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ABSTRACT

Backgrounds: The severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) has 
spread worldwide. Cardiac injury after SARS-CoV-2 infection is a major concern. The present 
study investigated impact of the biomarkers indicating cardiac injury in coronavirus disease 
2019 (COVID-19) on patients' outcomes.
Methods: This study enrolled patients who were confirmed to have COVID-19 and admitted at 
a tertiary university referral hospital between February 19, 2020 and March 15, 2020. Cardiac 
injury was defined as an abnormality in one of the following result markers: 1) myocardial 
damage marker (creatine kinase-MB or troponin-I), 2) heart failure marker (N-terminal-pro 
B-type natriuretic peptide), and 3) electrical abnormality marker (electrocardiography). The 
relationship between each cardiac injury marker and mortality was evaluated. Survival analysis 
of mortality according to the scoring by numbers of cardiac injury markers was also performed.
Results: A total of 38 patients with COVID-19 were enrolled. Twenty-two patients (57.9%) 
had at least one of cardiac injury markers. The patients with cardiac injuries were older (69.6 
± 14.9 vs. 58.6 ± 13.9 years old, P = 0.026), and were more male (59.1% vs. 18.8%, P = 0.013). 
They showed lower initial oxygen saturation (92.8 vs. 97.1%, P = 0.002) and a trend toward 
higher mortality (27.3 vs. 6.3%, P = 0.099). The increased number of cardiac injury markers 
was significantly related to a higher incidence of in-hospital mortality which was also 
evidenced by Kaplan-Meier survival analysis (P = 0.008).
Conclusion: The increased number of cardiac injury markers is related to in-hospital 
mortality in patients with COVID-19.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) that is caused by the severe acute respiratory 
syndrome-coronavirus2 (SARS-CoV2) has spread worldwide.1,2 It has become a global crisis 
with a tremendous socio-economic impact.3 The case fatality rate worldwide exceeded 6% 
with higher mortality found mostly in patients with risk factors, such as age of > 60 years, and 
history of cardiovascular, respiratory, and metabolic disorders. Nevertheless, young patients 
without any medical history also can experience a fatal course of the disease.4,5

The mortality in COVID-19 was caused mainly by a respiratory failure due to severe acute 
pneumonia, but systemic inflammatory response syndrome, including cytokine storm, and 
myocardial damage, such as acute fulminant myocarditis with arrhythmic manifestations, 
can lead to a sudden cardiac death.6-10 In this regard, the cardiac injury related to SARS-
CoV2 infection is considered as an important issue. However, owing to the risk of disease 
transmission during the diagnostic procedures and shortage of medical resources, a 
thorough examination of the cardiac injury using advanced diagnostic modalities is often not 
available for patients with COVID-19.7,11,12

Previous studies have defined the cardiac injury based on the cardiac biomarkers obtained 
by blood sampling and the abnormality on electrocardiography (ECG); these modalities are 
commonly available even in highly transmissible viral diseases.13 To date, the impact of each 
component indicating cardiac injury and heart failure in COVID-19 on the patients' outcome 
has never been studied.

The aim of this study was to evaluate the impact of cardiac injury markers including heart 
failure biomarker on the clinical outcome of patients with COVID-19 using a scoring system 
that utilized cardiac biomarkers and ECG findings.

METHODS

Study population
Between February 19, and March 15 in 2020, a total of 38 patients confirmed to have 
COVID-19 at the Keimyung University Dongsan Hospital in Daegu, Korea were consecutively 
included in the present study. Patients aged < 18 years were initially excluded. All the enrolled 
patients were confirmed to have SARS-CoV-2 infection by real-time reverse transcriptase-
polymerase chain reaction (rRT-PCR) assay testing of nasal swabs. Electronic medical 
records, laboratory data, and ECG data of the patients were reviewed by two cardiologists.

Definition of cardiac injury and outcomes
Cardiac injury was defined when one of the following results is abnormal: 1) myocardial 
damage marker (creatine kinase-MB [CK-MB] or troponin-I > the 99th percentile upper 
reference limit); 2) heart failure marker (NT-proBNP ≥ 125 pg/mL); and 3) electrical 
abnormality marker (first detected or newly developed supraventricular tachycardia, 
ventricular tachycardia, ventricular fibrillation, atrial fibrillation, bundle branch block, ST-
segment elevation/depression, T-wave flattening/inversion, and QT interval prolongation 
on ECG).4,6,11,13 The cardiac injury score was described using a 3-point scale (score 0 to 3) 
as giving each maker 1-point. Finally, we investigated the impact of cardiac injury markers or 
scoring on in-hospital mortality in the study population.
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Statistical analysis
Mean ± standard deviation or median (interquartile range [IQR]) was presented for 
continuous variables. Independent Student's t-test and Pearson's correlation coefficient 
analysis were used to compare the groups. Categorical variables were compared using the 
χ2 test, Fisher's exact test, or Kruskal-Wallis test with post hoc pairwise test as appropriate. 
Variables that were non-normally distributed were compared using the Mann-Whitney U 
test. A Kaplan-Meier survival curve was analyzed with Breslow test to evaluate the impact 
of cardiac injury score on in-hospital mortality. All analyses were performed using the 
Statistical Package for Social Science version 20.0 (IBM SPSS Statistics for Windows, IBM 
Corp., Armonk, NY, USA). A P-value < 0.05 was considered significant.

Ethics statement
This study conforms to the ethical guidelines of the Declaration of Helsinki14 and was approved 
by the Institutional Review Bboard of Keimyung University Dongsan Hospital (No. 2020-04-
028). Written informed consent was waived because of the retrospective nature of this study.

RESULTS

Baseline characteristics and clinical features of the study population
Among the 38 COVID-19 confirmed patients, 22 patients (57.9%) showed an abnormality in any of 
the cardiac injury markers. The patients' baseline characteristics, including patient demographics, 
previous medical history, and clinical presentation at admission, according to the presence and 
absence of the cardiac injury are shown in Table 1. Patients with cardiac injuries were older (69.6 ± 
14.9 vs. 58.6 ± 13.9 years, P = 0.026), and were more likely to be male (59.1% vs. 18.8%, P = 0.013), 
and to have hypertension history (59.1% vs. 18.8%, P = 0.013) than those without cardiac injuries. 
The patients with cardiac injuries were more likely to be admitted to the intensive care unit (ICU) 
initially (22.7% vs. 0%, P = 0.041), and had lower oxygen saturation (92.8 ± 5.5% vs. 97.1 ± 2.1%, 
P = 0.002), and were more likely to use hydroxychloroquine (40.9% vs. 6.3%, P = 0.017) as well as 
steroids (54.5% vs. 6.3%, P = 0.002). The demographic and clinical characteristics of whole study 
patients according to the cardiac injury score were shown in Supplementary Table 1.

The symptoms at the initial presentation were not significantly different between the two 
groups; however, dyspneic symptoms were more likely to be noted in the cardiac injury group 
(50.0% vs. 18.8%, P = 0.049) (Table 2).

Regarding the laboratory test results, the white blood cell count was significantly higher 
(7.9 ± 4.2 103/μL vs. 5.0 ± 2.2 103/μL, P = 0.018) in the patients with cardiac injuries than in 
those without cardiac injuries. Moreover, the cardiac injury group also showed a poor renal 
function (blood urea nitrogen: 30.1 ± 22.4 mg/dL vs. 15.3 ± 9.1 mg/dL, P = 0.009; creatinine: 
1.54 ± 1.13 mg/dL vs. 0.81 ± 0.41 mg/dL, P = 0.009) (Table 3).

Main findings and their incidences of the electrical abnormality were shown in 
Supplementary Table 2. Most common electrocardiographic abnormality was new-onset or 
first detected T inversion (46.7%).

Cardiac injury markers and in-hospital mortality
During the median follow-up of 28 days (interquartile range, 17–37 days), 7 patients (18.4%) had 
in-hospital mortality. Fig. 1 shows the proportion of each component of cardiac injury markers 
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according to the cardiac injury score. The sum of the proportion in each cardiac injury marker 
is 100% for score 1, 200% for score 2, and 300% for score 3. Abnormal myocardial damage 
markers are noted only in the higher cardiac injury scores (scores 2 and 3). The proportions of 
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Fig. 1. Proportion of the components of cardiac injury markers according to the cardiac injury score. Sum of the 
proportion in each cardiac injury marker is 100% for score 1, 200% for score 2, and 300% for score 3.

Table 1. Demographic and clinical characteristics of whole study patients according to the cardiac injury
Variables Any cardiac injury (n = 22) No cardiac injury (n = 16) P value
Age, yr 69.6 ± 14.9 58.6 ± 13.9 0.026
Sex, male 13 (59.1) 3 (18.8) 0.013
Height, cm 163.4 ± 6.8 160.9 ± 7.8 0.415
Weight, kg 68.0 ± 7.8 58.3 ± 9.8 0.012
BMI, kg/m2 25.3 ± 3.3 22.6 ± 3.8 0.075
Systolic BP, mmHg 132.3 ± 22.6 132.7 ± 15.3 0.950
Diastolic BP, mmHg 80.0 ± 11.7 86.1 ± 7.1 0.054
PR, beat per minute 89.0 ± 9.9 85.4 ± 10.0 0.282
O2 saturation, % 92.8 ± 5.5 97.1 ± 2.1 0.002
RR, respiration per min 21.1 ± 1.9 20.2 ± 0.5 0.130
Body temperature, °C 38.2 ± 0.8 37.8 ± 0.5 0.051
Medical history

DM 8 (36.4) 4 (25.0) 0.457
HTN 13 (59.1) 3 (18.8) 0.013
CKD 2 (9.1) 0 (0) 0.215
Dyslipidemia 3 (13.6) 2 (12.5) 0.919
Old CVA 1 (4.5) 0 (0) 0.387
CAD 0 (0) 1 (6.3) 0.235
Heart failure 1 (4.5) 0 (0) 0.387

Initial ICU admission 5 (22.7) 0 (0) 0.041
Pneumonia at admission 17 (77.3) 12 (75.0) 0.871
Lopinavir/Ritonavira 9 (40.9) 9 (56.3) 0.350
Hydroxychloroquineb 9 (40.9) 1 (6.3) 0.017
Steroidsc 12 (54.5) 1 (6.3) 0.002
Mechanical ventilator 7 (31.8) 1 (6.3) 0.106
ECMO 1 (4.8) 0 (0) 0.376
Data are presented as mean ± standard deviation or number (%).
BMI = body mass index, BP = blood pressure, PR = pulse rate, RR = respiratory rate, DM = diabetes mellitus, HTN 
= hypertension, CKD = chronic kidney disease, CVA = cerebrovascular accident, CAD = coronary artery disease, 
ICU = intensive care unit, ECMO = extracorporeal membrane oxygenation.
aLopinavir/ritonavir 400/100 mg bid (7–10 days); bHydroxychloroquine 400 mg QD (Day 1) + 200 mg bid (Day 2–5); 
cSteroids: as an equivalent dose of methylprednisolone 1 mg/kg/day.
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ICU admissions and mechanical ventilator usage with higher mortality increased as the cardiac 
injury score increases (Table 4). The Kaplan-Meier survival analysis for event-free survival 
revealed the unfavorable prognosis in those with a high cardiac injury score during the follow-
up period (Fig. 2).

DISCUSSION

The main findings of the current study are as follows; 1) among the 38 COVID-19 confirmed 
patients at a tertiary university referral hospital, 22 patients (57.9%) showed an abnormality 
in any of the markers of cardiac injury; 2) elderly and male patients with lower blood oxygen 
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Table 2. Initial symptoms according to the cardiac injury
Variables Any cardiac injury (n = 22) No cardiac injury (n = 16) P value
Febrile sensation 11 (50.0) 7 (43.8) 0.703
Myalgia 1 (4.5) 4 (25.0) 0.066
Coughing 9 (42.9) 7 (43.8) 0.957
Sputum 7 (31.8) 3 (18.8) 0.366
Sore throat 1 (4.5) 2 (12.5) 0.369
Rhinorrhea 1 (4.5) 0 (0) 0.387
Dyspnea 11 (50.0) 3 (18.8) 0.049
Chest pain 1 (4.5) 0 (0) 0.387
Diarrhea 2 (9.1) 2 (12.5) 0.735
Vomiting 1 (4.5) 0 (0) 0.387
Data are presented as number (%).

Table 3. Laboratory findings according to the cardiac injury

Variables Any cardiac injury (n = 22) No cardiac injury (n = 16) P value
WBC, 103/µL 7.90 ± 4.20 5.03 ± 2.24 0.018
Hb, g/dL 12.8 ± 1.7 12.0 ± 1.1 0.112
Platelet, 103/µL 204.0 ± 91.6 211.6 ± 85.1 0.796
CRP, mg/dL 13.5 ± 21.1 3.8 ± 4.9 0.090
CK-MB, ng/mL 6.13 ± 8.64 1.87 ± 0.18 0.411
Tn-I, ng/mL 0.26 ± 0.26 0.16 ± 0.00 0.615
NT-proBNP, pg/mL 1,475.2 ± 2,845.2 70.0 ± 53.7 0.196
Total bilirubin, mg/dL 0.60 ± 0.41 0.40 ± 0.19 0.056
Total protein, g/dL 6.86 ± 0.64 6.92 ± 0.73 0.801
Albumin, g/dL 3.66 ± 0.44 3.94 ± 0.45 0.059
BUN, mg/dL 30.1 ± 22.4 15.3 ± 9.1 0.009
Creatinine, mg/dL 1.54 ± 1.13 0.81 ± 0.41 0.009
AST, U/L 52.9 ± 46.6 28.6 ± 12.5 0.050
ALT, U/L 38.2 ± 60.3 20.9 ± 15.1 0.270
Data are presented as mean ± standard deviation.
WBC = white blood cell, Hb = hemoglobin, CRP = C-reactive protein, CK-MB = creatine kinase-MB, BUN = blood 
urea nitrogen, AST = aspartate transaminase, ALT = alanine transaminase.

Table 4. Clinical manifestations according to the cardiac injury score

Variables Score 0 (n = 16) Score 1 (n = 7) Score 2 (n = 10) Score 3 (n = 5) P value
Pneumonia 12 (75) 5 (71.4) 8 (80) 4 (80) 0.745
Initial Admission at ICU 0 (0) 0 (0) 3 (30) 2 (40) 0.005
Mechanical ventilator 1 (6.2) 1 (14.3) 4 (40) 2 (40) 0.027
Shock 1 (6.2) 1 (14.3) 5 (50) 3 (60) 0.003
ECMO 0 (0) 0 (0) 0 (0) 1 (20) 0.081
Death 1 (6.2) 0 (0) 3 (30) 3 (60) 0.006
Data are presented as number (%).
ICU = intensive care unit, ECMO = extracorporeal membrane oxygenation.
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saturation had a higher incidence of cardiac injury; and 3) in-hospital mortality increased 
substantially as the cardiac injury score increased.

In a previous study, the incidence of cardiac injury that is associated with SARS-CoV-2 
infection was reported to be 7.2% in the overall patients, 2% in non-ICU patients, and 22% 
in ICU patients.6 In other reports, the incidence of cardiac injury was reported to reach up 
to 27.8%–31% according to the definitions and patient's characteristics.4,15 Even though 
there are no definite criteria for the diagnosis of cardiac injury in COVID-19, the current 
consensus of the definition is based on the cardiac enzyme (CK-MB, Tn-I, Tn-T) by blood 
sampling and ECG (and echocardiography if feasible) examination, which are commonly 
feasible even during a viral outbreak.4,7,8,11 In this study, 57.9% of the patients had at least one 
component of cardiac injury marker. The reason for the two-fold higher incidence of cardiac 
injury in our study compared to the previous reports can be explained by the inclusion of an 
additional marker, NT-proBNP, to represent heart failure (HF), which is an important cardiac 
manifestation of SARS-CoV-2 infection indicating cardiac injury. The fact that the study 
patients were enrolled from the referral hospital with high-risk features is another cause of 
the higher incidence of cardiac injury in this study.

The evidence of myocardial damage during SARS-CoV-2 infection was evaluated by CK-MB, 
and troponin-I in this study. Previous studies used either one or two of the biomarkers (CK-
MB, troponin-I and troponin-T) indicating myocardial injury depending on the laboratory 
setting of each hospital.16,17 Electrical abnormalities, which can be induced by the impairment 
of intracellular calcium function caused by the release of various inflammatory cytokines, 
or hypoxia-induced mitochondrial dysfunction was identified by ECG.7 We added NT-
proBNP as a component of cardiac injury marker indicating HF. Among the biomarkers in 
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Fig. 2. Kaplan-Meier survival curve for in-hospital mortality according to the cardiac injury score. Kaplan-Meier 
survival analysis showed significantly lower survival as the cardiac injury score increases.
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HF, NT-proBNP is the most validated measure for the diagnosis, therapeutic guidance and 
prognostication in acute and chronic HF management.18-22 It can be used to evaluate the 
status of HF, especially for patients with a transmissible disease and when there is a shortage 
of medical resources, including the limited personal protective equipment (PPE) and the 
safety of health care providers is an important issue.23 In COVID-19 patients, the markers of 
myocardial injury, HF, and electrocardiographic abnormality indicating cardiac injury can be 
observed independently; however, if they are all observed in a patient with a serious disease, it 
may suggest a higher risk of mortality. Therefore, the scoring system giving each component 
one point to stratify risks in COVID-19 patients would be a good surrogate for the estimation 
of the mortality. Future investigation focusing on the different clinical impact of each cardiac 
injury marker could broaden the perspective of the prognostic implications in COVID-19.

The cardiac injury related to SARS-CoV-2 infection can be explained by several mechanisms. 
The first mechanism is the angiotensin converting enzyme 2 (ACE2)-mediated direct damage 
can be suggested.13,24 ACE2 has been identified as a functional receptor for coronaviruses. 
SARS-CoV-2 infection is triggered by the binding of the spike protein of the virus to ACE2, 
which is highly expressed in the heart and lungs. The second one is the hypoxia-induced 
myocardial injury. Oxidative stress, intracellular acidosis, and mitochondrial damage 
followed by hypoxia might result in cardiac injury. A significantly lower oxygen saturation 
levels and higher incidence of dyspneic symptoms was noted in the cardiac injury group in 
this study. The third is the cardiac microvascular damage caused by vessel hyperpermeability 
and angio-spasm under the condition of inflammation. The fourth mechanism is the 
systemic inflammatory response syndrome, such as the cytokine storm, caused by the 
inadequate responses of type 1 and type 2 helper T cells, which may contribute to the 
myocardial injury.25 Fulminant myocarditis can be related to the immunologic response 
during a viral infection.26-28 Acute plaque rupture at the epicardial coronary artery and stress-
induced cardiomyopathy are other contributors of cardiac injury.7,25,29,30 Cardiac injury in 
COVID-19 might be a direct cause of mortality by an arrhythmic manifestation combined with 
the left ventricular systolic dysfunction or might be a result of the multi-organ failure in the 
setting of systemic inflammatory response by SARS-CoV-2 infection.12,24 Accordingly, it is 
comprehensible that the patients with an increased number of cardiac injury markers have a 
higher incidence of mortality, since they have greater signs of cardiac damage and combined 
multiple organ dysfunction.

After the cardiac evaluation according to the physician's discretion based on the patient's 
condition, the cardiac injury score was calculated for the risk stratification. When the patient 
has one of the following conditions: cardiac symptoms (chest pain, dyspnea); cardiomegaly 
on chest X-ray or CT; unstable vital sign; and physician discretion for cardiac evaluation, 
possible cardiac evaluation markers need to be evaluated (Fig. 3). If a patient has at least two 
positive components (score ≥ 2), the patient is suggested to have a higher risk, which requires 
special attention with intensive treatment.

This study has several limitations. First, this is a retrospective observational study with 
a limited patient population. Further validation of this scoring system in a larger patient 
population is necessary. Second, the protocol for the evaluation of cardiac injury was not 
controlled. The attending physician decided each category of the test according to the 
patient's condition at the time of the management. When the test was not performed, it is 
assumed as a negative result because the physician considered it as an unnecessary test or the 
result might be negative. Third, the cut-off value of NT-proBNP was set at the conventional 
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threshold for chronic HF diagnosis (125 pg/mL). Some of the patients might be in an 
acute HF condition at the time of the evaluation; the cut-off value of 300 pg/mL might be 
considered. However, to increase its sensitivity of diagnosing cardiac injury, it is better to 
lower the threshold value.18,19,21 Furthermore, many of the patients are still in a chronic HF 
condition, which can be evaluated by using 125 pg/mL as the cut-off value.

In conclusion, the increased number of cardiac injury markers including heart failure 
biomarker is related to a higher in-hospital mortality in patients with COVID-19. The non-
invasive cardiac triage algorithm using the scoring system could guide a physician for the 
strategy of treatment in SARS-CoV-2 infection.
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Myocardial damage
marker (1 point)
CK-MB, Tn-I, Tn-T

Above 99th of URL

Heart failure
marker (1 point)

NT-proBNP
≥ 125 pg/mL

Electrical abnormality
marker (1 point)

ECG
Significant abnormailty*

Any one of followings is met in COVID-19
• Cardiac symptoms (chest pain, dyspnea)
• Cardiomegaly on chest X-ray or CT
• Unstable vital sign
• Physician discretion for cardiac evaluation

Low risk features

Score 1Score 0

High risk features

Score 3Score 2

*First detected or newly developed supraventricular tachycardia, ventricular tachycardia,
ventricular fibrillation, atrial fibrillation, bundle branch block, ST-segment elevation/depression,
T-wave flattening/inversion, QT interval prolongation

Fig. 3. Algorithm for the evaluation of the cardiac injury and risk stratification in COVID-19. After the cardiac 
evaluation according to the physician's discretion based on the patient's condition, the cardiac injury score was 
calculated for the stratification of the risk. 
COVID-19 = coronavirus disease 2019, CT = computed tomography, URL = upper reference limit,  
ECG = electrocardiography.

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e349&fn=jkms-35-e349-s001.doc
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Supplementary Table 2
Main findings and incidences of the electrical abnormality

Click here to view
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