were mainly used as secondary conduits and were all
harvested with an open technique.

The ring annuloplasty technique used for the patients
in CABG + MVS group varied over the course of the study
period; these included commercially available partial flexible
annuloplasty band and flexible/semi-rigid/rigid annuloplasty
ring. Ring sizing was carried out by measuring the inter-
commissural distance and the height of the anterior leaflet
to ensure annulus downsizing. During MV replacement,
whenever feasible, the subvalvular apparatus was preserved.
The prosthetic valve type was chosen by the patients after
consultation with the operating surgeon.

Definitions and clinical follow-up

The primary early outcomes of interest were early mortality
(within 30 days or in-hospital) and early morbidities:
postoperative bleeding, low cardiac output syndrome
(LCOS) requiring mechanical circulatory support (MCS)
such as intra-aortic balloon pump or extracorporeal
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membrane oxygenation, sternal wound infection, early
stroke and new-onset dialysis.

The primary long-term outcomes of interest
consisted of all-cause mortality and major adverse
cardiac events (MACE), including stroke, myocardial
infarction (MI), repeat revascularization, hospitalization
due to cardiovascular causes. For further measures, we
evaluated cardiac functions, including left ventricular
(LV) contractility, MR grade and the degree of LV reverse
remodeling, assessed by post-operative echocardiography.
Clinical follow-up data was collected every 3 to 6 months at
the outpatient clinics or by telephone interviews, until the
end of March 2016.

Statistical analysis

Statistical analyses were operated with R software, version
3.4.0 (R foundation, Vienna, Austria, http://www.r-project.
org/). Categorical variables, expressed either as percentages
or frequencies, were compared with the ¥’ test. Continuous
variables, expressed as mean = standard deviation (SD) or
median with range (quartile 1-3), were compared with
independent samples #-test. The survival and MACE-free
survival data of each group were represented as Kaplan-
Meier curves and log-rank tests were used to compare their
inter-group differences.

To adjust for the differences in the baseline variables
between CABG-only and CABG + MVS group, we
performed the propensity score (PS) analysis as a weighting
variable to yield two well-balanced groups (12). PS was
defined as the probability of a patient receiving CABG with
a MV surgery in either of the two groups, and was estimated
from the multiple logistic regression analysis, incorporating
the 26 baseline variables listed in Tzble 1. Given a long
duration of data collection, we included the operative year
in the PS analyses to adequately address the time effect; the
period was divided based on year 2008, when two surgeons
left our institute. In the methodology of inverse probability
of treatment weighting (IPTW), scores for patients in
CABG + MVS group were weighted using the formula
1/PS, whereas those for patient in CABG-only group were
weighted using the formula 1/(1-PS). The adjustment
using IPTW was based on trimmed stabilized weights
with robust standard errors. The balance between the two
groups after weighting was assessed by standardized mean
difference (SMD). Afterwards, the impacts of a concomitant
MV surgery on the clinical outcomes were assessed by the
weighted logistic regression model and the weighted Cox
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proportional-hazard model. The proportionality assumption
in the Cox model was evaluated with Schoenfeld residuals.
Landmark survival analysis was also carried out with a
landmark set at 1-year to address whether the impact of a
MV surgery on the mortality risk varies across the early and
late postoperative periods.

Intergroup as well as intragroup differences in the
cardiac function before and after surgery were evaluated by
the paired #-test between the PS-matched pairs. The PS-
matched pairs were generated by matching between CABG-
only and CABG + MVS group on the logit of the PS using
calipers of width <0.2 of the SD of the logit of the PS. For
subgroup analyses, the PS-adjusted hazard ratio (HR) was
calculated by incorporating the PS into the Cox model as
a covariate. For all statistics, two-sided P values were used,
and statistical significance was defined as P value <0.05.

Results
Baseline characteristics and operative profiles

The baseline demographics and clinical characteristics
between the two groups are summarized in Table 1. The
baseline variables were equivalent for both groups except
for hyperlipidemia (P=0.023). Regarding echocardiographic
profiles, the patients in CABG + MVS group presented with
lower LV ejection fractions (P=0.002), both greater LV end-
systolic (LVESD; P=0.002) and end-diastolic dimensions
(LVEDD; P<0.001), greater left atrial (LA) diameters
(P<0.001) and higher peak tricuspid regurgitation (TR)
pressure gradients (P=0.001), compared to CABG-only
group. The patients in CABG + MVS group also had more
frequent cases of > moderate TR (8.6% vs. 3.4%; P=0.020)
than those in CABG-only group.

Operative and coronary grafting profiles were not
significantly different between the groups. The number
of distal anastomoses and the use of arterial conduit were
not different. Among 116 patients in CABG + MVS group,
MV repair was performed in 106 (91.4%) patients and the
remaining 10 (8.6%) underwent MV replacement (7able 2).

Unadjusted outcomes

Early deaths occurred in 22 (3.7%) patients in CABG-only
group, and 13 (11.2%) in CABG + MVS group (P=0.001).
Regarding the contributors to early morbidities, the
patients in CABG + MVS group were significantly more
susceptible to LCOS requiring MCS than those in CABG-
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Table 1 Baseline demographics and clinical characteristics

Unadjusted Balance table (IPTW-adjusted)

Variables C/?;]B:i;;r)] ly CA:E:S; Q;IVS P value C?}Iii;;r)] ly CA?S; Q;IVS SMD (%)
Age, years 65.2+8.8 63.7+9.4 0.101 64.9+9.1 64.7+8.8 3.1
Female gender 425 (71.5) 79 (68.1) 0.525 29.2 30.9 3.9
BMI, kg/m’ 24.1+2.8 24.2+2.6 0.817 24.1+2.8 24.1+2.4 1.2
Diabetes mellitus 307 (561.7) 65 (56.0) 0.449 52.5 53.7 2.4
Hypertension 423 (71.2) 72 (62.1) 0.064 69.8 69.3 1.1
Hyperlipidemia 71 (12.0) 5(4.3) 0.023 10.7 9.8 3.0
COPD 18 (3.0 3(2.6) >0.99 3.0 3.5 2.9
Atrial fibrillation 62 (10.4) 11 (9.5) 0.887 10.2 10.3 0.2
Creatinine, mg/dL 1.5+1.7 1.7+2.3 0.498 1.5+1.7 1.6+2.2 5.0
Severe CKD 78 (13.1) 13(11.2) 0.678 12.8 11.4 4.2
Dialysis 46 (7.7) 10 (8.6) 0.895 7.8 7.7 0.4
Recent Ml (<3 months) 111 (18.7) 21(18.1) 0.986 18.6 20.5 4.6
History of stroke 123 (20.7) 16 (13.8) 0.112 19.4 16.1 8.6
Previous PCI 111 (18.7) 21 (18.1) 0.986 18.6 19.4 2.0
NYHA class 3 or 4 67 (11.3) 15 (12.9) 0.726 11.6 12.6 3.0
CCSclass 3 or 4 59 (9.9) 13(11.2) 0.804 10.1 9.3 2.5
Multi-vessel disease 582 (98.0) 115 (99.1) 0.637 97.8 99.5 14.6

1-vessel disease 12 (2.0) 1(0.9) 2.2 0.5

2-vessel disease 63 (10.6) 18 (15.5) 10.8 12.9

3-vessel disease 519 (87.4) 97 (83.6) 87.0 86.6
Left main involvement 140 (23.6) 30 (25.9) 0.682 23.9 23.1 1.8
Echocardiographic data

LV ejection fraction, % 43.3+13.3 39.2+12.5 0.002 42.6+13.4 41.9+12.9 5.5

LVESD, mm 42.8+9.5 45.7+9.0 0.002 43.3+9.6 43.8+8.5 5.0

LVEDD, mm 56.8+7.4 59.7+7.1 <0.001 57.3+7.5 58.0+6.5 9.7

LA diameter, mm 43.9+5.5 46.4+5.9 <0.001 44.4+5.6 44.8+5.6 8.8

Peak TR pressure gradient, 29.8+11.3 33.8+12.9 0.001 30.6+12.1 31.6+12.6 7.8

mmHg

TR = moderate 20 (3.4) 10 (8.6) 0.020 4.4 4.4 0.2
Emergency 7(1.2) 3(2.6) 0.456 1.4 1.2 2.2
Operative years 0.618 3.5

1990-2008 382 (64.3) 78 (67.2) 64.8 63.1

2009-2015 212 (35.7) 38 (32.8) 35.2 36.9

In the left column, values are n (%) or mean + SD, unless otherwise indicated. In the right column (IPTW-adjusted), values are % or mean
+ SD, unless otherwise indicated. CABG, coronary artery bypass grafting; BMI, body mass index; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention; MI, myocardial infarction; NYHA, New York Heart
Association; CCS, Canadian cardiovascular society; LV, left ventricle; LA, left atrium; TR, tricuspid regurgitation; SD, standard deviation.
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Variable CABG-only (n=594) CABG + MVS (n=116) P value
Coronary grafting profiles
Distal anastomosis 3.2+1.1 3.4+1.2 0.090
1 28 (4.7) 6(5.2)
2 138 (23.2) 23 (19.8)
3 225 (37.9) 33 (28.4)
>4 203 (34.2) 54 (46.6)
Use of bilateral ITA 26 (4.4) 7 (6.0) 0.593
No use of ITA 25 (4.2) 6 (5.2) 0.829
Total arterial grafting 145 (24.4) 28 (24.1) 0.931
Operative profiles
CPB use 340 (57.2) 116 (100.0)
CPB time, minutes 113 [76-166] 176 [134-219] <0.001
ACC time, minutes 68 [50-90] 75 [54-112] 0.004
MV surgery 116 (100.0)
MV replacement 10 (8.6)
MV repair 106 (91.4)
Partial flexible band 32 (27.6)
Flexible ring 19 (16.4)
Rigid ring 24 (20.7)
Semi-rigid ring 23 (19.8)
Suture technique 8 (6.9)

Values are n (%), or mean + SD or median with range (quartile 1-3),

cardiopulmonary bypass; ACC, aorta cross-clamp; MV, mitral valve.

only group (10.3% wvs. 4.7%; P=0.029). The incidence of
other morbidities was similar for both groups (1able 3).
During a median follow-up of 78.0 months [quartile
1-3, 33.6-115.9 months, 4,690.2 patient-years (PY)], the
incidence of all-cause mortality was 232 (5.8% per PY) in
CABG-only group and 54 (7.5%/PY) in CABG + MVS
group (P=0.115). The individual or composite outcomes
of MACE between both groups were not significantly
different (7able 3). Unadjusted Kaplan-Meier curves did not
show significant differences regarding the overall survival

(P=0.115) or MACE-free survival (P=0.239) (Figure S14,B).

Adjusted outcomes

After adjusting with IPT'W, the baseline characteristics were
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unless otherwise indicated. ITA, internal thoracic artery; CPB,

well-balanced for both groups, with SMDs <10% for most
variables (Table 1, right columns). Table 4 summarizes the
results of adjusted risk analyses for clinical outcomes from
performing MV surgery. After adjustments, the addition
of MV surgery was associated with increased risks for early
mortality [odds ratio (OR), 4.62; 95% confidence interval
(CI), 2.40-8.77; P<0.001] and several contributors to
morbidity: LCOS (OR 3.03; 95% CI, 1.54-5.77; P=0.001),
bleeding (OR, 2.73; 95% CI, 1.18-5.93; P=0.014) and new-
onset dialysis (OR, 3.45; 95% CI, 1.65-6.97; P=0.001).
Regarding long-term outcomes, the proportional
hazard assumption in the Cox model was satisfied by the
evaluation of Schoenfeld residuals (Table 4). In the weighted
Cox model, the addition of MV surgery tended to be
associated with an increased risk for all-cause death (HR,
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Outcomes CABG-only (n=594) CABG + MVS (n=116) P value’
Early outcomes, n (%)
Early mortality 22 (3.7) 13 (11.2) 0.001
Early major morbidity
LCOS requiring MCS 28 (4.7) 12 (10.3) 0.029
Stroke 16 (2.7) 2(1.7) 0.776
Bleeding 20 (3.4) 7 (6.0) 0.268
New-onset dialysis 23 (3.9) 7 (6.0) 0.420
Sternal wound infection 18 (3.0 4 (3.4) >0.99
Long-term outcomes, n (%/PY)
All-cause mortality 232 (5.8) 54 (7.5) 0.115
MACE 92 (2.3) 22 (3.1) 0.218
Myocardial infarction 27 (0.7) 6 (0.8) 0.621
Repeat revascularization 10 (0.3) 1(0.1) 0.501
Stroke 33(0.8) 7(1.0) 0.741
Hospitalization due to cardiac cause 48 (1.2) 13 (1.8) 0.165
All-cause mortality + MACE 277 (7.0) 62 (8.6) 0.239

Values are n (%) for early outcomes and n (% per PY) for long-term outcomes. *, * test for early outcomes and log-rank test for late
outcomes. CABG, coronary artery bypass grafting; MVS, mitral valve surgery; LCOS, low cardiac output syndrome; MCS, mechanical

circulatory support; PY, patient-year; MACE, major cardiac adverse event.

Table 4 Comparative outcomes of CABG-only vs. CABG with MV surgery group

Unadjusted IPTW-adjusted
Outcomes
OR/HR* 95% ClI P value OR/HR* 95% ClI P value
Early outcomes
Early death 3.28 1.56-6.64 0.001 4.62 2.40-8.77 <0.001
LCOS requiring MCS 2.33 1.11-4.63 0.019 3.03 1.54-5.77 0.001
Early stroke 0.63 0.10-2.27 0.547 0.52 0.06-2.06 0.434
Bleeding 1.84 0.71-4.27 0.176 2.73 1.18-5.93 0.014
New-onset dialysis 1.59 0.62-3.63 0.294 3.45 1.65-6.97 0.001
Sternal wound infection 1.14 0.33-3.13 0.812 1.37 0.45-3.46 0.537
Long-term outcomes™*
All-cause death 1.27 0.94-1.71 0.116 1.34 0.99-1.80 0.055
MACE 1.34 0.84-2.13 0.220 1.26 0.77-2.06 0.362
Death + MACE 1.18 0.90-1.55 0.239 1.22 0.93-1.61 0.150

*, Early outcomes are given as OR; long-term outcomes are given as HR. **, Cox proportional hazards assumption (by Schoenfeld
residuals): all-cause death (P=0.096), MACE (P=0.093) and Death + MACE (P=0.883). OR, odds ratio; HR, hazard ratio; Cl, confidence
interval; IPTW, inverse probability of treatment weighting; LCOS, low cardiac output syndrome; MCS, mechanical circulatory support;
MACE, major adverse cardiac event.
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Figure 1 Adjusted Kaplan-Meier curves for (A) overall death and (B) the composite of death and MACE. MACE, major adverse cardiac
event; MVS, mitral valve surgery; CABG, coronary artery bypass grafting.

1.34; 95% CI, 0.99-1.80; P=0.055) (Figure 14,B). On the
landmark survival analysis, the mortality risk in CABG +
MVS group was significantly higher (HR, 2.68; 95% ClI,
1.66-4.32; P<0.001) than in CABG-only group within
1 year, which became comparable across the two groups
after 1 year (P=0.772) (Figure 2). The increased risk for all-
cause death by MV surgery tended to be manifested in most
risk subgroups (Figure 3).

Echocardiograpbic results

Late echocardiographic data (>1 year after CABG) were
obtained in 386 (54.5%) patients (321 in CABG-only; 65
in CABG + MVS) with a median follow-up of 51.5 months
(quartile 1-3, 28.9-86.0 months). After PS matching, a total
of 51 pairs, well-balanced across all baseline variables were
created. As illustrated in Figure 4, significant improvements
in cardiac function, measured by LV ejection fraction, were
observed in both CABG-only (P<0.001) and CABG + MVS
groups (P=0.001). Also, LV reverse remodeling, manifested
by significant interval changes in LVEDD and LVESD, was
observed in both groups.

Regarding MR grade, 33 (64.7%) patients in CABG-
only group showed improvements in MR extent. In CABG
+ MVS group, moderate-to-severe MR remained in 17
(33.3%) patients at the last follow-up. The incidence of
MR > moderate was equivalent for both groups (P>0.99)
(Figure S2).

Subgroup analysis: patients with CPB use

To adequately address the impact of avoiding CPB on
clinical outcomes in CABG-only group, we performed
subgroup analyses on 456 patients for whom CPB was
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used during operation (7zble ST). Similar to the analyses
results on the entire cohort, the addition of MV surgery
was still found to be associated with increased risks for early
mortality (OR, 3.21; 95% CI, 1.59-6.48; P=0.001) and
other contributors to morbidity: LCOS (OR, 2.64; 95% CI,
1.38-5.00; P=0.002) and new-onset dialysis (OR, 2.88; 95%
CI, 1.29-6.36; P=0.009). Regarding long-term outcomes,
the mortality risk became similar for both groups after
1 year (P=0.236; Tuble S2).

Discussion

In the development of iMR, mitral tenting in combination
with regional LV myocardial scarring is believed to play
an important role (13). Although mitral annuloplasty
alone can reduce the degree of iMR, it is believed to have
little functional benefits on LV recovery (14). Although
consensus exists on the lack of need for a surgical repair
to treat mild iMR, it remains controversial how moderate
iMR should be managed. Different groups have argued for
and against the necessity and the benefits of a concomitant
MV surgery during CABG in moderate iMR patients. This
study provides an additional insight on the issue based on
our institutional data including 710 patients in total.

Several groups have trialed giving a concomitant MV
surgery during CABG in an attempt to optimize the
resolution for moderate iMR and have found clinical
benefits from the additional MV surgery. It has been
suggested by some groups that revascularization alone
may leave many patients with a residual MR (15) and
that significant residual MR will result in increased long-
term morbidity and mortality (16). A randomized trial,
comparing patients receiving CABG + MV surgery group
or CABG-alone, reported an improvement in the New

F Thorac Dis 2018;10(6):3632-3642
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Figure 2 Adjusted Kaplan-Meier curve for overall death using landmark survival analysis set at 1-year. CABG, coronary artery bypass

grafting.
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Figure 3 Adjusted HRs for overall death in CABG + MVS group compared with CABG-only group according to various risk subgroups.
MVS, mitral valve surgery; CABG, coronary artery bypass grafting; HR, hazard ratio.
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Figure 4 Echocardiographic results in the propensity-score matched cohorts before and after CABG between CABG-only and CABG +

MVS groups. MVS, mitral valve surgery; CABG, coronary artery bypass grafting; LV, left ventricle; MV, mitral valve; LVEF, left ventricle

ejection fraction; LVEDD, left ventricle end-diastolic dimensions; LVESD, left ventricle end-systolic dimensions.

York Heart Association (NYHA) functional class and
LVEF when MV surgery was supplemented to CABG (17).
Furthermore, in the recent RIME Trial (the Randomized
Ischemic Mitral Evaluation Trial) (18) based on 73 patients,
the supplementation of MV surgery to CABG produced
some clinical benefits. However, there were no differences
in the 30-day mortality and 1-year mortality between the
two groups.

Other groups presented with the opposite view,
emphasizing the necessity for a concomitant MV surgery,
in moderate iMR patients. It has been argued that
revascularization alone can improve regional wall motion
and MR grade and that a concomitant MV surgery does
not prevent a recurrent iMR (19). Furthermore, even if
MR remains after an MV surgery, it does not worsen the
functional status or long-term survival (7,14). In addition,
despite the comparable 30-day mortality rate for CABG
+ MV surgery and CABG-alone in a randomized trial and
meta-analysis (18,20,21), additional operative mortality
still remains as a concern, as also shown in this study. A
recent prospective study (8), previously alluded to, reported
little clinical benefits from an additional MV repair during
CABG. Despite a more significant reduction in MR, other
clinical outcomes, including mortality and complications,
were found equivalent between the CABG-only and CABG
with MV repair groups (21). In addition, the MV repair
group showed more neurological and cardiac complications.
However, the prospective study is yet to publish any long-
term data, making it difficult to make a judgement about the
long-term clinical benefits of a concomitant MV surgery.
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Analysis of our data revealed little long-term clinical
differences between the CABG-only and the CABG +
MVS group, 1-year post-surgery, providing evidence for
no real benefits of an additional MV surgery. The operative
outcomes were only significantly different in short-term,
and were equivalent for all long-term comparisons, which
was also seen in a subgroup of patients with the use of
CPB. Of the short-term operative outcomes, early death
was significantly greater in the CABG + MVS group than
the CABG-only group, suggesting that a concomitant MV
surgery may be clinically harmful. LCOS requiring MCS
and new-onset dialysis were also greater in the CABG +
MVS group than the CABG-only group after adjustment.
Therefore, the clinical outcomes only provided evidence
against the use of a concomitant MV surgery, as it offered
no additional benefits and increased the likelihood of short-
term complications.

In addition, the follow-up echocardiographic results
showed decreases in the LVESD and LVEDD and
improvements in LVEF in both groups, indicating that LV
reverse remodeling occurred in both groups independent of
a concomitant MV surgery. These results are consistent with
the study results by Bouchard er 4. (22). Our study results
corroborate these findings, suggesting that improvements
in MR can be achieved without an MV surgery long-term.
As LV reverse remodeling is a continuous and dynamic
process, the disruption of the MV geometry to eliminate
MR during CABG may lead to the eventual distortion of
the sub-valvular apparatus, raising further questions about
the efficacy of an MV surgery to treat iMR.
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Our data comes into conflict with some of the previous
randomized trials, which suggested clinical benefits in a
concomitant MV surgery during CABG (17,18). However,
these studies excluded patients with recent MI, urgent
surgery or low LV ejection fraction (<30%), all of whom
were included in our study. Thus, the discrepancies in
the selection criteria for the study population may have
had some influence on the differences in the results and
conclusions between our study and other previous trials.
Furthermore, the term ‘ischemic mitral regurgitation’ has
often been very loosely defined (23). However, the term
iMR has been interchangeably used in many studies to
refer to conditions arising either from an infarction or a
reversible ischaemia (24). The two causes of what is termed
as “iIMR” by many studies would lead to very different
clinical outcomes. This may be another reason for the
conflicting results and conclusions from previous studies.

Limitations

This study is subject to the limitations inherent to a
retrospective analysis of observational data from a single-
center. Due to the lack of randomization of the study
cohorts, despite the rigorous statistical adjustments
employed, selection bias or detection bias may have affected
the results and thus the conclusions. Additionally, this study
included the study cohort of 25-year clinical experience
[1990-2015]. Cardiac surgery has evolved greatly in terms
of myocardial protection and technical advancement.
Although we could not detect any significant trends in the
adverse outcomes throughout the study period, there may
be a concern of undetected chronological bias in this study.
Finally, the preference of MV repair over replacement did
not vary over the study period, but MV surgery techniques
in this study included heterogenous procedures with varying
choices of prosthesis, which may have affected the study
results.

Conclusions

The addition of a concomitant MV surgery increased the
risk of early mortality and complications in patients with
moderate iMR undergoing CABG. In long-term clinical
and echocardiographic outcomes, a concomitant MV
surgery in moderate iMR patients seemed not to confer any
significant clinical benefits. Thus, CABG-alone should be a
preferable surgical option in patients with moderate iMR.
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Table S1 Baseline demographics and clinical characteristics in the subgroup of patients using CPB

Unadjusted Balance table (IPTW-adjusted)
Variables
CABG-only (n=340) CABG + MVS (n=116) Pvalue = CABG-only (n=340) CABG + MVS (n=116) SMD (%)

Age, years 64.8+8.1 63.7+9.4 0.226 64.5+8.5 64.4+8.8 1.4
Female gender 107 (31.5) 37 (31.9) >0.99 31.6 33.5 4.2
BMI, kg/m’ 24.2+2.8 24.2+2.6 0.979 24.2+2.8 24.3+2.6 2.6
Diabetes mellitus 179 (52.6) 65 (56.0) 0.600 54.3 54.7 0.9
Hypertension 240 (70.6) 72 (62.1) 0.112 68.9 69.6 1.4
Hyperlipidaemia 53 (15.6) 5(4.3) 0.003 12.7 141 41
COPD 10 (2.9) 3(2.6) >0.99 2.8 2.1 44
Atrial fibrillation 36 (10.6) 11 (9.5) 0.872 10.5 9.4 3.9
Creatinine, mg/dL 1.6+2.0 1.7+2.3 0.586 1.6+2.0 1.8+2.3 9.2
Severe CKD 39 (11.5) 13 (11.2) >0.99 111 12.7 5.0
Dialysis 26 (7.6) 10 (8.6) 0.891 7.8 10.9 10.8
Recent MI (<3 months) 59 (17.4) 21 (18.1) 0.966 17.6 20.4 7.3
History of stroke 63 (18.5) 16 (13.8) 0.307 16.9 14.9 5.4
Previous PCI 58 (17.1) 21 (18.1) 0.909 17.6 17.4 0.4
NYHA class 3 or 4 23 (6.8) 15 (12.9) 0.060 8.9 8.5 1.4
CCSclass 3 or 4 19 (5.6) 13 (11.2) 0.066 6.9 6.1 3.4
Multi-vessel disease 334 (98.2) 115 (99.1) 0.806 98.0 99.5 13.5

1-vessel disease 6 (1.8) 1(0.9) 2.0 0.5

2-vessel disease 33(9.7) 18 (15.5) 10.8 12.3

3-vessel disease 301 (88.5) 97 (83.6) 87.3 87.3
Left main involvement 75 (22.1) 30 (25.9) 0.476 22.7 23.4 1.5
Echocardiographic data

LV ejection fraction, % 41.8+13.2 39.2+12.5 0.063 40.9+13.4 40.2+12.4 5.4

LVESD, mm 43.4+9.1 45.7+9.0 0.019 44.1+9.1 44.5+8.5 5.0

LVEDD, mm 57.2+7.2 59.7+7.1 0.001 57.9+7.3 58.3+6.6 6.3

LA diameter, mm 44.3+5.5 46.4+5.9 0.001 44.9+5.7 45.5+5.4 11.5

Peak TR pressure 29.5+10.4 33.8+12.9 <0.001 30.9+11.7 31.0x12.2 1.5

gradient, mmHg

TR = moderate 16 (4.7) 10 (8.6) 0.181 6.0 6.9 3.7
Emergency 6 (1.8) 3(2.6) 0.871 1.9 1.5 3.1
Operative years 0.066 2.0

1990-2008 260 (76.5) 78 (67.2) 73.6 72.7

2009-2015 80 (23.5) 38 (32.8) 26.4 27.3

In the left column, values are n (%) or mean + SD, unless otherwise indicated. In the right column (IPTW-adjusted), values are % or mean
+ SD, unless otherwise indicated. CABG, coronary artery bypass grafting; BMI, body mass index; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention; MI, myocardial infarction; NYHA, New York Heart

Association; CCS, Canadian cardiovascular society; LV, left ventricle; LA, left atrium; TR, tricuspid regurgitation.



Table S2 Comparative outcomes of CABG-only vs. CABG with MV surgery in the subgroup of patients using CPB

Unadjusted IPTW-adjusted
Outcomes
OR/HR* 95% ClI P value OR/HR* 95% CI P value
Early outcomes

Early death 2.40 1.11-5.09 0.023 3.21 1.59-6.48 0.001

LCOS requiring MCS 1.67 0.78-3.43 0.174 2.64 1.38-5.00 0.002

Early stroke 0.83 0.12-3.51 0.823 0.36 0.02-1.99 0.340

Bleeding 1.50 0.55-3.69 0.398 2.22 0.91-5.23 0.069

New-onset dialysis 1.50 0.55-3.69 0.398 2.88 1.29-6.36 0.009

Sternal wound infection 1.07 0.29-3.19 0.912 0.82 0.22-2.36 0.731

Long-term outcomes™*

All-cause death 1.32 0.96-1.80 0.083 1.40 1.04-1.91 0.029
Up to 1 year 1.66 0.97-2.87 0.067 1.76 1.04-2.96 0.035
After 1 year 1.18 0.80-1.74 0.394 1.26 0.86-1.84 0.236

MACE 1.14 0.70-1.84 0.605 1.07 0.65-1.77 0.786

Death + MACE 1.10 0.82-1.46 0.534 1.15 0.86-1.52 0.342

*, Early outcomes are given as odds ratio; long-term outcomes are given as HR; **, Cox proportional hazards assumption (by Schoenfeld
residuals): all-cause death (P=0.203), MACE (P=0.056) and Death + MACE (P=0.514). OR, odds ratio; HR, hazard ratio; Cl, confidence
interval; IPTW, inverse probability of treatment weighting; LCOS, low cardiac output syndrome; MCS, mechanical circulatory support;
MACE, major adverse cardiac event.



