S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



International Journal of Cardiology 326 (2021) 230-236

Contents lists available at ScienceDirect

CARDIOLOGY

Q

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Myocardial injury and risk factors for mortality in patients L))

Check for

with COVID-19 pneumonia

Chongtu Yang *>!, Fen Liu®!, Wei Liu¢, Guijuan Cao ¢, Jiacheng Liu*®, Songjiang Huang *°, Muxin Zhu ¢,
Chao Tu®¢, Jianwen Wang ¢, Bin Xiong *>*

2 Department of Radiology, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China
Y Hubei Province Key Laboratory of Molecular Imaging, Wuhan, China

¢ Department of Radiology, Wuhan Central Hospital, Wuhan, Hubei, China

4 Tuberculosis and Respiratory Department, Wuhan Jinyintan Hospital, Wuhan, China

€ Department of Critical Care Medicine, Wuhan Jinyintan Hospital, Wuhan, China

ARTICLE INFO ABSTRACT

Background: Coronavirus disease 2019 (COVID-19) pneumonia tends to affect cardiovascular system and cause
cardiovascular damage. This study aimed to explore the prevalence of myocardial injury and risk factors for mor-
tality in patients with COVID-19 pneumonia.

Method: Two hundred and twenty-four consecutive patients with confirmed diagnosis of SARS-CoV-2 infection
and definite outcomes (discharge or death) were retrospectively analyzed. Laboratory results including myocar-
dial biomarkers, oxygen saturation, inflammatory indicators and coagulation function were compared between
survivors and non-survivors. Univariate and multivariate logistic regression model were used to explore risk fac-
tors for in-hospital mortality, and a chart with different combinations of risk factors was constructed to predict
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Mortality Results: Two hundred and three patients were included in the final analysis, consisting of 145 patients who recov-
Biomarkers ered and 58 patients who died. Compared with survivors, non-survivors were older, with more comorbidities,

more severe inflammation and active coagulation function, higher levels of myocardial biomarkers and lower
Sa0,. 28 (50%) non-survivors and 9 (6%) survivors developed myocardial injury, which was associated with dis-
ease severity at admission. Elevated d-dimer (OR = 9.51, 95% CI [3.61-25.0], P < 0.001), creatinine kinase-
myocardial band (OR = 6.93, 95% CI [1.83-26.2], P = 0.004), Troponin I (OR = 10.1, 95% CI [3.1-32.8], P <
0.001) and C-reactive protein (OR = 15.1,95% CI [1.7-129.3], P = 0.013) were risk factors for mortality. Patients
with abnormal levels of d-dimer, Troponin I and CRP were predicted to have significantly higher probability of
death.
Conclusions: Our results suggest that SARS-CoV-2 infection may induce myocardial injury and consequently ex-
acerbate the clinical course and worsen prognosis. Abnormal d-dimer, CK-MB, Troponin I and CRP are risk factors
for short-term mortality.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Since early December 2019, an outbreak of pneumonia of unknow
aetiology has been reported in Wuhan, China [1-3]. The pathogen
was then named severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) by WHO, and the illness caused by it was termed as the

Abbreviations: ACS, acute coronary syndrome; CAD, cardiovascular disease; COVID-19,
coronavirus disease 2019; IQR, interquartile range; OR, odds ratio; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2.
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coronavirus disease 2019 (COVID-19) [4-6]. Currently, the disease has
rapidly spread to the whole world and become an international public
health emergency [7].

Although most infected patients can completely recover from this
disease, severe or critically ill patients were reported to have higher
risk of experiencing multiorgan failure and death [8,9]. Thus, early iden-
tification of patients with poor prognosis is essential. Previous re-
searches mainly focused on pulmonary damage but underestimated
other organ dysfunction, such as heart, liver and kidney. Pneumonia
has been proved to have an important effect on the cardiovascular
system, leading to a quarter of patients experiencing cardiovascular
complications and resulting in increased short-term mortality [10,11].
In patients with COVID-19 pneumonia either admitted to ICU or dead,
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the incidence of developing heart failure, arrhythmia and myocardial in-
jury was 52%, 44% and 56% respectively [12]. These evidences demon-
strate that pneumonia-related cardiovascular damage was not rare in
COVID-19 patients, and might be an independent risk factor associated
with poor prognosis.

Recent studies have reported that cardiovascular diseases (CAD)
may increase in-hospital mortality in patients with COVID-19 pneumo-
nia [13-15]. But whether these events are induced by SARS-CoV-2 is un-
certain. And to date, available evidences on relation between cardiac
involvement and adverse clinical outcomes remain elusive. In order to
identify high risk patients and to adapt customized treatments, we de-
signed this retrospective study aiming to analyze laboratory parameters
related to cardiovascular involvement and investigate the prevalence of
myocardial injury, and to explore risk factors for short-term mortality in
patients with COVID-19 pneumonia.

2. Materials and methods
2.1. Study design

The present multicenter, retrospective observational study was con-
ducted at Wuhan Jinyintan Hospital and Wuhan Central Hospital, both
of which were designated hospital treating COVID-19 patients. The
study protocol was complied with the principles of the Declaration of
Helsinki and was approved by the institutional ethics committee of
both hospitals. Informed consent was waived given the retrospective
nature of this study.

2.2. Study population and data collection

From January 10, 2020 to February 29, 2020, all consecutive patients
with laboratory-confirmed COVID-19 and admitted to the above two
hospitals were screened retrospectively. Exclusion criteria were as fol-
lows: (1) age older than 80; (2) without definite outcomes (transferred
to other hospital or still hospitalized); (3) with other severe co-existing
diseases; (4) laboratory results could not be obtained from medical re-
cords. Diagnosis of SARS-CoV-2 infection was based on World Health
Organization interim guidance and was performed using the reverse
transcription polymerase chain reaction (RT-PCR) or gene sequencing
at admission or during hospitalization [16]. Details of laboratory confir-
mation processes have been described previously [3]. Patients without
exclusion criteria were divided into survivor group and non-survivor
group according to their outcomes. Baseline laboratory parameters
reflecting cardiac injury, coagulation function and inflammation and
their temporal change were compared between two groups.

We obtained data from electronic medical records in the context of
standard practice. These data have been collected in our database for
different researches on the prognosis of COVID-19. Data regarding epi-
demiological and demographical characteristics, clinical symptoms, lab-
oratory tests, chest CT images, treatment and outcomes were recorded
with data collection form at admission and during hospitalization. Lab-
oratory parameters mainly included complete blood count, blood bio-
chemistry, coagulation function, inflammatory indicators and blood
gas analysis. Patients were followed until discharged from hospital,
death or at the end of this study (March 20, 2020). Data were censored
at the end of follow-up.

2.3. Definitions

The severity of COVID-19 pneumonia was defined according to the
guideline of Diagnosis and Treatment of pneumonia Caused by SARS-
CoV-2 (trial seven version) [17], which divided patients into four de-
grees (mild, moderate, severe or critically ill) and the classification
criteria were: a. mild: asymptomatic patients without abnormality on
chest CT; b. moderate: patients with respiratory symptoms and
pneumonia on CT; c. severe: severe respiratory distress (respiratory
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rate > 30 breaths/min), oxygenation index (Pa0O,/FiO,) < 300 mmHg
(1 mmHg = 0.133 kPa) or oxygen saturation (Sa0O,) < 93% at rest; d.
critically ill: conditions aggravate and develop respiratory failure,
shock or other organ failure. SaO, was monitored by fingertip or by
blood gas analysis to reflect patient's condition and clinical course. Myo-
cardial injury was diagnosed by the detection of a rise of Troponin I
above the 99th-percentile upper reference limit. The date of illness
onset was defined as the date initial symptoms occurred. Discharge
criteria according to aforementioned guideline were: a. temperature
returned to normal for at least 3 days; b. substantial improvement of re-
spiratory symptoms and CT findings; c. at least two times of negative re-
sults of RT-PCR for SARS-CoV-2 from respiratory tract specimens with
an interval > 24 h.

24. Statistical analysis

Quantitative variables were expressed as median (interquartile
range [IQR]) and compared using Student's t-test or Mann-Whitney U
test. Qualitative variables were presented as frequency (percentages)
and compared by means of Chi-squared or two-tailed Fisher's exact test.

To identify patients at high risk of poor outcomes, we used univariate
and multivariate logistic analysis to explore risk factors for in-hospital
death. The choice of candidate variables was based on potential mecha-
nisms of developing pneumonia-related myocardial injury. Previous re-
searches suggested that pneumonia could affect cardiovascular system
through multiple mechanisms including relative hypoxemic state, uncon-
trolled inflammation, procoagulant state and direct pathogen-mediated
damage. Therefore, we included four types of corresponding laboratory
parameters in the univariate analysis: myocardial enzymes and protein,
Sa0,, inflammatory indicators and coagulation function. Besides, the inci-
dence of myocardial injury increased with age, and recent studies found
gender difference in mortality among COVID-19 patients, so we included
age and sex either. Variables with univariate P value less than 0.10 were
considered candidate for multivariate analysis. A two-sided « of less
than 0.05 was considered statistically significant. All statistical analyses
were processed using IBM SPSS (version 25.0).

3. Results
3.1. Participants

Between January 10 and February 29, 2020, 224 consecutive patients
(197 from Wuhan Jinyintan Hospital and 27 from Wuhan Central
Hospital) with laboratory-confirmed SARS-CoV-2 infection and with
definite outcomes (discharged from hospital or death) were retrospec-
tively analyzed. Twenty-one patients who met the exclusion criteria
were excluded from the study and the final cohort included 203 patients
(Fig. 1). Baseline characteristics of the study population are summarized
in Table 1. As seen, 58 patients died during hospitalization and the re-
maining 145 patients recovered and met the discharge criteria, with a
median age of 67.0 (IQR, 60.0-75.0) and 57.0 (IQR, 45.0-67.0), respec-
tively. Co-existing diseases were more prevalent in non-survivors, but
the difference of CAD and hypertension between two groups was not
obvious, with only COPD had statistical significance. Sex proportion
was similar between two groups. Fever, cough and dyspnea were the
most common symptoms at admission, which were presented in
more than half of patients. Most survivors (46.8%) were defined as mod-
erate at admission, while severe (51.7%) and critically ill (43.1%) were
more commonly seen in non-survivors.

3.2. Baseline laboratory findings between two groups

We compared laboratory results between two groups at the time of
admission and found that most parameters including cardiac bio-
markers, inflammatory indicators and coagulation function were higher
in non-survivors, and the difference between two groups was
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224 patients with confirmed
COVID-19 and definite outcomes

21 met the exclusion criteria
6 age > 80 years
7 without laboratory tests
8 had other severe diseases
5 advanced malignancy
3 uncontrolled infection and sepsis

v

‘ 203 patients included |

|
! l

‘ 145 survivors ‘ ‘ 58 non-survivors ‘

Fig. 1. Flowchart of patients admitted with confirmed COVID-19 and with definite
outcomes from January 10 to February 29, 2020 and selection of study cohort.

statistically significant (except activated partial thromboplastin time,
creatine kinase and Interleukin-6). Details of laboratory findings be-
tween two groups are summarized in Table 2.

We also compared the percentage of patients with abnormal results
between two groups (Fig. 2). The frequency of myocardial injury was
higher in non-survivors than survivors (50% vs 6%, P < 0.001). Among
patients experiencing myocardial injury, 47% were diagnosed as criti-
cally ill, 41% as severe and only 12% as moderate at admission. While
the percentage of patients without myocardial injury were 10%, 36%
and 54%, respectively (P < 0.001). Interleukin-6 (IL-6), C-reactive
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protein (CRP), and lactate dehydrogenase (LDH) were the most com-
monly elevated indicators, with percentages of 84%, 94% and 91% in
non-survivors and 66%, 66% and 59% in survivors. But the specificity
seemed low since their abnormality were prevalent in both non-
survivors and survivors. D-dimer, Troponin I and N-terminal pro-B-
type natriuretic peptide (Nt-proBNP) had both higher sensitivity and
specificity, with more than half of non-survivors (82%, 50%, 53%, respec-
tively) had abnormal elevation but relatively lower incidence of abnor-
mality in survivors (28%, 6%, 18%, respectively).

3.3. Temporal change of related biomarkers

To better appreciate pathophysiological change of cardiovascular
system during the clinical course of COVID-19 pneumonia, we recorded
serial biomarker measurements of each patient for dynamic change
analysis (Fig. 3). Nt-proBNP, LDH, myoglobin and Troponin I began to el-
evate at day 8 after disease onset, and continued to increase in non-
survivors but decreased or remained stable in survivors. Nt-proBNP,
LDH and Troponin I were elevated markedly in non-survivors and the
difference between two groups was significant. CRP increased substan-
tially at the time of disease onset and stabilized at a high level in non-
survivors. But in survivors, CRP level continued to decrease and
returned to normal at day 16. D-dimer raised rapidly from day 12 in
non-survivors and its level was significantly higher than in survivors.
The change of creatine kinase (CK) and creatine kinase-myocardial
band (CK-MB) were not obvious and they were almost within the nor-
mal range either in survivors or in non-survivors.

3.4. Cardiac-related risk factors for mortality
In univariate logistic analysis, age, d-dimer, prothrombin time (PT),

Aspartate aminotransferase (AST), CK-MB, LDH, Troponin I, CRP, Nt-
proBNP and Sa0, were associated with mortality. Limited by the sample

Table 1
Comparison of baseline characteristics between survivors and non-survivors.
Total Survivor Non-survivor Pvalue
(n=203) (n=145) (n=758)
Age- years® 62.0 (49.0-69.0) 57.0 (45.0-67.0) 67.0 (60.0-75.0) <0.001
Sex 0.11
Male 115 (56.7%) 77 (53.1%) 38 (65.5%)
Female 88 (43.3%) 68 (46.9%) 20 (34.5%)
Smoking history (never smoke) 171 (84.2%) 119 (82.1%) 52 (89.7%) 0.18
Co-existing disease
COPD 6 (3%) 2 (1.4%) 4 (6.9%) 0.04
Hypertension 80 (39.4%) 51 (35.2%) 29 (50%) 0.05
Diabetes 29 (14.3%) 18 (12.4%) 11 (19.0%) 0.23
Cardiovascular disease 9 (4.4%) 4(2.8%) 5 (8.6%) 0.06
Cerebrovascular disease 16 (7.9%) 11 (7.6%) 5(8.6%) 0.80
Signs and symptoms
Fever 177 (87.2%) 125 (86.2%) 52 (89.7%) 0.50
Cough 142 (70.0%) 106 (73.1%) 36 (62.1%) 0.12
Dyspnea 120 (59.1%) 74 (51.0%) 46 (79.3%) <0.001
Sputum 31 (15.3%) 24 (16.6%) 7 (12.1%) 0.42
Myalgia 14 (6.9%) 10 (6.9%) 4 (6.9%) 1
Diarrhea 30 (14.8%) 21 (14.5%) 9 (15.5%) 0.85
Type of disease at admission <0. 001
Mild - - -
Moderate 95 (46.8%) 92 (63.4%) 3 (5.2%)
Severe 75 (36.9%) 45 (31.0%) 30 (51.7%)
Critically ill 33 (16.3%) 8 (5.5%) 25 (43.1%)
Time from disease onset to®
Hospital admission - days 8.0 (6.0-11.0) 6.0 (5.0-8.0) 10.0 (7.0-12.0)

Discharged from hospital - days -
Death - days -

29.0 (24.0-35.0) -
_ 21.0 (19.0-27.0)

Other categorical data were expressed as number (percentage).
Abbreviations: COPD chronic obstructive pulmonary disease.

2 Nonparametric continuous variables were expressed as median (interquartile range [IQR]).
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Table 2
Comparison of laboratory parameters at admission between survivors and non-survivors.
Total Survivor Non-survivor Pvalue
(n=203) (n =145) (n=58)

Blood routine
Leucocyte count (x10%/L) 6.2 (42-9.3) 5.5(3.9-7.5) 8.9 (5.1-13.1) <0.001
Neutrophil count (x10%/L) 4.7 (2.9-7.9) 3.7 (2.6-5.8) 8.1 (4.4-11.8) <0.001
Lymphocyte count (x10°/L) 0.8 (0.5-1.2) 1.0 (0.7-1.3) 0.5 (0.4-0.7) <0.001

Coagulation function
D-dimer (ug/ml) 0.9 (0.5-2.7) 0.6 (0.4-1.3) 42 (1.1-27.0) <0.001
APTT (s) 27.7 (24.7-32.2) 27.6 (24.3-31.8) 28.0 (24.8-33.7) 0.50
Prothrombin time (s) 113 (104-12.2) 11.1 (10.4-12.0) 12.0 (10.3-13.0) 0.007
International normalized ratio 1.0 (0.9-1.1) 0.9 (0.8-1.0) 1.0 (0.9-1.1) <0.001

Blood biochemistry
Total bilirubin (mmol/L) 11.8 (9.3-15.8) 11.1 (8.7-14.5) 14.2 (10.5-20.4) 0.001
Alanine aminotransferase (U/L) 31.0 (18.5-52.5) 29.0 (17.0-52.0) 33.0 (22.5-55.2) 0.178
Aspartate aminotransferase (U/L) 36.0 (25.9-55.0) 31.0 (23.0-49.0) 50.0 (33.7-67.0) <0.001
Albumin (g/L) 31.6 (28.3-35.5) 32.5(29.7-36.2) 28.9 (25.6-32.3) <0.001
Creatinine (umol/L) 70.8 (60.0-87.4) 69.0 (56.9-82.0) 76.7 (65.2-101.9) 0.003
Blood urea nitrogen (mmol/L) 5.1 (3.7-7.0) 4.6 (3.3-5.9) 7.0 (5.2-10.5) <0.001
Lactate dehydrogenase (U/L) 320 (229-448) 276 (216-377) 457 (372-669) <0.001
Creatine kinase (U/L) 91 (57-147) 89 (55-135) 109 (58-239) 0.149
Creatine kinase-MB (U/L) 14 (9-19) 11.8 (9.0-17.0) 18.0 (15.0-25.0) <0.001
Myoglobin (ng/ml) 61.8 (37.9-125) 50.1 (31.4-90.0) 114.2 (59.2-179) <0.001
Troponin [ (pg/ml) 7.0 (2.0-18.4) 4.0 (1.2-9.4) 20.7 (9.6-1154) <0.001

Infection-related biomarkers
C-reactive protein (mg/L) 422 (10.6-122) 24.2 (6.0-66.5) 126 (57.7-160) <0.001
Interleukin-6 (pg/mL) 9.5 (6.5-13.4) 8.9 (6.3-134) 10.7 (7.9-13.6) 0.063
B-type natriuretic peptide (pg/ml) 61.9 (26.0-170) 34.8 (17.0-74.6) 109 (50-299) 0.001

Blood gas analysis
Pa0, (mm Hg) 10.3 (8.4-16.4) 11.1 (9.1-19.7) 9.0 (6.8-13.5) 0.014
PaCO, (mm Hg) 5.1 (4.3-6.8) 5.1 (4.5-5.8) 4.7 (3.8-8.2) 0.447
Sa0, (%) 96 (91-98) 96 (95-99) 91 (88-96) 0.001

Nonparametric continuous variables were expressed as median (interquartile range [IQR]) and compared using Student's t-test or Mann-Whitney U test. P value <0.05 was considered

statistically significant.

Abbreviations: APTT activated partial thromboplastin time; PaO, partial pressure of oxygen in artery; PaCO, partial pressure of carbon dioxide in artery; SaO, oxygen saturation.

size and given that not all variables had clinical and research value, we
excluded variables from univariate analysis if the number of events
were so small that would affect the stability of the final model, or indi-
cators with low accuracy and specificity in reflecting the change of
organ function. Finally, age, d-dimer, CK-MB, LDH, Troponin I and CRP
were included in the final model. Complete data of the above six
variables from 187 patients were analyzed in multivariate analysis.
The factors associated with mortality were elevated d-dimer (OR =
9.51, 95% CI [3.61-25.0], P < 0.001), CK-MB (OR = 6.93, 95% CI

EEm survivor

BNP (>100 pg/ml)
Interleukin-6 (>7pg/ml)
C-reactive protein (>10mg/l)
Sa02 (<93%)

Troponin | (>26pg/ml)
Myoglobin (>100ng/ml)

LDH (>245U/L)

Creatine kinase-MB (>25U/L)
Creatine kinase (>185UI/L)
AST (>40U/L)

APTT (>37s)

Prothrombin time (>13s)

D-dimer (>1 mg/ml)
0% 20%

[1.83-26.2], P = 0.004), Troponin I (OR = 10.1, 95% CI [3.1-32.8], P <
0.001) and CRP (OR = 15.1,95% CI [1.7-129.3], P = 0.013) from the
final model. Details of univariate and multivariate analysis were
shown in Table 3.

To facilitate clinical interpretation of the four risk factors from the
final model, we constructed a simple chart with the expected probabil-
ities of mortality determined by different combinations of variables
(Table 4). Considering CK-MB and Troponin [ were both used to evalu-
ate myocardial injury, we selected the latter given its higher sensitivity

EEE non-survivor

40% 60% 80% 100%

Fig. 2. Percentage of patients with abnormal laboratory results between survivors and non-survivors.
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Table 3
Univariate and multivariate analysis of risk factors for in-hospital mortality.

Variables Univariate analysis

OR (95% CI) P value

1.05 (1.03-1.08)
<0.001

1.68 (0.89-3.15) 0.109 -

11.7 (5.4-25.5) 9.51 (3.61-25.0) <0.001
<0.001

Multivariate analysis
OR (95% CI) P value
1.03 (0.99-1.06) 0.152

Age (per year increase)

Sex (Male vs Female)
D-dimer (>1 pg/ml)

APTT (>37s) 1.41 (0.45-4.41) 0.554 -
Prothrombin time (>13s) 7.2 (2.7-18.7) <0.001 -
AST (>40 U/L) 3.24 (1.72-6.10) -

<0.001
1.6(0.78-326)0.19 -
6.58 (2.63-16.48) 6.93 (1.83-26.2) 0.004

Creatine kinase (>185 U/L)
Creatine kinase-MB (>25 U/L)

<0.001
Lactate dehydrogenase 7.23 (2.72-19.19) 2.24 (0.63-7.97) 0.213
(>245U/L) <0.001
Myoglobin (>100 ng/ml) 5.85(2.94-11.64) -
<0.001
Troponin I (>26 pg/ml) 14.7 (6.0-35.6) 10.1 (3.1-32.8) <0.001
<0.001
C-reactive protein (>10 mg/I) 28.0 (3.7-208.5) 15.1 (1.7-129.3) 0.013
<0.001
Interleukin-6 (per pg/ml 2.75(1.18-6.42) 0.019 -
increase)
B-type natriuretic peptide -
>100 pg/ml 4.61 (1.85-11.48)
0.001
>400 pg/ml 6.84 (1.66-28.06)
0.008
Sa0, (<93%) 6.25 (2.14-18.16) -
0.001

Abbreviations: APTT activated partial thromboplastin time; AST Aspartate aminotransfer-
ase; Sa0, oxygen saturation; OR odds ratio.

and OR. As seen, the subgroup of patients with baseline d-dimer <1 pg/
ml, Troponin I < 26 pg/ml and CRP <10 mg/1 had the lowest mortality
(2.9%). As the three indicators all raised above the upper limit of refer-
ence range, mortality could reach to approximately 90%. It was note-
worthy that the cases in some subgroups were <10, which might
affect the accuracy of this combination.

4. Discussion

In this multicenter observational study, we found 50% of non-
survivors and 6% of survivors experienced myocardial injury, and abnor-
mal d-dimer, CK-MB, Troponin [ and C-reactive protein were risk factors
for short-term mortality. Our results demonstrate that myocardial in-
jury is a common complication during COVID-19 pneumonia, which in-
cidence is associated with disease severity at admission. Abnormal

Table 4
Expected mortality of different combinations of D-dimer, Troponin I and CRP.

D-dimer (ug/ml) Troponin I (pg/ml) C-reactive protein (mg/l) Mortality (%)

<1 <26 <10 29
>10 9.9
Total 7.6
>26 <10 25.0°
>10 50.0
Total 40.0
>1 <26 <10 83
>10 449
Total 37.7
>26 <10 50.0*
>10 92.0
Total 88.9

¢ The number of events was less than 10.
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elevation of several cardiovascular-related biomarkers are predictors
of high probability of mortality.

Although exact mechanism remains uncertain, pneumonia has been
proved to affect cardiovascular system through complicated interactions
between procoagulant state, relative hypoxemia and ischemia, intense
inflammation and direct virus-mediated damage [18-20]. In our re-
search, non-survivors presented with marked and persistent abnormali-
ties in parameters reflecting coagulation function, inflammation severity
and myocardial injury, indicating the above mechanism may contribute
to cardiovascular damage and consequently worsen outcomes in pa-
tients with SARS-CoV-2 infection.

Pneumonia is a pro-inflammatory disease which can be controlled
by activating immune system and up-regulating circulating levels of cy-
tokines and chemokines. But uncontrolled infection will trigger cyto-
kine storm as a consequence of overactive immune response, which
can result in acute coronary syndrome (ACS) and induce Troponin I
and CK-MB increasement [21,22]. Potential pathogenesis might be re-
lated to the instability and rupture of atherosclerotic plaque induced
by severe endothelial inflammation, especially in the presence of pre-
existing coronary heart disease. In addition, exaggerate inflammation
and specific virus-meditated mechanism can increase coagulation acti-
vation and compromise endothelial anti-coagulant feature, and subse-
quently cause thrombus formation, which could block coronary flow
and contribute further to ACS either [23-25]. Apart from ACS, heart
failure, characterized by left ventricular malfunction and elevated
Nt-proBNP, may be another important complication induced by uncon-
trolled inflammation [11]. Nt-proBNP, Troponin I and CK-MB were
elevated in 53%, 50% and 28% of non-survivors in our research, which
coincided with previous studies [22,26]. Non-survivors presented with
higher levels of CRP, IL-6, d-dimer, and both CRP and d-dimer were
associated with in-hospital mortality. These evidences indicate that a
cytokine storm may occur and coagulation function is activated during
COVID-19 pneumonia, leading to an elevated risk of development of
myocardial injury and worse prognosis.

Another potential mechanism of myocardial injury may be the myo-
cardial ischemia caused by relative hypoxemia. Infection can induce in-
creased metabolism and decreased SaO,, this imbalance between
supply and demand will result in myocardial ischemia. We defined dis-
ease severity of each patient at admission mainly based on their blood
gas results and pulmonary function. Our analysis showed that 88% of pa-
tients with myocardial injury were defined as severe or critically ill,
while this percentage was only 46% in ptients without it. In addition,
about 95% of non-survivors were diagnosed as severe or critically ill,
while 63% survivors were diagnosed as moderate. Although we ex-
cluded Sa0, from multivariate logistic model due to the small number
of recorded events, it showed a marked difference between two groups
and an association with mortality in univariate analysis. These results
coincide with previous studies and suggest that relative hypoxemia sec-
ondary to alveolar consolidation caused by COVID-19 pneumonia may
be another risk factor for adverse clinical outcomes [9,19].

Despite these laboratory indices, other factors were also suggested
to be associated with pneumonia-related myocardial injury, such as an
older age and pre-existing CAD. Patients with older age are often accom-
panied by declined immunity, which make them more likely to develop
respiratory and heart diseases and thus result in worse outcomes [22].
In addition, previous studies reported that patients with pre-existing
chronic CAD had threefold risk of developing pneumonia and had
higher mortality, indicating that the cause-effect relation between car-
diovascular damage and pneumonia may be bidirectional [11,15]. Our
results found no statistical difference of pre-existing CAD between
two groups, which might be interpreted as these comorbidities in
some cases were neglected by physicians in the context of emergency
situation, or the ability of viral transmission was so strong that all pop-
ulations were susceptible to infection.

SARS-CoV-2, which has a phylogenetic similarity to SARS-CoV, could
bind to vascular endothelial cells and cardiomyocytes. This was due to
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the angiotensin-converting enzyme 2 (ACE2), expressed not only in
lung but also in heart, could be identified by the spike protein of
SARS-CoV-2, and thus provided an entry to virus. This direct viral infec-
tion might provoke heart damage as a result of endothelial dysfunction
[27-29]. However, a recent postmortem study of a COVID-19 patient
found no substantial cardiac damage and a few inflammatory infiltrates
[30]. In view of limited pathological evidence, further biopsies and au-
topsies are needed to confirm this theory.

Our study has several limitations that should be considered. First,
some variables we included, such as age, inflammatory indices and co-
agulation function, are not specified in reflecting change of cardiovascu-
lar system, which means these variables can affect prognosis through
other mechanisms. Second, although some variables may be predictive
of mortality (Sa0,, IL-6. etc.), they were excluded from the final logistic
model because of absence of events. Therefore, their role in predicting
prognosis might be underestimated. Third, electrocardiography and
echocardiography were not performed in most cases, so the incidence
of other cardiovascular complications in our cohort besides myocardial
injury, such as heart failure and arrythmia were unclear. Fourth, our
study mainly focused on the temporal effects of this disease on cardio-
vascular system. Given that systemic inflammation and pro-coagulant
state caused by pneumonia can exist for a long time [19]. Thus, further
studies with longer follow-up period on survivors are needed to inves-
tigate the long-term effects of viral infection on cardiovascular system
and clinical prognosis.

In conclusion, myocardial injury is not rare in patients with SARS-
CoV-2 infection, which incidence is associated with the severity of
pneumonia at admission. This complication caused by pneumonia
may exacerbate the clinical course and worsen prognosis. Regarding
this association, active surveillance and early identification of patients
at high risk of developing myocardial injury is essential in the setting
of COVID-19 pneumonia.
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