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Abstract

Background: A novel coronavirus disease (COVID-19) in Wuhar baused an outbreak and become a
major public health issue in China and great canfrem international community. Myocarditis and
myocardial injury were suspected and may even heidered as one of the leading causes for death of
COVID-19 patients. Therefore, we focused on thedian of the heart, and sought to provide firstthan

evidence for whether myocarditis and myocardialinwere caused by COVID-19.

Methods: We enrolled patients with confirmed diagnosis @N\@D-19 retrospectively and collected
heart-related clinical data, mainly including caimaging findings, laboratory results and clihica
outcomes. Serial tests of cardiac markers weredréar the analysis of potential myocardial

injury/myocarditis.

Results: 112 COVID-19 patients were enrolled in our stublyere was evidence of myocardial injury in
COVID-19 patients and 14 (12.5%) patients had prieskabnormalities similar to myocarditis. Most of
patients had normal levels of troponin at admissioat in 42 (37.5%) patients increased during
hospitalization, especially in those that died.pinain levels were significantly increased in theelwe
preceding the death. 15 (13.4%) patients have pies$signs of pulmonary hypertension. Typical signs

of myocarditis were absent on echocardiographyedexirocardiogram.

Conclusions: The clinical evidence in our study suggested tinagcardial injury is more likely related to
systemic consequences rather than direct damathe 3019 novel coronavirus. The elevation in cardia
markers was probably due to secondary and sysangequences and can be considered as the warning

sign for recent adverse clinical outcomes of théepts.

1. Introduction

A novel coronavirus in Wuhan has infected clustei@ecember 2019 and caused an outbreak of

severe pneumonia with worldwide human-to-humarstrassion[1-3]. As of February 29, 2020, there



were 79824 confirmed cases and 2870 deaths in [@hifizhas become a major public health issue in
China and great concern from the international canity. The World Health Organization has officially
named the novel coronavirus disease as Corona Biegase 2019 (COVID-19) and declared a public
emergency of international concern[5]. Currentiywrconfirmed cases and deaths caused by COVID-19
still increased daily and it has spread all ovein@land over 170 countries and territories aroted t

world.

Besides focusing on the severe condition of pneismdime novel coronavirus may attack many
important organs and cause multiple organ failutk wytokine storm[6, 7]. The heart is one of these
most important organs and it is highly suspicidwt ¥iral myocarditis and myocardial injury coule b
also involved and may even be considered as otiedéading causes for the death of COVID-19
patients. However, currently the evidence is ragard to viral myocarditis and myocardial injurgda

the knowledge of this disease is still limited.

Thus, as doctors working at the front-line in Wulaad providing medical service for COVID-19
patients, we sought to investigate the clinicagd@sis and treatment of COVID-19 patients, focusing
the condition of the heart, and to provide firstth&mformation that whether there is sufficient eride

for viral myocarditis and myocardial injury causgdCOVID-19.
2. Method
2.1 Sudy design and participants

We performed a retrospective study at Renmin HakpftWuhan University, which is one of the
major tertiary teaching hospitals and governmettiaized hospitals for COVID-19 patients. All
patients were enrolled with symptom onset from dané to February 20, 2020 and confirmed the
diagnosis of COVID-19 infections during hospitatiza in Renmin Hospital of Wuhan University. Our
study was approved by Ethics Committee, Renmin kdspf Wuhan University (WDRY2020-K031)

and registered with the official website of Chinani€al Trial Registration Center (ChiCTR2000030D17



2.2 Diagnosis and grading of COVID-19

All patients enrolled in the study were diagnosed graded according to the interim guidance from
World Health Organization[8] and National Healthn@uission of China[9]. The diagnosis of COVID-19
was confirmed as positive result for nasopharyngeab and respiratory pathogen nucleic acid tetst wi
high-throughput sequencing or real-time reversesttaptase polymerase chain reaction (RT-PCR)[10].
All the patients have undergone chest computed goaphic (CT) scans and confirmed as viral

pneumonia with characteristic changes[11, 12].

According to the signs and symptoms, imaging figdiand laboratory results, COVID-19 patients
can be divided into four types as mild, moderatgese and critical types. Patients in severe thpels
meet one of the three criteria: respiratory disti@sd respiratory rate higher than 30 times peutajn
fingertip blood oxygen saturation less than 93%est; partial arterial oxygen pressure (RPaQraction
of inspiration oxygen (Fi¢) less than 300mmHg. Patients with one of the thogelitions are considered
as critical type: respiratory failure, requiringchanical ventilation; shock; multiple organ failure
requiring intensive care management. We divideg#igents in non-severe group (mild and moderate

types) and severe group (severe and critical types)
2.3 Data collection

The clinical data of patients were collected frdectonic medical records, including demographics,
clinical symptoms and signs, co-existing conditiamaging findings, laboratory results, treatmemd a

clinical outcomes.

Related clinical information was recorded and aredy According to American Heart
Association[13], myocarditis related abnormalitiegine as: triple elevation in cardiac Troponimvér
0.12ng/mL) plus abnormalities on echocardiograpid/ar electrocardiogram (ECG). The abnormalities

on echocardiography define as reduced left ver@i@jection fraction (LVEF) (<50%), or segmental



wall motion abnormality, or left ventricular waliitkening (>10mm) and/or presence of pericardial

effusion(>5mm); the abnormalities on ECG define as ST segmenatdte/ST-T changes.

According to the guidelines of American Societygghocardiography[14] and European Society of
Cardiology[15], signs of pulmonary hypertensioniie$ as peak tricuspid regurgitation velocity >28m
with echocardiographic signs including the charafegentricles as right ventricle/left ventricle bas
diameter ratio >1.0; or pulmonary changes as puémpoacceleration time <105msec and/or mid-systolic
notching; or signs of the increase of right atpi@ssure as inferior cava diameter >21mm with ceee
inspiratory collapse (<50 % with a sniff or <20 %lwquiet inspiration). At least two different
echocardiographic signs above should be presetgtesmine higher probability of pulmonary

hypertension.

Based on clinical demand, echocardiography, ECGcartiac markers test and other laboratory tests
may be performed at least one time or several thoresach patient during hospitalization. The inmagi
findings and the laboratory results were recordedte reflection of COVID-19 patieritsondition
during treatment and clinical management. In agldjtthe results of series cardiac marker and Niterim
pro brain natriuretic peptide (NT-pro BNP) testgevigaced for the analysis of potential myocardial

injury, myocarditis and cardiac dysfunction.

The composite endpoint of our study was the adoniss intensive care unit (ICU), or mechanical
ventilation, or extracorporeal membrane oxygenafi®MO), or death. Clinical outcomes of the pasent
were followed up to March 11, 2020. Patients witle of the following situations should be considered
as responding to treatment in hospital: continyodstreased temperature; improved respiratory
symptoms; CT shows gradual absorption of pulmoidgmmation; high-throughput sequencing or RT-

PCR result for respiratory pathogen nucleic acitl lecomes negative.

2.4 Satistical analysis



The statistical analysis was performed with SPSSime 22.0 (IBM, lllinois, USA). Binary and
ranked variables were described as counts andrgages. Continuous variables were expressed as the
means and standard deviations or median, and uz#iig range (IQR) values as appropriate. Contisuo
parameters were compared by independent-sampeswihen the data were normally distributed or
otherwise the Mann-Whitney test, while binary aadked data were analyzed by Wilcoxon rank sum test.
Cox proportional hazard ratio analysis of cardiaaging findings and laboratory results was perfarme
for the risk prediction of the death of COVID-1%ipats adjusted with demographics, clinical symgom
and signs and co-existing conditions. Statistigalificance for all analysis were defined as twitethp

value less than 0.05.
3. Results
3.1 Demographic and clinical characteristic

The demographics and baseline clinical charadesisf COVID-19 patients were summarized in
Table 1. There were 112 hospitalized patients wdthfirmed diagnosis of COVID-19 in our study
population. The median age was 65.0 years (IQR-409.8; range: 24.0-92.0 years), and 57 (50.9%)

were men.

Of the 112 patients, 58 (51.8%) had one or morexisting conditions, and hypertension (36
[32.1%)]), diabetes (19 [17.0%]) and coronary hdagase (CHD) (15 [13.4%)]) were the most common
co-existing conditions. The most common heart-eelaymptoms were fever (98 [87.5%)]), cough (79

[70.5%]), chest pain/tightness (73 [65.2%)]) andrstess of breath (63 [56.3%]).

67 (59.8%) patients were identified in severe grammpared with patients in non-severe group,
there were more patients in severe group with egmitly older age (median age, 68.0 years [IQRO57
77.0] vs 56.0 years [IQR: 39.0-67.0], p < 0.01)efenwere 28 (41.8%) and 13 (28.9%) patients with
body mass index >28Kgfin severe and non-severe groups, respectivelyrefhere no significant

differences between patients in severe and nonmeeveups with co-existing conditions.



3.2 Cardiac imaging findings and laboratory results

Echocardiography has presented that cardiac chasiesy, LVEF (representing left ventricular
systolic function) and tricuspid anterior planetsiis excursion (representing right ventriculartsyjis
function) were within the normal ranges[14, 16] &mere were no significant differences of cardiac
chamber sizes between patients in non-severe ardesgroups (summarized in Table 2). There were 6
(5.4%) patients with LVEF <50% and no patients bs&F <40%. The maximum depth of pericardial
effusion was 6.2+1.1mm and there were more patiargsvere group with this small amount of
pericardial effusion (19 [28.3%] vs 3 [6.7%], p ©D). 15 (13.4%) patients have presented the sifjns
pulmonary hypertension however categorized as lmability (peak tricuspid regurgitation velocity

<2.8m/s or no presence of at least two echocaralbic signs)[15].

Cardiac troponin | were elevated (over 0.04ng/ml42 (37.5%) patients and triple elevated (over
0.12ng/mL) in 32 (28.6%) patients during hospitiian. Compared with non-severe group, the peak
cardiac troponin | level (0.00ng/L [IQR: 0.00-0.0/ 0.10ng/L [IQR: 0.01-0.77], p<0.01) and peak NT-
pro BNP level (101.9ng/L [IQR: 34.0-363.8] vs 11e1y/L [IQR: 388.3-5956.5], p<0.01) were
significantly higher in severe group. There wesaaignificant differences of lactose dehydrogerzask

creatinine kinase between non-severe and seveupg(summarized in Table 2).

According to the definition, 14 (12.5%) COVID-19%tgats possibly had myocarditis. The
characteristics of these patients were summariz&élble 3 and Supplementary Table 1. All the p&tien
possibly with myocarditis had elevation in creatiimase MB and NT-pro BNP. Of these patients, 10
(8.9%) and 2 (1.8%) had the abnormalities on edldomgraphy and electrocardiogram, respectively, and
2 (1.8%) had both the abnormalities. 6 patientewemoved among the possible acute myocarditis
because 5 patients had pre-existing cardiac disoesel 1 had an acute inferior myocardial infarcto
days after hospitalization. For these 5 patients pie-existing cardiac disorders, 4 patients wate
history of CHD and heart failure and 3 of them preed reduced LVEF and segmental wall motion

abnormality while the other one presented redudddH; another patient with history of hypertrophic



cardiomyopathy (HCM) has presented wall thickeniFige patient with myocardial infarction after
hospitalization presented reduced LVEF and segrhemiamotion abnormality. Besides that, the

abnormalities on echocardiography were mainly tiesgnce of a small amount of pericardial effusion.
3.3 Clinical outcomes

In our study, 37 (33.0%) patients recovered anchdisgyed with median duration (from onset to
discharge) of 32 days (IQR: 22.0-38.0). 31 (27.p#)ents have reached the composite endpoint. Of
these patients, 26 (23.2%) were admitted to ICU2830%) and 3 (2.7%) required mechanical
ventilation and ECMO, respectively. 14 (12.5%) @aits died during hospitalization (summarized in

Table 4) and the median time from onset to death2@0 days (IQR: 20.0-28.0; range: 15-39 days).

Of note, peak cardiac troponin | level (0.00ngQR: 0.00-0.03] vs 0.56ng/L [IQR: 0.09-2.69],
p<0.01) and peak NT-pro BNP level (301.2ng/L [I@R:6-995.0] vs 2887.5ng/L [IQR: 881.8-11866.8],
p<0.01) were higher for patients who have reacheddmposite endpoint. In addition, for the risk of
death in patients with COVID-19, cox proportionakzhrd ratio analysis showed that peak cardiac
troponin | level and peak NT-pro BNP level havesereted relatively higher hazard ratios (8.9 [95%ClI:
1.9-40.6, p<0.01] and 1.2 [95%CI: 1.1-1.3, p<0.0&$pectively), while there was no statistical
significance for the hazard ratio analysis of cardroponin | level at first test (p=0.10). For takk
patients who died during hospitalization, cardiarkars were elevated before death (Supplementgry Fi
1) and cardiac troponin | was peaked within a warekceding death with the median time of 2 days (IQR

0.0-5.5; range: 0.0-7.0 days).
4. Discussion

With short-term follow-ups and front-line clinicdata analysis, our study has revealed that these wa
evidence of myocardial injury in COVID-19 patienisring hospitalization and 14 (12.5%) patients had

presented abnormalities similar to myocarditiseesgly the elevation in cardiac troponin I. We dav

discovered the characteristic change over timedediac troponin I: Most of patients had normaklev



of troponin at admission, that in 42 (37.5%) pasencreased during hospitalization, especiallthose
that died. Troponin levels were significantly inased in the week preceding the death. In the absEnc
typical signs on echocardiography and ECG, thohgfclinical evidenceniour study can’t exclude
myocardial injury and myocarditis directly causeckhe 2019 novel coronavirus, we consider that the
elevation in cardiac troponin | was more likelyated to systemic disorders and could be the warning

sign for the death of patients with COVID-19, whitiould be paid more attention to in clinical piaet

Recently, the novel coronavirus in 2019 has bestogiered as the seventh member of enveloped
RNA coronavirus[17, 18] and resembled the seventeaespiratory syndrome coronavirus (SARS-CoV)
which caused an outbreak in 2003. Previous stufe2]] have revealed that other types of coronaviru
including SARS-CoV can cause myocardial inflammatnd damage via human angiotensin converting
enzyme |l as receptor. Thus, it is presumed tlehtivel coronavirus may also lead to myocardiairinj
and myocarditis in patients with COVID-19. In adldfit, cytokine storm[6, 7, 22] is another speculated
mechanism that could be caused by coronaviruseptieg as indiscriminate attack of overreacting
immune system on many organs including the hearthA extensively and rapidly spreading of COVID-
19, possible myocardial inflammation and injury éaways been highly concerned and suspected.

Finding evidence that the virus directly attacles lleart has become an urgent demand currently.

However, the pathological findings at present effitst reported COVID-19 case by autopsy[23]
presented that only a few interstitial inflammatbas infiltrated the heart tissue, suggestingtti@hovel
coronavirus infection might not directly impair theart. From the clinical standpoint, our study &ae
discovered that the speculation of myocarditis edusy COVID-19 lacked solid evidence. Except f@ th
patients with pre-existing cardiac disorders armtlzer patient with acute myocardial infarction 4sla
after hospitalization, echocardiograptiyin’t present typical signs of myocarditis such as segmental wall
motion abnormality, reduced LVEF or wall thickenifog the patients with COVID-19 during
hospitalization. The only presentation that coylecailate myocarditis was the presence of peridardia

effusion in some patients, however there was oliynall amount of pericardial effusion, which was no



specific for myocardial injury but more inclinedsgstemic causes. In addition, some patients have
presented the signs of pulmonary hypertensiontands more likely because of the severe conditions
lungs and acute respiratory distress syndrome. B@@festations were also nonspecific for the psgien
ST-T changes is common and lacks specificity irofghtients, especially those with co-existing izard
conditions. Tachycardia was more common in patiergshed the composite endpoint, which is more
likely due to other reasons, such as severe hypbBriamost of the time during hospitalization, kxeels

of cardiac troponin | and NT-pro BNP have not etedaEven the condition of lungs became extremely
severe, the changes of the heart were still noibakvor patients with COVID-19, indicating thagth
novel coronavirus has not presented direct aggnessi the heart and it was less likely to be cared

as the primary cause for myocardial injury.

Meanwhile, it is worth noting that the elevatiorcardiac troponin | and NT-pro BNP peaked within
one-week preceding death of the patients. Carddgonin | is a sensitive marker for myocardial
injury[24] and NT-pro BNP is an optimal biomarker heart failure[25]. Myocardial injury and heart
failure presented before death may be attributedter reasons, like severe hypoxia induced myaaard
ischemia, management of mechanical ventilation@WB, multiple organ failure requiring kidney or
liver replacement therapies, severe water andrelgtet unbalance or irreversible metabolic acidesid
coagulation dysfunction, which would cause sevesgesnic disorders in patients with COVID-19. All
these conditions may have influences on the hedrtause secondary myocardial injury and heart
failure. Though this was not the presence of theehcoronavirus directly attacking the heart, the
elevation in cardiac markers should be consideseslaarning sign, highly suggesting for recent eskve
clinical outcomes of patients with COVID-19. Onbe tonditions of patients have become severe, such
as the decline of blood oxygen saturation, theiaantharkers should be tested and monitored in doder

improve clinical management and outcomes for tpasients.

5. Limitation



Our study has several limitations. First, cardiagmetic resonance and myocardial biopsy were
unavailable in this clinical setting to confirm noasdial injury and myocarditis. The exclusion of
potential myocardial inflammation and injury caussdCOVID-19 requires more evidence from the
demonstration of pathophysiological mechanismsofacowe have followed up the patients for over two
months, however 61 patients (54.5%) are still Haped and the median time (from onset to theand
follow-up) of these patients were 46 days (IQR5349.0; range: 24-66 days). Thus, the relationship
between the study parameters and clinical outcoareains to be further validated. Third,
echocardiography, ECG and all the laboratory t@ste based on clinical demand. Differences in the

timing of the examinations and tests may lead fferdinces in the results.
6. Conclusions

Our findings will facilitate understanding of COVAI® and improve clinical strategies and
management against the disease. From the clinaadigoint and front-line data analysis in our sfudy
though there was evidence of myocardial injury 2% COVID-19 patients had cardiac abnormalities
similar to myocarditis, the characteristic changlesardiac troponin | over time and the absence of
typical signs on echocardiography and ECG haveestgd that myocardial injury is more likely related
to systemic consequences rather than direct dabyathe 2019 novel coronavirus. The elevation in
cardiac markers was probably due to secondaryystdrsic causes and can be considered as the warning

sign for recent adverse clinical outcomes of théepts.
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Table

Table 1. Clinical characteristics of patientswith COVID-19

Disease severity

Composite endpoint

Clinical characteristics Al(lnzitli(;?s Non-severe Severe P Yes No P
(n=45) (n=67) value (n=31) (n=81) value
Age, years 65.0(49.0-70.8)  56.0(39.0-67.0)  68.07.0) <001 63.0(50.0-70.0)  66.0(48.5-71.0)  0.94
Male sex, n (%) 57(50.9%) 19(42.2%) 38(56.7%) 0.13 19(61.3%) 38(46.9%) 0.17
Signsand Symptoms
Fever, n (%) 98(87.5%) 36(80.0%) 62(92.5%) 005  1680(0%) 67(82.7%) 0.01
Temperature on admissidit, 36.9:0.8 36.30.6 37.%0.9 <0.01 37.%0.9 36.80.7 0.06
Highest TemperaturéC 38.3:1.0 38.61.0 38.30.9 0.01 38.9:0.8 38.£0.9  <0.01
Cough, n (%) 79(70.5%) 32(71.1%) 47(70.1%) 091  724%) 55(67.9%) 0.32
Shortness of breath, n (%) 63(56.3%) 13(28.9%) £5606) <0.01 30(96.8%) 33(40.7%) <0.01
Chest painftightness, n (%) 73(65.2%) 14(31.1%) 884%6)  <0.01  31(100.0%) 42(51.9%) <0.01
Respiratory rates, bpm 25.5t8.2 20.22.3 29.%8.8 <0.01 33.89.1 22.35.1 <0.01
fnﬁ:jl’gc blood pressure, 130.0626.7 131.818.3 1293313 076  117.%32.6 1342226  0.01
anirf“S_'tg"c blood pressure, 74.3t14.8 78.610.5 71.316.6 0.01 68.0:21.1 76.810.8 0.03
Heart rates, bpm 92.8:23.6 91.618.0 93.6:26.8 0.66 98.3:33.7 90.218.2 0.24
22)‘13’ mass index 28kg/mf, N 41 (36 Gog) 13(28.9%) 28(41.8%) 0.17 15(48.4%) 26@.  0.11
g':;;eif‘ﬂzra“c’” of 87.3:16.4 97.315 80.2162 <001  73.&195 92.811.4  <0.01
Co-existing conditions
Chronic obstructive 4(3.6%) 1(2.2%) 3(4.5%) 053 1(3.2%) 3(3.7%) 0.90

pulmonary disease, n (%)



Hypertension, n (%) 36(32.1%) 12(26.7%) 24(35.8%) .310 12(38.7%) 24(29.6%) 0.36
Diabetes, n (%) 19(17.0%) 5(11.1%) 14(20.9%) 0.18 (228%) 12(14.8%) 0.33
Coronary heart disease, n (%) 15(13.4%) 4(8.9%) 16.200) 0.25 6(19.4%) 9(11.1%) 0.25
Atrial fibrillation, n (%) 4(3.6%) 2(4.4%) 2(3.0%) 0.68 1(3.2%) 3(3.7%) 0.90
Each value represents the median (interquartilgelanmean + SD or the number (%).
Table 2. Imaging and labor atory findings of patientswith COVID-19
. Disease severit; Composite endpoint
Imaging and laboratory findings AI(InF:’alltjlhezr)]S Non-severe Sever;/ b value Yes pN0 > b value
(n=4E) (n=67) (n=21) (n=81)

*Possible myocarditis, n (%) 14(12.5%) 1(2.2%) 1B4P0) <0.01 12(38.7%) 2(2.5%) <0.01

Echocardiography

Left atrium (mm) 33.8t4.2 33.@¢4.0 34.34.3 0.12 33.5:3.8 33.%4.3 0.62

Left ventricle (mm) 44.43.7 44.#3.3 44.84.0 0.42 45.3t3.5 44.#3.8 0.14

Right atrium (mm) 35.8:4.5 35.84.8 35.84.4 0.91 35.4t4.9 35.34.4 0.57

Right ventricle (mm) 21.3:2.2 21.32.3 21.32.2 0.97 21.4:2.0 21.32.3 0.85

Wall thickness (mm) 9.5+0.9 9.20.6 9.531.1 0.69 9.5£0.6 9.5%1.0 0.78

Wall thicknesg10mm, n (%) 3(2.7%) 1(2.2%) 2(3.0%) 0.81 0(0.0%) 3(3.7%) 0.28

Segmental wall motion abnormality, n (%) 5(4.5%) 0.006) 5(7.5%) 0.06 4(12.9%) 1(1.2%) 0.01

LVEF (%) 60.t5.6 62.@5.5 58.35.4 <0.01 57.%7.2 60.84.8 0.01

LVEF<50%, n (%) 6(5.4%) 1(2.2%) 5(7.5%) 0.25 5(26)1 1(1.2%) <0.01

TAPSE (mm) 20.x2.3 20.82.2 19.423 <0.01 19.22.6 20.32.2 0.03

TAPSE<16mm, n (%) 4(3.6%) 0(0.0%) 4(6.0%) 0.09 ) 0(0.0%) <0.01

Signs of pulmonary hypertension, n (%) 15(13.4%) 2.2%) 14(20.9%) <0.01 11(35.5%) 4(4.9%) <0.01

PE25mm, n (%) 22(19.6%) 3(6.7%) 19(28.4%) <0.01  13(41.9%) 9(11.1%) <0.01

Depth of PE (mm) 6.2+1.1 6.31.2 6.21.1 0.80 6.0£1.1 6.41.0 0.34

Electrocardiogram

Tachycardia, n (%) 33(29.5%) 11(24.4%) 22(32.8%)  340. 16(51.6%) 17(21.0%) <0.01



ST segment elevation/ST-T changes, n (%) 22(19.6%)  7(15.6%) 15(22.4%) 0.37 8(25.8%) 14(17.3%) 0.31

Laboratory tests

Hemoglobin, g/L 103.0(87.0-  112.0(100.0- 980(780- . 860(738 10500933 <001
(120-175g/L) 115.0) 126.0) 105.0) : 104.0) 116.5) :
C-reactive protein level, mg/L 82.7(11.9- g 132.6(65.2- 200.0(173.0- g

(0-10mg/L) 174.7) 15.1(5.0-83.4) 200.0) <0.01 200.0) 45.0(5.0-98.3) <0.01
Procalcitonin level, ng/mL

(<0.1ngimb) 0.1(0.0-1.2) 0.1(0.0-0.3) 05(0.1-17) <001 150.738) 0.1(0.0-0.3) <001
%‘_%'T;;g?g/ L 40(1.019.0)  07(0.4-17) 11.9(3.8-52.4) <0.01 48'789(,%)7 9 150.7-7.0) <001
Lactose dehydrogenase, U/L 34602150-  20L0(1810-  476.0(3440- o 721.0(498.0- 2555(200.0- <001
(120-250U1L) 550.0) 282.0) 770.0) : 1247.5) 427.3) :
Creatinine kinase, U/L 28.0(18.0- ’ 25.0(17.0- 20.5(12.0-  28.0(18.0-

(50-310U1L) 94.0) 33.0(24.5-57.5) 191.5) 041 424.0) 58.3) 061
(Corzﬁg,”r'r?s kinase MB, ng/mL 1.9(0.7-3.5) 1.1(0.6-2.1) 22(16-67) <001 39(2.1-101) 1307-23) <001
&%’%‘jﬁ;ﬁl’f_‘;”'” 1, ng/ml. o.%lﬁ.)oo- 0.00(0.00-0.01)  0.10(0.01-0.77) <0.01 0'5266(3%)09' 0'%0(()03')00‘ <0.01
Cardiac troponin 1> 0.04ng/mL, n (%) 42(37.5%) 306) 39(58.2%) <0.01 26(83.9%) 16(19.8%) <0.01
Cardiac troponin I> 0.12ng/mL, n (%) 32(28.6%) 208) 31(46.3%) <001  23(742%)  9(11.1%) <001
NT-pro BNP, ng/L 430.1(100.6- ’ 1142.0(388.3- 2887.5(881.8 301.2(80.6-

(0-1800ng/L) 2859.3)  101.9(34.0-363.8) ""g5one ) <001 " 118668  995.0) <0.01

Each value represents the median (interquartilgelamean + SD or the number (%). *Myocarditis teeabnormalities define as: triple elevation ipémgensitive cardiac Troponin | (over 0.12ng/mL)
plus abnormalities on echocardiography and/or mleatdiogram (ECG). The abnormalities on echocgrdishy define as reduced left ventricular ejecfrantion (LVEF) (<50%), or segmental wall

motion abnormality, or left ventricular wall thicki@g (>10mm) and/or presence of pericardial effugkbmm); the abnormalities on ECG define as ST segeienation/ST-T changes. LVEF: left
ventricular ejection fraction. TAPSE: tricuspid afar plane systolic excursion. PE: pericardial &ffn. NT-pro BNP: N-terminal pro-brain natriureieptide.



Table 3. Clinical characteristics of COVID-19 patientswith possible myocar ditis

Possible myocarditis

Clinical characteristics

Yes No P value
(n=14) (n=98)

Age, years (range) 74.0(57.5-80.8) 64.5(48.3-69.0) 0.03
Male sex, n (%) 10(71.4%) 47(48.0%) 0.10
Signs and Symptoms
Fever, n (%) 14(100.0%) 84(85.7%) 0.13
Temperature on admissioi, 36.20.5 36.20.8 0.78
Highest TemperaturéC 38.8t0.8 38.21.0 0.03
Cough, n (%) 13(92.8%) 66(67.3%) 0.05
Shortness of breath, n (%) 13(92.8%) 50(51.0%) <0.01
Chest pain/tightness, n (%) 13(92.8%) 60(61.2%) 20.0
Respiratory rates, bpm 33.1£9.9 24.37.2 <0.01
Systolic blood pressure, mmHg 136.%43.9 128.822.8 0.27
Diastolic blood pressure, mmHg 72.%22.3 74.€13.3 0.68
Heart rates, bpm 94.7434.0 92.321.6 0.73
Body mass index 28kg/nt, n (%) 8(57.1%) 33(33.7%) 0.09
Blood saturation of Oxygen, % 78.3t21.4 88.913.0 0.01
Co-existing conditions
gir;:;r;igyonb(sot/;l);ctive pulmonary 1(7.1%) 3(3.1%) 0.44
Hypertension, n (%) 6(42.9%) 30(30.6%) 0.36
Diabetes, n (%) 4(28.6%) 15(15.3%) 0.22
Coronary heart disease, n (%) 3(21.4%) 12(12.2%) 350.
Atrial fibrillation, n (%) 1(7.1%) 3(3.1%) 0.44

Each value represents the median (interquartilgelammean + SD or the number (%).



Table4. Cardiac findings of 14 patientsdied from COVID-19

. Age/Time from
Patient/ onset to death/Co-

First test vs Peak within the week preceding deat

Cardiac Markers

h
Electrocardiogram

Echocardiography

Gender  qyising conditions ~ CK-MB Troponin|  NT-pro BNP
(ng/mL) (ng/mL) (ng/L)
62Y/15D Tachycardia; LA dilation; PE: 6mm
UF Hypertension 387 12939 002 090 13310 10390 ) o4 ayis deviation LVEF:60%: TAPSE=18mm
69Y/17D Left axis deviation; LA dilation; LVEF:58%;
2M Hypertension 1.35 6.58 002 423 201090 7703 Apnormal ST-T changes TAPSE=20mm
3/F ZQY/ 20D 213 136 013 1.95 117230 14610 Normal sinus rhythm LVEF:64%; TAPSE=21mm
92Y/39D Tachycardia; Cardiac dilatation;
AM- chp 384 752 011 3394178300 119660 Apjormal ST-T changes LVEF:40%; TAPSE=14mm
86Y/26D . o LV wall thickening;
5/M Hypertension, 919 7258 079 0.89 159660 350000 ;iﬁ:rxrfa?gﬁ;'iﬂé naes PE7mm; LVEF:42%;
CHD 988 TAPSE=16mm
61Y/26D Q wave inll, [land aVF RWMA in LV inferior wall;
6/F Hypertension 047 332 001 0.88 350000 333130 < = LVEF:43%: TAPSE=18mm
80Y/20D PE:6mm; LVEF:55%;
7/F CHD 2.70 9.64 0.00 8.02 35000.0 5950.0 Abnormal ST-T changes TAPSE=17mm
78Y/22D . . . _
8/M NA 3295 3295 0.13 7.96 2944.0 338.2  Normal sinus rhythm LVEF:56%; TAPSE=19mm
RA and RV enlargement
81Y/22D Tachycardia;
9/M COPD 230 68 001 076 900L0 15450 ool et T changes Pulmonary hypertension
LVEF:55%; TAFSE=1Emm
45Y/32D . . _
10/M Diabetes 6.92 5.47 2.28 3.24 19474.0 2271.0 Abnormal ST segment LVEF:58%; TAPSE=18mm
11/M ziY/ 28D 0.46 26.68 0.01 7.10 10430 169.4 Normal sinus rhythm LVEF:66%; TAPSE=23mm
82Y/19D Cardiac dilatation;
12/M CHD 0.71 0.66 0.00 0.63 24337.0 1496.0 Abnormal ST-T changes LVEF-45%: TAPSE=16mm
77Y[24D Left axis deviation; LA dilation; LVEF:56%;
13/F Hypertension 11304831 006 2.60 350000 273650 Abnormal ST-T changes TAPSE=18mm
65Y/33D
14/M NA 7.55 16.77 0.70 3.58 28892.0 882.5 Abnormal ST-T changes  LVEF:60%; TAPSE=19mm

CHD: coronary heart disease; COPD: chronic obstregililmonary disease; NA: no significant abnorregitCK-MB:
creatinine kinase MB; NT-pro BNP: N-terminal praalr natriuretic peptide; LA: left atrium. LV: lefentricle; RA: right atrium;
RV: right ventricle; LVEF: left ventricular ejectiofraction; TAPSE: tricuspid annular plane systebcursion; RWMA:

regional wall motion abnormalities; PE: pericarditflision. *This patient had an acute inferior mywiéal infarction four days
after hospital admission.
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