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# # 6470001030 : MAJOR MEDICINE
KEYWORD: Electrocardiogram, ECG, SARS-CoV-2, COVID-19, mortality
Kanokporn Yutintorn : Prevalence of Electrocardiographic Abnormalities of Hospitalized COVID-19 Infected Patients in

King Chulalongkorn Memorial Hospital. Advisor: Assoc. Prof. Suphot Srimahachota, M.D.

Background: Coronavirus disease 2019 (COVID-19) was recognized as an outbreak in December 2019. While the main
symptoms and severe complications of Coronavirus disease 2019 involve the respiratory system, this disease can also result in
cardiac complications including cardiac dysrhythmias. In previous studies, several electrocardiographic patterns were associated with
poor outcomes. However, there is still sparse data on electrocardiographic abnormalities and their prognostic outcomes in Thailand.
This study will summarize the prevalence of relevant abnormal electrocardiographic findings in hospitalized COVID-19 infected

patients in King Chulalongkorn Memorial Hospital and their association with clinical outcomes regarding in-hospital mortality.

Objectives: This study aimed to describe the prevalence of electrocardiographic abnormalities of hospitalized COVID-19
infected patients in King Chulalongkorn Memorial Hospital and electrocardiographic patterns which were associated with in-hospital

mortality.

Materials and methods: This study was a retrospective, single-center, observational study. The medical records of
admitted symptomatic patients with a diagnosis of COVID-19 infection confirmed by RT-PCR from January 2020 to December 2021
were reviewed. Data from each electrocardiogram and in-hospital mortality of patients were collected. Patients without
electrocardiogram and patients who had pacemaker were excluded. The primary outcome was the prevalence of electrographic

abnormalities. The secondary outcome was abnormal electrocardiographic patterns which were associated with in-hospital mortality.

Results: There were 180 patients included in this study with mean age of 61.01 + 16.17 years old, male 56%. From this
study, 154 patients (85.6%) had abnormal electrocardiogram during admission. The most common abnormal electrocardiographic
patterns were prolonged QT interval (36.8%), tachycardia (29.1%), ST depression (23.4%), and pathologic Q wave (19.5%),
respectively. 33 patients (18.3%) died in admission, and electrocardiographic patterns which were associated with in-hospital
mortality include tachycardia (OR 7.86 95% Cl 2.75-22.44 p-value <0.001), premature atrial complexes (OR 5.06; 95% Cl 1.29-19.78; p-
value 0.02), prolonged QTc interval (OR 4.71; 95% Cl 1.6-13.9; p-value 0.005), and ST depression (OR 2.96; 95% C| 1.04-8.4; p-value

0.042). All patients in the dead group had at least one electrographic abnormality.

Conclusion: Prevalence of electrocardiographic abnormalities of hospitalized COVID-19 infected patients in King
Chulalongkorn Memorial Hospital was 85.6%. In addition, some electrocardiographic patterns were associated with in-hospital

mortality.

Field of Study: Medicine Student's SIgNAtUre ........covcvveereeereeens

Academic Year: 2022 AdVisor's Signature .........coccvereeenees
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1.1 aAnuddnyuasiin1vasuasn1sids (Background and rationale)

Tudaned 2019 Buiinsunsszuinveslsaindelalsunlada 2019 (COVID-19) Tnedl
iwmummﬁmgé’u Usenedu wazdinisunsszuinluiilanTunaident Tageinisuas
azwnsndeuiinuldvestniferestuszuumadiumela toud 14 1o wiles wazenaiin
nzdoninde A1zniiumeladuinainie acute respiratory distress syndrome
(ARDS) anuan® pgnalsinulseiidianinsadelfiinenisuazanzunsndeumaiilasneg
017 néniloraladniay Wuidenmlafuideundu sladuindneiauuiduazdn
Dusu®@

mmﬁmﬂﬂaﬁumﬂﬁuivxlﬁﬂﬁﬂﬁ]ﬁwuléﬂuﬁgﬂwiiﬂamL%@Iﬂiiuﬂa%’a 2019 1A sinus
tachycardia, supraventricular tachycardias, ventricular arrhythmias, bradycardias, left
and right bundle branch block, interval and axis change W&z ST-T change 91nA13AN®A
frinuun wudedulwiilafindnfvisgluuuduiinuduiussonensoilsalad de
Usznaunae atrial fibrillation, QT interval prolongation, ST-T change wag ventricular
tachycardia/ fibrillation® aghslsfiniu n1sfnwilulnedsuindoyafidniau n1s3deils
Tnquszasdiiiofnueugnvasedulifiilafiaunfuuusiiey dAnvlugiasfadelalsu

a¥a 2019 Msunmssnwddlulssmeiuia wazanuduiusiuneInsalveslsalagndns

angluseninuaulsineIua

1.2 A191UUBIN15IY (Research questions)

1.2.1 Aaunan (Primary research question)

anuynvasaaulniilaiaunfsuuuusingg inuludteiaielalsunlida 2019 7

Wnsunsshwlulsanenuiagmasnsed Wuwinlng



1.2.2 A107494 (Secondary research question)

(¥ s o

adulniilaiiaundgluuulatramiinnuduiusivdnsinngluseninaueu

Tsangnuia

1.3 TnnUseaAvaINIsIY (Objectives)

1.3.1 InguszasAnan

Wefnwaruynvesnduliiilaiaunfsusuusineg Anuluddisnielalsun

1asa 2019 Mrsunisshwlulsmeviagmainsal
1.3.2 IngUszaensaq

q‘:id L% LY L4

dll = U d' LY a % % 1
Winfnwianwazaduliirmilaieunfindanuduiusiusnsimnelussninausu

Tsanenuna

1.4 A5ULUAMUAATUNTSAYY (Conceptual framework)

CQOVID-19 infection

Risk Factors CVD complications
- History of prior CVD - Arrhythmias

- Metabolic disorders/ comorbidities - Acute coronary syndrome

_ Tobacco use - Primary or drug-induced QT prolongation

- Current medication - Myocarditis
- Heart failure

Abnormal ECG findings in hospitalized
COVID-19 infected patients

AN

Prevalence of each abnormal ECG Abnormal ECG associated with in-hospital mortality

UMW 1 UanansaulwIAuAntunsIdY



1.5 9aNa1501A1U585554 (Ethical considerations)

1.5.1 Wﬁnmﬂmmiwiuw‘lﬂa (Respect for person)

o
av

meddunsAnvidaiinneiviadoundiainnvsyideu warldiinnsinseiiie
[ [ [ Ly

LﬁUﬁf’JJaquJaI@EJG]N"\]’]ﬂE:IL%”ISI’JZJﬂ’Iﬁ 8§39 UTNIANURUTRE TSI TITelagluluy

Guitndeyavzlilanunsaseufeiafidnsunside

1.5.2 nann1swuselevy/linaldmnnounsie (Beneficence/non-maleficence)

o
[

Tunsdeifidnsunsideaslildsuussloniiudiy ogelsinmm n93dedlilad

nsnseisedtheiiuiy Jelineliindunsiela dedidnsiun1sidy
1.5.3 ¥anAUYASIIN Justice)

a v -d’jd L3 (% v % ~ a =2 = & a
N15390UALNUANITAANLALDBNTALAN LTDNINTUIDIANUES LAz Uselegun

(%
Va o = b3 L v vYa

AAIAElATU {3839z voentiunsveauBugeNING T INNITITe NelgITelaviinTg

Y

YOBYYINNGSIWILNTLINEUIaYnaInIalnutuneu duiiseusosudd

1.6 wafinadnazldiuainmsise (Expected benefit and application)

lonsdsdnuaeadulniilaiinuninnulaveslugUleiaielalsuilia 2019 4
wWrsunmsinwilulsameivia wagaunsailuldlunismawumisnisinuluesagiae
aananwiely sadwnnnuieduliividlaiaundsuiuuladendenuduiusivensinng

Tusgwinweulsmevia fazaunsathlulddudeyausenaunisneinsallsevasgUaels

1.7 guassafianaindunazannsnsnmsuily (Obstacle)

lugUrsunesiendanuiaunivesniuliiivialaluviaidus e1alilasunisyi

maulnislavia 12 leads
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NUNIUITITUNTTUNNEIVDY

NNMIMUTILITIANSIIAEIiUANLRnUnAve saaulnilaRnUn AU TugU e
fadelalsunlada 2019 Snvsfnwiadulwiilalufiiefidaizenfndelalsulafa
2019 Aununviosgnidusiuu 356 518 wu atrial fibrillation (evay 9) Anwazaduluii
wlafivsuendeiasialavudels (P mitrale, P-wave >110 Sad3uni, premature atrial
contraction) (3ewaz 38) wavn15i Repolarization fifiaUnd (3eeaz 14) Wudnwaedinuld
voy aeslsfimudlalliiamuuaniadensuieutungulsavenfinidedu®

msfnwlunsans Europace U 2021 fisausindoyandulnihilavesasiaide
lalsunlasa 2019 91uau 324 578 Wudnisil left bundle branch block (HR = 4.38), ssee
QRS 11nn11 110 §ad3u1d (HR = 1.99), ST-T change (HR = 1.92) wazadulniliiala
AnuUn@lae (any ECG abnormality) (HR = 2.02) fanuduiusiusnsiaed 30 Jusgiad

v o o Y a aa !

ey Toglunquiidetinnuirdaquliiiclanidnunfiegslnegrmiliasisdosay 70.5

Y

msfnuluuaBeuiied 2020 nudinisil Repolarization AiRaUnflupdulniiialavae
503U wazndsanoananlsameuiatulanuduiusTusnsmedt 30 Yuograditud Aty
Wiy (p <0.001)®

ANsAnw luaL Y IuﬁﬂaaaﬂL%QIﬂiiuwla%’a 2019 91U 1,476 518 WUNISLAA
Mladuindamizs1uiu 76 518 Andusesas 5.1 Tawn atrial fibrillation, atrial flutter wa
ventricular arrhythmia lagainmsdiasigvivatediuds wudinisiaed atrial flutter agnau
anmziladuman anglusiuluideaidaund n1slasuen Lopinavir/ritonavir n1slasuen
hydroxychloroquine 53U azithromycin Wuiadefiduiusiunisiailawuiindme
flanann®

nnsAnuluaiudled 2020 wuiifheRndelelsutlada 2019 Af QT interval
1N 480 Sedtunfifiaruduiustusasnefigadu ufaglduiutadeduoy sasu
wazn13lasuen hydroxychloroquine $3ufU azithromycin®

nsanulutigasndiad 2020 nunedulndilavdaiilaresuudunan (Atrial

fibrillation), Adulnrwalanuuiiudes (Atral flutter), n1siianuLAIeaveIRalagiew



(right ventricular strain), Wagn151089LUUVDY ST segment HutinALEs U151

Y [

\3ostevelasanidnsneesediteddny®

n13AN®1T83 McCullough wazAnziiel 2020 Tu Journal of cardiac failure Wuin
sunuueAUlWihidudnuasresnsiinduniowilanadenvesiilaviosasde Tu ms
Annmeiilaresuuiuiiineuninug (Premature atrial contraction) (OR = 2.57), n151
InhdRaunAsesnineilaviesastienazieansv (Interventricular block) (OR= 2.61),
ANURAUNRYDINTS Repolarization (OR = 2.61), wazANulaUnAvas T wave #Inau (OR
= 3.49) uazguuvuedUlyli i dudnvazvesmnueisavesialaresanann Tiua n1si
Tifirlunausdsyandrewanlndni (Risht bundle branch block) (OR = 2.61) Huil

o w |

AMNFURUSAUSRI IRt TydRey iU

v v '
£ o = ]

% o ! a =~ Y = « 9 a a
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A9ALHUNSIVY

3.1 5UuUUN1339Y (Research design)

ndelagn1sdunateimsizisiindaunas (Retrospective, single-centered,

observational analytic study)

3.2 52,U8U35n15998 (Research methodology)
3.2.1 Usgrnsiidnmn (Study population)

Auenlasunsitadelsaiaaelasalalsun 2019 6ag78 RT-PCR waztdn3un1ssnw

JugUelulsmeruiaguiasnsal

3.2.2 WNAENTSARLEBNLYININT9338 (Inclusion criteria)
1. JUaeidleony 18 Yyuly
2. ghenlasunsitadelsadaialdalalsun 2019 A8 RT-PCR wagid13u
[ [~ EZ) gj = = & (Y]

nssnvdugUaelulsmetuia dssdiiouunsian 2563 Dapiauiuay
2564

3. fuhendeinsvseainisuansvastsaalifalalsun 2019 (Symptomatic
infection)

4. gUhenlesunsvheaulniiidlagiin 12 lead seninaueulsmeuia

3.2.3 WNAIINISAALEDNEBNAINNNSIVY (Exclusion criteria)

1. JUaeililasumsvimdulnisidlaserinsueulsaneuia

2. JUrendnesanseauiila



3.3 M3biAlenadaufjianisnldlunside (Operational definition)

3.3.1 milgwlsaiaialalsunlafa 2019 wianuAuuLsvadlse 10

o luflonn1s (Asymptomatic infection)
" aR599 SARS-CoV-2 RT-PCR Huuin Ingldiannis
O 91n153AULU (Mild illness)
n {14 le Hume nsdusansenisldnduRauni
" Liffernsniles
O 91MsszAauUIUNae (Moderate illness)
" fen15uIesinisuansveslonfaide 1dun wiglawmies
AMuanesidvanRaUng
" Sydusendlaulansin > Yevas 94
O BIMITLAUTULTI (Severe illness)
" fomsudeeinisuaniwesUonfinite Uiy
n yelamiios Tnesnsanisunela > 30 adwiewni
" syuoendlaudansii < Sesay 94
" amenessdlennaung > Seuay 50
O 82IM3358AUINgH (Critical illness)
" {91N15A9NA1IVAU SIUAY
" amzarsinglaanuinal (Respiratory failure, acute respiratory
distress syndrome [ARDS)) lngiisAnugusses1x The Berlin

v

Definition of ARDS™ s

® SuauLul (Mild ARDS): 200 < PaO,/FiO, < 300 lagly PEEP
139 CPAP > 5 cmH,0

® szauU1una1y (Moderate ARDS): 100 < PaO,/FiO, < 200

1agly PEEP > 5 cmH,0



® SEAUTULTS (Severe ARDS): PaO,/FiO, < 100 lnely PEEP »
5 cmH,O
" A192N1TVI9IUT0I0 78786199 dutran (Multiorgan

dysfunction or failure) #seiln1azden (Shock)

3.3.2 Adlgnumduluiliala (20

O QRS axis
" Normal: QRS axis -30° 819 +90°
B | eft: QRS axis -30° 814 -90°
B Right: QRS axis +90° £i3 +180°
" Extreme: QRS axis -90° 91§ -180°
O Sinus rhythm
=3P wave Unf dntiusaz QRS complex
" Upright P wave lu lead |, Il uaz inverted P wave Tu lead

aVR

B PR interval mﬁ

gﬂmwﬁ 2 W@M9 Sinus rhythm

O Atrial fibrillation
" Sneliaiaus (rregularly RR interval)
= 5ifl P wave WS isoelectric baseline gLy

" Variable atrial cycle length 8n57152 200-300 ASasiouii



" Fiprillation wave 81918y fine (amplitude < 0.5 mm) %350

coarse (amplitude > 0.5 mm)

%JLWJMJ JM\/\W S Vi "\”

;sﬂmwﬁ 3 uany Atrial fibrillation

L

O Atrial flutter
®  Narrow complex tachycardia
" Regular atrial activity 8m31153 250-350 afusiound
B Saw-tooth pattern ¥84 inverted flutter wave Ty lead I, 1,
aVF
®  Upright flutter wave Tu lead V,
= siiu isoelectric baseline

" Ventricular rate YuUnU AV conduction ratio

gﬂmwﬁ 4 L@n3e Atrial flutter

O Typical AVNRT

" Regular tachycardia 8051153 150-250 ASIRBUT]
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®  Retrograde P wave Tu lead 11, lll, aVF %38 Upright P wave Tu
lead V,

® QRS duration < 120 msec (nseifilaid pre-existing bundle
branch block, accessory pathway %39 rate-related aberrant

conduction)

B

““qr"‘-’r/‘—w\“’/\“l/\-”ﬁ%\m“ﬂ\h'\/—*\h L\/—A’\P”\/“f"\/—\“\/‘\'\/y/ui/\a'{/u‘/u/\‘/v

i 4VR| { {

;91!9'!'!1 !"l’
] I\]A_J/\-JV\-J Wl/\— /\—a ,j;[-qu-:‘—'\—a‘w,-'\—« A [/i-— (m—‘ (,./\—J 1 [f/JI’/-"‘”""‘y?,/U]/‘J '/J/u‘\/ v) A

—

b ! bbb
: vJ --~—J»-—Juj~wﬂu~*ww% !/JNNL\JI/V(»WJN/\MVW/\-

1 ‘

- .

- \/\,.\/\—-",M,J\a,/\_b/\—,/\_l/\_./\_/\_,v_/\_)l,/\.a ‘.Jv /\“V"/\‘A‘M—JWW'/\‘/"

150 Hz 250 mm/’s 100 mm/mV 4 by 258 + | thythm d MAC35 009B.1 o 125L"v239

gﬂmwﬁ 5 ugny AVNRT

O AVRT with orthodromic conduction
" Regular tachycardia 8m5157 150-250 ASastounii
®  Retrograde P wave Tu lead II, Il aVF
®  RPinterval 817 > 70 msec
® QRS duration < 120 msec (ﬂiiﬁ‘ﬁl@iﬁ pre-existing bundle

branch block %38 rate-related aberrant conduction)
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11 aVL V2 ? Vs

111

UL LT LA

RHYTHM STRIP: aVL
25 mm/sec; ] cm/mV

T,

;J‘le‘wﬁ 6 Lana Orthodromic AVRT

O Monomorphic ventricular tachycardia
B Regular, wide QRS complex tachycardia (=120 msec)
" §hsus 100-250 Adasternl
" QRS complex fifidnvaradreiulundias  lead  (aniiu

fusion/capture beat)

g‘dmwﬁ 7 L&@ne Monomorphic ventricular tachycardia
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O Polymorphic ventricular tachycardia

" Wide QRS complex tachycardia (=120 msec)

B §m51152 100-320 ASIHOUIT

" Multiple ventricular foci viliAn QRS complex 7if

amplitude, axis kag duration NLANAINAY

g‘lJm‘wﬁ 8 Le@me Polymorphic ventricular tachycardia

O Ventricular fibrillation

® Jrregular rhythm LLazﬁgﬂS'N‘UEN QRS complex Lay

amplitude AunnA1IAY

" lyiamnsa identify P wave, QRS complex %38 T wave 19

® Fnsu52 150-500 ASIReUT

BB e O e

sh i a R 3
A,r\/-v-’\‘ 24 : saze th [eas bes. ‘. 5 138

R

<<p

"S\A-'v '

g‘dmwﬁ 9 u@m Ventricular fibrillation

O First degree AV block
®  PRinterval > 200 msec

" P wave 11 QRS complex 9né
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g‘l.Jm‘wﬁ 10 wany First degree AV block

O Second degree AV block
" Mobitz type | (Wenckebach AV block)
® PR prolongation mn%uﬁém UM non-conducted

P wave

K

i

[ 1

|

1 {

Huas wmuaN ‘

i ! | ! ! { ‘
|

} x

|

{ |
| |

g‘lJmW‘ﬁ 11 wang Mobitz type | (Wenckebach AV block)

®  Mobitz type Il AV block

® in non-conducted P wave lagliidl progressive PR

prolongation

® PR interval mmu conducted beat

. L |

gﬂmwﬁ 12 w@ns Mobitz type Il AV block
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O Third degree AV block
" Severe bradycardia layil complete AV dissociation
" SpsSawes atium war ventricle hidusetu (atdal >
ventricular rate)

B PP interval m‘ﬁl

R
v v v
JaH HA 7A\
t t t ) t 4 t
P

g‘l.lmwﬁ 13 w@ma Third degree AV block

v

O Pathologic Q wave
B (O wave duration > 40 msec
" audneed Q wave > 0.2 mV ¥58 > Seuay 25 v89 QRS

complex

T Tl I

sUn Wl 14 uans Pathologic Q wave Tu lead I, Ill, aVF



O P pulmonale
" Peaked P wave Tu lead Il > 0.25 mV
" Peaked P wave Tu lead V; %58 V, = 0.15 mV

B Normal P wave duration

g‘Um‘W‘ﬁ 15 wang P pulmonale

O P mitrale
" Bifid P wave with > 40 msec 5¢%319 2 peaks Tu lead Il

B Total P wave duration = 120 msec

15
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gilmwﬁ 16 wans P mitrale

O ST-T change
" ST-segment elevation = 0.1 mV lu 2 lead finnfu Tnely

lead V2-V3

> 0.2 mV ludwigengnsue 40 Y

> 0.25 mV lugweengdesnii 40 U uae

® >0.15mV lugmds

25mm/s  I0mm/mV  40Hz

sUn Wl 17 uana ST elevation Tu lead V1-V3, I, aVl
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B ST-segment depression > 0.05 mV Tu lead V;-V; Saufufl ST-
segment elevation > 0.05 mV (= 0.1 mV Tu v7-v91u;§msmq

wowuna1 40 U) Tu posterior Ml

I aVR Vi Va ]
i e
i i | i i

l It 1A ]
A A \—:““\"\/ R I T e e A

i avl, V2 v |

| | ' i =

I 1l | f i ; iA 5

\—~J\/\—~W~J\/\—%—’HLJ\—rHU¥-~M!u/MIfMIN/\:&qMM L/\ Q——'—JL/ \—-—:H :
|

(B8} aVi V3 Vo6
1 1 ! 5 I
| L o A A

f l '

L___,—..Ar-/\._“fl/—L,—J M\/L._/\MM v/\*"_‘u‘\, A A "/u_ 1

g‘Um‘wﬁ 18 Ua@mng Posterior wall STEMI

B ST-segment depression U U horizontal #3® downward
sloping 20.05 mV 331Ul T-wave asymmetric inversion Tu
lead |, Il, aVL, V3-Vg

B ST-J depression < 0.05 mV 528 AU ST-segment LU U
downward sloping Wag segment %38 T-wave nadir AN P-
R baseline > 0.05 mV Tu lead I, II, aVL, V.-V,

" ST-J depression > 0.1 mV wagil upward sloping #58 U-
shaped Tu lead |, II, aVL, V-V

" Flat T wave, negative #38 diphasic (negative-positive type)
1ng negative phase < 0.1 mV Tu lead I, I, Vi-Ve 381U lead

aVL #1n R-wave amplitude > 0.5 mV
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" T-wave amplitude positive Wagz T to R wave ratio < 1:20 Tu

lead |, II, aVL, “3olu lead V3-Vg %110 R-wave amplitude > 1.0

mV

ST segment depression

S S

S

upsloping downsloping horizontal

g‘Um‘W‘ﬁ 19 ua@ng ST depression

O Left bundle branch block (LBBB)
B QRS duration = 120 msec

" Broad notched %38 slurred R wave Tu lead |, aVL, Vs-Ve, RS
Tu lead Vs @y Vq

= s g wave Tu lead I, Vs-Vg usionanulu lead avLl

" |ntrinsicoid deflection > 60 msec Tu lead V-V, normal R
peak time Tu lead Vi-Vs

" ST-segment kay T wave dnagluiiAniansaiudruiu QRS

complex

A\ v n
iy

AREER, A : A 7 Ao A
~ L bd U d W L Y L :,/\,./x [ \,\_,\ __/\/sf\ f,\.;’\/\_\ P4
1 ‘ \ if i/ v

il v

z .._4" 3 '1: ! 74 /-‘ \ /,‘ 3 £y ,/ ) B R " ; 5 A
Al /\x’J/\x /\’\Jz‘:,/\ e Uteh, Vel \\1 f et Y Al ! P A EEAI

f i

11 AVF us A A A A A A

o o D e A A A ,M\\ TeEa e A e b e

! Yi v {if if i ] V1 & i
! i1 ' il i i il j i i i i

i {15 B Lt {
i e e

gime“?i 20 1L@m3 Left bundle branch block
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O Right bundle branch block (RBBB)

® QRS duration > 120 msec

" 5 rsR” %38 1SR’ lu lead Vi %S0 V, (M-shaped QRS
complex) Ing R’ %38 r’ deflection n119n31 initial R wave

® S wave duration > 40 msec Ty lead I, aVL, Vs-Vq

" |ntrinsicoid deflection > 50 msec lu lead V;, normal R peak
time Tu lead Vs-V

® ST depression way T wave inversion Tu right precordial

leads, upright T wave lu left precordial way limb leads

R i i i | .
) I A i i Vi s = i
i’/ stk ’/\"“‘lf/\"“’if/\&ﬂ‘ \/—vql,\/—w‘; v‘qi \\/Jvl \/—/L,-U \/_“J\_,"l \k\'u{g J\_«,_U,/‘ \““u/\

i ' !

i = » ‘ i1 | ' Lyl t | b L I

g

sUAW 21 uans Right bundle branch block

O Left ventricular hypertrophy (LVH)
B Sokolow-Lyon voltage criteria:
® S wave depth lu lead V; + R wave amplitude Tu lead
Vs > 3.5 mV %39
® R wave amplitude Tu lead aVL > 1.1 mV
®  Cornell voltage criteria:

® S wave depth lu lead V5 + R wave amplitude Tu lead

avL > 2.8 mV ludwe wse > 2.0 mV ludwgle
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—, "'\ I\ f A ll
T e LV—'_"%J‘, /1/ Ighaath !:/\_'N{./\__
| i " | ’
i il i i i
| Lo | i
i - i\ ! = | |
1 e ~UA - /1 § i { | | i
1 ;Vf/\ ’[‘;p 1%/ N A - \\P{,‘;J} | ’ z ;i (\-——\EN\A_
- | ‘1
- b
'...~1(\__~1_’/\__M1/\_.._,\J/\_~_~y » { - i | e
1 i { | ’; l}'? lvl{, ‘ 3 ’ ;‘ \Mi ( 6 "I Lh’\/
\ \.' | | u | Eem { \
150Hz 250 mm/s  10.0 mm/mV | 4 by 2,58 4 1 rhvthm 1d MAC 8 002R 1981.4m y250

g‘llmwﬁ 22 udny Left ventricular hypertrophy

O Right ventricular hypertrophy

Sokolow-Lyon voltage criteria:

® R wave amplitude Tu lead V; + S wave depth Tu lead Vs

938 Vg > 1.05 mV #59

® Tall R wave 1u lead aVR (> 4 mm)

Myers, et al. criteria

® Tall Rwave lu lead V; > 6 mm %38 R/S ratio > 1 %38

® Deep S wave Tu lead Vs > 10 mm %30 R/S ratio < 0.75

® Deep S wave Tu lead V > 3 mm %38 R/S ratio < 0.4
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A o o
A e e L e e e o
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;J‘Um‘wﬁ 23 udn3 Right ventricular hypertrophy

O Corrected QT interval
B Bazett formula: QTc = QT/ v RR

®  Prolonged QTc >450 msec Iuéjﬁu’l‘a 139 >460 msec Iuﬁmﬁﬂ

3.4 YUIAR9819 (Sample size calculation)
N = Z%q,,P(1-P)/d?

N = 9UIRfDEN

P = dndruvosdafiauls

Zoy = 1.96 \fieannidunismageuaaania (two side test) 3nnsiviuae d i
AAIALAADY
MuuAl

a =0.05

d = AAuAaTINLAAUNEauLSULR Se8as 5 NANNLYIASIUUTEIING

IINMsAnwTayaiuumuignsnsnevesielunlasunitadelsnfaae
Tasalalswn 2019 wavileguliiwilandaun@windusesas 70.59 dstudesldvuindiegns

Weeiian 320 fegslun1sAnwinsall
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3.5 TuRdUNI9YIN398 (Study protocol)

[

351  wnngEvinideinauslasesanisITesenmuenIINNITRANTUIRTLIIUNT
W AUZUNNEAIENT JWIAINTAUNIINIEE (IRB No. 0593/65) wazvoaydRvinidulu
Tssngnunaginasnsal Wesusanssioudaeildsunsidedelsafndoldalalsu
2019 §2878 RT-PCR wazinfumsdnuifuiiaelulsmetunagnasnsal dousifeuunseu
2563 fuslpusunau 2564 TngawnuiayalugUluuLHuEH

o [ v

352  unndvinidensivaeudeyagiielasuiiefndondUieii1uinaeinig

Andenidnn1side Uaediengiinit 18 U uarlalldsumaieduliiisilasin 12 lead as
QNAALEENEBNINNNNTITY

353  M1359UTUaya (Data collection)

Hususwmandeyansszileou lsaneuiagwiansal lagldswa ICD 10 (UOT1)
Tugiskeuifousnsiau 2563 fadeusunau 2564 Mndsnvsadouditheluwasad lns

Y]

vad & oA . Y @& v v ~ v a ¢
1¥3BiAuIuUsaLiles (Consecutive enrollment) lngfiiudeyauazUuiindeyafe unme

€

o [

39y IngsIuTIudeyanall

e

[

124 A ¥ 1 1 d‘ U o 2 1 1% = CY a
- Gayadiugu taud e, 91g, 1A Qsaieaiuiila laun lsedudenialasu
[Ischemic heart disease], lsawataiosuudunad [Atrial fibrillation], nzHaladuinan
[Heart failure], lsavasnauilowsla [Cardiomyopathy], 15Aauq wu lsaanuduladngs,

Tsmuviny, Tsaluiuludenss, lsadudenaussfiv, lsalanesess, lsauzde iudv), o1

a

Uszdi, Useiinislasuingulesiuieldalalsun 2019, Useinisguum

1%
o Y ]

- hwitin duge dvllinany

QIUTW TEAUDDNTLIUUAIHA

2°

- Anuguussveslsafindelalsuthaa 2019

- paulsialawia (@i

- pdulvlfhrilavazueulsmenuia Tnsaunuasusudilusuuuu POF wagldnsin
seteslunszaunauliinile Taefiminsgiwazudananduliinlalaodfe 2 aud

TaiFusaiuy
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o

- wadanirwniila (1) Fesumsilasunmdusziriusesonvienigsunme
lsavilawagviaenidon wazinissenunaasiunyseiloude

- navdenusnIuvewrie laun CBC, Cr, hs-Tropl, NT-proBNP, D-dimer, hs-CRP, IL-
6, ABG, cycle threshold ¥@4 virus (CT)

- Sﬂﬁiﬂumﬁﬂm Town Favipiravir, remdesivir, lopinavir/ritonavir, tocilizumab,
corticosteroids, azithromycin, hydroxychloroquine, amiodarone, quetiapine

- anugd e lawn ndudiu, Hetiin

3.5.4 Msnsiaaulnihiala (ECG analysis)

- pauliifiilavin 12 lead vosrUsvmzuaulsmeIua aldTunisaunuasusy
Filusuuuy POF waglinsinshetodiunszauadulniiiile

- Anusaneg vesadauliihsilausazwiuszgniuiinasuuuiuiindeya (Case
record form) §thaeynseaziindulnfiiilonsnivedieios 1 uku mnguaeldfunisii
adulyiindilasnnndn 1 winvazusulsmeiuia aauliinilaffsuuuuiiwndstuazgn
Guiindeya lnoferudundsdiag vesaduluiidlasgdredaniumuugiives

AHA/ACCF/HRS T 2009 wagsaues Minnesota fanailudieonuidslfoinnsildlunng
381217

[ [

‘ﬁl > L2 [l 1 a a o 1 1 d! dﬂl d‘

- paulnihilsgnaneglunquilaunivinnnuanuazegnslaegantenall: Ywnei
T3il9lela (Non-sinus rhythm), 8@51.539584 18AUNRA (Tachycardia/bradycardia), P
pulmonale %30 P mitrale, AV block Aausszau first degree Auly, pathologic Q wave,
A58 UTUNT DYDY ST segment (ST elevation/depression), ANURAUNAYDY T
wave, st lulvusUsEamansgensevRiaund (Left/right bundle branch block),
n1sisrer QTc 11NN 450 Taduilugvie wazuinnd 460 dadiuniiluguas, n1siin
NElaviesuunseviosa1 e usInounInun (Premature atrial/ventricular complex),
anwalzusnamLloiilaviosansgnenTeviesansviile (Left/right ventricular hypertrophy)
a ¢ a ) v a Y o aw ¢

- MyATwwazwlanandulniilaleegeiu 2 au fie unngdvinide wasunng

asszluiinmila Tegludusaiu nnniswlanalukiulalilumeiuasinisdndulnetonnad

v srnglufnysiue
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(%

- qUrgazgnineglunguadulniiilaiaunfmnnuedulniidlaiaunfnsue 1
wiuAul TnednwarvasnnuRaunfudaz JUusuudinanazgnuanadunnugniodiuiy

AaulWA e

3.6 9931NALUN157398 (Limitation)
3.6.1 mawupdulniwihlanfiauniludiienfinw eraduanuiinunfvesiUisey
walunsainldwmelasunisvineaulnidnilaunneu deenalulanelsvesiunisindalalsun

(%
[

15 2019 Tumsadl

3.6.2 guhenianuiaunAvesnauluiviala wu nsiideneilaiaunilugidus

nutvetedmesudliviulasunsyiaduliiialaziia 12 leads aglilagninid 3de g

anvviliRnugnverUAnUnAUNgULUUANaI1NANT A3

3.6.3 M33veihdunsdnwlugUaefndelalsunlada 2019 Mdsunissnunlu

lsangnuna YeyanladeenasesiisssislunisvenenalugnausUienvun

3.7 M3ATIzNdaya (Data analysis)

'
1 I

v a a . . v & ' a

JagarteuTunal (Continuous variables) azuanstoyaidu Andy + @iy
s mndeyafinisuanuwasund wazuanstayatluaisogiunazAfidoseniing
AI83INa (Interquartile range) Mnvayaiin1suanuaswuuldund drudeyaidenmuain

(Categorical variables) uanstayarnuiiduuasidudiiieuiuduingienanue

nsSeuigutayasevineiUae 2 nau 1935 unpaired t-test #50 Mann-Whitney
U-test d1msudayatdeusunauininisuanwasuuuunfnasliund anuaidu wagldis
chi-square test138 Fisher’s exact test dmudoyaidagaunmaninisuanuasuuulniuag

Taiun® suaieu



25

[y

nMsiATIEidadendanudunusiusnsimelulsanenuia 1475 logistic regression

analysis LLamﬁi’IaquJaslugﬂqu odds ratio, 95% confidence interval uagnIRuUAAT p-value

o w

Atdounan 0.05 NtTvdRNNanf lnaluTouliisuns univariate uwag multivariate analysis

o

ANTRIUTENINNALNR (Interobserver reliability) 1¥n1sUseiiiuauaenades

Yaateyana 2 ngumeduUseansuauln (kappa coefficient)

Payansiusiulaiiu1diesieialglusunsy IBM SPSS Statistics 22 interval lng

o w

MuUAA1 p-value NI 0.05 NAUEIAEYNATH

o



26

uni 4

NAN1598

4.1 Uszwnsiiiandne (Study population)

lugrafouunsiay 2563 fansusuiau 2564 JEUIENTINTNTODINTHARIYDY
Tsmfnigalalsunlasa 2019 lneldsun1sifiadeses RT-PCR uazidsunissnwndugiaely

lsang1u1agmIaansaldIuiy 1382 $18 (3nnsldseia 1ICD-10 U071 Tunwseilew) d5Uqe

v

W 17 S1efiengdesnii 18 U Ui 2 sieiidnaseenseaurila wazdlfvy 1183 s1gi

AV

Lilasumsvihadulndiiialayin 12 lead vazupulsameuia FagnAndenasniannnisivy

o =

AatiuRaiigUienmun 180 srefignAnienidINsITell (3Unmi 24)

1382 hospitalized patients
Confirmed diagnosis of COVID-19

17 patients

Younger than 18 years

2 patients

Pacemaker implantation

1183 patients
No 12-lead ECG during

admission

A\ 4

180 patients

Enrolled in the study

UMW 24 uansdnwugieNAnEaniiIn1TIdY
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4.2 YayanwugruvasyUie (Population characteristics)

fanfisusudinsidelifonade 61.01:16.17 ¥ Hunensdosas 56 Anads
yossvilnanieagi 26.04+6.01 nn./u? dfihesuau 28 590 (ovay 15.6) Aillsaieaiy
Wilaegifiy Fausznouselsadudeniilafiu (Ischemic heart disease), Tsawalavosuudy
Wa7 (Atrial fibrillation), n12e¥aladuman (Heart failure) warlsavasnduiienala
(Cardiomyopathy) n151481 Angiotensin receptor antagonists Wag Beta -blockers Sogay
23 wa¥osar 21.7 muadu Sasinisiuvesiilaeds 86.44+19.47 adireunit sz
pondlauvatsiiniedeienay 92.76:8 59 lneilftheifoudsdosas 50 fifonsuansves

amggladuvadeunau (Acute respiratory distress syndrome) (91151991 1)

i ¥ dy Y1
M99 1 ‘EJE)Q{I@WMEWUGUENQU'JEJ

Characteristics All (n=180)
Age, years 61.01+16.17
Male sex 100 (55.6%)
Weight, ke 68.41+18.02
Height, cm 161.87+8.90
BMI, kg/m? 26.04+6.01

Comorbidities

- Prior heart diseases
- Atrial fibrillation

- Hypertension

- Diabetes mellitus

- Dyslipidemia

- History of stroke

- COPD

- Chronic kidney disease
- Obesity

- Malignancy

28 (15.6%)
8 (4.4%)
98 (54.4%)
63 (35%)
68 (37.8%)
18 (10%)
3 (1.7%)
26 (14.4%)
32 (17.8%)
13 (7.2%)



Characteristics All (n=180)

Current medications

- Beta-blockers
- CCBs
- ACE inhibitors
- ARBs
- Furosemide
- Aspirin
- Statins
Vital signs
- SBP, mmHg
- DBP, mmHg
- Heart rate, bpm
- SpO,, %
COVID-19 severity
- Mild
- Moderate
- Severe
- ARDS
- Mild
- Moderate
- Severe
Laboratory tests
- Hemoglobin, ¢/dL
- WBC, per uL
- Creatinine, mg/dL
- hs-Tropl, ng/L
- NT-proBNP, pg/mL
- D-dimer, ng/mL
- hs-CRP, mg/L
- IL-6, pg/mL

35 (21.7%)
50 (31.1%)
10 (6.2%)
37 (23%)
10 (6.2%)
27 (16.8%)
67 (41.6%)

133.3+22.13

77.27+£14.48

86.44+19.47
92.76+8.59

29 (16.1%)
28 (15.6%)
41 (22.8%)
82 (45.5%)
20 (11.1%)
48 (26.7%)
14 (7.8%)

12.5+2.10
6440 (4560, 9400)
0.93(0.71, 1.38)
12.8 (5.4, 46.5)
444.8 (123.6, 1712.45)
1069.71 (688.87,2035.81)
71.84 (32.02, 126.93)
29.81 (11.96, 86.63
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Characteristics All (n=180)

Laboratory tests

- Cycle threshold (CT) 20.32+6.01
- pH 7.42+0.06
Treatment

- Favipiravir 151 (83.9%)
- Remdesivir 87 (48.3%)
- Lopinavir/ritonavir 13 (7.2%)
- Tocilizumab 33 (18.3%)
- Corticosteroids 145 (80.6%)
- Azithromycin 22 (12.2%)
- Hydroxychloroquine 18 (10%)
- Amiodarone 6 (3.3%)

4.3 NAAWSHAN WATNAANSTDY

nITelswTImAdulniilalavianun 261 wiu angUae 180 918 taed 234 wiu
(3ooay 89.7) Mudwmazledaund (Sinus rhythm) wudemgiilaosuudunas (Atral
fibrillation) wazmaulwirlanuuiuiaes (Atral flutter) og#isosas 6.9 waziovay 2.3

Y

MUEIRU wudemaziilaviesaradusfinunf (Ventricular tachycardia) Tupdaulwiinala

v a

WU 2 wiu (owaz 0.8) wunisilwiandlaesuuludsilaesarsinunfseaud

(First degree AV block) 31uusesas 6.5 lnanlinvanwuzvesnisihlnihainiilanesuu
g wilaviesaalauniseduil 2 wag 3 ANadeveBnIINsHuLeiilaegfl 88.07+24.93

& a ° Yy v v a a .

ASamau? wunisihlniluweusUssamdnsgenas g ninung (Left and right bundle
branch block) eg#isesay 2.3 wazievay 14.2 aua1su lneguwuuadulnihialatiaundi
wusniign lawn nisfiszes QTc eRaUnd (Sosaz 36.8), n1sildnsiniswiuvasialaising
Unf (Sowag 29.1), n151d89iuuasves ST segment (Sovag 23.4), Lazn15d Pathologic Q

wave (5pgay 19.5) (miwﬁ 2, gﬂmwﬁ 25)



Sinus rhythm

- Normal sinus rhythm

- Sinus tachycardia

- Sinus bradycardia
Atrial fibrillation
Atrial flutter
Heart rate, bpm.
Left axis deviation
Right axis deviation
Tachycardia
Bradycardia
P pulmonale
P mitrale
First-degree AV block
Pathologic Q wave
QRS duration, msec
ST elevation
ST depression
T wave abnormality
Left bundle branch block
Right bundle branch block
QTc interval, msec
Prolonged QTc interval
Premature atrial complexes
Premature ventricular complexes
Left ventricular hypertrophy
Right ventricular hypertrophy
Any ECG abnormality

N = 261 (%)
234 (89.7%)
149 (57.1%)
57 (21.9%)
28 (10.7%)

18 (6.9%)
6 (2.3%)
88.07+24.93
17 (6.5%)
14 (5.4%)
76 (29.1%)
30 (11.5%)
2 (0.8%)
28 (10.7%)
17 (6.5%)
51 (19.5%)
96.59+18.29
26 (10%)
61 (23.4%)
50 (19.2%)
6 (2.3%)
37 (14.2%)
450.76+44.48
96 (36.8%)
16 (6.1%)
13 (5%)
24 (9.2%)
6 (2.3%)
224 (85.8%)

30

M13199 2 Anugnvespdulnihilaguuuusneg dedruundulniilaninseivianue
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0% ECGs

Left axis deviation
Right axis deviation wmmm 5 4
Atrial fibrilllation g
Atrial flutter == 2.3
Tachycardia 29.1
Bradycardia e 115
P pulmonale = 0.8
P mitrale =—— 10 7
1st degree AV block wemm g 5
Qwave s 10 5
ST elevation =— 10
ST depression =——————— )3 4
T wave abnormalities m—————— 19 2
LBBB == 23
RBBB e— 1/ 2
Prolonged QTc 36.8
PACs wmm 6 1
PVCs wmmm 5
LVH e g )
RVH wm 23
Any ECG abnormality 85.8

0 10 20 30 40 50 60 70 80 90 100

sUANM 25 wansAnugnvespaulnihidlaiaundluusassuwuy

0% ECGs

Left axis deviation e g 7
Right axis deviation wemm 4 4
Atrial fibrilllation s 5
Atrial flutter = 0.6
Tachycardia 25
Bradycardia e g 9
P pulmonale = 0.6
P mitrale e—— g 9
1st degree AV block s g 1
Qwave essss——— ]38 O
ST elevation wemm 56
ST depression =——om— 18 3
T wave abnormalities ——— 15
LBBB = 1.1
RBBB = 13 3
Prolonged QTc 32.2
PACs wmmm 44
PVCs m 1.1
LVH s 10
RVH == 22
Any ECG abnormality 80.6

0 10 20 30 40 50 60 70 80 90

SUANT 26 wansmnugnvesrdulniilaiaunfanizswiuwniy

lﬁl = lﬂl o a a 1 U Y1 !
deAinwanuynveseduliividlaraunfianizurunsniuvesUie wudmuyn

v a v

vosguuuuaaulnihilaiaunfdulidnuvuglndifsasu Inenisiiszey QTc eiaUnd &

LﬂugﬂLLUUﬂ?{ulw%ﬁﬂaﬁmﬂﬂaﬁwwmﬁqm (Fouay 32.2) (gﬂm‘wﬁ 26)
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dmiunsanwigasmglusninueulsimeiuia wudludwugdienme 180
518 UjUtesnTindnwiu 147 518 (Sewag 81.7) uazlUleidedind uiu 33 518 (Seuas

18.3) 01gL0dsvosngudledsFinzuinniinguiuisondin (70.21:16.41 Wisufu
58.94:15.43 T, p-value <0.001) lunduiiaeidedinduilsarlaresuudunia (Atral
fibrillation), TsAtumau waglsalameiFess fuinnds, fernisuanswesanizeleduman
LlA8UNSU (Acute respiratory distress syndrome) 11nn31 (S9way 87.8 L1NBUAU Sovay
36.1, p-value <0.001), fiszdusendiautansindisng Gevas 89.21+13.12 Wisuiu Soe
av 93.56+7.01, p-value 0.008) wazisnsnisidiuvasialaiiianin (96.52+17.64 iwufiu

=

84.18+19.20 AStwiawdl, p-value <0.001) Wawiguiunguitiesentin druenildusezdnlu

o o a

AUes 2 naunuhldladnnuuanssegedidudAyn1eada (n15199 3)

Tufthe 2 ndu wuhimanmadesmeiesufianisunssinillundudtandedin
fifnasninedniided1Agyni19ada Laun A1 High sense troponin | (60.2 [17.7, 1672.8]
Wiufiu 8.45 [4.5, 25.1] un./a., p-value <0.001), @1 NT-proBNP (1152.1 [503.9, 8101.8]
WiguAvu 250.8 [101.8, 1057] wn./ua., p-value <0.001), wazAn IL-6 (52.43 [26.41, 119]
Weufiu 25.92 [9.61, 78.68] wn./ua., p-value 0.018) @1 Cycle threshold (CT) Tungy
rzziﬂwL%U%"‘mﬁﬁhﬁmdméﬂqﬁﬁaﬁﬁﬁmmaaaa (17.38+4.55 1lgufiu 21.02+6.10, p-value
0.001) dmfuenililunissnun wuitlunguitlsidedinazldsunissnudie Remdesivir
($opaz 69.7 WiwuAy Sepag 43.5, p-value 0.007) waz Corticosteroids (Fowaz 97 Wiwuiy

CY

Jewar 76.9, p-value 0.006) unnninausthesentinagaditedfyneaiia

Mol wuiiidiae 154 518 (Govay 85.6) AifieduliiialaRinunfvasuou
Tsaneuia Inednwazaauliinilavisguuuuiimnusniiinnnilunguiihodedin 1dun
Asileauuiuves ST segment (598ay 21.2 Wsuiu So8ag 7.5, p-value 0.026), N5
\Jeuuasas ST segment ($awaz 48.5 \isuiu Sosaz 19.7, p-value 0.001, ANUEAUNR
299 T wave (508ag 36.4 Wsuiu $o8ag 16.3, p-value 0.009), N15iiszez QTc e1IRAUNG
(Sowaz 66.7 Wieuiu Sewaz 36.1, p-value 0.002), Lazn1siinaniziilaesuuiiuiineu

AvuA (Premature atrial complexes) (§p8ag 24.2 Wisuiu Souaz 5.4, p-value 0.002)



M13197 3 Yayavertie WisueunguUleidetinwaznquiUiesentin

Characteristics
Age, years
Male sex
Weight, ke
Height, cm
BMI, kg/m?
Comorbidities
- Prior heart diseases
- Atrial fibrillation
- Hypertension
- Diabetes mellitus
- Dyslipidemia
- History of stroke
- COPD

- Chronic kidney disease

- Obesity

- Malignancy
Current medications
- Beta-blockers

- CCBs

- ACE inhibitors

- ARBs

- Furosemide

- Aspirin

- Statins

Vital signs

- SBP, mmHg

- DBP, mmHg

- Heart rate, bpm

- Sp0O,, %

Alive (n=147)
58.94+15.43
80 (54.4%)
68.89+18.10
161.83+8.87
26.21+5.84

20 (13.6%)
4 (2.7%)
78 (53.1%)
46 (31.3%)
54 (36.7%)
13 (8.8%)
2 (1.4%)
17 (11.6%)
25 (17%)
10 (6.8%)

25 (18.9%)
41 (31.1%)
8 (6.1%)
27 (20.5%)
7 (5.3%)
24 (18.2%)
52 (39.4%)

133.7+22.08

78.25£13.39

84.18+19.20
93.56+7.01

Dead (n=33)
70.21+16.41
20 (60.6%)
62.27+17.75
162.06+9.17
25.31+6.79

8 (24.2%)
4 (12.1%)
20 (60.6%)
17 (51.5%)
14 (42.4%)
5 (15.2%)
1 (3%)
9 (27.3%)
7 (21.2%)
3(9.1%)

10 (34.5%)
9 (31%)
2 (6.9%)

10 (34.5%)
3 (10.3%)
3 (10.3%)

15 (51.7%)

131.51+ 22.60
72.9+18.18
96.52+17.64
89.21+£13.12

p-value

<0.001
0.518
0.452
0.896
0.44

0.128
0.039
0.432
0.028
0.542
0.332
0.457
0.029
0.568
0.709

0.066
0.998
1.0
0.104
0.388
0.415
0.223

0.609
0.055
<0.001
0.008

33



Characteristics

COVID-19 severity

- Mild
- Moderate
- Severe
- ARDS
- Mild
- Moderate

- Severe

ECG characteristics

- Sinus rhythm

- Normal sinus rhythm
- Sinus tachycardia
- Sinus bradycardia

- Atrial fibrillation

- Atrial flutter

- Heart rate, bpm.

- P pulmonale

- P mitrale

- First-degree AV block
- Pathologic Q wave

- QRS duration, msec

- ST elevation

- ST depression

- T wave abnormality

- LBBB
- RBBB

-Prolonged QTc interval

- PACs
- PVCs
- LVH
- RVH

- Any ECG abnormality

Alive (n=147)

29 (19.7%)

26 (17.7%)

39 (26.5%)

53 (36.1%)

17 (11.6%)

33 (22.5%)
3 (2%)

133 (90.5%)
83 (61.5%)
30 (22.2%)
2 (16.3%)
9 (6.1%)
4 (2.7%)
84.18+19.20
0 (0%)
15 (10.2%)
11 (7.5%)
28 (19.1%)
95.05+15.68
11 (7.5%)
29 (19.7%)
24 (16.3%)
1(0.7%)
19 (12.9%)
53 (36.1%)
(5.4%)
(5.4%)
(11.6%)
3 (2%)
121 (82.3%)

9
3
8
8
7

1

Dead (n=33)

0 (0%)
6.1%)
6.1%)
87.8%)
9.1%)
45.4%)
33.3%)

1

2
2
29
3
5
11

(
(
(
(
(
(

26 (78.8%)
7(26.9%)
16 (61.5%)
3 (11.6%)
5 (15.2%)
2 (6.1%)
96.52+17.64
1 (3%)
5 (15.2%)
2 (6.1%)
1(33.3%)
97.38+19.56
7 (21.2%)
16 (48.5%)
12 (36.4%)
1(3%)
8 (24.2%)
22 (66.7%)
8 (24.2%)
3 (9.1%)
4 (12.1%)
1 (3%)
33 (100%)

p-value

<0.001

0.073
0.001
<0.001
0.451
0.14
0.303
<0.001
0.183
0.375
1.0
0.072
0.463
0.026
0.001
0.009
0.334
0.1
0.002
0.002
0.426
1.0
0.559
0.005

34



Characteristics
LVEF, %"
Laboratory tests
- Hemosglobin, g¢/dL
- WBC, per uL
- Creatinine, mg/dL
- hs-Tropl, ng/L
- NT-proBNP, pg/mL
- D-dimer, ng/mL
- hs-CRP, mg/L
- IL-6, pg/mL
- Cycle threshold (CT)
- pH
Treatment
- Favipiravir
- Remdesivir
- Lopinavir/ritonavir
- Tocilizumab
- Corticosteroids
- Azithromycin
- Hydroxychloroquine

- Amiodarone

Alive (n=147)
59.16+14.85

12.67+1.99
6110(4550, 9000)
0.91(0.69, 1.29)
8.45(4.5, 25.1)
250.8(101.8, 1057)
1008.77(680.05,1782.37)
72.55(29.65, 124.89)
25.92(9.61, 78.68)
21.02+6.10
7.43+0.04

123 (83.7%)
64 (43.5%)
13 (8.8%)
24 (16.3%)
113 (76.9%)
19 (12.9%)
18 (12.2%)
3 (2%)

Dead (n=33)
47.62+23.31

11.76+2.45
7360(5390, 9580)
1.15(0.86, 1.87)
60.2(17.7, 1672.8)
1152.1(503.9, 8101.8)
1343.82(831.44,3520.46)
58.59(35.07, 132.59)
52.43(26.41, 119)
17.38+4.55
7.40+0.10

28 (84.9%)
23 (69.7%)
0 (0%)

9 (27.3%)
32 (97%)
3(9.1%)
0 (0%)
3(9.1%)

p-value

0.107

0.024
0.189
0.044
<0.001
<0.001
0.101
0.809
0.018
0.001
0.055

0.868
0.007
0.13
0.142
0.006
0.77
0.047
0.076

35

Abbreviations: BMI, body mass index; COPD chronic obstructive pulmonary disease; CCBs, calcium channel

blockers; ACE, angiotensin-converting enzyme; ARBs, angiotensin Il receptor antagonists; SBP, systolic blood

pressure; DBP, diastolic blood pressure; SpO,, peripheral capillary oxygen saturation; ARDS, acute respiratory

distress syndrome; LBBB, left bundle branch block; RBBB, right bundle branch block; PACs, premature atrial

complexes; PVCs, premature ventricular complexes; LVH, left ventricular hypertrophy; RVH, right ventricular

hypertrophy; LVEF, left ventricular ejection fraction; WBC, white blood cell; hs-Tropl, high sense Troponin I; NT-

proBNP, N-terminal pro-B-type natriuretic peptide; hs-CRP, high sense C-reactive protein; IL-6, interleukin-6.

F doyannditae 32 918 (Sevay 17.8)
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(%
=

vail Tunguithedetiaynievsiianuiiaunfvesrduliiiilaegrieeguuuula

a

sYuvunile lngarduuseansualurdmivanudeduseniteaidans (nterobserver

[y

reliability) ¥84n1539%

o

dmuadlayinnu 0.61

NNTIATIEATRYALUUMLUTIAYY (Univariable analysis) lagunduysiianiy
wananauegnilded Ay n1eana (p-value < 0.05) seninngudtieidedinuaznguiae
s00%An WUl IeRaTinuagnansIeesl foRnsifinnuduiusiu dasmely
smirsueulsaneuia 1dud a1y (pvalue 0.001), Tsawalasiosuudunin (Atral
fibrillation) (p-value 0.03), T5ALUI%AIU (p-value 0.03), Tsalaneiiess (p-value 0.024),
dnsInsAuYesiala (p-value 0.001), syfusandlaulaneii (p-value 0.02), MNUTULIY
vaslsafiiennisuanivesniiznieladuinaidoundu (Acute respiratory distress
syndrome) (p-value <0.001), hag @1 Cycle threshold (CT) a9 3l15a (p-value 0.003)

(% (% v 6

o d‘ L% a QQ‘IQI % LY (% 1
dgmsuanwagaaulndilaiaUnandanudunusiuonsianeluseninaueulsangiuia

LY [

pg1eiidedAyneEadd leun n1sdidnsnisiiuvesialaiindiun@ (p-value <0.001), N3
WAanmemilaresuuauiineusiuua (Premature atrial complexes) (p-value 0.002), N3
fszez QTc 81ImAUNA (p-value 0.002), nsideauuaos ST segment (p-value 0.001),
nsdeauutures ST segment (p-value 0.023), kazn15dANAAUNAUDS T wave (p-

value 0.011) (115797 4)

Fovihnsinsgideyauuumaesuds (Multivariable analysis) Tnghsaud s#tdl
Wod1Ayn19adi (p-value < 0.05) 31NN1T3ATITNIToYALUUAILUTAED (Univariable
analysis) Wuindulsmenddnuagnansanisviesu fuRnsiddiaruduiusiusnsmmely
syminsueulsameuia A Anuguusaveslsafidonnisuansvesniemisladuiman
@8 unau (Acute respiratory distress syndrome) (p-value <0.001) uaz a1 Cycle
threshold (CT) v8sl1%a (p-value 0.001) @nfusauusadulufinilafnundfidend
ANNdNTusAUERTIelusEnIeusu lsswenuiasgrsiidudAgn1eada lawn n15dions
nMsiueeilaisanituni@ (OR 7.86; 95% Cl 2.75-22.44; p-value value <0.001), N15iAn

AMglaesuuduSINeuiun (Premature atrial complexes) (OR 5.06; 95% Cl 1.29-
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M13197 4 MTLATIERdeyakuUmLUsIAgmazanefwlsdmTuladenilanuduiusiu

nsmeluszrinsueulsmenuia

Age
Comorbidities

- Atrial fibrillation

- Diabetes mellitus
- Chronic kidney
disease

Vital signs

- Heart rate

- 5p0,

ARDS severity

Cycle threshold (CT)

ECG characteristics

- Tachycardia
- PACs

- Prolonged QT interval

- ST depression

- ST elevation

- T wave abnormality

Treatment
- Remdesivir

- Corticosteroids

Univariable analysis

Crude Odds
Ratio (95% CI)
1.04 (1.02-1.07)

4.93 (1.16-20.85)
2.33(1.08-5.02)
2.86 (1.14-7.18)

1.03(1.01-1.05)
0.95 (0.91-0.99)

12.86 (4.29-38.56)
0.89 (0.82-0.96)

6.89 (2.95-16.07)
5.56 (1.91-16.18)
3.54 (1.59-7.88
3.82(1.73-8.47
3.32(1.18-9.38

(
(
(
2.92(1.27-6.73

)
)
)
)

2.98 (1.32-6.71)
9.62 (1.26-73.08)

P-value

0.001

0.03
0.03
0.024

0.001
0.02
<0.001
0.003

<0.001
0.002
0.002
0.001
0.023
0.011

0.008
0.029

Multivariable analysis

Adjusted Odds
Ratio (95% ClI)

11.64 (3.43-39.46)
0.84 (0.76-0.93)

7.86 (2.75-22.44)
5.06 (1.29-19.78)
4.71(1.6-13.9)
2.96 (1.04-8.4)

P-value

<0.001
0.001

<0.001
0.02
0.005
0.042

19.78; p-value 0.02), n1585g8e QTc 1IAAUNA (OR 4.71; 95% Cl 1.6-13.9; p-value

0.005), wazn1sioauuasees ST segment (OR 2.96; 95% Cl 1.04-8.4; p-value 0.042)

(mswﬁ 4)
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M13197 5 MAsendeyakuuiUsgaratedul sdmsuladendanuduiusiv

gnseglusgninaueulsimetuna lunquiUle Acute respiratory distress syndrome

Univariable analysis Multivariable analysis
Crude Odds Adjusted Odds
Ratio (95% ClI) Prvalue Ratio (95% ClI) Prvalue

Vital signs

- Heart rate 1.04 (1.01-1.07) 0.007 1.06 (1.01-1.12) 0.023
- Cycle threshold (CT) 0.88 (0.8-0.97) 0.01 0.72 (0.57-0.92) 0.009
ECG characteristics

- Tachycardia 5.84 (2.04-16.75) 0.001 16.03 (2.4-107.09) 0.004
- Prolonged QT interval 2.9 (1.11-7.54) 0.029 12.5 (1.45-107.87) 0.022
- ST depression 3.79(1.45-9.92) 0.007 10.12 (1.47-69.91) 0.019

ilpvmsliasgrideyauuunatefiuls (Multivariable analysis) wnzlunguiiae
A a v a Y . .
Ao suansvesnzuigladunandeunau (Acute respiratory distress syndrome)
I 82 578 WUIEUINAATNLATNANTIINIIBIUAURN NSl AudNTuSTU SRS
meluszrinsusulsameiuia lawn 8nsin1sauresiala (p-value 0.023) wagen Cycle

ado IS

threshold (CT) vadli¥a (p-value 0.009) fauUsadulniinilaiaunindnsdnnudunus
TugnsmeluserninsueulssmeuiasgelitvdAgneana laun nsiisnsiniseuvesiila
159n771UNR (OR 16.03; 95% CI 2.4-107.09; p-value value 0.004), n1585¢8e QTc 812
NAUNG (OR 12.5; 95% CI 1.45-107.87; p-value 0.022), LLazmsLﬁmwuawm ST segment

(OR 10.12; 95% CI 1.47-69.91; p-value 0.019) ((31’13’1\‘1‘17{ 5)

d' ] a 84 ! ! . J Y1 d'd d‘ U £y 1
WeviMsiATeiveyaluungueay (Subgroup analysis) wuingUlenillsaiediuiilasg
wnazdimduliiiilaraun@siumiy (p-value =0.016) (151991 6) wazidlaiUSeuiisungy
v Aa a A W A aa = A aa o !

AUhe7ilsray QRS NuNNImTewiiy 110 Hadiunil waznquitieniiszey QRS Uaunin
110 fiad3u ¥ nunldlafisnsimelusyrinsusulsaineruiafiuanaesiuegredidedfgnie

adf (p-value = 0.271) (A57991 7)
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A131991 6 N1TAATIEYiYeyaLuUNguges wuintuntsilsalnelduiileegiiuuay

anuduRusStunsieauluimlanaUng

Normal ECG Abnormal

Characteristics All (n=180) p-value

(n=26) ECG (n=154)
Prior heart diseases 28 (15.6%) 0 (0%) 28 (18.2%) 0.016

M19197 7 NFIATIwTeLAkUUNgNERY LUInNsEeE QRS (Hadiunil) uazAnuduiusiv

95 19181UTENINUBULTINGIUND

All (n=180) | Alive (n=147) | Dead (n=33)

QRS duration
> 110 msec 26 (14.4%) 19 (12.9%) 7 (21.2%) 0.271

< 110 msec 154 (85.6%) 128 (87.1%) 26 (78.8%)

dmduildlumssnulsaandelalsunlita 2019 Aiflauduiusiunisilssey
QTc s1Rnunfegafituddumaada liun Lopinavir/ritonavir (p-value 0.007) wazendiil
wualdnluntstiauduiusiunisiiszey QTc #1RaUNR lalA Amiodarone (p-value
0.083) @uen Remdesivir kag Azithromycin wundelafinnuduiusiunisiisyes QTc em

HAUNAIINNTIT81 (p-value 0.71)

& a o o a o Aa a = v X
wena Nl NN1TITENUIdndIuvesnduliihilantaunfvs v ling@uniy
AMUTULTBLTA IngH U NT0INITHARIYRINNIE eI NA IR UN T UTE AU TULSY
(Severe acute respiratory distress syndrome) ﬁmmﬁmﬂﬂammﬂﬁul‘vmﬁﬁ"ﬂmﬂiw (508
ar 100) (FUAINT 27) uagllaUTeuieusnsIn1enIuYieeny aenuIgnsinied
o o W ] PN =3 | @ o = v v aa !
AnuduiusiunduegNuInTwuiu Inelidnsimegeissesas 41.7 lugdrenionguinndd

80 TAulU (Uil 28)
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% in each severity group

L e e e e
e e e 2y
ST e 55 4
O AR D s —— 05
o erate AR DS e G54

Severe ARDS

[ Normal ECGs @ Abnormal ECGs

sUnn? 27 uansdnduvesnquliiitlaiauniniuanusunseeslsa

50
% in each age group
45
40
35

30

25

N N o
o o o o
1
1
B
B
.
B
-..
s
8
8
-0
-0
.o
.
Pe

0
< 50 year 51-60 year 61-70 year 71-80 year > 80 year

JUANT 28 LanIBRIIMNEVDEUIBUUINLYINY
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£
IS 1

ag9lsfiny MITeiinuianngnsidedinlugUin 33 s1eiu dlugjiinein

a

amznsmeladumandoundu (Acute respiratory syndrome) wazUoainide Tnawuind
ﬁﬂwtﬁa%‘immimﬂamamgga 2 seRiidzialaResuudunasuuuisnazlln
(Unstable atrial fibrillation with rapid ventricular response) LLaSﬁﬁiﬂ’wmﬁ%mﬁﬁﬁ]ﬁa
amenduiieiladniau (Myocarditis) 2 578 Feaumanndeinananznismeladuman

UMY 1 518 kaZINNISAAIBDLUNTEWALADA 1 518 (157197 8)

M19197 8 AN sideTInvedUae

Causes of death N =33
Acute respiratory di syndrome 24
Superimposed pneumonia 3
Pneumothorax/ pneumomediastinum 3
Sepsis 2

Pulmonary embolism 1
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[ Y & a a . . v ' 1% = vy
d198uSMAUNG (Ventricular tachycardia) Beeninuin (Fewag 0.8) Felvdayalulunig
Wweaudunsfinuluawwiel 20219 AlasienumsiiailasuiadmaglndlugUisie

welalsuilsa 2019 Minalnietesiuialaesuuudiulng

nsAnwtnuenugnvesnsiliiluieusdszamineniaung (Right bundle
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