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CARDIAC INVOLVEMENT BY COVID-19 IN CHILDREN: RETROSPECTIVE
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Pestome. KapamonoruuHo 3acsiraHe npu COVID-19 B fgeTckata Bb3pacT ce Habnogasa npeayMHoO B paMKiTe Ha MySTUCUCTEMHMS
Bb3nanuTeneH cHapom npu geuata (multisystem inflammatory syndrome by children — MIS-C) n no-psigko nsonupaHo,
KaTo 3acerHaTuTe ca fela Ha no-ronsiMa Bb3pacT W No-4eCTo OT Mbkku non. MpeacTaBsmMe peTpoCNEKTUBEH aHanm3 Ha
10 geua, xocnuTanuanpaHu nopaay kapanonornyHo 3acsiraHe B pamkute Ha COVID-19 B KnuHukata no aeTcka kapauo-
norus Ha HaunoHanHata kapauonorniHa 6onHuua — Codms. Bogelumte knuHU4HK cumnTomm ca hebpunuteT, cbpaeyHa
HEAO0CTaTbYHOCT U raCTPOMHTECTUHAMHM NPOSiBI, & XapakTepHaTa abopaTopHa KOHCTeNaL s BKYBa M3pa3eHa NeBKo-
LiMTO3a C EKCTPEMHO OreBsBaHe, 3Ha4YNTENHO NOBULLIABAHE HA MapkepuTe 3a Bb3nanuTenHa akTMBHOCT, YBENUYEHM H1BA
Ha TPOMOHMHA W CepONOrMYHM AaHHN 3a KOHTaKT cbC SARS-CoV2. PeHTreHorpadusTa e ¢ faHHU 3a kapanoMeranus 1
6enogpobHa xunepeonemus, nameHennsTa ot EKI ca pasHoobpasHu v BKIOYBAT Penonsipu3alnoHHi 1 pUTbMHO-MPO-
BOAHW HapyLueHns. Exokapanorpadusta e ¢ AaHHW 3a aunataums v NOHWKEH KOHTPaKTUIUTET Ha naBaTa kamepa. Ypes
kapauomarHuTHo-pe3oHaHcHa Tomorpadms (KMPT) ca ycTaHOBEHM 30HM Ha efeM M Hekpo3a B Muokapaa. BvacTaHo-
BABaHETO e Obp30 cres NpUNOXeHUe Ha MMYHOMOAYMAToOpHa Tepanusl, HO U3MEHEHUATa B MMOKapAa, KOHCTaTUpaHu
¢ KMPT, nepcuctupart Ha 6-1s1 Mecel, npy NOBEYETO Clyvau W AbNArocpoyHaTa NporHo3a npeacton aa Obae yTouHeHa.
lMonyyeHnTe OT HaC pe3ynTaTi ca pasriefaHu B KOHTEKCTA HA Hay4YHWUTE NybnukaLum B MeXayHapoaHuTe 6asu AaHHM OT
nocnegHuTe ABE FTOAMHK 3a CbpAEYHO 3acsraHe npu geuarta ¢ COVID-19.

KniouoBu aymu: kapamonornyHo 3acsrane, geua, COVID-19, SARS-CoV2, MIS-C, kapamo marHuTHo-pe3oHaHcHa Tomorpacus (KMPT)

Aapec A-p 3opHuua Bacunesa, KnuHuka no aeTcka kapayonorus, HauuoHanHa kapamonoruyHa 6onxuua, yn. Konboeuua Ne
3a kopecnongeHums: 65, 1308 Codpus, e-mail: drvass@abv.bg, Ten: +359 898319361

Abstract. Cardiac involvement by COVID-19 in children occurs most often as a part of the multisystem inflammatory syndrome
by children (MIS-C) and rarely as an isolated finding; affected children are predominantly older males. We present
retrospective analysis data of 10 children with myocardial involvement within COVID-19, who were admitted at the Pediatric
Cardiology Department of the National Heart Hospital — Sofia. The main clinical symptoms were fever, heart failure,
and gastrointestinal complaints, and the typical laboratory constellation included pronounced leukocytosis with extreme
granulocytosis, significant elevation of inflammatory markers, increased serum troponin levels, and serologic evidence
of contact with SARS-CoV2. Chest X-ray showed cardiomegaly and pulmonary hypervolemia; ECG changes were
diverse and included abnormal repolarization and rhythm and conduction disturbances. Echocardiography revealed left
ventricular dilation with depressed contractility, and cardiac MRI demonstrated myocardial edema and necrosis. Following
immunomodulatory treatment, rapid recovery was observed. However, in most cases, the MRI changes persisted 6 months
after the onset of symptoms, which makes the long-term prognosis unclear. We have reviewed our results considering the
recent publications in the international databases regarding cardiac involvement by COVID-19 in children.

Key words: cardiac involvement, children, COVID-19, SARS-CoV2, MIS-C, magnetic-resonance imaging
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BbBEOQEHME

KopoHaBupycHoTo 3abonsisaHe 2019 (COVID-19)
ce npuymHaea ot SARS-CoV-2 (severe acute respiratory
syndrome coronavirus-2) Bupyca. NbpsuTe cbobLleHnst
3a MHekuuaTa ca ot gekemepun 2019 1. B YxaH, NpoBUH-
umnsa Xyben B Kutain, kato ottoraea T8 6bp30 ce pasnpoc-
TpaHsaBa no uenua ceat [1]. Ha 11.03.2020 r. CeeToB-
HaTa 3gpaBHa opraHusauus (C30) obsssisa COVID-19
3a rnobanHa nangemus [2]. Cnopen oaHHM Ha LleHTb-
pa 3a KOHTPOI 1 NpeBeHUus Ha 3abonsasaHusaTa (CDC)
kbM oktomBpu 2021 1. okono 14% ot 3acerHatuTe oT
COVID-19 ca Ha Bb3pacT < 18 rogunu [3]. [No-ronsamaTta
YyacT OT cnyyauTe Npy geLara ca feku, KaTo NevyeHneTo
e nogabpxaio. MpuunHuTe 3a no-Huckata Yectota Ha
COVID-19 npu feuata BCe OLLe He Ca HambITHO yTOYHe-
HW. Crnopen efHa OT TeopuuTe Aeuata umar no-mMarko
dyHKumMoHnpawm ACE-2 peuentopu, KOETO MOHWXKaBa
crnocobHOCTTa Ha BMpyca 3a KINETbYHO WHAEKTUPaHe
[4]. Cnopen apyrv Teopun pornsi urpae TUMYCbT, KOMTO
MMa OTHOLUEHUE KbM KIETBYHUS UMYHUTET U KOWTO €
nobpe pas3suT npu geuara [5].

3a nbpBu NbT Npe3 mecel, anpun 2020 r. Jones un
CbTp. NybnukyBaT crnydan Ha 6-MecevyHo Kbpmade B
CALL ¢ nepcuctupaly hebpunutet n neko nspaseHa
pecnupaTtopHa cuMnToMaTtmka, Npu KOeTo € NnoctaBeHa
anarHosata 6onect Ha Kawasaki n e yctaHoBeH no-
noxuteneH PCR (polymerase chain reaction) Tect 3a
SARS-CoV-2 [6]. Mocneggat nopeguua OT CboOLLeHns
oT 6onHnum B Wtanusa, ®paHumsa, Wcnaxusa, Benvko-
Oputanusa, benrua, CALL 3a 3HaunTenHo n Heobuyam-
HO HapacTBaHe Ha cnydauTe Ha Jeua ¢ HanogobsiBa-
wo Gonectta Ha Kawasaki cbcTosaHue [7, 8]. 3acer-
HaTUTe Jela ca OT pasfuYyHU Bb3pacToBW Ipynu, KaTto
o6LWOoTO Npu TAX e, 4Ye ce Habnogaeat CUMMTOMU Ha
MYNTUCUCTEMHO Bb3narieHne, 4ecto B KOMOUHaLuMs C
LMpKynaTopHa HeAOCTaTbYHOCT U C MUOKAPAMUT, KaKTo
W C JaHHW 3a ekcnosuumsa Ha SARS-CoV-2. CbBkyn-
HOCTTa OT CMMMNTOMW € HapeyeHa MyJsimucumemeH
eb3nasiumesieH cuHOpoMm npu deyama (multisystem
inflammatory syndrome by children — MIS-C), wnu
neduampuyeH MyJsimucucmeMmeH eb3rnajumesieH
CUHOpPOM, acoyuupaH ebe epememo cb¢c COVID-19
(Paediatric Inflammatory Multisystem Syndrome tem-
porally associated with COVID-19 — PIMS-TS).

MATEPUAN U METOOMU

Mpe3 nepuoga 01.08.2020-31.07.2021 r. B KnuHu-
KaTa No AeTCKa Kapauonorna Kem HaLI,I/IOHaJ'IHaTa Kap-
avnonornyHa 6onHuua ca xocnutanusmpann 10 geua
CbC CbpAedHO 3acdaraHe B pesyntat Ha COVID-19,
oT kouto 3 ca npeBeaeHn ot CBANOB ,Mpod.MBaH
MwuTteB®. Pa3srnegaHu ca nogpobHO AaHHWUTE Ha nauu-
eHTUTe — gemorpadcka MHgopMauusi, aHamHe3a 3a

INTRODUCTION

Coronavirus disease (COVID-19) is an infectious
disease caused by the SARS-CoV-2 virus.The first
reports about the infection appeared in December
2019 in Uhan, Hubei province in China, and since
then it has spread all over the world [1]. The World
Health Organization (WHO) declared COVID-19 a
global pandemic on March 11, 2020 [2]. According
to the Centers for Disease Control and Prevention
(CDC) data as of October 2021, about 14% of the
COVID-19 patients are < 18 years of age [3]. Most
cases by children are mild and require support-
ive care. The reasons for the lower frequency of
COVID-19 by children are not fully elucidated yet.
According to one of the theories children have less
functional angiotensin converting enzyme-2 (ACE-2)
receptors, which reduces the ability of the virus to
infect the cells [4]. Other theories presume that the
thymus plays an important role, as it is responsible
for cellular immunity and is well functioning by chil-
dren [5].

For the first time in April 2020, Jones et al. pub-
lished a case from the USA of a 6-month old baby
with persistent fever and mild respiratory symptoms,
who was diagnosed with Kawasaki disease but had
a positive PCR (polymerase chain reaction) test for
SARS-CoV-2 [6]. This was followed by numerous re-
ports from hospitals in Italy, France, Great Britain,
Belgium, the USA about a significant and unusual
surge in the cases of children with a Kawasaki-like
condition [7, 8]. The affected children are from dif-
ferent age groups and what they have in common
are symptoms of multisystem inflammation, often in
combination with circulatory failure and myocarditis,
as well as evidence of exposition to SARS-CoV-2.
The combination of symptoms is referred to as Mul-
tisystem Inflammatory Syndrome by Children
(MIS-C) or Paediatric Inflammatory Multisystem
Syndrome temporally associated with COVID-19
(PIMS-TS).

MATERIAL AND METHODS

During the period August 1, 2020 — July 31, 2021,
ten children with cardiac involvement by COVID-19
were admitted at the Pediatric Cardiology Depart-
ment of the National Heart Hospital, three of which
were transferred from the Specialized Children’s
Hospital “Prof.lvan Mitev”. The patient data were re-
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KOHTakT ¢ 6oneH ot COVID-19, npealecTealla mean-
LUMHCKa aHamMHe3a, KMMHUYHU CUMMITOMM, pesynTaTtu ot
nabopartopHuTe U OT 0OpasHWTe u3cnedBaHusl, Npo-
BefeHa Tepanusi, KNMHUYEH U3X04, AaHHU OT CpegHo-
CPOYHOTO MpocreasiBaHe.

3a petekumsa Ha uMHGekuma cbe SARS-COV-2 ca
N3MOon3BaHN aHTUreHeH TeCT U NonumepasHa BepuxkHa
peakuusa (polymerase chain reaction — PCR) Ha npoba
OT Ha3zohapuHrearneH CEeKpeT U Ka4eCTBEHO U KONNYeCT-
BEHO onpeaensHe Ha HanMuneTo Ha aHTU-SARS-COV-2
aHTMTena B cepyma Ha naumenTa. [Npv guarHoctmympa-
HeTo Ha MIS-C n3nonseaxme oOLONPUETUTE KPUTEPUN,
a UmeHHo: cdebpunuTeT, NabopaTopHN AaHHU 3a Bb3-
naneHve, MynTMopraHHoO 3acsiraHe 6e3 anTepHaTvMBHA
aunarHosa 1 gaHHu 3a COVID-19 nHgekums nnm 3a cko-
POLLEH KOHTaKT ¢ UHdekTnpaH cbe SARS-COV-2. Mpu
noctbneaHeTo B KnuvHukaTta ca npoBedeHn crnegHute
nscneaBaHus: NbnHa kpbBHa kapTuHa (MKK) n paswwuu-
peHa buoxmmums (nokasatenu 3a oLeHka Ha YepHoapob-
HaTa, 6bbpeyHaTa yHKUUA, MapKkepu 3a Bb3naneHue,
MapKepu 3a CbAeYHO 3acsiraHe — BucokocneundunyeH
TPOMOHWH, B-tun HaTtpuypetnyeH nentug — BNP), xe-
mMocTtasa ¢ D-gumepu, peHTreHorpadumsi Ha rpbaeH KoL,
EKT, exokapguorpacdus. Bcnykn geua ca noctaBeHU Ha
MOCTOSIHHO MOHWTOpPUPaHe, CbpAeyHWUTE Bromapkepu
Ca KOHTpOmnMpaHu Ha BCeKM 6 Yaca 40 MbIIHOTO MM HOp-
ManusnpaHe, EKI™ n exokapguorpacdusita ca nposexaa-
HW BCeKMAHeBHO. [py Hannune Ha pUTbMHO-MPOBOAHU
HapyLleHus e nocTtaesiH 24-yacoB xontep-EKIT.

Mo Bpeme Ha ocTpata ¢hasa Ha 3abonsiBaHeTo e
OCblLIECTBEHA KapAMOMarHUTHO-pe3oHaHCHa Tomorpa-
dus (KMPT) npu noBeyeTo 60mHN, KOATO € NOBTOPEHa
Ha 6-1Ma Mecel, OT Ha4yanoTo Ha 3abonsiBaHeTo. Bcnykm
KMPT wu3cnegBaHus ca npoBegeHyn Ha 1.5T marHuT-
HO-pe3oHaHceH Tomorpad (Siemens Magnetom Aera,
Erlangen, 48CH) no ctangapTeH NpOTOKOS, BKIHOYBALL,
MOAYNM 3a OLEeHKa Ha cbpaedyHaTa Mopdororus, PyHk-
UMST U KOHTPAKTUIMTET, KaKTO U 3a TbKaHHa XapakTe-
pUCTMKa Ha NPOMEHWTE B MMoKapaa, BKIl. C U3Mon3ea-
He Ha TexHukuTe T1 n T2 KapTupaHe 3a KONM4YeCTBEHO
onpegensHe Ha nNpomMeHuTe. 30HMTE Ha MUOKapaeH
enem ca oueHeHu Ha T2/TIRM obpasuTe, kaTo 3a ab-
HOPMEH CUrHam € MNpUeTo CbOTHOLLUEHWETO Muokapa/
ckenetHa myckynartypa > 2.0. TunbT Ha KbCHOTO YCuUI-
BaHe — eHOOoKapAHO, MHTpaMyparHo, enuvkapaHo unm
TpaHCcMyparnHo, e oueHeHo Ha PSIR (Phase-sensitive
inversion recovery) obpa3snTe oT kbCcHO ycuneaHe (LGE,
late gadolinium enhancement). CtoiHocTUTE Ha T1 1
T2 BpemeHaTa 3a penakcauusta ca U3BMEPEHN KaKTO B
30HUTE C e4eM M/UNKN KbCHO yCcunBeaHe, Taka 1 B ocTaHa-
nusa myuokapd. 3a abHopMHM ca npueTn ctonHocTute T1
> 1100 ms n T2 > 49 ms (npeueHeHn Ha 6a3a 20 3gpasu
pobpoBonum 6e3 aHamHe3a 3a CbpAeqHO-CbAOBU 3a-
bonsiBaHus, npeMuHanu npes LleHTbpa npean centem-
Bpu 2020 r.) 3a n3uncnsisaHe Ha 06emunTe 1 hyHKUMATA

viewed in detail — demographic information, history
of COVID-19 exposure, past medical history, clinical
symptoms, results from the laboratory and imaging
studies, therapy, outcome, data from the long-term
follow-up.

SARS-COV-2 infection detection was based on
antigen test and PCR of nasopharyngeal swab and
qualitative and quantitative testing of serum anti-
SARS-COV-2 antibodies. By the diagnosis of MIS-C,
we used the widely accepted criteria — fever, labora-
tory evidence of inflammation, multiorgan involvement
without an alternative diagnosis, and evidence of
COVID-19 or recent exposure to SARS-COV-2. Upon
hospital admission, the following investigations were
performed: complete blood count, inflammatory mark-
ers, liver, and renal function tests, markers of cardiac
injury — high-sensitive cardiac troponin (hs-troponin,
B-type natriuretic peptide — BNP), coagulation test
including D-dimers, chest X-ray, ECG, echocardiog-
raphy. All children were on continuous cardiac moni-
toring, the markers of cardiac injury were checked ev-
ery six hours until achieving normal levels, ECG and
echocardiography were performed daily. The patients
with rhythm and conduction disturbances underwent
24-hour Holter ECG.

During the acute phase of the disease cardiac mag-
netic resonance imaging (CMRI) was performed by the
majority of patients, with a follow-up study six months
later. All CMRI studies were performed with a 1.5T MRI
scanner (Siemens Magnetom Aera, Erlangen, 48CH)
according to a standard protocol, including modules for
cardiac morphology, function and contractility assess-
ment, as well as tissue characterization of myocardial
changes utilizing techniques of T1 and T2 mapping for
quantitative estimation of alterations. The areas of myo-
cardial edema were evaluated on the T2/TIRM imag-
es, and the ratio myocardium/skeletal muscle > 2 was
considered abnormal. The type of delayed enhance-
ment — endocardial, intramural, epicardial, transmural
was assessed on the PSIR (Phase-sensitive inversion
Recovery) images from the LGE (late gadolinium en-
hancement). The values of the T1 and T2 relaxation
times were measured both in the regions of edema and
late enhancement and in the remaining myocardium.
Values of T1 > 1100 ms and of T2 > 49 ms were con-
sidered abnormal (assessed by 20 healthy volunteers
with cardiovascular disease history, who underwent
CMRI in September 2020). For right and left ventricu-
lar volumes and function Siemens ARGUS integrated
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Ha OBEeTe Kamepu € M3Mon3BaH MHTerpupaH codryep
ARGUS Ha Siemens (Erlangen, Germany) ¢ nonyasTo-
MaTU4YHO oYepTaBaHe Ha eHAOKapAHUTE U enuKapaHuTe
KOHTYpM Ha MMOKapaa Ha OBETE KaMepu U PbYHO KO-
purMpaHe Ha Bceku obpas B KpaliHa cucTona v KpanHa
anactona. Bcuukn obemu M macu ca HopManuaupaHu
CrpsIMO TenecHaTa NOBbPXHOCT Ha NaUueHTUTe.
MaumeHTnTE Cca nsnucanHm ot bonHuuata crneg NbiHo
npeM1HaBaHe Ha cuMMToMaTuKarta, HopManuavpaHe Ha
pesyntatuTe OT nabopaTopHUTE U3CNEABaHUA U HA Cbp-
AevHata pyHKUMs, cnen KOeTo ca nNpocreasiBaHn Ha UH-
TepBanu oT: 6 ceamuumn, 1 meceu, 3 meceLla, 6 meceua.

PE3YNnTATU

Mpe3 To3n egHoroguweH nepuwod B KnuHukata ca
xocnuTanuampany obwo 10 geua ¢ kapauororMyHo 3a-
csaraHe B pamkute Ha COVID-19. [lemorpadckmTe M xa-
paKTEPUCTUKM ca NpeacTaBeHn Ha Tabn. 1. Cegem ot TsX
(70%) ca momyeTta, 3 (30%) — MmomnyeTa; cpegHata um
Bb3pacT e 11.2 roguHu (oT 6 MeceLa oo 16 roguHmn), kato
HWTO eOHO OT Jeuara Hama nognexaiyy 3abonssaHus.

KnnHnyHa ussasa

HabniogaBame xeTeporeHHa KnnHWYHa KapTuHa B
pamkmute Ha MIS-C. Bogelmar KnMHUYeH CUMNTOM e
pebpunutetsT (90% OT cnyyanTe), CbC CTOMHOCTM Ha
akcunapHarta Temneparypa Han-yecto > 39°C (tabn. 2).
EavHcTBEHOTO AeTe, Npuy KOEeTo He ce Habnogasa nosu-
LeHa Temneparypa, € 13-roanHoTo MoOMUYe C N30Mu-
paH muokapgut (naumeHt 1). Mpu 70% OT naumeHTUTe
Mma n3siBeHa OocTpa CbpAevHa HeaoCTaTbYyHOCT C Ta-
XWUMHes, OAMCMHEes, XxenaTtoMeranus, Taxvkapaus, a npu
eavH OoneH ce pasrpblia KapTUHa Ha KapAUOTreHEH LLIOK
C TexKka apTepuvanHa xunotonus (nauweHT 3). Mpu no-
rnioBMHaTa OT Crny4anTe Ce YCTaHOBSBAT raCTPOUHTECTU-
HarHW NPosiBU — KOPEMHW BOMKK, rageHe, NoBpbLLAHE,
Anapus. CbnbTCTBaLLa NMHEBMOHUS UMa npu 4-ma OT

Ta6bnuua 1. JlemorpadCku XapakTepuCcTUKU Ha NauneHTuTe

Table 1. Demographic characteristics of the patients

software was used (Erlangen, Germany) with semi-au-
tomatic endocardial and epicardial border detection of
both ventricles with manual correction of each image at
end-systole and end-diastole. All volumes and masses
were indexed to the body surface area.

The patients were discharged from the hospital af-
ter complete resolution of symptoms, and return of lab-
oratory investigations and cardiac function to normal.
Afterward, they were seen after six weeks, one month,
three months, six months.

REsuLTS

During this one year, 10 children with cardiac involve-
ment by COVID-19 were admitted to our clinic. Their de-
mographic characteristics are presented in Table 1. 7 of
the patients (70%) were male, 3 (30%) — female; the aver-
age age was 11.2 years (6 months — 16 years).

Clinical presentation

We observed heterogeneous clinical presentation of
MIS-C. The leading symptom was fever (90% of the cas-
es), with values of the axillary temperature most often
> 39°C (Table 2). The only child who was afebrile was
the 13-year-old girl with isolated myocarditis (patient 1).
70% of the patients presented with acute heart failure
symptoms with tachypnea, dyspnea, tachycardia, hep-
atomegaly, and one child developed cardiogenic shock
with severe hypotension (patient 3). 50% of the children
had gastrointestinal symptoms — abdominal pain, nau-
sea, vomiting, diarrhea. Accompanying pneumonia was
present in 40% of the cases, predominantly by younger
children. The frequency of chest pain, respiratory failure,
and lymphadenitis was 20% each.

The presenting symptoms by patient 5 were neu-
rological (impaired consciousness, nuchal rigidity, sei-
zures), because of which he was initially treated for neu-

MaumneHT / Patient | Mon/Sex | Bb3pacT (roa.) / Age (years) | MpeawectBallo xpoHnyHo 3abonsisaHe / Underlying chronic condition
1 X/IF 13 He none
2 X/F 11 He none
3 M/m 15 He none
4 M/m 13 He none
5 M/m 15 He none
6 M/m 16 He none
7 M/m 4 He none
8 M/m 0.5 He none
9 M/m 15 He none
10 X/F 8 He none
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naunenTuTe. Netexum n OToK Ha gnaHuTe U cTbhnanara
ca Hanuue npu 40% oT geuara, npeanMHo nNpy no-Mart-
KWTEe Bb3pacToBu rpynu. Yectotata Ha rpbaHa 6ornka,
anxartenHa HegocTaTbyHOCT U numdaaeHnT e no 20%.

Mpu nauneHT 5 OeboTbT Ha 3aboMNsIBAHETO € C HeB-
POrOrnyHM NPosiBK (HapyLUeHWs B Cb3HAHNETO, BpaTHa
PUrMOHOCT, MbPYOBa CUMMNTOMATVKA), Nopaan KOeTo TON
€ NneKyBaH MbpBOHAYanHO 3a HEBPOMHMEKLMS, a npu
nauneHT 6 B KNMHUYHATA KapTMHa SOMUHUPAT NPOsiBU-
Te Ha 6bOpeyHa HegoCTaTbYHOCT, C ONUNYpPUs, NoBuLLE-
HN CTOMHOCTW Ha ypedaTa M KpeaTuHMHA, crep KOeTo ce
pasrpbLiaT CUMNTOMUTE Ha CbpAeyHa AeKoMMNeHcauus.

CbpaeyHo 3acsaraHe nva npu 100% OT naumeHTu-
Te; npu 8 ot Tax (80%) To e B pamkute Ha MIS-C, numa
€0WH criyyan Ha U3onupaH MUOKapauT U eanH NaumeHT
€ C M3onupaH MuonepukapaouT cnef npekapaHa MWH-
dekums cbc SARS-CoV-2.

JNabopaTtopHu nscnegBaHusa

Ot npoBegeHuTe nabopaTopHu M3cnenBaHust ce
HabntogaBa xapakTepHa koHcTenauus (tabn. 3), kos-
TO BKIHOYBA: MOBUMLLUEHN Mapkepu 3a Bb3nanuternHa
akTuBHocT — C-peaktmBeH npotenH (CRP), deputuH;
rnieBKOLMTO3a C OoneBsiBaHe, NMMJOoneHus, TpombéoLm-
ToneHus; noBuweHn D-gumepun; BUCOKM CTOMHOCTU Ha
TponoHnHa n Ha BNP ¢ HopmanHu HuBa Ha obliata
kpeatuHknHasa (CK) u Ha MB-dpakunara (CK-MB) B
no-rofnisiMa yacT OT Cry4yauTe, KakTo U C AaHHW 3a npe-
kapaHa nHgekuna cbc SARS-CoV2 — Hanuumne camo
Ha nonoxutenHn anti-SARS-CoV2 IgG aHTutena npu
80% ot naumeHTuTe 1 Ha IgG n Ha IgM aHnTuTena npu
20% ot peuara, T.e. KapgUoONOrMYHOTO 3acsiraHe Ha-
CTbMBa OTBbA OcCTpaTa ¢asa Ha uHdekumsaTa. Toea
[aBa OCHOBaHuWe fa ce npueme, 4Ye BOAELLM B naTo-
reHesata Ha cbpaeyHoTo 3acaraHe npu COVID-19 ca
WMYHOMOMMYHUTE MEXaHU3MU.

ro roinfection. The leading symptoms by patient 6 were
renal failure with oliguria, elevated blood urea nitrogen,
and creatinine values, followed by overt heart failure.
We observed cardiac involvement by 100% of the
patients; in 8 of the cases (80%) it was within MIS-C;
there was one case of isolated myocarditis and one case
of isolated myopericarditis after SARS-CoV-2 infection.

Laboratory investigations

A typical laboratory constellation was observed
(Table 3): elevated inflammatory markers — C-reactive
protein (CRP), ferritin; leukocytosis with granulocytosis,
lymphopenia, thrombocytopenia; increased D-dimers;
high values of the hs-troponin and the BNP, with normal
values of CK and CK-MB in most cases, as well as evi-
dence of preceding SARS-CoV?2 infection — positive an-
ti-SARS-CoV2 IgG-antibodies by 80% of the cases and
positive IgG and IgM-antibodies by 20% of the children.

Most patients had very high leukocyte levels, up to
30x10°, with extreme granulocytosis (> 90%) and lymph-
openia, with a tendency for thrombocytopenia. The CRP
values were very high as well — above 100 mg/l, and in
part of the patients — above 300 mg/l. Specific laboratory
markers for myocardial injury are hs-troponin (elevated
in 100% of the cases) and BNP (above reference ranges
by 70% of the children), while CK and CK-MB are less
specific and their values were normal in most cases, as
well as evidence of preceding SARS-CoV2-infection —
positive anti-SARS-CoV2 IgG antibodies by 80% of the
patients or simultaneous presence of anti-SARS-CoV2
IgG and anti-SARS-CoV2 IgM-antibodieswhich shows
that the exposure to SARS-CoV2 was at least 10 days
ago, i.e. cardiac involvement takes place after the acute
phase of the infection. This is why it is presumed that
immunological mechanisms play an essential role in the
cardiac involvement by COVID-19.

Ta6bnuua 2. KnMHUYHM cMMNTOMU NPU CbLPAEYHO 3acsiraHe B pamkuTte Ha COVID-19

Table 2. Clinical presentation by cardiac involvement within COVID-19

MauyuneHT ®ebpu- |Octpa |IUT nposiBu | Metexun, lpbana |OH Numdb- KapavworeHeH OBH |UHC
nuTtet CH OTOK 6onka ageHuT LLIOK
Patient Fever Acute |Gl Petechiae, |Chest Respiratory |Lympha- |Cardiogenic ARI CNS
HF symptoms |edema pain failure denitis shock
1 - - - + - - - - -
2 + + + — — — - - -
3 + — — — — — + — —
4 + + — + - - - — - -
5 + + - - - - + - - +
6 + + - - + - - + -
7 + + - - + - - -
8 + + - - - - - - -
9 + — — — + — — — — —
10 + + + — - + — — - -

CH — cbpaeyHa HegoctaTbyHocT, TUT — racTpouHTecTuHaneH TpakT, [IH — guxatenHa HeToctatbyHocT, OBH — octpa 6b6peyHa HegocTaTby-

HocT, LIHC — ueHTpanHa HepBHa cuctema; HF — heart failure, Gl — gastrointestinal, ARl — acute renal injury CNS — central nervous system
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Ta6nuua 3. PesynTtatu oT na6opartopHuTe uscrneaBaHus. (¢ yae6eneH wpudT ca o603Ha4eHN CTOMHOCTUTE, KOMTO ca

M3BbH pedepeHTHUTE)

Table 3. Laboratory investigations results. The values outside reference ranges are marked in bold

MaumeHT / Patient | 1+ | 2 | 3 | 4 | 5 [ 6 | 7 | 8 | 9 | 10 [ Mean(sD)
INabopartopeH noka3saten / Laboratory marker (ped. cT) / (normal range)
WBC, x10%1 (4.5-13.5) 99 | 307 | 118 | 147 | 258 | 14 19 37 74 | 189 18.92 (9)
9

ﬂ"';"_cg%;‘m” / Lymphocyte 107 22 | 124 | 036 | 1.34 | 018 | 078 | 114 |13.77 | 0.83 | 1.88 2.4 (3.8)
TpomGouuTtu / Pla-telets x10%/1
(247-436) 205 | 428 52 432 73 120 | 147 | 178 96 247 198 (129)
CRP, mg/l (< 5.0) 2 127.4 | 214 115 | 309 | 121 | 714 | 06 39 232 112.7 (102.7)
®PeputuH / Ferritin ng/mL (20-100) 37.8 | 283.8 | 1288.7 | 273 1500 | 631 910 130 68 219 534 (501)
LDH, U/l (0-248) 221 305 320 188 661 169 214 976 165 536 375.5 (254.5)
(DO'_%"'Q")GP"' / D-dimers meg/mi _ | 538 | 17 | 176 | 35 | 263 | 539 | 352 | 0.19 | 1.89 11.6 (13.3)
®unbpuHoreH / Fibrinogen g/l (0-4.5) | 5.17 | 3.54 4 199 | 257 | 363 | 485 | 0.87 | 3.63 10 4(2.3)
CK U/l (0-145) 225 48 107 19 37 22 43 | 1152 | 239 | 641 253.3 (249.5)
CK-MB U/l (0-24) 13.3 | 12.8 17 124 | 131 | 6.9 12 140 29 64 32 (39.2)
pro-BNP, pg/ml (0-100) 26.2 660 1176 121 1534 | 2000 | 634 | 2000 4 8.28 816.3 (769.7)
(T(f_%”gﬂ"g')’ hs-tro-ponin ng/m 2347 | 329 | 463 | 49.8 | 402 | 196 | 248 | 84 | 2052 | 8158 | 1432.8 (2373.4)
KpeaTtuHuH / Crea-tinin pmol/l

56 53 150 49 81 124 67 70 74 51 77.531.9)
(44-88)
SARS CoV2 IgM (0.4-0.6) - - - - + + - - - -
SARS CoV2 IgG (1.4-1.6) + + + + + + + + + +
Mean — cpenHa ctonHocT, SD (standard deviation) — cTaHgapTHO OTKIOHEHKE

PeHTreHorpadusa Chest X-ray

OT peHTreHorpadusaTa Ha CbpLeTo 1 Genute gpo-
OoBe ca ycTaHOBEHM Kapauomeranus (CTOMHOCTU Ha
kapamoTopakanHua nugekc ot 0.54 pgo 0.65) n 6enoa-
pobeH 3actou (cpur. 1) npu 80% oT cnyyamTe, a NHeB-
MOHUst — npun 40%.

Enektpokapauorpadus

Mpu 2 cnyyas enekTpokapavorpadusata € Hanb-
HO HOpMarHa, Npu 4-mMa NauMeHTn — ¢ AaHHU 3a CUHY-
coBa Taxukapgus, 6e3 gpyru oTknoHeHus. MNpu ocTa-
HanuTe 4 peua EKI nsmeHeHuaTa ca HecneumduyHu
1 pasHoobpasnu. MNpu egHo aete (naumeHT 4) e pernc-
TPUPaAHO 3HAYUTENHO yabImkaBaHe Ha QT-MHTepBana —
[0 MakcumarnHu ctomHocth oT 548 msec 3a QTc (dwr.
2), KOWTO MOCTEMEHHO Ce HopManuanpa yCrnopeaHo C
nogobpsiBaHe Ha KIMHWYHOTO CbCTOSIHME Ha LETETO,
NMOHMXXaBaHETO Ha HMBATa Ha MapKepuTe 3a Bb3nanu-
TerHa akTMBHOCT M 32 MMOKapAMOLMTONM3a u HopMa-
nu3npaHe Ha HaxodkaTta oT exokapauorpagusaTa.

EouH ot nauneHtute (naumeHT 10) € ¢ nbneH at-
proBeHTpuKynapeH (AB) 6rnok, ¢ KamepHa YectoTta npu
nocTbnBaHeTo 75 ya./min u ¢ penonsapusauyoHHN Hapy-
weHusa (cur. 3). 8-rogUHOTO MOMMYE € C aHaMHe3a 3a
GebpunuTeT, kawnuua, rmasobonve n kopemHa dornka

Cardiomegaly (cardiothoracic ratio from 0.54 to
0.65) and pulmonary hypervolemia (Fig.1) were ob-
served by 80% of the cases, and pneumonia — by
40%.

ECG

The ECG was completely normal in 2 cases, in
4 patients it showed sinus tachycardia without any
other abnormalities. By the remaining 4 patients the
ECG changes were diverse and non-specific. One
child (patient 4) had a significant QT-interval prolon-
gation — up to maximal values of 548 msec for the
corrected QT (QTc) (Fig. 2), which gradually came
back to normal correlating with the improvement in
the clinical condition of the child, the decrease in the
values of inflammatory markers and the markers for
myocardial injury, and normalization of echocardio-
graphic findings.

One of the children (patient 10) developed a com-
plete AV-block (Fig. 3). The 8-year old girl presented
with a 5-day history of fever, cough, headache, and
abdominal pain. Because of the critical condition, with
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®ur. 1. PeHTreHorpacdms ¢ kapgnomeranus n 6enogpobeH 3acton npu
AeTe ¢ KapanornornyHo 3acsraHe B pamkute Ha COVID-19 (naumeHT 4)

Fig. 1. Chest X-ray with cardiomegaly and pulmonary congestion by a
child with cardiac involvement by COVID-19 (patient 4)
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dwur. 2. YobmkeH QT-uHtepsan Ha EKI™ (naumneHT 4) / Fig. 2. Prolonged QT-interval on ECG (patient 4)

OoT 5 AHWN. TEXKOTO KIIMHUYHO CbCTOSIHUE C U3paseHu
MPOsiBM Ha CbpAevHa W avxaTenHa HegoCTaTbYHOCT ca
WHOMKaLUMK 3a xocnutanuaauusi. MispaseHarta cbpaeyHa
W amxaTerniHa HeLOCTaTbYHOCT HamnaraTt eHgoTpaxearnHa
MHTYGauma 1 noctaBsiHe Ha AETETO Ha anapaTHa BeH-
TUNaums, KakTo U cTapTypaHe Ha MHOTPOMHa Tepanusi.
Exokapguorpadumsita nokasea gunatvpaHa U XUMoKOH-
TPaKkTUIHA nsiBa kKamepa, OT KOMMTbpHaTa ToMorpa-
s MMa gaHHM 3a ABYCTpaHHa MHEBMOHMS, a OT na-
BopaTopHUTE M3cnenBaHUs ce KOHCTaTMpaT NoBULLEHM
CTOMHOCTM Ha MapKepuTe 3a Bb3nanuTenHa akTMBHOCT
N Ha TponoHuHa 1 nonoxutenHn SARS-CoV2-IgG an-
TMTena. Ha GasaTta Ha Te3n pesynTatv e noctaBeHa
amarHosata MIS-C n e 3anoyHaTo fneveHve ¢ MMyHor-
noBynuHW, aHTMOMOTULM, KOPTUKOCTEPOUAN N aHTUKOA-
rynaHTu. Ha Tpetus geH ot xocnutanusaumsita kamep-
HaTa 4yecToTa ce noHwxkasa Ao 35 ya./min, KNMHUYHOTO
CbCTOsIHME KPUTUYHO Ce BrOLLABa 1 Ce Hanara CreLuHo
nocTtaBsiHe Ha BpemeHeH nencmenkvp. Npu yBoga B
aHecTe3nsi MOMUYETO HampaBy acUCTONWS, Hanoxuna
nbfieH obem Ha KapauonynMoOHanHa pecycuuTaums.
Cnen Bb3CTaHOBSIBaHE Ha UMpKynauusita € perucTpu-

respiratory insufficiency and heart failure symptoms,
the child was intubated and started on inotropic sup-
port. The ECG showed complete AV-block with a ven-
tricular rate of 75/min and with ST-T changes (Fig. 3);
echocardiography revealed dilated left ventricle with
reduced contractility, CT-scan of the lungs showed bi-
lateral pneumonia, the inflammatory markers were el-
evated, in combination with high troponin levels, and
positive SARS-CoV2-IgG antibodies. The diagnosis
MIS-C was made and treatment with immunoglobu-
lins, antibiotics, corticosteroids, and anticoagulants
was initiated. During the next 2 days, the cardiac func-
tion deteriorated further, and while still on mechanical
ventilation and inotropic support, extreme bradycardia
with a ventricular rate of 35/min was registered, and
the patient was indicated for temporary emergency
pacing. Upon induction of anesthesia, the child be-
came asystolic, requiring extensive resuscitation. Af-
ter circulation recovery, the ECG showed nodal tachy-
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paHa HofarHa Taxukapaus ¢ kamepHu Yyectotn 150-170
ya./min, kosiTo e oBnagsaHa ¢ amiodarone. Ha 7-usi geH
OT MOCTBMNBAHETO € Bb3CTAaHOBEH CUMHYCOBMS PUTBM C
AV 6nok | cT., KOWTO ce 3agbpka B Xoda Ha npocreas-
BaHETO. BpeMeHHMAT NercMenKkbp e OTCTPaHeH Ha 5-ms
O€EH OT NOCTaBAHETO MY.

Mpu eguH cnyyvan (NnaumeHT 9) ce Habnwogasa Ha-
pyweHa penonsdpu3auns cec ST-eneBaumm B nesute
npekopavanHun oteexganus (cwur. 4). Mpu egHo ot ge-
uata — 6-Mece4yHoTO KbpMadye C MMoKapauT (nauneHT
8), e peructpvpaHa npeacbpaHa Taxukapaus, KosTo
Obp30 ce kynupa nofg UHdysns ¢ ammogapoH. Onuca-
HuTe EKI nameHeHuss npeTbpnsiBaT MbfHO 06GpaTHO
pasBUTME B PaMKUTE Ha MbPBUTE HAKOMKO AHM OT Ne-
YEHMWETO, C U3KITHYEHNE Ha NePCUCTUPALLUTE HEraTUB-
HU T-BbIHWU Npu G60OMHUSA € M3oNMpaH MUONEpPUKaApANUT
(cpur. 5) n Ha yobmxkeHoTo AV npoBexaaHe npu AeTeTo
c nbneH AV 6nok.

cardia with a heart rate of 140-170/min. A temporary
transvenous pacemaker (PM) was inserted, and the
patient was started on intravenous amiodarone which
resulted in a slower ventricular rate of 70/min. 3 days
later sinus rhythm was restored, with first-degree AV-
block, which allowed removal of the PM 5 days after
its insertion.

One child (patient 9) had repolarization abnormali-
ties with ST-elevations in the left precordial leads (Fig.
4). In one of the cases — the 6-month old infant with
myocarditis (patient 8), had atrial tachycardia which
rapidly resolved under amiodarone infusion. The pre-
sented ECG changes resolved completely within the
first several days of treatment, except the persistent
negative T-waves by the patient with isolated myo-
pericarditis (Fig.5) and the prolonged AV-conduction
by the child with complete AV-block.
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®ur. 4. ST-eneBauum B octpaTa dasa Ha COVID muonepukapgut (naumneHT 9)

Fig. 4. ST-elevations in the acute phase of COVID myopericarditis (patient 9)
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®ur. 5. MNMepcuctmpalym HeraTneBHM T-BbHKU B nogocTpata ¢asa Ha Ha COVID muonepukapgut (naumeHT 9)

Fig. 5. Persistent negative T-waves in the subacute phase of COVID myopericarditis (patient 9)

Exokapguorpadcus

Exokapgmorpadpckata Haxogka € cxogHa npu
BCWYKM NALUMEHTN, KaTO NPV MOCTBMNBAHETO UMa AaHHU
3a KOHrecTusi Ha NnsiBa Kamepa ¢ gurataumns u XMnokoH-
TpakTUnHa yHKUKs, CbC CpeHa CTOMHOCT Ha dpak-
umaTa Ha ustnacksaHe (®U) 48% (ot 38 po 58%, SD
6.37) c pasznuyHa no cTeneH MuTpanHa uHcyguueHUmns
(cour. 6). JaHHUTE OT exokapauorpadckoTo n3cnenBa-
He B ocTpaTta ¢asa 1 Ha 6-us mecel, ca npeacTaBeHn
Ha Tabn. 4. MNpn 5 ot 10 NnaumeHTn ca c manbk nepu-
KapAeH u3nue — B 3 OT criyyanTe B KOMOMHaums ¢ man-
KV €OHOCTPaHHWU U ABYCTPaHHW NreBparnHv N3reu.
EgHo oT geuata Mma camo OBYCTpPaHHM MreBparHu
n3nveu 6e3 nepvkapaeH n3nue. MOMEHTBT OT BOMHWY-
HWSI NPECTON, B KOWTO ce Habrnogasat Han-TEXKO 13-
BEHUTE NPOSIBA Ha CbpAevHa HeAOCTATbYHOCT, CbBNa-
[a ¢ Han-Huckute ctonHoctn Ha P Ha JIK n ¢ Han-Bu-
COKWTE HMBA Ha TponoHuMHa u Ha BNP (tabn. 3). MNpu
7 OT NauMeHTUTE UMa MOHWXKEHN CUCTOMHU CKOPOCTU
OT TbKaHHUA JONNep Ha narepanHusa n Ha MeguanHua
CerMeHT Ha nssaTta kamepa (< 8 cm/s).

KMPT

Mpwn Bcnukn geua KMPT nokassa gaHHM 3a OCTbp
MWOKapAMUT CbC 30HW Ha egeM B MMokapaa v HeobLump-
HY 30HM Ha KbCHO yCUrBaHe (pesynTaTt Ha HeKpo3a unu
unbposa), aHraxmpawm ot 10 go 30% ot muokapaa
(cdour. 7). MNpw aBa oT criyyanTe MMa 30HU Ha UCXEMUS
Ha nanunapHuTe MYCKYnu Ha nsiBata kamepa, a npu
eaunH cny4van (naumeHTbT C U3oNMpaH MuonepukapanTt
1 C penonsipu3aumoHHy HapyLeHus ot EKIY) — orpaHu-
YeHM 30HN Ha CxeMus B Mmokapga (Tabn. 4).

Echocardiography

Echocardiographic findings were similar for all
patients. Upon admission, there was evidence of left
ventricular congestion with dilation and reduced con-
tractility, with mean values of ejection fraction (EF)
48% (from 38 to 58%, SD 6.37) with varying degrees
of mitral regurgitation (Fig. 6). The findings from the
echocardiography studies in the acute phase and on
the sixth month are presented in Table 4. 5 out of 10
patients had a small pericardial effusion — in 3 of the
cases in combination with small unilateral or bilateral
pleural effusions. One of the children had only bilateral
pleural effusions without pericardial effusion. The time
of the hospital stay with the most pronounced heart fail-
ure signs coincided with the lowest values of EF of the
left ventricle and with the highest levels of hs-troponin
and BNP (Table 3). 7 of the patients had reduced sys-
tolic velocities from the tissue Doppler of the lateral and
of the medial segment of the left ventricle (< 8 cm/s).

CMR

In all patients CMR showed evidence of acute
myocarditis with areas of edema in the myocardium
and limited areas of late enhancement (as a result of
necrosis/fibrosis), affecting 10 to 30% of the myocar-
dium (Fig. 7). In two cases there were areas of isch-
emia of the left ventricular papillary muscles, and in
one case (the patient with isolated myopericarditis
and abnormal repolarization on ECG - limited areas
of myocardial ischemia The results from the chest
X-ray, ECG, echocardiography, and CMR are summa-
rized in Table 4.
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®ur. 6. Exokapavorpadcko nscnegsaHe (napaCTepHanHa KbCooOCeBa npoeKme), nokaseallo gunartauua Ha naBaTta Kamepa C NoHWXeHa KOH-
TPaKTUNHa (byHKLl,I/IH, KaKToO U MMHUMareH nepukapaeH U3nme 3aj naBata Kamepa C XunepexoreHHOCT Ha nepukapaa (I'IaLlI/IeHT 10)

Fig. 6. Echocardiographic study (parasternal short-axis view), demonstrating left ventricular dilation with reduced contractility and minimal
pleural effusion behind the left ventricle with pericardial hyperechogenicity (patient 10)

®ur. 7. KMPT Ha 4-us aeH ot 3abonssaHeTo (naumeHT 1). A. Efqem Ha Muokapga (cTpenka) B obnacTra Ha anukanHus cenTyMm 1 Ha nocTepo-

narepanHata cteHa Ha JIK B. YabmkeHo T2 Bpeme 3a penakcauus (53-65 ms) B anvkanHus centym v no cBobogHaTa cTeHa Ha nsaeara kame-

pa, pesyntaT Ha efem (ctpenku) C. YabmkeHo T1 Bpeme 3a penakcauus (4o 1400ms) n NeTHUCTO MHTPaMyparHo KbCHO ycurneaHe (3Be3aa)
(D) B anukanHusi cenTym 1 B natepanHaTa cTeHa Ha nsiBa kamepa, pesynTaTt Ha M1uokapaHa Hekposa/dnbposa

Fig. 7. KMRT on the 4th day of iliness (patient 1). A. Horizontal long axis TIRM image displaying edema in the apical septum and the
posterolateral wall of the LV. Horizontal long axis T2 (B) and T1 (C) mapping depicting prolonged T2 and T1 relaxation times at the same area.
D. Horizontal long axis LGE images — there is a late enhancement (myocardial necrosis/fibrosis) in the lateral wall of the LV
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I'IpOBe.quo nevyeHune

BonHMYHOTO neveHne Gele ¢ NPOAbIMKUTENHOCT
cpenHo 14 gHu (6-34 gHm, SD 7.68). B ocHoBaTta Ha
TepanusTa ca MHTPaBEHO3HN MMYHOINOOYyNnHM B Jo3a
1-2 g/kg, makcumanHo 70 g, npunarart ce oLe WHOT-
porHa noAaapbXKa, aHTMbMoTULM, KOPTUKOCTEpPOMOM
N aHTukoarynaHtu. lNpy OBe OT Jeuarta ce Hanoxwu
NnpoBeXAaHe Ha anapaTHa BEHTUNauus — Npu nauneHT
10 nopaau Texka NHEBMOHUS C AuxaTenHa HegocTa-
THYHOCT M NpU NauueHT 8, OTHOBO nopagu NHEBMOHMS
C QuxaTenHa HedoCTaTbYyHOCT, B KOMOMHALMSA C TexkKa
cbpaeyvHa HegocTaTbyHOCT. [1pu HUTO eaHo OT AeuaTta
C U3MMBU HE CE HaMNOXWN XUPYPruveH gpeHax.

Xopn Ha 3a6onsiBaHeTO

B pamknTe Ha nbpBute 48-72 vyaca cneq Hadvano-
TO Ha MMyHOMoOZyrnaTopHaTa Tepanvs HabniogaBaxve
ApaMaTtu4Ho nogodpeHne B KMMHUYHOTO CbCTOSAHME Ha
nauMeHTuTe, C MbJIHO NPeMUHaBaHe Ha hebpunuteTa,
C pedykuusi Ha CMMNTOMWUTE Ha CbpaeyHa HepocTa-
TBYHOCT U HOpManuanpaHe Ha pesyntatute ot nabo-
paTtopHuTe uscnegsaHus. PeHTreHorpadckm ce permc-
Tpvpa HopManuaMpaHe Ha pasMepuTe Ha CbpaedHaTa
CsiHKa 1 MoHWxaBaHe Ha 6enogpobHus 3acton. KakTto
Oewe otbensizaHo no-rope, EKI-nameHeHunsita npe-
Tbprsixa NbAHO 0OpaTHO pa3BUTUE, C USKITHYEHNE Ha
nepcucTMpaLLm HeraTBHW T-BbIHU NpY NauneHT 9 un
AB-06nok 1 cteneH npu naumeHT 10.

ExokapanorpacdpckaTta Haxogka CbLLO ce Hopmanu-
3upa MHoro 6bp30, C pedyKuMs Ha OMacToNHWUsS pas-
Mep Ha nsiBa Kamepa, NoHWXaBaHe Ha MuTpanHarta
WMHCY(ULMEHUMA OO MUHMMArHa, C Bb3CTaHOBsBaHE
Ha KOHTpakTunHata yHKUua 1 nbnHa pesopbums Ha
N3NuBMTE B MNeBpuTe U nepukapga. EanHCTBEHUAT
exokapanorpadCckn nokasarter, KOUTO ce 3agbpxa noja
pedepeHTHUTE CTOMHOCTN, BsIXa CUCTONHUTE CKOPOCTU
OT TbKaHHuS [Jonnep Ha narepanHus U Ha MeauanHus
CerMeHT Ha ngeBa kamepa. MNameHeHusata Ha KMPT,
KouTo Belle npoBedeH cpedHo oKoro 1 ceamuua crneg
Ha4yanoTo Ha CMMNTOMUTE, Ce perncTpupaxa Ha doHa
Ha HanbSIHO HopManuaupaxu pasmepu n ®U Ha JIK.

NMpocnensBsaHe

MaumeHTuTE BGAXa nNpocnegeHn Ha 6-tata cegMmu-
Lua cnep n3nucBaHeTo, Ha 1-us, 3-na n Ha 6-nsa mecel,.
HuTto egHo oT geuarta HaAMalwe cybekTUBHM Onnakea-
Hua, EKI Gewe HopmanHa npu 8/10 nauneHTn, Kato
npu naumeHT 9 nepcuctmpaxa HeraTMBHUTE T-BbIHWU,
a npu naumeHTt 10 — yabmkeHo AB-nposexaaHe. Exo-
kapguorpadusita 6ele ¢ AaHHW 32 HOPManu3upaHu
pasvepn n ®U Ha JIK, ¢ pegyumpaHa unu HambrHO
npemmHana MW, ¢ xvnepexoreHHOCT Ha nepukapga
npw rorisiMa 4YacT OT nauueHTuTe.

Bbnpekn HopmanuampaHute pasMmepu U KOHTpak-
TUNHa QyHKLMs Ha J1K, KakTo 1 HopManHUTE CUCTONHU

Treatment

The hospital stay duration was 14 days on aver-
age (6-34 days, SD 7.68). The treatment included in-
travenous immunoglobulins 1-2 g/kg, maximum 70 g,
inotropic support, antibiotics, corticosteroids, and an-
ticoagulants. Two of the children required mechanical
ventilation — patient 10 because of severe pneumonia
with respiratory failure, and patient 9, again because
of pneumonia with respiratory failure, in combination
with pronounced heart failure. None of the children
with pleural or pericardial effusions required surgical
drainage.

Course of the disease

Within the first 48-72 hours after the start of im-
munomodulatory treatment, we observed a dramatic
improvement in the clinical condition of the patients,
with complete resolution of fever, reduction of the
heart failure symptoms, and normalization of labora-
tory tests. The cardiothoracic ratio and the pulmonary
vascular markings came back to normal on the chest
X-ray. As it was mentioned before, the ECG changes
underwent complete resolution, except the persistent
negative T-waves by patient 9 and first-degree AV-
block by patient 10.

The echocardiographic findings showed a very
rapid positive evolution with reduction of the left ven-
tricular diastolic dimensions, decrease of the mitral
regurgitation to minimal, restored contractility, and
full resorption of the pleural and pericardial effusions.
The only echocardiographic measurement which re-
mained below the reference ranges was the tissue
Doppler systolic velocity of the lateral and the me-
dial segment of the left ventricle. The pathological
changes on CMR, which was performed on average
one week after the first clinical presentation, were ob-
served by completely normal left ventricular dimen-
sions and contractility on echocardiography.

Follow-up

The patients were seen on the sixth week after
hospital discharge, on the first, the third, and the sixth
month. None of the children had subjective complaints,
ECG was by 8/10 patients, as patient 9 had persistent
negative T-waves, and patient 10 — prolonged AV-con-
duction. Echocardiography revealed normal left ven-
tricular dimensions and contractility, with reduced or
completely resolved mitral regurgitation, and with peri-
cardial hyperechogenicity by most patients.
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CKOpPOCTM OT TbKaHHMs [Jonnep Ha natepanHus n Ha
MeauanHus CErMeHT Ha NnisiBa kaMmepa Ha 6-us Mmecel
oT aebtoTa Ha 3abonsiBaHeTo npu 9 oT 10 cnyyau, npu
50% ot pgeuaTa, npu KouTto Belle NpoBeaeH KOHTPO-
neH KMPT 6 meceua cnen n3nucBaHeTo, eAeMbT U
30HMTE Ha Hekpo3a/pnbposa B MMokapaa NepcucTu-
paT, Makap 1 ¢ No-orpaHM4YeHn pasMmepun 1 ¢ HamarneH
obem. (dur. 8).

Despite the normalized dimensions and contrac-
tile function of the LV, as well as the normal tissue
Doppler systolic velocities on the sixth month by 9/10
cases, in 50% of the children who had control CMR,
there was persistency of the edema and the areas of
necrosis/fibrosis in the myocardium, even though they
were reduced (Fig. 8).

®ur. 8. KontponeH KMPT npu naumeHT 1 Ha 5-ns mecel oT 3abonsisaHeTo. A. EqemMbT B Myrokapaa (cTpernka) B obnactra Ha anvkanHus centym
1 Ha nocTeponarepanHaTa cteHa Ha JIK e Hamansan KaTo pa3npocTpaHeHe 1 MHTEH3MBHOCT, HO nepcuctupa. B. CtonHocTuTe Ha T2 BpemeTo 3a
penakcauus ca no-H1ckn (MakcmmanHo 4o 58 ms). Cbe cTpenku ca 0603HaveHn 3oHuTe Ha egem. C. T1 BpemeTo 3a penakcaums e no-HUCKocTe-
NeHHO yabImkeHo (MakcumanHo Ao 1200 ms). D. 3oHuTe Ha KbCcHO ycunBaHe (Hekposa/dpunbposa) (3Be3aa) nepcmcTmpar, Makap v no-orpaHnyeHn

Fig. 8. Follow-up MRI images by patient 1 on month 5 of the disease. A. The edema in the apical septum and the posterolateral wall of the
left ventricle is smaller and less intense but still persistent. B. The T2 relaxation time is reduced (maximal to 58 ms). C. T1 relaxation time is
shorter, compared to the previous examination (maximal to 1200 ms). D. The areas of late enhancement (necrosis/fibrosis) in the myocardium
are still persistent, though smaller and less intense

OBCBHXAOAHE

MynTUCUTEMHUAT Bb3annuTeneH CYHAPOM Npu Ae-
uata ¢ COVID-19 e HoBo 3abonsiBaHe, NO3HaHMATa HU 3a
KOETO NocTosiHHO ce oboratsieat. SARS-CoV-2 BupycbT
HaBn13a B KNETKMTE Ype3 CBbp3BaHe C hYHKLMOHAMHNSA
CW peLenTop — aHrMOTEH3WNH-KOHBEPTMPALLMS EH3UM-2
(ACE-2), konTO MMa BMCOKa eKkcrpecusi B NMHEBMOLMTU-
Te, B KapOUOMUOLMTUTE, B CbAOBUSI EHOOTEN U B HAKOU
KneTkn Ha nmyHHata cuctema [9, 10]. Mpu ceBbp3BaHe Ha
SARS-CoV-2 ¢ ACE-2 ce HapylwaBa eH3umHaTa (pyHk-

DiscussION

Multisystem inflammatory syndrome by children
with COVID-19 is a new disease, and our knowledge
about it is constantly increasing. SARS-CoV-2 enters
the cells through binding with its functional receptor
— ACE-2, which is highly expressed in pneumocytes,
cardiomyocytes, and vascular endothelium, as well as
in some immune cells [9, 10]. Upon binding of SARS-
CoV-2 with ACE-2, the enzyme function is disturbed
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LUMa 1 ce cTura oo noeuileHn Huea Ha AT I, a ottam — o
BA30KOHCTUPKLMSA 1 Bb3naneHue. TbKaHHOTO yBpexaaHe
HacTbMNBa OVPEKTHO — YPE3 UHBA3MSA Ha BMpPYCa B KIET-
KWUTE, N MHOMPEKTHO — MNOCPEACTBOM OCBOOOXAABaHe Ha
LUMTOKVHN N MapKepu Ha Bb3naneHneTo. [NpekomepHusaT
WHdNamaTopeH OTroBOp, CbMbTCTBAH OT LIMTOKUMHOBA
Oypsi, € B OCHOBaTa Ha MynTMOpraHHOTO 3acsraHe [11].
Bb3naneHneto Ha eHooTena Boay 40 ANCYHKLMSA N Cb3-
[aBa npegnocraeka 3a NPOTPOMOOTUYHO ChCTOSIHME.

[pyrn HaunmeHoOBaHMS, KOUTO Ca U3Non3BaHn 3a 060-
3Ha4aBaHe Ha MIS-C, ca: xunepuHnamaTopeH LIOK npu
peuata ¢ COVID-19, “Coronasacki’, “Kawashocky”, ne-
anatpudeH acoummnpaH cbc COVID-19 mHdnamatopeH
cmHgpom (Pediatric COVID-19-associated inflammatory
disorder — PCAID) [12]. MHoro xapaktepHa 3a MIS-C e
BpemeBaTta acouvaumsi cb¢ SARS—CoV-2 uHpekumm-
Te, KaTo clny4YauMTe Ha MYNTUCUCTEMHUS MHdNamaro-
peH CMHOPOM 3a4ecTsaBaT B pamkuTe Ha 2-6 cegmuum
cneg nuka Ha COVID-19. lMpeacrtaBeHnte ot Hac 10
crnyyasi Ha gela ¢ KapgmornorMyHo 3acdaraHe B pesyntar
Ha KOpOHaBMpycHa WHdekums noctbneat B KnuHuka-
Ta HAKOMKO ceaMuuM creq Nuka Ha BTopaTta BbflHa Ha
COVID-19 nangemusata B Bbnrapusa npes 2020 r., kato
OmnarHosata e 6asupaHa Ha nyonukyBaHuTe aedHULMN
Ha MIS-C — Ha CeToBHaTa 3apaBHa opraH3auus (World
Health Organization — WHO) [13], Ha Royal College of
Paediatrics and Child Health (RCPCH) [14] n Ha LieHTb-
pa Ha KOHTPOI 1 NpeBeHLMs Ha 3abonaBaHusiTa (Centers
for Disease Control and Prevention — CDC) [15] (Tabn. 5).

OO0woTo Mexay pasnuyHnTe aeduHmnummn Ha MIS-C
€ Hanu4mneto Ha [16]:

1. ®ebpunurer

2. NNabopaTopHU JaHHK 3a Bb3naneHue

3. MynTunopraHHo 3acsaraHe 6e3 gpyra antepHaTumB-
Ha amarHosa

4. NlaHHu 3a COVID-19 nHoekLmsa nnm 3a cKopoLu-
Ha ekcrno3nuyunsa Ha SARS-CoV-2.

CbpaeyHo 3acdaraHe ce Habnogasa npu 80-85 %
ot cnydauTe ¢ MIS-C n e onpegenswy cdakTop 3a Te-
XecTTa Ha 3abonsBaHeTo. OnncaHu ca: neBokaMepHa
ancdyHkumna (npyu 20-55% ot cnyyauTte); gunataums
Ha KopoHapHuTe aptepun (Npu okono 20% oT 6onHu-
Te); NPOBOAHU HapyLueHus (npu okono 8-12% ot nauu-
€HUTE), KaKTO M 3acdaraHe Ha KnanuTe 1 nepukapgHu
N nneBpanHu uanuen. B Manbk NpoLeHT oT crnyyvante
BbBMMYAHETO Ha CbpLIETO B BONecTHus npouec B AeT-
ckaTta Bb3pacT MOxe ga He e vact oT MIS-C, a pa e
N305mpaHo.

B HayyHaTa nuTepaTypa Beve ca OnucaHu Xuns-
o cnyyam Ha MIS-C. EgHu OT mbpBUTE ONucaHu Cry-
Yan Ha 3abonsieaHeTo B bbnrapus ca BbB BapHa [17,
18]. Jawesa v cbTp. NpeacTaBaT 6 crnyvyas Ha geua
¢ MIS-C n mnokapguTt HenocpeacTBEHO cneg nuka Ha
BTOpaTta BbfHa Ha COVID-19 [19]. HawwuTte pesynTtatu
Nno OTHOLUEeHWe Ha Aemorpadckara xapakTepucTuka,

which leads to increased levels of AT Il, and hence
— to vasoconstriction and inflammation. Tissue injury
occurs directly — though viral invasion into the cells,
and indirectly — through cytokine and inflammato-
ry markers release. The excessive inflammatory re-
sponse, accompanied by cytokine storm, is the basis
of multiorgan involvement [11]. Endothelial inflamma-
tion leads to its dysfunction and is a prerequisite for a
prothrombotic state.

Other names which have been used for MIS-C
are: hyperinflammatory shock by children with
COVID-19, *“Coronasacki”’, “Kawashocky”, Pedi-
atric COVID-19-associated inflammatory disorder
(PCAID) [12]. Very typical for MIS-C is the timely
association with SARS-CoV-2 infections, as the fre-
quency of MIS-C cases increases 2-6 weeks follow-
ing the peak of COVID-19. The presented 10 cases
of children with cardiac involvement as a result of
coronavirus infection were admitted at our clinic sev-
eral weeks after the peak of the second COVID-19
wave in Bulgaria in 2020. We based our diagnosis
on the published definitions of MIS-C — of the World
Health Organization (WHO) [13], the Royal College
of Paediatrics and Child Health (RCPCH) [14], and
of the Centers for Disease Control and Prevention
(CDC) [15] (Table 5).

The different definitions for MIS-C have in common
the presence of [16]:

1. Fever

2. Laboratory evidence of inflammation

3. Multiorgan involvement with no alternative diag-
nosis

4. Evidence of COVID-19 infection or recent expo-
sure to SARS-CoV-2

Cardiac involvement is observed in 80-85 % of
the cases with MIS-C and is a determining factor for
disease severity. The following have been described:
left ventricular dysfunction (in 20-55% of the cases);
coronary artery dilation (in 20% of the cases); conduc-
tion disturbances (by 8-12% of the patients), as well as
valvular involvement and pericardial and pleural effu-
sions. In a small percentage of the cases, cardiac in-
volvement by children with COVID-19 may be isolated
and not a part of MIS-C.

Thousand cases of MIS-C have been described
in the scientific literature. Some of the first reported
cases of MIS-C in Bulgaria were in Varna [17, 18].
Dasheva et al. have described six cases of children
with MIS-C and myocarditis following the second
peak of COVID-19 [19]. Our results regarding the
demographic characteristics, the clinical presenta-
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Ta6bnuua 5. JecpuHnumm Ha RCPCH, CDC n WHO 3a MIS-C / Table 5. RCPCH, CDC, and WHO definitions of MIS-C.

Celsius)

> 24 hours or a subjective feeling for elevated
body temperature

Kputepuu / Criteria RCPCH cbcC WHO
Bewuku geua (Bb3pactta He e gedn- | < 21 roguHm 0-19 roauHmn

Bb3pact Hpara)

Age All children (age undefined) <21 years 0-19 years
[Mepcuctupaly, dhebpunutet ®ebpunuteT = 38 rpagyca B NpoAbkeHVe Ha = | PebpunuTeT B NpogbikeHne = 3 gHU
(= 38.5 rpamyca) 24 yaca unv cy6eKTMBHO YyBCTBO 3a MOBULLEHA

®ebpunutet TeMneparypa

Fever Persistent fever (= 38.5 degrees Fever = 38 degrees Celsius for Fever for 2 3 days

KnnHnarm cumntomm
Clinical presentation

Hanuuve n Ha gBata cumnToma:

1. ONCHYHKLMA HA €4MH Ui Ha MHO-
KECTBO OraHu

nnoc

2. [JOMbAHUTENHN CUMNTOMM

Hanuuve n Ha ggete:

1. Texko 3abonsiBaHe (M3MCKBALLO XOCIMTaNN-
3auus)

Mntoc

2. 3acsraHe Ha = 2 opraHu 1 cucTeMm

Hanuuue Ha noHe fige OT cnegHuTe:

1. OBpMB, KHIOHKTUBIT 1 MyKOKYTaHHO Bb3ra-

neHve
2. XMNoTeH3us Unu oK

3. 3acsraHe Ha CbpLEeTo

4. Koarynonatus

5. OCTpy racTPOMHTECTUHAMHM CMMTOMM

Presence of both:

1. Dysfunction of one or more organs
in combination with

2. Additional symptoms

Presence of both:

1. Severe disease (requiring hospitalization)
in combination with

2. Involvement of >/= 2 organs and systems

Presence of at least two of the following:
1. Rash, conjunctivitis, mucocutaneous
inflammation

2. Hypotension or shock

3. Cardiac involvement

4. Coagulopathy

5. Acute gastrointestinal symptoms

Bb3nanexue
Inflammation

Hannuve u Ha Tpute:
1. HeyTpodpunus
nnoc

2. MNosuwen CRP
nnioc

3. NumcboneHns

NabopaTopHM AaHHK 3@ Bb3naneHue, BKOYBa-
LU, HO HEOTPaHWYEHN [0, €HO UMK NoBEYe OT
cnepHuTe:

1CRP;

1CYE

T dmbpuHoreH

1NpoKanuyUTOHNH

td-aumepu

TdepuTiH

TLDH;

TIL-6;

HeyTpounmus

numdgoneHus

xunoanbymuHemus

[MOBMLLEHN HWBA Ha MapKkepuTe 3a Bb3narneHue,

BKITHOYBALLI HSIKOE OT CReaHuTe:
1CRP;

1CYE

1 NPOKANLMUTOHMH

Presence of all three:

Laboratory evidence of inflammation including but

Elevated inflammatory markers including one of

1. Neutrophilia not limited to one or more of the following: the following:
plus 1CRP; 1CRP;
2. Elevated TESR 1ESR
plus tibrinogen tprocalcitonin
3. Lymphopenia tprocalcitonin

1d-dimers

erritin

TLDH;

TIL-6;

neutrophilia

lymphopenia

hypoalbuminemia

Bpbaka cbc SARS-CoV2

MosuTueeH unu HeratneeH PCR

CKOPOLUHM AaHHW 33 HAKOE OT CrefHuTe:
Mosutnsen PCR

lMo3nTBHa ceponorns

[Mo3nTnBEH aHTUreHeH TecT

Ekcnosnums Ha COVID-19 B pamkiTe Ha npea-

[anHu 3a COVID-19:
MoautneeHn PCR

lMoauTIBHA cepororst
MO3KUTUBEH AHTUIEHEH TecT
KoHtakT ¢ 6oneH ot COVID-19

Association with SARS- LecTBaLLTe 4 ceaMULy
CoVv2 Positive or negative PCR Recent evidence of one of the following: Evidence of COVID-19:

Positive PCR Positive PCR

Positive serology Positive serology

Positive antigen test Positive antigen test

Exposure to COVID-19 within last 4 weeks Exposure to infected with COVID-19 person
M3kntoueHns [pyru nHdekumm Ivnca Ha anTepHaTWBHa AnarHo3a Jlvnca Ha SiBeH NHAEKLMO3EH MPUYMHNTEN
Exceptions Other infections Lack of an alternative diagnosis Lack of a clear infectious cause
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KNMHWYHaTa M3sBa, MPOMEHWTE OT eNnekTpokapanorpa-
MaTa un exokapgmorpadusaTa ca CXO4HU C Te3n OT Me-
TaaHanua Ha Ghodsi n cbTp., NybnukysaH B Archives of
Pediatric Infectious Diseases [20]. B Hero ca BKkIto4YeHu
Hag 30 nybnukaummn, obxBallaliy AaHHUTE Ha MOYTU
600 nauueHTn. No oTHOLEHNe Ha aemorpadckmTe xa-
pPaKTEpPUCTUKKN, € YCTaHOBEHO, Ye AeuaTta, KOUTO pas-
BuBat MIS-C BcnegctBue Ha nHdekums cbc SARS-
CoV-2, 0bukHOBEHO ca no-ronemu OT Te3n ¢ 6onectTa
Ha KaBasakn — cpegHa Bb3pacT 9 roguHu. Hai-uyecto
KNMHWYHaTa nssea 3anoysa 4-6 ceamuum cneg KOHTakT
¢ Bupyca, kato PCR TecTbT 0OGMKHOBEHO € HeraTuMBeH
N €OVHCTBEHO MO3WTUBHUTE aHTWUTENa ca WHAMKaTop
3a KOHTaKT C kopoHaBupyca. [Mo4Tn BCuYkM 3acerHatum
Jela ca HambIHO 34paBu OO To3M MOMeHT. CpegHarta
Bb3pacT Ha JleKkyBaHWUTe OT Hac naumeHTn bewe 11.2
roavHu, 2/3 6sixa oT MbXXKM NOM, BCUYKM MMaxa OTpu-
uateneH PCR-tect u nonoxutenHu anti-SARS-CoV2
IgG-aHTnTENA, KaTO HUTO €4HO AeTe HAMALLe AaHHU 33
noanexatim 3abonssaHus.

KnuHmnyHaTa kapTvHa npu onucaHuTe gocera B CBe-
ToBHUTE 6a3u gaHHu cnydam ¢ MIS-C BkntouBa nepcu-
cTupall, hedbpunuTeT, raCTPOMHTECTUHAMNHN CUMMITOMM
(kopemHa 6orka, anapus, nospbluaHe). Habntogaesaxu
ca 1 xapakTepHu 3a bonectta Ha Kawasaki MykoKyTaH-
HY NposiBK (KOXXeH 0OPMB 1 KOHIOHKTUBUT), ChLLIO OTOK Ha
KpanHuuuTte, numdaneHonaTus, rnasobonve, nek pec-
NnMpaTopeH AMCTPEC, MUanTUsi, yMOPAEMOCT, CbpAeYHM
nposieu [21, 22]. 3a pa3snuka ot 6onectta Ha Kawasaki,
npu KOSITO Han-4ecTaTa Kapa4MonorMyHa nposiea ca aHe-
BpM3MUTE Ha KOPOHApHUTE apTepuu, Npu naumeHTute
¢ MIS-C no-4ecto ce HabniogaBaTt XMMNOTEH3US, LLIOK U
cbpaeyHa ANCKYHKLMS, @ MHOMO NO-psiaKko Mva aHoMa-
nmmn Ha KopoHapHuTe aptepum [23]. [Npu HawuTe naum-
€HTM BoAellaTa U3BbHCbPAEYHA KIMHUYHA U3siBa CbLLO
Oewe GebpnnuTeTbT, NocrneaBaH OT raCTPOMHTECTU-
HamHW CMMNTOMU, HabntogaBaxmMe CbLUO MHEBMOHUS,
KO>XHO-NTUraBUYHM NPOSIBU.

Mpw no-ronsiMata 4acT OT cny4auTe, QuarHocTuLm-
paHu ¢ MIS-C, ce cbobLuaBa 3a neBokamepHa CUCTOI-
Ha aucoyHkumna. Hanpumep, Riphagen et al. [24] ycTa-
HOBSIBAT Takasa npu 6 oT 8 nauuneHTn. Mo nuTepatypHu
[OaHHW, HapyLUeH KOHTPaKTUNUTET Ha nsiBa kKamepa ce
Habntogaea npu okorno 80% ot nauuneHtute ¢ MIS-C.
Hsikon aBTOpM npegnarart BKAKYBAHETO Ha CbpAedHa-
Ta ANCAYHKUMS KaTo KpuTepui 3a cuHapoma. Crnopepg
Belhadjer 1 cbTp. [25] ocTpaTta neBokamepHa Heaoc-
TatbyHOCT (®PU Ha JIK < 50%), a cnopeg Grimaud wn
CbTp. KapOWOreHHUAT LWOoK TpsbBa Aa 6baaTt eguH oT
kpuTtepumuTe 3a MIS-C (26). YecToTaTa Ha kapanoreHeH
wok npu MIS-C e MHoro no-sncoka, OTKONKOTO npu 60-
nectta Ha Kawasaki (cvotBeTHO 60 cnpsmo 7%) [7].
YecTta kapguonornyHa nssasa npyn MIS-C e 1 nepukap-
OnTbT. Tesn HabnogeHns cbBnagar v ¢ HaWUTe AaHHK
— pasnuyHo No CTEMEH HapyLLeHMe Ha neBokamepHaTta

tion, the ECG, and echocardiography changes are
similar to those of a meta-analysis of Ghodsi et al.,
which was published in Archives of Pediatric Infec-
tious Diseases [20]. This meta-analysis summariz-
es more than 30 publications, including the data of
about 600 patients. Concerning the demographic
characteristics, the data shows that children who
develop MIS-C as a result of SARS-CoV-2 infection
usually are older than those with Kawasaki disease
— mean age 9 years. The symptoms present most
often 4-6 after exposure to the virus when the PCR-
test is negative and only the positive antibodies in-
dicate previous exposure to SARS-CoV2. Almost all
affected children were healthy, without any underly-
ing disease. The mean age of our patients was 11.2
years, two-thirds of them were male, all of them had
a negative PCR-test and positive anti-SARS-CoV2
IgG-antibodies, as well as unremarkable past med-
ical history.

The clinical presentation by the published up to
this moment cases of MIS-C includes persistent fever,
gastrointestinal symptoms (abdominal pain, diarrhea,
vomiting). Typical for the Kawasaki disease mucocu-
taneous changes (rash and conjunctivitis) have been
observed, as well as peripheral edema, lymphade-
nopathy, headache, mild respiratory distress, myalgia,
fatigue, cardiac symptoms [21, 22]. In contrast with
Kawasaki disease whose most common cardiac pre-
sentations are coronary artery aneurysms, MIS-C pa-
tients most often present with hypotension, shock, and
myocardial dysfunction and less often have coronary
artery anomalies [23]. The leading clinical presentation
by our patients was fever, followed by gastrointestinal
symptoms; we observed pneumonia and mucocutane-
ous changes as well.

Most cases of MIS-C are reported to have left ven-
tricular systolic dysfunction. For example, Riphagen et
al. [24] report such by 6 out of 8 patients. According to
data from the literature, impaired left ventricular con-
tractility is present in almost 80% of the MIS-C patients.
Some authors propose the inclusion of myocardial dys-
function as a criterion for the syndrome. According to
Belhadjer et al. [25] acute left ventricular failure (EF of
LV < 50%), and according to Grimaud et al. — cardio-
genic shock, should be one of the criteria for MIS-C
[26]. The incidence of cardiogenic shock by MIS-C is
much higher compared to Kawasaki disease (60% vs
7% respectively) [27]. Another frequently observed car-
diologic manifestation of MIS-C is pericarditis. These
observations correlate with our data — varying degrees
of left ventricular systolic dysfunction were present in
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yHKLMSA MMaLle 1 Npu geceTTe Aeua, Npu eavH nauu-
€HT ce U3siBU KapguoreHeH Wwok, B 50% ot cnyvaute
MMalle CbMbTCTBALY, NEePUKapPAEH U3MKUB.

3acdraHe Ha KOpOHapHWUTE apTepun ce OnMcBa Npu
0-40% ot cnyyaute [28, 29, 30]. Han-4yecTo e Habnoga-
BaHa neka aunarawmsi Ha KopoHapumuTe, HO UMa 1 cryyaum
Ha ronemMun KOpoHapHu aHeBpu3Mn. B Halumst aHanm3 Ha-
Mame HWUTO eOUH Crlyyar Ha KOPOHAPHO 3acsiraHe, KOeTo
BEPOSATHO Ce ObIMKM Ha Marnkus 6pon y4acTHUUN.

Hai-yectnte onuceBaHn wuameHenus ot EKIT ca
yabmkeH QT-uHTepBan, npomeHu Ha ST-cermeH-
Ta, NPEACHbPOHV WM KaMepHU eKCTpacuCTonu, Karto
BCMYKM Te ca HecneumdpunyHn. Whittaker n cbTp. [31]
ca Habnopasanv AB-6rok nbpBa 1 BTOpa CTEMNeH, a B
ABe Opyr1 NpovyBaHWsi € permcTpMpaHo npeacbpaHo
MbxaeHe [32]. El-Assad n cbTp. onuceat criydyan Ha
10-rogMHO MOMYe C MPEexXodHM CaMOoOorpaHu4aBallm
ce enunsoan Ha nbneH AB-6rok, Npu KOETo He ca ce
HanoXunu Apyru MHTEPBEHLMM OCBEH NPUNOXEHNE Ha
umyHocynpecopu [33]. Dominco u cbTp. NpeacTaBsaT
nauuneHt ¢ AB-6nok 2-pa cteneH Tun 2 ¢ nepuoam Ha
WOMOBEHTPUKYIIAPEH PUTBHM, MPU KONTO CE € HanoXu-
N0 CneLlHO TPaHCBEHO3HO newnicupaHe [34]. Mehta u
CbTp. ca Habntogaeanu ase geua ¢ MIS-C ¢ nbneH AB-
©Orok, HanoXmn NocTaBsiHe HAa TPAHCBEHO3EH NencMen-
Kbp [35]. Bcnukun Te3m gaHHu 3a EKIM-nameHeHnsTa npu
MIS-C kopenupar ¢ HawuTe pesynTaTtu.

B no-ronsimarta 4yact oT npoy4BaHusaiTa CTOMHOCTUTE
Ha BNP 1 Ha TponoHuMHa ca u3nonseaHu kato buomap-
Kepu 3a guarHoCcTuumMpaHe Ha MMOKapaHO yBpexaaHe
npu naumMeHT1Te, Npu KomTto He e npoeeaeH KMPT mnnu
MuokapgHa 6uoncus. NonyvyeHnte oT Hac pesynTartu
CbLUO MOTBbPXAABAT BaXHaTa ponsaTa Ha Te3n Guo-
MapKepu 3a KapOWOrOorMyHO 3acdaraHe — yBenn4eHu
HuBa Ha BNP nmawwe npu 7 ot 10 geua, a TPONOHUHBT
fele NoBULLIEH MpPX BCUYKW. BakHO mpeammcTBoO Ha
HaweTo npoyyBaHe e npoeexaaHeto Ha KMPT Ha 1-us
1 Ha 6-ma Mecey Npy No-rongmara 4acTt OT NnauneHTu-
Te, KOETO NMPefocTaBs BaxkHa M npeuusHa mHdopma-
UMs 3a TbKaHHUTE U3MEHEHMS B MMOKapaa.

Kato usno, Tepanusita ce 6asmpa Ha cUMNTOMUTE
N Ha TAXHaTa TEeXeCT. 3a TeXKa KMMHUYHA KapTuHa C
XemoguHamMmuyHa HectabunHocT M HeobxoouMocT OT
WHOTPOMHa nogapbxka ce cbobwasa npu 20-100% ot
cnyyante. YkasaHusTa 3a TepaneBTUYHO MoBeaeHune
ce BasnpaT Ha eKcrnepTeH KOHCEHCYC M B OCHOBaTa
UM € MMyHOMOZyraTopHaTta Tepanusi, No aHanorus c
Oonectta Ha Kawasaki [36, 37]. Manonseart ce IVIG n
KopTukoctepovaun. lNpu geuarta, KOMTO He OTrOBapsT
Ha TOBa fevYeHune, ca npunaraHn LMTOKMHOBK Bnokepu
KaTo JOMbIIHUTENHA Tepanus, HanpyMep aHTaroHUCTK
Ha interleukin (IL)-1 peuenTopa (anakinra), IL-6 nHxu-
ouTopwm (tocilizumab), MHXMOMTOPM Ha TYMOPHEKPO3MC
daktop-anda (TNF-a) (infliximab). Mpu HawwuTe nauu-
eHTn HabniogaBaxme 6bP30 NOBMMSIBaHE Ha CUMMTO-

all ten children. One patient presented with cardiogenic
shock, and in 50% of the cases, there was accompany-
ing pericardial effusion.

Coronary artery involvement has been described
by 0-40% of the cases [28, 29, 30]. Most often mild
dilation of the coronary arteries is observed, but
there are cases of large coronary aneurysms. In our
cohort, there was no case of coronary artery involve-
ment which is probably due to the small number of
patients.

The most common ECG changes are QT-in-
terval prolongation, ST-segment changes, atrial or
ventricular extrasystoles, which are all non-spe-
cific. Whittaker et al. [31] have observed first and
second-degree AV-block, and in two other studies
atrial fibrillation was registered [32]. El-Assad et al
describe a case of a 10-year-old-boy with transient
and self-limiting episodes of complete AV-block,
who did not require any other interventions besides
immunosuppressors [33]. Dominco et al present a
patient with type 2 second degree AV-block with
periods with idioventricular rhythm who required
emergent transvenous pacing [34]. Mehta et al.
have observed two children with MIS-C with com-
plete AV-block with a need for transvenous pacing
[35]. All these data regarding the ECG changes by
MIS-C are similar to our results.

In most studies, the values of BNP and hs-tropo
are used as biomarkers of myocardial injury by pa-
tients who have not had CMR or myocardial biopsy.
Our results confirm the important role of these biomark-
ers — the values of BNP were elevated by 7 out of 10
children, and hs-troponin was increased by all patients.
A very important advantage of our study is that the ma-
jority of the children had CMR during the acute phase
and on the sixth month, which provides essential and
precise information about the tissue alterations in the
myocardium.

The therapy is based on the symptoms and their
severity. Severe clinical presentation with hemody-
namic instability and the need for inotropic support
is reported by 20-100% of the cases. The treatment
recommendations are based on expert consensus and
immunomodulatory therapy plays a major role, simi-
lar to Kawasaki disease [36, 37]. Intravenous immu-
noglobulins and corticosteroids are used. For children
who do not respond to this treatment cytokine blockers
as additional therapy have been utilized — interleukin-1
(IL-1) receptor antagonists (anakinra), IL-6 inhibitors
(tocilizumab), TNF-alpha inhibitors (infliximab). The im-
munomodulatory therapy by our patients rapidly led to
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MUTE, C MpeMMHaBaHe Ha hebpunuTeTta, nogobpsiBaHe
Ha neBokamMepHaTa (YHKUMS M HOopManuaupaHe Ha
OMOXUMUYHUTE MoKasaTenu B pe3ynTar Ha UMYHOMO-
Aynupawiarta Tepanusi, nopagu KOeTo He Ce Harnoxu
NPUNOXEHNETO Ha LIUTOKMHOBMK Brokepu.

CbcTosiHMETO Ha Xunepkoarynabwunuret, cTasa-
Ta Ha KpbBOTOKa B pesyntaT Ha uMMobunusauusTa,
Bb3MOXHOTO €HAOTENHO YyBpexaaHe W KamepHaTta
ONCOYHKUMA ca acoummpaHi ¢ NOBULLEH PUCK 3a TPOM-
B0TMYHM ycnoxHeHns. ToBa Hanara NpoBEXAaHETO Ha
aHTuKoarynaHtHa Tepanuvsa [38, 39]. B npencraBeHa-
Ta OT Hac cepusi BCUYKN NauMeHTU Bsixa ¢ MOBULLIEHU
D-gumepu, nopaam KOETo nosyunxa aHTUKoarynaHTHa
Tepanusa C HUCKOMOJSIEKYNIEH XenmapuH Mo BpemMe Ha
OONMHWYHMS NPEecTon, MocneaBaHO OT aHTuMarperaHT-
Ha Tepanusa ¢ Aspirin cneq nanuceaHeTo. [onanTte ot
NPOTUBOBMPYCHUTE MeaUKaMeHTU KaTo remdesivir npu
neuata ¢ MIS-C He ca gokasaHu 1 ca no-CKOpo Hecu-
rYpPHW, T KaTO CUHOPOMBT € NO-CKOPO NOCTUHGEKLN-
O3HO YCIOXHEHUWe, a He akTMBHa UHdekums. Bbnpeku
ToBa Te Bvxa mMornmu Aa Bns3aT B CbobOpaxeHue npwu
cnyyante ¢ nonoxuteneH PCR-tect. Huto egHo ot
neKkyBaHUTEe OT Hac feua HAMalle JaHHW 3a aKkTMBHa
WHEKLMS, MOpaamn KOETO He Ce HamnoXu NpUroXeHne
Ha NPOTUBOBUPYCHU MeMKaMEHTH.

B npencraBeHnst peTpOCNEKTUBEH aHanM3 ca BKJITH0-
yeHu geuata ¢ MIS-C ¢ Hal-TeXKO n3pas3eHu Kapamo-
NOrMYHM NPOSIBU, KOUTO Ca XOcnuTanuMavpaHu B Halla-
Ta KnuHuka. Bb3 ocHoBa Ha cbbpaHaTa nHdopmaums,
MOXeM Oa 0000LMM, Ye KNMHMYHaTa KapTuHa, nabo-
paTopHUTE U exokapauorpadCcknuTe 3MeHeHns n nato-
nornyHute npomenun ot KMPT ca MHOro cxoaHu mexay
oTaenHuTe naumeHTn. CbLOTO Ce OTHAcHa U 3a OTrOBO-
pa KbM MMyHOMOAYaTopHaTta Tepanusi, C MHOro 6bp30
nogobpsiBaHe Ha CUMMTOMAaTMKaTa, C MOHWKaBaHe Ha
MapKepuTe 3a Bb3nanutesiHa akTUBHOCT M 3a MUOKap-
anoumTonmusa M C HopmanusMpaHe Ha pasmepute U
KOHTPaKTUIIMTETA Ha NsBa Kamepa OT exokapamorpa-
dwmsTa. OT gpyra cTpaHa, Haxogkata oT EKI™ Bapupa ot
HanMbiHO HOPMAarieH 3anuc Npe3 CUHYCOoBa TaxukKapams
N MPEXOOHW Penonspu3aLmMoHHN HapyLLEHWS [0 KUBO-
TO3acTpallaBalliy pUTbMHO-NPOBOAHU HAPYLLEHWS.

3a oTrbenssBaHe e, Ye GposT Ha geuata ¢ MIS-C
B bbnrapusa € HeKonNKoKpaTHO NO-ronsgm OT ONMCaHUTe
OT Hac cnyyau, HO B HallaTa KNUHWKA ca NoCTbNWUAn
nauneHTUTe C Han-u3paseHn KapgauosormyHu CUMMTO-
Mu. ToBa npaBu n3BagkKata H1 JOCTAaTbyYHO penpeseH-
TaTUBHA 3a LIeNns CNEeKTbP OT KapAMOSTOrMYHM NPOsIBY,
Habnogaeanu npu MIS-C.

Bbnpeku 4ye ce npegnonara, Ye geuarta c noane-
Xalwo cbpaevHo 3abonsiBaHe ca C MOBULLEH PUCK 3a
KapAMorornyHo 3acsiraHe B pamkute Ha COVID-19, ot
Ha4yanoTo Ha NaHAeMUsITa B HalLaTa KNMHMKA He e MNo-
CTbNUN HUTO eanH criydyan Ha MIS-C npu gete ¢ guar-
HOCTMUMPaHa npeau ToBa KapguonaTus.

improvement of symptoms, with the resolution of fever,
left ventricular function recovery, and normalization of
laboratory markers, so that cytokine blockers were not
needed.

The hypercoagulability state, the stasis of blood
flow due to immobilization, the possible endothelial
injury, and the ventricular dysfunction are associated
with an increased risk of thrombotic complications.
This is why anticoagulant therapy is required [38, 39].
All our patients had elevated D-dimers and were given
low-molecular-weight heparin during the hospital stay,
followed by antiaggregant therapy with Aspirin after
discharge. The benefits of antiviral medications like
remdesivir by children with MIS-C are not proven and
are rather uncertain because the condition is a post-in-
fectious complication and not an active infection. De-
spite this, antivirals may come into consideration in
cases with positive PCR-test. None of the treated by
us children had evidence of active infection; this is why
antiviral medications were not used.

The presented retrospective analysis includes
the children with the most pronounced cardiological
symptoms who were admitted to our clinic. Based on
the obtained data, we can summarize that the clinical
presentation, the laboratory and echocardiographic
changes, and the alterations from CMR are quite sim-
ilar by the individual patients. The same is true about
the response to immunomodulatory therapy, with very
rapid improvement of symptoms, reduced levels of in-
flammatory markers and markers of myocardial injury,
and normalization of left ventricular dimensions and
contractility from the echocardiography. On the other
hand, ECG findings vary from completely normal pre-
sentation to life-threatening rhythm and conduction dis-
turbances.

It is worth noting that the number of children with
MIS-C in Bulgaria is several times larger than the pre-
sented cases but the patients who were admitted to our
department were the ones with the most pronounced
cardiological symptoms. This makes our cohort repre-
sentative of the entire spectrum of cardiological symp-
toms by MIS-C.

Even though it is presumed that children with
an underlying cardiac condition are at an increased
risk of cardiac involvement by COVID-19, since the
start of the pandemic we have not observed any
case of MIS-C in a child with previously diagnosed
cardiopathy.
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3. Bacunesa, A. KbHesa, A. Jawesa u 0p.

B 3akntoveHne, BbNpekn Ye geuarta ca 3HauuTen-
HO no-psako 3acerHatn oT COVID-19, B cpaBHeHMe C
Bb3pacTHWUTE, MPK YacT OT TAX Ce pa3BMBa MynTUCUTe-
MEH Bb3nanuTerneH CUHOPOM, KOWTO € TEXKO WU XKMBO-
TO3acTpallaBalo CbCTOSIHME C OOMUHMpALLM Kapau-
OrOrMYHU MPOSIBU, U3UCKBALLO WUHTEH3MBHO NeYeHue.
lMpocnepsBaHeTo Ha nauneHTUTe B Obaelle LWe fane
OTroBOpP Ha BbMNpOCa KakBu ca OAbNrOCPOYHUTE nocres-
CTBUSI OT KapguonormyHoTO 3acsraHe B pamKuTe Ha
COVID-19 u kakBa e kopenauusita Mexay U3MeHeHus-
Ta oT KMPT 1 eBeHTyanHn cumnTomu.

N3soau

e CbpaeyHoTo 3acsraHe npu COVID-19 e nmyH-
HO-MeAMMpPaHO U B OCHOBATa Ha feYEHNETO € MMYHO-
mMopynaTtopHarta Tepanus

e Habnopgaea ce gpamaTnyHo nogobpeHne B Knn-
HUYHOTO CbCTOSIHME, NTabopaTopHaTa u exorpadckara
Haxoaka 48-72 4yaca crneq nNpunoXeHue Ha UMYHOMO-
aynaTtopHa Tepanus

e CneunduryeH nabopatopeH nokasaTen 3a Mu-
OoKapAHO 3acsraHe e TPOMOHUHbBT

e KMPT e BogelloTo n3cneaBaHe 3a gmarHoctuum-
paHe Ha MMOKapaHOTO 3acsaraHe

e VIameHeHnsita Ha KMPT ce ycraHoBsBaT Ha
doHa Ha HopMarHO exokapauorpad)cko nscneaBaHe u
nepcucTupart B pasfnuMyHa CTENeH npu oTaenHuTe na-
LMEHTU 1 Ha 6-usa Mmecel,

e [IbnirocpoyHaTa NporHo3a octaBa HesicHa

He e deknapupaH KOHGbriukm Ha uHmepecu
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