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8n15398 : JuwuunsIdendu prospective cohort study AnwilugUae Post-acute COVID-19 syndrome $1u3u 81
auipeid1sunssnviludUasluiilsmeruiagmasnsaluazdeflonnisves Post-acute COVID-19 syndrome guagldsunis
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# # 6470034830 : MAJOR MEDICINE

KEYWORD:
Thirath Chatlaong : Echocardiogram abnormalities in previously hospitalized patients with Post-acute COVID-
19 syndrome. Advisor: Sudarat Satitthummanid Co-advisor: SAMONPORN BOONYARATAVEJ SONGMUANG,

Pattama Torvorapanit

Background : Limited data show that approximately 30% of Post-acute COVID-19 syndrome patients have
abnormal echocardiograms. Nevertheless, no data to date study about the correlation with major adverse cardiac event

(MACE) outcome.

Objective : To find the prevalence and predictors of abnormal echocardiograms in patients with Post-acute

COVID-19 syndrome and to determine MACE in the third and sixth months.

Method : Prospective cohort study enrolled 81 patients with Post-acute COVID-19 syndrome who were
previously hospitalized as COVID-19 patients. Echocardiograms were performed two months after admission. Left
ventricular global longitudinal strain (LV-GLS) and right ventricular free wall longitudinal strain (RV-FWLS), along with

other parameters, were measured. The study also followed up for MACE in the third and sixth months.

Result : A total of 81 patients were enrolled. Fifty-five patients (66%) were female, and the median age was
65. Twenty patients (24%) had diabetes, and 34 (42%) had hypertension. According to the WHO covid severity
classification, 59 patients (72%) had mild severity, and 21 patients (25%) had moderate severity. The most reported
symptoms of Post-acute COVID-19 syndrome were fatigue (39.5%) and dyspnea (39.5%). In the third and sixth-month
follow-ups, there were reports of persistent symptoms at 39.7% and 33.8%, respectively. The echocardiographic
parameters showed a mean LVEF of 68%. The reduced longitudinal strain was found in 18 patients (22.22%). RV-FWLS
was reduced in 12 patients (14.8%), LV-GLS was reduced in 8 patients (9.87%), and both RV-FWLS and LV-GLS were

reduced in 2 patients (2.46%). No patients experienced MACE outcomes in the third and sixth months of follow-ups.

Conclusion : The prevalence of subclinical LV and RV dysfunction in Post-acute COVID-19 infection with low
cardiovascular risk was lower than previous studies in general post COVID-19 infection. Interestingly, there were no short-
term MACE outcome. The extensive cardiac investigation in Post-acute COVID-19 syndrome with low cardiovascular risk

might not be necessary.

Field of Study: Medicine Student's Signature .......ccccccevveveeneence
Academic Year: 2022 Advisor's Signature .........cocceeveveeeennce.
Co-advisor's Signature ........ccccocoveeeeenee.

Co-advisor's Signature ........ccccocoveeeeenee.
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1.1 Fai30q (Title)

(mwlny) mmafﬂﬂﬂaﬁuENﬂﬂi@i?ﬁ]ﬁ?ﬂﬂ%ﬂﬁ&ﬂﬂ?’]ﬂ§QﬂﬁﬂiﬂiuﬁgﬂiﬂiﬂaﬂﬁLﬂEJ
Fsumssnululsmenauasiinguonsvdaiadeleia 19

(Mw18angw) Echocardiogram abnormalities in previously hospitalized patients

with Post-acute COVID-19 syndrome

1.2 aAnwdAnuaziisnvasdym (Background and Rationale)
Tuanunseiszunvesidie COVID-19 ﬁa’laﬂL%Mﬁﬂ’ﬁﬂEmuﬂfjmmﬂ’ﬁsuaa@ﬂwﬁé’a
ﬁmmwaqmﬁaa@jwé’amiamL%@Lﬁu 4 §Uav TneiSenenniswaniidn Post-acute COVID-
19 syndrome Faanmsinwinuimueinsenilasaus 30-80% wdusnsane wazdl
Linswdawansenuluszereny waghawianiunisel COVID-19 lulagiuazgiuusiauaus

Y]

] & 2o vy a Y & I
NNTLNITIEUINVDILYDNYIA Iu{]"ﬂT\]Uu‘lﬂﬂﬂqiLﬂaﬂuaWUWUﬁﬂaﬂLGUE] LLazmmeLiwaﬂiﬂﬂ

9
%

antiosas uenanifihednlvaiidslésutatulesiulsauddnie uiegiilsfiniuoinis
Y99ndH Post acute COVID-19 Afafissnuagatnasaiios

ansaulvgfienanustildmuszuy 1dun  seuuimlasasvaendon  szuu
maiumela szuudiaden syuulsvam ssuulauazmaiutlasiy ssuudedlve syuu
Maduemns seuuidt lavernisvesssuuiilauasnaeadendiisneny ldun e1nns
goumds ennswilesuazanisiumiien

finsAnwnudgdie Post-acute COVID-19 syndrome 1n15nsianumuinung
mamﬁmﬁmmmﬁqaﬁﬂa (echocardiogram) 1¢ds 1 Tu 3 TnewuennuAsundldiiamlatls
g8 (left ventricular function) wazilafleun (right ventricular function)

dmSuneBaITIven mMaiinanuRaunAnessuuiilakasasndenludiy Post-
acute COVID-19 syndrome tieinAnain 4 nalnudn 1éun 1. Direct viral invasion 2.
Down regulation of angiotensin converting enzyme 2 receptor 3. Inflammation and

immunologic response affecting myocardium, pericardium, and conducting system 4.



Long term sequelae eg. Increased cardio-metabolic demand, myocardial fibrosis or
scarring, arrhythmia, tachycardia, autonomic dysfunction
msfnwlutissniildnisasreilagendusdudwanlnil  (cardiac  magnetic
resonance imaging) WUANYNUBINTYINNURRUNAvRIrRaaionilanuielnglluans
91115 (subclinical left ventricular dysfunction) 1‘14;@’381/15%?3@%%@%% COVID-19

(1-3

1 v ) = 1 Y 1% A o 1 =3 . .
Aoutnege™? faudinmsnsiaiilasieadussdudvantii (cardiac magnetic resonance

imaging) azfiaiduninsgiunesdn (gold standard) TumsidademeruRinunfivesnis
Fewvesiile  udiitestavesaundeldiurenniosdle  (availability)  wavau
winzalun1snaitady (feasibility)  Feflamumnenanulunisneiasiiefidieninlunism
mnuAaUnAvesmshauresiilailefiazmauniuiaiwesnuiound  lnedoudy
winsdlefidanuly Srnuwiuduiivmesazannsarildlulsmenuiamll Finsesaaiee
ﬂ?iuﬁmmmﬁqﬁﬂﬁﬂmﬁ%ﬁL‘%'sm'h slobal longitudinal strain (GLS) «Juisfléainnsld
wmaluladnmsnsiatauuvaesdinlneldinafia speckle tracking echocardiography (STE) s
JuAsnsnsamsnsavaeunsvheuvesialafifinnallunisesanuenuinunivesns

Vauwesiilalledne (left ventricular function) 7ilanindlewSeudisusuan ejection

fraction (EF)?

PNMIANINDUNTNLUNUIINITANAIVDIAN longitudinal strain 1y
echocardiogram Jutsndianubigdunisesianuanuiaung anviadanudniinis

\WasuuUadvasen longitudinal  strain Aeudasfimsdsuntames  left ventricular
ejection fraction (LVEF) LLazmﬂﬂﬁiﬁﬂwﬁdauwﬂwﬁwuiwﬁﬂawé’amiamgg@ COVID-19 1in
liirplaen1sanasved LVEF uagunsansianuanuiaun@assan longitudinal strain lats
Uszanas 1 Tu 3 ©7 Tpe Left ventricular global longitudinal strain (LV-GLS) agifufusis
msvieuvesialaledne wag right ventricular free wall longitudinal strain (RVFWLS) %
Jusghuadesnisvhauvesiilailaen winsAnwiluianielUls  Post-acute  COVID-19

1 v o w

syndrome £18ABUU1931AA

Tuthagiudlifims@nuniivenfanaiinamnvesngueins  Post-acute  COVID-19
syndrome  funsmmaanuasfisUnfvessruuilanasvasaidion  nisfnwilandy
nsfnwusniiinisgnisinmssailifisUssasduesiilouasaonidondl 3 uay 6 Lou 9
wldthemunssiiivdesenuazoravilisndlaginelunguiiunnty ileTisnaglam

wuamstesiulazuuimianssnwmelvluouian



1.3 A101UVBIN1538 (Research Questions)
1.3.1 Aanuvan
- AnuynvesnIRsInUANERnUnAvesilasherdudssauigdy
faeladn 19 Maeitriunssnuillsmeiauasingueinis Post-
acute COVID-19 syndrome (Juwils
1.3.2 A0nuses
- msananueuiaunfvesihlafenauidssnuigiansarhunens
AnmansadldiisUssasavesinlanazvaanidonlavisel
- Yedelathedidu sk factor  lunismsrawy echocardiogram

abnormalities Iu&gﬂas Post-acute COVID-19 syndrome

1.4 InQUszaeAvaIn1338 (Objectives)
1.4.1 Ingusvasdvan
- lemmnuynvesmsRnUnAvesilalasnsnsafendudssaniud
giludtheladn 19 Mieedhiunssnwlulsmeiuiauasinguenns
Post-acute COVID-19 syndrome
1.4.2 FngUszasAses
- evninmamsiawuanuiaundveshilaserdudsnnuigaasyinli
AawsnsalluiaUseasrvasilanazvasnionlaluouian
- lew risk factor lun1sasIaNy echocardiogram abnormalities Tu

Q’ﬂaa Post-acute COVID-19 syndrome

1.5 a@uagu (Hypothesis)
- Null hypothesis (Ho) : AnmgnvesmuiaUnivesilalagnmsnmasenauides
mnwdgdugithelain 19 Maedsumssnululsmeiunauasiingueinis Post-
acute COVID-19 syndrome agjﬁ 25-35%
- Alternative hypothesis (H;) : Augnvesnuinunfvesiilalaenisnsiame

maudssudaslugielada 19 Awedisumsihvlulsimeiuiauasingy

q

81113 Post-acute COVID-19 syndrome liiaglutag 25-35%

- Ho H‘I :HZ



Hqi: M1 #M2

1.6 A1d1ALY (Keywords)

Post-acute COVID-19 syndrome
COVID-19 recovered patients

Cardiovascular system

1.7 NSDULUIAMUAANTSANY (Conceptual Framework)

Conceptual framework

Comorbidities Severity oftliness

Post-acute

MACE

{Major Adverse
Cardiac Events)

dysfunction
syndrome

- Echocardiogram parameters - HF
- AMI
- Stroke
- CV death

FUNII 1 NTBULUIAIINANNITITE

1.8 HguLBeUfuAn1s (Operational Definition)

Post-acute COVID-19 syndrome : gthefiilonisuaanisanielain 19 laed
[ a dy [ & gj |a' a < 1 dl' &
9INSNAINITAATD 4 FUAMTUALALISLTD1N1S 198aIN19971998 U unaLaInse
I~ d' a d’{ 1A I3 A a 1 a dy <V v
WWue1nsifeduludusodusin1siinannn1zunsngauaen1sanants e
D1INSAA LA UTAI8TEUUVDTNNIY WA STUUMlawasiasndan SEUUNIS
ela szuuinly ssuuinue ssuule syuuden seuulsyan ssuusaulivie

PIDTLUUNILAUDINT



- Major Adverse Cardiac Events : 8n31n15UaUlsINeUIaA8AIERILaaNLAY
dnIINsiiavaendendues  ensINIAnvasndonlavIndoAREUNA LA
Sammadedindennefiisidestulsarlawasraonidon

- Left ventricular ejection fraction (LVEF) : n1susziiiunisvinaiuesialaniy
ndudssruiigeiilafeds biplane method

- Left ventricular global longitudinal strain (LV-GLS) n1susziiiulagly 2-
dimension echocardiogram Tuvituinsgu 3 91 lawn apical two chamber,
apical three chamber, apical four chamber TagflgnuanArUnfnesdaiuInna
-18%

- Right ventricular free wall longitudinal strain (RVFWLS) lnafignuinarunfises
1AN1nNTT - 23%

- Tissue Doppler E/e’ ratio (E/e’) lnafienuaunine < 14

- Tricuspid regurgitation velocity (TRV) Insfignua1unfne < 2.8 m/sec

- Right ventricular systolic pressure (RVSP) lagtisnumiunife < 36 mmHg

- Tricuspid annular plane systolic excursion (TAPSE) laefienuarunfine > 17
mm

- Right ventricular fraction area change (RV. FAC) lnadisnua1unfne > 35%

- LV stroke volume index (SVI) Inadlgnuanunfiae > 35 mL/m2

1.9 navisauszlevuinnitazlfaineuilde (Expected Benefit and Application)
dl A a o QI a L2 ai Yo aa o/
NBMILWINITaLWIL IR N smeaaiin ug e lAfun193tiade Post-

acute COVID-19 syndrome sialiluauan

1.10 guassANRALAAYU (Obstacles)
- anldaunsadndertheunneld  viieunseenalianuliavainvseuiasiiay
WITIUNITITY

- wugtieidinaeimsdadonataaiaseaiiliuinme



1.11 uumudly (Solutions)
- esuglifihednlatisnnuddgueside  swwasiBeanisinudeya  saudl

Usglewingureazlasudlogthedisiunuidy



uni 2

NUNIUITTUNTTUNNEIVBY (Review of Related Literatures)

msmdeyalugiudeya PUBMED lagld KEYWORD dnfgyfie 1. Post-acute
COVID-19 syndrome Or 2. COVID-19 recoverd patient And 3. Cardiovascular #84310
tuadonauideiiinisussduiie  echocardiogram  lufthe  Post-acute  COVID-19
syndrome @aagnuauddeiiiodesiaimun 3 91 faandunisiednegn

frsnudeduinfunadondsmsinde  covip-19  Fudunmnelsaiiintu
wdInnsandelein Tnefimsfnwanansenin glsduasiu emsnumadnsdmiy
ﬁi@@‘?ﬁ%@%ﬁﬂiﬁ%ﬁJﬂ’]iuauINWEJ’]U’]aLﬁ@%ﬂ‘l&%ﬂﬂ?&@ wuflomssverendinsinidelain
waramElsnsesmsennglaianaddsunsine TagannsinnumuennIsnasEuusee

fasalull

SEUUUDALAEYILAUMELD

o amelalilazan (dyspnea)  aaAuausalunIsoaniaInIglazng
pandlaum (hypoxia) lusnsuazemsuansinulauey
N15anagwad diffusion capacity U¥84N15¥1NIUYBIUBR NUANBAULNITYINUIDIUDN

WUU restrictive physiology wavinisiasundasmennanelenludnwuginidunszani

[
A

(ground-glass opacities) #38RIHA (fibrotic change) davaniidudafinsianuainnisineiy
Qﬂwﬁiam%ﬁmmﬂmiawﬁa COVID-19

nsesRRamuNsThwwelandituniell  eneildannnisusyifiuesndiau
Uaneihiithu (home pulse oximetry) MsnageUnsAY 6 Ul (6-minute walk test) N3
availaiduten (pulmonary function test) NSASIMTIBNMBLATDNBNUIEABUTINDS
ANUAzIBEnge (high-resolution computer tomography) WazN1sATINAUTEAUDANE
PisnonTsdneniamed CT pulmonary angiogram BuUfUATIANEELANLENNTINRY

matinvewtheusiaysy

szuuladininen
mMainnzganudeatasudidluden (thromboembolic events) sinwulstos

N1 5% gy Post-acute COVID-19 syndrome



TYYLLIAVBIANIENINTEAUNTENEULNAY (hyperinflammatory state) 1¥64n13
nsfnLde SARS-Cov-2 Hudiliifuinsuudn

anafsanldesunisudsivendensiindulssmungulvl  (direct  oral
anticoagulant, DOAC) w%LaﬂﬁuMLaqasﬁ"ﬂ (low-molecular-weight heparin, LMWH)
dmumstlestunisgadudendelulufihedifitedudesisinaudongadu NA99N
finsananuidssuselonllufinefiiitedoidosiomseadudon Wy  fhefidsliansn
wdoulmssmeedld  flhefiflsziu  d-dimer figsegnasanal  (nniiaouyinveen

! A & o o A ! <
WnsgIUeean) avlsanuindutaduidesadu q wu usis

syuuinlauasasniaon

ansUsEneudie e1n1stadu (palpitations) melavau (dyspnea) waziduntinen
(chest pain)

nadeluszzononasuiimsiainisnsdngrumnluanvosiiladfiadu
(cardiometabolic demand) N13ATIANUNIER (fibrosis) s soauNallu (scar) Tundnniie
Wiladsanunsensanuldiiunsnserduudmaninivesiila  (cardiac magnetic
resonance imaging) WlalAuRAYE (arrhythmias) Walawdusa (tachycardia) waganae
AMNRAUNANIORLULIA (autonomic dysfunction)

fuheiifiennsaseguasszuuiilauaznasaidenenasedldiunisnsadamusions
M3RTRARINLDINIINIAATEN  axamstufinadulihla (electrocardiography) way

A o ~ Y .
mamaummmmaqwﬂa (echocardiogram)

STLUUUTZANLLAZIRLIY

ANURAUNATIAYEED19TINENINNSIWTaEdY Uanndnuile Uiny ennishiaunaves
syuuUsEamonluil® wazauRaun@lun1sAn (brain fog)

lsmianiea lsaduasn Tsauoulindu uwazlsa post-traumatic stress disorder
(PTSD) @semudmudszana 30-40% vedsendinain COVID-19 Jududruiundiends
v v aa o o eal
fugsentinanialsunlidaaneiusau o

nalnnsiinlsavesszuulszaminnyiulvainvatunaln WaztAYITDINUNIT
AnUnfvessyuugfifuiu n3dnau nsaaiuremasadenvuiain wazaralunadiafies

9 9
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syuule

Q’ﬂ’md’;ﬂmyjﬁﬁmuzlmwEJLﬁEJUWé’u (acute kidney injury) Shazdienlaftundsann
meaNnIsAnide COVID-19 udfimerudiftheunsdniinimiuvedls (eGFR) fanasly
NNMSAAINT 6 1y

angladaunin COVID wie COVID-associated nephropathy (COVAN) unmizle
Houftdulveluftsfifiderfveniu

fseadinan COVID-19 Mffnsdimlafiiaundenalssulszleviannisinanalu

AAINIAMERgUNSUNTNITNTIRARILAN LN DE1ILNATALALMNTIVDENNEFINEND

szuuseulsyia
NansznusioszuuseuliviseaTNiinsasanuuvuidulnivianisaiuay
Aa [ k% ' Y [ o Jere
wwnnundleguailaugas n1snauvedlnsesn (subacute thyroiditis) WagnNsanALUES
a’liﬂizﬂaULLﬂumz@ﬂ (bone demineralization)

AUreninsIdedelsaiumulndleelifidadudesdmsulsauvueiian 2 ey

W JUreasduasdedninnig hypothyroid-pituitary-adrenal axis suppression #3013

Inseedduiiy esdsithelunuunndianigmsssuusienlsvie

JEUUNAUD IV TUALHU

nstuielida COVID-19 eann9ganrsvovniusely faudiinvgnsialinuite
Th¥alnanisvin nasopharyngeal swab waafiniu
Weo COVID-19 aunsaasunlandoadunigluald (cut microbiome) 19 lngena

L

a & a = o X a A A & ¢
inweiunIdnelsawazandueydunIsilulselonl
AR

Nu529 (hair loss) Wunmzinuldussigaveseinisnieszuuilimils waziisieauin

wuilsuszanns 20% veuUhe#sentinain COVID-19

A2g multisystem inflammatory syndrome in children (MIS-C)

[
LY N o 1

newin1s3tady ¢ 0gend1 21 U wuddlld dusdnisdniaugs dnadesevany

v '
v

9387% ATIINUNSAALTD SARS-CoV-2 waglamdnnisitadendululadu q senliuds
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Tnsunfgthedudnenguinndt 7 Juasludiifidonfuonitu uerimuaiudeou
wseFanliln

Ingonmsdiulngjavedlussuunnviilanasvaenidion laun vaeadeniilaveiy
(coronary aneurysm) WagANUAAUNANIITEUUUSEA WU UIAT SUNIS LU Lag
i

Tuiligtufissnumsnunngemandinisiaidolain 19 edwdedes nisfnu
cohort study anlsameiuna 38 widluisiTunulssmaanigenini® lasdfvasiomn
1250 518 Aasueinsndseenainlsswenunail 60 Yunuiiiitaeds 32.6% Adsdienns
n¥sdaidolain 19 lagenmsfinuinniigaieamainies Tnenulugthe 22.9% uavddl
msfnwmetliglalulssnadnid® fnvermsudinsindeleda 19 Tnefsenuns
wufla 87.4% 7 60 $u

Tudruvesonismsssuuilauasvasadeanuldvoslufthsinidolain 19 lag
wumsAnelusrezusnnuNsinturese cardiac troponin v 8-28% Fuuanddenis
vnduresndudonls  dunisinwderansgnuvasilaludtiefifinnmdinisinide

U v

1a3n 19 BuinsANININTU widaslreud1edin

v a & a a =3 1o v v
INTBNUVBINIERINTVRARlAIn 19 TumidglsuinuindanulnalAgaiu
eenluseinaanszeisnt nudnsAnwilulsemadnnd® wueinisasegnaainsinige
1a3n 19 091 87.4% NKUE 143 AulASUNITINNUIENEINITUOULTINEIUIARIENITHA

d’lj a ell a A (% % IS gj 1Y
Welaln 19 lngsreziianafievainsinmufe 60 Tundinieinisasausn lagnudngiae
flenmsgaumnaeegn 53.1% Jemsinilevegn 43.3% Te1nstindesyil 27.3% 013
Wunthenegf 21.7%  Feerniswaiidueannsiinuanniign wenanddamudn 55% ves
AUleilennisegatesiie 3 91N15Y090INTVANT Wagnud 44.1% vesrUelunsinuildl

Ao a v = =2 = A o <&
NTANAIVBIANNINTINIINATUTEEIUAE  EuroQol  BnnisAnwmilavintudsemeSaueea
Anwiluddie 150 AuNsenTinanmsineladn 19 wuiti 60 Jundinsianiy dgUleds
2 lu 3 "dsasliennisasegnanisinide uagnudn 1 Tu 3 vewtheidninfiennisuinnid
noundsdnelaia 19"7 Bnnansfnuwdu o Mendnuluansverandnsglie 110 5189
59ATININNSAAEELATA 19 Aasun 8 fe 12 dUavindansiae” visensfnwgdae
NnUsEImAUY 277 T1efianui 10 3 14 dUavi"? vsenmsfinwiwuudisia 100 s lua
V51%01013N5N 4 1 8 dUai™ visemsfinwidtae 183 seluansgewsnifnnud 35 fu
waseananlsanerua’® visensAnwidiae 120 seludssinanSuea Anmue1n1sn 100

FU UININNSANYINATITSI89IUINISVDIBNINTT DOUWNEAY VBUWLRY LkAaZeIN1TNG



11

Ussamdninugy PTSD fiva dued ueulivdu Tnenuormsuaniisyana 30% ves
Ai¥eld

Tuns@nw cohort AfnsAnAuanilesgaululsemedu Tiussiliunaiinnanves
TsA COVID-19 wasfthnsiuau 1,733 518 vidsaniiuly 6 ou dusudiBudonns lae
nsAnwEidedn The post-acute COVID-19 Chinese study™ msdnwilduuusaouany
N139159931NY NITNAABUNISAU 6 W (6-minute walk test) N1sasIEen wazluung
NN UaNIIanIwUea (pulmonary function test) computed tomography A2
aulBungaueImsIen  uwazn1smsiasansiwndileysiiumsdemeveseteizndenisin
o COVID-19 szewililsn AUedulvg 76% sreuinfegetesnilients adedu
MsAnwdug 1A enswilesd seumdedaduoinsinesnuunniigads 63% nude
nsupulivdunl 26% warardaniaa/Auai 23%

owal

Mdmailiveyailosiuieyiglunisssynguininnudesgeialsanaenisin
o COVID-19 FalauA on1snfianugulssvaeinige COVID-19 1wu msiiiunsshwly
menagsnvugUlieingikag/miensradldintesdiemelawuuamuminninuasnisiuy
nstaviaviemelalurasnay JaudunusiuNsiaInN11aInN1senLe COVID-19 Wu o
& 1 = 1 v aa d' 6 a a
0 deundy BouLsILAZAIE PTSD N1SluAZRuuAnNnaIniifl AURAUNRveInIsnsIa
ausIanImUen (pulmonary function test) waznmanen1esdlusyeymnas COVID-191h 1
19 ypna1nil Halpin wagany P eeuanuduiusiiufuseninensilsaiineidoannamu

a o & a ' A .
melaegnou MIdvlianieggs 01811n uAzWeYIALALNGUNITUG Black, Asian and
minority ethnic (BAME) fipudunusiunsiionnisueumileslunisfinmiui 4-8 dUav
wanAnUNTITEluNISANY The post-acute COVID-19 Chinese study &4wui1a21u

| | & o Y a a I vy X A | a

wansesernanadutadends lnegngdiannudulilia@unasnueiniseeunds Ay
INNNIA LAZTULASTIUNITAAMIUN 6 LHBUNINATIN

nsuanteIn1svessyuuilalugfniie COVID-19 laun nisdniauvesnauilenla
la (myocarditis), on1stduGanilagadudundy (acute coronary syndrome) 81113
WlaAuiindang (cardiac arrhythmias), e1nslaauman (heart failure), Azdeniliin
1Mt (cardiogenic  shock)  wagnIsinauidengnanuvanduiend  (venous

17, 18

thromboembolism)*" *® Tagn1surnduluilafifindudunau (acute cardiac injury)

fenlagdinisiiinduveselnsluiiy (troponin) s1eaudmulugie COVID-19 senin 8-

18-21

28% wazhNevesiuNaansAluAveIn1sSIY Y Yananddilin1snun1eANURAUNRNI

wilafilaiuansannis (subclinical myocardial dysfunction) 21nnMsAnEe COVID-19 Wuiiy



12

2 2 gedlsimudeyaiifedestumsinmeinniveanduderilalugthendshaie
COVID-19 failmputnetion

msfnwlutissniildnisasaimlasondusdudwanlnil  (cardiac  magnetic
resonance imaging) WUANYNUBINTYINNURRUNAvRIrRaaionilanuielnglluans
91115 (subclinical left ventricular dysfunction) 1‘14;@’381/15%?3@%%@%% COVID-19
Aouthage fsufinisnsaavlafendussdusimdnlaih (cardiac magnetic resonance
imaging) azfiaiduninsgiunesdn (gold standard) Tumsidademeruiinunfivesnis
Feuvesiile witiidesinvesrnuniedldiurenniasie (availability) Anuwnzaly
N3R5 (feasibility) Faflanunenanulumswiadesdefitieninlunsmeany
Aaunfvesmsvhauvesidla  ieflisvianuyniwiaiweseuiaund ey
winsdlefidanuly wasflaruwingufismenaranunsavildlulsmerunamly §annsnss
IﬂEJﬂ?ﬂluL?‘Iﬁlx‘iﬂ??ﬂﬁéﬂﬂﬁﬂﬂmﬁ%ﬁL%‘Elﬂ’j’] slobal longitudinal strain (GLS) Hu3sfldanns
Tamalulagnsnsiainuuvassdiflagldinailn speckle tracking echocardiography (STE)
Faduisnsnsnmsasvaeunisvhauvesilafifinnullunisesanuanufinunives
msviauvesiilatledng (left ventricular function) filinindlewSeudisusuan ejection
fraction (EF)

nmsAnwes  Sudhunshu  wazamg® lavihnsAnwlaenisyin left ventricular
global longitudinal strain lugfthendsindelain 19 $1uau 134 aufl 30 fe 45 Yu §ihed
918108y 51.2 +/- 12.4 U Tne 85 Au Andu 63.0% vesthadumemne Tneftieillsnso
AaANNAUlATingd 37 578 (27.6%) Wagiunmu 23 518 (17.2%) laeddie 121 518 (90.3%)
Lﬁuéﬂ’aaﬁuammmisumzam%a COVID-19 laguusseAumNujuLsmIy  the National
Institute of Health (NIH) criteria {Juenisies 61 au (45.5%) 81n15Urunats 50 A
(37.3%) waze1NsguLss 10 Ay (7.5%) lagenmsdlugssinde COVID-19 e 14 95
518 (70.8%) o 73 510 (54.4%) uazwiles 51 18 (38.1%) Iuﬂﬁiﬁﬂwﬂﬁwudﬂﬁﬂaaﬁawnﬂi
vasmshndevddeda 19 7 62 au (46.2%) Tnewdiueinisladu 29 au (21.6%) e1nsueu
wiley 23 Ay (17.2%) uazenssoumds 18 AU (13.4%) lFFunssh echocardiogram
WABeYTl 36.4 +/- 4.6 Yu waznamIANwINUANNARUARYeIlasY echocardiogram Tae
WUANURAUNATBIVY left ventricular global longitudinal strain §3 40 AW (29.9%) lag
wuRLadeues left ventricular global longitudinal strain suamu’qmsﬁnmagjﬁ -19.7 +/-
4.6% Imaﬁhm?{ﬂumjmﬁamawmm left ventricular global longitudinal strain E]gujﬁ -14.1

+/- 3.3% LLazﬁWLa?ﬂ'U&Lumju left ventricular global longitudinal strain Unfieeifl -21.1 +/-

Y
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1.4% Fafimuuanensesnsiifoddymeadn (p<0.0001) wupnuAsUnAvesnsaaefives
#wila (diastolic dysfunction) 7 38 310 (28.3%) laedidAnufinves grade | diastolic
dysfunction 7i 32 AU (23.8%) WU grade Il diastolic dysfunction 7 5 AU (3.7%) WU grade
Il diastolic dysfunction 71 ey (0.7%) wumsiauesiilallaniianas (right
ventricular dysfunction) fignulagen tricuspid annular plane systolic excursion (TAPSE)
fitfoandn 17 Hadwns waz RV S’ velocity fitfesnin 9.5 wufwnsseduf Tnewudi 14 au
(10.4%)

MSAN®IVEY Savas wazmug® laviinsd@nelaenisvin left ventricular global
longitudinal strain Tuffthevdsmsindeladn 19 $1uau 74 au Tnefthegnuuadu 2 ndu

AUTEAU troponin level sﬁaaﬁuau‘lsqwmmd@aLLﬁaL‘i‘]uﬂqmﬁﬁ myocardial injury wag la
1 myocardial injury ﬁﬂ?ﬂlﬁ%mimm echocardiogram waedl 29.5 +/- 4.5 Jundeen
nlsamerva negUredunands 45 au (60.8%) Junawes 29 au (39.2%) tnedtiely
nsfnwflengads 59.9 +/- 9.7 U Taglunguiil myocardial injury e1g1dsegil 66.4 +/-
123 U waglunguitlaill myocardial injury mqmﬁaagjﬁ 55.9 +/- 9.7 U (p<0.001) 1oy
Adreilsnsiume anudulafings 18 578 (64.3%) Iumjuﬁﬁ myocardial injury wagiianaw
aulaiings 14 518 (30.4%) Tunguitlaifl myocardial infarction (p=0.004) Tnelunisdneni
lanuAuusnaglun1smsaNU myocardial injury szmwmjmﬁlﬂmmmm (p=0.218) gu
uyﬁ' (p=0.265) uaﬂaﬁﬂﬁwuiwﬁwLﬁaﬂmqéhwuﬁﬁhﬁmﬂﬂmumjmﬁwu myocardial injury
¥ur sesuthmaludon (p=0.049) AM1senEU C-reactive protein (p=0.02) A1 serum
troponin (p=0.02) A1 D-dimer (p=0.01) AufiAdEenw1? (p=0.014) ALdadanu1vin
neutrophil (p=0.07) waglimuenudiiusiudndondaluil dn creatinine 1 hemoglobin
A1 platelet Afiadonv12%lin lymphocyte (p>0.05) MSANYINANISANINUANNRAUNG
984 left ventricular global longitudinal strain 11nn31 -18 TugUle 28 518 (37.8%) Tned
16 518 (57.1%) oglunguiil myocardial injury uaz 12 318 (26.1%) eglungudilsi
myocardial injury lagdianuuanagegsitedAgynana (p=0.014) usnndfmuiilu

ﬂfjmﬁﬁ myocardial injury Q%ﬁLLuﬂﬂuﬁ%ﬁﬁhLaﬁﬂ left ventricular global longitudinal

=

strain.  figaninguitlisl myocardial injury (-17.7 +/- 2.6 vs -18.9 +/- 1.8, p=0.051)

v
o !

UBNANUTINUIAITEAU troponin danudunusluiu left ventricular global longitudinal
strain (r=0.02, p=0.045) §awui1A1 left ventricular ejection fraction ﬁwadﬂuﬂajmﬁﬁ
myocardial injury (58.9 +/- 2.1 vs 59.9 +/- 1.7, p=0.032) wagwui1A" left atrial diameter

A1 interventricular septum thickness A1 left ventricular posterior wall thickness ﬁﬂ'ﬂgjﬂ
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ﬂ'iﬂuﬂﬁjmﬁﬁ myocardial  injury Lﬁa@mmiﬁmauwudw left ventricular  global
longitudinal strain HauduiusiuszaU C-reactive protein level (r=0.39, p<0.001) Tu
ﬂﬁjm@ﬂ’mﬁ' left ventricular global longitudinal strain >-18 agdls¥@u C-reactive protein
figand1 Tneidleutaseduil >5me/l uay <5 me/ml (51.1 vs 96.9%, p<0.001)

NsAN®IVeY Cristina kazamz'” lavinnisAneamanuinunfinig echocardiogram
Tugfthefifiane Post-acute COVID-19 syndrome lugfthe 150 au umae 63 au 1y
wenda 87 au Taefiongsearing 18 & 55 T o1giade 42 T Tasarusuussveamsinidoldu
sefutisfl 111 AU (74%) sedutiunans 39 au (26%) Im81uﬂ153ﬂw1§13iﬁ;§ﬂ38ﬂ&JI@LﬁEJﬁ
Tasunisusulssneuia @ﬂaaﬁfmﬁmﬁu 44 au (32.66%) wazdUrelulsndiu 44 au
(29.33%) lagnaN1IANYINUANRAUNRYTDINITNTIANIRILAME echocardiogram 38 51y
(25.33%) Tnenflofine sub group analysis Wudwéﬂwﬁmqwas S flornsinde
Tuveniizuuss wagdidn CRP figefiuuliasnunnufinuniveidlamnty wuiilungudd
AMNRAUARTOY echocardiogram WUA1 left ventricular ejection fraction Ueani1 50%
uazdl left ventricular global longitudinal strain <-18 7 13 AU (8.66%) wazwuinilen
mitral valvular plane systolic excursion (MAPSE) anasii 11 AU wenanignud 11 Au
A1 systolic pulmonary pressure ﬁqn SuAUll right ventricular dysfunction wagnuind
grade Il diastolic dysfunction 75 aud grade Il diastolic dysfunction 7iaaud grade |
diastolic dysfunction 1 Ay Wugthe 6 188l pericardial effusion wazwuyUle 3 18

thickened pericardium TagHe1uINlANRUIUBY pericardial AT 4 TadLunT

m1507 1 ayumsiinwluedniinegvesnuiadenIsive

Authors Year | Place Design Population Results
Sudhanshu | 2020- | India Single- 134 adults: 90% Subclinical LV
et al.” 2021 center symptomatic, dysfunction =
prospective | 45.5% mild, 29.9%,
37.3% mod, 7.5% | subclinical RV
severe COVID-19 | dysfunction =
illness 10.5%
Savas et 2020 | Turkey | Single- 74 adults Abnormal LV-
al® center recovered from GLS = 37.8%
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Cross COVID-19
sectional
Cristina et | 2020- | Romania | Single- 150 adults with 25.33% with
al” 2021 center cross | post-acute COVID- | significant
sectional 19 cardiac
study abnormalities
from

echocardiogram

Abbreviations: LV-GLS = left ventricular global longitudinal strain
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una 3

25A1LHUN15798 (Research Methodology)

3.1 3UUUUNT5Y (Research Design)

Prospective cohort study

3.2 s2UguTNSINY
3.2.1 Usgvns (Population)
- JUendsnsandeladn 19 N5UN135nYINLTNeIUIagRIaINnTal
3.2.2 NU9INNSAMEBNDIEANASIINSINIASINITIYY (Inclusion criteria)
- oy 18-85 1
- wglasunisitadelsealain 19 ngluszeziia 1 89 2 Wweu JuanTudisunis
[ I3 FZ 4
SnwduUagluvedlsmenuiagmiansel
- §91n15099 Post-acute COVID-19 syndrome #ilAgvsiuszuuiilauazan
Honlneilannistalatentdensmaluldl 1. Wuwduntinen 2. Tadu 3. wileedie 4.
1 =
OUWAY 5. 8101510
3.2.3 LNUNISARLEBNTIENAIASEBNINIASINISINE (Exclusion criteria)
v A & a ) A A v E ) a '
- gthendulsavaendenridlavelinenauiieilaviadensevinueu
TsaneuIa

v A o o Y ‘:1' = Y vy PR
- QUDEJ‘VW]’]ﬂ’]i@ﬁ’&ﬁ]‘lﬁﬂﬁ]ﬁ%ﬂﬂﬁUﬂ’J’luﬂadLL@’JI@ﬂWWMI@J‘U@

Y

(%
a Y

- feiiilsavleogin i Tsedwilefuviesiauguusatausssdulu
nantuly Tsavlawsiiuila (congenital heart disease) W atrial septal
defect, ventricular septal defect, patent ductus arteriosus Dudu

- fnmeladeusurszosit 4 awn (€GFR<30 mUmin/1.73 m2)

- fiamsuvmuiiedlild chenaazan HBALC annninwiifu 8)

- wedulsavaendenauss  lawA  ischemic or hemorrhagic stroke #3®
transient ischemic attack

- Wulsageanvengnnuzess (chronic obstructive pulmonary disease)
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- fheiifiamiugeiiusiszesil 2 Ul (SBP > 160 mmHg and/or DBP > 100
mmHg)
3.2.4 Primary outcome
- NTATIINUANURAUARTEY  echocardiogram  1ag  longitudinal  strain R
Usegnoulumay 1. left ventricular global longitudinal strain (LV-GLS) 2. right
ventricular free wall longitudinal strain (RVFWLS)

3.2.5 Secondary outcome
- Major Adverse Cardiac Events (MACE) Fausznouludne ¢ Toldun 1. heart

failure 2. acute myocardial infarction 3. stroke 4. cardiovascular death

3.3 yu1nusgyns (Sample Size)

Estimation proportion

7} pi
n=—=

5

A.
p = prevalence that we want to estimate
q=1-p
A = confidence interval width

p=03
q=0.7
Confidence interval width = 0.1

N = 80 AU

3.4 1135758y a (Data Collection)
AIdevzadun1sTIuTinteyavesthelulsmeuiaguainsallay
1. vodoyasiederihefiideduane COVID-19 infection fildeenainlsametuia
pnansalluwdariu  Tegnisviuiindeauvesyg mINge1uIgn1slsmeIua

INAINTA
2. ihedesghanunsaidinsinulavselidlag inclusion uag exclusion criteria
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3. Tumsshwimuunsgu N334 b38219MUA 1L INSANNHAMIUDINITUD
AdreiieaauaueINIsvesrthen 4 davimndiomadnlitunnengueinises
a dil’ a [y v 1 1 = d' QIJ < s
AsAnLEalAIn 19 sulown 1.90nseeuwdy 2.1 3.wiles 4ladu  5.9untnen

PNTuIwIsAEIiUlaTINTITeuazesugliteyaneiiulaseinisidy

4. degtheureud1suanuidy Jwvhmstegtheunuauniidly 91159085 du 4
L5ang1u1agnIaeNsal WavaAuTus ol uaudNYAId NEILALAZYIINITNTID
echocardiogram lutuiiulaedide wngtrelidusendisinaidy swvinsiv
% I3 A Yo a o a dy [y Y 1 1o I~ v
Toyalngzinumsnailii1siuenuiddy Ineinsduasivenaiadasin lddndudes
Wiveuals waznstivseldlivanaty lifinadenisauasnwm

5. 139579 echocardiogram ilagldiases EPIQ CVx  wagyitiiasieyt speckle
tracking doppler Ing Automated Cardiac Motion Quantification (aCMQ) QLab
Cardiac Analysis ver.15.5, Phillips Healthcare Inc lagnisianevideyaasyinlag
Va o % = Y

EREVLOINENA e

6. AnnUoINSHUIEN 3 war 6 LAeuddilenn1sves Post-acute COVID-19
syndrome 3ol wagUsziliu MACE outcome muitlananlutnsdulne@nmniuain
Wszilaularnsinsdnriaeuniutoya

7. Lﬁusﬁam‘jaﬁlu case record form a1ntuLNunadlu excel sheet

8. Uayaviavueundiasieyt tneldlusunsy R statistic package (V4.2.2, R core

team, 2022)

3.5 MaTziiteyauazadanldiiaszii (Data Analysis and Statistics)
3.5.1 Descriptive analysis
- deyaiildannisinuazuanseglusuaiadeavadn (mean) + Andeauy
wwsgu (D) lunsdldeyaideuTunaminsnsaneduuuniuandlugy
Aadesiseg (median) + fidoszwinemosing (QR) Tunsaldeyanszane
Aliund
- dayaidanguazuandlusy proportion (n, %)

- Wisuiisuteyanlnseninangulagld ANOVA w3e Chi-square test
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3.5.2 Primary outcome analysis
- 91wuAUAnUAR prevalence w89 echocardiogram abnormalities 10u
Wosiwun
- senudeyanisnsianansnsailasendunigeingg AUAIL
NFUREASPY
3.5.3 Secondary outcome analysis
- yfadelatheldu  risk  factor  Tunisesianu  echocardiogram
abnormatlities 1ngld multiple logistic regression

- MTATEINsEdAnndInmuaen alpha = 0.05

3.6 1aW5UAIUIILSTIU (Ethical Considerations)
3.6.1 wé’ﬂmﬂmmiwhuﬂﬁa (Respect for person)

- nefnwniaededldunnuBusonangiheneusasiiisaslisudeyarou
WhiAduegaiieane waznsiisiuviselidnsuaslidmasianuivianig
$nwveaithy  uasazdniulasiensmavsuasdnanivesitae  uazasiing
Untindoyafiazusludesaruaele

3.6.2 nannshivselevy LinaliiAndunsie (Beneficence/Non-maleficence)

- doyaildrnnisinuazifausslovidenaatinsie ormainsazlasunis
aTIImeRnUnAvenilasenauAILRge Ardesiiornfintuie
fhpazgnarialagaauienudesgs  ileersseilonsidudntesualsl
Aol ANATUAT LTI BT

3.6.3 ¥ANANNYRATITU (Justice)

- mMsfnwdnandadiiarAneenagrednaukazgUlisnnauilaniadngiy

Wi Muazlasunisamanldunnaneiu

3.7 TonnastUasdu (Assumption)

N13RTIARIEATUAINNEIIILILAaYASI LuANsNe Y
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3.8 48311 (Limitations)

1. madnwidfunsinuivihlulsmevepnansoifomontiudey  wedihe
Favumueuderdiolds

2. lsifinansns1a echocardiogram Tuthsfiglaefaide COVID-19 Wei3auiioy
Hesmndedalutasesnisszuin COVID-19 warllastunsunside Tasiduniseyuiui
Adrelifilsailasnneulagnisdnuseiienisuaslsausednen

3. ateyalUSouliivuna echocardiogram vostaedlsifiennns wlesiuieuiiiey
HunguSeuidiou (control group) tteginlungulsifiennisasrenumnuiaunfisnntes

winlns

3.9 gUaev1an15AnA1a (Loss to follow-up)
TunsfinunliigUlgvanisianunsau 4 g Tngdasielila 3 $18 uavldedinan

o
duvnau 1918



3.10 Consort Diagram

SCREENING
COVID-19 patients admitted at KCMH
(Timing: April, May, July 2022) (N = 613)

EXCLUDED (N = 425)
7 subjects couldn’t come for
reviews, 19 were unable to

contact, and 12 were dead.

ENROLLED

Meet for eligibility criteria (N =188)

188 subjects were in

——eligible criteria; 107 were

asymptomatic.

(N=81)

Complete data for primary analysis

4 subjects were lost to
follow-up; 3 were unable
to contact, and 1 died
from other causes.

(N=77)

Complete data for secondary analysis

gUnMi 2 Consort Diagram

21
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uni 4

Nan1sAany (Results)

M7 2 wansdnuaziugIuUszIns Suaulssrnsiavian 81 Au 9181d80g
65 U 1Bumands 54 au (66%) TsaUszaddlngiinufe ANUAUlaYings 34 au (42%)
WL 20 A (24%) Auguussveslsa COVID-19 d@nilngjegiissiuguusslion 1y
WU 59 AU (72%) JUUSIUIWNANS 21 AU (25%) uazsukssnn 1 au (1.2%) 81n15U89
Post-acute COVID-19 syndrome vesifthednlngjiinufe seumds 32 au (39.5%) 81013
veumilos 32 AU (39.5%) sesasnAoninisle 19 Au (23.5%) fthedies 1 1efilonns
Todu (1.29%) uazlsiflasiienmsidunthenias annsdamud 3 Weu wudthedidsiiennis
vaudony 31 AU (39.7%) uazilefnnuil 6 Weu wugihefidslenmvaundesy 26 au
(33.8%) ftheld3unsi echocardiogram tadvegil 62 Sutfuanfuiiiriumsinulu
159ne7U78 NanTIINUANLRAUARYIAT longitudinal strain 18 AU (22.22%) TneWuAI M
AnUnfives LV-GLS 8 Ay (9.87%) wumnsisegiuaes LV-GLS agil -21.1% [-22.35, -19.85]
WUANNRRUNAYES RVFWLS 12 AU (14.81%) wursisegiuwes RVFWLS ogffl -18.35% |-
21.45, -17.10] wueAndsegIuves LVEF agjﬁ 68% NNsARRINmANITadlafiaUsEasa Tiny
mansallifieseasdianil 3 eunat 6 1oy

M3197 3 uansdedeiidsuasienisnsaanunmiinunives GLS Tufithe Post-acute
COVID-19  syndrome  nHansANYMUINEThemandgdilonianuanuiaunivesm
longitudinal strain wnduegeiifudd (o = 0.047) iajwummé’mﬁuﬁ‘iuéﬂwﬁﬁisﬂ
Usgdduduumanu (p = 0.203) wazlidnuanuduiusiuainsdneau interleukin-6 (p =
0.258) uaz Creactive protein (p = 0.619) @wiuA1 parameter 3uq 84
echocardiogram fitnavsuanauinUnfvesen longitudinal strain Wudwiuﬁﬂaaﬁﬁmi
anaIvesA1 TAPSE 7nnnd1 (p = 0.02) wazA SVI fisndr (p = 0.037)  dmsuen
echocardiogram parameter 5"1461 loA LVEF, LVMI, LAVI, E/e’ ratio, TRV max, RVFP, RV

FAC, lanumnudusiusiuan longitudinal strain fianas
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Variable (N=81)
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Female sex (%) 54 (66%)
Age (median [IQR]) 65 [51,73]
Diabetes (%) 20 (24%)
Hypertension (%) 34 (42%)
Chronic kidney disease (%) 4 (4.9%)
Length of hospital stay (median [IQR]) 514,7]

Inflammatory marker (median [IQR])

C-reactive protein (mg/dL)

17.49 [8.32, 31.60]

Interleukin-6 (pg/mL)

11.70 [5.82, 23.86]

Covid severity (%)

Mild 59 (72%)
Moderate 21 (25%)
Severe 1(1.2%)
Drug
Favipiravir (%) 8 (9.9%)
Remdesivir (%) 64 (79%)
Dexamethasone (%) 5 (6.2%)
Molnupiravir (%) 1(1.2%)
Ritonavir (%) 1(1.2%)
Admission to echo date (Median [IQR]) 62 [58, 66]

No. of patients with GLS abnormalities

31 (38.27%)

No. of patients with LV-GLS abnormalities

8 (9.87%)

No. of patient with RV-FWLS abnormalities

31 (38.27%)

Echocardiogram parameters (median [IQR])

LV-GLS (%)

-20.9 [-22, -19.2]

RV-FWLS (%)

-26.4 [-30.1, -22.40]

LVEF (%)

68 [65, 72]




LVMI (g/m2) 61 [52, 75]

E/e’ ratio 9.5[7.25, 12.50]

RVSP (mmHg) 29 [23.95, 33.00]

RV FAC (%) 50.5 [48.00, 55.25]

Symptoms of Post-acute COVID-19 //
— N
\4

syndrome O

ﬁ( N 32 (39.5%)

1(1.2%)

Dyspnea (%)

Palpitation (%)
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m1597 3 Taveiaunasnon13nTIanuUnIuARUNFYes GLS lugiae Post-acute COVID-19

syndrome
Variable (N=81) Normal GLS Abnormal GLS P value
No. of patients 63 18
Female sex (%) 46 (73) 8 (44.4%) 0.047
Age (median [IQR]) 64 [47.50, 74.50] 68.50 [57.75, 71.50] 0.524
Diabetes (%) 13 (20.6%) 7 (38.9) 0.203
Hypertension (%) 29 (46%) 5(27.8) 0.266
Chronic kidney disease (%) 3 (4.8%) 1 (5.6%) 1.000
Length of hospital stay 4 [3.50, 6.50] 5[4, 8.25] 0.225
(median [IQR])
Inflammatory marker
(median [IQR])
C-reactive protein 17.55 [7.48, 33] 15[10.23, 25.44] 0.856
(mg/dL)
Interleukin-6 (pg/mL) 9.75 [5.49, 20.68] 16.26 [6.22, 26.56] 0.454
Covid severity (%) 0.639
Mild 47 (74.6%) 12 (66.7%)
Moderate 15 (23,8%) 6 (33.3%)
Severe 1(1.6%) 0 (0%)
Drug
Favipiravir (%) 6 (9.5%) 2 (11.1%) 1.000
Remdesivir (%) 48 (76.2%) 16 (88.9%) 0.402
Dexamethasone (%) 4 (6.3%) 1(5.6%) 1.000
Molnupiravir (%) 1(1.6%) 0 (0%) 1.000
Ritonavir (%) 1(1.6%) 0 (0%) 1.000
Admission to echo date 62 [58, 66] 60.50 [56.50, 64.50] 0.287
(Median [IQR])
Echocardiogram parameters
(median [IQR])
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LV-GLS (%) -21.10 [-22.35, - -18.70 [-20.48, - <0.001
19.85] 15.80]
RV-FWS (%) -28 [-30.60, -24.95] -18.35[-21.45, - <0.001
17.10]
LVEF (%) 69 [66, 72] 65.50 [62, 72.50] 0.129
LVMI (g/m2) 61 [51, 73] 67.50 [55.50, 79.50] 0.160
LAVI (ml/m2) 22 [18.05, 26.88] 20.75[17.62, 24.75] 0.699
E/e’ ratio 9[7,12.25] 11[8, 13.43] 0.296
TRV max (m/s) 2.4[2.16, 2.56] 2.60 [2.40, 2.80] 0.330
RVSP (mmHg) 29 [23.60, 33] 30 [25, 34] 0.785
TAPSE (cm) 22 [20, 25] 20 [18, 21] 0.015
RV FAC (%) 51 [48.62, 55.75] 45 [40.50, 51.00] 0.074
SVI (ml/m2) 39 [33, 46] 35 [30, 39] 0.037
Symptoms of Post-acute
COVID-19 syndrome
Fatigue (%) 26 (41.30%) 6 (33.3%) 0.738
Dyspnea (%) 22 (34.9%) 10 (55.6%) 0.192
Chest pain (%) 0 (0%) 0 (0%) NA
Palpitation (%) 1(1.6%) 0 (0%) 1.000
Cough (%) 17 (27%) 2 (11.10%) 0.277
Persistent of symptoms at 3 22 (36.1%) 9 (52.9%) 0.328
month (%)
MACE at 3 month (%) 0 (0%) 0 (0%) NA
Persistent of symptoms at 6 19 (31.1%) 7 (43.8%) 0.515
month (%)
MACE at 6 month (%) 0 (0%) 0 (0%) NA
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una 5

aﬁﬂiwu,azagﬂwa (Discussion and Conclusion)

5.1 8AUs1¥ (Discussion)

Post-acute COVID-19 syndrome tJungueinisiflutligtuilsiennsaulafuanndu
lngnuauRaUndlaluvate 9 93w3r nqueINI5es Post-acute Covid-19 syndrome
Ieduainomadundn  nguenmsiiwusnniigregiszuuiilanazvaoniden  wazszuy
madumela Tasdeinalnnisifnlsansszuuilauasvaonideneainnn (1) Tad

msinTudngiilalaense (2) In15anaswas  angiotensin converting enzyme 2 (3) #1u

ke a v

NsrUIUNMIBNLEULaEN1INTEAUQiAuiuvass NMedmatnd el Wwevuiila uas
ssvunm st i lumla @)  waluszezenisedlaainnisiiuduves  cardio-metabolic

demand msiAndsiinusesesunatdulunanuilela (myocardial fibrosis or scarring) #a

8

laduiindsme (arrhythmia) %39 autonomic dysfunction® usnanidamunangiuves

subclinical left ventricular dysfunction Iuﬁﬂwﬁmm’m COVID-19 I@Sa’wqﬁlﬁmmn

msmagjsuaqmsé’ﬂLausuaqﬁﬂﬂugih,mmaq peri-myocarditis  lka¥ early myocardial

fibrosis® ?

a1msvesiielunisAnuiinueinisves  dyspnea wag fatigue aniign @
Yy W = i v X(g) a = - DX = =
donndesiumMsAnwneuniil® wavainnisianun 3 uar 6 weu FUiwenisiiaunie

Useannd  30%  @enndevabuandliidiuin  SasiEihglunsdnmdiulnaiaziionnisves
Y U 1Y)

U %

coviD-19 liwn wazAnsdnauliaanninfdaideds 1 lu 3 dflemsaunien 6
A
Ao

Speckle tracking echocardiogram Jud3diAini1 2D echocardiogram Tunns

[y

U5zl regional wag global myocardial function lesnla@uiuyuuaglidesnisyud

25)

° J A = . . (24 & .
AUNIEVDINITNINUALNYDIAAULFES  (insonation) ™ uanNIINU  speckle tracking

26) | AeSad

echocardiogram §adumaiiafigudmneuazanuisareils (reproducible)?® wazdnits
speckle tracking echocardiogram Fudunsilaninwazanunsanensal left ventricular
systolic dysfunction Ihdnidledieutu left ventricular ejection fraction®” uay
nsAnwfeunthilnuinnsanatwes left ventricular global longitudinal strain TugUae
heart failure preserved ejection fraction duusiun1siinensalveslsanisszuuinlaley

28, 29)

viaaaienfugnin’ nsAnwneunthidulna@nwilugUiendinisiaie  COVID-19
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TgnumuRaUnfves subclinical LV dysfunction 978 echocardiogram Uszanad 30%
waznusnnulunguiifiendniauiigdn®  msfnwiviengluiiaefifinguennts  Post-
acute COVID-19 syndrome  @sfideudnasidn  IneasranusufinUnfvesiilase
echocardiogram  ogfil  25.33%7  wagdilifimsAnwiswanszuuiilawagvaonidond
prasnlufthengul  annmsAnuneundhiinlinuanufenfives  left  ventricular
ejection fraction (LVEF) @ 7 ugiagnsansianumnuinunfives longitudinal strain &4
Huiedestiefanulunnni1 nsgdinsaivesnmsnsianumiuinundves GLS vesiie
finLde COVID-19 agiiszanm 20-40% wiusinisinu®”

Tun1sfinenil wueuRnUnfivesdn longitudinal  strain agjﬁ‘?i 22% lagwuA1u
AnuUnAves RVFWLS 12 Auann 81 au wag LV-GLS 8 Auan 81 au dvguAnisallagsandes

1w =

niumsAnuneunt leenagideeiameniainnanusuwsedaia 19 Tl

[y

I o =2 < v s = ' v & = 2/ 1 a
9 EJ‘V]’]ﬂ’]i?im:ﬂL“l_J‘Llﬂ‘Lla8E‘ﬁEJ‘W‘LJﬁﬂ‘Uﬂ’ﬁﬁﬂ“lﬂ’]ﬂE]‘LWI‘LJ’]‘LJLL@%@Jﬂ')']iJEULLNGUQQIiﬂUQEJﬂ']'] 2N

pa

ee &

¥

1 1 v Yo a o A P & 1 M Yo ¥ 1 7 < =
<‘lQ‘U'JElﬂ?lﬂ%iglﬁi‘tlﬂ?iQ@'ﬂﬂ“&iULﬂ@‘UVNﬂﬁM@LLﬁ%ﬂ’Jﬂ‘lﬁﬂﬂﬂ’m%uiﬂLL’ﬁ'J@EJN‘LJ@EI 2 WU 99

=

suulaindUrednluglunisfinviiennisausunswedsaeglussauiunsiiosnsonns
< A Y 7 = P = = v 1 =
Juansvegnantielasu  echocardiogram  Tun1sfinwiegil 2 iweudsdiniinisAnwm
| Y] v XA o o a = o 8§ v a N '
AnggAunthidulugying 1 wheudeilrenansranuanuiaunidlatesnin

UBNINNITATIINY subclinical left ventricular dysfunction n1sANwINBUNTNY
ANV right ventricular dysfunction 91 10.5%® wagainn1sAne n1svinauvesiilails
yludUleiifnige COVID-19 wudndimslavesidlatlands 1 lu 3 et Y Ty

= & a a ) y a Ly v ' a Y z-:l'

nsfnwinuauinUnfvesiilaienunniilide  legwanauiazesuiglaainnsi
Atwdlvgjeglunguoinmsdesfisdiunans uazAnisenauligann 1nsmessuuiila
wazviaendenisealildilunainannsdnauvesiilalaenss  uaestadunainainau
RaunAannsineNdwaneUsnuazdinanoinieiilaflsidundn  aeandesluiunig
aTanuNsnuesilalende  TAPSE  anaslunguddieniadnuiaun@ivesan
longitudinal strain

nsuintadelalunisnwienaagyinlinuanuiaun@aes  longitudinal — strain
iU Msfnwneumihinud e1giuinndt Ardeilinanienuinndt 1sasiay Ay
lafinge  seaivuenaludeniigaind  Julideidesvesnmsmuanuiinunfivesnla®  ”
YpAINLUAINTONLAU (inflammatory marker) lowA C-reactive protein, interleukin-6,
troponin, ferritin® (Judadeideslunmsamanuanuiinunivesiila nuinnangadudade

Aa = £ = YA o @ o a M v o a &£ v a
NUAIULFIIUINVU ‘ZNV]'N%’J"UEJEJ\TV']Q']@ﬁU']EJINl@ L%@?W@W‘UQSLﬂ@SUUIWFJUQLBQJ (by
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chance) waznuimsilsavssidaduummulidutadeiviilinuanuiiaunives
longitudinal  strain  snPulumsfinuil  esnlunisAnuiastiiamediheinuey
wnuldidnnlunsinwidy wesuenanissmuamudiniusvesnisdiaudladn
gatumansanuasiaunivesilalumsnunilld desandiaedifiamearuiulaiings
faumildenldgnanoenlunoudosnansiionardmarienizanaswasd1  longitudinal
strain 61

o

nsnTuvendelisa CoVID-19 wldnamileila (myocardium) viliAnnTs

32, 33

meeraandileilawasnseiuliinnsdnau® * nszuiunisnsgsugifuiulu 1

lupalniivihliAnanssuiunsdnauresndnilenils  waznseiuliinnisnsequgiauiu
2995°19N18 (immune response’s activation) LLaSﬂizﬁulﬁLﬁﬂﬂﬂiMéjﬂ proinflammatory

% 29 yanandanuRnunAvedudeon

cytokines ey ﬂ'iséju adaptive immune response
uadn  (microvascular dysfunction) Wwazn1SiAA coronary plaque rupture WaY
. v @ P < [ & o . . .
coronary thrombosis ENL‘Uummeuwmmimmﬁ]waaﬂamLuamia} (myocardial injury)
0 dmsuluns@nuiindulanuinAinisenau (inflammatory marker) oA interleukin —
6 uay C- reactive protein Wuthdudesdunisiaeruinunfves longitudinal strain

5-7)

witlolunisfinwneunti wAINHavaINsAnyIdnuIlunguniiauRnUnAves

longitudinal strain fuwalduvesdn inflammatory marker figandn IngR3deadningn

'
Va v =% IS

Suusznnsididsliinnnelunsmanuuansng é’qﬁ?um%mmadwmﬂﬁﬁmu
Usznsiiunntuenalinaiidtoddaymeadn

nsdmmsilegunnsailifisUszasdmessuuilauayvasnidon (major adverse
cardiac events, MACE) i 3 1o uaz 6 1oy 1ﬁwu;§ﬂastwafLﬂLaaﬁﬁmamim“lﬁﬁqmymﬁ
magideidetnorafennvena 4 Ussnsléud (1) guasdwlualums@nvidunguind
o1shizuuss (2 msdeawenaliviunedifiisezifnmemssilifisUszasd (3) A
AnUnAdulngmsszuuiilasaznaendendunnuiinunfszauliguuss (minor
abnormalities) Gie19liivilAnmnnisallsifislszasdiasfiduld @) dnulszvinsens
Weeiiuly

v A 1

Jodnnvesnuidednwmeludl (1) Ms@nuniildu single-center prospective cohort

Y

study  (2)  Athedlasunsuesulsimenuiadiuvgasduiiienilsausedndiegdug
uzi5e lsala lsadu visethengfiduiulid FaenvvzdwmanienisnsianuanuiinUnfives
wilalilaeidelinereudnesnudiunangulsausunngulsaguassadigninduneglu

M3finw (3) N3l echocardiogram fiugnudisvesUigdmiuluSeuiisy
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5.2 @guwa (Conclusion)
mnmsfinninuihgiRimaallunisnamuaruiaunfvesiiladeniinga
echocardiogram wulsliannlugUie Post-acute COVID-19 syndrome yananidsldny
wnmsallsifisUszasduesinlauazvasaidenit 3 uar 6 (Weulufihoelawe 91nwa
msfnwilenmagtsannismmansnuilailidudulasamslunguithefivasiaidola

FndlonNsueRIUIUNANd
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7157991 4 JadeiiaesasanisasIanunIudnunives LV-GLS lugie Post-acute COVID-

19 syndrome

(Median [IQR])

Variable (N=81) Normal LV-GLS Abnormal LV-GLS P value
Female sex (%) 52 (71.2%) 2 (25.0%) 0.25
Age (median [IQR]) 64 [49, 73] 70 [65.75, 72.75] 0.268
Diabetes (%) 15 (20.5%) 5(62.5) 0.029
Hypertension (%) 31 (42.5%) 3(37.5) 1.000
Chronic kidney disease (%) 3(4.1%) 1(12.5) 0.857
Length of hospital stay 5[4, 7] 4 [3.75, 5.25] 0.490
(median [IQR])
Inflammatory marker
(median [IQR])
C-reactive protein 16.24 [8.07, 32.30] 22.70 [14.50, 28.17] 0.705
(mg/dL)
Interleukin-6 (pg/mL) 9.78 [5.26, 22.03] 16.40 [16.26, 28.27] 0.193
Covid severity (%) 0.255
Mild 55 (75.3%) 4 (50%)
Moderate 17 (23.3%) 4 (50%)
Severe 1(1.4%) 0 (0%)
Drug
Favipiravir (%) 7 (9.6%) 1(12.5%) 1.000
Remdesivir (%) 57 (78.1%) 7 (87.5%) 0.870
Dexamethasone (%) 5 (6.8%) 0 (0%) 1.000
Molnupiravir (%) 1(1.4%) 0 (0%) 1.000
Ritonavir (%) 1(1.4%) 0 (0%) 1.000
Admission to echo date 62 [58, 67] 57.50 [54.25, 61] 0.017
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Echocardiogram parameters

(median [IQR])

LV-GLS (%) -21.10 [-22.20, - -15.25[-16.23, - <0.001
19.70] 13.95]
RV-FWS (%) -26.70 [-30.20, - -23.15[-26.78, - 0.156
22.80] 19.65]
LVEF (%) 69 [65, 72] 65.50 [61.75, 68] 0.178
LVMI (g/m2) 61 [51, 74] 75 [57, 86.88] 0.147
LAVI (ml/m2) 21.15[18, 26.50] 21.75[18.62, 28.75] 0.653
E/e’ ratio 9[7,12.25] 11.50 [9.88, 13.43] 0.286
TRV max (m/s) 2.4[2.14, 2.57] 2.80[2.80, 2.80] 0.058
RVSP (mmHg) 28.80 [23.45, 33] 34.50 [34.24, 34.75] 0.081
TAPSE (cm) 22 [20, 25] 21 [19.50, 22.25] 0.529
RV FAC (%) 51 [48.12, 55.75] 41 [40.50, 41.50] 0.043
SVI (ml/m2) 37.60 [32.50, 44] 34.20 [28.50, 37.50] 0.155
Symptoms of Post-acute
COVID-19 syndrome
Fatigue (%) 29 (39.7%) 3 (37.5%) 1.000
Dyspnea (%) 28 (38.4%) 4 (50%) 0.796
Chest pain (%) 0 (0%) 0 (0%) NA
Palpitation (%) 1(1.4%) 0 (0%) 1.000
Cough (%) 18 (24.7%) 1(12.5%) 0.741
Persistent of symptoms at 3 27 (38%) 4 (57.1%) 0.561
month (%)
MACE at 3 month (%) 0 (0%) 0 (0%) NA
Persistent of symptoms at 6 24 (33.8%) 2 (33.3%) 1.000
month (%)
MACE at 6 month (%) 0 (0%) 0 (0%) NA
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m1507 5 TeveiaunanonI1snTIanunIudnUnfves RV-FWLS lugae Post-acute COVID-

19 syndrome

Variable (N=81) Normal RV-FWSL Abnormal RV-FWSL P value
No. of patients 69 12
Female sex (%) 48 (69.6) 6 (50%) 0.320
Age (median [IQR]) 65 [51, 73] 68.50 [55.25, 71.25] 0.785
Diabetes (%) 17 (24.6%) 3(25) 1.000
Hypertension (%) 32 (46.4%) 2 (16.7) 0.108
Chronic kidney disease (%) 4 (5.8%) 0 (0%) 0.894
Length of hospital stay 413, 6] 5.50 [4.75, 9.75] 0.058
(median [IQR])
Inflammatory marker
(median [IQR])
C-reactive protein 17.55 [7.48, 33] 15[10.23, 20.45] 0.705
(mg/dL)
Interleukin-6 (pg/mL) 11.15 [5.90, 20.68] 14.20 [5.56, 26.56] 0.742
Covid severity (%) 0.910
Mild 50 (72.5%) 9 (75%)
Moderate 18 (26.1%) 3 (25%)
Severe 1(1.4%) 0 (0%)
Drug
Favipiravir (%) 7 (10.1%) 1(8.3%) 1.000
Remdesivir (%) 53 (76.8%) 11 (91.7%) 0.434
Dexamethasone (%) 4 (5.8%) 1(8.3%) 1.000
Molnupiravir (%) 1(1.4%) 0 (0%) 1.000
Ritonavir (%) 1(1.4%) 0 (0%) 1.000
Admission to echo date 62 [57, 66] 62 [60, 67.25] 0.549
(Median [IQR])
Echocardiogram parameters
(median [IQR])
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LV-GLS (%) -21.10 [-22.20, - -20.05 [-21.27, - 0.184
19.50] 18.90]
RV-FWS (%) -28 [-30.50, -24.70] -17.65[-18.33, - <0.001
16.65]
LVEF (%) 69 [65, 72] 65.50 [62.75, 73.25] | 0.709
LVMI (g/m2) 61 [51, 73] 71 [566.50, 78.50] 0.192
LAVI (ml/m2) 21.75[18, 27.05] 21[17.88, 24.25] 0.627
E/e’ ratio 9.5[7, 12.50] 8.75[8, 11.88] 0.988
TRV max (m/s) 2.4[2.18, 2.66] 2.40 [2.15, 2.50] 0.732
RVSP (mmHg) 29 [24.30, 33] 25 [21, 27.50] 0.271
TAPSE (cm) 22 [20, 25] 19 [18, 21.50] 0.016
RV FAC (%) 51 [48.25, 55.50] 48 [40.00, 52.00] 0.203
SVI (ml/m2) 37 [32.50, 44.50] 37 [30.50, 39.50] 0.248
Symptoms of Post-acute
COVID-19 syndrome
Fatigue (%) 28 (40.60%) 4 (33.3%) 0.878
Dyspnea (%) 26 (37.7%) 6 (50%) 0.627
Chest pain (%) 0 (0%) 0 (0%) NA
Palpitation (%) 1(1.4%) 0 (0%) 1.000
Cough (%) 17 (24.6%) 2 (16.7%) 0.816
Persistent of symptoms at 3 26 (39.4%) 5 (41.7%) 1.000
month (%)
MACE at 3 month (%) 0 (0%) 0 (0%) NA
Persistent of symptoms at 6 21 (32.3%) 5 (41.7%) 0.766
month (%)
MACE at 6 month (%) 0 (0%) 0 (0%) NA
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