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Abstract
BACKGROUND
Coronary artery stenosis (CAS) is the most common type of heart disease and the leading cause of death in both men and women globally. CAS occurs when the arteries that supply blood to the heart muscle harden and become narrower due to plaque buildup - cholesterol and other material - on their inner walls. As a result, the heart muscle cannot receive the blood or oxygen it needs. Most heart attacks happen when a blood clot suddenly cuts off the hearts' blood supply, causing permanent heart damage.

AIM
To analyze the relationship between the left ventricular ejection fraction (LVEF), left ventricular strain (LVS), and coronary stenosis.

METHODS
A total of 190 participants were enrolled in this trail. The control group comprised 93 healthy individuals, and observation group comprised 97 patients with coronary heart disease who were hospitalized between July 2020 and September 2021. Coronary lesions were assessed using the Gensini score, and the LVEF and LVS were measured using magnetic resonance imaging (MRI). The interaction between the LVEF and LVS was examined using a linear regression model. The relationship between LVEF and coronary stenosis was examined using Spearman’s correlation.

RESULTS
The LVEF of the observation group was lower than that of the control group. The left ventricular end-systolic volume (LVESV) and left ventricular end-diastolic volume (LVEDV) of the observation group were significantly higher than those of the control group (P < 0.05). The longitudinal and circumferential strains (LS, CS) of the observation group were significantly higher than those of the control group; however, the radial strain (RS) of the observation group was significantly lower than that of the control group (P < 0.05). LVS, LS, and CS were significantly negatively correlated with the LVEF, and RS was positively correlated with the LVEF. There were significant differences in the LVEF, LVESV, and LVEDV of patients with different Gensini scores; the LVEF significantly decreased and the LVESV and LVEDV increased with increasing Gensini scores (P < 0.05). In the observation group, the LVEF was negatively correlated and the LVESV and LVEDV were positively correlated with coronary stenosis (P < 0.05). 

CONCLUSION
The LVEF measured using MRI is significantly linearly correlated with LVS and negatively correlated with coronary stenosis.
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Core Tip: This study aimed to analyze the relationship between the left ventricular ejection fraction (LVEF), left ventricular strain (LVS), and coronary artery stenosis (CAS), 93 healthy individuals were selected as the control group, while 97 patients with coronary heart disease were selected as the observation group. Through the analysis of the Gensini score, magnetic resonance imaging, a linear regression model, and Spearman’s correlation, we found that LVEF is significantly linearly correlated with LVS and negatively correlated with CAS.

INTRODUCTION
Coronary artery stenosis (CAS) is a common clinical disease. As the condition worsens, myocardial cells are damaged to varying degrees, resulting in abnormal myocardial blood perfusion and changes in ventricular function and structure[1]. Therefore, a timely and effective clinical evaluation of the left ventricular function is necessary to assess the risk of coronary heart disease[2]. Currently, magnetic resonance imaging (MRI) is widely used in clinical practice as a non-invasive examination method because it can effectively assess the function and structure of the left ventricle and coronary arteries[3]; thus, MRI has gradually become the gold standard for this purpose[4]. However, there are few clinical studies on the correlation between left ventricular ejection fraction (LVEF) and other cardiac function indicators. Therefore, this study included patients with coronary heart disease admitted to our hospital and analyzed the relationship between the LVEF measured using MRI, left ventricular strain (LVS), and coronary stenosis.

MATERIALS AND METHODS
General materials
This study was approved by the ethics committee of Harbin No. 4 Hospital. The observation group comprised 97 patients with coronary heart disease who were hospitalized between July 2020 and September 2021, while the control group comprised 93 healthy individuals. The observation group included 52 men and 45 women (age, 56.21 ± 7.32 years; heart rate, 64.93 ± 6.33 beats/min), while the control group included 51 men and 42 women (age, 55.91 ± 8.13 years; heart rate, 64.56 ± 7.43 beats/min). The clinical data of the groups were comparable, with no discernible differences (P > 0.05). The inclusion criteria were as follows: (1) fulfilled the coronary computed tomography angiography diagnostic criteria for coronary heart disease; (2) available imaging results with satisfactory image quality; (3) no history of coronary intervention; and (4) provided a signed informed consent form. The exclusion criteria were as follows: (1) congenital heart disease or valvular heart disease; (2) severe arrhythmia; (3) cardiomyopathy; (4) liver and kidney insufficiency; (5) history of hypertension (grade 3 or higher); and (6) pregnancy or breastfeeding.

Methods
All participants were examined using a Philips Ingenia 3.0 T MRI machine with a 12-channel phased-array coil while in the supine decubitus position. Sagittal, coronal, and axial scans were performed. The four-chamber long-axis view, two-chamber view, short-axis view, and the entrance and exit of the left ventricle were obtained; the heart axis was centered during imaging. The images of each slice were collected at the end of expiration, and the steady-state free precession (SSFP) scanning parameters were as follows: left ventricular short-axis slice thickness, 8 mm; echo time (TE), 1.7 ms; repetition time (TR), 51.5 ms; field of view (FOV), 340 mm × 360 mm; matrix, 256 × 192; flip angle, 70°; and total number of plies, 8 to 10. Delayed enhanced images were obtained using Gd-DTPA as the contrast agent, which was injected via the peripheral vein with a high-pressure syringe at a rate of 4 mL/s; the contrast agent dose was 0.2 mmol/kg. An equal volume of physiological saline was also injected at the same rate. At 7 min after the injection, phase-sensitive inversion recovery (left ventricular short-axis thickness, 8 mm; TE, 2.6 ms; TR, 750 ms; FOV, 340 mm × 360 mm; matrix, 256 × 192) was performed. The inversion time (TI) was determined in real time according to the darkest layer of the myocardium. A total of 8 to 10 Layers were collected, and the slices were the same as those used for SSFP.

Image processing
All images were transmitted to the supporting workstation. Two radiologists with more than 3 years of experience judged the results and post-processed the images. Using the post-processing standards published by the American Cardiovascular Magnetic Resonance Committee, the epicardium and endocardium were delineated using the SSFP images to determine the LVEF, left ventricular end-systolic volume (LVESV), and left ventricular end-diastolic volume (LVEDV). Patients with coronary artery lesions were evaluated using the Gensini score and CAS scoring standards [5]. Scores based on the degree of stenosis were as follows: 1%–25%, 1 point; > 25%–50%, 2 points; > 50%–75%, 4 points; > 75%–90%, 8 points; > 90%–< 100%, 16 points; and 100%, 32 points. Scores based on the lesion site were scored as follows: left main artery, 5 points; left anterior descending branch or proximal circumflex branch, 2.5 points; intermediate section of the left anterior descending artery, 1.5 points; distal segment of the left anterior descending artery, 1 point; intermediate and distal segments of the left circumflex artery, 1 point; right coronary artery, 1 point; and small branches, 0.5 points. The total score was the sum of the stenosis degree and lesion site scores, and patients were categorized as follows: score ≤ 30, mild disease group; score > 30–60, moderate disease group; and score > 60, severe disease group. Supporting software of Philips Ingenia 3.0T magnetic resonance instrument was used to detect myocardial strain parameters, and the epicardial and endocardial displacements were automatically tracked to quantify the left ventricular myocardial motion and analyze three-dimensional longitudinal strain (LS), circumferential strain (CS), and radial strain (RS).

Statistical analysis
Statistical analysis was performed using SPSS version 20.0 (Armonk, NY: IBM Corp). The enumeration data were expressed as percentages, and χ2 test for comparisons. The measurement data of the two groups were expressed as the mean ± SD, and a t-test was used for comparisons. Differences in measurement data among multiple groups were evaluated using an analysis of variance. The linear regression model was used to analyze the interaction between the LVEF and LVS. Spearman’s correlation was used to analyze the relationship between LVEF and coronary stenosis. P < 0.05 indicated a statistically significant difference.

RESULTS
MRI results of the left ventricular function
The LVESV and LVEDV of the observation group were substantially greater than those of the control group; however, the LVEF of the observation group was lower than that of the control group (P < 0.05; Table 1). The typical case diagram is shown in Figure 1.

Left ventricular stress test results
The LS and CS of the observation group were much greater than those of the control group; however, the RS of the observation group was lower than that of the control group (P < 0.05; Table 2).

Interaction between the left ventricular ejection fraction and left ventricular strain
The LVS, LS, and CS were significantly negatively correlated with the LVEF, and the RS was significantly positively correlated with the LVEF (Table 3, Figure 2).

Left ventricular function of participants with different degrees of coronary stenosis
There were significant differences in the LVEF, LVESV, and LVEDV of patients with different Gensini scores. The LVEF significantly decreased and the LVESV and LVEDV significantly increased with increasing Gensini scores (P < 0.05; Table 4).

Relationship between left ventricular function and coronary stenosis
In the observation group, the LVEF (r = -0.754) was significantly negatively correlated with and the LVESV (r = -0.682) and LVEDV (r = 0.701) were significantly positively correlated with coronary stenosis (P < 0.05).

DISCUSSION
Coronary heart disease is a prevalent clinical illness and major cause of disability and death[6]. Patients with coronary heart disease often have coronary obstruction or stenosis, which can lead to angina pectoris and myocardial infarction, reduce cardiac compliance, and cause heart failure and cardiac enlargement[7,8]. Moreover, when CAS exceeds 40%, the blood flow reserve function is significantly reduced; furthermore, when the degree of vascular stenosis exceeds 75%, the coronary resting blood flow decreases significantly because of increased vascular stenosis, resulting in impaired myocardial contractility[9]. Although coronary angiography has been used as the gold standard for evaluating and analyzing coronary heart disease, clinical use and patient acceptance rates are low because of its invasiveness[10,11]. Furthermore, the rapid development of medical science has resulted in the development of additional methods of evaluating left ventricular function. For example, MRI is a non-invasive method that is widely used in clinical practice, and it is one of the most accurate methods of evaluating the left ventricular volume[12].
The LVEF, LVEDV, and LVESV are the main indicators of the ability of the heart to pump blood; furthermore, they are important for evaluating coronary heart disease and predicting the survival rate of such patients[13,14]. The LVEF is the ratio of the left ventricular stroke volume to the end-diastolic volume, and it is one of the core values used for the basic evaluation of cardiac function in clinical practice[15]. MRI is the gold standard for assessing the LVEF and left ventricular function in clinical practice[16]. Myocardial strain, which has received much attention, is a quantitative measurement used to analyze myocardial deformation and to evaluate changes in the myocardial segment length[7]: positive myocardial strain indicates prolonged myocardial thickening, while negative myocardial strain indicates that the myocardium is thinning and shortening. Myocardial strain is expressed as a percentage[17]. Tissue tracking technology can be used to calculate myocardial strain during cardiac MRI and echocardiography; these results have good reproducibility and high clinical value[18]. The LS and CS of the observation group were higher than those of the control group; however, the RS of the observation group was lower than that of the control group. The results of the linear regression model analysis showed that LVS, LS, and CS were significantly inversely correlated with the LVEF; however, the RS was positively correlated with the LVEF. Further analysis demonstrated that the LVEF of the observation group was lower than that of the control group; however, the LVESV and LVEDV of the observation group were higher than those of the control group. Patients with different degrees of coronary stenosis had significantly different LVEF, LVESV, LVEDV, and Gensini scores. The LVEF significantly decreased and the LVESV and LVEDV increased with increasing Gensini scores. In the observation group, the LVEF was significantly negatively correlated with and the LVESV and LVEDV were positively correlated with coronary stenosis. This research suggested that the degree of coronary artery disease can be systematically estimated by using MRI to detect the LVEF. Myocardial ischemia and hypoxia in patients with CAS induce degeneration and necrosis of myocardial cells and lead to impaired myocardial contractility[19]. With weakened myocardial contractility of the left atrium, the ejection capacity decreases, which causes blood to remain in the left atrium and left ventricle, resulting in increased end-systolic and end-diastolic volumes, left ventricular remodeling, and reduced cardiac systolic function. Therefore, the LVEF decreased significantly with increasing Gensini scores.

CONCLUSION
The LVEF, when measured using MRI, showed a significant linear correlation with LVS and a negative correlation with coronary stenosis. This study did not conduct a long-term follow-up of the patients, and did not include patients from other institutions. Therefore, further exploration and research are necessary in this regard.

ARTICLE HIGHLIGHTS
Research background
Coronary artery stenosis (CAS) is a common term for the buildup of plaque in the heart’s arteries that could lead to a heart attack. However, the relationship between various cardiac function indicators and CAS is rarely studied.

Research motivation
CAS is one of the major cardiovascular diseases affecting humans worldwide. This disease has been shown to be the leading cause of death in both developed and developing countries. Exploring the correlation between cardiac function indicators and CAS will benefit the patients.

Research objectives
The purpose of our study was to analyze the correlation between the left ventricular ejection fraction (LVEF), left ventricular strain (LVS), and coronary stenosis.

Research methods
The control group comprised 93 healthy individuals, while the observation group comprised 97 patients with coronary artery disease who were hospitalized between July 2020 and September 2021. Coronary artery disease was assessed using the Gensini score, and LVEF and LVS were measured using magnetic resonance imaging. The interaction between LVEF and LVS was investigated using a linear regression model, while the relationship between LVEF and CAS was examined using Spearman’s correlation.

Research results
The LVEF of the observation group was lower than that of the control group. The left ventricular end-systolic volume (LVESV) and left ventricular end-diastolic volume (LVEDV) of the observation group were significantly higher than those of the control group. The longitudinal strain (LS) and circumferential strain (CS) of the observation group were significantly higher than those of the control group; however, the radial strain (RS) of the observation group was lower than that of the control group. LVS, LS, and CS were significantly negatively correlated with the LVEF, while RS was positively correlated with the LVEF. There were significant differences in the LVEF, LVESV, and LVEDV of patients with different Gensini scores. The LVEF significantly decreased and the LVESV and LVEDV increased with increasing Gensini scores. In the observation group, the LVEF was negatively correlated and the LVESV and LVEDV were positively correlated with coronary stenosis. 

Research conclusions
The LVEF showed a significant linear correlation with LVS and negative correlation with coronary stenosis.

Research perspectives
This study did not follow patients over time and did not include patients from other institutions. Therefore, further exploration and research are necessary.
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Figure Legends
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Figure 1 Magnetic resonance imaging results of a 56-year-old woman with hypertension, diabetes, chest tightness, and shortness of breath. A: Functional imaging shows decreased left ventricular end-diastolic systole; B: The perfusion scan shows extensive subendocardial ischemia; C: The delayed scan shows partial myocardial fibrosis. Extensive myocardial ischemia was considered. Partial myocardial infarction causes abnormal cardiac function.
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Figure 2 Interaction between the left ventricular ejection fraction and left ventricular strain. A: Longitudinal strains; B: Circumferential strain; C: Radial strain. LVEF: Left ventricular ejection fraction; LS: Longitudinal strain; CS: Circumferential strain; RS: Radial strain.

Table 1 Magnetic resonance imaging results of the left ventricular function
	Group
	Participants
	LVEF, %
	LVESV, mL
	LVEDV, mL

	Observation
	97
	44.19 ± 9.71
	88.51 ± 17.52
	147.32 ± 18.32

	Control 
	93
	66.92 ± 10.23
	33.64 ± 10.23
	100.03 ± 23.19

	t value
	
	15.713
	26.215
	15.613

	P value
	
	0.000
	0.000
	0.000


LVEDV: Left ventricular end-diastolic volume; LVEF: Left ventricular ejection fraction; LVESV: Left ventricular end-systolic volume.

Table 2 Left ventricular stress test results
	Groups
	Participants
	LS, %
	CS, %
	RS, %

	Observation 
	97
	-11.21 ± 3.87
	-14.85 ± 5.96
	31.44 ± 10.45

	Control 
	93
	-15.43 ± 2.42
	-19.83 ± 4.09
	45.43 ± 6.12

	t value
	
	8.969
	6.684
	11.194

	P value
	
	0.000
	0.000
	0.000


CS: Circumferential strain; LS: Longitudinal strain; RS: Radial strain.

Table 3 Interaction between the left ventricular ejection fraction and left ventricular strain
	Independent variable
	Model
	R2

	LS
	y = -2.5269x + 17.285
	0.9805

	CS
	y = -1.6514x + 21.462
	0.9836

	RS
	y = 0.9325x + 16.356
	0.9848


CS: Circumferential strain; LS: Longitudinal strain; RS: Radial strain.


Table 4 Left ventricular function of participants with different degrees of coronary stenosis
	Gensini score
	Participants
	LVEF, %
	LVESV, mL
	LVEDV, mL

	[bookmark: _Hlk84063111]< 5 
	12
	54.93 ± 8.12
	70.94 ± 15.34
	125.49 ± 17.43

	5–< 25 
	41
	45.67 ± 7.92
	85.21 ± 17.83
	142.85 ± 12.93

	≥ 25–< 60
	36
	40.88 ± 8.87
	95.09 ± 13.21
	155.93 ± 16.54

	≥ 60 
	8
	35.39 ± 9.05
	102.17 ± 11.09
	164.23 ± 13.82

	F value
	
	11.755
	10.027
	17.025

	P value
	
	0.000
	0.000
	0.000


LVEDV: Left ventricular end-diastolic volume; LVEF: Left ventricular ejection fraction; LVESV: Left ventricular end-systolic volume.
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