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Background: This study used late gadolinium enhancement-cardiac magnetic resonance (LGE-CMR) 
to assess myocardial infarct size, with the data being employed to predict whether patients with ischemic 
cardiomyopathy (ICM) would experience improvements in left ventricular function at 6 months following 
coronary artery bypass grafting (CABG).
Methods: The data of patients with ICM with left ventricular ejection fraction (LVEF) ≤40% who 
underwent CABG were retrospectively analyzed. All patients underwent preoperative LGE-CMR imaging. 
Echocardiography results from 6 months post-CABG were used to assess improvements in LVEF, with 
improvement being defined as ΔLVEF ≥5%. The value of myocardial infarction segments and infarct size as 
predictors of improved cardiac function following CABG was analyzed.
Results: Of the included patients, 66.7% (52/78) exhibited improved cardiac function at 6 months post-
CABG. LGE-CMR imaging data revealed that compared to improved group, the improved group had 
significantly more myocardial infarct segments [improved group: median 1.0, interquartile range (IQR) 0–3; 
nonimproved group: median 4.0, IQR 3.0–6.0; P<0.001] and significantly greater myocardial infarct size 
(improved group: 22.4%±8.2%; nonimproved group: 34.7%±5.9%; P<0.001). The area under the receive 
operating characteristic curve values for myocardial infarct size in predicting cardiac function improvement 
were significantly higher than those of myocardial infarct segments (0.88 vs. 0.81; P=0.041). The respective 
sensitivity and specificity values for using a myocardial infarct size cutoff of 26.4% in differentiating between 
these 2 patient groups were 92.3% and 71.2%, respectively. According to logistic regression analysis, 
myocardial infarct size was an independent predictor of nonimprovement in cardiac function [odds ratio (OR) 
=1.244; 95% confidence interval (CI): 1.114–1.389; P<0.001]. A median 1.6-year follow-up interval (range, 
0.5–4.1 years) revealed that the incidences of major adverse cerebrovascular events and cardiovascular events 
were significantly higher in the nonimproved group (5.8% vs. 26.9%; P<0.001), with these individuals having 
a higher New York Heart Association grading than patients with improved cardiac function (P=0.019). 
Conclusions: Myocardial infarct size can be measured to reliably predict improvements in cardiac function 
in patients with ICM following CABG. These results can guide clinicians in their efforts to identify those 
patients most likely to achieve positive outcomes following CABG.
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Introduction

Coronary artery bypass grafting (CABG) is currently the 
standard therapeutic strategy for patients with ischemic 
cardiomyopathy (ICM) (1). However, this is a major 
surgical procedure associated with a high risk of death or 
adverse outcomes, and some patients fail to achieve any 
postoperative improvement in cardiac function (2,3). In 
one study, about 40% of patients with ICM did not exhibit 
improved cardiac function following CABG, with this lack 
of cardiac functional improvement being associated with an 
increased risk of all-cause mortality (4).

At present, late gadolinium enhancement-cardiac 
magnetic resonance (LGE-CMR) imaging is considered 
to be the most significant and commonly used technique 
for myocardial infarct examination (5,6). In previous 
reports, LGE-CMR was used to assess myocardial infarct 
segments (LGE penetration degree >50%) and to predict 
improvements in cardiac function based on these findings, 
but some reports have suggested that there is some chance 
of improvement following revascularization in roughly one-
third of myocardial infarct segments (7-10).

As such, evaluating myocardial infarct segments alone is 
insufficient as a predictive strategy when seeking to gauge 
the outcomes of patients with ICM. Accordingly, this study 
was designed based on the hypothesis that the left ventricle 
myocardial infarct size can better predict improvements in 
cardiac function in patients with ICM following CABG. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-159/rc).

Methods

Patients

This was a single-center, retrospective, observational 
cohort study of 169 consecutive patients with ICM who 
underwent LGE-CMR imaging in Beijing Anzhen Hospital 
between January 2017 and December 2021. To be eligible 
for inclusion, patients had to meet the following criteria: 

(I) resting transthoracic echocardiography demonstrating 
a left ventricular ejection fraction (LVEF) ≤40%, (II) 
diagnosed with coronary heart disease via cutaneous 
coronary angiography and treated with CABG, (III) 
LGE-CMR performed presurgery and echocardiography 
performed at 6 months postsurgery, and (IV) graft patency 
assessed at 6 months postsurgery. The individuals were 
not allowed to participate if they (I) had any history of 
acute myocardial infarction within the last 3 months, (II) 
underwent any other cardiac surgeries in combination with 
CABG, (III) exhibited preoperative atrial fibrillation or any 
other arrhythmias, (IV) were preoperatively diagnosed with 
malignant tumors, or (V) underwent emergency operative 
treatment for cardiogenic shock.

Of the 169 patients potentially eligible for this study, 50 
underwent mitral valve surgery, 8 underwent drug therapy, 
4 underwent tricuspid valve surgery, and 19 underwent 
simultaneous ventricular aneurysm resection. In total,  
88 patients underwent CABG alone, of whom 2 died due to 
low cardiac output syndrome and 1 died within 6 months 
after surgery. Two patients exhibited graft occlusion at  
6 months post-CABG, two were lost to follow-up, and three 
exhibited poor image quality. The remaining 78 patients 
were included in subsequent analyses because they fulfilled 
the study inclusion requirements (Figure 1).

Study protocol

Both baseline clinical data and preoperative LGE-CMR 
findings were retrospectively collected for all patients 
in this study. Patient follow-up outcomes were obtained 
through telephone, WeChat, or outpatient services. 
Resting transthoracic echocardiography results at 6 months 
post-CABG were used to stratify patients into 2 groups 
based on whether or not they exhibited improvement in 
cardiac function. Improved cardiac function was defined 
as a minimum 5% increase in absolute LVEF (ΔLVEF 
≥5%), with patients failing to meet this benchmark being 
considered to exhibit nonimproved cardiac function (7,8). 
Preoperative myocardial infarct size and myocardial infarct 
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segments were compared between these 2 groups to gauge 
their relative performance as predictors of cardiac function 
improvement following CABG. The study was approved 
by the Ethics Committee of Beijing Anzhen Hospital 
(No. 2021104X). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
requirement for informed consent was waived due to the 
retrospective and observational nature of this study, which 
did not obtain specific information about patients.

CMR image acquisition

All patients underwent LGE-CMR imaging within  
1 week before undergoing CABG. Imaging was performed 
with a Verio 3.0T superconducting magnetic resonance 
system (Siemens Healthineers, Erlangen, Germany) 
and a 32-channel dedicated heart-phased front ring, 
with electrocardiogram gating being applied. LGE-
CMR imaging was conducted by injecting patients with 
gadolinium gluconate contrast (0.1 mmol/kg, i.v.) for about 
10 min, after which a phase-sensitive inversion recovery 

(PSIR) sequence was conducted under the following 
settings: repeat time/echo time, 4.1 ms/1.56 ms; field of 
view, 350 mm2; matrix, 2.1 mm × 1.4 mm × 5.0 mm; turn 
angle, 35°; and acceleration factor, 2. The LV short-axis 
imaging layer was 8-mm thick, with an interval of 0 mm. 
The LV imaging layers for cardiac chambers were 5-mm 
thick without any separation.

LGE-CMR image postprocessing

Commercial ly available software,  CVI 42 (Circle 
Cardiovascular Imaging Inc., Calgary, AB, Canada). was 
used to assess myocardial infarction and survival. The CMR 
data were independently evaluated by image analysts with 
5 years of experience and above the title of associate senior 
in the department of radiology who were blinded to patient 
clinical data and group assignments. 

The heart partitioning method proposed by the 
American Heart Association and the College of Cardiology 
was used to divide the left ventricle into 17 segments (12). 
Given that the apical segment was too thin for reliable 

Diagnosis of ICM and performance of 
LGE-CMR in Beijing Anzhen Hospital from 
January 2017 to December 2021 (n=169)

CABG alone (n=88)

Met requirements for study inclusion (n=78)

Cardiac function improvement (n=52) No cardiac function improvement (n=26) 

• Treatment with medication (n=8)
• Treatment with MVP simultaneously (n=50)
• Treatment with TVP simultaneously (n=4)
• Treatment with resection of ventricular 

aneurysm simultaneously (n=19)

• Perioperative death (n=2)
• Death within 6 months (n=1)
• Loss to follow-up (n=2)
• Graft failure 6 months postoperatively 

(n=2)
• Poor image quality (n=3)

Figure 1 Patient screening flowchart. ICM, ischemic cardiomyopathy; LGE-CMR, late gadolinium enhancement-cardiac magnetic 
resonance; MVP, mitral valve plasty; TVP, tricuspid valve plasty; CABG, coronary artery bypass grafting. The flowchart is adapted from Fu 
et al.’s article published in the Journal of Thoracic Disease (11).
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evaluation, the remaining 16 segments were analyzed after 
omission of the apical segment. 

Furthermore, after exclusion of the papillary muscles, the 
epicardium and endocardium muscles were evaluated at the 
short-axis level of the PSIR sequence, which was followed 
by the delineation of a normal myocardial area of interest 
that was free of LGE and away from the LGE area, with 
the LGE area, in turn being used to define the infarcted 
myocardium. The underlined LGE area was considered 
on the basis of the myocardial area with a gray threshold 
level 5 SD above the mean value for the healthy myocardial 
tissue. The subtraction of the end-diastolic pericardium 
volume followed by its multiplication by 1.05 g/cm3 enabled 
the software to compute the LV myocardial mass and 
LGE mass, with these values then being used to calculate 
myocardial infarct size (LGE mass/LV mass 100%). The 
left ventricle was analyzed in segments, with an LGE 
penetration degree of 0–50% being indicative of a viable 
segment and an LGE penetration degree of 51–100% being 
indicative of a myocardial infarct segment (13,14).

Surgical techniques

A medial sternotomy was performed for all patients. 
Moreover, the left internal mammary artery (LIMA) 
was considered for transplantation to the left anterior 
descending (LAD) branch, and additional coronary arteries 
were anastomosed to the great saphenous vein. Each 
patient who participated in the current study underwent 
anatomically complete revascularization (15). Transit time 
flow measurements were used to examine the quality of 
graft anastomosis, with nonfunctional anastomosis being 
defined by a pulse index >5 and/or a mean graft flow  
<10 mL/min.  Reanas tomos i s  was  per formed for 
nonfunctional grafts until satisfactory anastomosis had been 
achieved. After surgery, all patients underwent standard 
anti-heart failure drug therapy (16).

All patients received guideline-directed drug therapy 
(GDMT) that included antiplatelet agents, angiotensin-
converting enzyme inhibitors (ACEIs), angiotensin type 
II receptor blockers (ARBs), or angiotensin receptor 
and neprilysin inhibitors, beta blockers, and mineral 
corticosteroid receptor antagonists (1).

Patient follow-up

All patients underwent routine follow-up for 6 months 
following surgical treatment to gauge major adverse 

cardiovascular and cerebrovascular events (MACCE) 
incidence, changes in cardiac function, and patient New 
York Heart Association (NYHA) grading. Cardiac function 
was considered improved if patients exhibited ΔLVEF ≥5% 
on postoperative resting transthoracic echocardiography at 
6 months post-CABG (7,8). MACCEs included all-cause 
mortality, cerebral infarction, myocardial infarction, and 
hospital readmission due to heart failure. Graft patency 
was also analyzed via coronary computed tomography 
angiography (17). Patient data were collected from the 
online database maintained by our institution by trained 
staff blinded to the goals of this study using standardized 
data collection forms.

Statistical analysis

Normally distributed continuous data are presented as 
the mean ± SD and were compared with the Student’s 
t-test; meanwhile, they are presented as the median and 
interquartile range when nonnormally distributed and 
were compared with Mann-Whitney tests. Categorical 
data are expressed as frequency (rate) and were compared 
with chi-squared or Fisher exact tests. Area under the 
receiver operating characteristic (ROC) curve (AUC) 
values were calculated, and the maximum Youden index 
value (sensitivity + specificity – 1) was selected as a cutoff 
threshold for predicting whether or not patients would 
experience improved cardiac function. Independent 
predictors of improved cardiac function were selected using 
a binary logistic regression analysis approach. MACCE-
free survival rates and all-cause mortality-free survival rates 
were compared between the 2 patient groups using Kaplan-
Meier curves and the log-rank test. Pearson correlation was 
used to analyze the correlation between myocardial scar size 
and the degree of LVEF improvement. Additionally, Stata 
version16 (StataCorp, College Station, TX, USA) and SPSS 
version 23.0 (IBM Corp., Armonk, NY, USA) were used for 
all statistical analyses. P<0.05 was the significance threshold.

Results

Baseline patient characteristics

This study enrolled 78 patients with ICM who underwent 
CABG. At 6 months post-CABG, 52 patients (66.7%) 
exhibited improved cardiac function while 26 (33.3%) 
did not. The mean age of the overall patient cohort was 
61.2±9.5 years (range, 39–84 years), and 79.5% (62/78) were 
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male, with a larger proportion of males in the nonimproved 
cardiac function group (73.1% vs. 92.3%; P=0.047). No 
significant differences were observed between these 2 
groups with respect to age, body mass index (BMI), body 
surface area (BSA), past medical history, or NYHA cardiac 
function classification (all P values >0.05) (Table 1).

There was no difference found in LVEF between the 
groups when preoperative imaging data from patients who 
underwent CABG and those who did not were compared 
(36.2%±4.5% vs. 35.4%±4.5%; P=0.500). Although left 
ventricular end-diastolic diameter (LVEDD) and left 
ventricular end-systolic diameter (LVESD) of patients 
in the nonimproved group were larger than those of the 
improved group, there was no statistical difference between 
the 2 groups in this regard (P>0.05). Coronary angiography 
failed to reveal any differences in Synergy Between 
Percutaneous Coronary Intervention With T axus and 
Cardiac Surgery (SYNTAX) scores or numbers of coronary 
lesions between the 2 groups (P>0.05). LGE-CMR imaging 

data revealed that compared to improved group, the 
group had significantly more myocardial infarct segments 
[improved group: median 1.0, interquartile range (IQR) 0–3; 
nonimproved group: median 4.0, IQR 3.0–6.0; P<0.001] 
and significantly greater myocardial infarct size (improved 
group: 22.4%±8.2%; nonimproved group: 34.7%±5.9%; 
P<0.001) (Table 2). Representative LGE-CMR images 
from patients that did and did not exhibit improvements in 
cardiac function at 6 months after CABG are respectively 
shown in Figures 2,3.

Surgery-related data

When operative data were compared between patients 
that did and did not experience improvements in cardiac 
function, no differences in extracorporeal circulation use, 
LIMA utilization rates, graft numbers, operative duration, 
or blood product usage were observed between these groups 
(P>0.05). A nonsignificant tendency toward longer intensive 

Table 1 Preoperative patient data

Variable Improved (n=52) Nonimproved (n=26) P value

Age (years) 61.8±10.1 60.0±8.2 0.428

Male 38 (73.1) 24 (92.3) 0.047

BMI (kg/m2) 25.3±2.8 25.0±2.5 0.558

BSA (m2) 1.78±0.2 1.78±0.2 0.923

History

Hypertension 23 (44.2) 12 (46.2) 0.872

Diabetes 19 (36.5) 6 (23.1) 0.230

Hyperlipemia 21 (40.4) 12 (46.2) 0.627

Smoking 21 (40.4) 16 (61.5) 0.078

Drinking 14 (26.9) 10 (38.5) 0.298

Renal insufficiency 2 (3.8) 1 (3.8) 1.000

Cerebral infarction 6 (11.5) 3 (11.5) 1.000

COPD 1 (1.9) 1 (3.8) 1.000

NYHA grading 0.524

I 3 (5.8) 1 (3.8)

II 22 (42.3) 10 (38.5)

III 18 (34.6) 9 (34.6)

IV 9 (17.3) 6 (23.1)

Data are presented as mean ± standard deviation or number (%). BMI, body mass index; BSA, body surface area; COPD, chronic 
obstructive pulmonary disease; NYHA, New York Heart Association.
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care unit admission, ventilator use, and postoperative 
hospitalization was evident in the nonimproved group 
relative to the improved group (P>0.05) (Table 3).

LGE-CMR parameters predicted postoperative 
improvement in cardiac function

ROC analyses revealed that the number of myocardial 
in farct  segments  could  predict  cardiac  funct ion 
improvement (ΔLVEF ≥5%) at 6 months post-CABG with 
an AUC of 0.81 [95% confidence interval (CI): 0.71–0.91]. 
The AUC for myocardial infarct size for predicting 
improved cardiac function was 0.88 (95% CI: 0.80–0.95), 
and the optimal cutoff threshold value for myocardial infarct 
size was ≥26.4%, enabling the prediction of improved 
cardiac function with respective sensitivity and specificity 
values of 92.3% and 71.2%. Based on a comparison of 
these AUC values, myocardial infarct size was determined 
to be a more effective predictor of improvement in cardiac 
function following CABG as compared to myocardial 
infarct segments (P=0.041; Figure 4). Univariate analyses 
indicated that myocardial infarct size was associated with a 
lack of improvement in cardiac function following CABG. 

Following correction for gender, LVEDD, LVESD, and 
ventricular septal thickness via a binary logistics regression 
analysis, myocardial infarct size was identified as an 
independent predictor of nonimprovement in cardiac 
function [odds ratio (OR) =1.244, 95% CI: 1.114–1.389; 
P<0.001] (Table 4).

Follow-up results

Echocardiography results revealed significantly better 
LVEF and LVESD in the improved group relative to 
the nonimproved group at follow-up (45.9%±7.3% vs. 
36.7%±4.4%, P<0.001; 39.4±4.7 vs. 44.3±6.7 mm, P<0.001). 
NYHA grading for patients in the improved group was 
lower than that for patients in the nonimproved group at 
6 months following CABG, which was consistent with the 
significant alleviation of heart failure symptoms (P=0.019). 
MACCEs occurred in 3 and 7 patients in the improved and 
nonimproved groups, respectively, over a median 1.6-year 
follow-up interval (range, 0.5–4.1 years). Among patients 
in the improved group, 1 died of myocardial infarction, 1 
developed cerebral infarction, and 1 was readmitted to the 
hospital due to heart disease. All 7 cases of MACCEs in the 

Table 2 Preoperative imaging data for the 2 patient groups

Variable Improved (n=52) Nonimproved (n=26) P value

Echocardiogram

LVEF (%) 36.2±4.5 35.4±4.5 0.500

LVEDD (mm) 57.2±6.5 60.2±6.1 0.058

LVESD (mm) 44.2±7.6 47.8±6.8 0.055

Ventricular septal thickness (mm) 9.9±2.0 9.0±2.0 0.078

LVPWT (mm) 8.5±1.9 8.5±1.2 0.958

Coronary angiogram 0.320

One lesion 1 (1.9) 2 (7.7)

Two lesions 7 (13.5) 5 (19.2)

Three lesions 44 (84.6) 19 (73.1)

SYNTAX score 41.5±7.9 42.0±6.9 0.772

LGE-CMR

Myocardial infarct segments 1.0 (0, 3.0) 4.0 (3.0, 6.0) <0.001

Myocardial infarct size (%) 22.4±8.2 34.7±5.9 <0.001

Data are presented as the mean ± standard deviation, median (interquartile range), or number (%). LVEF, left ventricular ejection fraction; 
LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end-systolic diameter; LVPWT, left ventricular posterior wall 
thickness.
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nonimproved group died due to heart failure. Kaplan-Meier 
survival analyses revealed significantly lower MACCE and 
lower all-cause mortality incidence in the nonimproved 
group relative to the improved group (P<0.001) (Table 5, 
Figures 5,6).

Additionally, we analyzed the correlation between 

myocardial scar size and the degree of improvement of 
LVEF (post-LVEF – pre-LVEF, ΔLVEF) and found that 
there was a negative correlation between myocardial scar 
size and the degree of improvement of LVEF (correlation 
coefficient =–0.487; P<0.001). The corresponding scatter 
plot is shown in Figure 7.

100.00%

LGE size, %
0.00%
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38.7

37.5
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64.4

38.5

37.9

10.1

10.9 76.9

A B

C

Myocardial infarct size 33.7%

Figure 2 LGE-CMR imaging data from patients with ICM who did not experience improved cardiac function following CABG. (A) A 
representative LGE image derived from a continuous short-axis section. (B) The endocardium (red) and epicardium (green) of the left 
ventricle as outlined by the software, with the normal myocardium (used for comparison) being denoted with a blue contour. The yellow 
area corresponds to the infarcted myocardium as identified based on a gray threshold level of 5 standard deviations. In this representative 
case, the myocardial infarct size was 33.7%. (C) A representative 16-segment diagram of the left ventricle, with the value for each segment 
representing the degree of myocardial infarction penetration of that segment. In this case, 3 segments exhibited an LGE value >50% 
consistent with the identification of 3 myocardial infarct segments. LGE, late gadolinium enhancement; CMR, cardiac magnetic resonance; 
ICM, ischemic cardiomyopathy; CABG, coronary artery bypass grafting.
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Figure 3 LGE-CMR imaging data from patients with ICM who experienced improvements in cardiac function following CABG. (A) A 
representative LGE image derived from a continuous short-axis section. (B) The endocardium (red) and epicardium (green) of the left 
ventricle as outlined by the software, with the normal myocardium (used for comparison) being denoted with a blue contour. The yellow 
area corresponds to the infarcted myocardium as identified based on a gray threshold level of 5 standard deviations. In this representative 
case, the myocardial infarct size was 22.1%. (C) A representative 16-segment diagram of the left ventricle, with the value for each segment 
representing the degree of myocardial infarction penetration of that segment. In this figure, all values were <50%, which is indicative of 
viable myocardial segments. LGE, late gadolinium enhancement; CMR, cardiac magnetic resonance; ICM, ischemic cardiomyopathy; 
CABG, coronary artery bypass grafting.

Discussion

There are several key findings to this study. First, cardiac 
function improved in 66.7% of the patients with ICM 
at 6 months post-CABG. Second, relative to myocardial 
infarct segments, preoperative myocardial infarct size was 
found to offer greater utility as a predictor of this post-

CABG improvement in cardiac function. ROC curves 
were used to evaluate this predictive efficacy and ultimately 
demonstrated that a myocardial infarct size cutoff of 26.4% 
was the most effective threshold for predicting post-CABG 
cardiac function outcomes, yielding good sensitivity and 
specificity. Third, a lack of improvement in cardiac function 
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in this patient cohort was found to be associated with a 
poor short- and medium-term prognosis, with patients 
who exhibited improved cardiac function also experiencing 
better outcomes. As such, these findings have the potential 
to guide efforts to better select patients likely to benefit 
from CABG treatment based on analyses of myocardial 

infarct size.
At present, CABG remains the primary treatment 

option for most patients with ICM (1). However, several 
prior reports have indicated varying rates of improvement 
in cardiac function following CABG (7-9,18-20). Nakae 
et al. further found that about 40% of patients with ICM 
did not exhibit any improvement in cardiac function after 
undergoing CABG, with an average follow-up interval of 
64.5±45.5 months, with this lack of postoperative functional 
improvement being independently associated with higher 
postoperative all-cause mortality rates (4). In the present 
analysis, 66.7% of patients with ICM exhibited improved 
cardiac function at 6 months post-CABG whereas 33.3% 
did not, which is roughly in line with these previous results. 
In our study, the patient group that failed to exhibit any 
improvement in cardiac function also had a higher MACCE 
incidence as compared to the group that exhibited improved 
cardiac function.

Measurements of an infarcted myocardium have 
repeatedly been shown to outperform those of a viable 
myocardium in predicting improvements in cardiac 
function (5,21). Accordingly, we analyzed myocardial 
infarct size as a potential predictor of post-CABG cardiac 
functional outcome. The myocardium is composed of 
nonregenerating cells such that once myocardial fibrosis 
occurs, infarcted myocardial tissue cannot revert to viable 
tissue even following the restoration of blood flow. The 
infarcted myocardium can also impact the movement of the 
surrounding myocardial tissue, potentially counteracting 

Table 3 Surgical data for patients in the 2 outcome groups

Variable Improved (n=52) Nonimproved (n=26) P value

Off-pump 36 (69.2) 21 (80.8) 0.279

LIMA 49 (94.2) 24 (92.3) 1.000

Number of bypass grafts 3.4±0.7 3.5±0.8 0.914

Time of operation (h) 4.2±0.8 4.3±0.9 0.547

Erythrocyte (U) 0 (0, 4) 0 (0, 2.5) 0.807

Plasma (mL) 0 (0, 0) 0 (0, 0) 0.559

Platelet (U) 0 (0, 0) 0 (0, 0) 0.521

ICU stay (h) 47.0 (23.5, 73.2) 47.8 (26.4, 94.0) 0.574

Ventilator use time (h) 26.0 (19.6, 55.8) 26.5 (22.3, 62.5) 0.369

Postoperative hospital stay (d) 7.0 (6.0, 9.8) 9.0 (7.0, 12.0) 0.135

Data are presented as the mean ± standard deviation, median (interquartile range), or number (%). LIMA, left internal mammary artery; 
ICU, intensive care unit.
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Figure 4 ROC curve-based prediction of improvement in cardiac 
function based upon myocardial infarct segments or myocardial 
infarct size according to LGE-CMR imaging results. The AUC 
values for myocardial infarct segments and myocardial infarct size 
were 0.81 and 0.88, respectively. The optimal myocardial infarct 
size cutoff value for differentiating between patients with and 
without improved cardiac function was 26.4% (sensitivity 92.3%; 
specificity 71.2%). AUC, area under the curve; ROC, receiver 
operating curve; LGE-CMR, late gadolinium enhancement-
cardiac magnetic resonance.
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Table 4 Univariate and multivariate analysis results

Variables
Univariate analysis Multivariate analysis

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

Gender 0.226 (0.047–1.084) 0.063 0.162 (0.010–2.511) 0.193

LVEDD 1.079 (0.996–1.168) 0.062 1.127 (0.882–1.441) 0.338

LVESD 1.070 (0.997–1.147) 0.059 0.889 (0.712–1.110) 0.299

Ventricular septal thickness 0.795 (0.615–1.026) 0.078 0.842 (0.600–1.181) 0.318

Myocardial infarct size 1.244 (1.128–1.372) <0.001 1.244 (1.114–1.389) <0.001

OR, odds ratio; CI, confidence interval; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter.

Table 5 Follow-up result comparisons between the groups

Variable Improved (n=52) Nonimproved (n=26) P value

Echocardiogram

LVEF (%) 45.9±7.3 36.7±4.3 <0.001

LVEDD (mm) 55.1±5.6 57.2±7.7 0.173

LVESD (mm) 39.4±4.7 44.3±6.7 <0.001

Ventricular septal thickness (mm) 10.1±1.6 9.5±1.8 0.202

LVPWT (mm) 8.9±1.5 8.1±1.7 0.030

NYHA grading 0.019

I 11 (21.2) 3 (11.5)

II 32 (61.5) 12 (46.2)

III 7 (13.5) 6 (23.1)

IV 2 (3.8) 5 (19.2)

MACCE 3 (5.8) 7 (26.9) <0.001

All-cause mortality 1 (1.9) 7 (26.9) <0.001

Data are presented as mean ± standard deviation or number (%). LVEF, left ventricular ejection fraction; LVEDD, left ventricular end 
diastolic diameter; LVESD, left ventricular end-systolic diameter; LVPWT, left ventricular posterior wall thickness; NYHA, New York Heart 
Association; MACCE, major adverse cardiovascular and cerebrovascular event.

appropriate  contract i le  movements  of  the viable 
myocardium and thereby interfering with the potential 
for any improvement in myocardial function. These 
factors highlight the potential advantages of focusing on 
myocardial infarct size given that it may ultimately have a 
greater impact on cardiac functional outcomes.

Researchers have frequently used myocardial infarct 
size to gauge the extent of myocardial injury, with larger 
infarct size generally being indicative of more severe injury 
and lower likelihood of cardiac functional improvement. 
In prior studies (7-9), myocardial infarct segments were 

reported to offer value as a tool for predicting improvement 
in cardiac function in patients with ICM following CABG, 
which is in line with our results. However, more detailed 
comparisons of the predictive utility of myocardial infarct 
segments and infarct size revealed that the latter was a more 
reliable predictor. This may be attributable to the fact that 
while the degree of LGE penetration of the myocardial 
wall is inversely correlated with myocardial segmental 
function improvements following revascularization, roughly 
one-third of myocardial infarct segments exhibiting LGE 
>50% still have the potential to exhibit improvement when 
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revascularization is complete (10). Myocardial infarct size 
may thus be a more accurate predictor of cardiac outcomes 
in patients with ICM as compared to myocardial infarct 
segments.

Evidence from research supports the abil ity of 
myocardial infarct size to predict poor prognosis in patients 
with ICM (12,21-24). Infarct size is also independently 
predictive of the risk of cardiogenic death, and patients 
with a similar myocardial infarct size ultimately encounter 
a similar mortality risk irrespective of whether they 
undergo revascularization therapy or pharmacological 
treatment alone (25,26). In these patients, drug therapy 

may be the most effective therapeutic option given that 
revascularization did not benefit the survival rates in 
patients with infarcted myocardial tissue. Yang et al. 
previously reported that myocardial infarct size was the 
most significant predictor of perioperative and mid- and 
long-term adverse cardiovascular event incidence following 
CABG (13). In line with the present results, patients that 
did not exhibit improved cardiac function tended to exhibit 
a larger myocardial infarct size, and a lack of improved 
cardiac function was related to a worse prognosis in both 
the short- and medium-term.

In conclusion, the present analysis was conducted to 
determine whether myocardial infarct size, as measured 
by LGE-CMR, could be used to predict improvement in 
cardiac function following CABG in patients with ICM. 
Given that an absence of any functional improvement has 
important negative implications for patient prognostic 
outcomes, these findings have the potential to guide the 
care of patients who are unlikely to benefit from CABG. 
Alternate therapeutic options for these patients may 
include continued medication, electrophysiological device 
placement [such as implantable cardioversion defibrillator 
(ICD) or cardiac resynchronization therapy (CRT)], 
surgical higher-order alternative therapy for advanced 
heart failure (such as left ventricular assist device or heart 
transplantation), or cell therapy (1,27).

Limitations

The sample size for this study was relatively small, and 
LGE-CMR imaging could not be performed in patients 
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Figure 5 Kaplan-Meier MACCE-free survival curves for patients 
in the improved (blue) and nonimproved (red) groups. Log-rank 
test, P<0.001. CI, confidence interval; MACCE, major adverse 
cardiovascular and cerebrovascular event.

Figure 6 Kaplan-Meier all-cause mortality-free survival curves 
for patients in the improved (blue) and nonimproved (red) groups. 
Log-rank test, P<0.001. CI, confidence interval.

Figure 7 There was a negative correlation between myocardial 
scar size and the degree of improvement in LVEF (correlation 
coefficient =–0.487; P<0.001). LVEF, left ventricular ejection 
fraction.
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who had received CRT or ICD therapy or those with end-
stage kidney disease or on hemodialysis. These patients 
were excluded, which might have introduced a degree 
of selection bias. Moreover, even small adjustments to 
endocardial and epicardial profiles can contribute to 
alterations in myocardial infarct size, and the CMR image 
analyst might have introduced subjective error when 
attempting to delineate these profiles. Finally, these patients 
did not undergo postoperative LGE-CMR imaging, and 
further research will be necessary to examine how these 
findings relate to patient outcomes.

Conclusions

Myocardial infarct size can be measured to reliably predict 
improvements in cardiac function in patients with ICM 
following CABG. These results can guide clinicians in 
their efforts to identify those patients most likely to achieve 
positive outcomes following CABG.
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