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Objective: To compare cardiac function indicators between mild and moderate to severe COVID-19 patients and to try to identify the sequence and directivity in cardiac muscle injury of COVID-19 patients.



Methods: From December 2022 to January 2023, all patients with laboratory-confirmed SARS-CoV-2 infection in Shanghai General Hospital Jiading Branch were enrolled. The clinical classification was stratified into mild, moderate, or severe groups. We collected the clinical and laboratory information, transthoracic echocardiographic and speckle-tracking echocardiographic parameters of patients and compared the differences among different groups.



Results: The values of echocardiographic parameters in mild group were lower than that in moderate or severe group (P < 0.05) except LVEF. The values of LVEF of mild and moderate group were higher than severe group (P < 0.05). There were no significant differences between moderate and severe group. Positive correlations were observed between left ventricular global longitudinal strain (LVGLS) and myoglobin (r = 0.72), E/e' and age (r = 0.79), E/e' and BNP (r = 0.67). The multivariate analysis shows that SpO2 (OR = 0.360, P = 0.02), LVGLS (OR = 3.196, P = 0.003) and E/e' (OR = 1.307, P = 0.036) were the independent risk factors for mild cases progressing to moderate or severe. According to the receiver operating characteristic (ROC) curves, when all the COVID-19 patients was taken as the sample size, the area under the curve (AUC) of the LVGLS was the highest (AUC = 0.861). The AUC of the LVGLS was higher than LVGCS (AUC = 0.565, P < 0.001).



Conclusion: When mild COVID-19 progresses to moderate or severe, both systolic and diastolic functions of the heart are impaired. LVGLS was the independent risk factor for mild cases progressing to moderate or severe cases. Longitudinal changes may manifest earlier than circumferential changes as myocardial disease progresses in COVID-19.
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1. Introduction

Since its emergence in December 2019, COVID-19 has rapidly become a global health concern. While primarily recognized for its respiratory impact, it is increasingly evident that COVID-19 can exert a significant influence on the cardiovascular system. This impact encompasses a spectrum of cardiovascular diseases, including but not limited to myocarditis, acute coronary syndrome, arrhythmias, and heart failure (1). Some studies have proved that patients with COVID-19 related myocardial injury, which was associated with death (2, 3). Understanding the intricate relationship between COVID-19 and these cardiovascular complications is of paramount importance in the field of cardiovascular medicine. However, few studies have been conducted on cardiac function. Cardiac function includes systolic and diastolic functions. Echocardiography is the most commonly used diagnostic tool for evaluating cardiac function. Ultrasonography, including conventional and bedside ultrasound, plays an important role in diagnosing diseases in COVID-19 patients (4, 5). In addition to conventional ultrasound, two-dimensional speckle tracking technology has been widely applied in recent years to detect early abnormalities in ventricular function and accurately assess myocardial function (6, 7). Previous studies have reported a decrease in left ventricular global longitudinal strain (LVGLS) in COVID-19 patients (8). However, there was almost none study has compared cardiac function in patients with different degrees of disease severities. Therefore, the purpose of this study was to compare cardiac function indicators in patients with mild and moderate-to-severe COVID-19 and to identify alterations in cardiac function during the progression of COVID-19.



2. Materials and methods


2.1. Study population

This study was an observational study. All patients with laboratory-confirmed SARS-CoV-2 infection at Shanghai General Hospital Jiading Branch from December 2022 to January 2023 were included in this study. The inclusion criteria were: (1) age >18 years and (2) COVID-19 diagnosis by RT-PCR swab test and comprehensive analysis of epidemiological history and clinical presentation. Patients who were <18-years-old and with end-stage renal failure, active malignancy, previous or current autoimmune diseases, coronary atherosclerotic heart disease, or congenital heart disease were excluded. This study got the permission of the Ethics Committee of Shanghai General Hospital (2019KY009-4) and complied with the Declaration of Helsinki. Every patient signed informed consent.



2.2. Definition of mild, moderate, and severe COVID-19 infection

Clinical classification followed the Diagnosis and Treatment Protocol of Novel Coronavirus (Version 10) by the National Health Commission of the People's Republic of China (9), which stratifies patients according to disease severity as mild, moderate, or severe.

Mild: The main symptoms are upper respiratory tract infections, such as dry throat, sore throat, cough, and fever.

Moderate: Persistent high fever for more than 3 days (and/or) coughing, shortness of breath, etc., but respiratory rate (RR) is <30 breaths/min and oxygen saturation is >93% when air is inhaled at rest. The imaging features of COVID-19 pneumonia were observed.

Severe: Adults satisfying any of the following factors that cannot find other reasons other than COVID-19:


	1.Shortness of breath, RR is ≥30 breaths/min;

	2.Oxygen saturation is ≤93% when inhaling air at rest;

	3.Arterial oxygen partial pressure (PaO2)/oxygen uptake concentration (FiO2) is ≤300 mmHg (1 mmHg = 0.133 kPa);

	4.The clinical symptoms gradually worsen, and pulmonary medical imaging results shows significant progression within 24–48 h, with a rate of >50%.





2.3. Data collection


2.3.1. Clinical and laboratory information

The following information was collected: age, sex, height, body mass index (BMI), heart rate, arterial systolic and diastolic blood pressure, and saturation of peripheral oxygen (SpO2). Medical histories of diabetes, hypertension, and use of antihypertensive medications were recorded. The BMI was calculated as weight/height2 (kg/m2). Laboratory parameters included C-reactive protein (CRP), B-type Natriuretic Peptide (BNP), cardiac troponin I (cTnI), creatine kinase isoenzyme (CKMB), and myoglobin.



2.3.2. Transthoracic echocardiography

A Philips EPIQ7 echocardiograph equipped with an S5-1 probe (frequency 1–5 MHz) and frame rate ≥60 beats/min was used. When performing echocardiography, patients should remain in the left lateral position and maintain calm breathing. A synchronized electrocardiogram was connected to an ultrasound machine. The left ventricular end diastolic diameter (LVDd), left ventricular end systolic diameter (LVDs), interventricular septum diameter (IVSd) and left ventricular posterior wall diameter (LVPWd) were measured in each patient, representing the end-diastolic/systolic anteroposterior diameter of left ventricular, left ventricular end-diastolic septal thickness, and left ventricular end-diastolic posterior wall thickness, respectively. The ratio of E/A and E/e' were used to estimate LV diastolic function, where E and A are early and late transmitral flow velocities, and e' is early diastolic septal tissue velocity. Left ventricular ejection fraction (LVEF) was measured using the modified Simpson biplane method.



2.3.3. Speckle-tracking echocardiographic analysis

Two-dimensional videos of three consecutive cardiac cycles were collected at the end of breathing for post-offline analysis. In addition, the images of apical 4-chamber, 2-chamber, 3-chamber, and short-axis views were saved at the level of the parasternal papillary muscle. As shown in Figure 1, all the images were processed with Qlab13 (2D AutoStrain, Philips Healthcare). Left ventricular global longitudinal strain (LVGLS) and left ventricular global circumferential strain (LVGCS) were measured and stored. The measurements and calculated formulas for the parameters were conducted according to the recommendations in 2015 (10). In this study, we defined LVGLS imaging and value below −18% was consider as abnormal (11).


[image: Figure 1]
FIGURE 1
Offline analysis of GLS (A) and GCS (B) of left ventricular (LV). (A1) LV endocardial tracing in the LV apical 4-chamber. (A2) Longitudinal peak strain of 6 segments. (A3) 18-segment bull's eye diagram of LVGLS. (A4) GLS strain curves were generated. (B1) LV endocardial tracing in the LV short-axis views. (B2) Circumferential peak strain of 6 segments. (B3) 18-segment bull's eye diagram of GCS. (B4) LVGCS strain curves were generated. GCS global circumferential strain. GLS global longitudinal strain. LV left ventricular.




2.3.4. Reproducibility test

Two physicians independently assessed LVGLS and LVGCS values for a cohort of 20 randomly selected participants to evaluate the reproducibility of the measurements. The assessment of inter-observer agreements between the two physicians was conducted using Bland–Altman plots.




2.4. Statistical analysis

Enumeration data were expressed as numbers and percentages, measurement data were presented as mean and standard deviation, or expressed as median (interquartile range) for quantitative variables. Data analysis was performed using SPSS 23.0 (IBM, Armonk, NY, USA). One-way ANOVA and Bonferroni correction were used for intergroup and intragroup comparison of continuous data, respectively. Non-normally distributed data were analyzed by the Wilcoxon signed-rank test, and categorical variables between the two groups were compared by chi-square tests. A linear correlation analysis and Bland–Altman plots were adopted for repeatability evaluation. The correlation between different parameters was analyzed by Spearman's method.

To analyze the risk factors associated with moderate/severe COVID-19, a backward stepwise regression method was employed. The variables included in the analysis were clinical data such as age, sex, HR, SBP, SpO2, cTnI, Myoglobin, E/A ratio, E/e' ratio, LVGLS, and LVGCS.

The receiver operating characteristic (ROC) curve best reflected the sensitivity and specificity of the echocardiographic parameters in diagnosing moderate and severe COVID-19 at the upper leftmost value, and the area under the ROC curve (AUC) of each parameter was obtained. The value of P < 0.05 indicated that the difference was statistically significant.




3. Results


3.1. Clinical characteristics

Ultimately, a total of 219 COVID-19 patients were comprehensively enrolled in the study of which 101 (46%) were males and 118 (54%) were females. The demographic details of the COVID-19 patients are shown in Table 1. Of the 219 included patients, 130 (59%) had mild disease, 41 (19%) had moderate disease and 48 (22%) had severe disease. Significant differences between the groups were found in sex, age, DBP, HR, SpO2, and medical history and use of medications for diabetes and hypertension. Height, BMI, and SBP did not differ significantly between groups.


TABLE 1 Baseline characteristics of participants with COVID-19 (n = 219).
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3.2. Echocardiographic parameters

Table 1 shows all the echocardiographic parameters in the three groups. There was no significant difference in LVDd between the three groups. Besides, the values of LVDs, IVSd, LVPWd, E, A, E/A ratio, E/e' ratio, and GLS in mild group were lower than those in the moderate and severe groups (P < 0.05). The values of LVEF of mild and moderate group were higher than severe group (P < 0.05). There were no significant differences between the moderate and severe groups. Moderate and severe COVID-19 patients presented with impaired LVGLS compared to mild [mild: −22.27% (2.63) vs. moderate: −18.41% (2.85) vs. severe: −18.81% (2.96), P < 0.001]. Out of 219 patients, 31 (14%) had reduced LVGLS values of ≤18%.



3.3. Reproducibility analysis

The reproducibility of the LVGLS and LVGCS was assessed in 20 randomly selected participants (patients or controls), and these values were measured independently by two physicians. There was favorable agreement between the quantitative variables measured by them for LVGLS and LVGCS scores. The mean (±SD) difference was 0.22 (±0.80) for repeated measurements of LVGLS by the two observers. The mean (±SD) difference was 1.34 (±2.43) for repeated measurements of LVGCS by them (Supplementary Material Figure S1).



3.4. Laboratory examination

CRP, BNP, cTnI, CK-MB, and myoglobin levels differed significantly among the different groups (Table 1). The severe group had significantly higher levels of CRP, BNP, cTnI, CK-MB, and myoglobin than the other groups. The moderate group also had significantly higher levels of these biomarkers than the mild group except cTnI and CKMB.



3.5. Correlations between echocardiographic and clinical characteristics

LVGLS and E/A were correlated with myoglobin and heart rate, respectively, with r values of 0.72 and −0.54 (all P < 0.05). E/e' was correlated with age and BNP (r = 0.79, 0.67; all P < 0.05) (Figure 2).
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FIGURE 2
Associations between echocardiographic parameters and clinical characteristics. Positive correlations were observed between left ventricular global longitudinal strain (LVGLS) and myoglobin (r = 0.72), E/e’ and age (r = 0.79), E/e’ and BNP (r = 0.67). Negative correlation was found between E/A and heart rate (r = −0.54).




3.6. Multivariate analysis of risk factors for mild cases developing into moderate or severe cases

Because clinical characteristics, such as age and sex, were significantly different among the three groups, we conducted a multivariate logistic regression analysis of the risk factors for mild cases developing into moderate or severe cases. SpO2, LVGLS, and E/e' were independently associated with the progression from mild to moderate/severe cases, with ORs of 0.360, 3.196, and 1.307, respectively (P = 0.02, 0.003, and 0.036; Table 2).


TABLE 2 Multivariate logistic regression model analysis of risk factors for mild and moderate/severe COVID-19 (n = 219).
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3.7. ROC curve of echocardiographic parameters for predicting moderate/severe diseases

ROC curves were depicted to evaluate the capacity of the echocardiographic parameters to diagnose moderate/severe COVID-19 cases (Figure 3). According to the ROC curves, when all the COVID-19 patients in our study were considered as the sample size, the AUC of the LVGLS was the highest (AUC = 0.861). The AUC of the LVGLS was higher than that of the LVGCS (Table 3; AUC = 0.565, P < 0.001). This indicates that the LVGLS is an excellent diagnostic tool for identifying moderate/severe diseases.


[image: Figure 3]
FIGURE 3
The ROC curve was used to evaluate the ability of echocardiographic parameters in diagnosing moderate and severe COVID-19 patients. Longitudinal strain parameters show negative values as ventricular myocardium shortens along the longitudinal axis during systolic activity. For easier comparison, values of EF, E/e’ and E/A were modified by changing the algebraic sign. In All subjects (A), female group (B) and male group (C).



TABLE 3 The ROC curve was used to evaluate the ability of echocardiographic parameters in diagnosing moderate and severe COVID-19 patients.
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4. Discussion

In this study, we have observed that the progression of mild cases to either moderate or severe manifestations was associated with an impairment in both systolic and diastolic cardiac functions. These changes may be related to myoglobin levels, age, BNP levels, and heart rate. The AUC of the LVGLS was higher than that of the LVGCS, indicating that the systolic function in the long-axis direction was damaged drastically. SpO2, LVGLS, and E/e' were the independent risk factors for mild cases progressing to moderate or severe cases. In predicting moderate/severe disease, LVGLS exhibited a higher AUC compared to LVGCS, implying an earlier onset of systolic dysfunction in the long-axis direction vs. the short-axis direction.

Cardiovascular disease remains the main cause of mortality worldwide (12, 13). Few studies have assessed cardiac function in COVID-19 patients with varying severity and identified the risk factors for mild cases worsening into moderate or severe cases. Many previous studies have shown that patients with COVID-19 can experience myocardial damage, either directly due to viral infiltration, indirectly due to respiratory failure, a systemic inflammatory response, or a combination of all three conditions (14). Patients with acute COVID-19 pneumonia without prior echocardiographic abnormalities can develop echocardiographic abnormalities, most commonly left and/or right ventricular dysfunction (15, 16).

Echocardiography along with LVGLS imaging is a handy and effective tool to ascertain early left ventricular dysfunction which is often seen in myocardial injury. Some studies have shown that left ventricular systolic and diastolic functions are impaired in COVID-19 patients, including increased left ventricular internal dimension diastole, reduced LVEF, increased left atrial volume, increased peak tricuspid regurgitation velocity (Vmax), and changes in mitral E/e' ratio (16–23).

Our study found that the reduction of systolic and diastolic functions has correlation with the severity of the illness. The parameters of left ventricular structure or systolic/diastolic functions in the mild group were lower than those in the moderate or severe groups. One study showed that conventional echocardiographic parameters of the left ventricular structure or systolic/diastolic functions did not differ between the moderate and severe groups (24). The results of the present study is consistent with this finding. For E/A ratio, there was no significantly difference between mild and severe patients (25). However, in our study, E/A ratio and LVEF was lower in moderate and severe patients compared with milder ones. This may be due to the older age of moderate to severe patients compared to mild patients.

Speckle-tracking echocardiography is good at assessing myocardial deformation because it is not affected by angle (26, 27). Longitudinal and circumferential changes diverge as myocardial disease progresses, which may contribute to the ability of strain to predict outcomes. Two-dimensional speckle tracking technology can identify myocardial dysfunction and subclinical myocardial injury (28), and studies have shown the potential value of ventricular strain assessment in COVID-19 patients (29–31). Our study found that SpO2, E/e' and LVGLS were the independent risk factors for mild patients progressing to moderate/severe group, and LVGLS played the most important part. The classification criteria included oxygen saturation, so SpO2 could influence the degree of disease. In our study, E/e’ ratio was higher in moderate and severe patients compared with milder ones which was similar to previous studies (32, 33). Lupu et al. (34) found that E/e' had the added predictive value which could improve outcome prediction.

Myocardial longitudinal strain mainly reflects cardiac contractile function, while myocardial circumferential strain is more closely related to cardiac preload (35). In this study, the systolic function decreased more significantly than the diastolic function. Moreover, LVGLS proved to be a more effective predictor for diagnosing moderate/severe cases of COVID-19 than LVGCS. This superiority in predictive ability may be attributed to its reflection of the function of longitudinally oriented subendocardial muscle fibers, which are adversely affected in the early stages of myocardial injury. A similar situation was observed during COVID-19 infection, with a significant decrease in LVGLS in severe patients (36). A recent meta-analysis of critically ill patients with severe sepsis and septic shock showed that left ventricular GLS is a reliable marker of left ventricular systolic function (37). Another meta-analysis showed that lower LVGLS was independently associated with adverse outcomes of COVID-19. Subgroup analysis showed that for every 1% decrease in LVGLS, the mortality rate increased by 1.3 times (31).

A limitation of our study was that it was a single-center study and recruited a small number of patients. Second, the patients in the mild group were younger than those in the moderate/severe groups. Age differences may also affect cardiac function. However, we conducted logistic regression analysis to identify age as a risk factor for heart disease. Besides, we did not set normal control patients group. In addition, we did not observe the normalization of echocardiographic data after recovery. We intend to continue this research in the future.



5. Conclusion

When mild COVID-19 progresses to moderate or severe, both systolic and diastolic functions of the heart are impaired. LVGLS was the independent risk factor for mild cases progressing to moderate or severe cases. Longitudinal changes may manifest earlier than circumferential changes as myocardial disease progresses in COVID-19.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of Shanghai General Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

YXW: Investigation, Writing – original draft. JXC: Software, Writing – review & editing. LJ: Writing – review & editing. LHW: Project administration, Writing – review & editing. MJZ: Software, Writing – review & editing. JLS: Methodology, Writing – review & editing. CQS: Validation, Writing – review & editing. LFD: Methodology, Writing – review & editing. BW: Resources, Visualization, Writing – review & editing. ZJL: Funding acquisition, Methodology, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

Supported by Natural Science Foundation of Shanghai (21ZR1451400), Shanghai Health and Family Planning Commission Fund (202240235), and Shanghai Jiading District Health and Family Planning Commission Fund (2021-KY-10).



Acknowledgments

The authors would like to thank our team of physicians in this hospital who assisted in the follow-up data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1260971/full#supplementary-material

Supplementary Figure 1

The repeatability evaluation adopted a linear correlation analysis and Bland-Altman plots. (A) The mean (±SD) difference was 0.22 (±0.80) for repeated measurements of GLS taken by two independent observers. (B) The linear correlation of GLS between 2 observers showed that R2 = 0.87. (C) The mean (±SD) difference was 1.34 (±2.43) for repeated measurements of GCS taken by two independent observers. (D) The linear correlation of GCS between 2 observers showed that R2 = 0.65.
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