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Background: Myocardial injury is a severe complication of novel coronaus disease
(COVID-19), and in ammation has been suggested as a poterdl cause of myocardial
injury. However, the correlation of myocardial injury witlin ammation in COVID-19
patients has not been revealed so far.

Method: This retrospective single-center cohort study enrolled 64ritically ill patients
with COVID-19. Patients were categorized into two groups bythe presence of
myocardial injury on admission. Demographic data, clinidacharacteristics, laboratory
tests, treatments, and outcomes were analyzed in this study

Result: Of these patients, the mean age was 64.8 12.2 years old, and 34
(53.1%) were diagnosed with myocardial injury. Compared Wi non-myocardial injury
patients, myocardial injury patients were older (67.8 10.3 vs. 61.3  13.3 years;
P D 0.033), had more cardiovascular (CV) risk factors such as soking (16 [47.06%)]
vs. 7 [23.33%]; P D 0.048) and were more likely to develop CV comorbidities (13
[38.2%] vs. 2 [6.7%]; P D 0.003). Scores on the Acute Physiology and Chronic
Health Evaluation Il (median [interquartile range (IQR)P.Q [13.25-25.0] vs. 13.0
[9.25-18.75]; P D 0.005) and Sequential Organ Failure Assessment systems (¥.
[5.0-10.0] vs. 4.5 [3.0-6.0]; P < 0.001) were signi cantly higher in the myocardial
injury group. In addition, patients with myocardial injurijad higher mortality than those
without myocardial injury (29 [85.29%] vs. 18 [60.00%]P D 0.022). Cox regression
suggested that myocardial injury was an independent risk fdor for high mortality
during the time from admission to death (hazard ratio [HR], .26 [95% con dence
interval (Cl), 1.10-3.83]P D 0.023). Plasma levels of high-sensitivity C-reactive prein
(hs-CRP), interleukin (IL)44, interleukin-2 receptor (IL-2R), IL-6, IL-8, IL-10, and toor
necrosis factora (TNFa) exceeded the normal limits, and levels of hs-CRP, IL-2R,
IL-6, IL-8, and TNFa were statistically higher in the myocardial injury group &m
in the non-myocardial injury group. Multiple-variate logiic regression showed that
plasma levels of hs-CRP (odds ratio [OR] 6.23, [95% CI, 1.920.12], P D 0.002),
IL-6 (OR 13.63, [95% CI, 3.33-55.71];P < 0.001) and TNFa (OR 19.95, [95% ClI,
4.93-80.78]; P < 0.001) were positively correlated with the incidence of myardial injury.
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Song et al. In ammation and Myocardial Injury of COVID-19

Conclusion: Myocardial injury is a common complication that serves as aimdependent
risk factor for a high mortality rate among in-ICU patients ith COVID-19. A high
in ammatory burden may play a potential role in the occurrece of myocardial injury.

Keywords: COVID-19, critical patients, myocardial injury, in ammation, In-ICU mortality

INTRODUCTION demographics, survival time from ICU admission to death,
baseline characteristics (i.e., prior medical illnesgjiogascular
Coronavirus disease 2019 (COVID-19), a novel coronavirusrigk factors), in-ICU clinical information (i.e., vital gns,
infected pneumonia caused by severe acute respiratory syredro complications, and therapeutic measures), laboratory resuit
coronavirus 2 (SARS-CoV-2), has currently become a seveggitcomes. We also documented patients' Acute Physiology and
global health problemi( 2). Myocardial injury was suggested Chronic Health Evaluation Il (APACHE Il) and Sequential

to be prevalent in COVID-19 patients, which has contributedorgan Failure Assessment (SOFA) scores on admission to
to fatal complications and high mortality rate§<). However, the ICU.

the mechanism underlying myocardial injury has not yet been
con rmed. Recently, several studies revealed that COVID-lQ)utcome
patients were mostly in a high systemic in ammatory statuthwi

. ) . Patients were categorized into two groups (myocardial wjur
severe cytokine storms (e.g., high levels of interleukit-@, 9 groups (my Y

. . . vs. non-myocardial injury) based on their on-admission hrig
iL-?,tard tumlgr rtl.ecr05|38faét.om-[Ttl;l]ng]), Whlcr;.conr;[rlbubted sensitivity cardiac troponin | (hs-cTnl) levels. The primary
o fatal complications &-5). Given that in ammation has been outcome was 28-day mortality after ICU admission. myocalrdi

revealed as a great contributor to all forms of myocardigy jnjury was de ned as an elevated cardiac troponin value above

(9), COVID-19-induced systemic in ammation was SUQQGSteO{he 99th percentile of the upper reference limit (34.2 ng/ml)
to potentially cause myocardial injury in COVID-19 patients. ccording to the fourth Universal De nition of Myocardial

!n this s}udy, we aimed .to .|r'1vest'|gate' .the a'ssougtlon 0anarction (10). Prior cardiovascular (CV) disease was de ned
in ammation with myocardial injury in critically ill patiens

. as coronary artery disease (CAD), myocardial infarctioear
with COVID-19. failure or stroke, and in-ICU CV complications were de ned
as arrythmias (atrial tachycardia, atrial brillation, ne&icular

MATERIALS AND METHODS tachycardia, and/or ventricular brillation), cardiac ast,

Study Design and Participants cardiac shock_ or myo_cardial infarction. _
This single-center, retrospective, observational studys wa .Acute respwatory distress syndrome (ARDS) anq acute.klldney
performed in a newly built intensive care unit (ICU) of Tongji injury (AKI) were d|agno§ed a(_:cor_dlng fo the B_erlln De rof
Hospital (Sino-French New City Campus), Huazhong Universit)fGanI KDIGO clinical practice guidelines, respectively, (9.

of Science and Technology, Wuhan, China. This ICU was o .

designated to treat critically ill patients with COVID-19. av Statistical Analysis

retrospectively analyzed 64 COVID-19 patients admitted tdcategorical variables were presented as counts and peresntag
the ICU in this study. The data cut-o for investigation of Continuous variables were described as meansstandard
survival status was March 26, 2020. All the patients wer@eviations (SDs) for normally distributed data and medians
conrmed as COVID-19 with a positive result on real-time (interquartile ranges [IQRs]) for non-normally distributethta.
reverse-transcriptase—polymerase-chain-reaction (RRPC A two-sampleT-test was used to assess whether there were
assay of throat-swab specimens. The study protocol conformédgni cant di erences in continuous variables when they wer
to the ethical guidelines of the 1975 Declaration of Helsinknormally distributed; otherwise, the Mann-Whitney U-test sva
and was approved by the Ethics Committee of PUMC Hospitalsed. The 2 test was applied to test the di erences in categorical
Written informed consent was waived due to the rapidvariables, although Fishers exact test was used for compariso
emergence of this infectious disease. No potentially idesie ~ With small sample sizes. Kaplan-Meier (K-M) plots and Cox
human images or data is presented in this study. Plasmeroportional hazards regression models were used for survival
levels of inammatory cytokines test were nished within analysis, which was based on the time from ICU admission to
24h when patients were admitted. All the other laboratorydeath. The log-rank test was used to conrm the dierences

tests were nished within 6h after admission. All the databetween K-M plots. Logistics regression was applied to test the
included in this study were part of routine patient care contribution of inammation to the incidence of myocardial

inICU. injury. Concretely, we rstly involve single variate intodistics
] ) regression, and then put the variates with < 0.05 into
Data Collection and Study Design regression equation thereby giving the nal result. Sttt

The data collected in this study were extracted from elegtro signi cance was determined when two-sidadwas< 0.05. All
medical records reviewed by the clinical team from Pekingddni  statistical analyses were performed using SPSS 21.0 software
Medical College Hospital (PUMCH). Patient data included(IBM, Armonk, NY).
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RESULTS also signi cantly increasedTble 2. Fifty-two (81.3%) patients

G . . received invasive mechanical ventilation, and 19 (29.7é&jved
eneral CharaCtenStICS of C“tlca”y i non-invasive mechanical ventilation. Immune therapies aver

Patients With COVID-19 commonly used in critical patients (glucocorticoids: 54.[84];

Night-nine adults admitted to the ICU from February 4 to M&rc  tocilizumab: 7 [10.94%]). More detailed information is pretseh

3, 2020, were studied. After excluding 6 patients who were ngh Tables 1 2.

admitted for COVID-19-related critical illness and 19 patien

with incomplete data (1 patient had no troponin result and 18D'ff Bet M dial Ini
patients had no in ammatory cytokines), we included 64 indC Ierences oetween Myocaraial injury

patients in the nal analysisRigure 1). Patients and Non-myocardial Injury

Of these patients, 42 (65.6%) were men, the mean ageatients
was 64.8 12.2 years (range, 26-92 years), and 47 patients our study, 34 patients (53.1%) were diagnosed with myochrdia
reached the primary endpoint during the follow-up time. Prior injury. Compared with non-myocardial injury patients, the
CV diseases and CV risk factors were common in criticamyocardial injury patients were signi cantly older (67.810.3
patients, as there were 13 patients (20.3%) with pre-existings. 61.3 13.3 years? D 0.033), more likely to have preexisting
CV diseases (CAD: 7 [10.9%]; heart failure: 2 [3.1%]; strokeardiovascular diseases (13 [38.2%] vs. 3 [LOPB].009), and
8 [12.5%]) and 43 (67.2%) patients with 1 or more coexistinghad more CV risk factors (smoking: 16 [47.1%)] vs. 7 [23.326);
CV risk factors (hypertension: 35 [54.7%)]; diabetes: 15 {88.4 0.048) and CV comorbidities (13 [38.2%] vs. 2 [6.7P4), 0.003)
smoking: 23 [35.9%]). ARDS was the most common in-ICYTable 1). Concomitantly, patients with myocardial injury had
complication (62 [96.88%]), followed by AKI (21 [32.8%]) higher APACHE Il (19.0 [13.25-25.0] vs. 13.0 [9.25-18 FH];
and CV complications (15 [23.4%]). Laboratory results showed.005) and SOFA system scores than those of the non-myadtardi
that coagulation dysfunction and high in ammatory burden injury group (7.0 [5.0-10.0] vs. 4.5 [3.0-6.Bk 0.001).
were common in these critical patients, as most coagulation Regarding laboratory results, myocardial injury patients
indicators and in ammatory indicators were higher than the showed signi cant increases in the plasma levels of crawini
normal limits. In addition, plasma levels of N-terminal pro- blood urea nitrogen, D-dimer, high-sensitivity C-reactive
B-type natriuretic peptide (NT-proBNP) and hs-cTnl were protein (hs-CRP) (155.0 [78.3-210.9] vs. 45.0 [16.0-96.0]

89 patients admitted in ICU from Feb 4 to Mar 3, 2020

6 excluded for non-COVID-19 related
critical illness (7 patient had no troponin result
and 18 patients had no inflammatory cytokines)

Y

4
83 critically ill patients with COVID-19

> 19 was excluded for incomplete data

Y

64 critically ill patients finally enrolled, including
34 (53.1%) with myocardial injury
and 30 (46.9%) without myocardial injury

FIGURE 1 | Study ow diagram. ICU, intensive care unit; COVID-19, novel amnavirus disease.
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TABLE 1 | Demographics and clinical characteristics of criticallyl ipatients with COVID-19.

Myocardial injury Non-myocardial Total P-value
(n D 34) injury (n D 64)
(n D 30)

Age (yrs) 67.8 10.3 61.3 13.3 648 122 0.033
Male 24 (70.6%) 18 (60.0%) 42 (65.6%) 0.37
Prior CV diseases

CAD 6 (17.7%) 1 (3.3%) 7 (10.9%) 0.11

Heart failure 2 (5.9%) 0 (0.00%) 2 (3.1%) 0.49

Stroke 6 (17.7%) 2 (6.7%) 8 (12.5%) 0.27
CV risk factors

Hypertension 22 (64.7%) 13 (43.3%) 35 (54.7%) 0.087

Diabetes 10 (29.4%) 5 (16.7%) 15 (23.4%) 0.23

Smoking 16 (47.1%) 7 (23.3%) 23 (35.9%) 0.048
Vital signs

Fever 12 (35.3%) 14 (46.7%) 26 (40.6%) 0.36

HR (bpm) 1129 204 106.7 18.5 110.0 19.6 0.21

SBP (mmHg) 1246 26.3 127.8 20.5 126.1 23.6 0.60

DBP (mmHg) 748 145 77.7 142 76.2 144 0.42

RR (times/min) 29.3 838 275 7.1 284 8.0 0.38
Critical score

APACHE Il score* 19.0 (13.3-25.0) 13.0 (9.3-18.8) 15.0 (12.0-22.0) 0.005

SOFA score* 7.0 (5.0-10.0) 4.5 (3.0-6.0) 6.0 (4.0-8.0) <0.001
Complications

CV complications 13 (38.2%) 2 (6.7%) 15 (23.4%) 0.003

ARDS 34 (100.0%) 28 (93.3%) 62 (96.9%) 0.22

AKI 13 (38.2%) 8 (26.7%) 21 (32.8%) 0.33

Live dysfunction 6 (17.7%) 10 (33.3%) 16 (25.0%) 0.15
Symptom onset to ICU admission (days) 15.0 (11.0-23.0) 16.5 (9.3-23.5) 15.5 (10.0-23.3) 0.91
In-ICU therapy

Non-invasive mechanical ventilation 12 (35.3%) 7 (23.3%) 91(29.7%) 0.30

Invasive mechanical ventilation 26 (76.5%) 26 (86.7%) 52 (&Po) 0.30

Immunoglobulin 26 (76.5%) 25 (83.3%) 51 (79.7%) 0.50

Glucocorticoids 26 (76.5%) 28 (93.3%) 54 (84.4%) 0.064

Vasoconstrictive agents 24 (70.6%) 18 (60.0%) 42 (65.6%) 87

Tocilizumab 2 (5.9%) 5 (16.7%) 7 (10.9%) 0.17
Death

All-cause death 29 (85.3%) 18 (60.0%) 47 (73.4%) 0.022

Survival time* 7.0 (3.0-13.75) 19.0 (10.0-38.75) 11.5 (5.0-35.0) 0.002

*Continuous variables with non-normal distribution presented as “medn (IQR).” CV, cardiovascular; CAD, coronary artery disease; ICdténsive care unit. HR, heart rate; RR, respiratory
rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PACHE I, Acute Physiology and Chronic Health Evaluation II; SOFA, Semqtial Organ Failure Assessment; AKI,
acute kidney injury; ARDS, acute respiratory distress syndrome. P-lges present the differences between myocardial injury and non-myocdial injury patients.

mg/L; P < 0.001), interleukin-2 receptor (IL-2R) (1152.0 Inthe survival analysis, the mortality rate was much higlmer i
[741.0-1679.0] vs. 731.0 [302.0-1224.5] pg/mID 0.02), the myocardial injury group than in the non-myocardial imy
IL-6 (1144.7 1466.7 vs. 204.4 400.3 pg/ml;P < 0.001), group (29 [85.29%)] vs. 18 [60.00%],D 0.022). Furthermore,
IL-8 (48.5 [21.1-156.1] vs. 22.7 [14.4-42.9] pgMD 0.015) myocardial injury was demonstrated as an independent risk
and TNFa (19.8 [14.7-40.1] vs. 9.0 [7.1-11.0] pg/mAl;<  factor for reduced survival time from admission to deathZhed
0.001) Table 2. In addition, the levels of creatinine, blood ratio [HR], 2.06 [95% con dence interval (Cl), 1.10-3.88];
urea nitrogen and D-dimer were also signi cantly increasedD 0.023) by a multivariable adjusted Cox proportional hazard
in the myocardial injury group. However, no signicant regression model adjusting for age, smoking history and pre-
di erences were found in the applications of in-ICU therapiesexisting with CVD. The high mortality in the myocardial injy
between myocardial injury and non-myocardial injury patien group was also shown in the K-M survival curves (log-rank,test
(Table ). P D 0.003) Figure 2.
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TABLE 2 | Laboratory tests between COVID-19 patients with and withoumyocardial injury.

Normal range Myocardial injury Non-myocardial Total P-value
(n D 34) injury (n D 30) (n D 64)
White blood count, 10%/L 3.5-9.5 125 5.1 111 5.7 119 54 0.30
Neutrophils* (%) 40.0-75.0 91.7 (88.7-95.1) 90.7 (83.2-93) 91.1 (85.9-94.0) 0.05
Lymphocytes, 10°/L 1.1-3.2 05 04 0.7 0.4 0.6 04 0.25
Hemoglobin, g/L 130.0-175.0 121.8 21.7 123.0 19.8 122.4 20.7 0.82
Platelets, 10°/L 125.0-350.0 155.0 89.4 197.0 105.6 174.7 98.8 0.09
ALT*, U/L 41.0 26.0 (14.0-41.0) 27.5 (22.0-36.8) 29.0 (19.8-42.0) @9
Total bilirubin*,mmol/L 26.0 13.2 (9.6-21.2) 14.5 (8.0-18.7) 13.7 (8.7-19.0) 0.40
Albumin g/L 35.0-52.0 28.0 43 305 6.1 29.2 53 0.065
Creatinine*,mmol/L 59.0-104.0 88.5 (71.5-124.0) 67.0 (48.5-86.0) 81.0 (8.0-107.8) 0.005
BUN*, mmol/L 3.6-9.5 10.2 (7.1-20.7) 7.1(5.4-10.3) 7.8 (6:314.4) 0.013
Serum potassium, mmol/L 3.5-5.1 45 0.8 45 1.0 45 09 0.84
PT* s 11.5-14.5 17.3 (15.7-18.2) 15.4 (14.7-16.3) 16.15 @.0-17.6) 0.005
APTT*, s 29.0-42.0 41.8 (38.4-45.3) 415 (37.4-45.1) 41.6(.5-45.2) 0.68
INR* 0.8-1.2 1.4 (1.2-1.5) 1.2(1.1-1.3) 1.3(1.2-1.4) 0.002
Fbg, g/L 2.0-4.0 45 39 46 21 45 3.2 0.29
D-dimer*, mg/L <05 21.0 (7.5-21.0) 3.7 (1.9-21.0) 14.7 (2.8-21.0) 0.005
hsCRP*, mg/L <1.0 155.0 (78.3-210.9) 45.0 (16.0-96.0) 86.5 (34.7-194.3) <0.001
IL1 b, pg/ml <5.0 65 44 52 0.7 59 33 0.53
IL2 R*, pg/ml 223.0-710.0 1152.0 731.0 1041.0 0.02
(741.0-1679.0) (302.0-1224.5) (554.3-1485.3)

IL-6, pg/ml <7.0 982.2 1517.9 204.4 400.3 617.6 1197.4 0.008
IL-8*, pg/ml <62.0 48.5 (21.1-156.1) 22.7 (14.4-42.9) 29.4 (18.1-76.7) 015
IL-10*, pg/ml <9.1 10.7 (6.3-24.0) 10.5 (5.1-15.5) 10.7 (5.5-19.6) 0.30
TNF-a", pg/ml <8.1 19.8 (14.7-40.1) 9.0 (7.1-11.0) 13.8 (9.3-23.0) <0.001
HscTnl*, ng/L 34.2 276.1 (139.1-909.7) 12.1 (4.7-18.9) 46.5 (12.1-3741 <0.001
NT-proBNP*, ng/L <241.0 1947.5 372.0 (73.8-836.5) 816.5 <0.001

(644.8-4393.5)

(254.5-2585.0)

*Continuous variables with non-normal distribution presented as “medn (IQR).” ALT, alanine aminotransferase; BUN, blood urea nitrogens®RP, high-sensitivity C-reative protein;
IL, interleukin; IL-2R, interleukin-2 receptor; TNF; tumor necrosis factor ; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, intemtional normalized ratio; Fbg,
brinogen; hs-cTnl, high-sensitive cardiac troponin I; NT-proBNPN-terminal pro-B-type natriuretic peptide. P-values present the differeces between MI and non-MI patients.

Association of High In ammatory Burden
With the Incidence of Myocardial Injury in

Critically 1l Patients With COVID-19

Most in ammatory biomarkers were signi cantly higher in
COVID-19 patients with myocardial injury than in those
without myocardial injury Table 2. Consistently patients with
higher in ammatory burden (plasma levels of in ammatory

smoking history and pre-existing with CVD, and found that high
plasma levels of hs-CRP (odds ratio [OR] 6.23, [95% ClI, 1.93—
20.12],P D 0.002), IL-6 (OR 13.63, [95% CI, 3.33-55. L%
0.001), and TNFRa (OR 19.95, [95% CI, 4.93-80.7B]< 0.001)
were positively correlated with the incidence of myocaritipiry
(Table 3.

cytokines higher than the median levels) were also moréylike DISCUSSION

to develop myocardial injury Rigure 3. To investigate the

relation between high in ammatory burden with myocardial This study revealed that myocardial injury was associatitiul av
injury, we set the dependent variable to “myocardial injuayid  high mortality rate in critically ill patients with COVID-19and

set independent variables to the high/low in ammatory bunde a high in ammatory burden was one of the potential causes of
which was divided according to the cut-o of the median level myocardial injury occurrence.

of in ammatory cytokines. In the univariate logistic regson Of 64 in-ICU patients (42 males, 64.8 12.2 years), 52
analysis, we found that high plasma levels (higher than thé81.5%) received invasive mechanical ventilation, and 3.2¢3)
median levels) of high-sensitivity C-reactive protein @BP) died during the follow-up. A high incidence of COVID-
(odds ratio [OR] 10.80, [95% CI, 1.97-59.1B]D 0.006), IL-6  19-induced myocardial injury was suggested by this study,
(OR 9.13, [95% ClI, 2.92-28.5P]< 0.001), IL-8 (OR 7.27,[95% since we found that 34 (53.1%) patients were diagnosed
Cl,1.35-39.05PD 0.021) and TNFa (OR 17.36, [95% ClI, 3.04— with myocardial injury, which is much higher than the
99.20];P D 0.001) were positively associated with the incidencincidence of myocardial injury in non-ICU patients (7.2%
of myocardial injury. We further entered these biomarkemi to 37.5%) {, 4, 5). Myocardial injury usually contributes
the multivariate logistic regression with adjusting véeimof age, to various CV complications, such as cardiac dysfunction,
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A ]
100 —— myocardial injury p=0.003
1 = non-myocardial injury
g 1
«© 4
S ]
‘E 4
3 50
5 4
& 4
0 T T T T T 1
0 10 20 30 40 50 60
No. at risk Time since admission to death (days)
Patients with myocardial injury 34 14 8 5 4 1 0
Patients without myocardial injury 30 23 13 13 7 4 0
B
Time since admission to death (days)
Group Death number, (%)
Duration median (IQR) P-value
myocardial injury (n=34) 29 (85.29%) 7.0 (3.0-13.75)
0.002
non-myocardial injury (n=30) 18 (60.00%) 19.0 (10.0-38.75)
FIGURE 2 | (A) K-M plot for patients with myocardial injury and without myoardial injury.(B) Comparisons of death number and time since admission to dedt
between myocardial injury group and non-myocardial injurgroup.

arrhythmias and sudden death in patients with viral infeago in ammation in hospitalized COVID-19 patients has been
diseases, which are associated with adverse events andspaculated as one of the potential causes of myocardial injury
high mortality rate (3, 14). Several current studies have as investigators found that hs-CRP levels positively cormlate
demonstrated that myocardial injury is associated withalfat with plasma troponin levels in patients with COVID-19)(
outcomes and high mortality rates in hospitalized patientsA similar nding was shown in our study. In addition to
with COVID-19 (3, 5). In our study, in-ICU patients with plasma hs-CRP, plasma levels of -1L-2R, IL-6, IL-8, IL-
myocardial injury were more likely to have preexistingl0, and TNFa were analyzed in this study, and IL-2R, IL-
cardiovascular diseases, develop cardiovascular coniptisat 6, IL-8, and TNFa were signi cantly increased in myocardial
have higher APACHE-II/SOFA scores and have increased n-IC injury patients {Table 2. Moreover, patients with the high
mortality. In addition, Cox regression analysis suggesteat t in ammatory burden were also shown to more likely develop
myocardial injury was an independent risk factor for mortgli myocardial injury Figure 3). After univariate and multivariate
supporting that myocardial injury was associated with adeerslogistic regression, the levels of hs-CRP, IL-6, and ENF-
events and high mortality rate in COVID-19 patients with were shown to be positively correlated with the incidence of
critical illness. myocardial injury, supporting the hypothesis that a high syste

Patients with COVID-19 were revealed to have a highn ammatory burden might contribute to myocardial injuryni
systemic in ammatory statusl( 8). To date, the high systemic COVID-19 patients.
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FIGURE 3 | Comparisons of the numbers of patients with myocardial injy in high/low in ammatory burden groups (divided according ® the cut-off of median levels
of different in ammatory cytokines.A, hs-CRP; B, IL-2R; C, IL-6; D, IL-8; E, TNF-a). hsCRP, high-sensitivity C-reative protein; IL, interl&in; IL-2R, interleukin-2
receptor; TNF-4a, tumor necrosis factora; OR, odds ratio; Cl, con dence interval.

TABLE 3 | Logistics regression for the association of in ammation wh myocardial injury.

Univariate Multivariate
OR 95% ClI P-value OR 95% ClI P-value
hs-CRP  86.5 mg/L 10.80 1.97-59.15 0.006 6.23 1.93-20.12 0.002
IL-2R  1041.0 pg/ml 3.81 0.86-16.94 0.079 2.23 0.71-7.02 0.17
IL-6  703.9 pg/ml 9.13 2.92-28.50 <0.001 13.63 3.33-55.71 <0.001
IL-8  29.4 pg/ml 7.27 1.35-39.05 0.021 2.53 0.84-7.58 0.098
TNFa 13.8 pg/ml 17.36 3.04-99.20 0.001 19.95 4.93-80.78 <0.001

OR, odds ratio; CI, con dence interval. hsCRP, high-sensitivity Ceative protein; IL, interleukin; IL-2R, interleukin-2 receptor; TNE-tumor necrosis factor . Adjusted variates included
age, smoking history, and pre-existing CVD.

Hypoxemia, septic shock, coagulation disorders and cardiaapid heart rate, which caused an imbalance between cardiac
arrhythmias are potentially involved in the process of system metabolic demand and oxygen supply. Moreover, a prevalence
highin ammatory burden-induced myocardial injury in patigs  of shock or insu cient peripheral perfusion was indicated
with severe acute respiratory syndrome coronavirus 2 (SAR®y the common application of vasoconstrictive agents in our
CoV-2) infection (L5-17). These pathophysiological disorderspatients. Concomitantly, coagulation disequilibrium (hegh
were further illustrated by our study. In our patients, more D-dimer levels and longer PT) and the incidence of CV
than 95% of them developed ARDS with a signi cantlycomplications, including arrythmias, were also widely found
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in these patients. Myocardial in ammation might be anotherwidely applied during the outbreaks of several viral infeasio
cause of myocardial injury in coronavirus-infected patgent diseases, such as SARS-CoX)),( Middle East respiratory
(19. In a study performed with 21 autopsies of SARS-Co\syndrome (MERS)-CoVJl) and in uenzas (32). However, the
infected patients, Oudit et al. reported increased in amroati bene t derived from corticosteroids in the treatment of tlees
in the myocardium of these patients associated with cardiadiseases has not been reveal&®).( For COVID-19, there
interstitial brosis and hypertrophy 18). For COVID-19, a brief are no clinical data indicating the bene ts of corticostetsj
case report suggested the potential occurrence of myocarditnd the recommendation for their use is controversial $3).
in COVID-19 patients by describing a 53-year-old womanOther investigators held a positive opinion for glucocorticoid
diagnosed with COVID-19 who developed acute myocarditisisage, as systematic corticosteroid therapy in the rst 34fsda
during hospitalization {9). However, COVID-19-induced viral was shown to e ectively inhibit severe in ammatory storms
myocarditis has not been supported by pathological data so faand alleviate critical symptoms in ICU patients with MERS
In current autopsy reports of COVID-19 patients, researcherg34). Currently, short-term systematic corticosteroid tream
revealed that there was only a mild in Itration of inammatp  (methylprednisolones 1-2 mg/kg/d, 3-5 days) is recommended
cells without substantial necrosis of cardiomyocyt&g 21). It  for the treatment of selective severe COVID-19 patients while
seems that systemic in ammation, but not localized myodalrd being cautious of glucocorticoid-mediated immunosuppressi
in ammation plays a pivotal role in myocardial injury of which delays the clearance of SARS-Co\23).(In our study,
COVID-19 patients. A similar conclusion was also givensystemic corticosteroid administration (methylprednisody 1—
by another retrospective study that enrolled 112 COVID-12 mg/kg/d 5-7 days) was empirically used for patients with
patients, as they revealed that there were no typical signs bfgh in ammatory status. However, the e ciency is still not
myocarditis on echocardiography, such as segmental walomoti con rmed. Elucidating the bene t of glucocorticoids for COM-
abnormality, reduced LVEF or wall thickening, in COVID-19 19 patients is of immediate clinical importance. In contrast to
patients with myocardial injury during hospitalizatiors), The  glucocorticoids, TCZ, a recombinant human IL-6 monoclonal
roles of myocardial in ammation in myocardial injury stifleed antibody, showed potential therapeutic value for COVID-19
more investigation. patients. In a current clinical trial (clinical trial registtion 1D:
The mechanisms underlying the activation of in ammation ChiCTR2000029765), TCZ was administered once to 21 critical
in COVID-19 patients have been recently investigated byatients with COVID-19 at 400 mg intravenously. After a few
Zhang et al. 22). It has been suggested that COVID-19days, the febrile patients' body temperature returned to nalrm
induced the destruction of alveolar epithelial cells, whichand all other symptoms improved signi cantly, in conjunction
led to an increase in cell permeability and the release ofith better respiratory function, absorbed pulmonary lesion
virus. This result subsequently activated the innate immunand lower plasma levels of hs-CRB6)Y, Moreover, several
system and induced the overproduction of cytokines (e.grecent case reports also described the successful use of TCZ
IL-6 and TNF-a), nally causing a systemic inammatory treatment in COVID-19 patients combined with other diseases
response 42, 23). In this process, macrophage recruitment, (37, 38). In our study, TCZ was applied in several selective
which has been demonstrated to regulate SARS-CoV-2-inducgghtients with high IL-6 levels. However, due to the insu cign
in ammation (24, 25), was suggested to be one of the potentiabf related evidence, guidance and specialist consensus for the
contributors, as interstitial mononuclear in ammatory iirates  application of TCZ in COVID-19 patients is still lacking. Stuslie
were observed in both lungs of patients with COVID-19.with larger populations are expected to further conrm the
In addition, the plasma levels of macrophage-produced protherapeutic value of TCZ against COVID-19 development. TNF-
in ammatory cytokines, such as IL-62¢) and TNFa (27), a inhibitors, such as iniximab (Remicade) and adalimumab
were shown to be signicantly increased in patients with(Humira), were not applied in our patients due to the lack
COVID-19, further supporting the contribution of macrophagesof related information in COVID-19 patients. However, the
to systemic in ammation in COVID-19 patients. In addition therapeutic value of TNR: for the severe immune-based
to macrophages, the activation of lymphocytes was alspulmonary injury caused by SARS coronavirus has been
suggested as a factor in systemic in ammation in COVID-implicated 39). Since high plasma levels of TNFhave been
19 patients ). Although decreased blood lymphocyte countwidely observed in our patients, it is worth investigating
of COVID-19 patients has been widely reported, (28, the e ects and safety of TNB- inhibitors in the treatment
lymphocytes were shown to be activated as the increases ahCOVID-19.
the expression of HLA-DR in CO4 and CD& cells, the This study still has several limitations. First, severacese
percentage of C04 CCR4 CCR& Th17 cells. The expression of cardiac information, such as echocardiography data and
of cytotoxic particles (e.g., perforin and granulysin) in CD8 electrocardiography data, were lacking in this study, which
T cells was demonstrated in an autopsy report of COVID-1dimited the evaluation of myocardial injury. Second, plasma
patients @1). levels of certain in ammatory cytokines, such as granuteey
The e ciencies of anti-in ammatory treatments such as colony stimulating factor, monocyte chemoattractant pioté
glucocorticoids, tocilizumab (TCZ) and anti-TNFagents in  and macrophage in ammatory protein &{(chemokine ligand 3),
COVID-19 patients were recently investigated by variousvere not tested in our study. Finally, this study only inwxdv
registered cohort studies5,(29). In this study, glucocorticoids 64 patients, and further studies with larger populations or
and TCZ were applied in these patients. Glucocorticoids wermulticenter study should be performed to con rm our results.
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CONCLUSION

This study demonstrated that myocardial
common complication of COVID-19,
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