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Background: The factors that associated with the response of moderate ischemic mitral regurgitation (IMR) 
to isolated coronary artery bypass grafting (CABG) remain unclear. This study aims to evaluate whether left 
ventricular (LV) myocardial scar assessed by cardiovascular magnetic resonance (CMR) is associated with the 
outcome of moderate IMR after isolated CABG. 
Methods: Forty-six patients with coronary artery disease (CAD) and moderate IMR who underwent 
isolated CABG between January 2014 and February 2019 in Anzhen Hospital Affiliated to Capital Medical 
University were enrolled in this case-control study. All patients underwent CMR and echocardiography 
before surgery. Patients were classified into two groups according to the severity of IMR 1 year after CABG: 
an improved group (no or mild IMR) and an unimproved group (moderate or severe IMR). Univariate and 
multivariate logistic regression analyses were used to assess the association between individual variables and 
unimproved IMR at 1-year post-CABG. 
Results: Compared to patients in the improved group, the patients in the unimproved group had a 
significantly greater amount of LV myocardial scar (18.0%±9.5% vs. 30.8%±11.2%, P<0.001). In the 
multiple logistic regression model, after adjustment for age, sex, and body mass index, only LV myocardial 
scar (OR: 0.89, 95% CI: 0.83–0.96, P=0.001) was independently associated with unimproved IMR after 
isolated CABG. Furthermore, there was no difference in the 3-year overall survival rates between the two 
groups (92.3% vs. 90.3%, P=0.46). In addition, patients in the unimproved group had a higher New York 
Heart Association (NYHA) classification (P=0.01) and more major adverse cardiac events such as MI, angina 
pectoris, and readmission for heart failure (P=0.03). 
Conclusions: A greater amount of preoperative LV myocardial scar was associated with unimproved 
moderate IMR after isolated CABG. Measuring preoperative LV myocardial scar is helpful to predict post-
operative outcome and determine optimal surgery in patients with moderate IMR.
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Introduction 

Ischemic mitral regurgitation (IMR) is a common 
complication of coronary artery disease (CAD) as a result 
of left ventricular (LV) global or regional remodeling (1,2). 
The estimated incidence of IMR in patients with CAD 
is 20–50% (2,3). IMR impairs myocardial contractility 
and leads to the deterioration of cardiac function, which 
in turn increases hospitalization for heart failure, as well 
as disability, mortality, and economic burden (4). The 
persistence of IMR significantly increases the incidence 
of adverse cardiovascular events in patients who have 
undergone coronary artery bypass grafting (CABG) (5,6). 
Whether mitral valve intervention should be performed 
in patients with moderate IMR who have received CABG 
remains unclear. Several randomized controlled clinical 
trials provide conflicting evidence (7-9), and the relevant 
guideline recommendations concerning the best treatment 
for moderate IMR lack clarity (10). 

Recent studies have indicated that posterior-inferior 
regional remodeling, reserved ventricular function, 
early revascularization, large mitral leaflet size, absence 
of dyssynchrony between papillary muscles, and viable 
myocardium is  associated with the improvement 
of moderate IMR after isolated CABG, and viable 
myocardium is an important factor that determined the 
effect of CABG on LV remodeling and the severity of 
IMR (11-13). Late gadolinium enhancement (LGE), 
determined by cardiovascular magnetic resonance (CMR), 
offers high spatial resolution and can detect myocardial 
viability and myocardial fibrosis. Myocardial replacement 
fibrosis (“myocardial scar”) can be used to distinguish 
reversible and irreversible myocardial ischemic injury (14). 
Theoretically, CMR-detected myocardial scar could be 
a potential predictor of the outcome of moderate IMR 
after isolated CABG, and it could be used to optimize the 
surgical strategy for cases of moderate IMR referred for 
elective CABG. In this study, we sought to evaluate whether 
myocardial scar assessed by CMR is a predictive factor of 
the outcome of moderate IMR after isolated CABG. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3622).

Methods 

Study population 

This was a case-control study. Between January 2014 and 

February 2019, 101 patients with CAD and moderate IMR 
received CMR and echocardiography evaluation in our 
hospital. Ninety-two patients who met the inclusion criteria 
and exclusion criteria were followed up and analyzed. The 
inclusion criteria included the following: (I) moderate IMR 
[effective regurgitant orifice area (EROA): 0.2–0.39 cm2, 
regurgitation fraction: 20–49%, and absence of organic 
leaflet lesions]; (II) CMR and echocardiography were 
performed within 10 days preoperatively; (III) myocardial 
scar could be accurately detected by CMR imaging. The 
exclusion criteria included the following: a previous history 
of mitral valve surgery, IMR concomitant with other cardiac 
structural diseases, infective endocarditis, unstable clinical 
conditions, cardiogenic shock during the 30 days before 
CABG, or ST-segment elevation myocardial infarction 
(MI) requiring intervention one month before surgery. 
Of the 92 patients, 49 underwent elective isolated CABG,  
35 underwent mitral valve repair at the time of CABG, 
and eight patients received medical therapy. One patient 
(2%) subsequently died of low output syndrome and heart 
failure postoperatively, and two patients (4.1%) died within  
12 months of surgery. Therefore, data for a total 
of 46 patients who had regular clinical review and 
echocardiography for the 12 months after surgery were 
retrospectively analyzed in the present study (Figure 1). 

Approval from the Ethics Committee of Anzhen Hospital 
Affiliated to Capital Medical University was obtained 
before the start of the study (No. 2020100X). Because of 
the retrospective nature of the research, the requirement 
for informed consent was waived. The present study was 
conducted in accordance with the ethical principles stated 
in the Declaration of Helsinki (as revised in 2013). 

Study protocol

Preoperative clinical characteristics and echocardiography 
data were collected by reviewing medical information 
in the patients’ database. Myocardial scar was detected 
and analyzed with CMR imaging by an experienced 
radiologist. Echocardiography data were collected by 
reviewing outpatient electronic medical records，follow-up 
information such as New York Heart Association (NYHA) 
classification, prevalence of major adverse cardiac events, 
and symptom were collected by telephone interviews 
and outpatient reviews. According to the severity of the 
mitral valve regurgitation assessed by echocardiography at  
12 months post-surgery, patients were classified into two 
groups: an improved group with no or mild IMR and an 
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unimproved group with moderate or severe IMR. The 
predictors of the improvement in moderate IMR after 
isolated CABG were explored.

Surgical techniques

The indicators for CABG were angina associated with the 
left main artery, proximal left anterior descending artery 
(LAD), or three-vessel disease confirmed on coronary 
angiography. Consistently, the primary procedural choice 
for CABG in our institute was complete revascularization 
with the off-pump technique. In two cases, off-pump 
CABG was  converted to  on-pump CABG due to 
unstable hemodynamics. All patients achieved complete 

revascularization. The left internal thoracic artery was 
harvested and grafted to the LAD regardless of age, whereas 
the saphenous vein was grafted to the remaining coronary 
arteries. All grafts were measured by transit time flow 
measurement (TTFM) using Medistim VQ4122 (Medistim, 
Oslo, Norway). Grafts with a pulsatility index (PI) >5 and/
or a mean graft flow (MGF) <10 mL/min were defined as 
non-functioning grafts. Re-anastomosis was mandatory for 
the non-functioning grafts. 

Echocardiography

All  pat ients  underwent  a  s tandard transthorac ic 
echocardiography examination with commercially available 

Figure 1 Flowchart. CAD, coronary artery disease; IMR, ischemic mitral regurgitation; CMR, cardiovascular magnetic resonance; CABG, 
coronary artery bypass grafting.
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instruments within 10 days preoperatively and at 12-month 
follow-up. LV ejection fraction (EF), end-diastolic volume 
(LVEDV), and end-systolic volume (LVESV) were assessed 
in apical 4- and 2-chamber views with the biplane Simpson’s 
method. Mitral valve structure was analyzed in long- and 
short-axis views. The severity of mitral regurgitation was 
graded as follows: mild, EROA <0.2 cm² and regurgitant 
fraction <30%; moderate, EROA 0.2–0.39 cm² and 
regurgitant fraction 30–49%; severe, EROA >0.4 cm² and 
regurgitant fraction >50%. 

CMR assessment 

CMR images were obtained on a 3.0-T system (Verio; 
Siemens, Germany) using a 32-channel surface-phased 
array cardiac coil. Electrocardiogram-gated, balanced SSFP 
sequences (TrueFISP) with breath-hold were performed 
to obtain cine CMR images: the standard long-axis views 
(4-, 3-, and 2-chamber views) and contiguous short-axis 
views covering the entire left ventricle were used to assess 
LV function. The imaging parameters were as follows: 
repetition time, 3.50 ms; echo time, 1.51 ms; field of view, 
340 mm × 289 mm. The slice thickness was 5 mm for the 
long axis and 8 mm for the short axis. The LGE images 
were acquired 10 min after intravenous administration of 
a gadolinium-based contrast agent (0.2 mmol/kg; Bayer, 
Germany) with a phase-sensitive inversion recovery 
(PSIR) sequence to identify the location and extent of the 
myocardial scar. The inversion time was set to null the 
signal of viable myocardium for every individual patient. 
The cine CMR images were analyzed using cardiovascular 
post-processing software (Syngo Argus; Siemens). The 

LGE-CMR images were analyzed using commercial 
cardiovascular post-processing software (Medis 3.0, 
Netherlands). The standard 16-segment model of the 
American Heart Association (AHA) was applied in the 
analysis of the LV myocardium (15). The LV myocardium 
was qualitatively analyzed, and the involved segments of 
MI were recorded. A summation of the volumes per slice 
of the areas of hyperenhancement was outlined, allowing 
calculation of the total infarct size (Figure 2). The myocardial 
scar was defined by an intensity >6 SDs higher than the 
user-defined viable myocardium (16). The scar percentage 
was automatically determined as the percentage of total 
myocardium (infarct mass/total LV mass). Inferior wall 
MI was defined as inferior wall myocardia with transmural 
scarring. Papillary muscle infarction (PMI) was assessed as 
a side-by-side reference for localizing the papillary muscle 
within the blood pool during the interpretation of contrast-
enhanced images. PMI was considered present if any papillary 
hyperenhancement was present on the LGE images.

Statistical analysis 

The variables are expressed as the mean ± standard deviation, 
median (interquartile range), or percentage, as appropriate. 
The Student’s t-test and the Mann-Whitney U test for 
independent samples were used to compare continuous 
variables, and the χ2 or Fisher exact test was used to compare 
classification variables between two groups, as appropriate. 
The Kaplan-Meier method was used to calculate overall 
survival rates between the two groups. A log-rank test was 
used to compare the survival curves between the two groups. 
Univariate and multivariate logistic regression analyses were 

Figure 2 LGE-CMR detected myocardial scar. (A) A typical LGE image obtained by CMR in the short-axis view; (B) myocardial scar 
(yellow) is detected after outlining the endocardium (red) and epicardium (green) in one patient. LGE, late gadolinium enhancement; CMR, 
cardiovascular magnetic resonance.
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used to assess the association between individual variables 
and unimproved IMR at 1-year post-CABG. Age, sex, 
body mass index, and variables with P<0.1 on the univariate 
analysis were entered into the multivariate analysis. All 
reported probability values were two-tailed, and a P value 
<0.05 was considered statistically significant. SPSS version 
26.0 statistical software (IBM) and R 3.5.0 (R Foundation 
for Statistical Computing, Vienna, Austria) were used for all 
calculations and illustrations in the present study.

Results 

Baseline characteristics

A total of 46 patients who underwent isolated CABG were 
included in the present study. One year after CABG, 24 
patients (52.2%) had no or mild IMR (improved group), 20 
patients (43.5%) had moderate IMR, and 2 patients (4.3%) 
had severe IMR (unimproved group). Our study cohort was 
middle aged (median age 58 years) and predominantly male 
(80.4%), with poor cardiac function (EF: 46.67%±12.91%). 
The mean LV total myocardial scar was 24.14%±12.13%. 
The prevalence of inferior wall infarction was 63.8%, and 

the incidence of PMI was 28.3%. There was significantly 
less preoperative myocardial scar in the improved group 
than in the unimproved group (P<0.001). There was no 
significant difference in other perioperative characteristics 
between the two groups (Table 1). Preoperative and 
12-month follow-up echocardiographic data are shown in 
Table 2. LVEDV, LVESV, and EF were similar in the two 
groups at baseline. LVESV and LVEDV were significantly 
reduced in the improved group compared with the 
unimproved group at 12-month follow-up, and LVEF 
was also increased in the improved group. In contrast, no 
significant change was observed in LVESV, LVEDV, or EF 
in the unimproved group during the 12-month follow-up. 

Predictors of unimproved IMR after isolated CABG

Factors associated with unimproved moderate IMR after 
CABG are shown in Table 3. Patient characteristics and clinical 
information, including age, sex, body mass index, LVEF, 
LVEDV, LVESV, myocardial scar, inferior wall MI, and PMI 
were included in the multivariate logistic regression analysis. 
Multivariate analysis revealed that only LV myocardial scar 

Table 1 Baseline and perioperative characteristics 

Variables Improved (n=24) Unimproved (n=22) P

Age, years 57.4±13.7 58.6±7.6 0.72

Males, % 20 (83.3%) 17 (77.3%) 0.61

Body mass index, kg/m2 25.8±2.7 25.2±3.8 0.52

NYHA class 2.3±0.7 2.4±0.7 0.59

Hypertension 15 (62.5%) 11 (50.0%) 0.39

Hyperlipidemia 10 (41.7%) 6 (27.3%) 0.31

Diabetes mellitus 10 (41.7%) 6 (27.3%) 0.31

History of smoking 12 (50.0%) 13 (59.1%) 0.54

Heart rate, b/min 71.4±11.6 73.7±13.1 0.53

Atrial fibrillation 1 (4.2%) 1 (4.5%) 0.95

PMI 7 (29.2%) 6 (27.3%) 0.89

Total scar 18.0±9.5 30.8±11.2 <0.001

Inferior wall infarction 13 (54.2%) 16 (72.7%) 0.19

Graft vessels, n 3.3±0.6 3.3±0.5 0.91

Hospital stay, days 12.5±4.5 12.4±3.2 0.91

Ventilation time, min 22.8±19.3 28.2±19.0 0.35

NYHA, New York Heart Association; PMI, papillary muscle infarction.
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(OR: 0.89, 95% CI: 0.83–0.96, P=0.001) was a significant 
predictor of unimproved IMR after isolated CABG (Table 3).

Long-term outcome
 

After a median follow up of 36 months (IQR, 13–73 months),  
two patients in the improved group and four patients in 
the unimproved group died. The Kaplan-Meier survival 
analysis revealed no difference in the predicted 3-year 
overall survival rates (92.3% vs. 90.3%, P=0.46) (Figure 3). 
However, the improved group demonstrated significant 
symptom relief and better ratings according to the New 

York Heart Association (NYHA) classification (P=0.01). 
Furthermore, the prevalence of major adverse cardiac 
events, such as MI, angina pectoris, and readmission for 
heart failure was significantly higher in the unimproved 
group (P=0.03) (Table 4).

Discussion

In terms of disease-based parameters, this study showed 
that the extent of LV myocardial scar was an independent 
predictive factor of unimproved IMR after isolated CABG 
in patients with moderate IMR. We found that inferior 

Table 3 Results of univariate and multivariate logistic regression analyses to predict the improvement of IMR

Variable
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age, years 0.99 (0.94–1.04) 0.72 – –

Male gender 1.47 (0.34–6.36) 0.61 – –

Body mass index, kg/m2 1.06 (0.89–1.28) 0.51 – –

LVEF 1.01 (0.89–1.10) 0.06 – –

LVEDV 0.99 (0.94–1.06) 0.09 – –

LVESV 1.00 (0.94–1.07) 0.16 – –

Total scar 0.89 (0.83–0.96) 0.001 0.89 (0.83–0.96) 0.001

PMI 0.84 (0.15–4.66) 0.89 – –

Inferior wall infarction 2.58 (0.48–14.00) 0.19 – –

LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction; PMI, 
papillary muscle infarction.

Table 2 Baseline and latest follow-up data

Variables Improved (n=24) Unimproved (n=22) P

LVEDV, mL

Baseline 139.8±35.7 158.5±36.2 0.08

Follow-up 126.2±36.1 156.3±45.4 0.01

LVESV, mL

Baseline 72.7±31.7† 87.0±36.8 0.16

Follow-up 54.8±28.0† 86.0±35.8 0.002

LVEF, %

Baseline 50.0±11.6 43.0±13.5 0.06

Follow-up 51.0±12.6 41.0±13.2 0.01
†, LVESV at 12-month follow-up was significantly reduced compared with baseline in the improved group. LVEDV, left ventricular end-
diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction.
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wall MI, PMI, and LV function were not associated with 
the outcome of moderate IMR after isolated CABG. We 
had hoped to use receiver operating characteristic curves 
to detect the cutoff value of LV myocardial scar to assist in 
predicting unimproved IMR after isolated CABG, but this 
was unsuccessful due to our small sample size. Furthermore, 
improvement in IMR was associated with a better mid-term 
outcome, whereas residual IMR after isolated CABG was 
associated with a worse long-term outcome. Our findings 
suggest that scar burden might be used to optimize the 
surgical strategy for moderate IMR referred for elective 
CABG. 

IMR is a common complication of MI. Approximately 
30% of patients with CAD have a varying degree of mitral 
insufficiency after MI, and approximately 20% have 
moderate IMR (7,17). IMR is not a primary valve disease 

and is mainly caused by the remodeling of the left ventricle. 
IMR has been reported to be an independent predictor 
of mortality in heart failure patients (4). Many previous 
studies have revealed that IMR is a risk factor in CAD 
patients. Grigioni et al. reported that the presence of IMR 
was significantly associated with high mortality in patients 
with MI, which was independent of baseline characteristics 
and severity of ventricular dysfunction (18). Picard et al. 
found that both short- and long-term mortality in patients 
with acute cardiogenic shock had a close correlation with 
the degree of IMR (19). Our findings also demonstrate that 
improvement of IMR is associated with a better outcome, 
whereas unimproved IMR after CABG is associated with a 
worse outcome. 

The indication for concomitant mitral valve repair is still 
controversial in patients with CAD and moderate IMR. The 
strategy for surgical intervention of IMR is also unclear. A 
20-year retrospective study suggested that CABG alone or 
in combination with valve surgery could reduce mortality 
in patients with IMR, but combined valve surgery was not 
better than CABG alone (20). The Randomized Ischemic 
Mitral Evaluation (RIME) trial randomized patients with 
moderate IMR to CABG plus mitral valve repair versus 
CABG alone, but this trial was terminated early due to the 
benefit of addition mitral valve repair to CABG. The CABG 
plus mitral valve repair group had a greater regurgitation 
improvement, better functional capacity, and a decreased 
incidence of heart failure (8). In contrast, the Cardiothoracic 
Surgical Trials Network (CSTN) trial demonstrated no 
advantage of CABG plus mitral valve repair in reverse LV 
remodeling and no improvement in survival or decrease in 
serious adverse events (7). Several studies also found a high 
rate of recurrent IMR and high perioperative mortality in 
patients who underwent combined procedures. Therefore, 
these findings have failed to demonstrate a long-term 
survival benefit of the combined procedure (12,17). The lack 
of a clear consensus from these previous findings adversely 
affects surgical decision-making. The recommendations 
from the latest guidelines also provide little certainty about 

Figure 3 The Kaplan-Meier curve estimating the survival of 
patients in the unimproved group (yellow) and the improved group 
(blue) (log-rank test, P=0.46).
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Table 4 Long-term clinical outcome

Variables Improved (n=24) Unimproved (n=22) P

NYHA class 1.8±0.7 2.4±0.7 0.01

All-cause mortality, n (%) 2 (7.6) 4 (18.2) 0.46

Major adverse cardiac events, n (%) 2 (7.6) 8 (36.4) 0.03

NYHA, New York Heart Association.
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the best treatment for moderate IMR (10). 

As noted above, there are limitations regarding best 
practice decisions for the treatment of moderate IMR. The 
primary mechanism of IMR is ischemic LV remodeling, 
and LV remodeling is closely related to myocardial 
viability. IMR is not solely due to poor leaflet coaptation or 
annulus dilation, whereas the myocardial viability of LV is 
significantly involved in the occurrence and development 
of IMR. Therefore, myocardial viability is a key factor 
in predicting LV reverse remodeling and in improving 
moderate IMR after isolated CABG. Penicka et al. found 
that reliable improvement with isolated CABG was only 
observed in patients who had viable myocardium and an 
absence of dyssynchrony between the papillary muscles (12).  
Kusunose et al. reported that an increased total scar burden 
and the presence of incomplete revascularization were 
powerful predictors of mortality in patients with IMR 
undergoing mitral valve intervention (21). The CTSN 
randomized study of moderate IMR suggested that improved 
outcome was related not only to global viability but also 
to the regional viability of the inferior-posterior wall (7). 
Kumanohoso et al. found that, compared with anterior MI, 
inferior MI caused a higher incidence of IMR, and more 
traction geometry abnormalities were found in patients with 
inferior MI (2). Several studies have reported a correlation 
between IMR and the presence of PMI (22,23). In the present 
study, LGE provided reliable information on myocardial 
viability and PM morphology. LGE permitted myocardial 
tissue characterization and provided measures of myocardial 
fibrosis. LV myocardial scar, a manifestation of myocardial 
viability and regional remodeling, could be accurately 
detected by LGE-CMR. The present study demonstrated 
that less preoperative LV myocardial scar was associated 
with improvement in moderate IMR after isolated CABG, 
and it was also associated with a better mid-term outcome. 
Inferior wall MI and PMI were not confirmed as predictors 
of unimproved moderate IMR after isolated CABG. 

LV myocardial scar can be used to optimize the 
practical approach to manage patients with moderate IMR 
undergoing CABG. Improved IMR after isolated CABG 
and a better mid-term outcome appears to be reasonably 
predictable in patients with less preoperative LV myocardial 
scar. In patients with more preoperative LV myocardial 
scar, unimproved IMR after isolated CABG is predictable, 
suggesting that concomitant mitral valve repair may be 
necessary.

Limitations

Some limitations existed in this study. First, it was a 
retrospective study with a small number of patients. There 
are two reasons for the small sample size: (I) the number 
of patients with CAD and moderate IMR received LGE-
CMR evaluation is small; (II) only about 50% of patients 
with CAD and moderate IMR underwent selective isolate 
CABG. So we hope more patients with moderate IMR will 
receive LGE-CMR evaluation to predict post-operative 
outcome and determine optimal surgery. For this reasons, 
we failed to obtain a cutoff value for LV myocardial scar 
to predict unimproved IMR after isolated CABG, which is 
considered a more robust and helpful measure when making 
individual surgical decisions. A larger cohort is necessary for 
future research. Second, most patients in our institute who 
underwent preoperative CMR had poor cardiac function, 
and 8 out of 93 patients refused surgical treatment due 
to the high risk. Therefore, inevitable patient selection 
bias existed in this study. Third, ischemia is the primary 
etiology of IMR, and myocardial viability plays an essential 
role in LV remodeling and changes to moderate IMR. A 
combination of LGE-CMR, positron emission tomography/
computerized tomography, and echocardiography might 
provide more information about the outcome of moderate 
IMR after isolated CABG. 

Conclusions

Less preoperative LV myocardial scar was present in the 
improved group than the unimproved group, and myocardial 
scar was an independent predictive factor of unimproved 
IMR after isolated CABG. Inferior wall MI and PMI were 
not confirmed as predictors of unimproved moderate IMR 
after isolated CABG. Unimproved IMR after isolated CABG 
was associated with worse mid-term outcomes.
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