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SAZETAK

lako je na pocetku svog pojavljivanja smatrana respiratornom bole3cu, sa tipicnom
prezentacijom po tipu bilateralne pneumonije, KOVID-19 je zapravo multisistem-
sko oboljenje sa mnogobrojnim ekstrapulmonalnim manifestacijama. U osnovi
generalizovanog multisistemskog ostecenja nalazi se ostecenje endotelnih celija
kardiovaskularnog sistema, izazvano udruZenim delovanjem direktnog uticaja vi-
rusa i efektom cirkuliSucih citokina na miokard i perikard, koje se moze javiti u toku
akutne faze infekcije ili nakon toga. Najces¢i kardiovaskularni simptomi kod paci-
jenata, nakon akutne faze KOVID-19 infekcije, jesu zamaranje, malaksalost, kratak
dah, bolovi u grudima, lupanje i preskakanje srca. Standardnim dijagnostickim me-
todama se kod ovih pacijenata ne registruju znacajne promene, mada inflamacija
miokarda i pored toga moze biti prisutna. OStecenje miokarda takode moZe biti
supstrat za pogorsanje sr¢ane insuficijencije, kao i za razlicite aritmije, potencijalno
opasne po Zivot, $to je od izuzetnog znacaja za dalje lecenje i prognozu. Magnetna
rezonanca srca je sofisticirana, nejonizujuca dijagnosticka metoda, koja moze pru-
Ziti vazne informacije u vezi sa funkcijom i volumenom leve i desne komore, tiv-
nom karakterizacijom i kvantifikacijom fibroznih promena u miokardu. Predstavlja
zlatni standard u neinvazivnoj dijagnostici miokarditisa. Kod pacijenata sa pret-
hodnom KOVID-19 infekcijom i postojecim kardiovaskularnim simptomima, mogu
se registrovati tipicni znaci miokarditisa na magnetnoj rezonanci srca, ukljucujuci
postojanje edema miokarda, nekroze i miokardne fibroze, odnosno oZiljka. Takode,
odredenim novim, sofisticiranim sekvencama, u sklopu kardiomagnetne rezonan-
ce, moguce je registrovati diskretne promene koje mogu ukazivati na inflamaciju
miokarda, bez jasno vidljivih promena na standardnim sekvencama.

U radu predstavljamo seriju slu¢ajeva sa razlicitim obrascima inflamacije miokar-
da i perikarda nakon KOVID-19 infekcije, uz komparativni pregled trenutno najre-
levantnijih nau¢nih podataka o mehanizmu, komplikacijama, lecenju i prognozi
pacijenata sa post-KOVID miokarditisom, odnosno perikarditisom.
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ABSTRACT

Although, in the beginning, it was considered a respiratory infection with bila-
teral pneumonia as its main manifestation, COVID-19 is more of a multisystemic
disease with various extrapulmonary manifestations. Cardiovascular manifesta-
tions are caused by direct viral involvement or by the effects of different cytoki-
nes on the myocardium and can occur during the acute phase of the disease or
in the post-acute stadium. The most common cardiovascular symptoms in the
post-acute COVID-19 stadium are fatigue, shortness of breath, chest pain, and
palpitations. Routine cardiovascular diagnostics in these patients is usually wit-
hout significant findings, although underlying myocardial inflammation may be
present. Myocardial damage can also be the substrate for the worsening of heart
failure and different potentially life-threatening arrhythmias, which is extremely
important for further treatment and prognosis. Cardiac magnetic resonance ima-
ging is a sophisticated, non-radiating imaging modality that can provide impor-
tant information regarding left and right ventricle volumes and function, tissue
characterization, and scar quantification. It is the golden standard in non-invasi-
ve diagnostics of myocarditis. In patients with prior COVID-19 infection and car-
diovascular symptoms, typical signs of myocarditis, including myocardial edema,
necrosis, and myocardial scarring, may be seen in cardiac magnetic resonance.
Also, there are sophisticated cardiac magnetic resonance imaging modalities that
canregister subtle changes in the myocardium, in terms of myocardial inflamma-
tion, without visible signs in standard sequences.

We present a case series of patients with different myocardial inflammation pat-
terns, followed by a comprehensive review of potential pathophysiological mec-
hanisms, complications, treatment and prognosis of patients with myocarditis or
pericarditis after COVID-19.
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uvoD

KOVID-19 je primarno respiratorna bolest uzrokovana
SARS-KoV-2 virusom, ali sa mnogobrojnim ekstrapulmo-
nalnim manifestacijama koje mogu znacajno da uti¢u na
dalje lecenje i prognozu, ¢inedi ovu bolest multisistem-
skim oboljenjem sa neizvesnim ishodom lecenja i po-
tencijalno mnogobrojnim post-KOVID komplikacijama
[1]. Teska klini¢ka slika kod pacijenata sa KOVID-19 in-
fekcijom je rezultat povecane potrebe za kiseonikom od
strane srca, oste¢enja endotela, mikro i makrovaskular-
nih tromboza, kao i citokinske oluje. Pacijenti sa teSkom
formom bolesti podlozniji su oste¢enju miokarda, koje
moze biti izazvano direktnim citopatogenim efektom vi-
rusa ili indirektno, efektom cirkulisucih citokina na mio-
kard [2]. U odredenim slu¢ajevima, kao rezultat razli¢itih
patofizioloskih mehanizama, ukljucujuci akutni infarkt
miokarda, plu¢nu tromboemboliju, septicki $ok, mio-
karditis, perikarditis i druga stanja, miokardna povreda
moze biti uzrok pogorsanja sr¢ane funkcije, razvoja sla-
bosti srca i pojave malignih aritmija, sto moze voditi ka
daljoj progresiji bolesti i moguéem smrtnom ishodu [3].
Znaci ostecenja miokarda, odnosno povrede miokarda,
zabelezeni su kod 7,0% do 17,0% hospitalizovanih pa-
cijenata sa KOVID-19 infekcijom, dok je taj broj kod pa-
cijenata u intenzivnim negama visi, i krece se od 22,0%
do 31,0% [4]. Pored ostecenja miokarda, koje se moze
javiti u toku same akutne faze KOVID-19 infekcije, odre-
denim mehanizmima moze doci do nastanka ostecenja
i u daljem toku, nakon akutne faze bolesti, sto dovodi do
pojave razli¢itih simptoma od strane kardiovaskularnog
sistema, koji znac¢ajno mogu uticati na kvalitet Zivota i
prognozu ovih pacijenata [5]. Naj¢es¢i uzrok predstav-
lja inflamacija miokarda ili perikarda, koja se obi¢no ne
moze registrovati na rutinskom ehokardiografskom pre-
gledu, te zahteva dalju dijagnostiku i pracenje.

Magnetna rezonanca srca je sofisticirana, nejonizu-
juca dijagnosticka metoda koja predstavlja zlatni stan-
dard u dijagnostici miokardne inflamacije, odnosno
miokarditisa. Odlikuje se visokom reproducibilno3dcu i
malim stepenom varijabilnosti u interpretaciji nalaza,
u odnosu na druge modalitete, a moze pruziti znacaj-
ne informacije u vezi sa volumenom i funkcijom leve i
desne komore, karakterizacijom tkiva i kvantifikacijom
fibroznih promena, odnosno oziljka u miokardu [6].

U Klini¢ko-bolnickom centru ,Bezanijska kosa*, sa
obukom kadra za kardiomagnetnu rezonancu zapoce-
lo se 2014. godine, pod okriljem Evropskog udruzenja
kardiologa, dok je ova metoda u standardnu klinicku
praksu uvedena od 2016. godine, od strane doc. dr Ma-
rije Zdravkovi¢. U meduvremenu je daljom edukacijom
formiran tim za kardiomagnetnu rezonancu, sacinjen
od kardiologa i radiologa, ¢ime je postignut multidis-
ciplinarni pristup u reSavanju dijagnostickih dilema na

INTRODUCTION

COVID-19 is primarily a respiratory infection caused by
the SARS-CoV-2 virus, but with multiple extrapulmo-
nary manifestations that can significantly affect further
patient treatment and prognosis, which makes it a mul-
tisystemic disease with an unpredictable course and
potentially numerous post-COVID complications [1]. A
severe clinical condition in patients with COVID-19 is
the result of an increased demand on the heart in terms
of oxygen, endothelial injury, micro and macrovascular
thrombosis, and cytokine storm. Patients with a severe
form of the disease are more susceptible to myocardial
injury, which is caused by direct viral involvement or by
the effects of different cytokines on the myocardium [2].
Sometimes, as the result of different pathophysiologi-
cal mechanisms, including acute myocardial infarction,
pulmonary embolism, septic shock, myocarditis, peri-
carditis and other conditions, myocardial injury can be
the substrate for the worsening of heart function, the
development of heart failure or malignant arrhythmias,
which may lead to further clinical deterioration and po-
tentially, death [3]. Myocardial injury has been detected
in 7.0% to 17.0% of patients hospitalized with COVID-19,
while the number of patients admitted to intensive care
units with myocardial injury is higher, ranging from
22.0% to 31.0% [4]. Apart from myocardial injury in the
milieu of acute COVID-19 infection, different substrates
can cause myocardial damage in the post-COVID peri-
od, provoking different cardiovascular symptoms and
affecting the patient’s quality of life and prognosis [5].
The most common cause is myocardial inflammation,
usually undetectable by routine echocardiography.

Cardiac magnetic resonance imaging (CMR) is a so-
phisticated non-radiating imaging modality that rep-
resents the golden standard in estimating myocardial
inflammation or myocarditis. It has a high reproducibili-
ty and less inter-observer variability than otherimaging
modalities and can also provide important information
regarding left and right ventricle volumes and function,
tissue characterization, and scar quantification [6].

At the University Hospital Medical Center BeZanijska
kosa, the training for cardiac magnetic resonance imag-
ing started in 2014, under the auspices of the European
Society of Cardiology, while the procedure was intro-
duced as a standard diagnostic technique in 2016, by
Assistant Professor Marija Zdravkovié. In the meantime,
the CMR team was formed, comprised of both radiolo-
gists and cardiologists, whereby a multidisciplinary ap-
proach was achieved in resolving diagnostic dilemmas.
In 2019, the University Hospital Medical Center BeZanijs-
ka kosa received advanced technical hardware and soft-
ware improvements to the Avanto 1.5 T CMR machine
(Siemens), accomplishing sophisticated methods of
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kardiomagnetnoj rezonanci. Od 2019. godine, u Kli-
ni¢ko-bolnickom centru ,Bezanijska kosa“, posebnim
tehni¢kim usavr3avanjima hardvera i softvera na apa-
ratu Avanto 1,5 T (Siemens) postignute su sofisticirane
metode tkivne karakterizacije sa T1 i T2 mapama (pre
i postkontrastne sekvence), 5to je znacajno doprinelo
vecoj senzitivnosti i specifi¢cnosti samog pregleda. Od
maja 2021. godine, u Laboratoriji za kardiomagnen-
tnu rezonancu KBC ,Bezanijska kosa“, u standardnu
dijagnosticku proceduru je uveden i adenozinski stres
test na kardiomagnetnoj rezonanci, ¢ime je postignut
najvisi nivo dijagnostickih standarda svetski poznatih
laboratorija za kardiomagnetnu rezonancu.

Kroz prijemno-trijaznu ambulantu KBC “Bezanijska
kosa” je, od 22. juna 2020. godine do datuma preda-
jerada (07. 11.2021.), pregledano i trijazirano za dalje
lecenje 41.126 pacijenata. Kardiomagnetna rezonanca
je uradena kod 316 pacijenata sa sumnjom na post-KO-
VID mioperikardni sindrom. Kod 292 pacijenta (92,4 %)
dobijen je patoloski nalaz koji odgovara mioperikar-
dnom post-KOVID sindromu. U radu predstavljamo
seriju slucajeva sa razlicitim obrascima inflamacije mi-
okarda i perikarda nakon KOVID-19 infekcije, dijagno-
stikovanih na magnetnoj rezonanci srca, u Laboratoriji
za magnetnu rezonancu srca i krvnih sudova u KBC
“Bezanijska kosa”, uz komparativni pregled trenutno
najrelevantnijih nau¢nih podataka o mehanizmu, kom-
plikacijama, le¢enju i prognozi pacijenata sa post-KO-
VID miokarditisom, odnosno perikarditisom.

SERIJA SLUCAJEVA
Prikaz slucaja 1

Dvadesetcetvorogodisnja pacijentkinja, dva meseca
nakon asimptomatske KOVID-19 infekcije, prijavila je
tegobe u vidu zamaranja, lupanja srca i vrtoglavica.
Simptomi su bili izraZeniji u toku fizi¢cke aktivnosti. Eho-
kardiografskim pregledom registrovana je ocuvana
globalna sistolna funkcija, o¢uvana dijastolna funkcija
leve komore, bez ispada u segmentnoj kontraktilnosti,
bez promena u perikardu. Elektrokardiografskim zapi-
som registrovan je sinusni ritam, frekvencije 95/min, sa
jednom ventrikularnom ekstrasistolom, bez znacajnih
promena u ST segmentu i T talasu. Dvadeset¢etvoroca-
sovnim pracenjem Holter EKG-om registrovano je uku-
pno 4.339 epizoda ventrikularnih ekstrasistola, poli-
morfnih, iz 5 fokusa, sa 514 epizoda bigeminije, 20 epi-
zoda trigeminije, 30 kupleta i 2 epizode non-sustained
ventrikularne tahikardije. Visoko-senzitivni troponin
T i C-reaktivni protein bili su poviseni: 36 pg/ml (refe-
rentna vrednost: 0 - 14 pg/ml) i 30,9 mg/L (referentna
vrednost: <5mg/L), pojedinacno.

Uzimajudi u obzir postojece tegobe, ehokardiograf-
ski nalaz, nalaz dvadesetcetvorocasovnog pracenja

tissue characterization with T1 i T2 mapping (pre- and
post-contrast sequences), thereby significantly improv-
ing the sensitivity and specificity of this imaging modali-
ty. As of May 2021, at the Laboratory for Cardiac Magnet-
ic Resonance Imaging of the University Hospital Medical
Center BezZanijska kosa, the adenosine stress CMR test
has been in use, as a part of standard clinical procedure,
and this methodological achievement has provided the
highest scientific standard for the CMR Lab. Since the
beginning of the COVID-19 pandemic until now, more
than 316 cardiac magnetic resonance examinations
have been performed in patients with suspected myo-
cardial-pericardial post-COVID-19 syndrome.

At the COVID-19 triage facility of the University Hospi-
tal Medical Center BeZanijska kosa, in the period starting
from June 22, 2020, to the date when this manuscript was
finished (November 7, 2021), a total of 41,126 patients
were examined, diagnosed and placed into the system
for COVID-19 treatment. Cardiac magnetic resonance
imaging was performed in 316 patients suspected of the
syndrome of post-COVID myopericarditis. In 292 patients
(92.4 %), pathological findings indicating the syndrome of
post-COVID myopericarditis were detected. In this paper,
we present a case series of patients with different myocar-
dial inflammation patterns, detected by cardiac magnetic
resonance imaging, and we also present a comprehensive
comparative review of currently most relevant research
data related to the pathophysiological mechanism, com-
plications, treatment and prognosis of patients with myo-
cardial or pericardial inflammation after COVID-19.

CASE SERIES
Case report 1.

A 24-year-old female patient, two months after asymp-
tomatic COVID-19 infection, was feeling fatigue, palpi-
tations and dizziness. The symptoms were pronounced
during physical activity. Echocardiography revealed a pre-
served ejection fraction, without wall motion abnormali-
ties, without signs of pericardial effusion. ECG revealed a
normal sinus rhythm, of a 95/min frequency, with a sin-
gle ventricular extrasystole, without ST and T abnormal-
ities. 24-hour Holter monitoring showed 4,339 episodes
of ventricular extrasystolic beats, polymorphic, from five
focuses, with 514 episodes of bigeminy, 20 episodes of
trigeminy, 30 couplets, and 2 episodes of non-sustained
ventricular tachycardia. High-sensitive troponin T and
C-reactive protein were 36 pg/ml (ref. range: 0 — 14 pg/
ml) and 30.9 mg/L (ref range: <5mg/L), respectively.
Bearing in mind the finding of 24-hour Holter mon-
itoring and the laboratory parameters, the patient was
referred for cardiac magnetic resonance imaging. Cardi-
ac magnetic resonance imaging was performed using
the standardized cardiac imaging protocol. Myocardial
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Holter EKG-om, kao i nalaz laboratorijskih analiza, pa-
cijent je radi dalje dijagnostike upuéen na magnetnu
rezonancu srca. Magnetna rezonanca srca ucinjena je
po standardizovanom protokolu za kardiomagnetnu
rezonancu, na aparatu Siemens Avanto, 1,5 T. Na STIR
sekvencama registrovan je edem miokarda, dok su na
T2 i nativnim T1 miokardnim mapama registrovane
povisene prosecne vrednosti T2 vremena i nativhog T1
vremena u apikalnom septalnom segmentu, u medio-
apikalnim anterolateralnim segmentima, kao i u medi-
obazalnim inferiornim i inferolateralnim segmentima
(Slika 1). Prose¢na vrednost T2 vremena na miokar-
dnim mapama je bila 68 ms, dok je prosecna vrednost
nativhog T1 vremena bila 1.261 ms. Vrednost frakcije
ekstracelularnog volumena bila je 28,1% (referentna
vrednost: 25,3 + 3,5% na 1,5 T). Nakon davanja para-
magnetnog kontrastnog sredstva na bazi gadoliniju-
ma, uoceno je postojanje laminarnog LGE fenomena,
mezomiokardno u anterolateralnim segmentima, kao
i subepikardno, u medijalnom inferiornom segmentu.
Takode je registrovan i fenomen kasnog prebojavanja
perikarda na LGE sekvencama (engl. late pericardal en-
hancement), ispred lateralnog zida, sa efuzijom u peri-
kardu do 7 mm, sto ukazuje na inflamaciju perikarda sa
posledi¢nim perikardnim izlivom (Slika 2). U trenutku
prvog pregleda, globalna sistolna funkcija bila je ocu-
vana. Kontrolnim ehokardiografskim pregledom, na-
kon mesec dana, registrovan je pad u ejekcionoj frakciji
na 40,0% sa perikardnim priraslicama uz lateralni zid.
Ordinirana je terapija prema smernicama Evropskog
udruzenja kardiologa, na koju je doslo do redukcije
simptoma i poboljsanja opsteg stanja, uz indikovano
dalje pracenje od strane kardiologa.

Slika 2. A) Postkontrastna sekvenca (LGE MAG studija, presek po kratkoj osi): Me-
zomiokardni LGE fenomen u bazalnom anterolateralnom segmentu uz fenomen
kasnog prebojavanja perikarda na LGE sekvencama (engl. late pericardial enhan-
cement) uz lateralni zid leve komore; B) Postkontrastna sekvenca (LGE PSIR studi-
ja, presek dve Supljine): Mezomiokardni LGE fenomen u medijalnom anteriornom
segmentu i subepikardni LGE fenomen u medijalnom inferiornom segmentu

Figure 2. A) Post-contrast sequence (LGE MAG study, short axis view): Mesomycardial
LGE phenomenonin the basal anterolateral segment with late pericardial enhancement
phenomenon in front of the lateral wall of the left ventricle; B) Post-contrast sequence
(LGE PSIR study, two- chamber view): Mesomycardial LGE phenomenon in the medial
anterior segment and subepicardial LGE phenomenon in the medial inferior segment

Slika 1. A) T2 mape, presek 4 Supljine: Povisene vrednosti T2 vremena u apikal-
nom septalnom segmentu, kao i u medioapikalnom lateralnom segmentu; B)
Nativne T1 mape, presek po kratkoj osi: povisene vrednosti nativnog T1 vremena
u medijalnom inferolateralnom segmentu

Figure 1. A) T2 myocardial mapping, four-chamber view: Prolonged values of mean
T2 time in the apical septal segment and the medioapical lateral segment; B) Native
T1 myocardial mapping, short axis view: Prolonged mean native T1 time in the medial
inferolateral segment

edema was registered on STIR sequences, while pro-
longed mean T2 time and native T1 time was registered
in the apical septal segment, in the medial apical an-
terolateral segments, as well as in the mid-base inferior
and inferolateral segments (Figure 1). The mean T2 time
on the myocardial mapping sequences was 68 ms, while
the mean native T1 time was 1,061 ms. The extracellular
volume fraction (ECV) was 28.1 (reference range: 25.3 +
3.5% at 1.5 T). After the application of the gadolinium
contrast medium, the LGE phenomenon was observed
in the anterior lateral segments mesomyocardially and
subepicardially, in the medial inferior segment. Late
pericardial enhancement in front of the lateral wall with
effusion up to 7 mm was also noted, indicating pericar-
dial inflammation with consequent pericardial effusion
(Figure 2). The global ejection fraction was preserved at
the moment of the first examination. Follow-up echo-
cardiography, after one month, revealed a decreased
ejection fraction of 40.0% and pericardial accretion in
front of the lateral wall. Optimal medical therapy was
introduced according to the guidelines of the Europe-
an Society of Cardiology, which led to the withdrawal of
symptoms and an improvement in the patient’s overall
condition. It was indicated that the patient needed fur-
ther cardiological follow-up.
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Prikaz slucaja 2

Dvadesetosmogodisnja pacijentkinja hospitalizovana
je zbog KOVID-19 infekcije, sa pretezno gastrointe-
stinalnim simptomima po tipu dijarealnog sindroma,
kao i sa mijalgijom i kasljem, uz odrzavanje febrilnosti
i subfebrilnosti tokom 10 dana od pocetka oboljenja.
Tokom hospitalizacije, po protokolu je 8. dana urade-
na kompjuterizovana tomografija (CT) grudnog kosa,
na kojoj nisu bili prisutni znakovi pneumonije. Na kon-
trolnim radiografijama nije bilo znakova progresije na-
laza. Sest meseci nakon infekcije javile su se tegobe u
vidu palpitacija, osecaja nestabilnosti, nelagodnosti u
grudima, izraZzenog zamora i ubrzanog rada srca (puls
uglavnom preko 120/min), ¢ak i pri fizickoj aktivnosti
manjeg intenziteta. Ehokardiografskim pregledom je
registrovana o¢uvana ejekciona frakcija, bez segmen-
tnih ispada u kontraktilnosti i bez znakova perikardnog
izliva. Elektrokardiografskim zapisom registrovan je
normalan sinusni ritam, frekvencije 77/min, bez zna-
¢ajnih promena u ST segmentu i T talasu. Dvadesetce-
tvorocasovnim pracenjem Holter EKG-om registrovana
je jedna pojedinacna supraventrikularna ekstrasistola.

Imajudi u vidu da su kardiovaskularni simptomi
postali izrazeniji, kako u mirovanju, tako i tokom fizi¢-
ke aktivnosti, paciientkinia ie, radi dalie diiaanostike,

——

Slika 3. A) Prekontrastna STIR T2W sekvenca, presek dve Supljine: Transmuralni
edem miokarda u apikalnom inferiornom segmentu; B) NativnaT1 mapa, presek
dve Supljine: Povisene vrednosti nativnog T1 vremena u apikalnom inferiornom
segmentu (edem miokarda); C) T2 mapa, presek po kratkoj osi: PoviSene vred-
nosti T2 vremena u medijalnom inferoseptalnom segmentu (edem miokarda)

Figure 3. A) Pre-contrast STIR T2W sequence, two-chamber view: Transmural
edema of the myocardium in the apical inferior segment; B) Native T1 myocardial
mapping, two-chamber view: Prolonged mean native T1 time in the apical inferior
segment (myocardial edema); ) T2 myocardial mapping, short axis view: Prolon-
ged mean T2 time in the medial inferoseptal segment (myocardial edema)

Case report 2.

A 28-year-old woman was hospitalized due to COVID-19,
with predominantly gastrointestinal symptoms (diar-
rhea), but also with myalgia and a cough. She had been
febrile or with subfebrile body temperature throughout
the first 10 days of the illness. According to protocol,
during hospitalization (on the 8™ day), computed to-
mography imaging (CT) of the thorax was performed,
without signs of pneumonia. Follow-up radiographies
showed no signs of further progression. Six months
after the infection the patient began feeling palpita-
tions, instability, chest discomfort, excessive fatigue and
her heart rate was usually above 120/min, even during
light physical activity. Echocardiography revealed a pre-
served ejection fraction, without wall motion abnor-
malities and without signs of pericardial effusion. ECG
revealed normal sinus rhythm, of a 77/min frequency,
without ST and T abnormalities. 24-hour Holter monitor-
ing revealed a single supraventricular extrasystolic beat.

Bearing in mind the fact that the cardiovascular
symptoms had become more pronounced, both at rest
and during physical activity, the patient was referred
for cardiac magnetic resonance imaging, for further
diagnostics. Cardiac magnetic resonance imaging was
performed using the standardized cardiac imaging
protocol on the Siemens Avanto, 1.5 T machine. On
STIR sequences, a small zone of transmural myocardial
edema in the apical inferior segment was registered,
as well as zones of prolonged T2 time and native T1
time on myocardial mapping sequences, in the apical
inferior segment, the medial septal segment and the
medial lateral segment (Figure 3). The mean T2 time on
myocardial mapping sequences was 72 ms, while the
mean native T1 time was 1.348 ms. Extracellular volume
fraction (ECV) was within the reference range. After the
application of the gadolinium contrast medium, the
transmural LGE phenomenon was observed in the medial

Slika 4. Postkontrastna sekvenca (LGE PSIR studija), presek po kratkoj osi: Trans-
muralni LGE fenomen u medijalnom inferoseptalnom i medijalnom inferolateral-
nom segmentu, subepikardni LGE fenomen u medijalnom inferiornom segmentu

Figure 4. Post-contrast sequence (LGE PSIR study), short axis view: Transmural
LGE phenomenon in the medial inferoseptal segment and the medial inferola-
teral segment, subepicardial LGE phenomenon in the medial inferior segment
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Slika 5. A) Postkontrastna sekvenca (LGE PSIR studija), presek Cetiri Supljine:
Perikardni izliv uz slobodni zid desne komore; B) Nativna T1 mapa, presek Cetiri
Supljine: Perikardni izliv uz slobodni zid desne komore

Figure 5. A) Post-contrast sequence (LGE PSIR study), four-chamber view: Peri-
cardial effusion in front of the right ventricular free wall; B) Native T1 myocardial
mapping, four-chamber view: Pericardial effusion in front of the right ventricu-
lar free wall

upucena na magnetnu rezonancu srca. Magnetna
rezonanaca srca ucinjena je po standardizovanom
protokolu za kardiomagnetnu rezonancu, na aparatu
Siemens Avanto, 1,5 T. Na STIR sekvencama registrova-
na je manja zona transmuralnog edema miokarda u
apikalnom inferiornom segmentu, dok su na T2 i na-
tivnim T1 miokardnim mapama registrovane povisene
prosecne vrednosti T2 vremena i nativnog T1 vremena
u miokardu, i to u apikalnom inferiornom segmentu,
medijalnom inferoseptalnom segmentu i medijalnom
inferolateralnom segmentu (Slika 3). Prose¢na vred-
nost T2 vremena na miokardnim mapama je bila 72
ms, dok je prosec¢na vrednost nativnog T1 vremena bila
1.348 ms. Vrednost frakcije ekstracelularnog volumena
bila je u referentnim vrednostima. Nakon primene pa-
ramagnetnog kontrastnog sredstva na bazi gadoliniju-
ma, registrovan je transmuralni LGE fenomen (engl. late
gadolinuim enhancement) u medijalnom inferoseptal-
nom i inferolateralnom segmentu, kao i subepikardni
LGE fenomen u medijalnom inferiornom segmentu
(Slika 4). Perikard je bio sa izlivom, maksimalne deblji-
ne 7 mm, uz slobodan zid desne komore (Slika 5).

Prikaz slucaja 3

Sezdesetdvogodidnji muskarac, mesec dana nakon
prelezane KOVID-19 infekcije, osecao je palpitacije i
nelagodnost u grudima, bez dispneje, bolova u grudi-
ma, gubitka svesti ili otoka nogu. Ehokardiografskim
pregledom registrovana je uvecana leva komora, glo-
balno hipokontraktilna, sa pocetno snizenom ejekci-
onom frakcijom (EF 45-50%), kao i sitnozrnasto izme-
njen interventrikularni septum i uvecana leva pretko-
mora. Elektrokardiografskim zapisom registrovan je
normalni sinusni ritam, frekvencije 67/min, kao i AV
blok | stepena, bez znacajnih promena u ST segmentu
i T talasu. Dvadesetcetvorocasovnim pracenjem Holter
EKG-om registrovane su 294 epizode ventrikularnih

inferosepetal and inferolateral segments, as well as the
subepicardial LGE phenomenon in the medial inferior
segment (Figure 4). The pericardium was with effusion,
and its maximum thickness was 7 mm (Figure 5).

Case report 3.

One month after COVID-19, a 62-year-old man was
feeling palpitations and chest discomfort, without dys-
pnea, chest pain, loss of consciousness or swelling of
the legs. Echocardiography revealed an enlarged left
ventricle, globally hypocontractile, with an initially de-
creased ejection fraction (EF 45-50%), an interventric-
ular septum with fibrous fine-grained changes, and an
enlarged left atrium. ECG revealed normal sinus rhythm
(frequency of 67/min), as well as AV block grade |, with-
out ST and T abnormalities. 24-hour Holter monitoring
showed 294 episodes of ventricular extrasystolic beats,
single, from two focuses, with 3 couplets of mono-
morphic ventricular extrasystolic beats, two episodes
of ventricular tachycardia (monomorphic ventricular
extrasystolic beats with a salvo of 15, in the first one)
during night sleep, and two episodes of non-sustained
ventricular tachycardia (a salvo of 11 ventricular extra-
systolic beats, in the second one).

Bearing in mind the echocardiography finding and
the 24-hour Holter monitoring results, as well as labo-
ratory parameters, the patient was referred for cardiac
magnetic resonance imaging. Cardiac magnetic reso-
nance (CMR) imaging was performed using the stan-
dardized cardiac imaging protocol, on the Siemens
Avanto, 1.5 T machine. CMR showed a dilated left ven-
tricle, globally hypocontractile, more pronounced in
the basal and medial lateral segments, where the walls
were thinned. It also revealed reduced ejection fraction
(EF 44.97%), as well as increased left ventricular end-di-
astolic (EDVI 145.9 ml/m?) and end-systolic (80.3 ml/m?)
volumes. Myocardial edema was not registered on
STIR sequences. Myocardial mapping showed diffuse-
ly inhomogeneous signal intensity in the myocardium,
more pronounced in the basal and medial anterior and
inferior segments (Figure 6). The mean T2 time on myo-
cardial mapping sequences was 57 ms, while the mean
native T1 time was 1,290 ms. The extracellular volume
fraction (ECV) was 26.8%. Rest perfusion study showed
a perfusion defect in the subendocardial zone of the lat-
eral wall (Figure 7). After application of the gadolinium
contrast medium, the mesomyocardial LGE phenome-
non was observed in the basal anterior, anteroseptal,
and inferoseptal segments, covering 2.0% of the left
ventricular myocardial mass. This type of distribution of
the LGE phenomenon indicates myocarditis. The sub-
endocardial LGE phenomenon was also registered in all
lateral and inferolateral segments, covering 8,0% of the
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ekstrasistola, pojedinacnih, iz dva fokusa, sa 3 kupleta
monomorfnih ventrikularnih ekstrasistola, 2 epizode
non-sustained ventrikularne tahikardije (sa 11115 ven-
trikularnih ekstrasistola u nizu).

Imajuci u vidu postoje¢u simptomatologiju, nalaz
ehokardiografskog pregleda i dvadesetetvoroca-
sovnog pracenja Holter EKG-om, pacijent je upucen
na magnetnu rezonancu srca, radi dalje dijagnostike.
Magnetna rezonanaca srca ucinjena je po standar-
dizovanom protokolu za kardiomagnetnu rezonan-
cu, na aparatu Siemens Avanto, 1,5 T. Pregledom srca
magnetnom rezonancom, registrovana je dilatirana
leva komora, globalno hipokontraktilna, izrazenije u
bazalnim i medijalnim lateralnim segmentima, koji su
bili istanjenog zida. Takode je registrovana i snizena
ejekciona frakcija (EF 44,97%), kao i poviseni end-di-
jastolni (EDVI 145,9 ml/m?) i end-sistolni (ESVI 80,3 ml/
m?) volumen leve komore. Na STIR sekvencama nije
registrovan edem miokarda. Na T2 i nativnim T1 mio-
kardnim mapama registrovan je difuzno nehomogen
intenzitet signala miokarda, izrazenije u bazalnim i
medijalnim anteriornim i inferoseptalnim segmentima
(Slika 6). Prose¢na vrednost T2 vremena na miokar-
dnim mapama je iznosila 57 ms, a prose¢na vrednost
nativhog T1 vremena je bila 1.290 ms. Vrednost frak-
cije ekstracelularnog volumena bila je 26,8 %. Studija
perfuzije miokarda u miru pokazala je defekt u perfuziji
subendokardnih slojeva svih lateralnih i inferolateral-
nih segmenata leve komore (Slika 7). Nakon primene
paramagnetnog kontrastnog sredstva na bazi gadoli-
nijuma, uocen je mezomiokardni LGE fenomen u bazal-
nom anteriornom, anteroseptalnom i inferoseptalnom
segmentu, koji zahvata oko 2,0% ukupne mase mio-
karda leve komore. Ovaj tip distribucije LGE fenomena
je indikativan za miokarditis. Takode je registrovan i
subendokardni LGE fenomen, u svim lateralnim i infe-
rolateralnim segmentima, koji zahvata oko 8,0% uku-
pne mase miokarda leve komore i po svojoj distribu-
ciji odgovara vaskularnoj etiologiji (Slika 8). U zonama
u kojima se uocavao subendokardni LGE fenomen na
postkontrastnim T1 miokardnim mapama, uocene se
snizene vrednosti postkontrastnog T1 vremena, $to je
govorilo u prilog ireverzibilne hroni¢ne ishemije i uka-
zivalo na postojanje fibroze miokarda (Slika 9). Videne
su i perikardne adhezije uz lateralni zid leve komore.

Uzimajudi u obzir nalaz magnetne rezonance srca,
koji je pored miokarditisa ukazivao i na koronarnu bo-
lest srca, pacijent je upuéen na koronarografiju. Koro-
narografijom je opisana trosudovna koronarna bolest
sa okludiranom cirkumfleksnom arterijom i prvom
optuznom marginalnom granom, grani¢na stenoza
na levoj prednjoj descendentnoj arteriji, kao i angio-
grafski znacajna stenoza na desnoj koronarnoj arteriji.

Slika 6. T2 i nativne T1 sekvence, presek po kratkoj osi: Nehomogene vrednosti
T2 i nativnog T1 vremena u bazalnim i medijalnim anteriornim i inferoseptalnim
segmentima (zone oznacene strelicama)

Figure 6. T2 and native T1 myocardial mapping sequences: Inhomogenous
mean T2 and native T1 myocardial mapping values in the basal and medial ante-
rior and inferoseptal segments (zones marked with arrows)

left ventricular myocardial mass, which, according to its
distribution, corresponds with vascular etiology (Figure
8). In the segments with registered subendocardial LGE
phenomenon, post-contrast T1 myocardial mapping
revealed zones of low mean post-contrast T1 time, in-
dicating irreversible chronic ischemia and myocardial
fibrosis (Figure 9). The pericardium has adhesions along
the lateral wall of the left ventricle.

In view of the CMR finding which, in addition to
myocarditis, also indicated coronary artery disease, the
patient was referred for coronary angiography. Coro-
nary angiography showed three-vessel disease with
an occluded circumflex artery, an occluded first obtuse
marginal branch, and intermediate stenosis of the left
anterior descending artery (LAD), as well as significant

Slika 7. Postkontrastna sekvenca (perfuzija u miru), presek po kratkoj osi (ba-
zalni, medijalni i apikalni presek): Subendokardni defekt u perfuziji u svim seg-
mentima lateralnog zida

Figure 7. Post-contrast sequence (rest perfusion), short axis stack (basal, me-
dial and apical view): Subendocardial defect in the perfusion of all lateral wall
segments
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Slika 8. A) Postkontrastna sekvenca (LGE MAG studija), presek po kratkoj osi: Su-
bendokardni LGE fenomen u medijalnom anterolateralnom i inferolateralnom
segmentu (vaskularna distribucija); B) Postkontrastna sekvenca (LGE MAG studi-
ja), presek po kratkoj osi: Subendokardni LGE fenomen u apikalnom lateralnom
segmentu (vaskularna distribucija); C) Postkontrastna sekvenca (LGE MAG studi-
ja), presek po kratkoj osi: Mezomiokardni LGE fenomen u bazalnom inferosep-
talnom segmentu (nevaskularna distribucija — miokarditis); D) Postkontrastna
sekvenca (LGE MAG studija), presek po kratkoj osi: Mezomiokardni LGE fenomen
u bazalnom anteriornom, anteroseptalnom i inferoseptalnom segmentu (neva-
skularna distribucija — miokarditis)

Figure 8. A) Post-contrast sequence (LGE MAG study), short axis view: Subendo-
cardial LGE phenomenon in the medial anterolateral and inferolateral segments
(vascular distribution); B) Post-contrast sequence (LGE MAG study), short axis
view: Subendocardial LGE phenomenon in the apical lateral segment (vascular
distribution); C) Post-contrast sequence (LGE MAG study), short axis view: Me-
somyocardial LGE phenomenon in the basal inferoseptal segment (non-vascular
distribution — myocarditis); D) Post-contrast sequence (LGE MAG study), short
axis view: Mesomyocardial LGE phenomenon in the basal anterior, anteroseptal
and inferoseptal segments (non-vascular distribution — myocarditis)

Pacijent je prikazan kardiohirurskom konzilijumu, koji
je indikovao invazivnu procenu hemodinamske zna-
Cajnosti lezije na levoj prednjoj descendentnoj arteriji
(engl. left anterior descending artery — LAD), te potom
odluku o daljem le¢enju. S obzirom da je nakon uci-
njene invazivne hemodinamske procene znacajnosti
pokazano da grani¢na stenoza na LAD nije od hemo-
dinamskog znacaja, ucinjena je perkutana koronarna
intervencija desne koronarne arterije, te nastavak
optimalne medikamentne terapije uz maksimalnu
korekciju aterosklerotskih faktora rizika. Ovaj slucaj
pokazuje da kod istog pacijenta mozemo imati dve
etioloski razli¢ite promene na sréanom misi¢u — i ko-
ronarnu bolest i fokalnu zapaljensku leziju po tipu mi-
okarditisa.

Slika 9. A) Postkontrastna T1 mapa, presek po kratkoj osi: Subendokardna zona sa
snizenim vrednostima T1 vremena u bazalnom anterolateralnom i inferolateralnom
segmentu; B) Postkontrastna T1 mapa, presek po kratkoj osi: Subendokardna zona
sa snizenim vrednostima T1 vremena u medijalnom anterolateralnom i inferolate-
ralnom segmentu; C) Postkontrastna T1 mapa, presek po kratkoj osi: Subendokard-
na zona sa snizenim vrednostima T1 vremena u apikalnom lateralnom segmentu

Figure 9. A) Post-contrast T1 myocardial mapping, short axis view: Subendocar-
dial zone with decreased mean post-contrast T1 time in the basal anterolateral
and inferolateral segments; B) Post-contrast T1 myocardial mapping, short axis
view: Subendocardial zone with decreased values of mean post-contrast T1 time
in the medial anterolateral and inferolateral segments; C) Post-contrast T1 myo-
cardial mapping, short axis view: Subendocardial zone with decreased values of
mean post-contrast T1 time in the apical lateral segment

stenosis of the right coronary artery. The patient was
presented to the Heart Team which decided to estimate
the hemodynamic significance of LAD stenosis and then
make a decision on further treatment. It was estimated
that the stenosis of the left anterior descending artery
was not hemodynamically significant, so percutaneous
coronary intervention (PCl) of the right coronary artery
was performed, and the patient was left on optimal
medical therapy and advised to reduce cardiovascular
risk factors as much as possible. This case shows that,
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OSTECENJE MIOKARDA | MIOKARDNA
INFLAMACIJA KOD PACIJENATA SA/POSLE
KOVID-19 INFEKCUJE

Patofizioloski supstrat

Tokom akutne faze KOVID-19 infekcije, razli¢iti me-
hanizmi mogu biti odgovorni za ostecenje miokarda.
Hipoksija i mikrotromboza, koje su izrazenije kod pa-
cijenata sa teSkim oblikom bolesti, mogu uticati na
miokard i izazvati oste¢enje miokarda [7]. Direktan ci-
topatogeni efekat virusa moze dovesti do nekroze kar-
diomiocita i potencijalne inflamacije miokarda. Manja
studija italijanskih istraZivaca potvrdila je prisustvo ge-
noma virusa i proteina u uzorcima sr¢anog misi¢a kod
pacijenata sa KOVID-19 infekcijom [8]. Odredeni skoro-
vi predikcije mogu biti korisni u stratifikaciji pacijenata
sa povisenim rizikom od razvoja teskih formi bolesti
[9]. Razli¢iti laboratorijski parametri, ukljucujudi i cito-
kine, oznaceni su kao vazni prediktori teZine infekcije
i mortaliteta i odgovorni su za hiperinflamatorni sin-
drom i posledi¢no pogorsanje funkcije razli¢itih sistem
organa [10]. Citokini takode mogu izazvati indirektno
ostecenje miokarda. Pokazalo se da odredena grupa
pacijenata moZze imati povisene vrednosti citokina ne-
deljama nakon akutne infekcije, sto je moguce objas-
njenje produZenog ili kasnog ostec¢enja miokarda [11].
Pokazano je da poviseni nivoi citokina i markera ne-
kroze miokarda kod pacijenata sa KOVID-19 infekcijom
mogu biti povezani sa snizenom ejekcionom frakcijom,
$to moze biti veoma znacajno u daljoj prognozi ovih
pacijenata [12]. Autonomna disfunkcija nakon akutne
infekcije moze dovesti do posturalne ortostatske ta-
hikardije i sinusne tahikardije, sto je uobicajeni nalaz
dvadesetéetvorocasovnog pracenja Holter EKG-om
kod pacijenata nakon KOVID-19 infekcije [13]. Medu-
tim, fokalni miokarditis moze biti fokus vrlo ozbiljnih,
zivotno ugrozavajucih aritmija kod osoba sa post-KO-
VID mioperikarditisnim sindromom. Kardiomagnetna
rezonanca je zlatni standard za dijagnozu ovih pato-
loskih promena.

Simptomi i znaci

Postakutni KOVID-19 sindrom podrazumeva perzistira-
juce simptome, kao i odlozZene ili dugotrajne komplika-
cije infekcije SARS-KoV-2 virusom, koje se odrZavaju i
nakon 4 nedelje od pojave prvih simptoma [14]. Stariji
ljudiiljudi sa komorbiditetima imaju veci rizik za nasta-
nak post-KOVID sindroma. Medu brojnim simptomima
koji se javljaju, kao najcesci su se pokazali umor, ote-
zano disanje, bol u grudima i lupanje srca. Ovi simp-
tomi takode mogu ukazivati i na pogorsanje primarne
bolesti pacijenta, naj¢es¢e kardiovaskularne ili respira-
torne. lako su ovi simptomi obi¢no blagi, oni znacaj-

in the same patient, two etiologically different patholo-
gies of the cardiac muscle can exist — both coronary dis-
ease and a focal inflammation lesion, i.e., myocarditis.

MYOCARDIAL DAMAGE AND MYOCARDIAL
INFLAMMATION IN PATIENTS WITH/AFTER
COVID-19 INFECTION

Pathophysiological substrate

In the setting of acute COVID-19 infection, different
mechanisms may be responsible for myocardial dam-
age. Hypoxia and microthrombosis, pronounced in
patients with the severe form of the disease, may af-
fect the myocardium and cause myocardial injury [7].
Direct viral involvement with its cytopathic effect leads
to the necrosis of cardiomyocytes and potentially to
myocardial inflammation. A small study carried out by
Italian researchers confirmed the presence of the viral
genome and proteins in cardiac samples of COVID-19
patients [8]. Various predictive scores have been devel-
oped to stratify patients with increased risk of devel-
oping the severe form of the disease [9]. Different lab-
oratory parameters, including cytokines, are marked
as important predictors of infection severity and mor-
tality, and are responsible for hyperinflammatory syn-
drome and subsequently multi-organ failure [10]. Cy-
tokines may also induce indirect myocardial damage.
It has been shown that a certain group of patients may
have elevated cytokine levels weeks after the acute in-
fection, providing a possible explanation of prolonged
or late myocardial damage [11]. It has been demon-
strated that elevated levels of cytokines and cardiac
markers in patients with COVID-19 may be linked to
reduced ejection fraction, which can be highly signif-
icant for the further prognosis of these patients [12].
Autonomic dysfunction after acute infection can result
in postural orthostatic tachycardia and subsequently
sinus tachycardia, which is a common finding of 24-
hour ECG monitoring in patients, after COVID-19 infec-
tion [13]. However, focal myocarditis may be the focus
of very serious, life-threatening arrythmias in patients
with post-COVID myopericarditis syndrome. Cardiac
magnetic resonance imaging is the golden standard
for diagnosing these pathologies.

Symptoms and signs

Post-acute COVID-19 is defined as persistent symptoms
and delayed or long-term complications of SARS-CoV-2
infection beyond 4 weeks from the onset of symptoms
[14]. Older people and people with comorbidities are
the most likely to experience prolonged COVID-19
symptoms. Among many symptoms, it has been
shown that fatigue, shortness of breath, chest pain, and
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no uti¢u na kvalitet Zivota pacijenata, povecavajudi
potrebu za odgovarajuc¢im dijagnostickim pristupom i
daljim lec¢enjem, 3to dovodi do pritiska na zdravstvene
ustanove i rasta materijalnih troskova [15]. Velika op-
servaciona studija u Sjedinjenim Americkim Drzavama
pokazala je da je 32,6% pacijenata imalo perzistirajuce
simptome dva meseca nakon infekcije, od kojih su naj-
cesci dispneja, kasalj i gubitak mirisa ili ukusa [16]. Ka-
hvajo-Snajder i saradnici utvrdili su da se skoro jedna
tre¢ina pacijenata osecala losije u periodu nakon pre-
lezane infekcije u odnosu na akutnu fazu bolesti [17].

Dijagnoza

Klinicka evaluacija pacijenata, kao i primena razli¢itih
dijagnosti¢kih metoda snimanja, uglavnom se prime-
njuje kod pacijenata sa perzistentnim kardiovaskular-
nim simptomima nakon KOVID-19 infekcije. Elektrokar-
diografski zapis i ehokardiografski pregled, kao rutinski
dijagnosti¢ki modaliteti, savetuju se kod svakog paci-
jenta koji ima kardiovaskularne simptome, a zavisno
od slucaja, indikovane su i senzitivnije metode snima-
nja, ukljucujudi i magnetnu rezonancu srca. Inflamacija
miokarda nakon KOVID-19 infekcije je najcesce fokalna
i Cesto se ne moze detektovati rutinskim ehokardio-
grafskim pregledom, pri ¢emu je i ejekciona frakcija
najc¢esce ocuvana ili lako snizena, dok nalaz dvadeset-
Cetvorocasovnog pracenja Holter EKG-om uglavnom
registruje sinusnu tahikardiju, bez znacajnih poreme-
¢aja ritma [18]. Maligne ventrikularne aritmije mogu se
videti u teskim oblicima inflamacije miokarda, i pove-
zane su sa snizenom ejekcionom frakcijom, sto obi¢no
zahteva hospitalizaciju radi dalje dijagnostike i lecenja
ovih pacijenata [19].

Lecenje i prognoza

Terapija ordinirana za prethodno dijagnostikovana kar-
diovaskularna oboljenja ne bi trebalo da se obustavlja
tokom akutne faze KOVID-19 infekcije ili nakon toga,
jer bi prestanak adekvatne terapije mogao da dovede
do pogorsanja postoje¢eg kardiovaskularnog statu-
sa [20]. Niske doze beta blokatora mogu biti vazne u
regulaciji sr¢ane frekvencije i smanjenju adrenergicke
aktivnosti kod pacijenata sa tahikardijom [21]. Terapi-
ja vitaminskim suplementima i oligomineralima moze
da dovede do jacanja imunskih mehanizama i da time
obezbedi odgovaraju¢u odbranu od direktnog ili indi-
rektnog Stetnog delovanja virusa. Ukupan dugorocni
uticaj i posledice KOVID-19 infekcije na kardiovaskular-
ni sistem tek treba da se utvrde.

Oporavak

Oporavak nakon KOVID-19 infekcije je izuzetno vazan,
posebno kod fizicki aktivnih pojedinacaili profesionalnih

palpitations are the most common. These symptoms
may also indicate the exacerbation of the patient’s pri-
mary disease, most likely cardiovascular or respiratory.
Although these symptoms are usually mild, they signifi-
cantly affect the patient’s quality of life, increasing the
need for proper diagnosis and treatment [15]. A large
observational study in the United States of America re-
ported that 32.6% patients had persistent symptoms
two months after the infection, with dyspnea, cough
and loss of smell or taste as the most common ones [16].
Carvalho-Schneider et al. reported that almost one-third
of patients were feeling worse in the post-COVID period
than at the onset of acute COVID-19 infection [17].

Diagnosis

Clinical and imaging evaluation of patients after
COVID-19 should be considered primarily for patients
with persistent cardiovascular symptoms. ECG and
echocardiogram, as routine modalities, should be per-
formed in every patient reporting cardiovascular symp-
toms, followed by more advanced cardiovascular imag-
ing modalities, including cardiac magnetic resonance,
on a case-to-case basis. Myocardial inflammation after
COVID-19 is usually focal and often undetectable by
routine echocardiography, with preserved or mildly
reduced ejection fraction, while the finding of 24-hour
ECG monitoring generally reveals sinus tachycardia,
without significant cardiac rhythm abnormalities [18].
Malignant ventricular arrhythmias may be seen in se-
vere forms of myocardial inflammation and are linked
with the decrease in ejection fraction, which usually re-
quires hospitalization for further diagnostics and treat-
ment [19].

Treatment and prognosis

The regular cardiovascular treatment regimen should
not be suspended during the acute phase of COVID-19
or after the infection has passed, as discontinuation of
the guideline therapy may exacerbate existing cardio-
vascular conditions [20]. Low-dose beta blockers may
be important in heart rate management and in reduc-
ing adrenergic activity in patients with tachycardia [21].
Therapy with vitamin and oligomineral supplements
can boost immune mechanisms and provide a prop-
er defense against direct or indirect viral involvement.
The overall long-term impact of cardiac involvement in
COVID-19 is yet to be established.

Recovery

Recovery after COVID-19 is extremely important, es-
pecially in physically active individuals or professional
athletes. In individuals with signs of direct or indirect
viral cardiac involvement, following the return-to-play
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sportista. Kod osoba sa znacima direktnog ili indirek-
tnog ostecenja srca uzrokovanog virusom, preporucuje
se postovanje protokola postepenog povratka fizickoj
aktivnosti [22]. U slucaju mladih profesionalnih sportista
sa prethodnom KOVID-19 infekcijom, vazno je da takve
osobe imaju najmanje dve nedelje odmora od pojave
prvih simptoma, uklju¢uju¢i najmanje sedam dana od
povlalenja svih simptoma, ili prestanka uzimanja tera-
pije u okviru KOVID-19 terapijskog protokola. Kod spor-
tista sa teSkim oblikom KOVID-19 infekcije i potvrdenom
miokardnom povredom ili inflamacijom miokarda, pre-
porucuje se pauza od najmanje 3 - 6 meseci do potpu-
nog povlac¢enja znakova i simptoma upale miokarda, uz
dalje pracenje klini¢kog statusa [23]. Postepeni povratak
u trenazni proces, uz pazljivo pracenje simptoma (bol u
grudima, umor, lupanje srca, vrtoglavice ili nesvestice),
klini¢ki pregled, kao i dalja dijagnostika, ukoliko je to po-
trebno, spreci¢e moguce komplikacije opasne po zivot.

MAGNETNA REZONANCA SRCA KAO ZLATNI
STANDARD ZA NEINVAZIVNU DIJAGNOSTIKU
PACIJENATA SA INFLAMACIJOM MIOKARDA
NAKON KOVID-19 INFEKCLJE

Uloga magnetne rezonance srca kod pacijenata sa kar-
diovaskularnim simptomima nakon KOVID-19 infek-
cije je od velikog znacaja. Vecina ovih pacijenata ima
ocuvanu globalnu sistolnu funkciju, blage ili umerene
simptome, kao i uglavhom normalan nalaz labora-
torijskih analiza, pa ne postoji opravdana potreba za
miokardnom biopsijom u cilju potvrde eventualnog
postojanja inflamacije miokarda. Kada je u pitanju op-
timalno vreme za kardiomagnetnu rezonancu, najbo-
lje je da se ona sprovede $to je ranije moguce nakon
pojave simptoma, s obzirom da ehokardiografski pre-
gled uglavnom nije dovoljan za utvrdivanje akutnog
miokarditisa ili perikarditisa [24].

Dijagnoza tipi¢nog miokarditisa se oslanja na La-
ke-Louise kriterijume i detekciju edema miokarda, ne-
kroze i oziljka miokarda [25]. Pored LGE fenomena, koji
moze ukazivati na nekrozu ili fibrozu miokarda, novije
sekvence magnetne rezonance srca, pre svega miokar-
dne mape (engl. myocardial mapping), mogu pruziti
Siru sliku oStecenja miokarda, stepena zahvacenosti
miokarda ostec¢enjem, kao i njegovog moguceg utica-
ja na funkciju leve komore. Dopunjeni Lake-Louise kri-
terijumi sada obuhvataju i vrednosti miokardnih mapa
(vrednosti T2 i nativnog T1 vremena, frakcija ekstra-
celularnog volumena) kao standardne kriterijume za
potvrdu prisustva edema miokarda i fibroze [26]. Prisu-
stvo edema miokarda nakon KOVID-19 infekcije moze
se otkriti putem miokardnih mapa kod velikog broja
pacijenata sa kardiovaskularnim simptomima, ¢ak i bez
prisustva LGE fenomena. lako su ovi nalazi ¢es¢i kod

protocols is recommended [22]. In young professional
athletes with prior COVID-19 infection, it is important
to have at least two weeks rest after symptom onset,
including a minimum of seven days after the resolu-
tion of all symptoms, or after the cessation of therapy
prescribed within the COVID-19 treatment protocol.
In athletes with the severe form of COVID-19 and con-
firmed myocardial involvement, or myocardial inflam-
mation, it is recommended to cease sports activities
for at least 3 — 6 months until the complete resolution
of symptoms and signs of acute myocardial inflam-
mation, with recommended further clinical follow-up
[23]. Gradual return to play, with close monitoring of
symptoms (chest pain, fatigue, palpitations, dizziness
or fainting), physical examination, and further diagno-
stics, if necessary, will prevent possible life-threatening
complications.

CARDIAC MAGNETIC RESONANCE IMAGING AS
THE GOLDEN STANDARD FOR NON-INVASIVE
DIAGNOSTICS OF PATIENTS WITH MYOCARDI-
AL INFLAMMATION AFTER COVID-19

The role of cardiac magnetic resonance imaging in pa-
tients with cardiovascular symptoms after COVID-19 is
of great importance. Most of these patients have a pre-
served global systolic function, with mild or moderate
symptoms, as well as a predominantly normal finding
of laboratory results, which is why there is no justifiable
reason for performing myocardial biopsy with the aim of
potentially confirming the diagnosis of myocarditis. The
optimal time to perform CMR would be as early as possi-
ble after the onset of symptoms, as echocardiography is
usually inconclusive, while the patient may indeed have
acute myocardial of pericardial involvement [24].

The diagnosis of typical myocarditis relies on the
Lake-Louise criteria and the detection of myocardi-
al edema, necrosis, and myocardial scarring [25]. In
addition to the left gadolinium enhancement phe-
nomenon, which can indicate myocardial necrosis or
fibrosis, novel cardiac magnetic resonance methods,
primarily myocardial mapping, can provide a wider
image of myocardial damage, its extent, and its pos-
sible effect on left ventricular function. The updated
Lake-Louise criteria now includes implemented myo-
cardial mapping values (T2, native T1 mapping and
ECV) as standard criteria for confirming the presence
of myocardial edema and fibrosis [26]. The presence
of myocardial edema in patients after COVID-19 is de-
tectable via myocardial mapping in a large portion of
patients with cardiovascular symptoms, even without
detected late gadolinium enhancement. Although
these findings are more common in younger, previ-
ously healthy individuals, the presence of myocardial
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mladih, ranije zdravih osoba, postojanje oste¢enja mi-
okarda ovog tipa moze uticati na osobe sa pridruzenim
prethodnim kardiovaskularnim oboljenjima i dovesti
do njihovog posledi¢nog pogorsanja.

Puntman i saradnici su, u svom radu, registrovali zna-
kove oStecenja miokarda na magnetnoj rezonanci srca
kod 78,0% i akutnu inflamaciju miokarda kod 60,0% paci-
jenata sa blagim do umerenim simptomima koji su imali
povisene vrednosti visoko osetljivog troponina tokom
akutne infekcije ili nakon KOVID-19 infekcije [27]. Najces-
e su bili zahvaéeni interventrikularni septum, bazalni i
medijalni segmenti anteriornog i anterolateralnog zida,
kao i inferiornog i inferolateralnog zida, gde su uoceni
mezomiokardni i subepikardni edem ili LGE fenomen.
Takode je vazno napomenuti da su, kod drugih tipova
virusnih miokarditisa, uglavhom zahvaceni inferiorni i
inferolateralni segmenti leve komore. Edem miokarda je
takode uocen i na miokardnim mapama. Znacajnim su se
smatrale vrednosti globalnog nativhog T1 vremena koje
su iznosile vise od 1.136 ms, kao i vrednosti T2 vremena
koje su bile iznad 40 ms [27]. Pacijenti sa registrovanim
LGE fenomenom imali su znacajno snizen globalni cirku-
mferentni strain leve komore, kao i globalni cirkumferen-
tni i longitudinalni strain desne komore [28].

Vazno je napomenuti da pacijenti sa post-KOVID
simptomima, kod kojih je indikovana magnetna rezo-
nanca srca, mogu imati i prethodno neotkrivena kardi-
oloska oboljenja, ukljucujudi strukturne bolesti srca, kar-
diomiopatije iliishemiju miokarda. Zbog toga je izuzetno
vazno ne samo tragati za ostecenjem miokarda, u smislu
miokarditisa, vec i stedi Siru sliku pacijentovog klinickog
stanja, te tragati i za drugim kardioloskim oboljenjima,
koja mogu biti uzrok simptoma kod ovih pacijenata.

Zahvacenost perikarda je znacajan aspekt kod pa-
cijenata sa kardiovaskularnim simptomima nakon KO-
VID-19 infekcije. Brito i saradnici su otkrili da je medu
160 sportista sa blagim do umerenim simptomima
KOVID-19 infekcije, 39,5% pacijenata imalo samo za-
hvacenost perikarda, i to uz lateralni zid leve komo-
re u vedini slucajeva, dok je kod 22,0% bio zahvacen
i miokard i perikard [29]. Globalna sistolna funkcija
leve komore je bila o¢uvana kod svih ucesnika, bez
statisticki znacajne razlike u poredenju sa zdravim is-
pitanicima iz kontrolne grupe. Zahvacenost perikarda
kod ovih pacijenata se uglavhom manifestovala u vidu
rezidualnih dzepova perikardnog izliva ili kao pojaca-
nje intenziteta signala perikarda na postkontrastnim
(LGE) sekvencama (engl. late pericardial echancement).
Prema nalazima magnetne rezonance srca, vecina ovih
pacijenata je klasifikovana pod subakutnuiili rekovales-
centnu fazu, jer vecina njih nije imala znakove tipi¢ne
akutne inflamacije perikarda. Ovo je vazno naglasiti,
jer se akutna faza verovatno javljala ranije u klinickom

damage of this type can affect people with associat-
ed previous cardiovascular diseases and exacerbate
these diseases.

In their study, Puntmann et al. revealed cardiac
involvement on CMR images in 78.0% and ongoing
myocardial inflammation in 60.0% of patients with
mild to moderate symptoms who had had elevated
values of high-sensitivity troponin during the acute
infection or after COVID-19 [27]. The most common-
ly affected segments were the interventricular sep-
tum, the basal and medial segments of the anterior
and anterolateral wall, as well as the inferior and in-
ferolateral wall at the base and mid-chamber, with
mesomyocardial and subepicardial edema or the
LGE phenomenon. It is also important to note that,
in other types of viral myocarditis, the inferior and
inferolateral segments of the left ventricle are usual-
ly affected. Myocardial edema was also detected by
myocardial mapping sequences. The values of global
native T1 above 1,136 ms and T2 values above 40 ms
were considered significant [27]. Patients with detect-
ed late gadolinium enhancement (LGE) phenomenon
had significantly decreased LV peak global circumfer-
ential strain (GCS), RV peak GCS, and RV peak global
longitudinal strain (GLS) [28].

It is significant to note that patients with post-
COVID symptoms indicated for cardiac magnetic reso-
nance imaging can have previously undiscovered car-
diac conditions, including structural cardiac diseases,
cardiomyopathy or ischemia. This is why it is extremely
important not only to search for myocardial damage,
in terms of myocarditis, but also to get a wider image
of the patient’s current clinical condition and look for
other cardiological diseases, which may be the cause
of symptoms in these patients.

Pericardial involvement is a significant aspect in pa-
tients with cardiovascular symptoms after COVID-19.
Brito etal.found,among 160 athletes who had had mild
to moderate COVID-19 symptoms, that 39.5% of the
participants had only pericardial involvement, with the
lateral pericardium affected in a majority of the cases,
while 22.0% of patients had both myocardial and peri-
cardial involvement [29]. The global ejection fraction
was preserved in all participants, without a statistically
significant difference, as compared to healthy controls.
Pericardial involvement in these patients was detect-
ed mainly as residual pockets of pericardial effusion or
late pericardial enhancement, revealing an increased
vascularity with pericardial inflammation. According
to the CMR findings, a majority of these patients was
classified under the subacute or convalescing phase,
as most of them had no signs of typical acute pericar-
dial inflammation. This is important to emphasise, as
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toku KOVID-19 infekcije, posebno kod pacijenata sa
kardiovaskularnim simptomima i povisenim markeri-
ma inflamacije i nekroze miokarda.

Procena rizika je od izuzetnog znacaja, s obzirom
da se vedina pacijenata obic¢no javlja lekaru u fazi re-
konvalescencije sa ve¢ razvijenom fibrozom i LGE feno-
menom na kardiomagnetnoj rezonanci. Kvantifikacija
LGE fenomena je znacajna za procenu rizika od poten-
cijalnih zivotno ugrozavajucih aritmija i naprasne srca-
ne smrti, imajuci u vidu cinjenicu da je LGE fenomen
vise povezan sa rizikom od naprasne sr¢ane smrti nego
ejekciona frakcija leve komore [30].

ZAKLJUCAK

Inflamacija miokarda nakon KOVID-19 infekcije je rea-
lan klini¢ki scenario koji znac¢ajno moze uticati na kvali-
tet Zivota, dalje leCenje i prognozu. Magnetna rezonan-
ca srca, kao sofisticirana dijagnosti¢cka ne-jonizujuca
metoda snimanja, moze pruziti klju¢ne informacije o
postojanju inflamacije miokarda, stepenu prosirenosti
inflamacije i funkciji leve komore kod pacijenata sa kar-
diovaskularnim simptomima nakon KOVID-19 infekci-
je, te stoga predstavlja zlatni standard za dijagnostiku
post-KOVID mioperikarditisnog sindroma. Buduce stu-
dije na vecem broju pacijenata ¢e definitivno pruziti
vise informacija o dugoro¢nim efektima ovog vaznog
klinickog entiteta.

ZAHVALNICA

Autori zele da odaju priznanje svim zdravstvenim rad-
nicima koji su u prvoj liniji borbe protiv bolesti KO-
VID-19 u Repubilici Srbiji i svetu.

SPISAK SKRACENICA

NMR — nuklearna magnetna rezonanca

KOVID-19 — bolest izazvana koronavirusom 2019 (engl. coronavirus
disease 0f 2019)

EKG - elektrokardiogram

ECV — engl. extracellular volume

EDVI - engl. end-diastolic volume index
EF — ejekciona frakcija

LGE — engql. late gadolinium enhancement

SARS-KoV-2 - ozbiljni akutni respiratorni sindrom korona virus 2 (engl.
severe acute respiratory syndrome coronavirus 2 - SARS-CoV-2)

NSS — naprasna sr¢ana smrt
STIR — engl. short tau inversion recovery

Sukob interesa: Nije prijavljen.

the acute phase probably occurs earlier in the clinical
course of COVID-19, especially in patients with cardio-
vascular symptoms and positive cardiac and inflamma-
tory markers.

Risk assessment is important, as most of the pa-
tients usually present in the convalescent phase, after
fibrosis and the LGE phenomenon had already devel-
oped and are visible on CMR. The quantification of the
LGE phenomenon is significant for estimating the risk
of potential life-threatening arrhythmias and sudden
cardiac death, as the LGE phenomenon has been asso-
ciated with the risk of SCD more than reduced ejection
fraction [30].

CONCLUSION

Myocardial inflammation after COVID-19 is a real clin-
ical scenario that can significantly affect the quality of
life, further treatment, and prognosis. Cardiac magnet-
ic resonance imaging, as a sophisticated, non-radiating
imaging modality, can provide crucial information on
the presence of myocardial inflammation, its extent,
and its possible effect on left ventricular function in
patients with cardiovascular symptoms after COVID-19
infection, which is why it is the golden standard for di-
agnosing post-COVID myopericarditis syndrome. Fur-
ther larger studies will definitely shed more light on
the long-term effects of this important condition.
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