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Casopis Ceské kardiologické spole¢nosti a Ceské spole¢nosti kardiovasku-
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ty kardiologie, angiologie, kardiovaskularni chirurgie, kardiovaskuldrniho
zobrazovani, pediatrické kardiologie, hypertenze, kardiovaskuldrni pre-
vence a nékteré z aspektu intervencni radiologie.
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nické a experimentélni kardiologie. Pocinaje rokem 2012 jsou v Cor et Vasa
publikovény také souhrny (5 000 slov) z doporucenych postupt Evropské kar-
diologické spole¢nosti, pfipravené prednimi ¢eskymi odborniky.
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Cor et Vasa je citovana v databazich EMBASE, Scopus, Bibliographia medica
Cechoslovaca, ESC Search Engine, Emerging Sources Citation Index spole¢-
nosti Thomson and Reuters a Web of Science.
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adresu vedouciho redaktora nebo odpovédné redaktorky.

Z&dny z materidld publikovanych v ¢asopise Cor et Vasa nesmi byt jakkoli
kopirovan nebo rozmnozovan za ucelem dalsiho siteni bez pisemného sou-
hlasu vlastnika autorskych prav. Pofizovat a rozesilat kopie obsahu tohoto
Casopisu nebo jeho ¢asti je opravnéna pouze redakce.
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prispévcich ani za faktickou a jazykovou stranku inzerci.

Adresa pro korespondenci s vedoucim redaktorem casopisu Cor et Vasa
Prof. MUDr. Michael Aschermann, DrSc., FESC, FACC (vedouci redaktor)

II. interni klinika kardiologie a angiologie,

1. Iékarska fakulta Univerzity Karlovy a VSeobecnd fakultni nemocnice,

U Nemocnice 2, 128 08 Praha 2, Ceska republika

E-mail: Aschermann@seznam.cz

Vychazi 6x ro¢né (+ 1 suplementum)

Povoleno Ministerstvem kultury CR E 18519.
ISSN 0010-8650 (print), ISSN 1803-7712 (online)
© 2023, CKS.

000_Uvodni strany.indd 1 @

S PRILOHOU

Kardio

Vydavatel
Ceska kardiologicka spole¢nost, z. s.
Netroufalky 6b, 625 00 Brno

Predseda
Prof. MUDr. Ales Linhart, DrSc., FESC, FCMA

Odpovédna redaktorka

Magr. Klara Prochazkova

Tel.: +420 607 932 545

E-mail: ProchazkovaKlara@email.cz

Inzerce

Bc. Denisa Ebelova

Tel.: +420 725 777 880
E-mail: ebelova@kardio-cz.cz

Distribuce, predplatné

Casopis je dostupny zdarma online viem
¢lenam CKS a CSKVCH na webovych strankach
spolecnosti (prihlaseni cestou osobniho uctu).
Distribuce vydanych cisel bude zajisténa cestou

mailingu véem ¢lentm spolecnosti.

Pro ¢leny CKS je ro¢ni predplatné tisténého casopisu
600 K¢, pro necleny CKS 1 000 K¢, v pfipadé zajmu
kontaktujte prosim pani Bc. Denisu Ebelovou:
ebelova@kardio-cz.cz

Vydavatel neruci za kvalitu a Gc¢innost jakéhokoli
vyrobku nebo sluzby nabizenych v reklamé nebo
jiném materialu komercni povahy.

Pre-press
Studio Franklin Praha

E-mail: franklin@franklin.cz

Tisk
Tiskarna Knopp s.r.o.
Nové Mésto nad Metuji

24/02/2023 11:10:05



000_Uvodni strany.indd 2

e NY: |

Cor et Vasa, the journal of the Czech Society of Cardiology and Czech So-
ciety for Cardiovascular Surgery, publishes 6 times a year and covers all
aspects cardiology, angiology, cardiovascular surgery, cardiovascular im-
aging, pediatric cardiology, hypertension, cardiovascular prevention and
some aspects of interventional radiology.

It features editorial, original articles, review articles, as well as short communi-
cations from clinical and experimental cardiology. Beginning 2012, Cor et Vasa
has also been publishing summaries (5 000 words) of the European Society of
Cardiology guidelines, developed by leading Czech experts in the field.

Its supplement, Cor et Vasa Kardio offers book reviews, abstracts from
elected congresses and conferences, elections and discussions, polemics,
commentaries, information from the Czech Society of Cardiology, Czech
Society of Cardiovascular Surgery and European Society of Cardiology as
well as topical international news items.

Contributions appear in the Czech, Slovak or English language.

The journal publishes in two version with identical contents: online and
printed versions. Fulltext Cor et Vasa is also available at the Czech Society
of Cardiology website.

Cor et Vasa is indexed in the EMBASE, Scopus, Bibliographia medica
Cechoslovaca, ESC Search Engine databases, Emerging Sources Citation In-
dex, the indexing database of Thomson and Reuters, and Web of Science.
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The Publisher cannot be hold responsible for data or opinions presented
by authors in their individual contributions or the factual and linguistic
aspects of advertising material.
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Vyhlaseni soutéze o nejlepsi publikaci v roce 2023

Vazené kolegyné, vazeni kolegové,
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INFORMACE O CLANKU SOUHRN

Historie ¢lanku: Nahla srdecni smrt (SCD) je u jedinct mladsich 40 let velmi ¢asto zpUsobena dédi¢nym kardiovaskularnim
Vlozen do systému: 15. 5. 2022 onemocnénim. Identifikace téchto pripadd, provedeni post mortem genetického vysetieni a kardiologic-
Prijat: 27. 5. 2022 kého screeningového vysetieni pfimych pfibuznych jsou predpokladem k primdrni prevenci srde¢ni zastavy
Dostupny online: 24. 1. 2023 u pozUstalych. Cilem préce je analyza vysledk( takového programu, ktery byl zaveden v Ceské republice.

Soubor a metodika: V obdobi od 2016 do 2021 jsme v ramci grantového projektu resili celkové 133 pri-
padl ndhlého umrti, z nichz bylo podrobné kardiogenetické diagnostice podrobeno 115 Umrti jedincl ve
véku 0-59 let, celkem ze 110 rodin. Mrtvi byli na zékladé pitevni diagnézy rozfazeni do kategorii dle typu
kardiomyopatie (hypertrofickd, dilatacni nebo arytmogenni), kategorie bez nédlezu strukturalniho onemoc-
néni srdce (SADS) nebo bez jasného pitevniho nalezu (SUD/SUDI), pfipadné néhlé umrti novorozence (SIDS)
a akutni disekce velké cévy. Celkem 328 pfibuznych bylo geneticky konzultovano a kardiologicky vysetfeno.
Po informovaném souhlasu nasledovala molekularni analyza metodou sekvenovani nové generace (Sophia
Genetics) celkem u 106 pripadU, kde byl k dispozici vhodny material pro analyzu.

Vysledky: Anamnéza nahlého umrti ¢&i blizky pfibuzny se srde¢nim selhdnim a/nebo komorovou arytmii byla
zaznamenana v 33/115 pfipadd (28,6 %) rodin. Velmi pravdépodobna nebo jistd molekularni pricina one-
mocnéni (klasifikace 4 a 5) byla nalezena u 21/106 (19,8 %) v genech RYR2, KCNH2, KCNQ1, SCN5A, FLNC,
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GLA, TTN, TNNT2, RBM 20, MYBPC3, MYPN, FHL1, TGFBR1 a COL3A1. Zachyt pfic¢innych variant kyseliny
desoxyribonukleové (DNA) byl ve skupiné nahlych amrti s pfedchozi rodinnou anamnézou 16/49 (32,6 %).
Klinickym a genetickym vysetienim bylo identifikovano 86/328 (26,2 %) pfibuznych v riziku.
Zavér: Multidisciplinarni spoluprace spolu s centralizovanou molekularné-genetickou diagnostikou umoz-
nila odhalit jistou molekularni pfi¢inu SCD v 19,8 % pfipadi. Vyznamna ¢ast rodin méla pozitivni rodinnou
anamnézu (28,6 %). Je mozné tedy usoudit, Ze nahlé smrti by bylo mozné zabranit provedenim kaskadového
rodinného screeningu az u jedné tietiny zemrelych.

© 2023, CKS.

ABSTRACT

Sudden cardiac death (SCD) in individuals younger than 40 years has a heritable cause in a significant subset
of cases. Identification of SCD, postmortem genetic analysis along with the cardiological screening in first
degree relatives represents an important tool for the primary prevention of cardiac arrest in victim’s rela-
tives and requires multicentric and multidisciplinary collaboration. Between 2016 and 2021 we dealt with
totally 133 cases of sudden death, the complex cardiogenetic analysis was performed in 115 cases at the age
of 0-59 years with post mortem diagnosis of cardiomyopathy, acute aortic dissection and cases without mor-
phological finding explaining the cause of death (sudden arrhythmic death or sudden unexplained death).
DNA was isolated from post mortem collected tissue samples or relative’s blood and subjected to massively
parallel sequencing (SophiaGenetics, Switzerland). Genetic counselling and cardiological examinations were
carried out in 328 family members. Highly likely or certain molecular aetiology (i.e. based on presence of
ACMG.net classification 4 to 5 variants) was disclosed in 19.8% of analysed cases in RYR2, KCNH2, KCNQT1,
SCN5A, FLNC, GLA, TTN, TNNT2, RBM 20, MYBPC3, MYPN, FHL1, TGFBR1, and COL3A1 genes. With cardio-
genetic screening we identified 83/328 (26.2%) relatives at risk of life threatening arrhythmias, who were
offered individualised care.

Conclusion: Our study with postmortem analysis could reveal a pathogenic DNA variant in 19.8% of cases
and in 32.6% in cases with positive family history. A relevant number of studied victims had a positive family
history, which indicates the importance of family cascade screening in patients with heart failure or malig-
nant arrhythmias of unclear aetiology for primary prevention of sudden cardiac death.

Keywords:

Family cascade screening
Genetic analysis

Inherited cardiovascular diseases
Prevention

Sudden cardiac death

Uvod

N&ahla smrt (sudden death, SD) je definovana jako neoce-
kdvané umrti z pfirozenych pficin, které nastava do jedné
hodiny od zacatku priznakl u doposud zdravého jedince,
pfipadné u jedince, jehoZz onemocnéni nebylo natolik za-
vazné, aby se ocekdvalo jeho umrti, nebo byl naposledy
vidén zdrav pred méné nez 24 hodinami, pokud se jedna
o umrti bez svédka.!

SD je ve vétsiné pfipadd zpusobena onemocnénim
srdce a je oznacovdna jako nahla srdecni smrt (sudden
cardiac death, SCD).2 Na rozdil od vyssich vékovych sku-
pin, kde jako pfi¢ina dominuji aterosklerotické zmény
véncitych tepen, jsou za vétSinu pripadl SCD u jedincu
mladsich 40 let zodpovédna dédi¢na kardiovaskularni
onemocnéni typu kardiomyopatii, arytmickych syndromut
a dédi¢nych aortopatii.>*

Vzhledem k tomu, Ze se vloha pro vétSinu dédi¢nych
kardiovaskularnich onemocnéni dédi s pravdépodobnosti
50 % bez zavislosti na pohlavi, existuje u prvostupriovych
pfibuznych vyznamné riziko rozvoje identického onemoc-

i}o

Cllllllnll
qalimmpan
qaimpan

Autosomalné dominantni

 Pfenos vlohy nezavisle na pohlavi
* 50% pravdépodobnost nosi¢stvi viohy

qanmpan
qalnmmpan
qalipan
qanmpan
qaninmpan
qaliipan
qalimpan
qalimpan

néni a srdecni zastavy (obr. 1).

Existujici nejednotnost a variabilita v definici SD a SCD,
spolecné s nejednotnym systémem pitevni praxe ve svété
maji za nasledek chybéni prfesnych epidemiologickych dat
o incidenci obou jednotek.® S jistotou vime, Ze inciden-
ce SCD stoupa s vékem, v korelaci se stoupajici incidenci
ischemické choroby srdec¢ni. U osob ve véku 60 let se po-
hybuje mezi 2-200/1 000 za rok. Naproti tomu ve vékové
skupiné < 40 let je udavana okolo 1/100 000/rok.”® VVzhle-

007_022_Puvodni sdeleni Krebsova.indd 8

Obr. 1 - Dédi¢na kardiovaskularni onemocnéni: kardiomyopatie,
arytmické syndromy (kanalopatie) a aortopatie a jejich dédi¢nost

dem k predpokladané pfic¢iné je proto doporucovano
provedeni genetického vysetfeni post mortem. To ma byt
nasledovéano kardiologickym screeningovym vysetfenim
prvostupriovych pfibuznych.> Rozsah vysetfeni pozUsta-
lych v riziku je definovan v dokumentu svétové organiza-
ce pro poruchy srde¢niho rytmu (APHRS/HRS).®

24/02/2023 12:27:43
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Tabulka 1 - Definice pojmt a nalezl v pfipadé nahlého umrti - upraveno podle 5

Kategorie pitevnich nalezt
SD - sudden death

SCD - sudden cardiac death

SADS - sudden arrhytmic death syndrome (nahla arytmicka smrt),
synonymni s vyrazem: ,autopsy negative sudden unexplained death”

SUD(S) - sudden unexplained death (syndrome)

SUDI - sudden unexplained death in infancy (nahlé umrti ditéte
mladsiho 1 roku), synonymni s pojmem SUID (sudden unexplained
infant death)

SUDEP - sudden unexpected death in epilepsy

SIDS - sudden infant death syndrome

Definice

Smrt nastala béhem hodiny od pocatku obtizi v pripadé
pritomnosti svédkl a smrt beze svédkd béhem 24 hodin od
posledniho kontaktu a svédectvi o Zivoté osoby

SD z kardidlnich pricin
Nevyjasnéna pficina umrti u jedince starsiho 1 roku s negativnim
patologickym a toxikologickym nélezem

Nevyjasnéna pficina umrti u jedince starsiho 1 roku, kdy jsou
pfitomny nespecifické strukturdlni zmény srdce nespliujici kritéria
pro jistou kardiomyopatii nebo nahlou arytmickou smrt nebo pitva
nebyla provedena

Nevyjasnéna pricina umrti u jedince mladsiho 1 roku, kdy jsou
pritomny nespecifické strukturdlni zmény srdce nespliujici kritéria
pro jistou kardiomyopatii nebo nahlou arytmickou smrt, nebo
pitva nebyla provedena

N&hlé umrti u osoby se znamou epilepsii v pfedchorobi, bez
znamek traumatu, s negativnim patologickym a toxikologickym
néalezem post mortem

N&hlé umrti jedince mladsiho 1 rok, nevyjasnéna pficina umrti
s negativnim patologickym a toxikologickym nalezem

Tabulka 2 - Post mortem diagnézy vhodné indikovat k post mortem genetickému vysetreni — upraveno dle 3

DOPORUCENE DIAGNOSTICKE KATEGORIE PRO INDIKACI
POST MORTEM GENETICKEHO VYSETRENI

SADS - sudden arrhytmic death syndrome (zadné strukturdlni
zmény srdce, véetné histologie)

SUDS - sudden unexplained death syndrome (pfitomny
nespecifické strukturalni zmény srdce nespliujici kritéria pro jistou
kardiomyopatii)

Kardiomyopatie (HCM, DCM, ACM, LVNC)

Predcasnd aterosklerdza véncitych tepen/akutni infarkt myokardu

Disekce aorty (vyjma pripadu disekce u pokrocilé aterosklerdzy ve
vys$sim véku)
SUDEP - sudden unexpected death in epilepsy

SIDS - sudden infant death syndrome

SUDI - sudden unexpected death in infancy (nahlé umrti ditéte
mladsiho 1 roku)

OMEZENI/UPRESNENI

Jedinci mladsi 50 let (moznou pficinou je porucha prevodniho
systému srdce, tedy dédi¢ny arytmicky syndrom)

Jedinci mladsi 50 let (mozZna pocinajici kardiomyopatie nebo
i arytmicky syndrom)

Bez vékového omezeni

Muzi mladsi 40 let, zeny mladsi 50 let (pravdépodobnéd pritomnost
familidrni hypercholesterolemie)

Bez vékového omezeni - typicky zmiraji kolem 50. roku Zivota
(pravdépodobny dédi¢ny aortalni syndrom, napf. Marfantv
syndrom)

Bez vékového omezeni
Déti mladsi 1 roku
Déti mladsi 1 roku

Prvnim krokem je standardizované pitevni vysetfeni
obéti SCD, vcetné spektra doplnujicich laboratornich vyset-
feni. Toto popisuji doporucené pitevni postupy vytvorené
v rdmci Association for European Cardiovascular Patholo-
gy (AECVP).>° Dle vysledkl pitvy a na podkladé zjisténych
makroskopickych a mikroskopickych nélezd jsou mezina-
rodné definovany kategorie typu SCD: 1) kardiomyopatie,
2) nahla arytmicka smrt (sudden arhythmic death syndro-
me, SADS) a nahla nevyjasnéna smrt u jedinct mladsich
nebo starSich jednoho roku (sudden unexplained death
syndrome, SUDS nebo sudden unexplained deaths in in-
fant, SUDI). Oddélené je zmiriovano nahlé umrti epileptika
(sudden unexplained death in epilepsy, SUDEP), kdy muze
byt epilepsie nespravné stanovenou diagnézou pro bez-
védomi provazejici setrvalé komorové arytmie, pfipadné
nékteré epilepsie mohou predstavovat vzacné formy sou-
¢asnych mozkovych i srdec¢nich kanalopatii (tabulka 1).561°

Doporucené postupy AECVP dale vymezuji pfipady,
u kterych by mélo byt provedeno post mortem genetické
vySetfeni, nékdy nazyvané jako molekularni pitva. Jeho
cilem ma byt presné urceni priciny SCD a nasledné primar-
ni prevence srdec¢ni zastavy u pfibuznych3® (tabulka 2).
Post mortem genetické vysetfeni u zemrelého jedince by
mélo byt nasledovano nebo za idedlnich podminek sou-
¢asné doprovazeno klinickogenetickou konzultaci a kar-
diologickym screeningovym vysetifenim prvostupriovych
pfibuznych.>"12 Takové vysetfeni by mélo byt provedeno
u vsech pripadt SUDS/SADS u jedinca mladsich 40 let nebo
v pfipadé zjisténé kardiomyopatie a akutni disekce velké
cévy bez vékového omezeni. V pripadech SUDEP bez vé-
kového omezeni a v pripadech nahlého umrti pro akutni
infarkt myokardu u muzd mladsich 40 let a Zen mladsich
50 let pro pravdépodobnou familiarni hypercholesterole-
mii (tabulka 2).
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10

Post mortem genetické testovani

Nahlé umrti
(pitvajici lékar)

Odbér
Mozna nahla materialu na
srdecni smrt izolaci DNA
(krev, slezina)
o Informace
poziistalych koordinatora
projektu

Klinicky
genetik

I
Kafdlologl Kardiolog/
MOI:::tIﬁ:m arytmolog arytmolog Psycholog '\‘(g‘dg’é‘;?
’ dospély détsky

Llpldolog
(pfedcasna
ateroskleréza)

MULTIDISCIPLINARNI A MULTICENTRICKY TYM

Obr. 2 - Multidisciplinarni feseni pfipadd nahlé srdecni smrti

Zjisténi pri¢in SCD u mladsich jedincG je multidisci-
plindrnim procesem, do kterého jsou zapojeni pitvajici
lékari, klini¢ti genetici, molekularni genetici, kardiolo-
gové, prfipadné psycholog, neurolog, lipidolog, praktic-
ky Iékar a dalsi odbornosti dle jednotlivych konkrétnich
pfipad’>'2'3 (obr. 2). S ohledem na komplexni proble-
matiku se tento typ diagnostiky soustfeduje do center
terciarni péce (tedy predevsim na fakultni a univerzitni
pracovisté).

Cilem této prace je popsat vysledky multicentrického
a multidisciplinarniho Feseni pfipad SCD v CR v letech
2016-2021, které bylo finan¢né zastfeéeno grantem Mi-
nisterstva zdravotnictvi CR s reg. €. NV18-02-00237. Tento
projekt byl zaméren na zavedeni vySe popsaného vyset-
fovaciho postupu do redlné praxe. V prvni fazi byl iden-
tifikovan reprezentativni soubor pfipadt SCD. Nasledné
na zakladé zajmu pribuznych a po ziskani informovaného
souhlasu osob blizkych zemfelému byly vySetfeny mole-
kuldrni pfi¢iny SCD. Nakonec byly zhodnoceny vystupy
a dopady tohoto vysetieni na péci o prvostupriové pfi-
buzné s cilem zajistit primarni prevenci Zivot ohrozZujicich
poruch srde¢niho rytmu.

Metodika

Do projektu se postupné zapojila vétsina pracovist soud-
niho lékafstvi v Cesku a na Moravé, klinicko-genetickou
konzultaci provadéli genetici v IKEM, FN Motol Praha
a FN Olomouc. Kardiologické screeningové vysetfeni a dle
potfeby individualizovanou péci o pfibuzné v riziku pro-
vadi pracovisté: Klinika kardiologie IKEM a Détské kardio-
centrum FN Motol v Praze, I. interni kardiologicka klinika
FN Olomouc a Klinika pediatrie FN Kralovské Vinohrady
v Praze. Molekuldrné-genetickd diagnostika se provadéla
centralné v laboratofi Ustavu biologie a Iékafské genetiky
FN Motol v Praze (tabulka 3).

Pitvajici Iékaf odebral v pfipadé podezieni na SCD dle
instrukci tkan vhodnou pro izolaci DNA (tabulka 4). Byl
preferovan vzorek tkané bohaty na lymfocyty (slezina,
jatra, uzliny o velikosti 2 cmq) ¢i vzorek periferni krve ode-
brané do K.EDTA. Odebrana tkarn byla uloZzena do hlu-
boko mrazicich box na -80 °C (v pfipadé, ze pracovisté
nemélo moznost hlubokého zamrazeni vzorku, bylo do-
poruceno zmrazit tkan v bézném laboratornim mrazaku

Tabulka 3 - Seznam spolupracujicich pracovist pro feseni moznych dédi¢nych pficin nahlé srdecni smrti

IKEM (klinicky genetik/kardiogenetik)

Pediatricka péce
Klinika pediatrie FN KV Praha

Ambulance pro rizikové déti a SIDS,
Thomayerova nemocnice Praha

molekularné-

a klinicko-genetické poradenstvi

Ustavy soudniho lékaistvi  Kardiologie Genetika
1.,2.,3.LFUK a UVN Praha  IKEM

Détské kardiocentrum  UBLG FN Motol -

FN Motol -geneticka laborator
FN Olomouc FN Olomouc

genetik)
FN Hradec Kréalové FN Hradec Krélové
FN Ostrava
FN Plzen

Liberec
Ceské Budgjovice

FN Olomouc (klinicky genetik/kardio-

FN Hradec Krélové (klinicky genetik)
FN Ostrava (klinicky genetik)
FN Plzen (klinicky genetik)
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Tabulka 4 - Zasady odbéru materialu pro genetickou analyzu na soudnélékarskych pracovistich
Kdy odebirat
Co odebirat

Jak uchovavat
Kam dopravit
Kdy dopravit
Koho informovat

Dle indikac¢nich dg. kategorii (viz tabulku 2)

Tkan bohata na lymfocyty (slezina, jatra, uzliny) o velikosti 2 cm?
nebo periferni krev v EDTA

Nativni tkan zamrazit na -80 °C/-20 °C/ v roztoku RNALater v +8 °C
Dle dohody s koordinatory
Co nejdrive, jak je to mozné

Hlavni koordinator: scd@ikem.cz, kardiogenetik MUDr. A. Krebsovd, Ph.D., krea@ikem.cz,
scd@ikem.cz, ev. koordinatora lokalniho multidisciplinarniho tymu

007_022_Puvodni sdeleni Krebsova.indd 11

Doprovodny material pro klinického
kardiogenetika
ndlez na myokardu

Kdy likvidovat materiél v pripadé
nevyuziti

Podepsany informovany souhlas pozustalych a/nebo telefonni/elektronicky
kontakt na pribuzné, pitevni protokol, soudnélékaiska diagndza, histologicky

Nejdrive za 3 mésice (idedlné uchovavat delsi dobu dle kapacitnich moznosti pracovisté)

a zajistit jeho co nej¢asnéjsi transport ke genetické ana-
lyze). Alternativou bylo skladovani vzorku tkané v rozto-
ku RNAlater, a nasledné uchovani az po dobu ctyr tydnu
v chladicim boxu. V dalsim kroku kontaktoval pitvajici 1é-
kaf pfibuzné, kterym vysvétlil jeho podezieni a predal jim
informacni dopis, kde je podstata vysetieni zemielého
spolu s nabidkou kardiologického vysetfeni pfibuznych
srozumitelné popsana. V informacnim dopise jsou uve-
deny dulezité telefonické i elektronické kontakty, které
mohou pozustali vyuzit. Pokud pozUstali predbézné s vy-
Setfenim zemfelého souhlasili a projevili zajem o vlastni
kardiologické vysetfeni, zanechali u pitvajicitho Iékare
podepsany informovany souhlas a kontakt na sebe. Sou-
¢asné byli informovani koordinatofi studie, ktefi zajistili
prepravu materialu na molekuldrné-genetické pracovisté
a v rozumném intervalu (pfiblizné tfi mésice) po nahlém
umrti kontaktovali pozUstalé a pozvali je na konzultaci,
pokud tak jiz sami neucinili.

Kromé pfipadd SCD rozeznanych a odeslanych |ékafi
provadéjicimi pitvu byly v ramci projektu feSeny dalsi pfi-
pady, na které byli kardiogenetici upozornéni piibuzny-
mi, ktefi si moZnost post mortem vy3etteni a jejich vlastni
screeningové vysetfeni sami vyhledali nebo jim toto vy-
Setfeni bylo doporuceno osetfujicim lékafem, nejcastéji

kardiologem. Nékteré rodiny s pfipadem nahlého umrti
kojence byly doporuceny na vysetfeni pres specializova-
nou ambulanci v Thomayerové nemocnici (www.ftn.cz/
ambulance-pro-rizikove-deti-a-sids/).

Na podkladé studia pitevnich protokol(l, soudnélékar-
skych diagnéz a vysledk( histologického vysetfeni srd-
ce byly pfipady SCD rozdéleny do kategorii SADS, SIDS,
SUDS/SUDI, aneurysmal/disekce hrudni aorty a kardiomyo-
patie hypertroficka (HCM), arytmogenni (ACM), dilatova-
nd (DCM) a nekompaktni (left ventricle non-compact car-
diomyopathy, LVNC) (tabulka 1, obr. 3).

K izolaci DNA z dodaného biologického vzorku byl
pouzit automaticky izoldtor MagCore HF16 plus (RBC
Bioscience, Tchaj-wan) pracujici na principu extrakce na
magnetickych kulickdch. Kvalita extrahované DNA byla
kontrolovana na fluorimetru Qubit 2.0 (Invitrogen, USA).
Sekvenacni knihovna byla pfipravena s pouzitim cilenych
préb pro 100 vybranych gent pro kardiovaskularni one-
mocnéni a prostrednictvim exomovych panelt od firmy
Sophia Genetics: Sophia Clinical Exome Solution a Sophia
Whole Exome Solution, od firmy Twist Bioscience panel
Twist Comprehensive Exome. Samotnd sekvence byla
provadéna na analyzatoru Next Generation Sequencing
(NGS) (Illumina, USA). Ziskana sekvenacni data byla hod-

133 reSenych pfipadd nahlé smrti
(128 rodin)

5 vyfazeno
pro nekardialni
pricinu umrti

13 rodin
vysetieni
odmitlo

|

HCM DCM a LVNC ACM SUD a SUDI
12 pfipadd 14 pfipadd 22 pfipadu 22 pfipadi

SADS SIDS Akutni disekce n\égiittzgg:\i
20 pfipadd 7 pfipadt 11 pripadd botomei 7

Obr. 3 - Rozlozeni feSenych pripadd nahlé srdecni smrti feSenych v ramci projektu
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Tabulka 5 - Charakteristika reSenych pfipadt nahlé kardialni smrti véetné anamnestickych dat

Pohlavi (Nr.)
Post - = Vékovy RA
mortem dg. hotet Vek pramér (Nr.)

>g g

= ~
SUD/SUDI 21/1 14/1 7/0 1-54/2M 30,4/ 2

2M

SADS 20 12 8 4-55 31 4
SIDS 7 5 2 3Ty-5M  2,7M 0
ARVC 22 12 10 17-56 36 4
HCM 12 11 1 14-59 37,8 3
DCM 13 10 8-48 33,4 5
LVNC 1 1 0 35 35 0
Disekce 11 10 1 16-49 33,3 2
Nepostizeni 7 5 2 35-62 47,7 1
pribuzni
Celkem 115 81 34 3Ty-62 31,8 22

Denni doba umrti

Prvostuprovy
Nedavna pribuzny
infekce s preexist.
onemocnénim  _ ° E o
[) o N o ©
(=] =2 =2 (a] [-»
4 0 121 5/0 4/0 14/0  1/0
3 3 10 8 2 14 1
2 1 3 0 6
4 5 11 5 17 2
B 6 6 4 2 4 1
2 9 9 1 3 8 1
0 1 0 1 0 1 0
0 4 4 5 2 0
1 3 1 3 0
19 35 59 35 21 74 6

Kde nastalo dmrti

Nemocnice

—_
~
—

o

o

o N O N

nocena v programu Sophia DDM (Sophia Genetics, Svycar-
sko) s pouzitim pomocnych programu a databazi (Alamut,
ClinVar, Franklin Genoox aj.). Detekované varianty byly
klasifikovany na zakladé standardd ACMG/AMP (Ameri-
can College of Medical Genetics and Genomics/Associati-
on for Molecular Pathology) do péti tfid DNA (klasifikace
1-5): benigni = klasifikace 1, pravdépodobné benigni =
klasifikace 2, varianta nejasného vyznamu = klasifikace 3,
pravdépodobné patogenni = klasifikace 4, patogenni =
klasifikace 5." U variant tfidy 3-4, 4 a 5 byla provedena
segregacni analyza u pfibuznych pomoci sekvenovani ci-
leného useku Sangerovym sekvenovanim.

Pokud se vyse uvedenymi metodami nepodafilo ziskat
dostatecné kvalitni material od zemrelého, bylo diagnos-
tické genetické vysetfeni pomoci NGS zacileno na jasné
postizeného prvostupriového pfibuzného nebo na oba
zijici rodice (pfi predpokladu, Ze vloha pro onemocnéni
musela byt od jednoho z nich zdédéna). Genetické scree-
ningové vysetieni u zdravych potomkd nahle zemrelého
pfi absenci materidlu bylo v inicidlni fazi projektu také
provadéno, ale pozdéji s ohledem na minimalni vypovéd-
ni hodnotu bylo od tohoto vysetfovani upusténo.

Pribuzni byli objednani nejdfive ke klinicko-genetické
konzultaci, kde s nimi byla udalost podrobné probrana,
zjistény okolnosti umrti véetné odebrani co nejpodrob-
né&jsi osobni a rodinné anamnézy zemfelého. Pfibuznym
byla vysvétlena povaha pravdépodobné dédi¢né pfriciny,
vysvétlen zpUsob dédi¢nosti a z toho vyplyvajici rizika pro
dalsi rodinné pfislusniky. BEhem konzultace byl sestaven
rodokmen alespon ve tfech generacich. Dale byl ziskan
souhlas s vyzadanim lékarské dokumentace néhle zemre-
Iého i s molekularné-genetickym vysetfenim zemrelého
a jich samotnych. Toto iniciovalo navazné laboratorni
vysetfeni. Pfibuzni byli nasledné pozvani na odpovidajici
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kardiologicka screeningova vysetreni® a konzultaci jejich
vysledkt spolu s vysledkem molekuldrné-genetického vy-
Setfeni v intervalu pfiblizné Sesti mésicu.

Material a pacienti

V rdmci Casového intervalu studie (2016-2021) bylo Fese-
no celkem 133 pfipadd nahle zemrelych osob (36 Zzen a 97
muzU, prumérny vék 30,7 roku). Tyto pripady pochazely
z celkem 128 rodin, v 5 rodinach se jednalo o vicenasob-
né umrti (obr. 3). V 75/133 pripadld (56,4 %) se jednalo
o pfimou indikaci pitvajicich Iékard. U zbylych 58 pripadd
byli resitelé pfimo kontaktovani pozUstalymi na zakladé
doporuceni Iékare nebo jejich osobni iniciativy.

S genetickym vysetfenim zemrelého a kardiologickym
screeningovym vysetfenim nevyslovili pfibuzni ¢i blizci ze-
mrelého primarné souhlas ve 4/133 (3,0 %) pripadd. SvUj
prvotni souhlas s vysetfenim pozdéji odvolalo ¢i nepotvrdi-
lo dalsich 9/133 pfibuznych (6,8 %). V 5/133 pfipadu (3,8 %)
jsme po podrobné analyze pitevniho nalezu a okolnosti
umrti nakonec vyloucili nebo neprokazali jistou kardialni
pri¢cinu a molekularné-genetické vysetreni nebylo indiko-
vano (obr. 3). Celkem se tedy nase klinickd a anamnesticka
analyza nahlych srde¢nich umrti s indikaci genetického vy-
Setfeni tykala 115 pfipadt (34 Zen a 81 muzu) ze 110 rodin.

Ze skupiny rodin, které si moznost vysetreni vyzadaly sa-
mostatné, se v 7/58 pripadu (12,1 %) nepodafilo ziskat ma-
teridl ze zemrelého ani jeho obou rodi¢l, nejcastéji z divo-
du pfili§ dlouhého intervalu od udalosti. V 5/7 pfipadl jsme
provedli molekularné-genetické vysetfeni u nepostizenych
prvostupriovych pfibuznych. Pozdéji jsme od tohoto postu-
pu upustili a pfibuznym dle platnych standard doporucili
kardiologickou dispenzarizaci s kardiologickym screeningo-
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Cinnost pfi tmrti

3
o '@ x =
‘© ‘O = >= [ =
§ N ZE = . ~§ ’% ii ié’ 2
= =2 [ K} hec ¥ “n m o =
1/0 2/0 7 1/0 1/0 0/0 4/0 3/0 1/0
0 1 1 2 10 1 0
1 0 0 0 7 0
0 2 3 1 1 1 8 0
0 2 1 3 0 3 3 1 0
0 1 2 1 0 0 5 4 0
0 0 0 0 0 0 0 1 0
1 0 2 2 0 0 2 3 0
1 2 0 0 1 0 2 1 0

NZ - neznamy; RA - rodinnd anamnéza
nahlého umrti u prvostupriového nebo

ObtiZe druhostupriového pfibuzného; den
pred smrti definovan jako doba od 6.00-22.00 h,
noc od 22.00-6.00 h; umrti jinde - napf.
s . ve volné pfirodé, osobnim auté apod.;
S w0 % “w bézna Cinnost - zhruba definovana jako
N 2 § g § prace v domacnosti, osobni hygiena,

vafeni; lehka z&téz - zhruba volna
chdze, lehka fyzickd prace; tézka zatéz -
béh, téZsi fyzicka prace; bdély odpocinek
- sedici osoba; dlouhodobé obtize > 1
den, spise tydny az roky; kratkodobé

0 6 1 obtiZe nej¢astéji v intervalu jednoho dne
pfi umrti (neimérnd Unava, dusnost,
kasel, tlak na hrudi, buseni srdce,

4/0 121 81

3 10 o horecnaty infekt).
1 6 6
1 8 9
0 0 0
2 4 7
3 2 4
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vym vysetfenim v pravidelnych intervalech do 50.-60. roku
Zivota.>'>'6 Z této kohorty jsme vysetiovali dva pfipady fib-
romuskularni dysplazie koronarnich cév, tedy onemocnéni
zatim s neznamou genetickou pfi¢inou."” S rodinami jsme se
proto v obou pfipadech dohodli pouze na jejich kardiologic-
kém screeningovém vysetieni. Post mortem molekularné-
-genetické vysetreni bylo nakonec provedeno a hodnoceno
celkem ve 106 pripadech (obr. 3, tabulka 5).

Kardiologické screeningové vysetreni probéhlo u 328
pfimych pfibuznych formou klidového EKG a v pfipa-
dé vysloveného podezieni na dédi¢nou kardiomyopatii
u zemrielého pomoci transthorakalni echokardiografie.
Tato vysetieni byla doplnéna ambulantni monitoraci
EKG a zatéZovym EKG testem, pokud bylo u zemfrelé-
ho vysloveno podezieni na dédi¢ny arytmicky syndrom
jako pfi¢inu umrti (zejména pripady SADS/SUDS). V pfi-
padé post mortem podezieni na ACM jsme dale doplnili
vysetieni pozdnich potencidld. Pfibuzni nadhle zemrelych
s akutni disekci byli vySetfeni echokardiograficky a aor-
ta znazornéna v celém jejim prabéhu pomoci vypocetni
tomografie nebo magnetické rezonance (CT/MR). Pokud
u vysetfenych byly nalezeny zndmky nékterého z dédic-
nych kardiovaskuldrnich onemocnéni, byla doplnéna dal-
$i vysetreni dle individualni diagndzy k lepsSimu odhadu
rizika Zivot ohrozujicich arytmii (LTVA) formou MR, pro-
gramované stimulace komor nebo farmakologickych z&-
tézovych testl dle platnych mezinarodnich doporuceni.®

Vysledky

Po inicidlni stratifikaci jsme komplexni kardiogenetické
vySetfeni pfipadd SCD provedli u 115 pfipadl SCD (34
zen, 81 muzd) ze 110 rodin. Z dGvodU absence materialu

nebo smysluplnosti molekuldrné-genetického vysetreni
byla laboratorni molekuldrné-geneticka analyza prove-
dena ve 106 pripadech. Primérny vék zemrelych byl 31,8
roku, pfi vyjmuti kategorie SIDS a SUDI dosahl prdmérny
vék zemrelych 34,2 roku.

Vyhodnoceni anamnestickych dat (tabulka 5)

Rodinna anamnéza

V rodindch nahle zemfelych jsme zaznamenali nahlé dmr-
ti u prvostupniového nebo druhostupriového pfribuzného
ve 21/115 (18,2 %) pripadd. Ve vysetiovanych rodinach
byl jesté pred zahdjenim kardiologického kaskadové-
ho screeningu jeden nebo vice pfibuznych v odborné
péci pro onemocnéni srde¢niho svalu ve 33/115 pfipadu
(28,6 %). Soucasné nahlé umrti a pribuzny s onemocné-
nim byly zaznamenany v 5/115 (4,3 %) pfipadu.

Osobni anamnéza

Z hlediska anamnestickych Uudajd o ndhle zemielém byl
udaj o dlouhodobych potizich (napf. kolaps ¢i synkopa,
epilepsie, dlouhodobd nepfirozena unava, dusnost, palpi-
tace apod.) dohledan v 57/115 ptipadu (49,5 %). V 51/115
pfipadd (42,6 %) nahle zemrely jedinec dlouhodobymi
potizemi netrpél, ale nahlému umrti pfedchazely obdob-
né obtize v intervalu krat$im nez 24 hodin, v 7 pripadech
nebyly tyto Udaje dostupné. Horec¢naty infekt predchazel
umrti v 19/115 pfipada (16,5 %). Absence dlouhodobych
i kratkodobych obtizi byla zaznamenana jen u 27/115
(23,5 %) pripadl (tabulka 5).

Denni doba
O umrtiv dennidobé se jednalo v59/115 ptipadt (51,0 %),
u 35/115 pripadt (30,4 %) $lo o umrti v noci a u 21/115 pfi-
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padl (18,2 %) nebyla denni doba znama ¢i zjistitelna. Ve
vsech kategoriich pitevnich diagnéz kromé SIDS a disekce
prevysoval pocet umrti ve dne pocet umrti v noci.

Misto umrti

Nejcastéjsim mistem umrti byl domov, kde doslo k umr-
ti celkem v 74/115 pripadu (64,3 %). Nasledovalo verej-
né misto, kde doslo k umrti ve 14/115 pripadd (12,2 %).
V lGzkovém zdravotnickém zafizeni, na jiném neuréeném
misté a kategorii ,misto umrti nezndmo” naplnilo shod-
né vzdy 6/115 pfipadd (7,0 %). Na jiném blize uréeném
misté, napf. ve volné pfirodé, doslo k umrti v 7 pfipadech
(6,1 %), v praci v 6 pripadech (5,2 %) (tabulka 5).

Denni &innost a fyzicka aktivita

K umrti dochdzelo nejcastéji ve spanku, a to ve 41/115
pfipadd (35,7 %). Ve 20/115 ptipadu (17,4 %) doslo ke
kolapsu ¢i umrti pfi béZné denni ¢innosti, v 18 pfipadech
(15,7 %) pfi bdélém odpocinku, v 9 pfipadech (8,7 %) pfi
lehké fyzické aktivité, v 6 pfipadech (6,1 %) pfi tézké fy-
zické aktivité (dlouhodoby béh, tézka fyzicka prace), ve 4
pfipadech (2,6 %) pfi stredné tézké fyzické aktivité av 15
pfipadech nebyly Udaje o c¢innosti ¢i aktivité, béhem které
doslo ke smrti, znamy (tabulka 5).

Molekularné-genetické vysetreni
Molekularné-genetické vysetfeni bylo provedeno pfi-
mo z izolované DNA ndahlé zemrelého v 75/106 pripadu
(70,8 %). Pro nekvalitni vzorek DNA byla u dalSich 21/106
pfipadd (19,8 %) provedena analyza NGS u jasné posti-
zeného prvostupriového pribuzného a v 10/106 pfipadd
(9,4 %) u obou rodi¢ll, kdy v pfipadé nalezu suspektni
varianty byla cilené potvrzena u zemrelého. Vysoce prav-
dépodobna nebo jistd molekularni etiologie (klasifikace
DNA 4 nebo 5) byla ze 106 molekularné-geneticky vyset-
fenych pripadl SCD zjisténa ve 21/106 pripadl (19,8 %).
V pripadé jasné postizenych prvostupnovych pfibuznych
(ndhlé amrti v 21 rodinach, postizeny nemocny ve 33 rodi-
ndch, ale rodiny s nahlym umrtim i postizenym pfibuznym
5) az ve 16/49 (32,6 %).

Kategorie umrti dle vysledku pitvy

Dle pitevnich diagnéz jsme fesili celkem 22 pfipadd SUDS/
SUDI, 20 pripadl SADS, 7 pfipadu SIDS (2 Zeny a 5 muz(),
12 pripadd HCM, 13 pfipadl DCM, 22 pfipada ACM, 1 pfi-
pad LVNC a celkem 11 pfipad ndhlého umrti na disekci
aorty nebo koronarnich cév (obr. 2, tabulky 5 a 6).

SUDS + SUDI

Do této kategorie bylo zafazeno 22 ptipadd, 7 zen a 15
muzd, jejichz pramérny vék byl 30,4 roku (2 mésice — 54
let). Celkem 18 pripadd bylo dodano z pracovist soud-
niho lékarstvi, ve 4 pripadech bylo vysetfeni doporu-
¢eno osetfujicim kardiologem. Na zdkladé genetické
analyzy byly zafazeny 4/22 (18 %) pfipadt do klasifi-
kace DNA 4 nebo 5 (geny TTN, FLNC, RYR2 a TNNT2).
Geneticka stratifikace stanovila diagnézu DCM/ACM ve
3/22 pripadd (13,6 %), diagnézu katecholaminergni po-
lymorfni komorové tachykardie (CPVT) v 1/22 pfipadt
(4,5 %). Vysetieno bylo celkem 67 pfibuznych, pricemz
u 20 z nich (33,3 %) byl zjistén rizikovy genotyp nebo
fenotyp dédi¢ného onemocnéni a nabidnuta kardiolo-
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gicka dispenzarizace s individualizovanou péci (tabulky
6a’7).

SADS

Do kategorie SADS bylo zafazeno 20 pfipadu, 8 zen a 12
muzd, jejichz pramérny vék byl 31 let (4-55 let). Celkem
15 pripadd bylo dodano z pracovist soudniho lékarstvi,
v jednom pfipadé bylo vysetfeni doporuceno odetfujicim
kardiologem a 4 pfipady byly zafazeny na zakladé zajmu
rodiny po umrti v rodiné. Ve 2/20 pripadu (10,0 %) byla
identifikovadna varianta klasifikace DNA 4 nebo 5 v genu
KCNH2 a genu RYR2. Geneticka stratifikace tedy stanovi-
la diagnézu dédi¢ného arytmického syndromu typu dlou-
hého intervalu QT typu 2 (LQT2) v 1/20 pfipada (5,0 %)
a CPVT v 1/20 pfipadd (5,0 %). Vysetieno bylo celkem
62 pribuznych, pficemz u 13 z nich (20,6 %) byl zjistén
rizikovy genotyp nebo fenotyp dédicného onemocnéni
a nabidnuta kardiologicka dispenzarizace s individualizo-
vanou péci (tabulky 6 a 7).

HCM

Do kategorie HCM bylo zafazeno 12 pripadud. Celkem se
jednalo o 1 Zenu a 11 muzd, jejichz primérny vék byl 37,8
roku (14-59 let). Celkem 7 pfipadl bylo doddno z praco-
vist soudniho Iékafrstvi, ve 3 pripadech doporucil vysetreni
spadovy kardiolog pfibuzného a 2 pfipady byly zafazeny
na zakladé zajmu rodiny po umrti v rodiné. Na zakladé
genetické analyzy byly zarazeny 4/12 (33 %) pfipadu do
klasifikace DNA 4 nebo 5 (geny MYBPC3, FHL1, MYPN,
GLA — KCNQT). U ndhlého umrti Zeny ve véku 59 let bylo
dle genetické stratifikace zjisténo nerozeznané stfada-
vé onemocnéni typu sfingolipidozy, konkrétné Fabryho
choroba (gen GLA). Soucasné méla i dédi¢ny arytmicky
syndrom typu dlouhého intervalu QT typu 1 (LQT1 - gen
KCNQT). Tato rodina se pfrihlasila sama, nebot se v ni uda-
la dvé dal$i ndhla umrti a sestra zemrelé méla dlouho-
dobé srdecni obtize bez dosud presné stanovené diagnoé-
zy. Post mortem vysetieni jeji sestry vedlo ke stanoveni
diagndzy u zijici prfibuzné. Toto umoznilo nabidnout ji
a dalsim dvéma genotyp-pozitivnim rodinnym pfislusni-
kim péci ve specializovaném centru, véetné enzymové
substitucni terapie tohoto onemocnéni, jejiz efektivita je
prokazana ve vicero studiich.’®' Vysetfeno bylo celkem
44 piibuznych, pficemz 16 z nich (37,2 %) ma fenotyp dé-
di¢ného kardiovaskuldrniho onemocnéni, pfipadné nese
rizikovy genotyp a byla jim nabidnuta kardiologicka dis-
penzarizace s individualizovanou péci (tabulky 6 a 7).

DCM + jeden pripad LVNC

Do této kategorie bylo zafazeno 13 pfipadu s pitevnim
obrazem DCM a jeden pfipad s morfologickym nalezem
LVNC. Celkem se jednalo o 3 Zeny a 11 (1 LVNC) muz{,
jejichz primérny vék byl 33,4 roku (8-48 let). Pét pfipa-
dd bylo dodano z pracovist soudniho lékarstvi, dalsich 5
vysetfeni bylo na zakladé doporuceni o3etfujiciho kardio-
loga jednoho z zijicich pfibuznych a 4 ptipady byly za-
fazeny na zakladé zajmu rodiny po umrti v rodiné. Cel-
kem 5/14 (35,7 %) pripadl spadalo na zdkladé genetické
analyzy do klasifikace DNA 4 nebo 5 (geny TTN [tfikrat],
FLNC stop, RBM20). V3echny geny jsou rozeznanymi mo-
lekularnimi pfi¢cinami DCM s rizikem vyznamnych poruch
srde¢niho rytmu. Vysetfeno bylo celkem 41 pfibuznych,
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pficemz u 11 z nich (29,7 %) byl zjistén rizikovy genotyp,
pfipadné fenotyp kardiomyopatie a byla jim nabidnuta
kardiologickd dispenzarizace s individualizovanou péci
(tabulky 6 a 7).

ACM

K diagnéze ACM bylo pfifazeno 22 prfipadd, 10 Zen a 12
muzu, jejichz pramérny vék byl 36,0 let (17-56 let). Cel-
kem 14 pripadd bylo dodano z pracovist soudniho lékar-
stvi, vjednom pfipadé doporucil k vysetreni osetfujici kar-
diolog nemocného pfibuzného a 8 pfipadud bylo zarfazeno
na zékladé zajmu rodiny po umrti v rodiné. Na zakladé
genetické analyzy byly 2 pfipady zafazeny do klasifikace
DNA 4 nebo 5 (pozitivita SCN5A, FLNC stop). Oba geny
patfi mezi rozeznané molekularni pfi¢iny arytmogenni
kardiomyopatie s rizikem Zzivot ohrozujicich arytmii. Vy-
Setfeno bylo celkem 73 pfibuznych, z nichz u 11 (22,5 %)
byl zjistén rizikovy genotyp a/nebo fenotyp dané kardio-
myopatie a byla jim nabidnuta kardiologicka dispenzari-
zace s individualizovanou péci (tabulky 6 a 7).

Akutni disekce

Do této kategorie bylo zafazeno celkem 11 ptipadd, pfi-
¢emz ve 2 pfipadech se jednalo o fibromuskuldrni dys-
plazii korondrnich tepen (oba pfipady muzi), v jednom
pfipadé o spontanni disekci koronarni tepny (Zena) a zby-

lych 8 pfipadl pfipadlo na akutni disekci aorty. Celkem
se jednalo o 1 Zzenu a 10 muzd, jejichZz pramérny vék byl
33,3 roku (16-49 let). Pét pripadu bylo dodano z praco-
vist soudniho lékafrstvi, ve 3 pfipadech doporucil vysetifeni
osetrujici kardiolog jednoho z pfibuznych a 3 pripady byly
zafazeny na zdkladé zdjmu rodiny po umrti v rodiné. Na
zakladé genetické analyzy byly 3 pripady zarazeny do kla-
sifikace DNA 4 nebo 5 (geny COL3AT1 [dvakrat], TGFBRT).
Geneticka stratifikace urcila tedy diagnézu vaskularniho
Ehlersova—Danlosova syndromu (EDS) u dvou vysetienych,
nahle zemrelych mladych muzd, u tfetiho z nich diagno-
zu Loyesova-Dietzova syndromu typu 1 (LDS1). Vysetfeno
bylo celkem 31 pfibuznych, pficemz 9 z nich (29,0 %) je
v riziku akutni disekce nebo jiz s dilataci aorty a byla jim
nabidnuta kardiologickd dispenzarizace s individualizo-
vanou péci (tabulky 6 a 7).

SIDS

Do kategorie SIDS bylo zafazeno 7 pfipadli. Celkem se
jednalo o 2 divky a 5 chlapc, jejichz pridmérny vék byl 0,3
roku (3 tydny — 5 mésict). Ctyfi pfipady byly dodany z pra-
covist soudniho lékafrstvi, zbylé pripady byly zafazeny na
zékladé zadjmu rodiny po umrti v rodiné a doporuceni
specializované ambulance. Jista pfi¢inna varianta nebyla
v Zzadném z pfipadd nalezena. V jedné rodiné byla nale-
zena varianta nejasného vyznamu, ktera souvisi s feno-

Tabulka 6 - Vysledky post mortem genetického vysetreni véetné kardiologického screeningového vysetieni pfibuznych v riziku

Post mortem diagnéza  Nr. Pohlavi Vék Nr. pozitivni vysledek Gen Nr. vysetieni pfibuzni/
(roky) (varianta DNA 4 nebo 5) fenotyp nebo genotyp
pozitivni pfipady
HCM 12 1 Zena, 14-59 4/12 (33 %) MYBPC3, 44/15
11 muzu FHL1,
MYPN,
GLA, KCNQT
(jako druha DNA
varianta)
DCM 13 3 Zeny, 8-48 4/13 (31 %) TTN (3x), 38/11
10 muzi RBM 20,
FLNC (stop)
LVNC 1 1 muz 35 11 TTN 3/0
ARVC 22 10 Zen, 17-56 2/22 (9 %) SCN5A, 73/11
12 muzd FLNC (stop)
Akutni disekce 1 1 Zena, 16-49 3/9 (33 %) TGFBR1, 31/9
10 muzu* Col3AT1 (2x)
SIDS 7 2 Zeny, <1 077 20/6
5 muzil
SADS 20 8 Zen, 4-55 2/10 (20 %) KCNH2, 62/13
12 muzu RYR2
SUDS/SUDI 22 7 Zen, 0-56 4/22 (18 %) RYR2, 67/20
15 muzl TNNT2,
TTN,
FLNC (stop)
Vysetfeni nepostizenych 7 4 Zeny, 4-38 0/5* 8/0

pfibuznych* 3 muzi

* 2 muZi zemfeli na dg. fibromuskularni dysplazie koronarnich cév, genetické vysetieni nebylo provedeno.
* 2 pfibuzni byli vySetfeni jiz jen klinicky, molekularné-genetické vysetfeni ,naslepo” nebylo doporuceno.
# Prvostupriovi pfibuzni zemieli na SUDS (2 pfipady), SADS (3 pfipady), HCM (1 pfipad), akutni disekce aorty (1 pfipad).

24/02/2023 12:27:44



ani

Post mortem genetické testov

16

8
3
e (usyS8dsy) d Y<DgGZ2:(LINDM)S 612000 IAN S| SIOT 1L929/L x  LINDY
Gdd '€dd ‘2dd ‘SN ‘2INd ‘LINd q 19Y (u|9/8ybav-d) V<DL :(14g4D1)EZL9700 IWN L ndAy woipufs Anzisig-ansaho]  18LO6L «  LY¥G4DL
woJpuAs
ZINd ‘LN ‘25d ‘LSd q (BavryAD) d Y<D0EEL D (LYET0D)E 060000 IAN ADSO|UBQ-ANSIS|YT Jusg|nseA  08LOZL »  LYETOD
wolpuAs
€dd ‘2dd ‘TINd ‘LI 17 (dsys88419°d) Y<D$592"2:(1YE10D)E 060000 INN ADsSOjue@-ANSId|YT Jule|ndseA  08L0ZL «  LVETOD asIg
woupuhs Apirwihie Audipap
Ldd ‘€dd ‘2INd ‘1Sd q (6av£0v1A1D°d) V<D6 L2t 2:(YSNDS)S SEE000™ AN /anedofworpiey juusbownhly  €91009 +  VSNDS
€dd ‘2INd ‘LSAd S (0z+s34199¢ L zn|D) d dnp9oH9°2:(ONT4)S'8SL00 N anedofwolpJey juusbowllly  S95Z0L JNT4 DAYV
Gdd ‘€dd ‘2N ‘LSAd q (4391p€di1)d y<Dz0L2:(ONT4) #'857L00 INN anredofwolpJey juusbowllly  S95Z0L JNT4
Gdd ‘€dd 'SIAd ‘2N ‘LINd S (daLye9bay)d 1<000612:(0ZINGYH)Z E9EFELLO0 NN WDV/INDQ  LZLEL9 »  0ZNGY
ZINd ‘LSAd ¥ 13H (+L0¥SZn|D)d 1<51079/:(NLL)L'058952100 IAN NDV/INDQ 018881 NLL
(82+5404d9L6ELN|D)d
ZINd ‘LSAd ¥ [9P8YLLY SPLLY:(NLL) L'0S895Z100 NN NDV/NDA 078881 NLL
(£x545£2£801 LIAL d)
ZINd ‘LSAd 17 [9P19ZEE 092£€2:(NLL)L"0S8952L00 NN NDV/INDQ 018881 NLL DA @
ldd ‘Sdd ‘2INd 17 (s1H8801b1v"d) Y<DE9ZE D (NDAIN) 7°8LSZE0 NN IDH  £15809 x NdAW
€5d 'Sdd ‘€dd '2dd ‘LINd q 13H (uDy656Iv)d v<D|8/12:(LONDM)Z'8L2000 INN LLO1 2PSL09 «  LONDY
Gdd ‘€dd ‘2N ‘LINd q 13H (435G zusyd) D<VFy92:(VID)E'69L000 NN BgoJoyd 0yhige4-eAouosiapuy  #900€ V1D
VALT € INDH WXzl s 3130.3sAp
€dd ‘2INd ‘LSAd q 13H (x€n(D)d <D/ (LTHA)Y 677100 NN JUIRINSNW BUBZRA X WOZOWOIYD)  €9100€ « LTHA
ZINd '€Sd ‘LSd ‘€dd ‘TN 12 V<DEL-£TTL2:EDIAIN £952000 NN INDH eluBLIBA BYDLIBWONIBS  8G6009 x  EDdFAN INDH
€dd ‘Ldd ‘2INd LINd 17 (31166€33IN°d) V<D /61 L:(24AY) €'SE0L00 NN IAdD 20608l * ZYAY
€dd ‘2INd ‘LSAd q (x20LulD)d 1<D0£0€2:(ONT4)5°857L00” NN airedofwolp.ey juusbounlly  G95Z01L JNT4
€dd ‘2INd ‘LSAd S (x7LNID)'d 1<DOY"2:(ZLNNL)E #9000 INN airedofwolpiey jupeieid  SyOL6L »  ZLNNL
Gdd ‘2INd ‘LSAd G (ExSpusveL8zeEN|D)d 9pLEY86™:(NLL)L'058952L00 INN airedofwoipJey juusbowihly 08881 « NLL 1ans/ans
Gdd ‘€dd ‘SINd ‘2INd ‘2Sd q (SIHLOYZbIY)d Y<DZ0ZL2:(TYAY) £°SE0LO0T NN IAdD 20608l « ZYAY
Ldd ‘2INd ‘LSAd q (Strxs4du1GLn7°d) [9PEF*I:(ZHNIN) #°8€2000 NN L0  LebeSL x  ZHNDX savs
ejueuzod DINDY @3 )jijisep) epLiL ejueliep lusuowuQ N wiwQ usn .mﬁ JUnslid

(s e ¢ Ap3) Ya£uunid 23sif e suqopodapaeld yNQ Jueliea YdAuazsjeu weuzas - /£ eyjnger

007_022_Puvodni sdeleni Krebsova.indd 16



17

A. Krebsova et al.

3UIPOJ A
a2ebHaibss Isejynos

(peinw
D942 JuAeINWNY

{peinw
PI243 JUARINWNY|

ya1oeIauab IJA 9N
92e62.163s Jse|ynos

Yd21e43Udb IDIA IA
a2ebHaibss Jsejynos

a2ebHaibss Isejynos

(peinw
D940 JuARINWNY

e)weuzod

9d9 ‘Ldd ‘2INd

€dd ‘2INd
€dd ‘2INd
€dd ‘2INd

€dd '7INd ‘¢INd

€dd ‘2INd

€dd ‘2INd

¢INd

TINd ‘LS8
CINd '€dd ‘2dd
dg ‘2INd

€dd ‘2dd ‘TN
€dd '2dd ‘TN

€dd ‘2INd
¢INd

¥dg ‘zdd ‘2INd
€dd ‘2INd

€dd ‘2INd
€dd ‘2INd

€dd '2dd ‘TN

€dd ‘2INd
€dd ‘2INd

€dd ‘2INd
€dd ‘2INd

Zdd ‘?INd

DINDY
adejiyse]y

m M mMmmm M

m

m

m M mMm ™M M ™M

m ™M

m MM mMmmMm ™M ™M

m MmmMmn m ™M

epuL

(usye£9dsy)'d W<D/10Z2:(LLNDN)L'€002£Z1L00” AN

(31190zLN37°d) ¥<1919€2:(dSA)Z'SLy700 NN
(®1178£32Ud)'d ¥<105€2°2:(9ddA) ¥ £6L0EL AN
(1y189e|v°d) Y<DZ0Z2:(DLVYNIVI)Z 097661 AN

(dsyezqusy d) DY/ LLLDi(ZHNDM)E 8E2000 IAN
(04dsu198619568G31)d DDLSUISS /L HSLL D (ZHTAIN)

(x2921b1v)'d 1<O¥8/€2:(VOLNDS)Z'90£€62L00 NN
(baypdir)d <101 2:(EdHSD)
(8YdzzLshD) d 1<DG9E D (IHAIN)E L LFZ00 NN

(SIHEZB.V) d ¥<D89":(ZDV)Yd) L L2Sr0ELO0 NN
13H V<D1-6¥122:(19IN)Z'€6£900 IAN
(39IN6£Z1YL'd)1<D9€8"2:(ZYAY)Z'SEOLO0 NN
(Y1861 01d'd) ¥<DZ652:(EVYNNLD) 7°992EL0 NN
(nDzgdsy’d) Y<1912°2:(GVNDS)L 191091 LO0™ IAIN
(elvrLzdsy)d D<V1%9:(S3A)"£Z6100 NN

(A1D0zS1485) d D<Y8SSH:(dSA)E S Lb00 NN
1<D%-687L2:(YNINT)¥ LOLOLL™ AN

(sA1rSsn1D°d) ¥<D0991 2:(VNIAT) ¥'L0L0LL NN
(s£58£5A19°d) 1<DzZ€L12:(ONTH)

(1I9p18£0€sA1)d [9ppYL L6 il L67:(NLL)L 058952100 NN
(x0£6941)'d ¥<D60622:(EVFITS) 7' 0L0500 NN

(A19z62Nn|D)d D<VSG/82:(VN14)L'9550L L LOO AN
V<DL+GLEL:(NTI)EL0S000 IAN

(4h19z¢sIH d) 1<09/6':(53Q)

(dsygg A1) d D<Lz/H:(VOLNDS)
(7233153819661 dsy d) DANPERS2:(ZDVHY) 7'€029L0 NN

(Bavy£0ZA19)"d Y<D00L9 2 (ZANV)S 8L LOO IAIN
(da1z8zbIy)d 1<Dt78"2:(EDdGAIN)E 952000 NN

(4950£681v"d) L<D806Z 2:(LHAIN) ¥°£52000 INN

ejuenep

soude
wiayizld s d1sda)ids JujeIu0Iy JUDON

DAYV
20€|14q1} BAOIOWOY| JuJRl|iWed

8101
7101

INDH
115309 P1pozidd
woupuhs/woipuhs Aprwrfie Audipag

NDH

INDH
DA

IAD

DAYV

‘pode £1D1DAYY
INDADAYY

JNYY
JNYV/INDA

JN\YV/INDA
JAYV/NDA

ANDa
ANDd

enlfod JupudOWaUO JUDIPRJ

INDV/NDQ
nssjoq pipozids
woupuhs/woipuhs Aprwrfie Audipag

ezouaboyA|b ‘Juudowsuo dAepesrs

7107
NDH

INIDH

jugudoWaUQ

£91809 »

LV9S¢CL
L719¢L
SOcrll »

LTpeSl «
995909+

* ¥

LZW709
9/8€Cl »

0LL09L =
EVLT09 «
198209 «

167509 «
206081 «
£99£09 «
€91009 *
0995¢1 «

LY9S¢CL
0€E0SL =

0€E0SL «
§G95201L »

78881l «
S61901 «

£1000€ «
0910€L =

099521 «

LTi71709 «
EVL209 »

0L7901 =
856009 x

09091 «

N wiwQ

LLNDX

dsd
ddd
JLVNOVD

CHNDI
OITANW

VOLNDS
dySd

9HAW
ZOVIYd

193N
CHAY
EVNNLD
VSGNDS
$3q

dsda
JIVNNIT

JIVNNT
DIE]

NLL
EVYI1S

VN4
NT3

$3dq

VOLNDS
ZOVIYd

OINY
EXdIAN

LHAW

uap

sais

savs

ans

JNYV

ADA

ANDH

*Bp 1uAs1d

(SNA) nweuzAn oyausefau Ayuerien yNQ duazajeN - 8 e)ngeL

24/02/2023 12:27:44

007_022_Puvodni sdeleni Krebsova.indd 17



18

Post mortem genetické testovani

typem a v rodiné u 5 klinicky postizenych, prvo- i druho-
stupriovych pribuznych segreguje s klinickym postizenim.
Tato varianta je popsana v kapitole vénované variantdm
nejasného vyznamu (VUS) nizZe v textu (tabulky 6 a 8).

Vysetreni zdravych potomku nahle zemrelych
Molekuldrné-genetické vysetreni s cilem vyloucit znamé
formy dédi¢ného onemocnéni u prvostupnovych pfibuz-
nych - zdravych potomkd, ktefi nevykazovali zddné jisté
znamky dédi¢ného kardiovaskuldrniho onemocnéni, ne-
prineslo nalez zadné jisté pricinné varianty DNA (tabulka
6). V téchto pripadech se jednalo o pitevni diagnézu HCM
nebo akutni disekce aorty, v dalSich 2 pfipadech se dle
pitevni zpravy jednalo o SUDS a ve 3 pfipadech o SADS
prvostupriového pfibuzného.

LQT5 lite

Ve skupinach SUDS, SADS, ARVC a DCM jsme vzdy u jed-
noho zemfelého identifikovali zndmou rizikovou varian-
tu DNA v genu pro draslikovy kanal: NM_000219.5(KC-
NE1): ¢.253G>A p.(Asp85Asn). Pritomnost této varianty
definuje diagnézu syndromu dlouhého intervalu QT typu
5 s lehkym prabéhem a nedplnou penetranci.?0?!

Varianty DNA neznamého vyznamu

(VUS, klasifikace 3)

V ramci molekularné-genetického vysetfeni jsme nalezli
29/106 (27,3 %) variant nejasného vyznamu. Jednalo se
o varianty DNA v genech, jejichz zmény jsou rozezna-
nou pfi¢inou jednotlivych kardiomyopatii ¢i dédi¢nych
arytmickych syndromd. Nicméné i presto, ze dle kritérii
ACMG jde o varianty velmi vzacné (kritérium PM2) a dle
funkénich programd vyznamné ménici funkci genového
produktu (kritérium PP3), dle uznanych diagnostickych
kritérii jsou stdle variantami nejasného vyznamu (VUS)
(tabulka 8). Tuto klasifikaci nepozmeénil ani fakt, ze né-
které z nich segregovaly s onemocnénim u prvo- i dru-
hostupriovych pfibuznych (kritérium PP1) dle ACMG: Ge-
netic Variant Interpretation Tool University of Maryland
School of Medicine (umaryland.edu).™ V ptipadé nahlého
umrti novorozence jsme nalezli variantu neznédmého vy-
znamu v genu KCNTT, kterd ale v rozsahlé rodiné segre-
govala s fenotypem, ktery souvisi s popisovanymi projevy
onemocnéni v literature?? (tabulka 8). Protoze se jedna
o onemocnéni, které je dle literatury mozné specificky |é-
¢it, tuto variantu jsme rodiné oznamili a odkazali je na
specializované pracovisté.

Kardiogenetické vysetreni pfibuznych

Z 328 vysetfenych pribuznych mélo pozitivni genotyp nebo
fenotyp dédi¢ného kardiovaskuldrniho onemocnéni cel-
kem 83 vysetrenych pribuznych (25,3 %). Tento pocet zahr-
nuje i pfibuzné, ktefi nesou variantu VUS a souc¢asné maji
zndmky dédi¢ného onemocnéni. V jednom pfipadé byl na
zakladé kardiologické rizikové stratifikace implantovan
kardioverter-defibrilator (ICD). V pfipadé syndromu LDS1
podstoupila sestra zemfelého v ramci primarni prevence
akutni disekce kardiochirurgickou nahradu ascendentni
aorty. V ostatnich pfipadech obdrzeli pfibuzni se znam-
kami dédi¢ného onemocnéni s klinickymi pfiznaky nebo
jasnym rizikovym genotypem odpovidajici doporuceni pro
Upravu zivotniho stylu, pfipadné terapii v ramci primar-

007_022_Puvodni sdeleni Krebsova.indd 18

ni prevence nahlého umrti. Dale jsme pfibuznym nabidli
dlouhodobou kardiologickou dispenzarizaci. Pravidelna
kardiologicka vysetfeni jsme doporucili vdem prvostupro-
vym rodinnym pfislusnikiim, kde aktualné nebyl nalezen
jasny fenotyp ani genotyp dle soucasnych doporuceni.>

Diskuse

Tato prdace pfindsi doposud nejrozsahlejsi studii moleku-
larnich pfi¢in nahlého umrti v Ceské republice. Jeji hlavni
vysledky lze shrnout nasledovné: 1) Vétsina postizenych
rodin v CR ma zajem o post mortem analyzu a vlastni kar-
diologické screeningové vysetreni. 2) Zachyt pri¢innych
DNA variant v nasi kohorté je v 19,8 % pfipadd, coz zce-
la odpovida publikovanym zahrani¢nim vystuptm. 3) Ve
28,6 % rodin byl prvostupriovy piibuzny v kardiologické
péci pro srdecni selhani ¢i arytmii a lze predpokladat, Zze
¢asti ndhlych umrti by bylo mozné zabranit pomoci kas-
kddového rodinného screeningu. 4) V ramci této studie
jsme odhalili 83 pfibuznych v riziku onemocnéni a jeho
zavaznych komplikaci.

Multidisciplinarni spoluprace

Jednim z dllezitych dopadt studie bylo postupné rozsire-
ni spoluprace mezi rznymi subjekty. Projekt byl zpocatku
omezen na fakultni pracovisté v Praze a Olomouci. Sou-
stavnou prednaskovou ¢innosti a komunikaci se podafrilo
postupné vyznamné rozsifit povédomi o této problemati-
ce nejen v kardiologické, ale i soudnélékarské spolecnosti
v CR (tabulka 3). Tim se velmi navysil pocet spolupracu-
jicich odbornikt a nasledné i pocet vysetfenych pripadu
opravnénych k tomuto typu diagnostiky. Velkou vyhodu
vidime v centralizaci molekularné-genetického vysetreni,
¢imz jsme zajistili jednotné metodické postupy a v nepo-
sledni fadé i posuzovani identifikovanych variant DNA se
standardizovanym pfidélenim odpovidajicich diagnostic-
kych kritérii dle ACMG, ktera se jinak mohou v molekular-
né-genetické praxi lisit mezi jednotlivymi laboratorfemi.

Charakteristika resenych pripadu nahlé kardialni
smrti véetné anamnestickych dat

Naprosta vétsina nahlych umrti se udala ve dne a vdoma-
cim prostredi pfi bézné ¢innosti nebo ve spanku, coz od-
povidd mezinarodnim studiim.? Pouze 6,1 % zemfelych
zemfrelo pfi intenzivni sportovni nebo fyzické aktivité. Do
studie nebyl zafazen ani jeden pfipad nédhlého umrti vr-
cholového sportovce. Muzi tvofili v nasem souboru vétsi-
nu pfipadl nahlych umrti. Studie ovéfila, Ze naprostd vét-
Sina rodin (120/133, 90,2 %) ma zajem o vysetieni priciny
umrti u jejich pfibuzného i o kardiologické screeningové
vysetfeni dospélych i nezletilych potomka.

Molekularné-genetické vystupy

Celkové vysledky molekularné-genetického vysetfeni
u zemrelych, v¢etné nalezl v jednotlivych podskupinach
dle pitevni diagndzy v nasi studii odpovidaji publikova-
nym mezinarodnim studiim obdobného rozsahu.*?*% Na
zékladé nasich zkusenosti a v souladu s mezindrodnimi
studiemi Ize tedy ocekdvat, Ze geneticka stratifikace vede
k odhaleni jednozna¢né dédi¢ného onemocnéni u zhruba
20 %, tedy u pfiblizné jednoho z péti pfipadd.

24/02/2023 12:27:44
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FLNC: NM-001458.5(FLNC):c.3070C>T
p.(GIn1024*), tfida 5, dle ACMG PVS1,
PM2, PP3

FLNC: wt

FLNC: NM_001458.5(FLNC):c.3070C>T
p.(GIn1024*), tfida 5, dle ACMG PVS1,
PM2, PP3

FLNC: wt

1 2

A

FLNC: NM_001458.5(FLNC):c.3070C>T
p.(GIn1024%*), tfida 5, dle ACMG PVS1,
PM2, PP3

FLNC: NM_001458.5(FLNC):c.3070C>T
p.(GIn1024%*), tfida 5, dle ACMG PVS1,
PM2, PP3

Obr. 4 - Pfipad nahle zemrelého nezletilého chlapce a netuplna penetrance pfi¢inné varianty DNA u pfibuznych Zen v rodiné.

Popis: 13lety chlapec, ktery zemrel nédhle béhem distancni vyuky doma. Pfed smrti si opakované stéZoval na rychlé buseni srdce, nikdy ale
neupadl do bezvédomi. Protoze i starsi sestra zemielého méla palpitace, v minulosti diagnostikované jako Zivot neohroZujici supraventri-
kularniho charakteru a podstoupila jeji UspéSnou radiofrekvencni ablaci, nepfikladali rodice obtizim takou zavaznost a chlapce nenechali
casné vysetfit. Genetické vysetfeni nakonec prokdzalo pfi¢innou trunkujici variantu v genu pro FLNC, kterou nesla sestra, matka a jeji matka.

opakované nebyly v dlouhodobé monitoraci a pfi zatézi prokazany vyznamné poruchy srdec¢niho rytmu. Sestra i matka dostaly preventivé
beta-blokatory, byla jim nabidnuta dlouhodobéd kardiologicka dispenzarizace, zatim nebyl implantovén defibrildtor (ICD) pro prevysujici

rizika implanta¢niho vykonu a jeho pfitomnosti nad rizikem arytmii

V rdmci molekuldrné-genetické analyzy jsme potvr-
dili vyrazné proarytmické puUsobeni trunkujicich variant
v genu pro filamin C (FLNC) zejména u muzského pohla-
vi.? V nasi studii jsme ji identifikovali jako jasnou moleku-
[arni pFicinu u tfi jedincd ze skupiny SUDS, DCM a ACM.
RUznorodé pitevni ndlezy koreluji s popsanymi klinicky-
mi projevy genu FLNC a ukazuji také na znamy fakt, ze
arytmické komplikace mohou predchazet rozvoji jedno-
znacnych strukturdlnich zmén srde¢niho svalu.?®?° Rozdi-
ly v zadvaZnosti prabéhu kardiomyopatii i poctu nahlych
umrti muzud byly opakované popisovany3*3' a v nasem sou-
boru vicekrat pozorovany, zejména pro pfic¢inné varianty
v genu titin (TTN) a filamin C (FLNC). Jako nazorny pfiklad
uvadime pfipad nahlé zemrelého 13letého chlapce, ktery
zemrel béhem distan¢ni vyuky doma. Pfed smrti si opako-
vané stézoval na rychlé buseni srdce, nikdy ale neupadl do
bezvédomi. Protoze i starsi sestra zemielého méla palpi-
tace, v minulosti diagnostikované jako Zivot neohroZujici
supraventrikuldrni arytmie, a podstoupila UspéSnou ra-
diofrekven¢ni ablaci, nepfikladali rodi¢e obtizim takovou
zdvaznost a chlapce nenechali ¢asné vysetfit. Genetické
vysetfeni nakonec prokazalo pfi¢innou trunkujici variantu
v genu pro FLNC, kterou nesla sestra, matka a jeji matka.
Podrobné kardiologické screeningové vysetfeni u Zijicich
pfibuznych Zen neprokazalo zadnou jistou formu struk-
turadlniho onemocnéni, opakované nebyly v dlouhodobé
monitoraci a pfi zatézi prokazany vyznamné poruchy sr-
decniho rytmu. Sestra i matka dostaly preventivé beta-
-blokatory, byla jim nabidnuta dlouhodob4d kardiologicka
dispenzarizace a prozatim jim nebyl implantovan defib-
rildtor (ICD) pro prevysujici rizika implanta¢niho vykonu
a jeho pfitomnosti nad rizikem arytmii'® (obr. 4).

Na druhou stranu se mohou kardiomyopatie u geno-
typ-pozitivnich Zen projevit az ve véku nad 50 let,3? a pro-
to je vhodné zvazovat kaskddovy rodinny screening nebo
post mortem genetické vysetfeni i v téchto pripadech.
V rdmci studie jsme tuto zkusenost ovérili v pripadé nahle
zemrelé 59leté Zeny s HCM a geneticky urc¢enou Fabryho
chorobou nebo v pfipadé 56leté Zeny s post mortem dia-
gndzou fibrozy srdce a geneticky ur¢enou familiarni DCM
s defektem v genu pro titin (TTN). V obou ptipadech vedI
k post mortem vysetreni zajem pribuznych pfi vyskytu né-
hlych umrti a onemocnéni srdce u vice rodinnych pfislus-
nikd. Riziko pro LTVA je v pfipadé syndromu dlouhého in-
tervalu QT identické pro obé pohlavi, ale lisi se vyskytem
v urcitych vékovych skupinach.?

Ve srovnani s vysledky molekuldrné-genetického vyset-
kardiovaskularniho onemocnéni byl v pfipadech HCM,
DCM a akutni disekce témér identicky zachyt pficinnych
variant.3#343¢ Post mortem pripady SADS a SUDS by odpo-
vidaly souboru pacientd po prezité srdecni zastavé, ktefi
byli Uspésné resuscitovani a nebyla u nich diagnostikova-
na jednoznacna pficina, tedy stanovena diagndza tzv. idi-
opatické fibrilace komor (iVF). Zachyt pfi¢innych variant
je témér identicky v souboru zemfelych (SADS a SUDS)
a prezivsich.®

Naopak v souboru post mortem diagnézy ACM jsou
mira detekce jistych pfic¢innych variant i spektrum gen(

to diagnézou.? Neni vylouceno, Ze skutecné priciny nah-
[ého Uumrti jsou jiné nez pri¢iny ACM u zijicich/pFezivsich
pacientd. Pravdépodobnéjsim vysvétlenim je viak spise
nespolehlivost diagnézy post mortem, ktera se zaklada
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Obr. 5 - Navrh multidisciplinarni péce v jednotlivych centrech

na detekci tukové degenerace a fibrézy myokardu pravé
komory. Tyto nalezy mohou byt zkresleny kvuli obecné
tendenci k nadvaze u soucasné populace. Pro spolehlivé
zhodnoceni by bylo nutné analyzovat télesnou hmotnost
a vysku u této kohorty nahle zemrelych, avsak tyto udaje
nebyly k dispozici zdaleka u viech pfipadd pro nejednot-
né postupy na rtznych pracovistich soudniho lékarstvi.

Syndrom dlouhého intervalu QTc typu 5,

lehky (KCNQ5 lite)

Nalez casté varianty v genu pro draslikovy kanal KCNET
definujici dédi¢ny arytmicky syndrom LQTS5 lite je obtizné
interpretovatelny u zemrelych i Zijicich. Na zakladé do-
stupné literatury jsme jej neoznacili jako jednoznacnou
molekularni pfi¢inu ndhlého umrti.?"*® Rodindm jsme ale
nalez sdélili, detekovanym nosi¢im varianty doporucili
beta-blokatory v maximalné tolerované davce a upozor-
nili na dalsi upravy Zivotospravy, které jsou dulezité pro
prevenci vyznamnych poruch srde¢niho rytmu (napf. vy-
hnout se vykyvim minerald, vyhnout se Iékim uvedenym
v seznamu na www.crediblemeds.org)."

DNA varianty nejasného vyznamu

Limitace molekularné-genetickych metod Ize spatfovat
v prikazu DNA variant nejasného vyznamu (klasifikace
DNA 3, tzv. VUS) u vyznamné skupiny SCD, v naSem sou-
boru u 30/106 pfipadl (28 %). Vzhledem k soucasné ne-
jednoznacné pitevni morfologii se ani kombinace obou
metod nezda byt dostatecnd ke stanoveni jednoznacné
priciny smrti. V nékolika pfipadech jsme u zemfelych na-
lezli i vice variant nejasného vyznamu a neni vyloucen je-
jich kumulativni efekt. Vliv je ale nejasny a za soucasnych
podminek neprokazatelny. Tento fenomén byl popsan
i jinymi autory.® Vyznamnym interpreta¢nim problémem
je vztah tohoto molekuldrné-genetického nalezu k moz-
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nostem prevence u piimych pfibuznych. Vychodiskem je
dlouhodoba kardiologicka dispenzarizace rodinnych pfi-
slusnikG a reevaluace nalezenych variant v pravidelnych
casovych intervalech.041

Néktefi autofi diskutuji vyskyt vétsich genomovych in-
zerci a deleci u gent pro kardiomyopatie nebo dédi¢né
arytmické syndromy a jejich limitni detek¢ni moznosti.*?
Nicméné nami zvolend molekuldrné genetickd metoda
sekvenovani NGS od firmy Sophia Genetics zarucuje spo-
lehlivou detekci pravé téchto zmén, které raritné nacha-
zime (vlastni nepublikovand data).

Smysluplnost genetického testovani

u nepostizenych pribuznych

V rdmci studie jsme nabidli molekuldrné-genetické vyset-
feni péti prvostupriovym pribuznym bez jistych znamek
dédicného onemocnéni, kde tkan z nahle zemrelého
nebo jeho obou rodi¢l nebyla dostupna. Tato diagnosti-
ka nepfinesla zadny vysledek, ktery ale v principu pfitom-
nost genetického onemocnéni u vysetienych nevylucuje.
Dle nasich zkusenosti je pravdépodobné racionalni témto
rodinnym pfislusnikdm nabidnout kardiologickou dispen-
zarizaci do 50.-60. roku zZivota.” Molekularné-genetické
vysetfeni je opravnéné provést az v pfipadé pritomnosti
jasnych znamek urcitého dédi¢cného onemocnéni (jasné-
ho fenotypu).

Rodinna anamnéza a kaskadovy rodinny screening
Dllezité je, ze az v 42 % pfipadd se nahla smrt udala
v rodinach s prfedchozimi pfipady nahlého umrti nebo
s pfibuznymi, ktefi jiz byli ve specializované kardiologic-
ké péci. Tento fakt podporuje indikaci kaskadového ro-
dinného screeningu u pacientl s jinak nevysvétlitelnym
srdecnim selhdnim s redukovanou i zachovanou systolic-
kou funkci, zdvaznymi poruchami srde¢niho rytmu nebo
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rozsifenim aorty bez anamnézy hyperlipoproteinemie
nebo dlouhodobé nelécené arteridlni hypertenze. P¥i
screeningovém vysetfeni jsme prokazali, Ze aZ jedna tre-
tina pfibuznych mé znamky dédi¢ného kardiovaskular-
niho onemocnéni, a je tedy v principu v riziku nahlého
umrti, bereme-li v tvahu rliznou penetranci a expresivitu
jednotlivych genovych variant. Individualizovana konti-
nudlni péce v téchto pfipadech prispéje k primarni pre-
venci zavaznych poruch srdec¢niho rytmu u ¢asto mladych,
ekonomicky aktivnich jedincl. V nékterych, obzvlasté
zavaznych pfipadech s vysokou penetranci v rodiné se
postiZzené rodiny rozhoduji o primarni prevenci onemoc-
néni u potomkd formou asistované reprodukce a preim-
planta¢ni diagnostiky. Tim mohou zamezit dalSimu Sifeni
tohoto konkrétniho onemocnéni do budoucich generaci.

Post mortem vysetreni i v pripadé oddaleného
umrti na jednotkach intenzivni péce

Na zakladé mezinarodnich doporuceni* by mél byt uve-
deny diagnosticky postup aplikovan i u pfipadd nahlé
srde¢ni zastavy s Uspésnou resuscitaci a oddalenym dmr-
tim pacienta béhem hospitalizace. Interval mezi zastavou
a umrtim se muze pohybovat od nékolika hodin az po
nékolik dnl az tydnl. S ohledem na indikace pitev dle
aktudlné platného zdkona o zdravotnich sluzbach se
mohou néktefi takto postiZzeni pacienti dostat na pato-
logicko-anatomickou pitvu na Ustavy a oddéleni patolo-
gie. V té souvislosti je tfeba vyslovit apel na provedeni
pitvy i u téchto zemrelych, at uz v rezimu patologicko-
-anatomické pitvy, ¢i po dohodé se soudnélékarskym pra-
covistém v rezimu zdravotni pitvy (dle zvyklosti zdravot-
nického zatizeni) a zajisténi materialll k post mortem
diagnostice i u téchto pfipadd.

Multidisciplinarni tymy

Pro zlep3eni komunikace mezi jednotlivymi profesemi
navrhujeme dle obecnych doporuceni evropskych kardio-
logickych, patologickych a genetickych spolecnosti®*>'2 se-
staveni lokalnich multidisciplinarnich tyma, které se pra-
videlné schazeji (obr. 5). Tyto tymy se potom mohou na
narodni Urovni setkdvat, vyménovat si zkusenosti a sdilet
data v rdmci pravidelnych ndrodnich kongres( jednotli-
vych odbornych spole¢nosti. Molekularné-genetickd ana-
lyza by méla byt nicméné sjednocena do jednoho, maxi-
malné dvou specializovanych center (obr. 5).

Zaveér

Studie ukazala, Ze centralizovana molekularné-genetic-
ka analyza umoznuje ziskat spolehlivé vysledky i v ramci
CR zhruba u jedné pétiny viech pfipad(. Vyznamna &ast
pfipadd nahlé srde¢ni smrti (42 %) méla pozitivni rodin-
nou anamnézu, coz zdurazriuje vhodnost provadéni kas-
kddového rodinného screeningu u rodinnych pfislusnik
pacientld s kardiomyopatii a/nebo komorovymi arytmiemi
nejasné etiologie v bézné kardiologické praxi za ucelem
primarni prevence nahlé srdec¢ni smrti u pfibuznych. Po-
zUstali jsou ochotni podstoupit genetickou a kardiologic-
kou péci ve vétsiné pripadd. Tento postup vede k primar-
ni prevenci nahlého umrti az u jedné tretiny pfibuznych,
v naprosté vétsiné v produktivnim véku.

Post mortem genetickd analyza pfi nahlé srde¢ni smrti
(SCD) predstavuje dulezity diagnosticky nastroj pro pri-
marni prevenci srde¢ni zastavy u pfibuznych obéti a vy-
Zaduje multicentrickou a multidisciplinadrni spolupraci.
Dostupné informace a shrnuti moznosti post mortem dia-
gnostiky jsou nové uvedeny na www.nahleumrti.cz.

Financovani

Podpofeno grantovym projektem Ministerstva zdravot-
nictvi CR NV18-02-00237 Diagnostika pFi¢in nahlé srdeéni
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Kontext: latrogenni disekce korondarni tepny béhem diagnostické nebo terapeutické katetrizace predstavuje
vzacnou a smrtelnou komplikaci, kterda mlze vést k rozvoji dalSiho infarktu myokardu. Cilem této studie je
podélit se o vysledky lécby koronarnim bypassem (coronary artery bypass grafting, CABG) u pacientl s iatro-
genni disekci koronarni tepny po koronarografickém vysetreni (coronary angiography, CAG) na nasi klinice.
Metody: Retrospektivné byly analyzovany udaje viech pacientd, u nichz byla v obdobi mezi lednem 2014
a prosincem 2021 v nasi nemocnici provedena CAG nebo perkutanni korondrni intervence (PCl); do studie
byli zahrnuti i pacienti s CABG po iatrogenni disekci korondrni tepny. Disekce se hodnotila pomoci klasifika-
ce National Heart, Lung and Blood Institute (NHLBI).
Vysledky: Béhem uvedenych osmi let byla CAG provedena u 20 398 pacientt a PCl u 9 583 pacientl. Koronar-
ni bypass pro iatrogenni disekci korondrni tepny bylo nutno provést u 17 pacientt (0,06 %). K disekci kmene
levé véncité tepny doslo u 6 (35,3 %) pacientd, predni sestupné vétve u 6 (35,3 %), circumflex tepny u 2
(11,8 %) a pravé véncité tepny u 3 (17,6 %). U 3 pacientl (17,6 %) prekrocila doba intubace 48 hodin. Jeden
z téchto pacientd neddvno predtim prodélal onemocnéni covid. U dalsiho pacienta doslo k rozvoji otoku
plic. Jiny pacient zemfel 4 dny po operaci v disledku nizkého srdecniho vydeje. Doba pobytu na jednotce
intenzivni péce ¢inila 2 (min.: 1 - max.: 13) dni; celkové v nemocnici 6 (min.: 4 - max.: 20) dni.
Zavér: Vlyvoj kritického klinického stavu pred chirurgickym vykonem tésné souvisi s vyssi pravdépodobnosti
umrti v ¢asné a pozdni pooperacni dobé. Z toho jasné vyplyva, Ze jakékoli 1é¢ba v kazdém obdobi pred ope-
raci, béhem ni a po ni predstavuje nejdulezitéjsi determinantu konecného vysledku.

© 2023, CKS.

ABSTRACT

Background: latrogenic coronary artery dissection during diagnostic or therapeutic catheterization is a rare
and mortal complication that may result in a newly developed myocardial infarction. In this study, we aimed
to share the results of CABG treatment of patients with iatrogenic coronary artery dissection after coronary
angiography (CAG) in our clinic.

Methods: All patients who underwent CAG or percutaneous coronary intervention (PCl) in our hospital
between January 2014 and December 2021 were analyzed retrospectively and patients who underwent
CABG after iatrogenic coronary artery dissection were included in the study. The dissection classification was
achived according to the National Heart, Lung and Blood Institute (NHLBI) classification.

Results: During the eight years, CAG was applied to 20,398 patients and PCl to 9583 patients. Needed to
treat CABG in iatrogenic coronary artery dissection developed in 17 of the patients (0.06%). LMCA was
dissected in 6 (35.3%) patients and LAD in 6 (35.3%), CX in 2 (11.8%) and RCA dissection in 3 (17.6%). 3 pa-
tients (17.6%) had an intubation time longer than 48 hours. One of them has recently had a COVID infection.
Another was suffering from pulmonary edema. The other patient died on the 4th postoperative day due to
low cardiac output. The length of stay in the intensive care unit was 2 (min: 1 — max: 13) days. The hospital
stay was 6 (min: 4 — max: 20) days.

Conclusion: The development of a critical clinical condition prior to surgery is strongly associated with
a higher probability of early and late postoperative death. For this reason, it is clear that the treatments
applied at every stage of the pre-, per-, and postoperative period are the most important determinants of
the results.
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Introduction

latrogenic coronary artery dissection during diagnostic or
therapeutic catheterization is a rare and mortal complica-
tion that may result in newly developed myocardial infarc-
tion (MI).! The frequency of iatrogenic left main coronary
artery (LMCA) dissection during coronary angiography
has been reported as <0.1%. Depending on the size of
the dissection flap and luminal occlusion, the clinical pre-
sentation may vary from an asymptomatic angiographic
finding to hemodynamic deterioration.? Therefore, after
the complication, conservative treatment could be enou-
gh or a patient may require treatment with percutaneous
coronary intervention (PCl) and coronary artery bypass
grafting (CABG). Complications following percutaneous
coronary intervention are usually successfully managed
in the catheterization laboratory, but some complications
may require immediate surgical intervention.>* In such
patients, myocardial infarction (MI) develops during the
procedure, and as a result, they may need high-dose ino-
tropic agent support, intra-aortic balloon pump (IABP),
and extra corporeal membrane oxygenation (ECMO) to
correct hemodynamic deterioration. Although emergen-
cy CABG is the most common treatment strategy in such
cases where hemodynamic stability is not achieved but
the 30-day mortality rate following a successful CABG re-
mains at a high level of 26%.° In this study, we aimed
to share the results of CABG treatment of patients with
iatrogenic coronary artery dissection after coronary an-
giography (CAG) in our clinic.

Methods

In our study, all patients who underwent CAG or PCl in
our hospital between January 2014 and December 2021

were analyzed retrospectively and patients who under-
went CABG after iatrogenic coronary artery dissection
were included in the study. The dissection classification
was achived according to the National Heart, Lung and
Blood Institute (NHLBI) classification.? Patients who are
followed up or underwent PCl or died without undergo-
ing CABG after coronary dissection were excluded from
the study. If the patients had previous CABG or need an
additional valve surgery were also excluded from the stu-
dy (Fig. 1).

The information of the patients included in the study
was obtained from the hospital data system and patients
files. Baseline patients characteristics (age, hypertension,
diabetes mellitus, previous PCl, chronic kidney failure),
preoperative and postoperative ejection fraction (EF%),
preoperative CABG time, number of vessels applied, post-
operative death, stroke, MI, renal failure, intensive care
unit stay and hospital stay were evaluated.

Definition of NHLBI and indication of CABG

According to NHLBI coronary artery dissection classifica-
tion, Type C dissections appear as contrast outside the
coronary lumen (“extra luminal cap”) with persistence
of contrast after dye has cleared from the lumen. Type
D occurs as spiral ("barbershop pole”) luminal filling de-
fects, often with excessive contrast staining of the false
lumen. Type E represents as new, persistent filling defects
within the coronary lumen. Type F occurs those that lead
to total occlusion of the lumen without distal antegrade
flow. Patients with Type C-F were treated with balloon
angioplasty or PCl in the same session. When residual ste-
nosis was less than 30% and if the thrombosis in myo-
cardial infarction (TIMI) 3 flows maintained procedure is
considered successful. The patients who did not succeed
in the interventional procedure were referred to CABG.

29.981 patients undergoing cardiac catheterization betweeen
January 2014 - December 2021 (CAG: 20.398 , PCl: 9583)

Y

—>C 29.877 patients without coronary artery dissection ]

C 106 patients with iatrogenic coronary dissection )

\ 4

Exclusion:
14 patients undergoing follow-up

4>C 24 patients undergoing balloon angioplasty

—»C 47 patients undergoing PCl

—>C 2 patients needed valvular surgery

4>C 2 patients - exitus

UUUUU

( 17 patients needed CABG

)

Fig. 1 - Study flow chart. CAG - coronary angiography; PCl — percutaneous coronary intervention.
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In addition, if there is an indication for CABG according
to the ESC Guidelines in patients who developed corona-
ry artery dissection during diagnostic CAG, these patients
were also referred to CABG.

The patients are treated with on-/off-pump CABG, de-
pending on the patient’'s hemodynamic status and the
surgeon’s preference. Our clinical preference is off-pump
CABG in hemodynamically stable patients and beating
heart on pump or conventional CABG in unstable pa-
tients.

Procedure of CABG

All operations were performed with median sternotomy.
Standard cannulation has been performed if it was an on-
-pump CABG surgery by placing arterial cannula in the
ascending aorta and two-stage cannula in the right atri-
um. 100 1U/kg of heparin was administered intravenously
to start extracorporeal circulation. A membrane oxyge-
nator, a roller pump therefore a non pulsatile flow were
used during cardiopulmonary bypass. We aim to achieve
a nasopharyngeal temperature of 32 °C (mild hypother-
mia) and a hematocrit value of 22-24% (moderate hemo-
dilution). During cardiopulmonary bypass, mean blood
pressure of a patient was maintained over 60 mmHg and
a pump flow at 2.4 I/m?¥min. Cardiac arrest was achieved
with antegrade (and also with retrograde if it is needed)
potassium blood cardioplegia (10 ml/kg) to preserve the
myocardium after cross-clamping. If the left internal ma-
mmary artery was a suitable graft it used as the last distal
anastomosis on the left anterior descending artery. After
taking cross clamp off, proximal anastomoses were per-
formed under side clamping on the beating heart in all
operations.

If it is an off-pump surgery, we still harvested the
left internal mammary artery and 100 IU/kg heparin to
achieve adequate anticoagulation (activated coagulation
time of >250 s). The pericardium was dissected widely for
proper cardiac positioning. Also a deep pericardial trac-
tion suture was placed in two thirds of the posterior peri-
cardium to be able to elevate the base of heart by avoid-
ing any injury to the phrenic nerve, the esophagus or the
pulmonary lobe. The pericardium in the right aspect was
incised widely to position the heart into the pleural space.
To achieve the optimal visualization of the target vessels
especially in the lateral and inferior aspect, the operating
table was placed in the right decubitus Trendelenburg
position. We prefer a cardiac positioning system that al-
lows lifting the heart with preserved functional geometry
without pushing the apex of the heart (Maquet ACROBAT
stabilizer and XPOSE positioner; Maquet GMBH & Co, Ras-
tatt, Germany). To be able to achieve a clean surgical field
we routinely use a CO, insufflator. After a short waiting
time after heparinization we perform arteriotomy and
place an intracoronary shunt into the artery (Medtronic
Inc., MN, USA). We perform the anastomosis using inter-
rupted 7-0 Prolene sutures and remove the shunt from
the coronary artery just prior to the completion of anas-
tomosis. When all distal anastomoses were completed we
suture proximal anastomoses onto the aorta using 6-0
Prolene sutures under a side-biting clamp. Total opera-

tion time, target arteries, and number of anastomosis are
recorded. After the surgery is completed, we transfer all
patients to the intensive care unit (ICU) with intubation.

Statistical analysis

The data were analyzed with SPSS v21. Descriptive sta-
tistical categorical variables were expressed in frequency
(n) and percentage (%), while numerical variables were
expressed in mean standard deviation.

Results

During the period of study, CAG was applied to 20,398
patients and PCl to 9583 patients. A need to treat CABG
in iatrogenic coronary artery dissection developed in 17
of the patients (0.06%). Thirteen (76.4%) of these pati-
ents were male. In 12 (70.6%), hypertension was accom-
panied. Eight (47%) of these patients had a previous his-
tory of PCl. Dissection has developed during diagnostic
angiography in 2 (11.8%) patients and during performing
PCl in 15 (88.2%) patients. The dissection classification of
these patients was done according to the NHLBI. Type C
dissection was seen in 1 (5.9%) patient, Type D lesion in
2 (11.8%), Type D dissection in 6 (35.3%), Type E dissecti-
on in 8 (47%) patients. LMCA was dissected in 6 (35.3%)
patients and LAD in 6 (35.3%), CX in 2 (11.8%) and RCA
dissection was carried out in 3 (17.6%) (Table 1).

Considering the clinical condition of the patients and
the type of dissection, the timing of the operation also
varied. 9 patients (52.9%) were operated on urgently, 8
patients (47) were operated as an emergency. The pro-
cedure was performed as off-pump CABG in 10 patients
(58.8%), and as on-pump CABG in 7 patients (41.2%). 5
vessel CABG was applied to 1 patient (5.9%), 4 vessels to
2 patients (11.8%), and 3 vessels to 4 patients (23.5%).
On-pump CABG was applied to 1 patient with 5 vessels,
2 patients with 4 vessels, 2 patients with 3 vessels, and
2 patients with 2 vessels. Intra-aortic balloon pump was
needed in 7 of the patients (41.2 %). 4 (23.5%) of them
were applied preoperatively and 3 (17.6%) were applied
per-operatively (Table 2).

In the postoperative period, 1 patient (5.9%) was re-
operated on the same day due to bleeding. There was
bleeding caused by the incision of the aortic cannula and
it was repaired. No complications developed afterwards.
3 patients (17.6%) had an intubation time longer than
48 hours. One of them has recently had a COVID infec-
tion. Another patient suffered from pulmonary edema.
The other patient died on the 4th postoperative day due
to low cardiac output. The length of stay in the intensive
care unit was 2 (min: 1 — max: 13) days. The hospital stay
was 6 (min: 4 — max: 20) days. Patients came to the rou-
tine postoperative controls on the 14th day and it was
observed that one patient had no ventilation sounds in
the left lung during auscultation. The patient was hospi-
talized and the left lung was drained with pleurocan. An-
other patient applied to the emergency room with dys-
pnea in the 3rd month postoperatively. It was observed
that patients had low EF and non-adherence to medica-
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Table 1 - Baseline demographics Table 2 - Peroperative data
Patients Median Mean=SD n (%) Patients Median Mean =£SD n (%)
(min-max) (min-max)
Age (years) 68.7£10.5 Urgent 9(52.9)
Male 13 (76.4) Emergency 8 (47)
Hypertension 12 (70.6) CPB
Diabetes mellitus 6 (35.3) On-pump 7 (41.2)
Insulin-treated diabetes 3(17.6) Off-pump 10 (58.8)
Smoking 11 (64.7) Need for inotropic agent 11 (64.7)
Hyperlipidemia 8 (47) Blood transfusion (ES) 2 (0-8) 1+0.7
Renal insufficiency 4 (23.5) IABP 7 (41.2)
Hemodialysis 1(5.9) Preoperative using 4 (23.5)
Prior Ml 7 (41.2) Peroperative using 3(17.6)
Prior CVE 1(5.9) Total CPB time 53 (24-87) Mean = SD
Prior PCI 8 (47) Cross clamp time 23 (9-38) Mean + SD
PVD 3(17.6) Number of grafts
COPD 3(17.6) One vessel 4 (23.5)
EF (%) 30 (20-60) Two vessels 6 (35.3)
Procedure type Three vessels 4 (23.5)
Diagnostic CAG 2(11.8) Four vessels 2(11.8)
PCl 15 (88.2) Five vessels 1(5.9)
Vascul
ascu.ar access CPB - cardiopulmonary bypass; ES - erythrocyte suspension; IABP —
Radial 5(29.4) intra-aortic baloon pump.
Femoral 12 (70.6)
Dissection vessel Table 3 - Postoperative data
LMCA 6 (35.3) Patients Median Mean =SD n (%)
(min-max)
LAD 6 (35.3) ; .
Reoperation for bleeding 1(5.9)
o 2(1.8) On ventilator >48 h 3(17.6)
RCA 3(17.6) Postoperative EF (%)
DliSSQE_tion_ type (NHLBI In-hospital 35 (20-60)
dlassification) After 90 days 42 (25-60)
c 1(5.9) Length of ICU stay (days) 2 (1-13)
D 2(11.8) Length of hospital stay
E 6 (35.3) (days) 6 (4-20)
F 8 (47) Re-hospitalization 2(11.8)
Postoperative AKI 3(17.6)
CAG — coronary angiography; COPD - chronic ob.structive pulmo- New-onset dialysis-
nary disease; CVE — cerebrovascular event; CX — circumflex artery; )
e . ) : dependent 2(11.8)
EF - ejection fraction; LAD - left anterior descending artery; LMCA :
- left main coronary artery; Ml - myocardial infarction; NHLBI - Na- Postoperative AF 4(23.5)
tional Heart, Lung and Blood Insitute; PCI — percutaneous coronary Postoperative stroke 1(5.9)
intervention; PVD - peripheral vascular disease; Postoperative M 0
RCA - right coronary artery. .
Postoperative PCl 0
tion. The patient was rehospitalized and discharged on Re-CABG 0
the 3rd day with adequate diuretic therapy. Acute renal Postoperative mortality
failure developed in 3 patients. 1 patient required hemo- In-hospital mortality 2(11.8)
dialysis and another one required hemofiltration. The In 30 days 2(11.8)
patient who needed hemofiltration was discharged with In 180 days 2(118)

normal renal functions. 4 patients (23.5%) had POAF and
2 of them returned to sinus rhythm with medication and
1 with cardioversion. One patient was discharged with AF
after no hemodynamic problems were found. In the 2nd
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AF - atrial fibrillation; AKI - acute kidney injury; CABG - coronary
artery bypass grafting; EF - ejection fraction; ICU - intensive care unit;
MI - myocardial infarction; PCl — percutaneous coronary intervention.
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month follow-ups, it was observed that this patient was
also in sinus rhythm. 1 patient (5.9%) had a transient isch-
emic attack. It was observed that there was also a loss of
strength (4/5) in the right upper extremity. This patient
was operated on urgently. It was observed that he had
a carotid lesion in the postoperative carotid doppler im-
aging. 2 patients died postoperatively due to low cardiac
output as a result of diffuse anterior myocardial infarc-
tion on postoperative day 1 and day 4 (Table 3).

Discussion

Coronary artery dissection may rarely develop during dia-
gnostic or therapeutic interventional procedures.® While
it may be sufficient to just follow up a patient with a co-
ronary artery dissection without any intervention, CABG
is needed in some patients.” Although it is the type of
CADXx that determines such a difference in terms of indi-
cations, the clinical conditions and hemodynamics of the
patients are also the main determinants. While there are
many studies about the cause of iatrogenic coronary ar-
tery dissection or the interventional treatment, there are
not enough studies on the surgical treatment.*>#1° In this
study, we shared the management, treatment planning,
and results of patients with CABG after coronary artery
dissection during coronary angiography.

There are some studies that it was thought the cath-
eter selection and how these catheters are used is related
with coronary artery dissection. Considering the results of
these studies, it was stated that choosing the right cath-
eter to be used according to the angle of the ostium of
coronary artery with the aorta is important. In addition, it
has been observed that the diameter of the catheter must
be in accordance with the ostial diameter of the coronary
artery, the catheter should not advance too far towards
the ostium during imaging or intervention. It should be
placed in the right axis and the catheter should not be
dampened, or contrast injection must not be given with
high pressure. After all, we think that the patient’s coro-
nary ostium diameters should play a role in the selection
of the catheter and that having enough experience in the
use of catheters is also required. In addition, we believe
that it would be more accurate to use automatic devices
to give contrast injection instead of trying to adjust pres-
sure manually.

In a study, it was seen that there is no difference in ra-
dial or femoral access as a risk factor.’? The reason for the
proportional difference with the access site in the studies
was that the clinic performing the catheterization has an
approach priority depending on their experience. In our
study, the femoral artery was used in 12 (70.6%) patients
and the radial artery was used in 5 patients (29.4%). We
do not think that the proportional difference here is due
to the access region. Since the femoral approach is mostly
preferred as a catheterization site, it was concluded that
there was a proportionately higher rate of femoral artery
access.

In most studies, iatrogenic LMCA dissection appears to
be <1%.7 As a result of diagnostic or therapeutic cath-
eterization, the rate of dissection in LMCA and RCA was
0.14%. In the same study, approximately 90% of dissec-

tions occurred during PCl and it was approximately 20
times more likely to occur during PCl compared to CAG."
In our study, 15 (88.2%) of the iatrogenic coronary artery
dissection patients who needed CABG occurred during
PCl and 2 (11.8%) during CAG. Overall, the risk of devel-
oping coronary artery dissection while performing PCI
was 15 times higher than CAG in our study.

When planning CABG after coronary artery dissection,
the clinical condition and symptoms of the patient are
kept in consideration. However, there is no clear treat-
ment algorithm determined by the guidelines. Therefore,
the dissection level of the patients was defined accord-
ing to NHLBI.>"? According to these classifications, Type
A and B dissections are more stable. Type C-F coronary
dissections carry the risk of acute myocardial infarction.
Therefore, intervention is recommended for these pa-
tient groups.’? CABG is a good option in unstable pa-
tients, especially in patients whose true lumen cannot be
fully defined. Since emergency intervention is an impor-
tant issue in these cases, it is important that the cardiac
surgery team is ready beforehand. In some centers, be-
cause the team gets ready, there is a tendency to perform
PCl to provide hemodynamic stability.' Although there is
no study in the literature to determine whether there is
an advantage in patients who underwent PCl and CABG,
the short term results were found to be acceptable with
patients who underwent PCl."?> Coronary artery dissection
developed in 106 patients, and CABG was applied in 17
of them in our study. The main reason for this low rate is
that the dissection has occurred in CX and RCA in most
of the patients. These patient groups were treated with
interventional methods or followed up if they are asymp-
tomatic. CABG has been a priority in LMCA and LAD dis-
sections, especially in patients with long segment dissec-
tions.

Timing of surgery is an important factor in patients
who need CABG. In general, in cases of acute MI, there
is a tendency to take CABG after cardiac enzymes have
normalized if hemodynamics and patient clinic allow.>
However, considering the symptoms of patients, it is obvi-
ous that there is an urgent need for intervention. In oth-
er studies, prolonged ischemia time was associated with
MI and mortality in patients not admitted to emergency
CABG.? In our study, 9 patients (52.9%) were taken to ur-
gent CABG, while 8 patients (47.1%) were taken to emer-
gency CABG. In order to undergo CABG operation under
elective conditions after coronary artery dissection, it may
be considered that the type of coronary dissection may be
more asymptomatic, such as C-D, but even in these cases,
the need for an emergency operation may arise. During
the preoperative evaluation of the patients, IABP can be
used to protect the hemodynamics of the patients and
to reduce the myocardial burden.' In our study, we used
IABP in 4 (23.5%) of the patients to be taken for emer-
gency operation. Considering the patients who were tak-
en to the emergency operation, IABP was used in one of
every two patients.

Off-pump CABG was preferred in patients with CADx
if they had a suitable vascular structure, stable hemo-
dynamics for positioning, suitable diameters with the
target vessel."”'® CPB triggers the formation of systemic
inflammatory response syndrome (SIRS) through many
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pathways such as the complement system, cytokines,
coagulation-fibrinolysis cascade, endothelium and cellu-
lar immune system. Surgical procedure, contact of blood
elements with the inner surface of the pump system in
cardiopulmonary bypass, ischemia/reperfusion injury,
hypothermia, endotoxemia, surgical stress and anesthe-
sia are the causes of SIRS." This inflammatory response
may occur in the postoperative period with myocardial
dysfunction, respiratory failure, renal and neurological
disorders. It may be associated with complications such
as bleeding diathesis, liver dysfunction, and even mul-
tiple organ failure (MOF).2%?" At the same time, a car-
diac-stunned heart may have difficulty with weaning
from CPB. Therefore, in our study, 7 patients (41.2%)
had on-pump surgery and 10 (58.8%) had off-pump.
In our preference, we mostly decided according to the
number of vessels to be bypassed and also depending
on the primary surgeons decision. When we look at the
patients who underwent on-pump, 1 patient (5.9%) had
5-vessel CABG, 2 patients (11.8%) 4-vessel CABG, 2 pa-
tients (11.8%) 3-vessel CABG, 2 patients (11.8%) 2-ves-
sel CABG. According to our result, we observed that Cx
which is the most difficult accessible coronary in off-
pump surgery is in the common cluster.

Myocardial stunning (MS) is defined as a reversible
myocardial damage, however, post-ischemic mechanical
dysfunction can persist despite the adequate revascu-
larization. So no matter how quickly we intervene, the
probability of encountering a stunning situation after
acute Ml is high enough. It may take days or even weeks
for the ventricle to return to normal function.?? Con-
sidering our patients, since iatrogenic coronary artery
dissection can cause unexpected myocardial infarction,
the treatment of these patients is similar to the manage-
ment of myocardial stunning process in addition to sur-
gery. Therefore, inotropic support is indicated for these
patient groups.?3242>

The most commonly used and recommended vasoac-
tive drugs as first-line therapy in the treatment of circu-
latory shock are dopamine and norepinephrine. These
drugs act on both alpha and beta adrenergic receptors
to varying degrees. Therefore, the effects of these drugs
on cardiac output, another organ perfusion, peripheral
circulation and cardiac contractility can be different.?6?”
These important agents used in cardiac surgery some-
times adversely affect the cardiac process by triggering
arrhythmia. Therefore, the use of dopamine at low car-
diac output after cardiac surgery triggered arrhythmia
more compared to noradrenalin, necessitating additional
protocols in the cardiac process and prolonged intensive
care processes.?® All of our patients needed inotropes.
In inotropic treatment, dopamine, noradrenaline, and
adrenaline were used, respectively. In our patients, atrial
fibrillation developed in 4 patients during the intensive
care stays. Three of these 4 patients were receiving both
dopamine and noradrenaline infusions.

In addition to the support of inotropic agents in these
patient groups, IABP should be considered at the appro-
priate time to minimize myocardial damage. Both bypass
and myocardial ischemic times are also associated with in-
creased dependence on inotropic support.?® In our study,
there were 11 patients (64.7%) receiving inotropic sup-
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port which is a significantly high rate. When we focus
on the subgroups of these patients, we discovered that
there are hemodynamically compromised patients with
advanced types of dissection and acute MI. 4 (23.5%)
of these patients had IABP placed preoperatively. IABP
was placed in 3 patients (17.6%) because of difficulty of
weaning from CPB. In 2 patients who received IABP pre-
operatively, they were needed taken into the operation
urgently due to the continuation of angina while they
were receiving IABP support and maximum medical treat-
ment.

While most patients are treated with percutaneous
interventions after iatrogenic coronary artery dissec-
tion, we observed that patients with severe mortality
are often treated with CABG. In patients undergoing
CABG, the management of the surgical process is of
great importance. After the development of coronary
artery dissection, if percutaneous treatments are evalu-
ated or even tried, the duration of myocardial ischemia
is significantly prolonged. In this process, CABG planning
should be done as quickly as possible according to both
the hemodynamic and clinical conditions of the patients,
and even inotropic agents and IABP may be required to
protect hemodynamics. In the slightest hemodynamic in-
stability or in the presence of any clinical complaints, an
inotropic agent or IABP should not be hesitated to start,
and the patient should be operated on as soon as pos-
sible. Preferring off-pump CABG during the operation
to avoid myocardial ischemia and systemic inflammatory
response brought about by CPB will yield better results
in terms of patient clinic and cardiac function. On-pump
CABG can be applied in patients who cannot tolerate
off-pump surgery hemodynamically. We think that the
use of IABP is beneficial to reduce cardiac preload and
increase coronary nutrition at any stage. To terminate
inotropic medication, IABP or mechanical ventilator
support, the hemodynamic status of the patient should
be considered carefully and rapid decisions should be
avoided. While planning the medical treatment of the
patients during discharge, the necessary medical treat-
ment of heart failure should be added. It has been ob-
served that especially in patients with low EF, if there is
non-compliance with medical treatment, patients return
to the hospital with complaints of pulmonary failure
and diffuse edema. These results showed us that diuret-
ics should be included in medical treatment. In addition,
in the control echocardiogram of the patients postop-
eratively, it was observed that there was an increase in
EF after surgery, although it was not statistically sig-
nificant. Therefore, in patients in the acute stage, early
CABG prevented myocardial ischemia and increased car-
diac function by allowing the correction of EF.

When it comes to limitations of the study, our work is
retrospective in nature and therefore susceptible to all
its inherent weaknesses. However, our institute policy is
to treat all patients with iatrogenic lesions, regardless of
age and comorbidities, thereby greatly reducing selection
bias. Although the sample size was relatively small, it is
probably the largest study to include the patient under-
going corrective cardiac surgery for complications occur-
ring during PCL. It is a descriptive study without a control

group.
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Conclusion

latrogenic coronary artery injuries requiring CABG after

PClI or diagnostic angiography are associated with high 1.
operative mortality and prolonged hospital stays despi-

te urgent surgical treatment. Patients who develop acu-

te coronary occlusion during PCl have a poor long-term 12.
prognosis. The development of a critical clinical condition
prior to surgery is strongly associated with a higher pro-
bability of early and late postoperative death. For this re-
ason, it is clear that the treatments applied at every stage
of the pre-, per-, and postoperative period are the most

important determinants of the results.
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ABSTRACT

Background: Acute coronary syndrome (ACS) and atrial fibrillation (AF) are common in the Portuguese po-
pulation. In some cases, AF first episode can occur in ACS context. Nevertheless, the impact of new-onset AF
(nAF) in the setting of ACS seems to be associated with a poor prognosis.

Objectives: To understand different characteristic in nAF patients with ACS and to evaluate the predictors
of nAF.

Methods: Multicenter retrospective study based on the Acute Coronary Syndrome Portuguese National Re-
gistry, including 29 851 patients admitted for ACS between 1/10/2010-4/09/2019, classified according to the
presence or absence of nAF during the hospitalization. Patients with previous AF were excluded.

Results: nAF was identified in 1067 patients (4.1%), mostly older, presenting more non-cardiovascular co-
morbidities, decreased left ventricular ejection fraction (LVEF) and a more complex coronary disease. nAF pa-
tients received more anti-arrhythmic therapy, but just 21.5% had triple anti-thrombotic therapy and 30.3%
had dual anti-thrombotic therapy. This group also presented high rates of in-hospital complications and
death. Multiple logistic regression revealed that age >75 years old, previous stroke, higher Killip-Kimball
class, haemoglobin <12g/dL and LVEF <50% were predictors of nAF in the setting of ACS. CHA,DS,-VASc

Keywords: score was a predictor of nAF in the setting of ACS (odds ratio 2.07, p <0.001), of cardiovascular re-admission
Acute coronary syndromes (p<0.001) and all-cause of re-admission (p <0.001) at one year follow-up.

CHA,DS,-VASc Conclusions: Patients with nAF in the setting of ACS have a worse prognosis when compared to sinus rhythm
Mortality patients. CHA,DS,-VASc score used for thromboembolic risk assessment was noted to be a moderate predic-
New-onset atrial fibrillation tor of nAF.
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New onset of AF in ACS

Introduction

Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia affecting over 30 million people in deve-
loped countries. It has been estimated that the prevalen-
ce of AF will double over the next 50 years." AF reduces
quality of life and is associated with higher hospitalizati-
on and mortality rates, especially cardiovascular mortali-
ties due to sudden death, heart failure or stroke.’

The presence of AF in patients admitted with acute co-
ronary syndrome (ACS) is common. Nevertheless, the AF
type, namely permanent or paroxysmal, pre-existing or
new-onset, may have a different impact on the patients,
especially when associated with ACS.2* The management
and implications regarding the approach of AF in ACS are
a challenge since no randomized trials were designed for
this population and all the available evidence is based on
subgroup analyses.

Several mechanisms can explain an increased occu-
rrence of AF in ACS, such as ischemia and reduction on
the atrial blood flow, higher left ventricle end-diastolic
and left atrial pressure, diastolic dysfunction and auto-
nomic nervous system disorders. Other mechanisms, such
as neurohormonal activation and inflammation may also
be involved. Different studies reported the AF in ACS in-
cidence, with values ranging between 2 to 25%, and its
incidence increases with the severity of myocardial infarc-
tion.* Other potential risk factors are older age, tachy-
cardia, and heart failure signs.® It is yet to be clarified if
the occurrence of AF on the setting of ACS is a prognos-
tic marker of ACS or related to other comorbidities.® The
presence of permanent AF in the setting of ACS is a direct
predictor of mortality in the short and the long term,%*
and new-onset AF (nAF) may have a worse prognosis
comparing with history of permanent AF in the setting
of ACS.*7 A fact that this work pretends clarify. The main
goal of this study was to analyse the rate, clinical featu-
res, therapeutic approach, complications and in-hospital
mortality of nAF in the setting of ACS in a real-world sce-
nario using data from the Portuguese Registry of Acute
Coronary Syndromes.

Methods

Pro-ACS registry design

The Portuguese Registry of Acute Coronary Syndromes
(Pro-ACS —ClinicalTrials.gov NCT 0162329) is a continuous,
nationwide, prospective, observational registry launched
in 2002. Data is uploaded by participating centres and
managed by the Portuguese Society of Cardiology. All
ACS patients older than 18 years are eligible for inclusi-
on. ACS episodes are adjudicated according to current
guidelines and based on electrocardiogram, myocardial
necrosis biomarkers and clinical status.® Data collected
include patient demographics, baseline characteristics,
presenting symptoms, biochemical, electro- and echocar-
diography findings, clinical evolution, medical treatment
(background, in-hospital, and post-discharge), coronary
anatomy, revascularization procedures, and clinical out-
comes. Outcome data were collected after hospital dis-
charge and after a 1-year of follow-up.
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Definition of new-onset AF

The nAF is defined as the first episode of AF that has
not been diagnosed before, regardless of the arrhythmi-
a’s duration or the presence and severity of AF-related
symptoms. AF identification cannot represent its first
occurrence, as sometimes episodes of silent AF have occu-
rred before. Nonetheless, in this study the first recorded
AF episode was characterized as nAF. We defined two
groups: patients that presented nAF during hospitalizati-
on and patients without AF.

Study population

A total of 29 851 validated episodes in the Pro-ACS regis-
try between 1 October 2010 and 4 September 2019 were
accessed; 1 067 were defined as nAF (4.1%) in ACS con-
text. Each patient might have more than one episode of
ACS. Patients with missing data regarding the ACS type
and the rhythm at admission and during hospitalization
were excluded. The nAF was analysed according to the
ACS presentation, as STEMI or NSTEMI. Patients with pre-
vious AF documented were also excluded.

Statistical analysis

All statistical analyses were performed by a professional
statistician within the National Centre for Data Collection
in Cardiology (CNCDC), using SPSS software (SPSS Inc., Chi-
cago, IL, USA) for Windows XP (version 20.0). Continuous
variables are described as mean and standard deviation
(SD) if normally distributed, or median and interquartile
range (IQR) in case of skewed distribution. Categorical va-
riables are described as absolute and relative frequencies.
Hypothesis testing for differences between nAF and sinus
rhythm was performed using odds ratios (OR) and 95%
confidence intervals (95% Cl), as well as independent-
-samples t-test for continuous variables and chi-square
test for categorical variables. Chi-square and Fisher exact
tests, as well as univariate logistic regression, were used
to assess in-hospital outcomes (categorical variables) as
appropriate. Survival analysis for 1-year outcomes was
performed using Kaplan-Meier curves and log-rank test.
p-values are two-sided, and a threshold of 0.05 indicates
statistical significance in all tests.

Ethical approval

Participation in the registry must be approved by the re-
view board at each institution, the local ethics committee
and by the Portuguese Data Protection Authority (no.
3140/2010).° This way, ensuring the protection of human
rights in Portugal, the confidential and anonymous infor-
mation of every patient, in compliance with the Declara-
tion of Helsinki. Informed consent was obtained to all the
participants.

Results

Population clinical features

A total of 1 067 patients were categorized as having
a nAF in the setting of ACS. Patients with nAF were old,
with a low body mass index and a high prevalence of car-
diovascular conditions and other comorbidities, including
previous heart failure history, valvular heart disease, pe-
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ripheral arterial disease, chronic obstructive pulmonary
disease, dementia and previous stroke (Table 1). Previous
medications are represented in Table 1.

Patients with nAF were more frequently admitted di-
rectly to the catheterization laboratory, while sinus rhy-
thm patients to the emergency room. Other patterns
of hospital admission were similar (Supplemental Table
1). Patients with nAF had similar symptoms onset to
first medical contact time (p = 0.379) but had a shorter
first medical contact to admission time (p = 0.006). Ta-
ble 2 illustrates the clinical presentation features. Sinus
rhythm patients frequently presented chest pain as the
main symptom. As expected, Killip—Kimball (KK) class at
admission was higher in nAF patients nevertheless, just
18.1% with KK > Il presented nAF at admission. Further-
more, NAF patients had high left or right-bundle branch
block patterns, ST-segment depression and ST-segment
elevations, and had less frequently normal ST-segment.
Additionally, nAF presented increased brain natriuretic
peptide (BNP), glycated haemoglobin and creatinine le-
vels, as well as decreased haemoglobin levels.

Table 3 depicts clinical management features. nAF
patients had a poor left ventricular ejection fraction
(LVEF) (p <0.001). On the other hand, the complex co-
ronary disease was common in nAF patients, including
left main and two- and three-vessel disease. Curiously,
the left anterior descending artery was the most fre-
quently revascularized vessel in nAF patients. No differ-
ences were found between groups regarding the per-
formance of percutaneous coronary intervention (PCl)
(odds ratio [OR]: 1.06, p <0.001, confidence interval [CI]
0.93-1.21), nevertheless, nAF patients were less likely to
have planned revascularization (OR: 0.47, p <0.001, Cl
0.37-0.58). Concerning the planned revascularization
strategy, coronary artery bypass grafting (CABG) was

Supplement table 1 - Admission, laboratory, and electrocardiogram

characteristics regarding the rhythm, in percentage

SR AF p
Admission emergency room 57.3 51.3 <0.001
Admitted directly to cath lab 10.4 18.8 <0.001
Admission for intensive care unit 31.5 29.0 0.088
Symptoms onset to first medical 380+157 423+161  0.379
contact time
First medical contact to 263132 202+100  0.006
admission time
Left bundle branch block 3.6 6.4 <0.001
Right bundle branch block 5.2 9.8 <0.001
ST elevation 39.2 52.9 <0.001
ST depression 16.8 20.4 <0.001
Normal ST 23.5 10.8 <0.001
Haemoglobin 13.8+1.9 13.2£2.0  <0.001
HbA 6.6£1.6  7.1x2.1 0.201
BNP 412+£718 979+1309 <0.001

Table 1 - Population characteristics regarding the rhythm,

in percentage

SR AF p
Smoking 27.0 17.8 <0.001
Arterial hypertension 70.4 75.6 <0.001
Diabetes mellitus 31.4 34.6 0.029
Dyslipidaemia 61.8 56.4  <0.001
Familiar cardiovascular history 7.7 2.5 <0.001
Angina 28.7 24.0 <0.001
Previous acs 20.6 18.2 0.062
Valvular pathology 3.7 5.7 <0.001
Previous heart failure 5.7 11.5  <0.001
Previous stroke 7.0 11.3 <0.001
Peripheral arterial disease 5.4 8.1 <0.001
Chronic kidney disease 7.1 47 0.001
Neoplasia 4.9 5.6 0.327
Chronic obstructive pulmonary 42 9.1 <0.001
disease
Dementia 1.6 4.5 <0.001
Haemorrhage 1.5 1.5 0.833
Acid acetylsalicylic 30.8 33.9 0.033
Other antiplatelet 14.2 133 0.439
Beta block 25.2 27.2 0.159
Angiotensin converting enzyme 47.2 51.9 0.003
inhibitors/angiotensin ii receptors
blockers
Statin 39.1 39.8 0.642
Calcium channel blockers 18.9 20.5 0.181
Ivabradine 1.4 2.4 0.009
Mineralocorticoid receptor anta- 2.1 3.0 0.039
gonists
Diuretic 24.2 32.6 <0.001
Anti-arrhythmic therapy 1.5 2.0 0.176
Insulin 7.7 8.5 0.327
Oral antidiabetic drugs 21.3 233 0.114

SR in acute coronary syndrome (ACS) - sinus rhythm; atrial fibrilla-
tion (AF) — new onset of AF in the setting of ACS.

Table 2 - Clinical presentation characteristics regarding

the rhythm, in percentage

SR AF p
Chest pain 92.9 81.9 <0.001
Dyspnoea 3.2 9.2 <0.001
Syncope 1.4 2.8 <0.001
Cardiac arrest 0.5 1.0 0.007
Killip-Kimball class >I 14.3 35.6 <0.001
AF at admission 0 78.2 <0.001

SR in acute coronary syndrome (ACS) - sinus rhythm; atrial fibrilla-
tion (AF) — new onset of AF in the setting of ACS.

SR in acute coronary syndrome (ACS) - sinus rhythm; atrial fibrilla-
tion (AF) - new onset of AF in the setting of ACS.
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Table 3 - Clinical management, angiography, and

revascularization characteristics regarding the rhythm

SR AF p
Left ventricular ejection fraction 51+12  46+13  <0.001
(LVEF)
Quantification of LVEF 93.3% 96.5% <0.001
Angiography 84.5% 82.7%  0.101
Radial access 69.7% 69.0%  0.658
Multivessel disease 515% 56% 0.001
Culprit lesion: anterior 37.2% 40.9%  0.045
descending artery
Culprit lesion: unknown 16.8% 11.7%  <0.001
Percutaneous coronary 70.2%  79.5%  <0.001

intervention
7.4%
2.1%

0.554
<0.001

Coronary artery bypass grafting 8%

Hybrid strategy 0.7%

SR in acute coronary syndrome (ACS) - sinus rhythm; atrial fibrilla-
tion (AF) — new onset of AF in the setting of ACS.

Table 4 - In-hospital complications according to the rhythm,

in percentage

SR AF p
Mortality 34 11.0 <0.001
Reinfarction 0.8 25 <0.001
Heart failure 14.3 45.7 <0.001
Cardiogenic shock 3.6 16.1 <0.001
Mechanical complication 0.6 1.8 <0.001
Complete atrioventricular block 2.2 8.0 <0.001
Sustained ventricular tachycardia 1.1 7.8 <0.001
Cardiac arrest 2.4 9.2 <0.001
Stroke 0.6 1.9 <0.001
Major haemorrhagic events 1.4 4.2 <0.001

SR in acute coronary syndrome (ACS) - sinus rhythm; atrial fibrilla-
tion (AF) — new onset of AF in the setting of ACS.

planned irrespective of the rhythm, although a hybrid
revascularization strategy (PCl + CABG) was chosen more
frequently in nAF patients. No differences were found
regarding success rates.

Therapy

No differences were found regarding therapy with P2Y12
blockers or GP llb/llla receptor inhibitors, as well as dual-
-antiplatelet therapy. nAF patients were more frequently
given aspirin, any heparin/heparin-related-agent, enoxa-
parin, and vitamin K antagonists. Nonetheless, they were
likely to receive less in-hospital beta-blockers and an-
giotensin converting enzyme inhibitors (ACEl)/angioten-
sin Il receptors blockers (ARB). nAF patients were more
frequently given ivabradine, mineralocorticoid receptor
antagonists, diuretics, amiodarone, digoxin, others anti-
arrhythmic drugs and inotropes.
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At discharge, nAF patients were less frequently prescri-
bed with aspirin or ticagrelor, but the rates of clopidogrel
prescription were higher. As expected, nAF patients had
high prescription of vitamin K antagonists or any of the
new anticoagulants. Interestingly, in the nAF group, just
21.5% of the patients had prescribed triple antithrombo-
tic therapy and 30.3% had dual antithrombotic therapy.
Nonetheless, nAF patients receive high percentage of mi-
neralocorticoid receptor antagonists, diuretics, amioda-
rone, digoxin and other antiarrhythmic drugs.

Concerning patients discharged with triple antithrom-
botic therapy, follow-up at one year (32.5% of all the
patients had follow at one year) revealed no statistical
significance in mortality rates (p = 0.578), re-admission for
cardiovascular causes (p = 0.301) and re-admission for all
causes (p = 0.431).

Prognosis
Patients with nAF in the setting of ACS had increased
in-hospital all-cause of death (OR: 3.47 [2.83-4.25], p
<0.001), as well as higher rates of re-infarction, conges-
tive heart failure, cardiogenic shock, mechanical compli-
cations, AV block, sustained ventricular tachycardia, abor-
ted cardiac arrest, stroke and major bleeding (p <0.001
for all comparisons) (Table 4). nAF patients also exhibited
longer in-hospital stay (p <0.001). nAF patients had high
rates at 1-year of re-admission for all-cause, as well as car-
diovascular hospitalization and all-cause of death.
Multiple logistic regression revealed age >75 years old
(odds ratio [OR] 2.07, p <0.001, confidence interval [CI]
1.74-2.47), previous stroke (OR 1.40, p = 0.019, Cl 1.06-
1.85), KK >1 (OR 2.10, p <0.001, ClI 1.72-0.56), haemoglo-
bin <12 g/dL (OR 1.29, p = 0.018, Cl 1.04-1.59), admission
glycemia (OR 1.84, p <0.001, Cl 1.52-2.22) and LVEF <50%
(OR 1.91, p <0.001, CI 1.60-2.27) as the predictors of nAF
in ACS.

Survival functions
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Survival rate (one year)

Fig. 1 - Representation with the Kaplan-Meier test of survival rates
at one year of follow-up according to CHA,DS-VASc punctuation,
0,1,and >2.
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1.00 4
[ —
0.8
(_; 0.6 4
2
S
%]
§ 0.4~ CHA,DS,-VASc score
o
0
a1
0.2 >-2
-+ 0-censored
~+ 1-censored
>-2-censored
0.0
' L L3 T L
0.00 100.00 200.00 300.00 400.00

Re-admission for all causes (one year)

Fig. 2 - Representation with the Kaplan-Meier test of re-admission
for all causes at one year of follow-up according to CHA,DS,-VASc
punctuation, 0, 1, and > 2.
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Fig. 3 - Representation with the Kaplan-Meier test of re-admis-
sion for cardiovascular causes at one year of follow-up according to
CHA,DS,-VASc punctuation, 0, 1, and > 2.

CHA,DS,-VASc score

Logistic regression analysis revealed that the CHA,DS,
-VASc score was a median predictor of nAF in ACS (OR:
2.07, p <0.001, CI 1.74-2.47; Area Under Curve: 0.642, Cl
0.625-0.659), with a 66.7% sensibility and 55.1% specifi-
city. Mortality analysis at one year of follow up revealed
higher mortality rates associated with higher CHA DS,
-VASc punctuation, although this association did not
achieve statistical significance, p = 0.099 (Fig. 1). On the
other hand, the score exhibited a statistically significant

value (p = 0.016), at the re-admission for all causes (Fig. 2),
according to its punctuation of 0, 1 or >2. Regarding re-
-admission for cardiovascular causes (Fig. 3), higher rates
of readmission at 1-year follow-up were associated with
a higher score classification, with a Kaplan—-Meier test of
p =0.013.

Discussion

nAF is a frequent finding in ACS, and the ACS can be con-
sidered as a trigger to arrhythmias.’® Our study reveals
that nAF in the setting of ACS reflects several clinical cha-
racteristics and therapeutic implications and represents
one of the largest analysis of nAF in the setting of ACS.

Patients with nAF, in general, have a higher prevalen-
ce of cardiovascular risk factors, coronary disease, chronic
kidney disease and heart failure. This group has also low
percentages of evidence-based medical therapies,' which
is in line with our findings, suggesting that the identifica-
tion of nAF in the setting of ACS is frequently in patients
with more comorbidities, which have more propension to
arrhythmia’s development.

The arrhythmia contributes to several hemodynamic
alterations, like fast ventricular rates, hypoxia, hypoten-
sion or hypertension, adrenergic discharge, the loss of
atrial contraction and atrioventricular synchrony (which
promote an imbalance between myocardial oxygen
supply and demand). All of these hemodynamic altera-
tions can be associated with exacerbation of acute is-
chemia and heart failure.” Therefore, and according to
some authors,” the presence of AF should be interpreted
as a sign or at least a trigger of hemodynamic compro-
mise. Our results showed that patients with nAF present-
ed higher Killip-Kimball (KK) class, less time until the
first medical contact, worst left ventricular function, and
were referred more frequently to the catheterization la-
boratory, which proves the direct hemodynamic impact
the arrhythmia, being in agreement with the previous
study. On the other hand, it was expected that patients
admitted with STEMI presented higher hemodynamic
compromise, thus presenting higher rates of nAF when
compared to NSTEMI patients, which was not proved in
our findings.

Curiously, the anatomical location of the infarction
seems not to be related to the prevalence of AF in the
setting of ACS, and patients with undefined ACS locati-
on had a higher prevalence of AF."2 nAF patients, in our
results, had a more complex multivessel and critical ana-
tomical coronary disease, a finding very frequently in pa-
tients diagnosed with undefined ACS location.

Another problematic issue in patients with AF in the
setting of ACS is the need of a percutaneous coronary
intervention, which may imply the necessity of triple the-
rapy with oral anticoagulation in patients with CHA,D-
S,VASc scores 22 and dual anti-aggregation in patients
submitted to percutaneous coronary intervention (PCl)."
Triple therapy is associated with a higher haemorrhagic
risk and more difficult therapy management.>' In our
study, only 21.5% of the patients with nAF in the setting
of ACS received triple therapy during hospitalization, and
even considering that some may not have anticoagulati-
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on criteria, a very significant percentage of patients did
not receive the recommended therapy.

A study including over 69 000 patients' found that less
than half of the patients received triple therapy because
of the haemorrhagic risk associated. In another report, ol-
der patients were prescribed with dual antiplatelet thera-
py without anticoagulation,’ for the same reason. Thus,
the high rate of haemorrhagic incidents during the hospi-
talization in our patients may have influenced the physi-
cians' decision on whether prescribing triple therapy.

In dual therapy (an anticoagulant and one antiplate-
let), clopidogrel is preferred to other antiplatelet agents,
because it has a lower haemorrhagic risk, explaining the
higher prescription of clopidogrel and less acetylsalicylic
acid in our group of nAF patients. A very curious finding
in our study is the absence of prognostic significance of
triple therapy in mortality and readmission rates at 1
year follow-up, contrary the major literature described,™
a fact that maybe justify the physicians’ decision on dou-
ble therapy.

Beta-blockers were less used during hospitalization,
probably due to the increased KK class in the ACS pre-
sentation, being nAF patients more frequently submitted
to anti-arrhythmic therapy. Interestingly, we observed
a diminished use of beta-blockers at discharge in the AF
group, which can be justified by the arrhythmia presen-
ce. In fact, the nAF patients demonstrated a frequent left
ventricular dysfunction and would consequently benefit
from beta-blockers therapy. However, in our study, this
did not occur requiring further investigation.

Considering that ivabradine is recommended in sinus
rhythm patients only, an interesting result was the higher
prescription of this medication to nAF patients. These last
two arguments, prove the difficult and a complex thera-
peutic approach in nAF patients.

Lopes RD et al. 3 did not find an association between
nAF in the setting of ACS and short-term mortality; despi-
te that, higher rates of in hospital complications such as
heart failure, acute mitral regurgitation, sustained hypo-
tension, cardiogenic shock and strokes were found. Seve-
ral studies concluded that the presence of nAF, comparing
to sinus rhythm, is associated with a higher in-hospital
and long term follow up mortalities.'®'” These conclusi-
ons seem to be independent of AF onset (paroxysmal,
chronic or new-onset).2'” These findings are in line with
our results that confirmed that nAF patients had worse
short-term prognosis (considering the complications du-
ring hospitalization) as well as mortality rates compared
to sinus rhythm in the setting of ACS. On the other hand,
other results®'® did not report that nAF in the setting of
ACS was an independent predictor of mortality.

Nonetheless, for the majority of authors, it was not
clear if the arrhythmia was a direct complication of the
ACS or a risk marker of severity.2 Some authors identi-
fied the following characteristics as risk factors to nAF
in the setting of ACS: female gender, higher Killip-Kim-
ball class, worse renal function, higher BNP and CK-MB,
electrocardiogram and echocardiogram alterations.’?°
Our results are in agreement that a higher KK class, age,
and echocardiogram alterations are predictors of nAF. On
the other hand, it suggests that a previous stroke, lower
haemoglobin levels and higher glycaemic levels are also
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significant predictors of arrhythmia. Then it is imperative
to identify risk factors to predict the development of AF
during the hospitalization and therefore, develop pre-
ventive measures. The role of revascularization in nAF in
the setting of ACS is not completely clarified.”

CHA,DS,-VASc score is used to estimate the stroke or
thromboembolic risk in patients with AF and to decide
the introduction of anticoagulant therapy. As so, this sco-
re was not developed to predict mortality, nevertheless
the practical utility of this simple’s score may be applied
in the risk stratification of other clinical diseases. For
example, CHA DS,-VASc score was used in the general po-
pulation to predict AF.2" When analysing the score, we
identified several cardiovascular risk factors, like hyper-
tension, diabetes, heart failure, age, all of them signifi-
cantly associated with worse outcomes in the follow up
of ACS.2 There are limited evidence on the use of the
CHA,DS,-VASc score as a prognostic tool in ACS? being
associated with long-term cardiovascular events predic-
tion and as a good predictor of STEMI occurrence.?* Our
results are in line with these findings, suggesting that the
CHA,DS,-VASc score is also able to predict re-admissions
of nAF hospitalized for ACS.

To the best of the authors’ knowledge, there are no
publications that use the CHA,DS,-VASc score as a pro-
gnostic tool to identify patients at risk of developing nAF
in the setting of ACS. Considering that the CHA DS -VASc
score is easily calculated, it may be useful to evaluate the
risk of nAF in patients presenting with ACS, allowing the
physicians to prevent the occurrence of AF and/or to pro-
vide a faster response to the arrhythmia.

Limitations

There are several limitations to be considered in the stu-
dy interpretation. This was observational and non-ran-
domized study, which can have associated confounders
that can influence the outcomes. Some of the patients
could have misclassified characteristics or incomplete re-
cords. Analysis of differences between patients with and
without the combined endpoint was performed with
univariable, non-adjusted models without correction of
multiple inferential tests. Other complications, namely
non-cardiovascular complications, can interfere in the pa-
tient’s prognosis, but there were not considered in the
registry. Even considering the high number of patients
in the registry, just a few patients had a documented fo-
llow-up after the hospitalization. Another potential limi-
tation might be that the ProACS registry just allows consi-
dered the follow-up events as cardiovascular or all-cause
readmission/mortality, lacking some detail regarding the
events.

Conclusion

Our results are in accordance with several publications
that suggested that nAF is a major complication of ACS
with an important clinical impact. It should be considered
a prognostic marker, and an active approach and thera-
py must be performed in these patients. Despite the di-
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fferent characteristics between the groups, our analysis
suggested that the presence of comorbidities favours the
occurrence of nAF in the setting of ACS and that there is
a bidirectional relationship between AF and ACS. Further
investigation should focus on the determination of whe-
ther nAF can be considered a risk marker of prognosis or
a direct mortality factor. The CHA DS -VASc score may be
a useful tool to predict the occurrence of nAF in the se-
tting of ACS, allowing a better approach to patients with
increased risk.
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této studie bylo zjistit vliv zatézové KR na pomér N/L a na HRQL u pacientd s ICHS.

Metody: Do studie jsme zaradili 200 ambulantnich pacientl se stabilni ICHS indikovanych svymi Iékafi k ab-
solvovani Ill. faze programu KR (skupina KR). Tuto skupinu jsme srovnali se skupinou 100 ambulantnich
pacientl se stabilni ICHS bez pfistupu ke KR pro velkou dojezdovou vzdalenost nebo komorbidity omezujici
moznost zatéze (skupina bez KR).
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bez KR (p < 0,001 a p < 0,001, resp. p < 0,001 a p < 0,001). Celkova skore HRQL v dotazniku MacNew byla po
absolvovani KR vyssi ve skupiné bez KR (p < 0,001).

Zavéry: Program zatézové KR zlepsuje u pacientu se stabilni ICHS pomér N/L a zvysuje HRQL. Protoze lécba
tlumici systémovy zanét pozitivné ovliviiuje vysledny stav pacientd s ICHS, mohou byt nase zjisténi potenci-
alné vyznamna pro klinickou praxi.
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ABSTRACT

Objective: The effect of exercise-based cardiac rehabilitation (CR) on systemic inflammation was not well
established in patients with coronary artery disease (CAD). Neutrophil/lymphocyte (N/L) ratio has emerged as
a new inflammation marker and elevated levels were found to be associated with worse clinical outcome in
patients with CAD. Also, poor impaired health-related quality of life (HRQL) is an independent predictor of
morbi-mortality in patients with CAD. The purpose of this study is to determine the effect of exercise-based
CR on N/L ratio and HRQL in patients with CAD.

Methods: We enrolled 200 stable CAD out-patients referred for Phase Ill CR program by their physicians
(CR group). We compared them with 100 stable CAD out-patients who did not have access to CR because of
travel distance or comorbid conditions that limited exercise (non-CR group).

Results: There was not a statistically significant difference in the baseline clinical and biochemical characte-
ristics between the groups. Although N/L ratio-post and CRP-post values were lower than the N/L ratio-pre
and CRP-pre in CR & non-CR groups (p <0.001 & p: 0.007 and p <0.001 & p <0.001), in the CR group N/L ratio-
-post and CRP-post values were lower than the non-CR group (p <0.001 & p <0.001 and p <0.001 & p <0.001).

Keywords: Mac-New HRQL total-postscores were higher in the non-CR group (p <0.001).

Exercise-based cardiac Conclusions: Exercise-based CR program improves N/L ratio values and HRQL in patients with stable CAD.
rehabilitation A therapy that improves systemic inflammation is important for good outcome in patients with CAD, there-
Neutrophil/lymphocyte ratio fore our results may have potentially significant clinical effects.

Address: Ahmet Ozderya, MD, Department of Cardiology, University of Health Sciences Trabzon Ahi Evren Thoracic and Cardiovascular Surgery Training
and Research Hospital, Vatan St. Ortahisar/Trabzon, Turkey PK: 61000, e-mail: ahmetozderya@gmail.com
DOI: 10.33678/cor.2022.081

Please cite this article as: Kara F, Ozderya A, Uzun G, et al. The Effect of Exercise-Based Cardiac Rehabilitation on Neutrophil to Lymphocyte Ratio in Patients with Coronary Artery
Disease. Cor Vasa 2023;65:39-44.

039_044_Puvodni sdeleni_Ozderya.indd 39 @ 24/02/2023 12:28:44



@

40 The Effect of Exercise-Based Cardiac Rehabilitation on N/L Ratio

Introduction

Inflammation plays an important role in the progression
and destabilization of atherosclerosis.” White blood cells,
particularly neutrophils, are useful inflammatory biomar-
kers associated with cardiovascular events.? On the other
hand, low lymphocyte counts have been shown in acute
coronary syndrome patients and associated with various
complications.? Recently, the absolute number of neutro-
phils to the number of to lymphocytes (neutrophil/lym-
phocyte (N/L) ratio) has emerged as a new inflammation
marker. Previous studies have shown that N/R ratio eleva-
tion was associated with the presence and the severity of
coronary artery disease (CAD), poor prognosis in acute co-
ronary syndromes and stable coronary heart diseases can
be used in the risk stratification of patients with various
cardiovascular (CV) diseases in addition to the traditiona-
Ily used markers.>>

Exercise-based cardiac rehabilitation (CR) is a compre-
hensive intervention including medically supervised exer-
cise training, risk factor management, patient education,
and psychosocial counseling.® CR has been reported to be
effective in improving exertional ischemic symptoms, ex-
ercise tolerance, and coronary risk factors in patients with
CAD. Also, it was shown that exercise-based CR reduces
total and CV mortality in ranging rate from 20% to 32%
in patients with CAD.” Although the anti-inflammatory
effects of exercise training have been reported,® the ef-
fect of this therapy on systemic inflammation was not
well established in patients with CAD.

Patients with CAD are likely to have an impaired
health-related quality of life (HRQL)®° and poor HRQL is
an independent predictor of morbi-mortality in patients
with CAD.'° So, the assessment of HRQL is increasingly im-
portant in evaluating the effectiveness of CAD treatment
strategies.”

The purpose of this study is to determine the effect of
exercise-based CRprogramon N/L ratio, which is a new, in-
expensive, easy obtain and widely available inflammation
marker, in patients with stable CAD. Also, we analyzed
the effect of CR program on HRQL in these patients. This
study has potential important clinical implications as epi-
demiologic data strongly support the persistent low-level
inflammation as an independent predictor of coronary
heart diseases'? and the identification of therapies that
improves systemic inflammation is important for preven-
tion of CV events.

The study protocol did approve by the local Ethics
Committee of the University of Health Sciences Trabzon
Kanuni Training and Research Hospital and the Republic
of Turkey Ministry of Health. The study was conducted in
concordance with the Helsinki Declaration and the Inter-
national Conference on Good Clinical Practices Harmony,
and written informed consent was obtained from all par-
ticipants.

Methods

Study population
We enrolled 230 stable CAD out-patients referred for
Phase Il CR program by their physicians. 30 patients did
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not complete the CR program due to personal reasons,
so finally 200 stable CAD out-patients were included in
the CR group. We compared them 100 stable CAD out-
-patients who did not have access to CR because of tra-
vel distance or comorbid conditions that limited exercise
(non-CR group, standard pharmacological care alone).
Study inclusion criterions were: age between 18-80 years;
left ventricular ejection fraction >45%; coronary angio-
graphic documentation of CAD which was defined as
having more than 70% stenosis in at least one coronary
artery. Patients with immunologic or inflammatory dise-
ase, hematological disease, sepsis, active local or systemic
infections, chronic renal disease (creatinine >1.6 mg/dL),
a history of recent infection (<3 months before the study)
and a history of malignancy were excluded.

Patients’ medical treatments were optimized before
the participation and none had any medication changes
throughout the study.

Blood measurements were made at baseline for non-
CR group, one day before the CR program for CR-group
and after 6 weeks for both groups. Total and differential
leukocyte counts were measured using an automated he-
matology analyzer Advia 2120 (Siemens). Body mass in-
dex (BMI) was calculated as weight (kg)/height (m?).

CR program
A step incremental cycle ergometer test was performed
before the CR program to determine the exercise capa-
city of the patients. After a 2-minute resting period, the
workload was increased by 25 W every 2 minutes. With
electrocardiogram monitoring heart rate and blood pre-
ssure were measured throughout the exercise. The maxi-
mum workload was determined as the maximal exercise
capacity.

The CR program was performed on supervising of
a multidisciplinary team including a cardiologist, an ex-
perienced physiotherapist as a coordinator and a physical
therapy and rehabilitation specialist as a medical director.
The rehabilitation program was performed in the CR cen-
ter of our cardiology and cardiovascular surgery hospital.

Main part of the rehabilitation program was aerobic
exercise training. According to the result of the exercise
testing, the exercise prescription was scheduled indi-
vidually. Patients continued the program for 5 days in
a week, for a total of 6 weeks. Before aerobic exercise
muscle training was perfomed by all patients. Each ses-
sion lasted 30 minutes, which included a 8 warm-up of
5 minutes and a final 5 minute cool-down period. The
aerobic exercise intensity was prescribed according to
the individual’s exercise capacity. Exercise intensity be-
gan at 40-50% of maximal heart rate reserve and gradu-
ally increased to 70-85% of maximal heart rate reserve.
Heart rate reserve was evaluated by the Karvonen For-
mula (HRtrain = (HRmax — HRrest) x Exercise Intensity
+ HRrest).” HRtrain represents heart rate during the
aerobic exercise, HRmax represents maximum heart rate
reached thorough the cycle ergometer test, and HRrest
represents heart rate at rest. The Borg Scale of Rate of
Perceived Exertion (RPE) was used; patients exercised at
an RPE of 13-15. Electrocardiograms were continuously
tele-monitored and blood pressures were measured ev-
ery 5 minutes throughout the exercise. During study, pa-
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tients were also directed to psychologist, dietitian, and
smoking cessation clinic.

Quality of life measures

The Mac-New Heart Disease HRQL questionnaire, which is
specifically designed to evaluate how daily activities and
physical, emotional, and social functioning are affected
by CAD and its treatment, was used in the current study.
The-MacNew questionnaire consists of 27 items, which
fall into 3 domains:' a 13-item scale in the physical limita-
tions domain,2 a 14-item scale in the emotional function
domain, and® a 13-item scale in the social function do-
main. There are 5 items that address the impact of sym-
ptoms: 1. angina/chest pain, 2. shortness of breath, 3. fa-
tigue, 4. dizziness, and 5. aching legs. Scoring of the Mac
New is straight-forward. The maximum possible score in
any domain is 7 [high HRQL] and the minimum is 1 [poor
HRQL]." The time frame for the Mac-New is the previous
two weeks. All study participants completed the questi-
onnaire at baseline and after 6 weeks.

Statistical analysis

Statistical analyses were carried out using SPSS statistical
software (version 21.0, SPSS, Chicago, IL, USA). Continu-
ous variables are presented as mean and standard de-
viation. Categorical variables are presented as number
and percentage.The Kolmogorov-Smirnov test was used
to verify the normality of the distribution of continuous
variables. The independent sample t test or the Mann-
Whitney U test was used for the continuous variables and
the chi-square test for categorical variables. The paired
samples T test was used to compare variables before and
after therapy. General linear model of repeated measure-
ments test was used for the evaluation of differences in
measurements before and after the treatment of patient
groups. Pearson correlation analysis was performed to
examine the relationship between continuous variables.
A p value of <0.05 was considered statistically significant.

Results

The study population consisted of 300 stable CAD pati-
ents (200 patients in CR-group and 100 patients in non-CR
group). There was not statistically significant difference
in the baseline clinical and biochemical characteristics be-
tween the groups (Table 1). Majority of patients were hy-
pertensive in both groups (CR-group 91%, non-CR group
85%; p: 0.178). 58% in the CR-group and 62% in the non-
-CR group had a history of percutaneous coronary inter-
vention (p: 0.535). Changes of the values in CR and non-CR
groups were shown in Table 2. Although LDL-cholesterol
(mg/dl)-post, triglycerides(mg/dl)-post, N/L ratio-post and
CRP (mg/l)-post values were lower than the LDL-chole-
sterol (mg/dl)-pre, triglycerides(mg/dl)-pre, N/L ratio —pre
and CRP mg/l-pre in CR &non-CR groups (p <0.001 & p
< 0.001, p <0.001 & p <0.001, p <0.001 & p: 0.007 and p
<0.001 & p <0.001 respectively), in the CR group LDL-cho-
lesterol (mg/dl)-post, triglycerides(mg/dl)-post, CRP(mg/l)-
-post and N/L ratio-post values were lower than in the
non-CR group (p <0.001, for all measurements). Pre- and
post-N/L ratio values in groups were shown in Figure 1.

3.00 1 [l N/L ratio-pre

I3 N/L ratio-post

2.64+1.04

2.56+1.11

2.37+0.87

2.00
1.70+0.55

Mean

1.00

CR group

Non-CR group

Fig. 1 - Pre- and post-N/L ratio values in groups.

Table 1 - Baseline clinical characteristics and laboratory findings

of study participants

Variables CRgroup  Non-CR p value

(n: 200) group

(n: 100)

Age (years) 56.2+7.9 57.9+7.3 0.073
Sex, female (n, %) 44 (22%) 23 (23%) 0.883
BMI (kg/m?) 28.3+3.9 28.2+3.1 0.853
Hypertension (n, %) 181(91%) 85 (85%) 0.178
Diabetes mellitus (n, %) 55(28%)  20(20%)  0.203
Current smoker (n, %) 27 (14%) 11 (11%) 0.586
Fast plasma glucose (mg/dL) 107+34 102+27 0.116
Hemoglobin (g/dL) 13.6+1.1 13.4+1.0 0.114
Creatinine (mg/dL) 0.87+0.21 0.89+0.21 0.616
LV ejection fraction (%) 58+6 57+5 0.117
RAS inhibitors (n, %) 162 (81%) 83(83%)  0.753
Beta-blockers (n, %) 155 (78%) 85 (85%) 0.168
Calcium-channel blockers 90 (45%)  43(43%)  0.806
(n, %)
Statins (n, %) 200 (100%) 100 (100%) NA
By-pass surgery history (n, %) 37 (19%) 19 (19%) 0.917
PCI history (n, %) 116 (58%) 62 (62%) 0.535
ACS history (n, %) 49 (25%)  29(29%)  0.406

ACS - acute coronary syndrome; BMI - body mass index; CR - car-
diac rehabilitation; LV - left ventricle; PCI - percutaneous coronary
intervention; RAS - renin-angiotensin inhibitors.

There was not statistically significant difference in the
Mac-New HRQL social-pre, Mac-New HRQL physical-pre,
Mac-New HRQL emotional-pre and Mac-New HRQL total-
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Table 2 - Changes of the values in the CR and non-CR groups

Variables CRgroup non-CR p value
(n: 200) group
(n: 100)

LDL-cholesterol (mg/dL)-pre 120+36 117+31 0.835
LDL-cholesterol (mg/dL)-post ~ 92+25 112+25 <0.001
p value <0.001* <0.001* <0.001#
HDL-cholesterol (mg/dL)-pre ~ 35x6 3545 0.329
HDL-cholesterol (mg/dL)-post  39+6 365 <0.001
p value <0.001* <0.001"  <0.001*
Triglycerides (mg/dL)-pre 158+62 14739 0.668
Triglycerides (mg/dL)-post 121+43 137+34 <0.001
p value <0.001* <0.001* <0.001*
WBC count, x 10°/L -pre 7.56+£1.34 7.40+1.03 0.252
WBC count, x 10°/L -post 6.65+1.30 7.32+1.06 <0.001
p value <0.001* 0.903" <0.001#
Neutrophil count, x 10%L -pre 4.66+1.17 4.83+1.26 0.475
Neutrophil count, x 10%L -post  3.67+0.97 4.56+1.14 <0.001
p value <0.001* <0.001"  <0.001*
Lymphocyte count, x 10%L-pre  1.94+0.69 2.06+0.58 0.140
Lymphocyte count, x10°L -post  2.28+0.67  2.02+0.50 0.002

p value <0.001* <0.429°  <0.001*
N/L ratio-pre 2.64+1.04 2.56+1.11 0.256
N/L ratio-post 1.70+0.55 2.37+0.87 <0.001
p value <0.001* 0.007" <0.001#
CRP (mg/L) -pre 3.44+1.32 3.40+1.26 0.792
CRP (mg/L) -post 2.26£0.81 3.33+1.19 <0.001
p value <0.001* <0.001* <0.001#
Mac-New HRQL social-pre 5.14+0.48 5.17+0.51 0.547
Mac-New HRQL social-post 5.87+0.33 5.31+x0.50 <0.001
p value <0.001* <0.001"  <0.001*
Mac-New HRQL physical-pre ~ 4.99+0.47 4.93+0.41 0.449
Mac-New HRQL physical-post  5.85+0.36 5.08+0.46 <0.001
p value <0.001* <0.001* <0.001*#
Mac-New HRQL emotional-pre  4.99+.48  5.08+0.35 0.070
Mac-New HRQL emotional-post 6.05+0.44 5.18+0.37 <0.001
p value <0.001* <0.001* <0.001#
Mac-New HRQL total-pre 4.99+0.34 5.01+0.21 0.158
Mac-New HRQL total-post 5.87+0.24 5.21+0.30 <0.001
p value <0.001* <0.001"  <0.001*

p” value — p value within groups (paired samples T test); p*value -
general linear model repeated measures test.

CR - cardiac rehabilitation; CRP — C-reactive protein; HDL - high
density lipoprotein; HRQL - health-related quality of life; LDL -
low density lipoprotein; WBC — white blood cell.

pre scores between CR and non-CR groups (p: 0.547, p:
0.449, p: 0.070 and p: 0.158, respectively). Although Mac-
New HRQL social-post, Mac-New HRQL physical-post, Mac-
New HRQL emotional-post and Mac-New HRQL total-post

039_044_Puvodni sdeleni_Ozderya.indd 42

6.00 - 5.87+0.24 g Mac-New HRQL total-pre

B Mac-New HRQL total-post
5.21+0.30

4.99+0.34 5.01+0.21

5.00 1

4.00 4

Mean

3.00

2.00 A

1.00

0.00 -

CR group

Non-CR group

Fig. 2 - Pre- and post-Mac-New HRQL total score values in groups.

scores were higher in the CR & non-CR groups (p <0.001 &
p <0.001 for all measurements), in the CR group Mac-New
HRQL social-post, Mac-New HRQL physical-post, Mac-New
HRQL emotional-post and Mac-New HRQ total-post scores
were higher in the CR-group than in the non-CR group
(p <0.001 for all measurements). Pre- and post Mac-New
HRQL total score values in groups were shown in Figure
2. In the general linear model of repeated measurements
test, the change in the parameters in the cardiac rehabili-
tation group was statistically larger than the group not
included in the cardiac rehabilitation (p <0.001).

We also analyzed the correlation of decrement in N/L
ratio (A N/L ratio) withdecrement in CRP (A CRP) in CR
group. Correlation analyses showed that A N/L ratio sig-
nificantly correlated with A CRP (r: 0.529, p<0.001).

Discussion

We have demonstrated a significant decrease in N/L ratio
values in patients with CAD after participating in an exer-
cise-based CR program compared to those treated with
medical therapy alone. This study supports a potential be-
neficial effect of participation in CR program on lowering
N/L ratio levels in patients with CAD. Participation in exer-
cise-based CR program was also found to be associated
with improvement in HRQL in these patients.

N/L ratio has recently emerged as a potential new bio-
marker which singles out individuals at risk for future CV
events after controlling for all the currently accepted risk
factors and commonly used biomarkers.> An observation-
al study in a cohort of patients with CAD demonstrated
that atherosclerosis progression correlated with increased
N/L ratio values.' Arbel et al. demonstrated that N/L ra-
tio >3 was an independent predictor of CAD severity and
worse clinical outcome with 3-year follow-up in 3005 pa-
tients and these results were found to be independent of
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clinical presentation (acute coronary syndrome status, di-
abetes status, statin use).? In a study of 186 patients who
presented with stable angina pectoris, the N/L ratio >2.7
was found to be correlated with high SYNTAX score.™ At
another study the N/L ratio found to be good predictor of
a high Gensini score and the N/L ratio >2.04 highly pre-
dicted the presence of CAD." In our study the N/L ratio
was 2.64 in the CR group and 2.56 in the non-CR group.
Although there was not standard N/L ratio cut-off value
for predicting CAD, our study population had high N/L
ratio values in concordance with previous studies.

Previous research provides evidence that a physical-
ly active lifestyle is associated with lower whole-body
inflammatory biomarkers but a number of researchers
report minimal or no anti-inflammatory effect.® It was
shown that participation in CR appears to independent-
ly decrease the level of high sensitive C-reactive protein
(HCRP) regardless of gender, age or presence of meta-
bolic syndrome in patients with coronary heart disease.'
Milani et al. analyzed the effect of 3-month exercise-
based CR on HCRP in patients with CAD."” They demon-
strated a 41% median reduction in levels of HSCRP inde-
pendent of statin therapy and weight reduction. They
speculated that this reduction was of similar or greater
magnitude to that observed in multiple studies using
statin therapy, where median reduction in HSCRP was
reported to be between 15% and 20%." CRP is a well-
studied inflammation marker and elevated levels were
associated with adverse CV events/poor prognosis in pa-
tients with CAD."? In this study we also analyzed the ef-
fect of exercise-based CR program on CRP values. In con-
cordance with previous studies we found that patients
who participated CR had lower CRP levels than those
treated with medical therapy alone. We demonstrated
34.6% reduction in N/L ratio values and 34.3% reduc-
tion in CRP values in patients who participated CR pro-
gram. Our study population was under statin treatment.
So we showed the additive anti-inflammatory effect of
exercise-based CR program on the well-proven benefits
of statin therapy.

Also N/L ratio-post and CRP-post values were found to
be lower than N/L ratio-pre and CRP-pre values in both
groups. This may be explained by the fact that partici-
pants medical treatments were optimized before being
included in the study. But between CR and non-CR groups
N/L ratio-post and CRP-post values were found to be sig-
nificantly lower in the CR-group.

We implemented the CR program for 5 days a week for
a total of 6 weeks. Wang et al. showed in their study that
participants exhibited a significant decrease in N/L ratio
values with 4-week exercise training, which was shorter
than our program, in 43 overweight male adolescents.'
Although previously it was shown that the anti-inflam-
matory effect of exercise training was evident as little as
2 to 12 weeks of supervised exercise,® if we used 3-month
program we may had lesser N/L ratio values.

Neuro-inflammation plays an important role in depres-
sion, anxiety, irritability, and mood instability.'®? Previ-
ously it was shown that aerobic exercise improves quality
of life, psychological well-being, and systemic inflamma-
tion in subjects with Alzheimer’s disease.? Peixoto et al.!
demonstrated that exercise based-CR improves HRQL in

45 patients with acute myocardial infarction. Johnson et
al.’ showed in their multi-center study that CR improves
HRQL in women CAD patients. Our study population was
larger than in these studies and we analyzed patients
with stable CAD. In concordance with these studies we
showed that exercise based-CR improves HRQL in patients
with stable CAD that may be related with anti-inflamma-
tory effect of CR. We used Mac-New HRQL questionnaire,
because it has already been demonstrated to be valid, re-
liable and responsive in patients with CAD.??

Our results are in agreement with other studies that
have shown that exercise-based CR program reduces LDL-
cholesterol, triglyceride levels, and increased HDL-choles-
terol levels.”?

CR program composed of structured exercise training
and comprehensive education addressing cardiac risk. Par-
ticipation has been shown to reduce CV mortality, need
for re-hospitalization and re-vascularization procedures
and lead to improve functional status when compared
with usual care.?*2?¢ Currently the major problem with ex-
ercise based-CR is its underutilization by physicians. On
the other hand, although data supporting the benefits
of CR are highly regarded, they lack the support of large,
appropriately powered clinical trials.?” Therefore random-
ized controlled trials are needed to assess the impact of
CR in CAD patients with a higher risk and patients with
SAP.%8 By showing the positive effect of exercise-based CR
program on systemic inflammation and HRQL, we think
that our study can provide asignificant contribution to
the literature.

Study limitations

This study has several limitations. Our study was not ran-
domized, raising the possibility of selection bias; parti-
cularly the control population chose not to attend the
exercise-based cardiac rehabilitation program. We imple-
mented the CR program for 5 days a week for a total of
6 weeks. We could implement a longer CR program, but
there is no clear exercise duration or exercise intensity
recommended in previous studies or reviews. Since our
results are positive, we think this period is enough. We do
not use spiroergometry.

Conclusion

In conclusion, this study provides new data on the effect
of exercise-based CR program on the N/L ratio values. We
showed that exercise-based CR program improves N/L ra-
tio values and HRQL in patients with stable CAD. N/L ra-
tio, an inflammatory biomarker, can be of predictive and
prognostic factor for CV events and therapies that impro-
ves systemic inflammation is important for good outcome
in patients with CAD.
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SOUHRN

Hlavnim cilem préace byl komplexni vyzkum a stratifikace klinickych, funk¢nich a chirurgickych rizikovych
faktoru z hlediska vzniku komplikaci koronarniho bypassu v predoperac¢nim obdobi.
Materialy a metody: Byly analyzovany Udaje 97 pacientu ve véku 31-84 let (primérny vék 62,9 + 8,4) s ische-
mickou chorobou srde¢ni po koronarnim bypassu (v mimotélnim obéhu). Za prognosticka kritéria poslouzil
vék pacienta, pfitomnost akutniho infarktu myokardu v anamnéze, délka hospitalizace, pocet zkrat(, délka
komprese aorty i trvdni mimotélniho obéhu. Mezi sledované parametry patfily rozméry levé komory na
konci diastoly a systoly, anteroposteriorni rozmér levé siné, tloustka mezikomorového septa a spodni stény
levé komory, ejek¢ni frakce levé komory, pfitomnost a rozsah mitrélni regurgitace a dysfunkce levé komory
v diastole.
Vysledky: Sledovéni klinickych, funkénich a chirurgickych rizikovych faktor( pro rozvoj komplikaci koronar-
niho bypassu prokézalo nejvyssi senzitivitu akutniho infarktu myokardu (v anamnéze i tésné pied vykonem)
a nejvyssi specificitu diastolické dysfunkce levé komory.
Zavér: Jako nejvyznamnéjsi prediktory vzniku komplikaci koronarniho bypassu v pooperacnim obdobi byly
identifikovany akutni infarkt myokardu, ejek¢ni frakce levé komory < 40 %, pfitomnost diastolické dysfunk-
ce levé komory a délka pouziti mimotélniho obéhu.

© 2023, CKS.

ABSTRACT

The main aim of the research was to do the complex research and stratification of clinical, functional, and
surgical risk factors for coronary artery bypass grafting complications development in the preoperative pe-
riod.

Materials and methods: Data of 97 patients with coronary heart disease aged 31-84 (the mean age 62.9+8.4)
after coronary artery bypass grafting (with the artificial circulation) have been analyzed. As prognostic cri-
teria were analyzed the patient’s age, a history of the acute myocardial infarction, hospitalization time,
number of the placed shunts, aortic compression duration, as well as the duration of the artificial circulation
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Predictors in the bypassing surgery

system, using. End diastolic and end systolic dimensions of the left ventricle, anteroposterior dimension of
left atrium, thickness of interventricular septum and posterior wall of the left ventricle, left ventricular ejec-
tion fraction, presence and extent of mitral regurgitation, left ventricular diastolic dysfunction were studied.
Results: Studies of the clinical, functional, and surgical risk factors of coronary artery bypass grafting com-
plications development have shown the highest sensitivity for acute myocardial infarction (both history

Keywords:

Acute myocardial infarction
Coronary artery bypass grafting
Diastolic dysfunction

Left ventricular ejection fraction
Mitral regurgitation

dysfunction.

postoperative period.

and immediately before surgery), and the highest specificity for the presence of left ventricular diastolic

Conclusion: Acute myocardial infarction, left ventricular ejection fraction less than 40%, presence of left
ventricular diastolic dysfunction, and the duration of application of the artificial circulation system were
fixed as the most important predictors of coronary artery bypass grafting complications development in the

Introduction

Currently coronary artery bypass grafting (CABG) surgery
became one of the most effective methods of treatment
of coronary heart disease (CHD). Volume of these inter-
ventions is increasing each year, including the Kyrgyz
Republic.’ Increasing of the number of such operations
is accompanied by the increase in the frequency of com-
plications in preoperative period due to increase in the
number of elderly and senile patients often admitted to
surgery with severe comorbidities.*> Moreover, the most
frequent complications are the development of acute he-
art failure (AHF), renal dysfunction, long-term invasive
ventilation, hemodynamic instability, and various heart’s
rhythm disorders.5

The results of vascularization, identification, and strati-
fication of predictors of complications development are
extremely important for improvement. Based on the ob-
tained data the risk of complications occurrence can be
predicted. This allows the creation of a system of preven-
tive measures.

Despite a large number of research works, estimating
risk factors of different complications, their results re-
main quite contradictory. In our opinion, the main rea-
son for such discrepancies is differentiation in the level of
equipment, and the difference in the number of patients
involved in the researches, the difference in the qualifi-
cations of specialists conducting operation interventions
(including CABG). Therefore it remains relevant to identi-
fy and stratify predictors of the development of complica-
tions during the preoperative period of CABG specifically
for each medical establishment.

The aim of this study was to study and stratify clini-
cal, functional, and surgical risk factors for complications
in the preoperative period of CABG in order to develop
measures to reduce the number of complications in a pri-
vate cardiology clinic.

Material and methods

The research has been based on materials of the 97 pa-
tients with CHD at the age from 31 to 84 years old (the
average age is 62.9+8.4 years). Among patients prevailed
males (86.6%); the number of women was significantly
inferior 13 patients (13.4%). The CABG surgery was per-
formed to all patients in the conditions of artificial circu-
lation (AC) according to the generally accepted method.
All actions of the conducted research have been conside-
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red at the meeting of the Bioethics Committee. Protocol
13 from November 2 2021 declared that current research
has been conducted according to the ethical principles for
medical research involving human subjects (Helsinki, June
1964, with later amendments till October 2008).

In order to control the treatment process, Echocardio-
graphic (EchoCG) examination was performed with use
of VIVID 7 apparatus; M,-B-modes and dopplerography
were also used.

Patient’s age, presence of previous acute myocardial
infarction (AMI), length of hospitalization, placed shunts
number, duration of aortic compression, and duration of
Artificial Circulation were studied as prognostic criteria.
Left ventricular end diastolic dimension (LVEDd) and left
ventricular chamber diameter at end systole (LVDS), an-
teroposterior size of left atrial (LA), thickness of interven-
tricular septum (IVS), and posterior wall (PW) of the left
ventricle, left ventricular ejection fraction (LVEF), pres-
ence and stage of mitral regurgitation (MR), and diastolic
dysfunction of the left ventricle (DDLV) were used follow-
ing EchoCG indicators.

Statistical analysis

Statistical processing was performed using the statistical
package SPSS Version 16. Mean and standard deviations
were calculated as descriptive statistics. The odds ratio
and 95% confidence interval were calculated to assess
the association of the presumed predictor and the occu-
rrence of complications. For the main predictors, values
of sensitivity (Se), specificity (Sp), prognostic predictive
value (Ppv) and negative predictive value (Npv). The level
of statistical significance was taken p = 0.05.

Results

Clinical characteristics of patients
All patients prior to operation were diagnosed with ste-
nocardia of 11-1V Functional Class (FC) according to the
Classification of Canadian Association of Cardiologists.
62 patients (63.9%) suffered from AIM. And in anamne-
sis this pathology was detected during the preoperative
period remotely in 82.3% (51), immediately before AIM
intervention 11 patients (17.7%) came through. CABG
surgery was not performed to anyone of the patients en-
rolled in the research previously.

Clinical signs of chronic heart failure (CHF FC 1-111
Stage according to the New York Heart Association Clas-
sification) were detected in 87.6% ill people (85 people).
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Co-existing arterial hypertension was detected in 79
(81.4%) people. Was analyzed the body mass index (BMI)
of patients. BMI was 30.2+3.0 kg/m?. Has been indicated
the presence of overweight in most patients.

Hypercholesterolemia has been diagnosed in patients
(85.6%), in this case the total cholesterol was >4.5mmol/L.
Performing EchoCG volume LVEF ranged from 25% to
65%, averaging 44.8+8.7%. In 29 people (29.9%) LVEF
was recorded less than 40%. Signs of postinfarction aneu-
rysm of LV were diagnosed in 9 (9.1%) people. Volumes
of LA ranged from 28 mm to 61 mm (average 40.4+6 mm),
and volumes of LV — EDD from 43 to 74 mm (average
62.9+8.4 mm), ESD from 20 to 63 mm (average 39.6+6.7
mm). LVDD was detected in 32 patients (33%) and MR in
31 ill people (32%).

Treadmill test before surgery was performed in 53 pa-
tients (54.6%). Its result was positive for everyone. Mul-
tivessel disease of coronary arteries was observed accord-
ing coronarography data of all patients.

In performing the CABG the duration of AC was from
56 to 270 min (average 131.9+53 min), and the duration
of aortic compression was from 14 to 180 min (average
65.7+41 min). The average number of shunts per one pa-
tient was 2.8+0.4 (from 1 to 5).

The average hospitalization time was 7.5+3.7 days. The
total hospital mortality was 3.4%. And this is comparable
to the world standards. In the world practice, hospital
mortality in this case does not exceed 1-3%.° In the same
time the mortality of patients with low LVEF (>40%) was
9.1% (3 cases out of 33 patients).

Evaluation of predictors of post-operative
complications

Our research has demonstrated that acute heart failure
(AHF) had developed (or progressed) in the intraopera-
tive and early postoperative periods in 31 patients out
of 97. At the same time, it was manifested by pulmonary
edema, cardiac asthma, cardiogenic shock, acute heart
rhythm disorders in the form of ventricular tachycardia
with the transition to ventricular fibrillation, flickering
and fluttering of the atria. Study of clinical, functional,
and surgical risk factors of complications development
in the intraoperative and early postoperative periods of
CABG showed the following results (Table 1).

We have not found a significant dependence of the
complications occurring and the age of the treated pa-
tients (Table 1). And the length of AC period and aortic
compression time have not shown a statistically signifi-
cant effect on the development of the cardiac complica-
tions in our research. So more, the number of applied
shunts was not also closely connected with complications
development in our research. But the myocardial infarc-
tion has demonstrated the dependence. So, AMI in anam-
nesis and immediately prior to CABG were the factors of
the highest risk of postoperative complications develop-
ment in our research.

If we consider the length of hospitalization as an indi-
cator of the complicated course of postoperative period,
we have not found such dependence.

We have taken as the base that echocardiographic
indicators such as LVEF, DDLV stage, and MR are of the
closest dependence related to cardiac complications. And

current observation has approved this but other echocar-
diographic indicators, like heart size, IVS thickness, and
LVPW, didn’t show such dependence. Moreover, length
of the artificial circulation period, aortic compression
time as the length of the artificial circulation period and
aortic compression time had no the significant influence
on the development of the post-surgery complications in
cardiac surgical patients. The most significant predictors
of mortality were hemodynamic instability and renal dys-
function according to our observation. And the LVEF had
great connection with post-surgery complications devel-

opment.

Table 1 - Data on odds ratio for studied parameters

Parameters Odds ratio P
95% Cl

Acute myocardial infarction 11.194 0.000
(2.457-50.993)

Age 2.240 0.996
(0.992-5.445)

Diastolic dysfunction of left 2.593 0.147

ventricular (1.048-6.415)

Left ventricular ejection fraction  6.175 0.004
(2.391-15.948)

Left ventricular end diastolic 0.922 0.315

dimension (0.371-2.295)

Left ventricular chamber 0.557 0.154

diameter at end systole (0.225-1.380)

Interventricular septum thickness  1.955 0.968
(0.591-6.464)

Thickness of left ventricular 1.504 0.673

posterior wall (0.478-3.559)

Mitral regurgitation 0.627 0.223
(0.232-1.696)

Length of hospital stay 0.134 0.002
(0.029-0.621)

Anteroposterior volume 0.615 0.418

of the left ventricle (0.097-3.905)

Number of shunts 0.459 0.246
(0.120-1.751)

Length of aortic compression 0.593 0.516
(0.122-2.887)

Length of AC period 0.889 0.883

(0.186-4.244)

Table 2 - Predictive ability estimations of the major predictors

Parameters Sensitivity Specificity Positive  Negative

value value predictive predictive
value value

Acute myocardial g 0.46 4.9 93.9

infarction

LRy 0.86 0.51 43.1 89.7

ejection fraction

Diastolic dysfunction 0.48 073 437 76.9

of left ventricle
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So, this research has confirmed the results we had
previously obtained, in this case, LVEF had the greatest
connection with complications development. For the pur-
pose of estimating predictive value, sensitivity and speci-
ficity levels were determined for each of the prognostic
parameters. As a result of performed analyses, AMI was
determined as having the highest sensitivity (0.92), and
the presence of LVDD of the heart presented the highest
specificity (0.73) (Table 2).

So we have noted that the presence and severity stage
of MR remains one of the important predictors of com-
plications development in the early CABG post-operative
period.

Discussion

According to the numerous researches data, the main
cause of death in patients having undergone myocardial
revascularization is AHF, due to systolic or diastolic myo-
cardial dysfunction.™ So, according to Ushakov® periope-
rative predictors of acute heart failure development are:
1) value of the scale of the complex evaluation of age
degree of wear (AHF = 1.2; p = 0.001); 2) Systolic LV dys-
function in the presence of EF less than 50% (AHF =9.0; p
=0.001); 3) AC using (AHF = 1.1; p = 0.036).

Some authors have demonstrated the dependence of
the development of the complications on age,' but this
is not the single opinion. Sumin et al. haven’t found such
dependence.'? We have noted that the age of patients
did not have significant impact on the development of
AHF during the intraoperative and early postoperative
periods. However, the most number of authors tend to
conclude the older people (especially those older than
80 years) had a higher risk of death and serious com-
plications.' Like the research of Gratti et al.® They have
declared the hospital mortality in the period of 62+4
years was 5.3%. Fretschner et al.® have observed 1013 af-
ter CABG surgery and noted that women older than 60
years, patients who suffered two or more myocardial in-
farctions, who had previously been in intensive care, had
oxygen saturation of less than 70%, and needed three or
more shunts for complete revascularization had the high-
est risk of lethal outcome development.

If we are looking for echocardiographic indicators we
can say about AMI in anamnesis and immediately prior to
CABG were the factors of the highest risk of postoperative
complications. Our data is supported also by researches of
other authors."*'¢ The risk of complications development
in case of CABG increases if the AIM has been presented
in anamnesis, an intraoperative connection of intra-aortic
balloon counterpulsation has been conducted; the artifi-
cial circulation has been used for more than 120 min, and
aortic compression has been introduced for more than 90
min.'

We have got data opposite'” to the one declared by
Nadeem et al. and Ortiz et al. that length of the artificial
circulation period and aortic compression time are the
predictors of postoperative complications development
in cardiac surgical patients.'®

Our research has shown there is no significant influ-
ence of the number of applied shunts on the compli-
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cations development. Other researchers demonstrated
the number of bypass shunts (of two or more) is a risk
factor of complications development in patients after
CABG.?°

The hospitalization length is considered by the num-
ber of researchers as an indicator of complicated course
of postoperative period.?' But we have not found such
dependence.

As our earlier researches showed, LVEF, DDLV stage,
and MR out of echocardiographic indicators had the clos-
est dependence related to cardiac complications devel-
opment.?? Other echocardiographic indicators, like heart
size, IVS thickness, and LVPW, didn’t show such depen-
dence.

Vic Kneson et al.” performed retrospective analyses of
346 patients (2015-2019) with low LVEF (<30%). Results
of observations have showed patients with significant LV
dysfunction, subjected to CABG, were satisfactory for a
month. The most significant predictors of mortality were
hemodynamic instability and renal dysfunction. Khaled
et al.Z have shown patients with diabetes mellitus, with
significant diastolic LV dysfunction, and after using the
intra-aortic counterpulsation in surgery had increased
risk of hospital lethality.

Conducted research has confirmed the results we had
previously obtained, in this case, LVEF had the greatest
connection with complications development. Data of lit-
erature have also shown that LVEF is the most significant
risk factor of serious complications developed during the
early postoperative period.>®

Gratti et al.® studied 4383 cases after CABG performed
because of multiple coronary artery lesions (January 1999
September 2014; the average age of 300 studied patients
- 66.1+9.6 years). The most frequent postoperative com-
plications were prolonged invasive ventilation (17.7%)
and acute renal failure (14.7%).

Data of other researchers showed?* that people who
had undergone CABG surgery complicated by CF, have
increased mortality risk developing in the late (within a
year) postoperative period. Risk of AHF development af-
ter CABG is increasing with coronary artery lesions (more
than 4 coronary arteries), long time of surgery, and re-
construction of LV cavity in the case of its aneurysm.?° The
risk of CABG complications development increased if:

1) Ml with unstable hemodynamics/shock up to 24

hours;

2) acute coronary syndrome is present;

3) the stenosis of the left coronary artery trunk has

been diagnosed;

4) LVEF was < 35%."?

The most frequent development of threatening
perioperative complications (pulmonary artery throm-
boembolism, acute cerebral circulation disorder, AHF,
ventricular fibrillation, intraoperative MI) occurs when
performing CABG up to 10 days from the moment of AMI
development.?®

In recent years LVDD has received greater atten-
tion. It has been proved that during the post-perfu-
sion period LVDD can be due to ischemic and reper-
fusion damage, hypothermia, metabolic disorders, or
myocardial edema and is the independent factor in
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the development of difficulties in excommunicating
the patient from AC, using high doses of inotropic
support and increased risk of complications develop-
ment."” LVDD has been shown to be powerful, pre-
disposing factor in the development of postoperative
atrial fibrillation. It was established, LVDD increases
preoperative mortality in patients with cardiac surgi-
cal profiles.?> LVDD has also been shown as an inde-
pendent risk factor for postoperative CF, atrial fibril-
lation, and fatal outcome.?®

MR presence together with IHD significantly increases
mortality of such patients. So more than 40% of ill people
with combined IHD and MR of severe stage die during
the first year from the moment of MR.# If the combina-
tion of IHD and MR (moderate stage) is present, mortality
is about 15-18%; if MR is in the mild stage 8-11%. At
the same time, the mortality of patients with IHD without
MR is 5% approximately.? It has been shown convincingly
that moderate ischemic MR had affected the increased
risk of mortality from cardiovascular diseases, including
patients with CF.? Our data confirm that presence and
severity stage of MR remains one of the important pre-
dictors of complications development in the early CABG
post-operative period.

Study limitations

All conducted observations were made in conditions of
the private cardiology clinic. The observation results can
depend on the current condition of the certain conditions
of the hospital and surgeons’ qualifications and the num-
ber of surgeries for the year. So, each clinic has to have
its own research on the occurrence of the complications’
predictors.

Conclusions

Results of our researches, performed in the current condi-
tions of the private clinic, showed that, unlike data from
other clinics, such parameters as age of patients, length
of artificial circulation period, and the time of aortic com-
pression, as well as the number of applied shunts did
not show the statistically significant effect on the deve-
lopment of complications. This supports our proposal to
identify predictors of the development of complications
following coronary artery bypass grafting surgery in each
separate clinic.

The closest connection of complications development
during the intraoperative and early postoperative pe-
riods in the considered clinic was revealed with acute
myocardial infarction, with low left ventricular ejection
fraction, and the presence of diastolic dysfunction of left
ventricular. In this case acute myocardial infarction had
the most sensitivity on development, and the presence of
diastolic dysfunction of left ventricular had the greatest
specificity.
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Prace myokardu

Rychlost pulsni viny

Soucinnost mezi levou komorou
a velkymi tepnami

Tuhost

Uvod: Mé&feni prace myokardu (myocardial work, MW) pFedstavuje novou echokardiografickou metodu za-
lozenou na sledovani smycky tlak-deformace srdecni komory, coz umoznuje kvantifikovat vykonnost srdce.
Na druhé strané rychlost pulsni viny (pulse wave velocity, PWV) urcuje tuhost tepen na zakladé poznatku,
Ze se zvysujici se tuhosti tepny se zvysuje i rychlost anterogradniho a retrogradniho prenosu sfygmické viny.
Cil: Cilem této studie bylo stanovit korelaci mezi parametry MW a PWV.
Metody: Do studie jsme zarazovali viechny po sobé nésledujici pacienty bez kardiovaskularniho onemocné-
ni, ktefi v obdobi mezi ¢ervnem 2021 a ¢ervencem 2022 absolvovali transtorakalni dopplerovské echokardio-
grafické vysetreni. Hodnoty MW byly vypocitany ze smycky tlak-deformace srde¢ni komory, do niz byly zacle-
nény hodnoty neinvazivniho vysetieni tepenného tlaku podle doporuceni pro standardni echokardiogracfic-
ké vysetieni metodou ,speckle tracking”. Hodnota PWV se méfila tonometrem na Urovni spolecné karotidy
a spolecné femoralni tepny.
Vysledky: Celkem bylo do studie zafazeno 66 pacientl primérného véku 30,7 + 8,6 roku. Byla nalezena
statisticky vyznamna negativni korelace mezi PWV a celkovou zbytecné vynaloZenou energii (global wasted
energy, GWE) (r =-0,317; p < 0,01) pfi korelaci s celkovou zbytecné vynalozenou praci (global wasted work,
GWW) (r = 0,324; p < 0,01). Statisticky vyznamna korelace pretrvavala v podskupinach zen i muzi u GWE
(zeny: r =-0,280; p < 0,05; muzi: r = -0,362; p < 0,05) i u GWW (Zeny: r = 0,359; p < 0,05; muzi: r = 0,359;
p <0,05).
Zavér: Vztah mezi MW a PWV jako projev soucinnosti mezi levou komorou a velkymi tepnami maze poten-
cidlné predstavovat uzitecny nastroj pro ¢asné odhaleni subklinické dysfunkce kardiovaskularniho systému.
© 2023, CKS.

ABSTRACT

Introduction: The myocardial work (MW) is a new echocardiographic method, based on the pressure-strain
loop, which allows quantifying the cardiac performance. On the other hand, the pulse wave velocity (PWV)
evaluates arterial stiffness, knowing that as the stiffness of an artery increases, the transmission velocity of
the anterograde and the retrograde sphygmic wave increases.
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Non-invasive assessment of ventricular-arterial coupling

Purpose: The aim of the study is to evaluate the correlation between MW and PWV parameters.

Methods: We enrolled consecutively all patients without cardiovascular disease who underwent transthora-
cic Doppler echocardiography between June 2021 and July 2022. The MW parameters were derived from the
strain-pressure loop, including in its calculation the measurement non-invasive arterial pressure, according
to standard speckle tracking echocardiography recommendations. The PWV measurement was obtained by
tonometry at the level of the common carotid artery and the common femoral artery.

Results: We enrolled 66 patients (mean age: 30.7+8.6 years). There was a significant inversely proportio-
nal correlation between PWV and GWE (r = -0.317; p <0.01) meanwhile there was a directly proportional

Keywords:

Myocardial work

Pulse wave velocity
Stiffness

Ventricular-arterial coupling

correlation with GWW (r = 0.324; p <0.01). The statistically significant correlation remained in the female
and male subgroups for GWE (female: r = -0.280; p <0.05; male: r = -0.362; p <0.05) and GWW (female:
r = 0.359; p <0.05; male: r = 0.359; p <0.05).

Conclusion: The relationship between MW and PWV as a demonstration of ventricular arterial coupling may
potentially be a useful tool in the early recognition of subclinical cardiovascular dysfunction.

Introduction

Cardiovascular disease is the leading cause of the global
burden of morbidity and mortality. The latest evidence
has shown that to anticipate atherosclerosis there are
other phenomena involving the remodeling of the arte-
ries such as increased thickness and stiffness: the “arterio-
sclerosis”. Vessel remodeling is a pathophysiological pro-
cess that occurs with advancing age.' However, although
the classic cardiovascular risk factors — smoking, hyper-
tension, diabetes, dyslipidemia, obesity - may be a fac-
tor accelerating arteriosclerosis, vessel remodeling now
seems to be confirmed as an independent risk factor for
future cardiovascular events and all causes of mortality.??

In the evaluation of arterial stiffness as an independent
risk factor, it would be interesting to evaluate together
the performance data of the left ventricle as a constitu-
tive element of the ventricular-arterial coupling (VAC).*

VAC is defined as the interaction of the heart with the
systemic circulation, playing a key role in cardiovascular
performance, influencing both the magnitude and effi-
ciency of left ventricular (LV) stroke work transfer to the
circulation.®

In deed, it is well known how heart and vessels are mu-
tually influenced and the deterioration of the function of
one affects the other.%’

In optimal coupling conditions, in fact, a maximum
cardiac work, efficiency, of the left ventricle is achieved
while maintaining arterial pressure values in the normal
range.

The assessment of arterial stiffness is obtained by mea-
suring the velocity of the anterograde aortic sphygmic
wave (PWV) with tonometry, regarded as the gold stan-
dard.®

Among the devices currently in use for the assessment
of arterial stiffness, the SphygmoCor Xcel system (AtCor
Medical, Sydney, NSW, Australia) is a well-validated and
widely used device.®

The SphygmoCor Xcel device measures Augmentation
Index using a partially inflated brachial cuff and PWV us-
ing a partially inflated femoral cuff together with carotid
applanation tonometry.

The non-invasive myocardial work (MW) is a newly
implemented tool that evaluates global and regional
myocardial performance derived from the non-invasive
stress-pressure loop. This measurement is obtained from
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2D strain data and non-invasive brachial artery pressure,
being less dependent of preload and afterload.™

The aim of our study was to assess in healthy patients
the PWV and the MW indices as the evaluation of the
ventricular-artery coupling.

Methods

Study population

We enrolled consecutively outpatients who underwent
transthoracic Doppler echocardiography (TTE) in the
Echo-lab of Cardiology Institute of the Policlinico Univer-
sitario “G. Martino” of Messina between June 2021 and
July 2022.

We included patients older than 18 years in the study
and we excluded patients suffering from cardiovascu-
lar disease (CVD) and cardiovascular risk factors or poor
acoustic window. All patients underwent cardiological
examination, electrocardiogram, and complete echocar-
diogram colour-Doppler with the assessment of 2D strain,
MW indices and PWV analysis. The Institutional Review
Board of Policlinico Universitario “G. Martino” approved
the study. Our study complies with the Helsinki declara-
tion for investigations in human patients.

Cardiovascular disease and risk factors definition
CVD and risk factors were defined according to Guideli-
nes on Cardiovascular Disease Prevention of the Europe-
an Society of Cardiology.

CVD included previous acute myocardial infarction,
acute coronary syndrome, coronary revascularization and
other arterial revascularization procedures, stroke and
transient ischemic attack, aortic aneurysm, peripheral ar-
tery disease, cardiomyopathies and genetic syndromes.
It does not include some increase in continuous imaging
parameters such as intima-media thickness of the carotid
artery. Risk factors for CVD included: family history of
premature CVD, smoking, arterial hypertension, diabetes
mellitus, raised lipid level, obesity and chronic kidney dis-
ease.

Pulse wave velocity analysis

PWV analysis was performed with SphygmoCor XCEL Sys-
tem v1 technology (AtCor Medical Pty Ltd., Sydney, Aus-
tralia) and software (SphygmoCor XCEL Software Versi-
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on: 1.2). PWV analysis was performed according to the
consensus document and measurement was performed
at the level of the right carotid artery and right femoral
artery. Measurement sites for the PWV analysis were the
right carotid artery and right femoral artery.® We marked
the level where the carotid pulse was strongest, and a fe-
moral cuff was placed at the level of the right thigh. The
distance between the carotid artery mark and the upper
edge of the femoral cuff was recorded into the Sphygmo-
Cor software. The ‘femoral to cuff’ length is automatica-
[ly subtracted from the ‘carotid to cuff’ length to indicate
the carotid-femoral distance which is used in the PWV
calculation.

The brachial blood pressure was registered, and the
time of the acquisition was chosen in the SphygmoCor
software. For standardisation of registrations the device
was placed on the marked carotid artery position, con-
figured to record automatically and the pulse wave was
recorded after high quality waveforms during the speci-
fied capture time.

The measurement quality was assessed automatically
by the SphygmoCor software (based on consistent pulse
peaks, troughs and amplitude), and were indicated with
either a green "“quality controlled” tick, or a red cross in-
dicating a lower quality measure.'" All data for inclusion
in this research project were required to have a quality-
controlled tick.

Echocardiographic analysis

Images were acquired with resting patients in the left la-
teral decubitus position with a commercially available ul-
trasound system in the parasternal and apical views (Vivid
E9 and E95, GE Vingmed Ultrasound, Horten, Norway).
M-mode and 2D, colour, pulsed wave and continuous
wave Doppler images were obtained. Data were analysed
offline using EchoPAC version 204 software (GE Vingmed
Ultrasound, Horten, Norway). LV end-diastolic volume
(LVEDV), LV end-systolic volume and LV ejection fraction
(LVEF) were assessed in apical four- and two-chamber
views using Simpson'’s biplane method.' In order to asse-
ss LV global longitudinal strain (GLS), 2D-speckle tracking
analyses were carried out offline in images acquired from
apical views at four, two and three axes as previously de-
scribed.”

Myocardial work analysis

The LVMW calculation from non-invasive LV pressure—
strain analysis has been described previously.'™ LVMW
indices were computed with the latest vendor-specific
module (EchoPAC version 204 software, GE Medical Sys-
tems, Horten, Norway) combining LV GLS and a nonin-
vasively measured blood pressure. LV GLS was evaluated
with 2D speckle tracking echocardiography drawing ma-
nually the endocardial rim in four-, two-, and long-axis
apical views. The non-invasive LV pressure curve was asse-
ssed by measuring the time of valvular events by echocar-
diography and adjusting the standard LV pressure curve
to the duration of isovolumic contraction, LV ejection,
and isovolumic relaxation. In order to calibrate the cu-
rve amplitude, blood pressure records from the patien-
t's brachial cuff were recorded at baseline echocardiogra-
phy and were used instead of the peak LV pressure. The

software then processed a non-invasive LV pressure-strain
curve using a combination of LV GLS data from the entire
heart cycle and the instant LV pressure. Cardiac work was
calculated as a function of time throughout the cardiac
cycle. The following LVMW indices were derived: global
work index (GWI) defined as total work within the area of
the LV pressure-strain loops calculated from mitral valve
closure to mitral valve opening; global constructive work
(GCW) defined as work performed during shortening in
systole adding work during lengthening in isovolumic
relaxation; global wasted work (GWW) defined as work
performed during lengthening in systole adding work
performed during shortening in isovolumetric relaxation
and global work efficiency (GWE) calculated as the sum
of constructive work in all LV segments, divided by the
sum of constructive and wasted work in all LV segments.
GWI, GCW, and GWW were expressed as mmHg% and
GWE as a percentage.’

Statistical analysis

Categorical data were summarized as percentages and
continuous data as mean + standard deviation (SD). T-
-test for independent samples was used to compare the
means of continuous variables and y? test for qualitative
variables. We used the Kolmogorov-Smirnov test for nor-
mality in order to evaluate the assumption of t-test. The
correlation between MW indices and PWV in the entire
population and in subgroups according to gender was as-
sessed using Spearman’s rank correlation. A p value less
than 0.05 was considered significant. All the statistical
analyses were performed using IBM SPSS Statistics v26
software.

Results

Study population and clinical characteristics

In our study, 66 patients without cardiovascular disease
were enrolled. The patients had a mean age of 30.73+8.56
years, body mass index (BMI) of 23.54+4.18 kg/m?, body
surface area (BSA) of 1.76+0.20 m?, systolic blood pressu-
re (SBP) 119.94+9.30 mmHg and diastolic blood pressure
(DBP) 72.42+9.10 mmHg, as seen in Table 1. The patients
had mean LVEF of 60.36+5.21 %, GLS -20.27+1.70%, GWI
1815+£196.20 mmHg%, GCW 2171.45+255.52 mmHg%,
GWE 95.82+1.39% and GWW 81.73+32.59 mmHg%, as
seen in Table 2. In the comparison between the female
and male subgroups, there were no statistically signifi-
cant differences in clinical and echocardiographic charac-
teristics, as reported in Tables 1 and 2.

Correlation between pulse wave velocity

and myocardial work indices

Figure 1 shows the correlations of PWV with MW indices.
There was a significant inversely proportional correlation
between PWV and GWE (r = -0.317; p <0.01) meanwhile
there was a directly proportional correlation with GWW
(r =0.324; p <0.01). GWI (r = 0.201; p = 0.16) and GCW (r
= 0.236; p = 0.98) did not show a statistically significant
correlation with PWV. The statistically significant correla-
tion remained in the female and male subgroups for GWE
(female: r =-0.280; p <0.05; male: r =-0.362; p <0.05) and
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Table 1 - Baseline clinical characteristics of population

All patients (66) Female (22) Male (44) p value

Age, years 30.73+8.56 30.82+4.49 30.68+10.04 0.952
BSA 1.75+0.19 1.58+0.09 1.84+4.49 0.265
BMI 23.55+4.18 21.65+3.40 24.49+4.25 0.008
SAP, mmHg 119.94+9.92 116.00+7.67 121.91+£10.41 0.021
DAP, mmHg 72.42+9.02 72.91+7.76 72.18+9.66 0.760
HR, bpm 69.97+12.51 76.73+12.17 66.59+11.37 0.001
Sex (male), % 66.7

BMI - body mass index; BSA — body surface area; DAP - diastolic artery pressure; HR — heart rate; SAP - systolic artery pressure.

Table 2 - Echocardiographic characteristics of population

All patients (66) Female (22) Male (44) p value

FE, % 60.36+8.56 30.82+4.49 30.68+10.05 0.692
EDVi, mL/m? 50.67+10.45 47.30+10.19 52.34+10.28 0.64

ESVi, mL/m? 20.55+6.37 19.91+7.03 20.88+6.06 0.564
E/E' 6.08+2.67 5.44+1.07 6.52+3.32 0.193
S', cm/s 10.67+1.82 10.27+1.66 6.52+3.33 0.243
LAVi, mL/m? 15.24+10.46 14.25+9.72 15.73+10.88 0.592
PAPS, mmHg 21.57+5.70 21.60+5.14 21.56%6.13 0.985
GLS, % -20.27+1.7 21.27+1.80 19.77+1.42 0.001
GWI, mmHg% 1815+196.20 1875+157.78 1785+208.02 0.079
GCW, mmHg% 2171.45+255.52 2268.27+213.26 2123.05+263.23 0.028
GWW, mmHg% 81.73+32.60 85.64+31.13 79.77+33.48 0.495
GWE, % 95.82+1.39 95.82+1.22 95.82+1.48 1.000
PWV, m/s 7.56+1.12 7.46+1.10 7.62+1.14 0.601
Pulse pressure, mmHg 34.09+8.18 30.27+5.18 36+8.76 0.006
AIX, % 16.15+15.05 18.27+18.11 15.09+13.36 0.422

AIX - central augmentation index; EDVi - end diastolic volume index; EF - ejection fraction; ESVi — end systolic volume index; GCW - global
constructive work; GLS - global longitudinal strain; GWE - global work efficiency; GWI - global work index; GWW - global wasted work;
LAVi - left atrial volume index; PAPS — pulmonary artery systolic pressure; PWV — pulse wave velocity.

GWW (female: r = 0.359; p <0.05; male: r = 0.359; p <0.05),
as reported in Figure 2.

Discussion

The results obtained from our study confirm the close link
between heart and vessels, but even more they show how
through non-invasive methods it is possible to assess the
status of one in relation to the other. MW in this scenario
was found to be useful in assessing myocardial perfor-
mance by demonstrating better sensitivity than traditio-
nal LV performance assessment methods.'® GWW is a pa-
rameter that represents wasted work, a quota of work
that does not contribute to the building of LV ejection.
The increase in GWW can be caused by several scenari-
os, first ischemia, but also chronic damage or congenital
alterations, or even in the context of hypertensive heart
disease.™
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The worsening of LV function can be recognized in an
imbalance between GWW and GCW. GWE is the parame-
ter that best describes the relationship between GCW and
GWW and is expressed as a percentage.'® A high value of
efficiency is clear to indicate a maximal cardiac work in
which the waste (GWW) is low. LV efficiency is therefore
affected by increased outflow resistance, increased after-
load and by arteriosclerosis.® In fact, in healthy subjects
both parameters GWW and GWE correlated with PWV
with high significance.

PWYV is the speed of the anterograde sphygmic wave
inside the vessel; it is generated by systole and ends with
the end of the cardiac cycle: its propagation on the walls
of the arteries generates many reflex waves that are add-
ed to the anterograde wave in the diastolic phase and
lead to an increase in pressure in the peripheral territo-
ries.”'® The sum of these two wavefronts is assessed by
the Al parameter. When arteriosclerosis is present, it is
clear how both parameters (PWV and Al) are increment-
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groups.

ed. Increased vessel resistance and decreased vessel dis-

in mistiming with the cardiac cycle, conflicting with the
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reflex waves just before the end of systole: as a result, the
tensibility can enhance sphygmic wave velocity, resulting pressure rises in the systolic phase, leading to an afterload
increase.™
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The afterload causes an increase of the systolic pres-
sure of the left ventricle; consequently we will have an
increased wall stress that results in a worsening of the
efficiency of the left ventricle and with the generation of
wasted work. However, the same mechanism, resulting
in increased afterload, leads to premature closure of the
aortic valve, increasing the wasted work.?

Analyzing the function of the MW, the assessment of
wasted work is provided by the deformation of the left
ventricle following the closure of the aortic valve: fibre-
shortening does not occur during systole but at its end
(“post-systolic deformation”).'#?!

Our study also found the same correlation by analyz-
ing both male and female groups.

In summary, VAC assessment represents a promising
tool for early detection of cardiovascular disease. The
MW and PWV are closely related, studying the correlation
between them may reveal new perspectives in the detec-
tion of “primum movens” and in therapeutic manage-
ment of cardiovascular disease. A larger study is required
to prove VAC alteration in patients with risk factors or
cardiovascular disease.

Conclusion

The relationship between MW and PWV as a demonstra-
tion of ventricular arterial coupling may potentially be
a useful tool in the early recognition of cardiovascular
dysfunction. Further studies will be needed to investigate
the feasibility of these two methods in daily practice.
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ABSTRACT

Objective: The use of matrix metallopeptidase-9 (MMP-9) in patients with acute myocardial infarction with
ST-segment elevation (STEMI) after percutaneous coronary intervention (PCl) as a prognostic indicator has
a lot of gaps and the medical community has very limited experience with it. The study aimed to evaluate
the prognostic role of MMP-9 in STEMI patients after successful revascularization within a 12-month follow-
-up period.

Material and method: 88 patients met the inclusion criteria and had no exclusion criteria diagnosed with
STEMI who underwent primary PCl were enrolled in the study. 66 (75.0%) were men, with a mean age of
60.84+9.68 years. A follow-up period was 12 months. The combined endpoint was used and it included the
occurrence of heart failure, which required hospitalization, cardiovascular death, recurrent myocardial in-
farction, acute cerebrovascular event. The level of MMP-9 was determined by ELISA.
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Results: Kaplan-Meier curves analysis showed significant association between increased MMP-9 and stu-
died combined endpoint, p = 0.0229. The patients with MMP-9 levels over 201.7 ng/ml had significantly
more endpoints. Univariate regression analysis found that MMP-9 was indicated as independent variable
for unfavorable outcome with odds ratio (OR): 1.017, 95 confidence interval (Cl) %: 1.001-1.033, p = 0,037.
The multivariate logistic regression analysis showed that MMP-9 (OR: 1.019; 95% Cl: 1.005-1.033; p = 0.009)
together with fasting glucose (OR: 1.246; 95% Cl: 1.010-1.538; p = 0.040) and leucocytes (OR: 0.751; 95% ClI:

Keywords:

Matrix metalloproteinase-9
Myocardial infarction
Percutaneous coronary
intervention

0.558-1.011; p = 0.057) remained significant independent predictors of combined endpoint in the studied
subjects after adjusting other investigated confounders, age, sex, BMI, lipid and glucose profiles.
Conclusion: There is a significant relationship between adverse events and elevated MMP-9 levels in STEMI
patients after PCl. MMP-9 was evinced as a highly sensitive marker for predicting the adverse course of the
disease in patients with STEMI during the one-year follow-up.

Introduction

The discovery and further implementation of new evi-
dence-based treatments for patients with acute myocar-
dial infarction (AMI) with ST-segment elevation (STEMI)
in recent decades have led to a sharp reduction in the
risk of recurrent cardiovascular events and a significant
improvement in prognosis.’ However, there is still an in-
creased risk of future cardiovascular events, and it stimu-
lates further searches for ways to optimize the prognosis
for each patient who underwent AMI with ST-segment
elevation and additional novel biomarkers have been in-
tensively studied in recent years.*>

Identification of biomarkers that have prognostic
value is necessary for a better risk stratification in ST-
segment elevation AMI. There is evidence that ST-seg-
ment elevation AMI is predicted by a variety of factors,
such as dyslipidemia, smoking, hypertension, diabetes,
age, male gender, and plasma levels of natriuretic pep-
tide (NUP) and possibly by the level of matrix metallo-
proteinase-9 (MMP-9).6 Among the studied biomarkers
MMP-9 is unique because it is closely related to the de-
velopment of atherosclerosis and plaque instability and
ACS consequently.” Moreover, MMP-9 plays a key role in
heart attack healing, tissue repair, and remodeling of
the extracellular matrix after AMI with ST-segment el-
evation.®

The search for new biomarkers continues in STEMI, al-
though in recent years the spread of new prognostic bio-
markers in acute coronary syndrome has been impressive,
only a few have convincingly proven their clinical value.
Only some of them are promising in this regard, their role
in clinical decisions has not yet been determined, in par-
ticular, treatment decisions.®

At the same time, very limited experience has been
accumulated on the possibility of clinical use of MMP-
9 in patients with STEMI after percutaneous coronary
intervention (PCl) as a prognostic marker (indicator) in
a one-year perspective. While this issue is very important
in terms of the management of such patients and im-
proving their survival and post-infarction recovery. Ac-
cumulated preliminary data allow us to hypothesize that
the level of MMP-9 may be a significant predictor of the
course of the disease and the post STEMI patient’s condi-
tion after PCI.

The study aimed to evaluate the prognostic role of
MMP-9 in STEMI patients after successful revasculariza-
tion within a 12-month follow-up period.
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Methods

Study design

130 patients diagnosed with STEMI were enrolled in the
study. Patients were hospitalized in the intensive care
unit of the Government Institution “L.T.Malaya Therapy
National Institute of the National Academy of Medical
Sciences of Ukraine” (Gl “L.T.Mala NIT NAMSU") during
the first two days after PCl stenting of the infarct-depen-
dent coronary artery, which was held at the Government
Institution “V.T. Zaycev Institute of General and Urgent
Surgery NAMSU". 88 patients met the inclusion criteria
and had no exclusion criteria out of 130 enrolled pati-
ents. Among these 88 subjects, 66 (75.0%) were men and
22 (25.0%) were women, with a mean age of 60.84+9.68
years.

Patients were under supervision in a 12-month fol-
low-up period. The combined endpoint was used and it
included the occurrence of heart failure (HF), which re-
quired hospitalization, cardiovascular death, recurrent
myocardial infarction, acute cerebrovascular event. The
complicated course of the disease (STEMI) in the acute
period was assessed by the severity of acute HF (lI-lll) ac-
cording to Killip grade, cardiac arrhythmias (paroxysms of
atrial fibrillation, ventricular tachycardia, transient atrio-
ventricular block II-111). The diagnosis of STEMI was estab-
lished in accordance with the guidelines of the European
Society of Cardiology (2018).'° The diagnosis of HF was
established according to current ESC Guidelines."" The
diagnosis of arterial hypertension was established in ac-
cordance with the current recommendations of the 2018
ESC/ESH Clinical Practice Guidelines for the Management
of Arterial Hypertension.'

Ethical disclosure

The research was conducted in accordance with the pro-
visions of the Declaration of Helsinki, and the protocol of
the study was agreed with the Gl “L.T.Mala NIT NAMSU"
Commission on Ethics and Deontology (Protocol Ne 6 of
30.05.2017). All patients signed informed consent to par-
ticipate in the study accordingly to the latest GMP ICH
procedures.

Inclusion and exclusion criteria

Criteria for inclusion in the study were: established AMI
with ST-segment elevation, age >35 years, no contraindi-
cations to PCl, written informed consent to participate in
the study, and restore coronary blood flow at the level
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of TIMI Ill. Exclusion criteria were age >80, severe con-
comitant chronic diseases (anemia, chronic obstructive
pulmonary disease, bronchial asthma, liver cirrhosis, chro-
nic kidney disease with glomerular filtration rate <35 ml/
min/1.73 m?, bleeding), known malignancy, cancer, ina-
bility to understand the study and informed consent and
vulnerable segments of the population.

Patient management

Patients underwent primary PCl using a bare-metal co-
ronary stent (BMS). The TIMI scale was used to assess
the restoration of blood flow in the infarct-dependent
coronary artery. 88 patients were able to restore co-
ronary blood flow at the level of TIMI Ill, they were
selected for further study. All patients received drug
therapy in accordance with current recommendations:
enoxaparin in a therapeutic dose of 0.1 mg/kg body
weight twice a day, acetylsalicylic acid 100 mg once
a day, ticagrelor 90 mg twice a day, rosuvastatin 40
mg or atorvastatin 80 mg once a day, B-blockers (bis-
oprolol or nebivolol), ACE inhibitors (ramipril or ena-
lapril).

Ultrasound examination of patients was performed
within 48 hours after hospitalization using the Toshi-
ba Aplio 500, model TUS-A500, with the evaluation of
next parameters: end-diastolic volume (EDV) of the left
ventricle (LV) and end-systolic volume (ESV) of the left
ventricle, myocardial mass LV (MMLV), LV ejection frac-
tion (EF), left atrial volume (LAV), LV diastolic dysfunc-
tion — maximum early diastolic filling rate E (m/s), maxi-
mum atrial diastolic filling rate A (m/s), their E/A ratio.

Determination of troponin |, total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-den-
sity lipoprotein cholesterol (HDL-C), and triglycerides
(TG) was carried out by the enzymatic method. The lev-
el of MMP-9 was determined by enzyme-linked immu-
nosorbent assay using a set of Human MMP reagents
— ELISA KIT, Invitrogen, Austria. Blood for determina-
tion of MMP-9 in serum was taken on day 3 after STEMI
beginning.

Statistical processing of the normality of the distri-
bution was done by Kolmogorov-Smirnov and Lilliefors
tests. Normally distributed variables are presented in the
form of mean (M) and standard deviation (SD) and were
compared using the Student’s t-test, otherwise, vari-
ables with not normal distribution are presented as me-
dians and interquartile ranges and compared using the
Mann-Whitney test and qualitative variables are pre-
sented as percentages and compared by the chi-square
test (y?). Multivariate analysis was used to indicate the
factors associated with adverse events (combined end-
point). Univariate analysis was performed for the mea-
sured variables. Predictor variables that were statistically
significant when evaluated individually against a com-
bined endpoint were included in the forward stepwise
multiple logistic analysis. The results were calculated
and presented as B-coefficient, standard errors (SE),
odds ratio (OR), and 95% confidence interval (Cl) for
each factor. The level of statistical significance was set
to a p <0.05. Statistical analysis was performed using the
software package Statistica 8.0 (StatSoft Inc, USA), and
MedCalc Statistical Software version 20.111 (Belgium).

Results

All studied patients were divided into two groups de-
pending on the level of MMP-9 (median 201.7 ng/ml).
The first group 1 included 44 patients with MMP-9
2201.7 ng/ml. The second one was with MMP-9 <201.7
ng/ml and included the same number of patients. The
main clinical, socio-demographic, anamnestic, car-
diac instrumental and laboratory parameters of these
groups are presented in Table 1.

The participant subjects were predominantly male
(75.0%) with a median age of 60.84+9.68 years, with
coexistent commonplace risk factor for STEMI like in-
creased blood pressure/arterial hypertension (HTN)
(86.4%), followed by smoking (48.9%). On the other
hand type 2 diabetes mellitus (2TDM) and increased
body mass index (BMI) (>30 kg/m?) were present only in
23.9% and 26.1% of patients consequently. It is essen-
tial to point out that all investigated indicators — age,
blood pressure, glucose and lipid metabolic balance,
smoking, HbA,, serum creatinine and echocardio-
graphic parameters were not significantly different
between the groups with higher MMP-9 and the lower
MMP-9 one. The differences in the concentration of
the studied biomarker -MMP-9 indicate the activation
of MMP-9 synthesis due to acute myocardial damage,
p = 0.0001. Comparing the localization of infarction
and atherosclerotic vascular lesions in the groups, no
statistically significant differences were found.

To identify the MMP-9 role in the development of
adverse cardiovascular events (combined endpoint)
and the relationship between the course of the dis-
ease and the concentration of MMP-9, a cumulative

(Kaplan-Meier)
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Fig. 1 - Kaplan-Meier curves showing the development of a com-
bined endpoint in STEMI patients in a 12-month follow-up period
depending on MMP-9 concentration.
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Table 1 - Baseline characteristics of patients with STEMI depending on the level of MMP-9
All patients (n = 88)

Parameters

Age, years (SD)
Males, n (%)
Females, n (%)
HTN, n (%)
2TDM, n (%)
HbA,,
Smoking, n (%)
BMI >30 kg/m?, n (%)
EDV LV, ml
LVEF, %

LAV

E/E’

Tnl, ng/mL

TC, mmol/l
HDL-C, mmol/I
LDL-C, mmol/I
TG, mmol/l

Creatinine clearance, ml/min

MMP-9, ng/ml

60.84+9.68
66 (75.0)

22 (25.0)

76 (86.4)
21(23.9)
6.71+2.01

43 (48.9)

23 (26.1)
123.40+24.74
46.63+5.50
35.95+9.26
13.72+4.89
7.56 [2.17-9.20]
4.67+1.23
1.03+0.29
2.57+1.08
1.99+1.11
77.08+28.94
193.09+59.32

Group 1
MMP-9 > median
(n=44)

60.68+9.02
32 (72.7)

12 (27.3)

38 (86.4)

12 (27.3)
6.89+1.78

20 (45.5)
8(18.2)
121.66+26.02
46.62+4.64
35.81%10.35
12.67+4.28
7.45 [2.75-9.54]
4.70+1.15
1.06+0.37
2.69+1.05
1.81+0.86
77.71£29.08
238.25+31.29

Group 2
MMP-9 < median
(n = 44)

61.00+10.39
34 (77.3)

10 (22.7)

38 (86.4)

9 (20.5)
6.51+1.99

23 (52.3)

15 (34.1)
125.01+23.70
46.63+6.33
36.09+8.17
14.70+5.29
6.81[3.35-8.80]
4.64+1.31
1.00£0.19
2.46+1.11
2.15£1.28
76.46+29.14
147.93+44.34

x4 p

0.878
0.623

1.0
0.617
0.678
0.522
0.0895
0.551
0.990
0.896
0.120
0.362
0.844
0.397
0.358
0.164
0.846
0.0001

2TDM - type 2 diabetes mellitus; BMI - body mass index; E/E' - ratio between early mitral inflow velocity and mitral annular early diastolic
velocity; EDV LV - end-diastolic volume of the left ventricle; HDL-C - high-density lipoprotein cholesterol; HTN - arterial hypertension; LAV
— left atrium volume; LDL-C - low-density lipoprotein cholesterol; LVEF - left ventricular ejection fraction; MMP-9 — matrix metalloprotei-

nase 9; TC - total cholesterol; TG - triglycerides; Tnl - troponin .

Table 2 - Univariate and multivariate logistic analysis of factors influencing the development of adverse events after AMI with ST

segment elevation

Parameter

Univariate logistic analysis

B-coefficient

MMP-9, ng/ml 0.017
SAP, mm Hg 0.007
DAP, mm Hg 0.0113
BMI, kg/m? -0.138
Complications in the acute period 0.829
2TDM 0.883
Fasting glucose, mmol/I 0.193
EDV LV, ml 0.007
Leucocytes, *107/I -0.299
TC, mmol/l 0.282
TG, mmol/l -0.617
Creatinine, mmol/l 0.0163
Multivariate logistic analysis

MMP-9, ng/ml 0.018
Fasting glucose, mmol/l 0.220
Leucocytes, *10%I -0.287
Creatinine, mmol/| 0.012

OR

1.017
1.007
1.01
0.871
2.293
2.419
1.213
1.007
0.741
1.326
0.539
1.016

1.019
1.246
0.751
1.012

95% Cl

1.001-1.033
0.974-1.041
0.936-1.093
0.716-1.060
0.211-24.893
0.310-18.867
0.927-1.586
0.970-1.046
0.524-1.049
0.689-2.549
0.161-1.805
0.998-1.041

1.005-1.033
1.010-1.538
0.558-1.011
0.997-1.029

0.037
0.684
0.775
0.168
0.495
0.399
0.159
0.702
0.091
0.398
0.317
0.177

0.009
0.040
0.057
0.180

2TDM - type 2 diabetes mellitus; BMI — body mass index; DAP - diastolic arterial pressure; EDV LV — end-diastolic volume of the left vent-

ricle; MMP-9 — matrix metalloproteinase 9; SAP - systolic arterial pressure; TC - total cholesterol; TG - triglycerides.
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Kaplan—-Meier curves analysis was performed. And
it showed significant association between increased
MMP-9 and studied endpoint, F-criteria Cox, F (12.30)
= 2.848, p = 0.0099 and Log-rank criteria, p = 0.0229
(Fig. 1). Significantly more endpoints were recorded in
the patients with MMP-9 levels over 201.7 ng/ml, the
vast majority of which were HF decompensation, which
required hospitalization. Thus wise, increased MMP-9
concentrations showed a significant direct influence
on unfavorable one-year prognosis in STEMI patients
after PCI (Fig. 1).

Univariate with consequent multivariate logistic re-
gression analyses were performed to investigate inde-
pendent predictors of the adverse outcome presented
as reaching the combined endpoint. After providing
the univariate regression analysis it was found that
MMP-9 was indicated as independent variable for un-
favorable outcome OR: 1.017, 95 Cl%: 1.001-1.033, p
= 0,037. The multivariate logistic regression analysis
showed that MMP-9 (OR: 1.019; 95% CI: 1.005-1.033; p
= 0.009) together with fasting glucose (OR: 1.246; 95%
Cl: 1.010-1.538; p = 0.040) and leucocytes (OR: 0.751;
95% Cl: 0.558-1.011; p = 0.057) remained significant
independent predictors of combined endpoint (bad
prognosis in patients with STEMI) in the studied sub-
jects after adjusting other confounders as is shown in
Table 2.

Discussion

We consider it important to point out that our investi-
gation was focused on the MMP-9 role in prognosis in
STEMI patients who underwent PCl and this issue was
not previously fully described. It was established in our
work that increased level of MMP-9 at admission in tho-
se patients is an important marker for further progno-
sis and a concentration of this enzyme over 201.7 ng/
ml is prognostically unfavorable for the post-infarction
one-year follow-up period. There are some works that
presented the close results with accordant patients.'*"

Even though MMP-9 belongs to the family of metal-
loproteinase and is considered to be widely studied,
researchers continue to study the role of this enzyme
in atherosclerosis, ACS, Ml and other cardiovascular dis-
eases (CVD).'&1®

The most recent studies continue to investigate the
MMP-9 role as a player in pathways of myocardial in-
jury and its place in the field of prognostic markers
in cardiovascular pathology.?*2*> And its role is under
investigation not only in cardiovascular pathology,
but also in chronic Chagas disease, ocular pathology,
ischemic stroke, in diabetes.?* 2 It is worth mention-
ing the work studying MMP-9 in renal diseases. For
example, O. Zakiyanov et al. examined the dynamics
of MMPs in patients with kidney disease.?® The au-
thors state that metalloproteinases are one of the
key players in a variety of acute and chronic variants
of kidney diseases. In their review, the authors argue
that a deeper understanding of the MMPs’ role in
the development of renal pathology will open novel
ideas for advanced therapeutic approaches. And we

consider that such a statement can be extrapolated to
patients with CVD.

MMP-9 is regarded as a new effective marker and
a possible therapeutic target for diseases based on ath-
erosclerosis.?*3' In addition, MMP-9 also has potential as
an indicator of the early stages of atherosclerotic dam-
age, since an increase in the level of this substance most
likely evidences destabilization of the atherosclerotic
plague and destruction of myocardial tissue, and also
MMP-9 shows a significant prognostic value.”* MMP-9
levels increased in patients with acute myocardial infarc-
tion with ST-segment elevation and MMP-9 appeared to
be a significant biomarker for the diagnosis of acute
myocardial infarction with ST-segment elevation.*?

MMP-9 levels have been studied as a possible predic-
tor of risk in patients with acute coronary syndrome
(ACS) by G.M. Hamed and M.F. Fattah.®® These inves-
tigators also took into account smoking status, blood
pressure levels, lipid and glucose balance, markers of
myocardial necrosis, and instrumental data. These au-
thors showed that MMP-9 levels were higher in patients
with ACS than in the stable CAD group. Importantly,
this study demonstrated that STEMI has the highest lev-
els of MMP-9. And this correlates with our data, that is,
the MMP-9 values were significantly higher in patients
who had an unfavorable outcome of the disease (recur-
rent ischemic attacks, congestive heart failure or death).
However, their data pointed to an MMP-9 cut-off value
of 3100 pg/mL as an indicator of the difference between
MI and unstable angina (UA). Such a difference in num-
bers is most likely due to the various reagents that were
used in the study, while the influence of the time of tak-
ing the material for the study is not excluded. This may
suggest that further research is needed to elucidate the
timing of peak MMP-9 levels in MI. The authors argue
that MMP-9 can serve as an early marker that differ-
entiates MI from UA, which we did not investigate in
our work. At the same time, this work, like our study,
showed the importance of MMP-9 as a predictor of an
unfavorable outcome of M.

Another recent work by D. Opincariu et al. dedicated
to the role of MMP-9 in CVD showed the importance
of the mentioned enzyme in predicting the course
of STEMI.3* At the same time, the MACE indicator for
1 year was chosen as the endpoint in their work. Au-
thors showed that the most significant predictive indi-
cators of MACE were elevated levels of MMP-9 along
with I-CAM, V-CAM at 1-year follow-up. Interestingly,
none of the other investigated parameters was found
to be significant in this trial. The data by Opincariu et
al. also correlate with our results. In general, D. Opin-
cariu et al. emphasized that inflammatory biomarkers
are more important and significant predictors for MACE
than instrumental parameters such as LVEF. Noteworthy
is their conclusion that a high level of MMP-9 (greater
than 1155 ng/mL, AUC -0.786, p <0.001) was the stron-
gest predictor of STEMI recurrence even after adjusting
for left ventricular ejection fraction, diabetes mellitus,
acute phase complications, and other inflammatory bio-
markers.

The recent work by H. Kook et al. from Korea in
2020 confirmed that MMP-9 is an important prognostic
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marker in ACS.3> However, in this paper, the authors
improved the prediction model by adding soluble lec-
tin-like oxidized low-density lipoprotein receptor-1,
MMP-9, leukocyte levels, and peak levels of CK-MB
to the discriminative model. They showed that such
a complex model predicts plaque destabilization more
effectively than single biomarkers in patients with
ACS. However, their study was focused less on the
long-term prognosis after STEMI and predominantly
on the prognosis of plaque rupture in ACS, which dis-
tinguished this work from ours. However, in terms of
studying the effect of MMP-9 on the pathogenesis of
ACS, this work cannot be overestimated and it pro-
vides additional important information about the na-
ture of the MMP-9 effects on the prognosis in STEMI
patients. Their ROC analysis showed that MMP-9 (p =
0.0274) was a significant independent marker for sep-
arating the group with plaque rupture from the group
without plaque rupture.?®* The mentioned work from
Korea estimated that MMP-9, as an inflammatory bio-
marker, is actively involved in the process of destabili-
zation of atherosclerotic plaques, and this is the basis
for the development of both acute coronary syndrome
and the development of subsequent adverse conse-
guences in the post-infarction period.

Another important basic work for understanding our
results can be considered a recent review by T. Li et al.3¢
The authors note that increased production of MMP-9
most likely accentuates the destruction of the extracellu-
lar matrix and leads to destabilization of atherosclerotic
plaques. Their work showed that high MMP-9 values are
associated with greater plaque vulnerability. This review
demonstrates that MMP-9 may be a predictor of destabi-
lization of atherosclerotic plaques, and the further course
of cardiovascular disease, that is in concordance with our
results. The accumulated data make it possible to state
that in addition to the fact that MMP-9 is a significant
prognostic marker for predicting the course of athero-
sclerotic changes, this enzyme should also be investigated
as a therapeutic target to improve the management and
prognosis of such patients. It is also important that T. Li
et al noted the need to take into account the influence
of additional factors on the relationship between MMP-
9 and atherosclerotic lesions, such as ethnicity, MMP-9
gene polymorphism, and comorbidities.*® Further large-
scale works are still required to improve our understand-
ing of the role and place of MMP-9 in CVD.

The work of G. Jordakieva et al. is newsworthy since
it is somewhat similar in general meaning to our study.*
The authors showed that the MMP-9 values are signifi-
cant in the prediction of short-term (30-day) mortality,
and this was applied more specifically to patients with
heart disease. However, their study design had 120 pa-
tients who were examined in the intensive care unit of
the internal medicine department, which, in addition to
cardiac essential patients, also included other critically ill
patients. This was very different from our work since we
investigated only STEMI patients after PCl. At the same
time, G. Jordakieva et al. obtained results also showed
that high MMP-9 values may be important prognostic
markers, as well as potential therapeutic targets in sys-
temic inflammation and the intensive care unit setting.3’
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This testifies in favor of the fact that the increased
MMP-9 expression is an important pathogenetic link in
various critical conditions and especially in acute car-
diovascular conditions, such as STEMI or ACS.

There are several possible explanations for the asso-
ciation between elevated MMP-9 levels and subsequent
adverse events after STEMI. Coronary atherosclerotic
plaques are the pathological basis of coronary heart dis-
ease. From these considerations, we assume that the key
reason is that MMP-9 is closely associated with the rup-
ture of atherosclerotic plagues. An increased level of this
enzyme reduces the fibrous cover of the plaque due to
the degradation of the matrix of the fibrous cover of the
atheromatous plaque, which leads to the formation and
rupture of unstable plaques and the next clinical cardio-
vascular events. We consider that the increased synthesis
of MMP-9 in the lesions in patients with STEMI is likely
to suppress the rate of formation of a stable plaque and
this is what affects the further course of the disease and
the development of adverse events. High levels of MMP-9
support low gradient inflammation, which is the patho-
genetic basis for the presence of unstable plaques in post-
infarction patients.

The presented study had several limitations. First, it
is worth mentioning that the study had the compact
sample size to state definitive conclusions. Second,
there were no series of measurements of MMP-9, to
estimate the evolution of its minimum - maximum
ranges. In addition, only one clinical site was involved.
Also, the limitation is that predominantly males were
among the investigated subjects. Additionally, we
evaluated only exactly STEMI patients after PCI with-
out any other treatment, on the other hand, this nar-
row target group together with appropriate statistical
methods doing our best to avoid these possible biases.
It can be considered as a limitation that we used a com-
bined (composite) endpoint as an outcome, including
some conditions but not an exact firm (primary) end-
point. Therewithal, the relationship between the ob-
tained 12-month treatment and MMP-9 levels and the
final outcome was not assessed. At the same time, we
consider a trial’s strength that it was carried out under
conditions of routine clinical practice and granted us to
gain real relevant data.

Our consideration is that further studies are required
on the role of MMP-9 in the after PCI STEMI patients’
prognosis and its pathogenetic role needs more deep in-
vestigations. Further sizable, multicenter trials are need-
ed to confirm obtained relation between MMP-9 and
prognosis in STEMI patients.

Conclusion

Based on the studied data, it can be assumed that the-
re is a significant relationship between adverse events
and elevated MMP-9 levels in STEMI patients after PCI.
MMP-9 was evinced as a highly sensitive marker for
predicting the adverse course of the disease in pati-
ents with STEMI during the one-year follow-up. Future
investigations are needed to estimate whether MMP-9
is associated with myocardial infarction pathogenesis
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and prognosis, revealed as a protective mechanism
response, or unconcerned in the STEMI pathophysio-
logical processes. Elucidating its exact and valid me-
chanism promisingly can lead to increasing in STEMI
patients’ survival and recovery and better manage-
ment.
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Kromé regulace genové exprese reguluji kratké nekodujici molekuly RNA (microR, miR) rychlost degradace
a translace informacni RNA (messenger RNA). Kratké nekddujici molekuly miR vykazuji vysokou expresi v kar-
diovaskularnim (KV) systému, coz ukazuje na jejich vyznamnou Ulohu ve vaskularnim zdravi. Proces vzniku
a rozvoje aterosklerézy je davan do souvislosti s miR-221 a -222. Kratké nekddujici molekuly miR-221/222
pusobi proti vzniku stenéz a mohou potencidlné slouzit jako marker remodelace myokardu. Presto jesté
potrvé dlouho, nez bude mozno povazovat molekuly miR-221/222 jako mozny cil Iécby. Identifikace, ovéreni
a poznani funkci genovych cill, viechny tyto procesy jsou nesmirné dilezité.

© 2023, CKS.

ABSTRACT

In addition to regulating gene expression, microRNAs (MiRs) regulate messenger RNA degradation and
translation rates. MiRs have a high expression in the cardiovascular (CV) system, indicating an important role
in vascular health. The atherosclerotic process has been related to miRs-221 and -222. MiRs-221/222 possess
anti-stenotic activity. MiR-221/222 may potentially serve as a marker for myocardial remodeling. There is
still a long way yet before miRs-221/222 can be recognized as a potential therapeutic target. Identification,
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Myocardial remodeling

Introduction

MicroRNAs (miRs) are endogenous non-coding RNAs that
influence gene expression via regulating messenger RNA
degradation and translation.’ So far, over 1,000 miRs have
been identified and described.? Some miRs impact the
production of other miRs, leading in the establishment of
complex regulatory networks. MiRs encode most mamma-
lian proteins, and more genes may be regulated indirectly.
As a result, it's unsurprising that miRs may play a critical
role in a variety of biological activities at the molecular
level.? This review aims to investigate the link between
miR-221/222 and cardiovascular diseases (CVDs).

Vascular system and miR-221/222

The high level of miRs directly affects the vascular sys-
tem.3>% Ordinary conditions, the endothelium is responsi-
ble for maintaining vascular homeostasis. Endothelial dys-
function is a critical threshold for atherosclerosis.”

validation, and understanding of the function of gene targets are all critical.

Almost all of the coagulation cascades are associated
with miRs. MiRs have been linked to pro-atherogenic
pathways.®° Blood vessel homeostasis requires angiogen-
esis, which is involved in atherosclerosis. Several miRs ap-
pear to be angiogenetic or anti-angiogenetic.’

MiRs-221/222 play a vital role in maintaining vascular
homeostasis."' For the miRs-221/222, Celic et al. summa-
rized the known evidence on their characteristics and pos-
sible clinical applications.' Clinically, it is critical to evalu-
ate the possibility that miR 221/222 may be therapeutic in
cardiovascular disease and cancer.

Obesity and diabetes result in decreased miR 221 lev-
els,”* while severely obese patients had higher levels of
both miRs." MiR-221 was shown to be overexpressed in
the serum of diabetics with microvascular problems.'
Those with metabolic syndrome had higher circulating
miR-221 levels.'® Low miR-221 levels are caused by strokes
and atherosclerosis.” In diabetics with coronary artery
bypass grafts, serum miR-221 was elevated and correct-
ed by metformin." Carotid atherosclerosis patients also
showed higher miR-221 levels.” In contrast, atherosclero-
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MicroRNA-221/222 and Cardiovascular Diseases
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Fig. 1 - MiRs-221 and -222 and their role in atherosclerosis.

sis obliterans patients had lower serum miR-221.2° Thus,
miR-221/222 may be utilized to assess CV risk. But more
research is needed to validate this.

MiRs-221 and -222 have been linked to the atheroscle-
rotic processes (Fig. 1).2"?22 Atherosclerotic lesions increase
vascular calcification risk.2?* As a result, alteration of
miRs-221/222 activity may be helpful in iliness follow-up.?

Studies to halt the growth and migration of endothe-
lial cells are continuing. The conflicting effects of this may
be clinically relevant in patients with CAD.?* Cardiomyo-
cytes transduced with lentivirus precursors of miR-21, -24,
and -221 lived substantially longer after transplantation
in mice.” They control cardiac remodeling and the migra-
tion of progenitor cells.?®

Inhibitors or mimics of miRs may improve or raise miR
activity in non-target tissues. The suppression of P27’s an-
tiproliferative action promotes cancer. For cell-specific
interactions, adeno-associated viruses are preferred due
to their inherent serotype diversity and organ-specific cell
receptor tropism.?

MicroRNA-221/222 in heart failure (HF)

MiR-221-3p and miR-222-3p (miR-221/222) are different-
ly regulated in human and mouse cardiomyopathies.®
The miR-221/222 family has not been implicated in the
pathophysiology of pressure overload-induced heart dys-
function. Studies on miR-221/222 in the heart have relied
on cardiomyocyte-specific transgenic mice, which ignore
endogenous miRNA levels and cell source(s).>' Other than
the cardiac effect, miR-221 and miR-222 have been rela-
ted to renal and liver fibrosis.??

Recently, miR-221 and miR-222 were found upregu-
lated in cardiac cells. HF is self-induced with increased
fibrosis, reduced autophagy, and cardiomyocyte dysfunc-
tion in mice.?* Mice with inducible cardiomyocyte miR-222
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production were safeguarded against ischemia/reperfu-
sion damage. Upregulation of miR-221 or miR-222 in car-
diomyocytes causes cardiac remodeling, probably due to
their impact on cardiomyocyte function and survival.?*

MiRNA-221/222 family is downregulated by TGF-B and
pressure overload to enable fibroblast activation and fi-
brosis formation. In vivo administration of miRNA-221/222
mimics may restore TGF- signaling in cardiac fibroblasts.
Excessive miR-221/222 expression induces aberrant dis-
tribution in cardiac cells. MiR-221/222 may also be as an
indicator of myocardial remodeling. A recent study indi-
cates that decreased miR-222 plasma levels may be a risk
of atrial fibrillation. Given that miR-221 is associated with
myocardial collagen volume fraction in aortic valve ste-
nosis patients, miR-221 and miR-222 may be used as bio-
markers for myocardial fibrosis.®

Other situations

Inflammatory reactions are controlled by the
miR-221/222. As a result of its suppression, viral myocar-
ditis is more likely to result in increased inflammation
and cardiac damage.?*® In human umbilical vein endo-
thelial cells (HUVECs), miR-221/222 inhibited Ets-1 and
p21 expression. MiR-221/222 overexpression may protect
HUVECs against ox-LDL-induced apoptosis. Qin et al.>”
thought that if miRNAs’ functions in endothelial apo-
ptosis and atherosclerosis are understood, they will be
viable therapeutic targets.

Conclusion

MiRs-221/222 have diverse roles in many tissues. The
evidence on their involvement in CVD origin and deve-
lopment is mounting. The current results support their
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potential application as cardiac biomarkers. They may
be useful for interfering with miRNA-regulated circuits.
These may need cell-targeting. It will take time to esta-
blish miRs-221/222 as therapeutically relevant targets.
Their gene targets need to be characterized and valida-
ted, and their roles understood.
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Inclisiran: new era of lipid-lowering therapy?
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ke svalovym bolestem a ke zvySenému riziku rozvoje diabetes mellitus (DM). Pferuseni nebo ukonceni [écby
statiny je v klinické praxi casté, statiny jsou také casto pfedmétem negativnich sdéleni v médiich. Inklisiran
je modifikovany oligonukleotid fungujici na principu interference RNA. Inhibuje translaci mRNA pro pro-

Klicova slova:

Ater_os_klerc'?za protein konvertazu subtilisin/kexin typu 9 (PCSK9), coz vede k dlouhodobému poklesu koncentrace LDL
DySl"F.)'dem'e cholesterolu. U¢inek inklisiranu se snizuje o pFiblizné 2 % mési¢né, takze efekt jediné davky trva zhruba dva
Inklisiran roky. Pfi podavani jedenkrat za Sest mésicd vede terapie timto lékem k poklesu LDL cholesterolu o 50-55 %,
Ischemicka choroba srdecni u vybranych pacientl potom az o 65 %. Terapie inklisiranem neni spojena se zménou poctu krevni desticek,
LDL cholesterol lymfocytd, monocytt nebo neutrofilt, nevede ke zménam koncentraci cirkulujicich cytokinG tumor nekroti-

zujiciho faktoru alfa (TNFa) nebo interleukinu 6 (IL-6) a neni spojena s indukci tvorby protildtek proti tomuto
léku. Nezadouci reakce v misté vpichu tak zGstévaji jedinym relevantnim nezadoucim ucinkem této lécby.
Inklisiran tak ziskava potencial stat se Siroce preskribovanym lékem, ktery vyrazné pfispéje k Iécbé dyslipide-
mie a v konecném dusledku povede ke snizeni incidence a prevalence ICHS.

© 2023, CKS.

ABSTRACT

Dyslipidemia is the most frequent metabolic abnormality in western world population and a major risk fac-
tor for coronary artery disease (CAD) development. Dyslipidemia treatment is still insufficient and achieving
target LDL-level infrequent. Statins are a cornerstone of dyslipidemia management. Although statins are one
of the safest drugs on the market, statin therapy can be associated with muscle symptoms and increased risk
of DM development. Statin discontinuation is frequent, often driven by negative media coverage. Inclisiran
is a therapeutic oligonucleotide that employs RNA interference and inhibits the translation of PCSK9-mRNA
leading to long-lasting LDL-cholesterol lowering. LDL-cholesterol-lowering effect of inclisiran is reversed at
the rate of approximately 2% per month, so the effect of a single dose persists up to approximately two
years. When administered once every six months, inclisiran therapy decreases the level circulating LDL-cho-

Keywords: lesterol by 50-55% and up to 65% in selected patient populations.

Atherosclerosis Inclisiran therapy is not associated with alterations in platelet count, blood lymphocyte, monocyte or neu-
Coronary artery disease trophil count, does not cause alterations in blood TNF-alpha or IL-6 concentrations and does not induce
Dyslipidemia relevant anti-drug antibodies. The only relevant side effect is an adverse reaction at the injection site. In-
Inclisiran clisiran thus has the potential to become widely prescribed drug that will greatly contribute to dyslipidemia
LDL-cholesterol management and further decrease of CAD incidence.
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Despite a significant decline in CAD incidence,"? CAD still
remains a major public health issue and was (until the
pandemic of covid-19) the most frequent cause of death.

Dyslipidemia

Dyslipidemia is a major risk factor for CAD development.?
Dyslipidemia (defined as total cholesterol =5 mmol/L or
HDL-cholesterol <1.0 mmol/L for males or <1.2 mmol/L for
females or LDL-cholesterol >3 mmol/L or triacylglyceroles
>1.7 mmol/L) was present in 81.0% of males and 70.6%
of females with the increase with advancing age.* In pa-
tients between 55-65 years, dyslipidemia was present in
almost 90% of population. At the same time, only a small
percentage of population (12.7% of males and 8.5 % of
females) was treated with lipid-lowering agents. ESC Gui-
delines for the management of dyslipidemias published
and ESC Guidelines on cardiovascular disease prevention
propose that in patients with established atherosclerotic
cardiovascular disease (ASCVD) or at a very high risk, LDL-
-C reduction >50% and a target level <1.4 mmol/L are to
be achieved.>® This is in sharp contrast with real-world
evidence; according to latest EURASPIRE V study, 71% of
patients after coronary event had LDL-C >1.8 mmol/L.’
These unsatisfactory results were further confirmed by
recently published study showing that only 17% and 22%
patients with a very high risk in primary and secondary
prevention, respectively, met the new 2019 goals.®

Dyslipidemia treatment

Statins are cornerstone of dyslipidemia management. Sta-
tin therapy is extremely potent, a large meta-analysis of 26
statin trials showed that a reduction of 1 mmol/L in LDL-
-cholesterol over 5 years reduced major vascular events by
22%, CHD death by 20% and all-cause mortality by 10%.°
When ezetimibe and PCSK9-inhibitors were taken into
account as well, each 1 mmol/L reduction in LDL-choleste-
rol was associated with a 19% relative risk (RR) reduction
for major vascular events.’® Although statins are one of the
safest drug groups, several issues remain. Statin-associated
muscle symptoms (SAMS) are the most commonly reported
adverse effects of statins (10-30% of patients in observa-
tional studies),” which is in sharp contrast with randomi-
zed trials that report only minimal differences in muscle
symptoms occurrence.' Statin-induced necrotizing auto-
immune myopathy (SINAM) is the most serious but for-
tunately extremely rare side effect of statin therapy that
is independent of the type and duration of statin use.”™
High-dose statin use is associated with higher risk of diabe-
tes development; a finding first observed in the landmark
JUPITER study (+25% increased risk for newly diagnosed
diabetes compared to placebo)™ and further confirmed
in other studies (12% increase in pooled risk).'*'>"9 Impor-
tantly, the benefit of statin therapy exceeded the risk of
new-onset DM. Nevertheless, statin discontinuation is high
and is substantially driven by a negative media coverage
about statins.?’ However, even in the primary prevention,
a statin discontinuation is associated with markedly inc-
reased risk of admission for cardiovascular events.?'
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RNA interference

The fact that double-strand RNA (dsRNA) is able to indu-
ce post-transcriptional gene silencing was discovered in
1998.22 For this crucial discovery, Craig Mello and Andrew
Fire received a Nobel Prize in 2006. DsRNA originate in
the nucleus as primary microRNA (pri-miRNA). Pri-miRNA
is cleaved by complex of two proteins (Drosha-DGCR8) to
produced short hairpin RNAs (shRNAs) called pre-miRNA
(about 30 bp long). Pre-miRNA is bound and transported
into the cytoplasm by exportin-5. In cytopolasm, pre-miR-
NA binds with two other proteins Dicer and TAR RNA-bind-
ing protein (TRBP). Dicer cleaves the terminal loop of pre-
-miRNA and induces the formation of an RNA-induced
silencing complex (RISC)-loading complex with other pro-
teins called Argonaute (Ago1-Ago4) proteins. Double-
-strand RNA is disentangled and antisense guide strand is
selected and loaded into Ago complex, passenger (sense)
strand is discarded.

The mature RISC then regulates gene expression by in-
hibiting mRNA translation.

This naturally occurring process can be mimicked by
artificially-delivered dsRNA - small interfering RNAs
(siRNAs). They enter the cytosol by endocytosis and di-
rectly interact with cytosolic enzymes Dicer and TRBP,
undergo strand selection, and produce mature RISC. The
selective gene silencing is thus induced (Fig. 1). The load-
ed RISC has a remarkably long half-life and is extremely
potent; as few as 100-200 loaded RISC complexes are able
to sufficiently eliminate the expression of a target gene.

RNA.i in clinical practice

First clinical trials with unmodified siRNAs resulted in im-
mune-related toxicity, poor stability due to exonuclease,
and endonuclease degradation and thus poor effect on
RNA inhibition.% It took several years of further experi-
ments before appropriate modifications were developed
before siRNA became ready for clinical trials. RNAi drugs
were introduced in routine clinical medicine on 10th Au-
gust 2018 when US Food and Drug Administration (FDA)
approved patisiran for the treatment of hereditary trans-
thyretin amyloidosis (hATTR) with polyneuropathy.

Inclisiran

Inclisiran is a chemically modified dsRNA that targets
3"-UTR (untranslated region) of PCSK9 mRNA, which is
degraded. This leads to lower amount of PCSK9 protein,
an increase in the number of LDL-receptors and reduced
LDL-cholesterol level (Fig. 2). Compared to native ds-m
RNA, inclisiran underwent five modification of the mole-
cule — three modifications are made in the guide strand
(fosfothionate, 2°-fluoro-RNA, 2°-O-methyl-RNA), one
modification of the passenger strand (2"-deoxythimidine)
and the conjugation of 3’-end of the passenger strand
to a triantennary N-acetylgalaktosamine (GalNAg, Fig. 3).
The combination of the 2"-fluoro and 2"-O-methyl modifi-
cation greatly improves dsRNA stability. Deoxythimidine
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Fig. 1 - RNA silencing process. 1) Primary microRNA (miRNA) originate in the nucleus and (2) are cleaved by the Drosha-DGCR8 complex to
produce pre-miRNA. (3) Pre-miRNA is bound by exportin-5 and transported into the cytoplasm (4) where it is released. (5) Subsequently, it is
bound by proteins called Dicer and TAR RNA-binding protein (TRBP). (6) Dicer cleaves the terminal loop of pre-miRNA and (7) other protein
(Ago1-Ago4) joins the pre-miRNA-Dicer-TRPB complex, which gives rise to RNA-induced silencing complex (RISC). (8) Antisense (guide) strain
is selected and integrated within RISC, sense (passenger) strand is discarded. (9) The mature RISC regulates gene expression by inhibiting mRNA
translation. Other proteins (GW182) are involved as well. The naturally occurring process can be mimicked by artificially delivered siRNAs. (10)
Synthetic small interfering RNAs (siRNAs) enter the cell via endocytosis and (11) directly interacts with RNAi enzymes (Dicer and TRBP). (12)
RISC-loading complex is created and (13) the proper (antisense) strand is selected giving rise to mature RISC. (14) siRNA guide strands have usu-
ally 100% complementarity to the target mRNA and thus induce long-lasting and selectively-targeted gene silencing. Adapted according to ¥'.

incorporated in the middle of the sense strand improves
guide-strand loading and accelerates the release and de-
gradation of the passenger strand. Triantennary GalNAc
attached to the 3"-end of the inclisiran molecule targets
inclisiran to hepatocytes as this conjugate is specifically
recognized by the asialoglycoprotein receptor (ASGPR)
that is abundantly expressed on the surface of liver he-
patocytes.

The majority of applied inclisiran is accumulated in
hepatocytes, but only a relatively small fraction becomes
immediately loaded into RISC and thus becomes biologi-

cally active. However, loaded RISC has a half-life of many
weeks and inclisiran trapped intracellularly in endosomes
function as intracellular depo of the drug. LDL cholester-
ol-lowering effect of inclisiran is reversed at the rate of
approximately 2% per month, so it can persist up to ap-
proximately two years.??>

This mechanism of action is completely different
than contemporarily used monoclonal antibodies
(evolocumab, alirocumab). These drugs act extracel-
lularly where they block existing and secreted PCSKO9.
On the contrary, inclisiran degrades mRNA for PCSK9
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Fig- 2. - Inclisiran mechanism of action. Inclisiran targets 3- untranslated region of PCSK9 mRNA resulting in its degradation. Lower amount
of PCSK9 protein is produced leading to lower degradation of LDL-receptors. This ultimately leads to lower plasmatic LDL-cholesterol level.

A Chemical Configuration
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Fig. 3 - Inclisiran: modifications of native dsRNA molecule. Five modifications have been made in inclisiran molecule compared to the native
ds-RNA. Three modifications have been made in the guide strand (fosfothionate, 2"-fluoro, 2°-0-methyl), one modification of the passenger
strand (2'-deoxythimidine) and the conjugation of 3"-end of the passenger strand to a triantennary N-acetylgalaktosamine (GalNAc).
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Table 1 - Comparison of inclisiran and PCSK9-inhibitors

PCSK9-inhibitor antibodies (alirocumab, evolocumab)

Site of action Extracellularly

Mechanism

ed degradation of LDL receptor
Molecular size Large, monoclonal antibody
Dosage Every 2-4 weeks

Efficacy Decrease in LDL-cholesterol by 55-75%

Side-effects

Binds to PCSK9 on the cell surface and thus inhibits PCSK9-mediat-

Nasopharyngitis (7.4%), upper respiratory tract infections (4.6%),

RNAi (inclisiran)
Intracellularly
Inhibits translation of PCSK9 mRNA

Small, oligonucleotide
Once in 6 months

Decrease in LDL-cholesterol by 50-55% (up to
65% in selected patient populations)

Adverse reactions at the injection site (8.4%)

backache (4.4%), arthralgia (3.9%), flu-like symptoms (3.2%),

adverse reactions at the injection site (2.2%)
Refrigerator (2-8 °C)
Patient himself

Storage
Who applies

Room temperature

Physician

According to Repatha®, Praluent® and Leqvio® product characteristics.

and thus prevents the PCSK9 synthesis. Main diffe-
rences between inclisiran and PCSK9i are summarized
in Table 1.

Clinical trials with inclisiran

Inclisiran reduces the level of LDL-cholesterol in healthy
volunteers?® as well as in patients with high risk of car-
diovascular disease with elevated LDL cholesterol.?* The
effect on PCSK9 and LDL cholesterol levels were dose-
-dependent, two doses of inclisiran 300 mg s.c. (given
at day 1 and day 90) lead to 52.6% decrease in LDL-cho-
lesterol at day 180. Serious adverse events were rare
and unrelated to inclisiran application; injection-site
reactions occurred in 5% of patients that received incli-
siran. ORION-10 and ORION-11?7 are two largest studies
with inclisiran published so far, these studies enrolled
patients with established atherosclerotic cardiovascular
disease (100% of patients in ORION-10 and 87% or pati-
ents in ORION-11) or atherosclerotic cardiovascular dis-
ease equivalent (13% of patients in ORION-11). In both
these studies, 300 mg of inclisiran was administered on
day 1, 90 and every 6 months thereafter over a period
of 540 days. In both trials, LDL cholesterol was reduced
by approximately 50% from day 90 until the end of stu-
dy. Together with LDL reduction, inclisiran also lowered
levels of triglycerides, lipoprotein(a) and increased HDL-
-cholesterol. Inclisiran therapy was not associated with
any laboratory abnormality concerning liver and kidney
function, C-reactive protein level and platelet count. An-
ti-drug antibodies were detected in 2.0 and 2.5% of the
samples from inclisiran-treated patients. The frequency
of positive samples was similar between pretreatment
and post-treatment samples, was in low titer and was
not associated with changes in any significant clinical
or pharmacologic variable. Inclisiran treatment was not
found to induce an anti-inclisiran antibody production.
Adverse events concerning injection-site were slightly
more frequent in patients treated with inclisiran. Al-
though the study was not powered to detect the diffe-

rence in cardiovascular outcome, prespecified explorato-
ry cardiovascular endpoints occurred in 7.4% and 7.8%
of inclisiran-treated patients compared with 10.2% and
10.3% of patients treated with placebo. Similarly, inclisi-
ran was found to reduce a LDL-cholesterol of about 50%
in patients with familial hypercholesterolemia regard-
less of genotype.?®

Safety

As the therapy with inclisiran is extremely long-lasting
(an effect of the drug persists up to 2 years)?*?* the safety
issues are extremely important. Inclisiran does not exert
any adverse effects on platelets count, blood lymphocyte,
monocyte or neutrophil count, does not cause alterations
in blood TNF-alpha or IL-6 concentrations and does not
induce relevant anti-drug antibodies.? This is an impor-
tant finding as treatment with single-strand antisense oli-
gonucleotides (ASO) was associated with serious adverse
events- treatment with both volanesorsen (apoC IlI inhi-
bitor)* and inotersen (inhibitor of transthyretin protein
production)®' were associated with significant thrombo-
cytopenia. Although the underlying mechanism of ASO-
-induced thrombocytopenia is poorly understood, it is
hypothesized that distinct motifs of the second-genera-
tion ASO can bind to platelet proteins (platelet collagen
receptor glycoprotein VI) resulting in platelet activation.

However, inclisiran uses a different molecular principle
(RNAI by double stranded siRNA) and is GaINAc-conjugat-
ed that specifically enhances hepatic uptake and plasma
clearance.

The possibility of innate immune system activation with
subsequent induction of inflammatory cytokines (TNF-a,
IL-6) is another aspect of oligonucleotide therapeutic use.>
The ability of oligonucleotide therapeutics to induce an
immune responses seems to depend upon various fac-
tors including siRNA sequence as well as chemical modi-
fications. Certain motifs (5-UGU-3’, 5- UGUGU-3") may
have potently activate immune system and induce the
production of inflammatory cytokines.?* Toll-like recep-
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tor (7/8)-dependent cytokine production may be attenu-
ated by either replacement of uridine with adenosine or
by modification of 2°-hydroxyl uridines with 2"-ribose,
2’-fluoro, 2°-O-methyl, or 2°-deoxy moieties.>> Important-
ly, these modifications were performed during inclisiran
development and no increase in inflammatory biomarker
concentration was observed after inclisiran administra-
tion.®

The summary of product characteristics of inclisiran
(Legvio) reports the only adverse side effect that is ad-
verse reactions at the injection site occurring in 8.2% of
patients.3®

Conclusion

Inclisiran decreases the level of circulating LDL-choleste-
rol by 50-55% and up to 65% in selected patient popula-
tions even when applied once in six months; it is the first
therapeutic agent employing RNA interference that has
the potential of becoming widely used.
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saxagiptn, sitagliptin, vidaglptin) " Selhéinijater: veacné byly infibitory ACE spojovény s syndromenn, Ktery zacin cholestatickou Zoutenkou 2 progredue ve fulminantnjaterni nekdzu & (nekdy) v it ukanditléSbu v pripad rozvoje Zoutenky nebo vjrazného zvjSenijaternich ensym. Lermosskd populace:
perindopril maze byt méng dcinny a zpusmhn WSS procento angioedému ve Srovndni s jinmi rasami. Meproduktivni kasel. Hyperkalemie: tasté monitorovani koncentrace drasliku v krvi v pripads rendini insuficience, zhorsent rendlnich funkes, vék > 70 let, diabetes mellitus, dehydratace, akutm srdecni
nedostatetnost, metabolickd aciddza a soutasné uzivani draslik-Sefficich diuretik, draslikovych doplikdl, nahrad soli s obsahem drasliku, [&ivyich pripravkd, které mohou zpusuhuvat vzestup sérovyich koncentrac drasliku a zejména antagonistil aldosteronu nebo blokdtor receptord angiotensinu™*. U pacientii
uzivajicich ACE inhibitory maji byt proto kalium Sefici diuretika a blokatory receptord angiotensinu uzivany opatrmé a m byt kontrolovéna hladina drasliku v séru a funkee ledvin™*. Kombinace s fizhiem, s drasliksetiicimi diuretiy dms/](ovym/dop/ﬂ/(yne/m nahiadami solf obsahuici asli; Kalciovymi
anagonisyy, antaryimiky iy | centrdlné pisobicim antihypertenzivy: se ohecnd nedoporutu. Dueill blokéda systému renirangiotenzinaldosteran (RAAS): soucasné uzfn inhibiord ACE, blokétord receptrd pro angiatensin I nebo lskirenu zvystye vizko hypotenze, hyperkalemie
asnizenifunkce ledvin (véetng akutniho selhanledvin). Dudin blokda RAAS se proto nedoporucuje. Inhibitory ACE a blokatory receptor( pro angiotenzin Il nemajfbyt pouzivény soucasné u pacientil s diabetickou nefropati. Likanceni fécty: nesmi byt provedeno nahlé ukoncenilécby betablokatorem. Davkovani mé
byt snizovano postupné pomoc jednotivich slozek, ideding po dobu dvou tydn. Araaikarale: pti poklesu srdecnifrekvence pod 50 - 55 tepii zaminutu v prl‘]héhu 6cby a pacient pocituje symptomy souvisejici s bradykardi, dévka m byt snizovéna za pouit jecnotiivych slozek s vhodnou davkou bisoprololu. AV flok
prviniho Stypé, stenaza ot a midhnl chlgpné/hypertofické Kerdlomyopate. diabeti, striken/ pist: podévat s opatmost Prinzmetalova angine: betablokdtory mohou 2yt pocet a délku trvén epizod enginy pectoris. Fbrucha funkce fedvin: denni dévka mé byt upravena na zaklad clearance
kreatiinu. Monitorovani drasliku a kreatininu. U pacientu s biaterdinf stendzou rendinich arterit nebo stendzou arterie soltai lecviny muze dojt ke zvySeni sérowjch koncentracr urey  kreatininu; v pripadé renovaskulam’ hypertenze je rizko tezké hypotenze a rendlni insuficience 2vySene. Aenovaskulami
hypertenze: Pokud jsou pacienti s bilteréini stendzou rendln aterie nebo stendzou rendlnfarterie u jedné fungujofedviny I&ceni inhibitary ACE, je vjiene rizko zévazé hypotenze a renalniho selhdni (viz bod Kontreindikace). Lécba diuretiky mize byt pispivajici faklor.Zudta rendlnich funker ss mize projevit pouze
minimdini zménou séroveho kreatininu u pacientd s uniaterdini stendzou rendinf arterie. 7zansplantace ledvin, sicecni selhéinis inzulin dependentnim diabetem melliem (typ 1), Zkou poruchou funkee ledin, ©Zkou poruchou funkee jate; restrikin karclomyopati, viozeryim sdechim
anemacnénim, hemadynamicky signifikantnim organickym onemacnénim chlopni, infarkiem myokardlu v pledehozich 3 meésicich: nejsou zkusenosti s podavanim. Anafylaktoidni reakce béhem aferezy nizkodenzienich lipaproteind (LOL) pomoci dextran-sulfatu: zcné se vyskytly Ziot
ohroZujicf anafylaktoidni reakce, lze predejtt dotiasnym vysazenim Igeby inhibitory ACE pred kazdou aferézou. Anaflaktoidni reakce béhem desenzibilizace: dotasng vysadit €8bu pred vySetrenimi. Tyto reakce se znovu objevily po nahodném opétovném vystaveni. Bisoprolol mize zvyiit senzitivitu vici alergendm
i zdvamost anafylaktoidnich reakci. Aleutrapenie/agranulocytdza/rombocytopenie/anemie: extrémni opatmost u pacientl s kolagenovjm vaskuldmim onemocnénim, s imunosupresini Iégbou, 6Ehou alopurinolem nebo prokainamidem, doporuguje se periodické monitorovani poctu leukocyt.
Bronchospasmus (bronchiain/ astma, obstrukéni onemacnéni dyehacich cest): soub&zng podavani bronchodilatadni terapie. Arestezie: pokud je nutné betablokator vysadit je tfeba to provadét postupn aukoncit 48 hodin pied anestezi. Psarréza: podani po zvazeni prinosu a rizika. Feachromacytom:
poddvanibisoprololu vZdy s blokétorem affa-receptortl. Jreatoxkeza: symptomy mohou byt maskovény. Primarmi hyperaldosteronismus: Pacienti s primémim hyperaldosteronismem obvykle neodpovidaji na antihypertenzniléghu pisobici pres inhibici systému renin-angiotenzin. Proto se uzivni tohoto pripravku
nedoporuduje. 7éhatensty zastavit I§cbu. V pripads nutnosti zahdjt alternativni lécbu. Pomocné létky: bez sodiku. INTERAKGE*: Kombinace kontraindikovane: aliskiren u pacient s diabetem melitem nebo poruchou funkee ledvin, mimotgin Iégba, sakubit/valsartan. Aledtoporuciye se soucasné uzivat:
centrélng pusobicf antihypertenziva, nap. klonidin a dalsf (methyldopa, maxonidin, rimenidin); antiarytmika tidy | (chinidin, disopyramid, lidokain, fenytoin, flekainid, propafenon); antagonisté kalcia typu verapamilu a v meni mife difiazemu; aliskiren a blokdtory receptor(i pro angiotenzin |1 estramustin, hepariny;
imunosupresiva jako cyklosporin nebo takrolimus, trimethaprim a katrimaxazol (trimethoprim/sulfamethoxazol), drasik Setficf diuretika (triamteren, amilorid), draslik (sol lithium. Kormbinace vyZaduyici 2viéstni apatmost: antidiabetika (inzuln, perardinf antidiabetika); nesteroidni antiflogistika (NSAID) véetné
kyseliny acetylsalicylové > 3 g/den; antihypertenziva a vasodiatancia; ricyklickd antidepresiva/ antipsychotika/ anestetika; sympatomimetika; antagonisté kalcia dihydropyridinového typu (felodipin, amlodipin); antiarytmika trcy Il (amiodaron); parasympatomimetike; lokdini betablokétory (napf. oénikapky k l6ché
glaukomu); digitalisove glykosidy; baklofen; draslik nesetfict diuretika; draslik Setfci diuretika (epleron, spironolakton); racekadotri, inhibitory mTOR (nap. sirolimus, everolimus, temsirolimus) a gliptiny (linagliptin, saxagliptin, sitagliptin, vidagliptin). Kambinace vyZadlyics urcitou apatmast: meflochin, inhibitory
monoaminooxidézy (kromé inhibitor( MAC-B), Zlato. Leky vyvoléiayicy hyperkalerii: aliskiren, draselné soli, draslik-Sefici, inhibitary ACE, antagoniste receptoru pro angiatensin Il NSAID, hepariny, imunosupresiva jako cyklosporin nebo takrolimus, trimethoprim a kotrimoxazal (trimethoprim/sulfamethoxazol)”*,
TEHOTENSTVI A KOJENI: Podavéni neni doporueno v prvnim trimestru tehotenstvi a héhem kojen, Poddvénje kontraindikovéno ve 2. a 3. trimesru téhotenstvi. FERTILITA*. UGINNOST NA SCHOPNOST RIDIT A OBSLUHOVAT STROJE*: u nékterych pacientd se mohou vyskytnout individugini reakee souvisejict
§ nizkym krevnim takem. V ddsledku toho mize byt schopnost fidit a obsluhovat stroje naruSena. NEZADOUCH UGINKY*: La/m caste: bradykardie. Cast: bolest hlavy, zéwrat, vertigo, dysgeuzie, parestezie, porucha zraku, tinitus, zhorSent srdeéniho selhani, hypotenze a (inky souvisejici s hypotenzi, pocit chladu
nebo znecitivéni konGetin, kasel, dyspnoe, bolest bicha, zdcpa, prijem, nauzea, zvracent, dyspepsie, vyrézka, pruritus, Svalové kfee, astenie, inava. Méiné casté: eazinafilie, hypoglykemie, hyperkalemie, hyponatremie, zmény ndlady, poruchy spénku, deprese, somnolence, synkopa, palpitace, tachykardie, poruchy
AV veden, ortostaticka hypotenze, vaskulitida, bronchospasmus, sucho v tistech, angioedém obliceje, kongetin, rtd, sliznic, jazyka, glottis a/nebo hrtanu, kopfivka, fotosenzitivni reakce, pemfigoid, hyperhidrdza, svalovd slabost, artralgie, myalgie, rendlni insuficience, erektiini dysfunkce, bolest na hrudi, maldtnost,
periferni edém, pyrexie, 2vySend hladina urey a kreatininu v krvi, pad. Vzaigmé: initida, notinf mary, halucinace, snizend tvorba slz, poruchy sluchu, hepatitida cytolytickd nebo cholestatické, hypersenzitivni reakce (svedni, zEervendni, vyrézka), zhorseni psoridzy, poruchy potence, vzestup jaternich enzymd, 2vyend
hladina biirubinu v krvi, 2vySend hladina triglyceridd, syndrom nepfiméFené sekrece antidiuretického hormonu (SIADH) ™ *, akutni rendlni selhdni™*, anurie/oligurie ™ *, zGervendni™ *. e vzzicne: agranulocytdza, pancytopenie, leukopenie, neutropenie, trombocytopenie, hemolytickd anemie u pacientl s vrozenym
deficitem G-BPDH, zmatenost, konjunktivitida, arytmie, angina pectoris, infarkt myokardu a cévni mozkova prihoda, mozné sekundamg k padmémné hypotenzi u vysac rizkovyich pacientd, eosinafilni pneumonie, pankreatitida, erythema multiforme, alopecie, betablokétory mohou zptsobit nebo zhorit psoridzu nebo
Zplisobit vyrdzku pripominajicf psoridzu, snizend hladina hemoglobinu a snizeny hematokrit. Aler/ znaimo: Raynaudiv fenomén. PREDAVKOVANI*, VLASTNOSTI; Bisoprolol je vysoce betal-selektivni blokator adyenoreceptord bez vnitini sympatomimetické a membrany stabilizujict akivity. Perindoprilje inhibitor
enzymu, ktery konvertuje angiotenzin | na vazokonstriktor angiotenzin Il (ACE). BALENI™: Baleni 30, 30 potahovaneh tablet pripravku Cosyrel 5 mg/5 mg, 5 mg/ 10 mg, 10 mg/5 mg, 10 mg/ 10 mg. Uchovavani: Zdné zviastni podminky uchovvani ani zachézeni. Drditel rozhodnut o registraci: LES LABORATOIRES
SERVIER, 50, rue Carnot, 92284 Suresnes cedex, Francie. Registraci tisla: 58/563+566/15:C. Datum posledni revize textu: 3. 1. 2022, Pred predepsanim piipravku si prectéte Souhr ddaji o pripravku. Pripravky jsou k dispozici v Iekanach a jsou na

Iekarsky predpis. Pripravky jsou tdstecné hrazeny z verejného zdravotnino pojisténi, viz Seznam cen a dhrad Iécivyich pripravk(: hitp:/ /wwwsuk\ cz/sukl/seznam Heciv-e-palu-hrazenychze zchav-pojistent. Dal§informace na adrese: Servier s1o, Na Horenci *
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Kardiovaskularni onemocnéni jsou celosvétové nejcastéjsi pficinou umrtnosti. Arteridlni hypertenze patfi
k ovlivnitelnym rizikovym faktorlim aterosklerdzy a jeji ¢asna léc¢ebnd intervence vyznamné snizuje kardio-
vaskularni morbiditu a mortalitu. Lécbu musime pfizpUsobit jednotlivému pacientovi na miru dle zavaznosti
hypertenze a jeho kardiovaskuldrnimu i metabolickému rizikovému profilu. Fixni kombinace mé fadu vyhod
od lepsiho a rychlejsiho dosazeni cilovych hodnot krevniho tlaku pfes mensi mnozstvi nezadoucich ucinkd
az po zlepseni adherence k 1écbé. Kombinace beta-blokatoru (bisoprololu) a inhibitoru angiotenzin kon-
vertujictho enzymu (perindoprilu) ma komplementdarni U¢inky na sympaticky nervovy systém a osu renin-
-angiotenzin-aldosteron. Kombinace téchto Iékl ucinné snizuje krevni tlak i tepovou frekvenci, coz zlepsuje
kardiovaskularni prognézu vybranych nemocnych. Clanek je vénovan indikacim téchto léki u pacientl jak
v |é¢bé nekomplikované hypertenze, tak v sekundarni prevenci u pacientt s ischemickou chorobou srdecni.
Duraz je kladen zejména na postaveni beta-blokatord.

Klicova slova:
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Perindopril © 2023, CKS.

SUMMARY

Cardiovascular disease is the leading cause of mortality worldwide. Arterial hypertension is one of the ear-
liest risk factors of atherosclerosis and early intervention significantly reduces cardiovascular morbidity and
mortality. We have to tailor the treatment to individual patients according to their hypertension subclass
and their cardiovascular and metabolic risk profile. The fixed combination has a number of advantages,
from better and faster achievement of blood pressure target values, through fewer side effects to improved
adherence to treatment. The combination of a beta-blocker (bisoprolol) and an ACE inhibitor (perindopril)
has complementary effects on the sympathetic nervous system and the renin-angiotensin-aldosterone axis.
The combination of these drugs effectively reduces blood pressure and heart rate, which improves the car-
diovascular prognosis of selected patients. The article is devoted to the indications of these drugs in patients
both in the treatment of uncomplicated hypertension and in secondary prevention in patients with ischemic
heart disease. The emphasis is placed especially on the position of beta-blockers.

Keywords:

Arterial hypertension
Bisoprolol

Ischemic heart disease
Fixed dose combination
Perindopril

kardiovaskuldrni prognézu nasich pacientd. Soucasna
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Arterialni hypertenze a jeji kontrola

Arterialni hypertenze je ¢asny a ovlivnitelny rizikovy fak-
tor aterosklerézy, a tedy i ischemické choroby srdecni.
Vysoky krevni tlak je zcela pocatecni fazi tzv. kardiovas-
kularniho kontinua pro srde¢ni onemocnéni (obr. 1). Cas-
nou kontrolou krevniho tlaku mdzeme vyrazné ovlivnit

doporuceni urcuji jako cilové hodnoty klinického krev-
niho tlaku hodnoty nizsi nez 140/90 mm Hg u viech hy-
pertonikt a v pripadé vysoce rizikovych nemocnych se
snahou o dosaZzeni hodnot 130/80 mm Hg, a to nejlépe
do tfi mésict od zahdjeni [éCby."3 | pfes jasnd doporuceni
vsak v realné praxi byvad dosazeni dobré kontroly krev-
niho tlaku obtizné.* Studie EUROASPIRE sledujici asymp-
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Fixni kombinace bisoprolol/perindopril u hypertonikt s ICHS

Ischemicka choroba srdecni
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Obr. 1 - Kombinace beta-blokatoru a ACEI v priibéhu kardiovaskularniho kontinua pro srdecni onemocnéni. Pfevzato z 8. ACEl - inhibitor
angiotenzin konvertujiciho enzymu; BB - beta-blokator; ICHS - ischemicka choroba srdecni; TF - tepova frekvence; TK - krevni tlak.

tomatické jedince ve vysokém kardiovaskularnim (KV)
riziku zjistila, Ze pouze u 42 % bylo dosazeno cilovych
hodnot krevniho tlaku i pfes uzivanou antihypertenzni
lé¢bu.> Obdobné jsou i vysledky jinych vyzkum, napt. 44
% lé¢enych Ameri¢ant nema krevni tlak pod kontrolou.®
A pfitom nedostatecné lécena hypertenze je spojena
s vyssi celkovou mortalitou i mortalitou z kardiovasku-
larnich pfi¢in ve srovnani s normotoniky.” Evropsky pra-
mér Uspésné kontroly krevniho tlaku u Ié¢enych hyper-
tonikl je 49 % a v Ceské republice je to 45 %.4

Fixni kombinacni lécba

Dnes jiz vime, Ze se neni nutno obdvat kombinacni tera-
pie jiz od pocatku lécby hypertenze. Spojeni dvou léku
s rozdilnym mechanismem plsobeni ma fadu vyhod, ze-
jména vyraznéjsi vliv na pokles krevniho tlaku,® ¢asnéjsi
ochranu pred hypertenzi navozenym orgdnovym posti-
zenim,' méné nezddoucich ucinkl, a tedy i lepsi adhe-
renci a v neposledni fadé i omezeni lékafovy inercie.
V tomto smyslu hovofi viechna doporuceni z poslednich
let, nicméné upozornuji i na vyjimky, jako je nizkorizi-
kovy hypertonik 1. stupné nebo kfehky senior, u nichz
je lepsi zahajovat I1é¢bu monoterapii. Kombinace inhibi-
toru systému renin-angiotenzin (inhibitoru angiotenzin
konvertujiciho enzymu [ACEI] nebo sartanu) s beta-blo-
katorem ma své specifické postaveni v 1é¢bé hypertenze,
a to zejména u pacientd se znamou ischemickou choro-
bou srdec¢ni. Nasledujici text je zaméfen na tuto kom-
binaci v [é¢bé hypertenze a ICHS. O benefitu ACEI bylo
v |é¢bé napsdno mnoho a je vieobecné znédmo, i proto
vsechna odborna doporuceni odbornych spole¢nosti po
celém svété doporucuji tyto léky jako prvni volbu v |é¢bé
hypertenze. Jaké je viak postaveni beta-blokator(?
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Dukazy pro beta-blokatory v lécbé
nekomplikované hypertenze

Beta-blokatory jsou soucasnymi doporucenimi pro lécbu
hypertenze ponékud odsunuty na okraj. PfestoZe pravem
patfi do hlavni tfidy antihypertenziv, jsou v inicidlni fazi [é¢-
by hypertenze doporucovany jen v indikovanych pripadech,
kterymi se rozuméji komorbidity jako ICHS, symptomaticka
angina pectoris, stavy po infarktu myokardu, srde¢ni selhani
nebo fibrilace sini. Davody, proc¢ v 1é¢bé hypertenze nepre-
ferujeme beta-blokatory, jsou metabolické. Metaanalyza
12 studii popsala souvislost mezi uzivanim beta-blokatoru
a nové vzniklého diabetes mellitus 2. typu zejména u ne-
mocnych s jiz vyjddfenym metabolickym syndromem.'? Na
druhou stranu fada studii a metaanalyz potvrdila, Ze po-
davani beta-blokatord ve srovnani s placebem je spojeno
s niz8im rizikem CMP, srde¢niho selhani a vaznymi kardio-
vaskularnimi pfihodami. Pokud je srovnavan beta-blokator
s ostatnimi antihypertenzivy, je povazovan za stejné ucinny
v prevenci KV piihod. Jedinou vyjimkou je cévni mozkova
pfihoda (CMP), kde v rdmci Cochraneovy analyzy byl po-
psan vyssi vyskyt cerebrovaskuldrnich prihod u nemocnych
lécenych beta-blokatorem ve srovnani s blokatorem renin-
-angiotenzinu ¢i blokatorem kalciovych kanald.' Na tento
vysledek je vsak nutno nahlizet v kontextu hodnocenych
studii, coz byly dominantné studie ASCOT' a INVEST," ve
kterych byl jako komparator volen atenolol navic podavany
jen jednou denné s kratkym biologickym polo¢asem nece-
lych Sest hodin. Je tedy ziejmé, Ze tento Iék neni schopen
ovlivnit no¢ni a ranni vzestupy krevniho tlaku, které byvaji
povazovany za nejrizikovéjsi pro vznik CMP.

Casto je v souvislosti s beta-blokatory uvadéna sub-
analyza studie ASCOT oznacovana jako CAFE (Conduit
Artery Functional Endpoint), kterd ukazala, Ze ateno-
lol je méné ucinny ve snizovani centralniho systolického
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krevniho tlaku ve srovnani se skupinou lé¢enou perindo-
prilem/amlodipinem.’ Nicméné beta-blokatory jsou vel-
mi rozmanitou skupinou s rozdilnou farmakokinetikou
a farmakodynamikou, a tedy jisté odlisSnym efektem na
kardiovaskularni aparat. Napfiklad randomizovand stu-
die srovnavajici efekt bisoprololu a atenololu u dosud
nelécenych hypertonikd ukazala identicky vliv na snizeni
brachialniho krevniho tlaku, ale jen bisoprolol vyznamné
snizoval centralni systolicky a pulsni tlak.” A tak lze kon-
statovat, Ze atenolol, svého Casu celosvétové nejpredepi-
sovanéjsi antihypertenzivum, jisté nebyl vhodnou volbou
pro srovnani s jinymi tfidami Iékd pro svou relativné krat-
kou dobu plsobeni a maly uc¢inek na centralni systolicky
tlak.

Muzeme tedy beta-blokator pouzit
v lécbé prosté hypertenze, bez dalsich
kardiovaskularnich komorbidit?

Ano, mUzeme ho s vyhodou vyuZzit u nemocnych se zvy-
senou sympatikotonii a hyperkinetickou cirkulaci. Auto-
nomni nervovy systém se podili na mnoha homeostatic-
kych funkcich véetné Fizeni energetické bilance a kontrole
krevniho tlaku. Pacienti s arteridlni hypertenzi a tepovou
frekvenci nad 80/min na podkladé zvysené sympatikotonie
maji vyssi kardiovaskuldrni riziko nez jedinci s tepovou frek-
venci (TF) nizsi nez 80/min.'® Napfiklad ¢im vyssi je tepova
frekvence, tim vétsi je index hmotnosti levé komory.” Ve
studii VALUE zUstavalo vyssi kardiovaskuldrni riziko u je-
dinct se zvysenou tepovou frekvencdi, a to i pfestoze jejich
krevni tlak byl dobfe kontrolovadn.?® Zda se tedy, ze k op-
timalnimu sniZzeni kardiovaskularniho rizika je zapotrebi
nejen dobrd kontrola krevniho tlaku, ale i tepové frek-
vence, coz otevira prostor pro beta-blokatory, pfipadné
i non-dihydropyridinové blokatory kalciovych kanald.
Optimalni kontrola hypertenze zplsobené nadmér-
nou aktivaci sympatiku tedy bude vyzadovat pfidani be-
ta-blokatoru do lé¢by. Volba selektivniho beta,-blokatoru
povede k inhibici sympatiku v srdci a ledvinach, a pfitom
zachova vazodilataci zprostiedkovanou beta,-receptory
a snizi riziko nezadoucich ucinkd zpasobenych blokadou
beta,-receptori v plicich a perifernich tkanich.

Lécba hypertenze
u ischemické choroby srdecni

Ischemickd choroba srde¢ni z(istava celosvétové nejcastéjsi
pficinou umrti.2' Cilem nasi |écby je zabranit dalsi ischemii,
zlepsit kvalitu Zivota a predchdzet dalsim kardiovasku-
l[arnim prihodam a predcasné smrti. To oznacujeme jako
sekundarni prevenci ICHS. Jestlize jsme v predchozi casti
v l1é¢bé nekomplikované hypertenze vahali nad nasazenim
beta-blokatoru, tak v pripadé ICHS po prodélané kardio-
vaskularni pfihodé je to naopak jeden z pilifd Iécby.

Dukazy pro beta-blokatory v 1é¢bé ICHS

Beta-blokatory se doporucuji jako Iék prvni volby pro
jejich antiischemicky efekt na myokard (negativni

chronotropni, inotropni, dromotropni a bathmotropni
efekt) s tim, Ze cilova klidova tepova frekvence by méla
byt 55-60/min.?? Ve studii TIBBS (Total Ischemic Burden
Bisoprolol Study) bylo 631 pacientu se stabilni anginou
pectoris a EKG zménami pfi zatézi randomizovano na
osm tydnl bud k terapii bisoprololem, nebo nifedipi-
nem.?? Bisoprolol se ukdzal jako u¢innéjsi ve snizeni po-
¢tu a trvani prechodnych ischemickych pfihod. Dostatek
silnych dikazl o benefitu beta-blokdtord méame u osob
po prodélaném infarktu myokardu a/nebo s chronic-
kym srde¢nim selhdnim se snizenou ejek¢ni frakci, kde
je 1écba spojena s vyznamnym snizenim Umrtnosti i dal-
Sich kardiovaskuldrnich pfihod. Naopak nemame dosta-
tek studii, které by to samé potvrzovaly u nemocnych
s ICHS bez prfedchoziho infarktu myokardu nebo srdec-
niho selhani.?

Nedavnd analyza britského registru porovnavala in-
cidenci a riziko umrti a kardiovaskularnich pfihod u pa-
cientd s anginou pectoris uzivajicich monoterapii bisopro-
lolem oproti jinym beta-blokatordm anebo ostatnim an-
tihypertenzivilm podanym v primdrni péci.>> Vysledkem
bylo zjisténi, Ze nové zjisténa angina pectoris lé¢ena bi-
soprololem byla spojena s vyznamnym sniZzenim rizika
umrti (o 50 %), kardiovaskuldrnich pfihod (o 23 % anginy
pectoris, 0 55 % infarktu myokardu a o 39 % fibrilace sini)
ve srovnani s ostatni [é¢bou. Bisprolol je tak jisté vhodnou
volbou v prvni linii.

V doporucenich Evropské kardiologické spole¢nosti
a Evropské spolecnosti pro hypertenzi pro lécbu arterial-
ni hypertenze jsou beta-blokatory uvedeny jako tfida
dukazu I, uroven A, pro pouziti u pacientl s hypertenzi
a anamnézou infarktu myokardu, a to na zakladé meta-
analyzy ze 147 randomizovanych studii s antihypertenzi-
vy.! Tato analyza prokdazala, ze |écba beta-blokatory je
spojena s 29% snizenim ischemickych prihod (relativni
riziko 0,71, 95% Cl 0,66-0,78), a to nad ramec efektu na
krevni tlak.?® Lécba jinymi tfidami 1ék( bez ohledu na
ICHS ¢i podavani beta-blokatorl u osob bez ICHS vedla
také k poklesu relativniho rizika, ale méné vyznamnému
(0 15 %, p < 0,001). Nicméné tento efekt trva jen nékolik
let po prodélaném infarktu.

Synergicka neuroendokrinni blokada
(kombinace beta-blokatoru a ACEI)

Podani beta-blokatoru a ACEl mGzZeme oznacit za kom-
plexni neuroendokrinni blokddu. Beta-blokator ovliviiuje
autonomni nervovy systém, zejména snizenim srdec¢niho
vydeje pfimym vlivem na beta-adrenergni receptory myo-
kardu. ACEI zase prostfednictvim blokady systému renin-
-angiotenzin navozuje vazodilataci, ¢imz snizuje periferni
cévni rezistenci.

Bisoprolol a perindopril maji komplementarni mecha-
nismus ucinku a dobrou evidenci u nékterych vysoce ri-
zikovych skupin. Bisoprolol je kardioselektivni beta-blo-
kator s 19nasobné vyssi afinitou k beta,-receptoru nez
beta,-receptoru a dostatecné dlouhy biologicky polocas
zajistuje vice nez 24hodinové plsobeni.?” Z tfidy ACEI
ma zase perindopril nejvyssi selektivitu pro bradykinino-
va vazebnd mista a také dostatecné dlouhé 24hodinové
pusobeni.?® Dlakazy o vyhodach perindoprilu v kombi-
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Fixni kombinace bisoprolol/perindopril u hypertonikt s ICHS

Ucinnost lécby

Mortalita z KV pficin, nefatalni IM a CMP HT 95% Cl
Celkova populace ‘ 0,84 0,71-1,00
Populace hypertonikii —— 0,66-0,89
Nefatalni IM

Celkova populace ‘ 0,79 0,62-0,99

Populace hypertonik

Celkova mortalita

Celkova populace ‘ 0,93 0,74-1,15
Populace hypertonikd —— 0,57-0,82
A A A A A A
0,5 0,7 0,9 1,1 1,3 1,5

Ve prospéch
beta-blokator/perindopril

Ve prospéch
beta-blokator/placebo

Obr. 2 - Udaje z retrospektivni souhrnné analyzy pacienti ze tfi velkych vyslednych studii perindoprilu, ktefi dostavali perindopril nebo
placebo a jiz byli 1éceni beta-blokatorem. Pridani perindoprilu k 1écbé beta-blokétory bylo spojeno se snizenim rizika primarniho kom-
binovaného cilového ukazatele (mortality z kardiovaskularnich pficin, nefatalniho infarktu myokardu a cévni mozkové pfihody), jakoz
i sekundarnich cilovych ukazatelt (nefatalniho infarktu myokardu a mortality ze vSech pficin).3' CMP - cévni mozkova pfihoda; IM - infarkt

myokardu; KV - kardiovaskularni.

naci s beta-blokatorem pochdzeji ze studie, kde 12 000
pacientl se stabilni ICHS po infarktu myokardu ¢i s an-
ginou pectoris bylo randomizovéno na terapii perindo-
prilem nebo placebem.?® V této skupiné nemocnych bylo
62 % pacientt jiz Ié¢eno beta-blokatory a pfidani perin-
doprilu u nich vedlo k 24% snizeni relativniho rizika
kombinovaného primarniho cilového ukazatele (Umrti
z kardiovaskuldrnich pricin, nefatdlni infarkt myokardu
a resuscitovana srdecni zastava) ve srovnani se skupinou
uzivajici beta-blokator s placebem.*® Tyto udaje byly
rozsiteny o retrospektivni souhrnnou analyzu pacientt
s vaskuldrnim onemocnénim ze tfi velkych studii, kte-
fi uzivali perindopril nebo placebo a jiz byli na terapii
beta-blokatory. Vysledky potvrdily predchozi zjisténi®
(obr. 2).

Fixni kombinace bisoprololu a perindoprilu

Prvni fixni kombinace beta-blokatoru a ACEIl je dostupna
od roku 2017 a je indikovana u arteridlni hypertenze,
stabilni ischemické choroby srdec¢ni a/nebo srdec¢niho
selhani. Udaje podporujici pfinosy bisoprololu/perindo-
prilu podavanych ve fixni kombinaci pochazeji ze studie
u 2 394 pacientl s ICHS, kterd sledovala ovlivnéni tlaku
a srdecni frekvence. Jednalo se o pacienty plvodné |éce-
né bisoprololem, kterym byla pfedepsana fixni kombina-
ce. Po ctyrtydenni 1é¢bé 85 % pacientd dosdhlo srde¢ni
frekvence nizsi nez 70/min a 87 % pacientd krevniho
tlaku nizsiho nez 140/90 mm Hg. Fixni kombinace také
snizila frekvenci anginéznich obtizi a zlepsila adherenci
k 1é¢bé.®

Dale pridani stejné fixni kombinace pacientdim po re-
vaskularizaci myokardu pro akutni koronarni syndrom
(velmi vysoce rizikovd populace) vedlo k dosazeni cilo-
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vych hodnot TK a srdecni frekvence do jednoho mésice
od zahajeni terapie a stabilizaci téchto hemodynamickych
hodnot a klinickych pfiznakl po celou dobu sledovani (tfi
mésice). A diky tomu mohli byt ¢asnéji zafazeni do kar-
diorehabilita¢nich programu.®

Adherence k terapii je zasadni

Fixni kombinace dnes patfi k zakladni volbé v terapii jak
arterialni hypertenze, tak viech jejich komplikaci. Spatna
compliance k terapii nemusi byt nutné jen diasledkem od-
mitani 1é¢by jako takové, ale pfilis velké mnozstvi tablet
muze vést k chybam v davkovani, nechténému opomenu-
ti nékterych 1€kl apod. To potvrzuje i neddvno uvedena
studie SECURE, kterd sledovala rozdil v uziti statinu, ace-
tylsalicylové kyseliny a ACEI bud'v jedné tableté (polypill),
nebo jako volné kombinace u nemocnych s ICHS, po pro-
délaném infarktu myokardu v poslednich Sesti mésicich.
Cilem 36mési¢niho sledovani bylo srovnani kardiovas-
kuldrni morbidity a mortality.?? UzZivani fixni kombinace
v jedné tableté bylo spojeno s vyznamnym snizenim rizika
KV komplikaci (o 24 %) ve srovnani s volnou kombinaci
Iékd (HR 0,76; 95% Cl 0,06-0,96; p = 0,02).

Zavér

Existuji spolehlivé diakazy o vyhodach pouziti beta-blo-
kadtoru a ACEIl u pacientd s hypertenzi a zvy$enou srdec¢-
ni frekvenci, ischemickou chorobou srde¢ni zejména po
prodélaném akutnim koronarnim syndromu, fibrilaci sini
a chronickym systolickym srde¢nim selhdnim. Tyto dvé
tridy ve spolecné kombinaci poskytuji komplexni neuro-
endokrinni blokadu. Vyhody kombinace bisoprolol/perin-
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dopril jsou podporené studiemi potvrzujicimi nejen dobry
efekt s dlouhodobym pulsobenim, ale i dobrou snasenli-
vosti. Kazdy z téchto 1ékd ma dlouhy eliminac¢ni polocas
pfi podavani jednou denné. Dostupné udaje naznacduji, Zze
kombinace téchto latek v jedné tableté umoznuji rych-
leji dosdhnout cilové srdecni frekvence a krevniho tlaku,
a pomuze tak snizit riziko kardiovaskularni pfihody.
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Myokarditida u déti je pomérné vzacné a zarover potencialné zavazné onemocnéni. Casto pfedstavuje dia-
gnostické a terapeutické dilema, stejné tak volba diagnostickych metod a jejich interpretace nemusi byt
vzdy jednoznacnd. V poslednich letech stoupa vyznam magnetické rezonance, u které mize byt limitaci jeji
dostupnost. Variabilni pfistup k détem s myokarditidou je ¢asto patrny i v oblasti terapeutické. Vyznamnym
prispévkem je odborné stanovisko American Heart Association z roku 2021. Nize predkladany prehledovy
¢lanek predstavuje souhrn soucasnych dostupnych literarnich dat.
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SUMMARY

Myocarditis in children is a relatively rare disease which often presents a dilemma that has to be faced not
only by paediatric cardiologists but also paediatricians. The diagnosis often remains clinically suspected or
probable. Only recent advancements in cardiac magnetic resonance have enabled us to confirm the diagno-
sis. However, it may not be readily available. Scientific statement of the American Heart Association on
paediatric myocarditis was published in 2021 and provides useful support for treatment. Hence, this article
is a result of published guidelines.
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Uvod

Myokarditida je zdnétlivé onemocnéni srdce, definova-
né histologickym anebo imunohistochemickym nalezem,
pfipadné specifickym obrazem na magnetické rezonanci
srdce (CMR). Incidence u déti je uvadéna 1,95/100 000 déti
do 15 let za rok s pfevahou chlapcl (77 %).! Stanoveni
diagndzy vzdy vyZzaduje komplexni vyhodnoceni anamné-
zy, klinickych ptiznakd, laboratornich parametrd, elekt-
rokardiografickych (EKG) a echokardiografickych nélezd.
Vysetfovaci modality je ¢asto nutné v kontextu klinické-
ho vyvoje opakovat a sledovat jejich dynamiku. Vyraz-
nym posunem v diagnostice myokarditidy bylo zlepseni
technickych parametrd a interpretace nalezl CMR, ktera
umoznuje potvrdit myokarditidu i bez endomyokardialni
biopsie (EMB).?

Publikované postupy pro myokarditidu v détském véku
jsou prozatim na Urovni konsenzu expertl ¢i stanovisek
odbornych spole¢nosti. V fadé pfipadl je nutny individual-
ni pristup. Diagnostické i terapeutické (indikace podani
imunoglobuling, antivirotik) strategie, véetné dlouhodo-
bého sledovani po prodélaném onemocnéni, se znac¢né
lisi na vSech urovnich, od primarni az po tercidrni péci.
Proto jsme se nedavno rozhodli usporddat online setka-
ni détskych kardiologl a pediatrQ, jehoz cilem bylo sdi-
leni zkusenosti, vzdjemné obohaceni vychazejici z praxe
a otevieni spornych otazek. Zdmérem ¢lanku je shrnout
vystupy nasi diskuse na pozadi dostupnych literarnich dat.

se také predpokladd u myokarditid po mRNA vakcinaci
proti covidu-19."° Hyperinflamatorni stav u déti po naka-
ze SARS-CoV-2, tzv. PIMS-TS — syndrom multisystémové
zanétlivé odpovédi spojeny s covidem-19 (Paediatric In-
flammatory Multisystem Syndrome Temporally Associ-
ated with SARS-CoV-2), mlze byt asociovan s imunitné
podminénou myokarditidou pfiblizné v 18 % pfipadu
dle CMR." Dalsi neinfek¢ni mechanismus mohou pred-
stavovat hypersenzitivni reakce na léky, drogy, néktera
biologika nebo rejekce transplantovaného srdce. Drogy
a léky vsak mohou srdecni sval poskodit i pfimym toxic-
kych uc¢inkem, podobné jako katecholaminy pfi feochro-
mocytomu.'?

Patogeneze

Predpoklada se, Ze vznik myokarditidy je vzdy vysledkem
kombinace pUsobeni spoustéce u geneticky predispo-
novaného jedince a autoimunitni odpovédi (obr. 1).53

Predispozice Spoustéc
Muzské pohlavi In:ée'I:;e
(SR RN Poskozeny Toxiny
s imunitou, Rt . L . P
. et kardiomyocyt Primarni systémové
s kardiomyopatiemi . oo
Al aut0|mun|vtn’|
onemocnéni

Etiologie

Spoustéce myokarditidy u déti mizeme rozdélit na in-
fek¢ni a neinfekéni.2 Mezi infek¢nimi pri¢cinami v Evro-
pé dominuji viry. V minulosti pfi prokdzaném infek¢énim
agens prevazovaly adenoviry a enteroviry, v soucasnosti
jde spiSe o parvovirus B19 a lidsky herpes virus 6, recent-
né také novy koronavirus SARS-CoV-2. Celosvétové se
vyznamné jako infek¢ni pric¢ina uplatriuje Trypanosoma
cruzii. S ostatnimi infekénimi agens se v nasich podmin-
kadch setkdvame minimdlné, celkovy prehled je uveden
v tabulce 1.%2 Bakteridlni plvodci jsou taktéz raritni, moz-
nd je napfiklad myokarditida pfi akutni salmonelové (i
kampylobakterové infekci (Ustni sdéleni).

Vyjma onemocnéni vlastniho myokardu je u myokardi-
tidy mozné postiZzeni pfevodniho systému. Borrelia burg-
dorferi postihuje predevsim bazalni ¢ast mezikomorové
prepazky, kde je lokalizovan atrioventrikularni (AV) uzel,
a proto se lymeska karditida typicky manifestuje AV blo-
kadou.* Myokarditida zpUsobena rickettsiemi nebo kva-
sinkami se mlze vyskytnout jako soucast diseminované
infekce, u hub prevazné u imunokompromitovanych pa-
cient.>®

Myokarditida neinfek¢ni etiologie je u déti vétsinou
soucdsti vaskulitid, pfedevsim Kawasakiho nemoci nebo
jinych autoimunitnich onemocnéni.” Revmaticka horec¢-
ka je i v soucasné dobé pricinou nejcastéjsiho ziskaného
onemocnéni srdce v rozvojovych zemich a nevymizela ani
v Evropé ¢i ve Spojenych statech americkych.® Izolované
autoimunitni postizeni srdce je pfi¢inou zavazné obrov-
skobunécné myokarditidy.® Autoimunitni mechanismus

Ziskana imunitni

Vrozena imunitni > un
odpovéd

odpoveéd

Y
Autoimunita

v

Myokarditida

Obr. 1 - Schéma patogeneze myokarditidy.>"* Predpoklada se, ze
vznik myokarditidy je vzdy vysledkem kombinace plsobeni spousté-
¢e u geneticky predisponovaného jedince a autoimunitni odpovédi.

Mysi modely odhalily interakci mezi vrozenou a ziska-
nou imunitni odpovédi v patogenezi myokarditidy. U vi-
rové myokarditidy vstupuje virus diky virus-specifickym
receptordm do kardiomyocytl, které poskozuje. Takto
pozménéné kardiomyocyty aktivuji systém vrozené (lym-
foidni, NK buriky a mastocyty) a ziskané imunity, hlavné
CD4 T lymfocyty. CD4 T lymfocyty produkuji tumor nek-
rotizujici faktor (TNF) alfa, interferon (IFN) gama a in-
terleukin (IL) 17A. IL17A vyrazné stimuluje srde¢ni fibro-
blasty k produkci rlstovych hormond pro granulocytarni
fadu leukocytd a makrofagy (granulocyte macrophage
colony-stimulating factor, GM-CSF). GM-CSF aktivuje
kostni dren, ze které se uvolnuji dalsi zanétlivé buriky,
predevsim monocyty. Ty pak infiltruji srdce, poskozuji
ho a vyznamné se podileji na progresi do dilata¢ni kar-
diomyopatie (obr. 2).° CD4 T lymfocyty zaroven aktivuji
B lymfocyty tvorici autoprotilatky, které také prispivaji
k poskozeni myokardu.?
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Obr. 2 - Schéma progrese myokarditidy
do dilata¢ni kardiomyopatie, publikovano
se svolenim autorl.’ Virem pozménéné

s kardiomyocyty aktivuji mimo jiné CD4 T
lymfocyty. Ty produkuji interleukin (IL)
17A, ktery stimuluje srdecni fibroblasty

k produkci GM-CSF (granulocyte-
-macrophage colony-stimulating factor).
GM-CSF aktivuje kostni dien, ze které se

(DCM).

monocyty (Mo). Ty pak infiltruji srdce,
poskozuji ho a vyznamné se podileji na
progresi do dilatacni kardiomyopatie

Tabulka 1 - Pri¢iny myokarditid u déti?

Infekéni

Viry Bakterie Spirochety Houby Rickettsie

Parvovirus B19 Salmonella Borrelia burgdorferi  Actinomyces Coxiella burnetii

Herpetické viry (HHV6, CMV, Brucella Borrelia recurrentis  Aspergillus Rickettsia prowazekii

EBV)

SARS-CoV-2 Chlamydia Leptospira Blastomyces Rickettsia rickettsii

Adenovirus Clostridium Treponema pallidum Candida Protozoa

Enterovirus (Coxsackie A, B)  Francisella tularensis Coccidioides Balantidium

Influenza typu A, B Legionella Cryptococcus Entamoeba histolytica

Hepatitida typu B, C Mycoplasma Histoplasma Leishmania

RSV Mycobacterium tuberculosis Nocardia Plasmodium falciparum

HIV Neisseria meningitidis Sporothrix schenckii Sarcocystis

Pfiusnice Staphylococcus Strongyloides stercoralis  Toxoplasma gondii
Streptococcus A, pneumoniae Trypanosoma brucei
Vibrio cholerae Trypanosoma cruzi

Neinfekéni

Autoimunita/imunopatologie

Hypersenzitivita

Soucést vaskulitid Kawasakiho nemoc Léky Antibiotika Betalaktamy
ANCA asociované vaskulitidy Tetracykliny
(EGPA, GPA)
PIMS-TS Makrolidy
Soucast autoimunitnich SLE Psychofarmaka Benzodiazepiny
onemocnéni
JIA TCA
Zanétlivé myopatie (derma- Carbamazepin
tomyozitida, polymyozitida)
IBD Fenytoin
Systémova sklerodermie
Tyreotoxikdza
Myasthenia gravis Drogy Alkohol
Diabetes mellitus Kokain
Revmatickd horecka Kanabis
Sarkoid6za Toxiny

Obrovskobunécna myokarditida
Myokarditida po mRNA vakcinaci proti covidu-19

Rejekce stépu

ANCA - antineutrofilni cytoplazmatické protilatky (anti-neutrophil cytoplasmic antibody); CMV - cytomegalovirus; EBV — virus Epsteina—
Barrové; EGPA - eozinofilni granulomatéza s polyangiitidou (eosinophilic granulomatosis with polyangiitis [syndrom Churglv-Straussové]);
GPA - granulomatéza s polyangiitidou (granulomatosis with polyangiitis); HHV 6 — lidsky herpes virus 6; HIV - virus lidské imunodeficience;
IBD - zanétlivé stievni onemocnéni; JIA - juvenilni idiopaticka artritida; PIMS-TS — syndrom multisystémové zénétlivé odpovédi spojeny

s covidem-19 (paediatric inflammatory multisystemic syndrome temporally associated with SARS-CoV-2); RSV - respiracni syncytialni virus
(respiratory syncitial virus); SARS-CoV-2 - severe acute respiratory syndrome coronavirus 2; SLE — systémovy lupus erythematodes; TCA -

tricyklickd antidepresiva.
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Tabulka 2 - Anamnestické tdaje, pfiznaky a jejich cetnost pfi manifestaci myokarditidy u déti?
Pfiznaky (%)
Horecka (31-58)
Ryma (38-44)
Kasel (17-44)

Anamnéza (%)

Prodromalni virové ptiznaky (41-69)
Dysrytmie (11-45)

Synkopa (4-10)

Fyzikalni nalez (%)
Tachypnoe (52-60)
Tachykardie (32-57)
Hepatomegalie (21-50)

N&hlé amrti Unava (25-70) Selest (26)
Dusnost (35-69) Cval (20)
Zvraceni a bolest bricha (28-48) Nitkovité pulsy (16-21)
Prijem (8) Edém (7)
Palpitace (16) Cyandza (2)
Odmitani piti u kojencl
Diagnostika Sim casto vyuzivanym parametrem je N-termindlni frag-
ment natriuretického propeptidu typu B (NT-proBNP),
Symptomatologie ktery koreluje se zavaznosti srde¢niho selhani, odrazi ob-

Diagnostiku myokarditidy znesnadnuje variabilni klinicky
obraz s nespecifickymi pfiznaky, které mohou imitovat re-
spiracni nebo gastrointestinalni onemocnéni. Prabéh pak
mUze byt velmi rozmanity, od nendpadné tachykardie pfi
virové infekci az po kardiogenni 3ok, nebo dokonce nahlé
umrti. V novorozeneckém véku byva pribéh casto fatalni
s téZkym srde¢nim selhanim, naopak u adolescentl vida-
me spise obraz nekomplikované myokarditidy s bolesti na
hrudi a elevaci kardidlnich enzym, bez poruchy srde¢ni
funkce a bez dysrytmii." Pfiznaky myokarditidy jsou jed-
nak projevem daného infekéniho nebo autoimunitniho
onemocnéni a jednak dusledkem srdecniho selhavani
nebo dysrytmii (tabulka 2).2

Laboratorni nalezy

U myokarditid zpravidla dochazi k elevaci kardidlnich en-
zymU. V soucasné dobé je béZné pouzivany vysoce senzi-
tivni (high sensitive, hs) troponin. Jeho zvy3eni neni spe-
cifické, stoupa u jakéhokoliv poskozeni myokardu, tedy
nejen zanétem, ale i pfi kontuzi nebo ischemii srdce. Jeho
koncentrace nekoreluje s prognézou myokarditidy.? Dal-

jemovou zatéz srdecnich oddild. Stoupa vsak i pfi systé-
movych zanétech typu Kawasakiho nemoci nebo PIMS-TS,
prestoze je zachovana myokardialni funkce. Pri suspektni
myokarditidé dale hodnotime parametry zanétu, rendlni
a jaterni funkce, koagula¢ni parametry a chemické vyset-
feni modi. Pfi podezfeni na virovou myokarditidu se sna-
zime odhalit infek¢ni agens metodou polymerazové reté-
zové reakce (PCR) z nazofaryngealnich stérd, z krve nebo
ze stolice (dle dané klinické situace). Vysledky nemuseji
odpovidat virovému genomu v srdci, nicméné mohou
pomoci vybrat antivirovou terapii. Vysetfeni imunologic-
kych parametrd, véetné autoprotildtek, je indikovano ci-
lené pfi klinickém podezfeni na konkrétni autoimunitni
systémové onemocnéni. Pro Uplnost se téz inicialné ob-
vykle provadi skiagram hrudniku a ultrazvukové vysetieni
bficha.

Elektrokardiogram

Pri myokarditidé mohou byt pfitomny nejrizné;jsi zmény
na EKG. Typicky se popisuje nizka voltaz, patologické viny
Q, zmény usekl ST-T (obr. 3), nové vzniklé tachyarytmie,
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Obr. 3 - Typické elektrokardiografické nalezy u akutni myokarditidy (zmény tsekt ST-T), zdroj
vlastni (sedmnactilety chlapec s chlamydiovou myokarditidou)
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komorové a siriové ektopie, prodlouzené nitrokomorové
vedeni nebo AV blokady, pfipadné sinusova tachykardie.
EKG se v pribéhu onemocnéni méni a je tfeba vysetreni
provadét opakované.

Echokardiografie

Echokardiograficky muazZeme zobrazit ztlusténi stény
myokardu edémem. MUze byt patrna systolicka nebo dia-
stolicka dysfunkce komor, pfipadné regionalni porucha
kinetiky myokardu. Dilatace levé komory byva vétSinou
mirnd, a pokud je vyraznda, znamend horsi prognézu.
Dal3im moznym nalezem u myokarditidy je perikardialni
vypotek, nové vznikla mitralni nedomykavost ¢i intrakar-
didlni trombus.

Magneticka rezonance

CMR je schopna detekovat poskozeni tkané ve smyslu
edému, hyperemie a fibréz. K dobrému posouzeni pfi-
tomnosti myokarditidy a eventudlnimu odliseni od ne-
zadnétlivé kardiomyopatie je potfeba pouzit kombinaci
riznych sekvenci (obr. 4). Konvencni kritéria, znama
jako Lake Louise kritéria (LLC), byla plvodné stanove-
na pro neinvazivni diagnostiku myokardialnich zmén ve
viech stadiich myokarditidy. Casnym sycenim gadolini-

&M digstole

Late Gad

Obr. 4 - Srdecni magneticka rezonance (CMR) u tfinactiletého pa-
cienta s akutni myokarditidou, zdroj vlastni. 1. Normalni indexova-
né objemy levé komory s normalni ejekéni frakci (EF = 61 %). Zad-
né regionalni dyskineze. Leva komora bez hypertrofie. 2. Normalni
indexované objemy pravé komory s normalni ejekéni frakci (EF =
55 %). Prava komora bez hypertrofie. 3. Extenzivni myokardialni
edém/zanét v bazalni, inferiorni a inferolateralni sténé s presahem
apikalné do predni, septalni a lateralni stény. Toto je patrné na:
a) STIR zobrazenich; b) nativnich T1 a T2 mapach, které prokazaly
zesileny signal v bazalni a stfedni ¢asti inferiorni a inferolateralni
stény. 4. Extenzivni nerovnomérné subepikardialni fibrézy/nekrézy
uprostied stény v bazalni, inferiorni a inferolateralni sténé s pre-
sahem do apikalni casti lateralni stény (spodni fada, pozdni syceni
gadoliniem). 5. Normalni tloustka perikardu s minimalnim perikar-
didlnim vypotkem a lehkym perikardialnim sycenim prevazné ko-
lem lateralni stény levé komory. Tyto nalezy jsou typické pro akutni
myokarditidu/perimyokarditidu. Smyc¢ky v prvnim fadku (stejné
jako echokardiografie) ukazaly normalni nalez. Avsak na zobraze-
nich s charakterizaci tkané (unikatni pro CMR) jsou patrné extenziv-
ni zmény kompatibilni s myokarditidou.
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em (early gadolinium enhancement, EGE) v T1 vazenych
sekvencich Ize detekovat intraceluldrni edém, hyperemii
a kapilarni anik, zatimco pozdni syceni gadoliniem (late
gadolinium enhancement, LGE) identifikuje zmény ire-
verzibilni. Nevyhodou LGE je vysoka citlivost na artefak-
ty a neschopnost detekovat akutni zmény u LGE (akut-
ni zanét a intracelularni zmény)." Velikost srdce déti
a rychla srdec¢ni frekvence jsou dalSimi faktory, které
ovliviuji kvalitu snimkd. Navic EGE a LGE vyzaduji poda-
ni kontrastni [atky a u mensich déti také nutnost celkové
anestezie.

V poslednich letech naslo parametrické zobrazova-
ni dalezitou roli v kardiologii a pouzivd se nejen jako
marker srde¢nich onemocnéni, ale také jako dulezity
prognosticky prediktor.”® T1 se prodluzuje s edémem
a extracelularni expanzi (zanétem a fibrézou) a zlsté-
va zvyseny, pokud se akutni zanét zméni ve fibrézu,
zatimco T2 primarné identifikuje obsah volné vody ve
tkanich, a proto se normalizuje po odeznéni akutnich
zmén. Ackoli je parametrické zobrazovani spojeno
s mnoha technickymi slozitostmi, dvé velké metaanaly-
zy prokazaly, Ze uziti T1 a T2 mapovani v akutni fazi je
lepsi nez klasicka LLC."'® Zejména T1 mapovani, které
se prodluzuje v pfitomnosti edému a/nebo extracelular-
ni expanze, ma nejvyssi citlivost a specificitu u akutni
myokarditidy (avsak méné v chronické fazi). S priznaky
trvajicimi déle nez dva tydny je T2 mapovani jedinou
moznosti, jak odlisit myokarditidu od nezanétlivé kar-
diomyopatie.

Histologie
EMB je invazivni metoda, kterd je spojena s rizikem pora-
néni srdce a u déti i s riziky celkové anestezie. DUleZitym
momentem pro indikaci EMB je rozvaha o moznosti za-
chytu patologickych zmén myokardu, s ¢imz souvisi otaz-
ka lokalizace a poctu odebranych vzorkd. EMB je v za-
sadé indikovana pouze tehdy, pokud jeji vysledek maze
relevantné ovlivnit terapii a prognézu pacienta. Soucasti
vysetfeni bioptického vzorku musi byt nejen histologie,
ale i imunohistochemické vysetreni, které zlepsuje detek-
ci zanétlivych bunék véetné jejich typizace, a PCR analyza
k zachytu infekéniho agens. Indikaci k EMB by mélo byt
podezieni na eozinofilni ¢i obrovskobunéé¢nou myokar-
ditidu na zakladé klinického prabéhu ¢i laboratornich
nalezyg.'1°

Diagnosticky proces u myokarditidy je vzdy zalozen
na suspektni anamnéze a pfiznacich. VSichni pacienti
s podezienim na myokarditidu by méli podstoupit opa-
kované EKG, echokardiografické a laboratorni vysetieni
kardiomarker. U hemodynamicky stabilnich pacientt
je vhodna CMR k potvrzeni diagndzy. V pfipadé téz-
kého prabéhu s kardiogennim Sokem a nedostatecnou
odpovédi na inotropni podporu je prioritou zajisténi
pacienta v tercidrnim centru s dostupnosti mechanic-
ké podpory a extrakorpordlni membranové oxygenace
(ECMO). V téchto pripadech je zpravidla indikovana
EMB, ktera mlze indikovat Zivot zachranujici imuno-
supresivni 1é¢bu, napf. v pfipadé potvrzeni obrovsko-
bunécné nebo eozinofilni myokarditidy. U déti s klinic-
kym obrazem nebo anamnézou budici podezfeni na
autoimunitni onemocnéni nebo jiné imunopatologie
indikujeme panel imunologickych testl. U recidivujici
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myokarditidy nebo familidrniho vyskytu je ke zvazeni
genetické vysetfeni imunitnich nebo neimunitnich kan-
didatnich gen@.™

Terapie

Lécba myokarditidy je zaméfena na zvladnuti kompli-
kaci, pfedevsim srde¢niho selhani a dysrytmii. Pacient
s myokarditidou by mél byt hospitalizovan na monitoro-
vaném lGzku. Specificka [é¢ba myokarditidy se zaméruje
na ovlivnéni zdnétu v srdci. BohuZel vak jasny pfinos
téchto terapeutickych moznosti (intravenézni imuno-
globuliny, imunosuprese) nebyl prokazan. V akutni fazi
by i pacienti s mirnou formou myokarditidy méli dodr-
Zovat klidovy rezim.

Poruchy srde¢niho rytmu jsou u pacientd s myokarditi-
dou potencialné Zivot ohrozujici. Ztrata sinusového rytmu
muUze velmi rychle vést k nizkému srde¢nimu vydeji — zvlas-
té v kontextu snizené kontraktility. Pfitomnost dysrytmii
je rizikovym faktorem pro mortalitu a morbiditu. Tachy-
arytmie puUsobici nestabilitu obéhu (supraventrikularni ¢i
komorova tachykardie nebo fibrilace) musi byt vyfesena
neprodlené elektrickou kardioverzi ¢i defibrilaci. Pfipady
tachykardii na podkladé reentry okruhu terminovatel-
nych adenosinem jsou u pacientd s myokarditidou vzac-
né. U recidivujicich tachyarytmii (fokalni siriova tachykar-
die, Cetnd komorova ektopie ¢i komorové tachykardie) je
indikovadna antiarytmicka lécba. Vétsina antiarytmik pa-
sobi na myokard negativné inotropné a pfi jejich pouziti
je treba opatrnosti, protoze mohou zpUsobit nestabilitu
obéhu. Vybér konkrétniho Iéku nemusi byt jednoduchy
a ridi se konkrétnim pacientem a klinickou situaci. Mezi
pouzivané léky patfi napf. amiodaron, beta-blokatory
nebo lidokain. V pfipadé vyskytu zavazné bradyarytmie,
vétsinou na podkladé nové vzniklé pokrocilé AV blokady
v zanétlivém terénu, je indikovdna stimulace transvenoz-
né zavedenou docasnou elektrodou. Tyto prevodni poru-
chy jsou vétSinou prechodné s dobrou Sanci na zotaveni
AV prevodu.?

Terapie srde¢niho selhani zavisi na celkovém stavu
pacienta. U pacientl v klinicky dobrém stavu a s echo-
kardiograficky mirné snizenou ejek¢ni frakci je indi-
kovana lécba inhibitory angiotenzin konvertujiciho
enzymu (ACEI), pfipadné beta-blokatory ¢i digoxinem.
Pri zadvaznéjsim srdecnim selhani s vyraznéjsi klinickou
symptomatologii volime prevdzné intravenézné po-
dané léky a kompletni invazivni zajisténi pacienta. PFi
znamkach méstnani (otoky, hepatomegalie, snizena
kolapsibilita dolni duté zily, pfitomnost vypotkl) po-
davame diuretika, nejcastéji furosemid se suplementaci
drasliku. PFi nizkém srde¢nim vydeji (chladna periferie,
prodlouzeny kapilarni navrat, hypotenze, oligurie) je
¢asto nutnd inotropni podpora katecholaminy (dobu-
tamin ¢i dopamin, pfi nedostatecném efektu adrena-
lin) a tekutinova resuscitace. Inodilatator milrinon ma
u déti se srde¢nim selhanim fadu pFiznivych ucinkd
véetné plicni vazodilatace, kvlli jeho prevazujicimu va-
zodilata¢nimu efektu ho v8ak nemusi akutné selhavajici
pacient tlakové tolerovat. Pfed jeho poddnim je také
nutno doplnit pacientovi cirkulujici objem. Kalciovy
senzitizér levosimendan pouzivdme u nejtéZsich pripa-

du. Podava se vétsinou v infuzi na 48 hodin a jeho ak-
tivni metabolity poté pretrvavaji v organismu vice nez
jeden tyden.?®

Zlepsit prisun kysliku do tkani mizeme rovnéz pomoci
ventilacnich manévrl. U pacientl ve stabilnim stavu po-
staci oxygenoterapie, u tézsich pfipadd muze byt nutna
neinvazivni nebo invazivni ventilace. Obecné ma ventila-
ce pozitivnim pretlakem u pacientl se srde¢nim selhanim
pfiznivé ucinky (snizeni dechové prace, snizeni afterloadu
pro levou komoru). U pacientt s myokarditidou s fulmi-
nantnim prabéhem a srde¢nim selhanim refrakternim na
medikamentdézni [écbu je mozné vyuzit néktery typ me-
chanické podpory obéhu.?

Po odeznéni akutni faze onemocnéni je pfi trvani myo-
kardialni dysfunkce indikovana peroralni |é¢ba srdecniho
selhani, predevsim ACEI, betablokatory, digoxin, v pfipa-
dé méstnani diuretika.

Antivirovd |é¢ba se v soucasné dobé doporucuje pfi
znamkach probihajici virové infekce a pozitivité PCR kon-
krétniho viru. Eliminuje se tak spoustéc, ktery dale po-
tencuje imunitni odpovéd pacienta a muze zhorSovat
poskozeni myokardu. Antivirové lé¢ba je zatim v Ceské
republice spiSe opomijena. Je dostupnd pro lidsky herpes
virus (aciclovir), cytomegalovirus (ganciclovir), chfipku
(oseltamivir), SARS-CoV-2 (remdesivir, do 40 kg v reZzimu
off-label), pro adenoviry (cidofovir od 18 let) a enteroviry
(interferon-beta).2?!

Podani intravendznich imunoglobulind (IVIG) v dév-
ce 2 g/kg (v infuzi béhem 24-48 h) je indikovano u déti
s akutni myokarditidou pro jejich imunomodula¢ni udi-
nek.? Priznivy efekt na zlepseni srdec¢ni funkce byl po-
psany na malych poctech pacientl a nebyl prokazan ve
velkych studiich.?® Obecné jsou vétSinou poddvany u déti
s myokarditidou s komplikovanym prabéhem, tedy se sni-
Zenou srde¢ni funkci nebo arytmiemi. Vyhodou je nizké
riziko nezaddoucich uc¢inkli a moznost podani i béhem
akutni faze v kontextu probihajici virové infekce, kdy kor-
tikosteroidy zpravidla nezvazujeme.

Kortikosteroidy jako imunosupresivni terapie jsou
jednoznacné indikovany u déti s obrovskobunécnou
nebo eozinofilni myokarditidou a v ramci [éCby systé-
movych autoimunitnich onemocnéni.? U lymfocytarni
myokarditidy je pouziti imunosuprese diskutabilni, pro-
toze zlep3eni prognézy pacientd nebylo jednoznacné
prokazano a nezadoucich ucinkd je fada. Cilem |écby je
zmirnéni autoimunitniho zdnétu v myokardu, kortiko-
steroidy se pouzivaji vétsinou v kombinaci s cyklospo-
rinem A nebo azathioprinem. Na zdkladé studii pro-
vedenych u dospélych soucasnd doporuceni podminuji
zahajeni imunosuprese prukazem myokarditidy v EMB
a zaroven vyloucenim pfFitomnosti virového genomu
v myokardu.?'

Vétsina pacientd s myokarditidou antikoagula¢ni ¢i
antiagregacni |é¢bu nevyZzaduje. Zvazujeme ji u pfipadud
s velmi tézkou dysfunkci levé komory s rizikem vzniku
trombu. Jasnad doporuceni neexistuji. Antikoagulac¢ni lé¢-
bou by méli byt zajisténi pacienti se srdec¢nim selhdnim
v souvislosti s probihajicim nebo probéhlym covidem-19,
nebot v tomto pripadé se zarover jednd o prokoagula¢ni
stav.

Shrnuti diagnostického a lé¢ebného postupu dle strati-
fikace pacientd prindsi obrazek 5.
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NEKOMPLIKOVANA MYOKARDITIDA KOMPLIKOVANA MYOKARDITIDA
Akutni bolest Srdecni selhani/ Hemodynamicka
na hrudi synkopa nestabilita
Laboratof o T Troponin o 1 Troponin o T Troponin
Echokardio- | | ® Normalni velikost a funkce ¢ Ejekeni frakce < 50 %, e Tézka srdecni dysfunkce,
grafie LK, hemodynamicky normalni velikost nebo LK dilatovana,
stabilni mirna dilatace LK kardiogenni Sok
* Bez dysrytmie, ¢ AV blokada II-lll, komorové o Zivot ohrozujici dysrytmie
EKG nebo ST-T patologie dysrytmie
TRVALA MONITORACE, OPAKOVANE LABORATOR, EKG A ECHOKARDIOGRAFIE,
ANTIVIROTIKA PRI PROKAZANE AKUTNI INFEKCI
Umisténi * Monitorované lGzko ¢ JIRP O T GETFT
pacienta
* CMR * CMR *« EMB
2ia|SIn ik o Vy|0u€eni autoimunitniho e Zvazit EMB ¢ CMR az po stabilizaci
agnostika onemocnéni e Vylouéeni autoimunitniho
* Recidivy - genetické onemoch
vysetreni
- i oka o Lécba dysrytmii
Lecba * :Eévéir;t. SVIEtematiche a srde¢niho selhani ¢ Inotropika/mech. srdeéni
e podpora
L]
°* |VIG
¢ Event. imunosupresivni
lécba
Obr. 5 - Shrnuti diagnostického a lé¢ebného postupu dle stratifikace pacientd, zdroj vlastni a upraveno dle . Pozn.:
Indikace srde¢ni magnetické rezonance (CMR) u nekomplikované myokarditidy muiZze byt regionalné odlisna v zavis-
losti na dostupnosti tohoto vysetieni.
Sledovani a progndza Akutni ¢ fulminantni myokarditida ohroZuje pacien-

Déti po prodélané myokarditidé zpravidla sledujeme do
normalizace srdecni funkce a vymizeni dysrytmii, mini-
malné vsak jeden rok po akutnim onemocnéni. Neome-
zeny sport je povolen nejdfive za tfi az Sest mésicd za
predpokladu normalniho echokardiografického nalezu,
nizkych kardiomarker( a absence zdvaznych dysrytmii
pfi holterovském monitorovani a ergometrii. Po podani
IVIG se doporucuje oc¢kovani zivou vakcinou nejdfive za
11 mésicd.?* Diskutuje se také prinos kontrolni CMR s od-
stupem po akutni fazi. Zatim neni jasné, zda by normal-
ni kontrolni CMR mohla byt argumentem pro ukonceni
pfipadné terapie ACEI, ktera ma predchdazet nepfiznivé
remodelaci srdce.?

Preziti u déti s myokarditidou se pohybuje mezi 70-
100 %, dvé tretiny déti se zcela uzdravi. Negativnim pro-
gnostickym faktorem je tézka dysfunkce levé komory
s ejekeni frakei < 35 % a vyznamna dilatace levé komory.?
Z této podskupiny jedna tfetina dospéje k transplantaci
srdce a u poloviny se vyvine dilata¢ni kardiomyopatie.?®
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ta na zZivoté v pocatku onemocnéni a vzdy vyzaduje in-
tenzivni péci. Akutni zanét viak vétSinou rychle vznika
a poté rychle ustupuje, a tak je dlouhodobd prognéza
dobra a Sance na zotaveni srde¢ni funkce vysoka, pokud
pacient prezije akutni fdzi onemocnéni.?” Naproti tomu
chronicky mirny zanét se nemusi dlouhou dobu projevit
klinicky, ale zpUsobuje patologickou remodelaci myokar-
du a progresi do chronického srdecniho selhani.

Zavér

Rada pFi¢in myokarditidy uvadénych v literatufe se v na-
Sich podminkach vyskytuje minimdlné. Témér vyhradné
se setkdvame s viry, pfipadné myokarditidami v ram-
ci vaskulitid. V diagnostice je vyraznym posunem CMR,
ktera ale vyZzaduje pfesné nastaveni pfistroje, hodnocenf
kombinace rdznych sekvenci a velmi zkuseného radiolo-
ga. U laboratornich metod se objevuje tendence prece-
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riovat NT-proBNP, ktery ma jisté svlj smysl vstupné a pfi-
padné v dlouhodobém sledovani u pacientt s progresi do
dilata¢ni kardiomyopatie. Dale je nutné si uvédomit, ze
u Kawasakiho nemoci nebo PIMS-TS vyrazné stoupa i bez
poruchy srde¢ni funkce. U téchto diagnéz muze byt NT-
-proBNP soucasti diagnostickych kritérii. V terapeutickych
postupech je opomijeno pouziti antivirotik. V pripadé je-
jich dostupnosti, napfiklad pro chfipku, herpetické viry,
apod., se priklanime k jejich podani za predpokladu zna-
mek akutni infekce, a to i pfi prlkazu viru pouze z peri-
fernich tkani. Vétsina pracovist indikuje podani IVIG pfi
komplikované myokarditidé, tedy pfi poruse funkce nebo
nové vzniklych dysrytmiich. Jejich podani pfi nekompliko-
vané myokarditidé (tj. bez srde¢niho selhani) nepovazu-
jeme za smysluplné.
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toleranci zatéze. Vzhledem k pfitomnosti revmatické choroby srdecni byly pacientce implantovéany uméla

Klicovd slova: aortalni a mitralni chlopen s podavanim warfarinu v terapeutickych dévkach. Echokardiografické vysetieni
Aortalni chlopery prokdazalo obstrukci mechanické aortalni chlopné a tézkou regurgitaci trojcipé chlopné. U pacientky byla
Mechanicka protéza indikovana operace aortalniho kofene a implantace umélé trojcipé chlopné. Druhému pacientovi byla rov-
Trombéza umélé chlopné néz implantovana mechanicka aortalni chloperi pro tézkou aortalni stendzu v dasledku revmatické choroby

srdecni; ten se k lékafi dostavil s organizujici pneumonii a progredujicim respira¢nim selhanim jako kom-
plikacemi onemocnéni covid-19 a byl hospitalizovan s dyspnoe, kaslem a celkovou slabosti. Pfes optimalni
|écbu a terapeutickou hodnotu INR byla u pacienta stanovena diagndza trombdzy umélé aortaini chlopné.
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ABSTRACT

Prosthetic heart valve thrombosis is one of the most dangerous prosthetic valve complications. Proper mo-
nitoring and management of these patients help to prevent this complication. Fluoroscopy is advantageous
in cases of thrombosis to assess the function of the prosthetic valve by measuring opening and closing
angles. We describe two cases of aortic mechanical valve thrombosis with different mechanisms of throm-
bus formation. The first case was a 48-year-old woman admitted to the hospital because of shortness of
breath during minimal exertion and significantly reduced exercise tolerance. Due to rheumatic heart disease
the patient underwent aortic and mitral mechanical prosthesis and has been using warfarin in therapeutic
norms. During echocardioscopy aortic prosthesis obstruction and severe tricuspid valve regurgitation were
observed. The patient was scheduled for aortic root and TV prosthesis surgery. The second patient also had

Keywords: aortic mechanical valve due to severe aortic stenosis caused by rheumatism and presented with organizing
Aortic valve pneumonia and progressing respiratory failure as complications of the COVID-19 infection and was admit-
Mechanical prosthesis ted with dyspnea, cough, and weakness. Aortic prosthetic valve thrombosis was diagnosed despite optimal
Prosthetic valve thrombosis treatment and therapeutic INR.
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Introduction

Prosthetic heart valve thrombosis (PVT) is an uncommon
but usually life-threatening condition. PVT is a cause of
valve prosthesis dysfunction and a complication of valve
replacement surgery, occurring in any part of the heart
valve prosthesis.' The exact rate of valve thrombosis is not
known, but some authors estimate that incidence ranges
from 0.5% to 6% per patient per year in the aortic and
mitral position and up to 20% in the tricuspid position.?
The main factors influencing the development of PVT are
inappropriate treatment by anticoagulants, thromboge-
nicity of the valve and hemodynamics of the transpros-
thetic blood flow.? Although thrombus formation is less
frequent with new surgical techniques, the hemodynam-
ic and physical properties of mechanical valves remain
thrombogenic.* The purpose of this article is to review
the epidemiology, clinical features, diagnosis and updat-
ed management according to current guidelines of PVT.

Indications for aortic valve replacement,
prosthetic valve thrombosis etiology,
and risk factors

In Europe alone more than 13 million people are diag-
nosed with valvular heart disease (VHD) each year and
100 million worldwide.> Aortic valve (AV) disease is the
most common among valvular conditions (44.3% of all
VHD)® and surgical aortic valve replacement (SAVR) or
transcatheter aortic valve implantation (TAVI) are the
main treatment for this condition.” Worldwide the num-
ber of AV replacement in 2003 was 290,000 and by 2050
is predicted to be 850,000.8 According to the latest ESC/
EACTS guidelines, indications for AV replacement are se-
vere symptomatic aortic regurgitation or asymptomatic
aortic regurgitation in patients with left ventricular end-
systolic diameter (LVESD) >50 mm or LVESD >25 mm/m?
body surface area (BSA) in patients with small body size
or resting left ventricular ejection fraction (LVEF) <50%. In
case of aortic root or tubular ascending aortic aneurysm
surgery is indicated in patients with Marfan syndrome
who have aortic root disease with a maximal ascending
aortic diameter > 50mm or aortic dilation, if performed
in experienced centers and durable results are expected.
In addition to, AV replacement is recommended in symp-
tomatic patients with severe, high-gradient aortic steno-
sis or in symptomatic severe low-flow, low-gradient aortic
stenosis with LVEF <50% and evidence of flow (contrac-
tile) reserve.® Each surgery has its own risks and one of
the most common complications in valve replacement is
PVT. Prosthetic valve dysfunction depends on the valve
that has been implanted and on the procedure (SAVR
or TAVI). Usually the suitable valve is selected based on
the following risk factors: anticoagulant-related bleed-
ing and valve deterioration. Antithrombotic therapy
slows down but does not eliminate the risk of PVT, which
also depends on the patient’s lifestyle, metabolic profile
or inflammatory status, especially in the case of TAVI."
Predisposing factors for thrombosis include a high body
mass index, male sex, bicuspid AV and a large aortic root
requiring a large sized prosthesis."" There are several de-

scribed mechanisms causing PVT, one of them is surface-
induced thrombosis, which is well described in mechanical
valves and other medical devices. The exposure of valve
prostheses to blood leads to a thrombogenic process that
results in formation of thrombin, platelet activation, and
the formation of platelet-fibrin networks on the surface
of the prosthesis. Transcatheter aortic valves are also as-
sociated with pathological processes — thromboembolic
events commonly found in the first 3 months after the
procedure. One hypothesis is that, because the original
valve is not removed during TAVI but left in place, the
leaflets of native valves still contain high levels of tissue
factor, which enhances platelet activation.'

Mechanical aortic valve thrombosis

Mechanical AV replacement is recommended for patients
who are younger than 60 years and have no contraindi-
cations to long-term anticoagulation.”™ Mechanical AV
prostheses are characterized by their robust structure and
a long service life. Monoleaflet valves are composed of
a single disc with an opening angle relative to the valve
annulus ranging from 60° to 80°, resulting in 2 different
sized orifices. Bileaflet valves consist of 2 semilunar discs,
the opening angle of the discs varies from 75° to 90° and
the open valve consists of 3 orifices.”*When a mechanical
valve is implanted, patients are at a high risk of stroke
and valve thrombosis and require long-term anticoagu-
lant treatment. The risk of PVT is higher for mechanical
mitral valves (0.9% of cases per year) than for mechanical
AV (0.5% of cases per year). Long-term anticoagulation
reduces the annual risk of PVT from 1.8% to 0.4%." PVT
is a serious complication occurring in 0.5-8% of mechani-
cal mitral and AV prosthesis.'® Thrombus formation is
more frequently observed in the mechanical valve than
in the bioprosthetic, presumably due to inadequate an-
ticoagulant use, and is associated with atrial fibrillation
(AFib) and poor cardiac function."”” However, Maribas et
al. reported that valve thrombosis is similarly frequent in
patients with bioprosthetic valves and in those with me-
chanical valves who are consuming adequate anticoagu-
lant therapy.'™

Biological aortic valve thrombosis

The incidence of biological prostheses in middle-aged
patients has increased in the last decade due to the im-
proved durability of newer generation prosthesis, the
reduced risk of reoperation for a degenerated aortic bio-
logical prosthesis, and emerging data on the unsuccessful
outcome of TAVI in high-risk patients.'® Although biologi-
cal prostheses do not require anticoagulant therapy, they
are subject to structural valve degeneration, resulting in
limited durability, which lasts between 10-15 years and
exposes the patient to the risk of reintervention.? Surgi-
cal biological AV prostheses are made of biological tissue
and can be xenogenic or allogenic as well as stented or
stentless.?! Meta-analysis of aortic bioprosthesis estimates
the incidence of PTV at 0.03 per 100 patients per year.?
Due to similar transvalvular flow gradients mechanical
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and transcatheter valves are homogeneous in terms of
thrombogenic potential while bioprosthesis remains the
least thrombogenic prosthetic valve.??

Transcatheter aortic valve thrombosis

Since first TAVI was performed in 2002, the rate of this
procedure has raised enormously, with more than 50000
having been performed worldwide, the vast majority of
them in Europe.?* In cases of severe aortic stenosis and ap-
propriate heart anatomy, TAVI is the best treatment op-
tion.?> Although current literature declares that SAVR is
more likely to cause bleeding complications, acute kidney
insufficiency and new arrhythmias,?®® TAVI is associated
with higher rates of permanent pacemaker implantation,
paravalvular regurgitation and vascular complications.?”

During the TAVI procedure, the tissue valve is im-
planted by balloon dilation or self-expansion. They are
inserted percutaneously, using a transfemoral access in
90%2 of cases, and the aortoventricular angle during the
procedure must be > 60°.2° PVT after TAVI is rare, with an
estimated incidence of approximately 0.61-2.8% based
on echocardiography or cardiac CT angiography.® Risk
factors for PVT include balloon-expandable valves, large
valve prosthesis size, inappropriate valve expansion, pa-
tient-prosthesis mismatch and valve-in-valve TAVI.3' Re-
searchers are currently attempting to prove that stasis in
the neosinus between the native AV leaflets and the TAVI
leaflets may be a major contributor to the formation of
PVT, and quantification of stasis using patient-specific in
vitro modeling has shown that it correlates with the ex-
tent of thrombosis.3? Bioprosthetic valves, both surgical
and transcatheter, have better hemodynamic properties
than mechanical valves, therefore the antithrombotic
therapy is needed during the endothelialization process
in the first 3-6 months after surgery. Although oral anti-
coagulants have been shown to reduce the incidence of
leaflet thrombosis, the routine use of an oral anticoagu-
lant after TAVI leads to excessive bleeding, and studies
are currently underway to investigate whether the use
of anticoagulants therapy will be demanded after TAVI
in the future.®

Indications for mitral valve replacement
and risk factors

Based on 2020 ACC/AHA guidelines for the management
of patients with VHD, mitral valve (MV) surgery is indica-
ted for symptomatic severe primary mitral regurgitation
(MR) when LVEF is above 30% and asymptomatic severe
primary MR in patients with severe, chronic disease and
left ventricular dysfunction with LVEF of 30% to 60%, or
LVESD of at least 40 mm. For secondary MR valve repla-
cement is indicated when patients do not have severe
ventricular dysfunction and are symptomatic despite op-
timal medical therapy or while undergoing concomitant
coronary artery bypass grafting.?® Myllykangas’ study in
Finland that included 3684 patients shows that the an-
nual prevalence rates of mitral surgery during the study
period was 3.9/100 000. 62.4% of these procedures were
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MV repairs and 37.6% were MV replacements. The mean
age of MV surgery patients is 66.0 years and 33.4% of the
patients were women.?* The ideal time for MV surgery is
when the patient’s left ventricle approaches but has not
yet reached the parameters that indicate systolic dysfunc-
tion (LVEF <60% or LVESD >40 mm).>®* MV replacement is
recommended for patients with moderate to severe mit-
ral stenosis (mitral valve area <1.5 cm?) who have NYHA
class Ill or IV symptoms, are not at high risk for surgery,
and have an MV not amenable to either percutaneous
mitral balloon commissurotomy or open commissuroto-
my/repair.?® The opening and closing angles determined
by 64-slice multidetector CT were 10.9+0.6 and 131.1£3.2
for the MV.3¢ Main factors for development of mitral PVT
are hemodynamic (local blood flow turbulences, relative-
ly slow blood flow in case of AFib, atrial dilation or low LV
output), hemostatic (tissue injury), surface (leaflet injury,
prosthesis malposition, incomplete prosthesis endotheli-
alization).>”

Mechanical mitral valve

Mitral PVT is two- to threetimes more common than aor-
tic prosthetic thrombosis. The annual rate of PVT ranges
from 0.1% to 5.7%, with higher rates in the early peri-
operative period and in association with subtherapeutic
anticoagulation.?® For patients undergoing prosthetic MV
replacement surgery, the decision regarding the choice
of prosthesis mechanical or bioprosthetic is based on the
need for anticoagulation with mechanical valves, the be-
lief of improved durability with current bioprostheses,
and patient risks for reoperation.>®* Mortality rates of pa-
tients who receive a mechanical valve are equal to those
of patients who receive a bioprosthetic valve. Mechanical
prosthetic valves (MPV) are associated with lower risk of
reoperation but increased risk of bleeding and stroke.*
Lifelong anticoagulation using oral vitamin K antagonists
(VKA) is required for all currently available mechanical
MV prostheses. Newer anticoagulants have not shown to
be safe or effective in patients with MPV. Anticoagulati-
on with a VKA might be reached with an acceptable risk
in most patients younger than 50 years, particularly if the-
re is appropriate monitoring of INR levels. Mechanical val-
ve in patients <50 years of age is chosen more frequently
due to more favorable balance between valve durability
and risk of bleeding and thromboembolic events, unle-
ss anticoagulation is not desired, cannot be monitored,
or is contraindicated.?® The intensity of anticoagulation
depends on the characteristics of prosthetic valve, e.g.,
bileaflet or tilting disc, and patient factors such as a his-
tory of thromboembolism, AFib, left atrial enlargement,
left ventricular dysfunction with the target INR of 3.0 for
modern bileaflet mechanical MV prostheses.*!

Biological mitral valve

Biological heart valves should be chosen in patients with
shorter anticipated survival or comorbidities that may
lead to reoperations, and those who are at increased risk
for bleeding. Bioprostheses are recommended for pati-
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ents >70 years of age or those in whom life expectancy is
shorter than the expected bioprosthetic valve durability.
Thromboembolic complications are less frequent in preg-
nant women with biological bioprostheses than mecha-
nical.*? Butnaru’s case reported an incidence of 6% mitral
bioprosthetic valve thrombosis out of 149 MV replace-
ment surgeries over 10-year period, two thirds of whom
showed resolution of symptoms.** A significant amount
of implanted mitral bioprosthesis degenerate over time
and need further treatment due to clinically significant
prosthetic stenosis or regurgitation.* Between 60-70%
of patients who undergo MV replacement surgery rece-
ive a bioprosthetic valve.? It was reported that patients
between 40 to 69 years of age who receive a bioprosthe-
tic MV have significantly higher 15-year mortality rates
compared with those who received a mechanical MV.%

Transcatheter mitral valve replacement

Together with developing transcatheter MV repair, in-
vestigators are improving methods for transcatheter MV
replacement (TMVR).* Compared with transcatheter AV
replacement, TMVR has been more challenging because
of the size, location and anatomy of the MV, and the risk
of left ventricular outflow tract obstruction.#” TMVR for
patients who have severe primary MR is a safe alterna-
tive when there are contraindications for surgery or ope-
rative risk is high.*® As patients are carefully selected to
avoid the failure of intervention, rejection rates for TMVR
have been about 60% to 70%. Recent developments
demonstrate the promise of increasing the population
that could be treated, for example, using a transseptal
or transapical approach. Procedure success rate was high
but has some limitations due to intracardiac maneuvera-
bility and sheath sizes.* Advancing the development of
TMVR is critical, as MR is the most common valvular lesion
in the world, and substantial advances in treatment of
heart failure (HF) has led to an aging population with MR
who may be at either high or prohibitive risk for open
surgery.®

Mechanical tricuspid valve

According to 2020 ACC/AHA guidelines surgical tre-
atment for tricuspid valve (TV) is an option for patients
with tricuspid regurgitation (TR) at the time of surgery
for left-sided valve lesions to treat symptomatic or asym-
ptomatic severe regurgitation or to prevent further de-
velopment of severe regurgitation. Surgical intervention
should also be considered for selected patients with isola-
ted TR in the absence of pulmonary hypertension (PH) or
dilated cardiomyopathy. MPV are rarely implanted in the
right heart, mainly because of their important thrombo-
genicity. TV replacement is needed when repair is unfe-
asible because of the marked leaflet tethering, complex
primary TR with tricuspid annulus diameter >40 mm, or
severe tricuspid stenosis with valve area <1.0 cm? with the
manifesting symptoms of right ventricular malfunction,
such as peripheral edema and ascites.>® The mean age
of the surgery is 52.3+8.8 years and 66.7% are females.>?

Thrombosis is the most important and common complica-
tion of the prosthetic TV and is 20 times more likely in the
tricuspid position (the reason is the lower pressure of the
right system, the right ventricular morphology, and the
low prostacyclin concentration of venous blood) during
the first post-operative year compared with the AV and
MV.>?® Mechanical valves have desirable hemodynamic
properties, low gradients, low disturbances in flow, and
long durability. The normal range of the opening angle
is 60-80° for tilting disc valves and 73-90° for bileaflet
valves.>* MPV are preferred in younger age groups as well
as patients with another mechanical valve.>

Biological tricuspid valve

The advantage of the bioprosthetic valves is that they do
not require long life anticoagulation in contrast to the
mechanical valves and cause a higher risk for thrombo-
embolism and hemorrhage.*® Because of the lower risk
of thromboembolism, many surgeons favor bioprosthe-
tic valves but the choice of the type of prosthesis should
be individual, considering the patient’s age, condition,
and concomitant cardiac or non-cardiac diseases.”’” Low
pressure and stress in the right heart provides higher du-
rability for the bioprosthesis compared to the left sided
prosthetic valves and requires less reoperations compa-
red with mechanic valve as well.”® The average time for
failure of tricuspid bioprosthesis is 7 years.>® There are no
differences between the mechanical and tissue valves in
survival rate. Patients who receive bioprostheses must be
carefully evaluated with periodic echocardiograms, espe-
cially after 7 to 10 years, for detecting clinical and subcli-
nical signs of structural valve degeneration.®®

Clinical presentation and diagnosis

The clinical presence of PVT varies depending on whether
there is an obstruction. Severe obstructive PVT (OPVT) is
usually associated with HF, while a non-obstructive PVT
(NOPVT) is often an accidental finding or presents as an
embolic episode. When obstruction is partial it results in
dyspnea, systemic embolism or fever. In the presence of
fever diagnostic blood cultures should be performed to
prevent or to diagnose infectious endocarditis early. Con-
centrations of D-dimers may be affected and increased. A
detail physical examination should be performed, exami-
ning for the suppression or disappearance of prosthetic
sounds and the occurrence of new regurgitating or ob-
structive murmurs, especially if PVT is suspected for the
first time. The initial diagnostic tests are transthoracic
echocardiogram (TTE) and cinefluoroscopy.®' Echocardio-
graphic features that might help to suspect PVT are an
acute increase in valve gradient of more than 50% over
5 years, thickening of the valve leaflet (>2 mm) downst-
ream of the valve, decreased or limited leaflet mobility,
and regress of echocardiographic abnormalities within
1-3 months of anticoagulant therapy. Cinefluoroscopy
helps to assess the movement of the leaflets in mecha-
nical valves. Nevertheless, for cinefluoroscopy a suitable
patient position is required and this examination is time
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consuming. Conversely, the valve can be reoriented in
any CT plane. CT offers optimal visualization of valve pro-
files and it does not depend on valve position, neither
patient physical characteristics. CT complements TTE and
cinefluoroscopy by performing a functional and morpho-
logical evaluation of the mechanical valve as it combines
the measured values of the opening and closing angles
with other information like the size of the valve or the
presence of a thrombus or pannus.®?

Thrombosis of prosthetic heart valves:
treatment

Main therapeutic modalities considered when PVT is
diagnosed: surgery, fibrinolysis, heparin treatment or
optimization of anticoagulant and antiplatelet therapy.
Treatment depends on the presence of obstruction and
prosthesis location but prosthesis type does not have an
importance in choosing a treatment.

Right-sided obstructive
and non-obstructive PVT

Right-sided thrombosis is much more frequent than left-
-side. Although there are no formal prospective studies
evaluating different treatment modalities, intensified
anticoagulation should be the first choice of treatment
in patients with right-sided NOPVT. Patients with ob-
structive TV thrombosis usually present with signs of right
HF, such as peripheral edema and ascites, and the pro-
sthetic valve click may be inaudible during the auscultati-
on. TTE and transesophageal echocardiography (TEE) can
reveal the increased echogenicity on the prosthesis, dec-
reased movement of the disc, and an elevated prosthe-
tic valve gradient. The treatment of choice in right-sided
OPVT is thrombolytic therapy, fibrinolytic agents are as-
sociated with a high success rate and a low complication
rate. Surgery should be reserved for cases of thrombolytic
failure, and contraindication to thrombolysis. Replace-
ment of the mechanical TV with a bioprosthesis can be
considered in patients with failed thrombolysis, recurrent
thrombosis, evidence of pannus or contraindications to
thrombolytic therapy.5

Non-obstructive left-sided PVT

Management can be divided according to the size of
thrombus. Fibrinolysis has been performed with success
for small non-obstructive thrombi, but also with a signifi-
cant risk of systemic embolism. The prognosis is favorable
with medical therapy by optimization of anticoagulant
treatment (short-term intravenous unfractionated hepa-
rin followed by warfarin adjustment and aspirin addi-
tion) for small asymptomatic thrombi (length <10 mm). If
thrombus size is increased or is complicated by embolism,
thrombolytic therapy or surgery should be considered.®
In all cases of PVT, anticoagulant treatment has to be op-
timally adjusted. Surgery is recommended for large (=10
mm) NOPVT complicated by embolism or which persists
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despite optimal anticoagulation.® Fibrinolysis should also
be considered if surgery is at high risk.

Left-sided obstructive PVT

The treatment includes surgery (thrombectomy or valve
replacement), thrombolytic therapy, and heparin. After
a diagnosis has been made, heparin treatment should be
started immediately. Surgery is recommended for pati-
ents in NYHA functional classes IlI-1V, unless it is at high
risk. Surgery is also indicated for critically ill patients and
restrict thrombolysis to patients with high surgical risk
(thrombus area [2D TEE] >0.8 cm? and thrombus diame-
ter 1.0 cm is associated with increased embolic risk and
the rate of complications increases 2.4 times per 1.0 cm?
increase in size, which makes surgery a better option.%
Outcomes have been better with thrombolytic therapy,
therefore it is suggested that thrombolytic therapy would
be the treatment of choice in all cases except for patients
with contraindications to these agents.

In  hemodynamically unstable patients fibrinolysis
should consist of recombinant tissue plasminogen activa-
tor (rtPA) 10 mg bolus + 90 mg in 90 min, or streptokinase
1500000 U in 60 min without heparin. While in hemody-
namically stable patients: urokinase 4500 U/kg/h over a
12 h period, or 2000 U/kg/h + heparin over 24 h, strepto-
kinase 500000 IU in 20 min followed by 1500000 IU for
10 h without heparin or rtPA 10 mg bolus, 50 mg during
the first hour, 20 mg during the second hour and 20 mg
during the third hour.®!

Prevention

Long-term anticoagulation is required to prevent throm-
boembolism after mechanical heart valve replacement,
its value in patients receiving bioprostheses is uncertain.®’
Moderate-intensity anticoagulant therapy (INR of 1.5 to
2.0) was reported to be safe and feasible for preventing
thromboembolic complications in high-risk surgical pati-
ents who are receiving long-term oral anticoagulant the-
rapy. The study included 18% patients with a mechanical
valve.®® Patients with mechanical or bioprosthetic valves
should receive antibiotic prophylaxis before some dental
and surgical procedures to prevent endocarditis.®® Nowa-
days, new generation of smart heart devices is capable of
auto-detecting valve status and able to measure specific
markers in plasma that could predict prosthetic HF. For
bioprostheses, several markers have been identified as
predictors of structural valve degeneration: the ratio apo-
lipoprotein B and A-l (apoB/apoA-l); lipoprotein-associa-
ted phospholipase A2 (Lp-PLA); the ratio of oxidized low-
-density lipoprotein and high-density lipoprotein (OxLDL/
HDL); proprotein convertase subtilisin/kexin 9 (PCSK9)
levels.” In addition, to solve geometry issues like patient-
-prosthesis mismatch latest technologies use stereolitho-
graphic 3D printing models based on X-ray CT scans of
native valves.”” Using this technology it becomes possible
to produce a tailor-made prosthetic valve, made of tissu-
es or polymers that would mimic the native valve with
a minimal error. In patients with suspected bioprosthetic
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valve thrombosis who are hemodynamically stable, a trial
of anticoagulation should be considered. It is also crucial
to recognize the difference between structural valve de-
generation and bioprosthetic valve thrombosis as a cause
of prosthetic valve dysfunction as the treatment differ.
Thrombolysis or secondary surgical intervention could be
suggested in patients who do not respond to anticoagu-
lation therapy or are hemodynamically unstable.”

Case 1

A 48-year-old woman was referred to Lithuanian Univer-
sity of Health Sciences (LUHS) Kaunas Clinics, Department
of Cardiology suffering shortness of breath during mi-
nimal exertion, significantly reduced exercise tolerance,
swelling of the legs and recurrence of rhythm disorders.
The patient has been suffering from the above com-
plaints for the past year, shortness of breath and HF sym-
ptoms progressing during the last months. In 1999, the
patient was diagnosed with a mixed rheumatic defect
and underwent mechanical AV and MV prosthesis, since
then she has been using warfarin in therapeutic norms.
The patient had recurrent atrial flutter (AF) episodes sin-
ce 2016 and had undergone radiofrequency catheter ab-
lation 4 times but no positive effect was observed. VVI
mode cardiac pacing was implanted in 2019, followed by
recurrence of atypical AF episodes which was reversed
with cordarone. During TTE severe TR was observed. For
further investigation in the function of the mechanical
prostheses, treatment of TR and clarification of the dia-
gnosis, a decision to hospitalize the patient was obtained.
Patient denied other chronic and infectious diseases. For
outpatient treatment she has been using warfarin, corda-
rone, B-blockers, trimetazidine and diuretics.

Upon arrival in the cardiology department, clinical
findings included: heart rate (HR) 83 b.p.m., blood pres-
sure (BP) 120/70 mmHg, pulse oximetry 96%, normal me-
chanical valve clicks, and a I1° systolic murmur at the apex
of the heart, AV and Erb’s point. Laboratory tests showed
slightly elevated NT-proBNP (344.9 ng/l) and anticoagu-
lation studies revealed an INR of 3.1, an aPTT of 45.1 s
and a PT of 80.6 s. ECG showed normal cardiac pacing
activity. 2D TTE showed impaired LVEF - 50%, elevated
transprosthetic aortic Doppler peak velocity — 3.2 m/s, el-
evated peak transprosthetic gradient - 40.96 mmHg, I°
intraprosthesis regurgitation. Signs of rheumatic damage
to the TV were also observed, such as copulating leaflets,
accelerated tricuspid peak velocity — 1.7 m/s, IlI-IV° TR.
Chest x-ray showed mild pulmonary vascular congestion.
Invasive hemodynamic tests were performed to differen-
tiate possible causes of dyspnea and severe post-capillary
PH with reduced cardiac output were found. TTE was re-
peated to monitor the dynamics — AV prosthesis peak ve-
locity 3.8-4 m/s was recorded from the adaptive positions
and assessed as prosthesis dysfunction (Fig. 1).

Patient’s status worsened and the “heart team” con-
silium recommended reoperation of the AV and TV pros-
thesis surgery. In the department of cardiology lansopra-
zole and heparin, with dose titration according to aPPT,
were added to the previous treatment. The patient was
transferred to the cardiac surgery unit for further surgi-

Fig. 1 - Fluoroscopic view of the mechanical prosthetic aortic valve
thrombosis.

Fig. 2 - Fluoroscopic view of the prosthetic aortic valve replacement
due to valve thrombosis and tricuspid valve prosthesis.

cal treatment — aortic root and TV prosthesis surgery in
case of dysfunction of the mechanical AV prosthesis and
severe TV regurgitation (Fig. 2).

PVT can still occur despite adequate anticoagulation
and optimal INR values, so it is important to monitor pa-
tients at risk and identify complications as soon as pos-
sible.

Case 2

A 60-year-old man was referred to the LUHS Kaunas Cli-
nics, Department of Cardiology with progressive dyspnea
on minimal exertion and at rest, cough that produces he-
moptysis and weakness. The previous medical history of
the patient was a surgical closure of patent ductus arte-
riosus at the age of 8 and rheumatism in childhood. The-
re is family history of rheumatism. A mechanical AV for
severe aortic stenosis was implanted 15 years ago and the
patient has been treated with acenocoumarol since then.
Complaints lasted for a month, especially it has been in-
tensifying during the last 2 weeks. In the regional hos-
pital patient was treated for organizing pneumonia and
progressing respiratory failure that were recognized as
complications of the Covid-19 infection. He was treated
with dexamethasone and cefuroxime but it was unsucce-
ssful. There is past history of left middle cerebral artery
infarct that was diagnosed in 2016, patient lost eyesight
in one eye. Patient was admitted taking beta-blockers,
angiotensin receptor-neprilysin inhibitors (ARNi), and
loop diuretics due to HF, hypertension and permanent
AFib. Hospitalization was required for the further investi-
gation of progressing respiratory and HF.
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Fig. 3 - Fluoroscopic view of the mechanical prosthetic aortic valve
leaflet with a 15° opening angle secondary to thrombus formation.

Upon arrival in the cardiology department, clinical
findings included: HR 94 b.p.m., BP 116/54 mmHg, pulse
oximetry 92% with 6 L/min oxygen mask, irregular heart-
beats, both diastolic and systolic IlI°> murmurs at the pro-
jection of the aortic, tricuspid valves, apex and Erb’s point.

Laboratory results showed electrolytes in normal
range, normal liver function and impaired renal function
(creatinine 150.8 pmol/l, urea 20.7 mmol/l). Troponin |
was 82 ng/L (n <14 ng/L), NT-proBNP 18000 ng/L (n <300
ng/L), D-dimers 2400 pg/L (n <350 pg/L). Abnormal coagu-
lation test was observed with INR 2.7, PT 67.1 s, aPTT 41
s, ECG - AFib.

2D TTE showed reduced mobility of the one-leaflet
mechanical aortic prosthesis with an image suggestive
of thrombus (V__ - 4,6 m/s, G__ - 73,96 m/s, the mean
transprostethic gradient — 29 mmHg, effective orifice
area — 0.97 cm?) and reduced LVEF (44%) in the setting
of AFib. Dilated left ventricle, moderate (lI-111°) MV insuf-
ficiency, signs of severe PH - right ventricle systolic pres-
sure — 89 mmHg.

Chest X-ray showed large bilateral non-homogenous
infiltrations. The AV opening angle measured by the tho-
racic CT-scan was 15° (Fig. 3). Coronary artery angiogra-
phy was performed to differentiate the cause of dyspnea
but coronary artery stenoses were excluded and it con-
firmed the dysfunction of AV.

Despite the adequate treatment of HF, anticoagula-
tion therapy, patient’s condition was worsening due to
venous congestion and hypotension, therefore urgent
surgical treatment was recommended. Intravenous do-
pamine was given to the patient but cardiogenic shock
was progressing and patient was transferred to the inten-
sive care unit. Mechanical aortic prosthesis was surgically
removed and changed with bioprosthetic valve. During
the postoperative period patient’s condition continued
to worsen due to progressing respiratory failure, cardio-
genic shock, acute renal failure, liver failure, urinary tract
infection and metabolic acidosis. Patient vital functions
were supported with veno-arterial extracorporeal mem-
brane oxygenation, renal replacement therapy, mechani-
cal ventilation, antibiotics were added to the treatment.
On the 8th postoperative day patient died. Histopatho-
logical examination of AV showed thrombotic mass with
the features of degeneration on the valve. Even though
further investigations are needed because of the unclear
mechanisms but it is suspected that the pro-inflammatory
and pro-coagulant states of SARS-CoV-2 virus are related
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to the risk of PVT despite therapeutic INR and optimal
treatment.

Discussion

Prosthetic valve obstruction by pannus, thrombus, or
both is one of the most life-threatening complications of
mechanical prostheses.” Clinical presentation of the pa-
tient may vary from mild dyspnea to severe respiratory
failure and rapid worsening of HF. Sudden increases in
transvalvular gradients from baseline during TTE are in-
dicative of valvular obstruction.” It is crucial to be aware
of a possible acute decline in a clinical status and alert
in case of an emergency intervention. Fibrinolytic thera-
py and surgical intervention remain main options in PVT
management, even though it is still controversial and the
choice is based on the clinical manifestations. The choice
of the PVT treatment is reliant on the features of mecha-
nical valve thrombosis.® High-risk left-sided PVT features
(NYHA functional class lll to IV, mobility of the thrombus
and the size >0.8 cm?) are in favor of surgical approach.

Thrombosis may present with acute manifestations
while the pannus usually presents with chronic evolution,
over several weeks or months. Prosthetic valve dysfunc-
tion at AV position is often caused by pannus formation
which is an uncommon, but serious complication. Its in-
cidence varies between 1.8% in tilting discs to 0.73% in
bileaflet valves.”> All types of available prosthetic valves
can be affected by pannus formation. Pannus formation
is a biological reaction to valve prostheses associated with
factors such as surgical technique, thrombus formation
due to inadequate anticoagulation and infection.”

Rheumatic heart disease patients are usually treated
with mechanical valve replacement surgery, owing to
their durability and lower reoperation rates. However,
these patients require lifelong oral anticoagulation ther-
apy to prevent thromboembolic complications. Chronic
anticoagulation has the risk of bleeding which necessi-
tates close monitoring of INR. This complicates the lives
of patients with mechanical prosthesis, thus inadequate
anticoagulation therapy is the main reason for the de-
velopment of PVT. A large meta-analysis of 1005 patients
showed that up to 61% of patients with PVT had ade-
quate anticoagulation so the cause of PVT in them re-
mains unclear.”® However, the INR can be falsely elevated
in certain cases. Falsely elevated INR have been recorded
in patients with lupus anticoagulant antibodies or dysfi-
brinogenemia and in those undergoing conversion from
direct thrombin inhibitors.”” Though the increase of INR
may also result from the coagulation factors deficiency,
liver dysfunction or vitamin K deficiency.”® In our first
case, the patient had sufficient anticoagulation but still
developed prosthetic valve dysfunction. In this case, we
need to remain alert and suspect other conditions that
may be responsible for the high INR values.

Cardiac rheumatism may have played a role in our
cases, especially considering that our first patient also
developed TV rheumatic regurgitation. It is important to
note that most of the previously reported cases of pan-
nus formation at AV position were females as well as
our first case. Differential diagnosis between thrombus
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and pannus is made based on clinical, echocardiographic
and morphopathological criteria and is essential because
therapeutic approaches are different. If in thrombotic ob-
struction, thrombolysis can be considered, this is contrain-
dicated in the case of pannus, where the only valid treat-
ment is surgery — valve replacement or pannus removal.”
In our case, chronic evolution and effective anticoagula-
tion resembles the clinical picture of pannus formation
rather than thrombosis. Since a TV prosthesis surgery was
required, it was decided that the dysfunction of the AV
prosthesis would be corrected during the same surgery.

Recently it was discovered that the pro-coagulant ef-
fect of the SARS-CoV-2 virus does not always protect pa-
tients from the risk of thrombosis, even under effective
anticoagulation like it was observed in the second clini-
cal case. In patients with mechanical valves receiving VKA
treatment, high risk of thrombus formation remains.®
The treatment is based on thrombolysis by therapeutic
anticoagulation, fibrinolysis, or surgery and is selected
depending on the size, composition of thrombus, and
clinical status. In our case, due to the manifestation of
organizing pneumonia as a late-phase Covid-19 infection
complication and the rapidly worsening condition of the
patient, the surgical treatment was required. Allione’s
study shows that the monitoring of D-dimer levels asso-
ciated with the inflammation parameters (CRP and IL-6)
might be useful for early recognition of prothrombotic
pattern associated with SARS-CoV-2, despite therapeutic
values of INR during warfarin treatment.®'

Conclusions

Despite PVT being rare, it is a highly lethal condition that
requires rapid diagnostic assessment. Diagnosis is based
on the findings of the clinical examination, cinefluorosco-
py and echocardiography. The role of TTE is fundamental,
not only for accurate diagnosis but also to provide op-
timal treatment. Treatment depends on the presence of
obstruction and prosthesis location and might be chosen
as one of the following: surgery, fibrinolysis, heparin tre-
atment or optimization of anticoagulant and antiplate-
let therapy. Adequate anticoagulation remains the most
important factor in the prevention of PVT in mechanical
prosthesis.
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V diagnostice a stanovovani progndzy kardiovaskuldrnich onemocnéni (KVO) jiz byla pouzita fada ukazate-
10. Aterogenni index plazmy (AIP) se vypocitava jako logaritmus molarnich koncentraci triglyceridu (TG) a li-
poproteinl o vysoké hustoté (high-density lipoprotein, HDL). Vynikajici predikéni hodnota AIP je vysledkem
tésného vztahu mezi AIP a velikosti lipoproteinovych castic. AIP Ize jednoduse vypocitat pomoci typického
lipidového profilu. Jedna se o presnéjsi prediktor velikosti lipoproteinovych ¢astic nez velikosti ¢astic jednot-

livych lipid( nebo poméru TG a HDL.
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ABSTRACT

Keywords:

Atherogenic index of plasma
Cardiovascular disease

Ratio of triglyceride to high-density

Numerous indicators have been used to diagnose and prognosticate cardiovascular disease (CVD). The athe-
rogenic index of plasma (AIP) is a logarithmic conversion of triglyceride (TG) to high-density lipoprotein
(HDL) molar concentrations. The close association between AIP and the size of lipoprotein particles may
account for its excellent predictive value. AIP may be computed simply using a typical lipid profile. It is a bet-

lipoprotein ter predictor of lipoprotein particle size than that of individual lipids or the ratio of TG to HDL.
dyslipidemia (high LDL/HDL ratio and elevated TG) raises
Introduction CV risk.”

Better atherogenic dyslipidemia indicators are replac-
Cardiovascular disease (CVD) causes one third of fatalities ing old rates.> The atherogenic index of plasma (AIP) is
globally, and the risk factors for CVD are growing." The
most fundamental effort in combating the CVD epidemic
is preventing risk factors and understanding their inter-

actions. Obesity, inactivity, poor nutrition, and smoking

Atherogenic index of plasma

are major CVD risk factors.2 Among them, the plasma lipid [Trig|yceride]
profile is the key CVD predictor.? — Iog

The LDL/HDL ratio is widely used to assess CV risk since
there is a clear link between high LDL-C and low HDL- [HDL ChOIeSterOI]

C.4% Conversely, elevated TG levels have been linked to

increased LDL-C particles and CV risk.® Thus, atherogenic Fig. 1 - The AIP calculation.
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a powerful predictor of atherosclerosis.®'® AIP stands for
protective and atherogenic lipoprotein interaction.” AIP
is calculated as log(TG/HDL-C) (Fig. 1)."? AIP readings be-
low 0.11 are related to a low risk of CVD, whereas those
between 0.11 and 0.21 are associated with an intermedi-
ate and increasing risk."”* We conducted a review to assess
the relationship between AIP and CVD.

A novel CV predictive biomarker

Regular exercise has been shown to reduce the risk of he-
art disease, stroke, hypertension, and diabetes.’ Accor-
ding to Tarig M. Ali Rajab et al., diabetes dyslipidemia is
characterized by a rise in TG and a reduction in HDL-C."
Another study indicated that hyperglycemia, aberrant li-
pid profiles, and HTN all contributed to atherosclerosis
progression.'® Various studies have shown a high associ-
ation between AIP and lipoprotein particle size, making
AIP an indication of atherogenic lipoprotein status.'

Fig. 2 - AIP may predict acute coronary events.

AIP may be used to evaluate CV risk factors and predict
acute coronary events (Fig. 2)."”” AIP may also be used as
a screening technique when all atherogenic parameters
are normal.> The AIP index rises with changes in other CV
risk factors. According to Niroumand et al., regular ex-
ercise and a balanced diet are suggested. AIP should be
used regularly as a CVD indicator, especially in patients
with high CV risk factors. It's a simple statistic to calculate,
especially when other lipid levels are normal.™

For example, a study of 340 healthy women found
a significant connection between AIP and the Framing-
ham risk score (FRS), indicating an AIP involvement in
early coronary artery disease (CAD) identification.” A re-
cent study of young individuals identified an association
between AIP and CV risk factors.?® A higher AIP value en-
hanced the incidence of CAD in HIV patients and RA/SLE
women.?'? The AIP value may better reflect metabolic
dysfunction than a single metric like LDL-C. This subfrac-
tion of LDL-C is known as sdLDL.?

Unsurprisingly, a higher AIP score may raise the
risk of CAD in adults. It has to be replicated in a larg-
er adult sample to determine the AIP’s potential as
a CAD risk predictor.?® Ferndndez-Macias et al. show

that AIP may be used as a CVD biomarker in Mexico,
because strong relationships were found between
asymmetric dimethylarginine (ADMA) and adipocyte-
fatty acid binding protein (FABP4) concentrations and
AIP in people.?

Cardiovascular diseases

The severity of OSA illness corresponds with AIP but not
sleep quality or quantity. Although this was an experi-
mental goal, AIP did not outperform other lipid measures
in detecting dyslipidemia in OSA. The AIP value can vary
drastically in OSA.26 In OSA, the apnea-hypopnea index
(AHI) is linked to AIP and the apoB/apoAl ratio. According
to Cao et al., the AIP and apoB/apoAl ratio rose with OSA
severity, perhaps contributing to the significant CVD risk
in OSA.%

AIP may be a reliable indicator of acute ischemic
stroke, particularly the stroke subtype of large-artery
atherosclerosis.?® According to Kim et al., high AIP pre-
dicts IHD in non-diabetic Koreans. As an alternative to
isolated TG levels or other lipid markers, AIP is increas-
ingly used to stratify distinct cardiometabolic risks.?® Re-
search by Abacoglu et al. is significant in revealing that
AIP is superior to TG/HDL-C and equal to stent length
in predicting ST. It also proposes reducing LDL-C as well
as serum TG and HDL levels to avoid ST. If AIP is found
in regular lipid measurements, treatment choices may
need to be changed or expanded.®® AIP was related to
angiographic progression of CAD irrespective of recog-
nized risk factors.?'

T2DM was linked to AIP transitions. Preventive mea-
sures are required to address T2DM at an early dyslipid-
emic stage.> When it comes to AIP and coronary heart
disease risk factors, Korean men are no exception. Obe-
sity, diabetes, and lipid metabolic indices are all benefi-
cial. Consumption of milk and dairy products was greater
among those with low AIP. The AIP quartiles differed in
total fat intake but not in saturated fat consumption. AIP
recommends further research on the causal link between
coronary heart disease risk factors and dietary intake. It
is also vital to include both male and female genders in
research for comparative analysis.?

Based on a large-scale clinical experiment with 10,251
randomized T2DM patients, AIP is a strong predictor of
CV events. Major adverse cardiovascular events (MACEs)
were more common in diabetics with high AIP. The out-
comes of this research helped design a unique MACE bio-
indicator for use in high-risk populations.3* AIP is better
than normal lipid profiles in assessing CAD risk, and this
finding may offer a theoretical foundation for successful
CV prophylaxis in T2DM patients.>

Due to its capacity to detect metabolic dysfunction, AIP
may be used to predict poor outcomes in non-diabetic
individuals following percutaneous coronary interven-
tion (PCl). The HR-AIP index association seems J-shaped.
The AIP index cutoff of 0.18 might be utilized to calculate
hazard ratios (HRs) for non-diabetic patients following
PCl. We need further multi-center research on non-dia-
betic individuals with metabolic dysfunction to confirm
the AIP index’s utility in this setting.3®
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Adolescents from Spain had the highest AIP. The ROC
AUC findings imply that all atherogenic indicators can
predict MetS. More research is required to fully under-
stand this forecasting ability.3” The best diagnostic cutoff
values for CAD and SS >23 were 2.035 and 2.23, respec-
tively. Using AIP as a biomarker may help avoid CAD in
Chinese patients. In clinical diagnosis and therapy, clini-
cians should consider patients’ AIP values.®

Conclusion

This review is noteworthy since it indicates that AIP is
more predictive of CVD than TG or HDL-C. This also means
that, in addition to LDL-C, serum TG and HDL levels must
be examined while attempting to prevent CVD. If AIP is
explored in conjunction with conventional lipid measure-
ments, treatment techniques may need to be altered or
increased. This review is important because it sheds light
on multicenter, prospective studies with a lot of patients.
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Pseudoaneurysma arteria radialis jako komplikace
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Selektivni koronarografie je bézné provadéné vysetreni s nizkym rizikem zévaznych komplikaci.' V posled-
nich letech se jako dominantni pfistup vzhledem k nejmensimu riziku lokalnich komplikaci a komfortu pa-
cienta vyuziva transradialni cesta. Z lokalnich komplikaci tohoto pfistupu se nejcastéji jedna o spasmus, oklu-
zi radialni tepny (ORA) a neokluzivni poskozeni. Ve vzacnych piipadech je to pak perforace cévy, pseudo-
aneurysma, arteriovendzni (AV) fistule, poskozeni nervu, tromboembolizace nebo vétsi krvaceni.>? V nasi
kazuistice chceme ukazat na piiklad, kdy doslo po nékolika letech k nahodnému objeveni pseudoaneurys-
matu radialni tepny jako iatrogenni komplikaci po predchozim invazivnim katetriza¢nim vysetfeni. Vétsina
téchto cévnich komplikaci je oligo- az asymptomaticka, nicméné muize byt i potencidlné rizikova. Proto je
stale nutné dbat na jasnou indikaci invazivniho katetriza¢niho vySetieni a prevysujici benefit nad pripadnymi
riziky pro pacienta.
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ABSTRACT

Selective coronary angiography is a routine examination with a low risk of serious complications.” In recent
years, with regards to minimizing the risk of local complications and comfort of the patient, the transradial
access has been used as the dominant approach. Among the local complications of this approach the most
frequent are spasm, radial artery occlusion (ORA), and non-occlusive damage. In rare cases, it is a vessel
perforation, pseudoaneurysm, AV fistula, nerve damage, thromboembolization or major bleeding.?* In our
case study, we want to show an example where, after several years, a pseudoaneurysm of the radial artery
occurred accidentally, as an iatrogenic complication after a previous invasive catheterization examination.
Majority of these vascular complications are oligo- to asymptomatic, but can be also potentially risky. There-
fore, it is still necessary to pay attention to a clear indication of an invasive catheterization examination and
the necessity that benefit for the patient outweighs the possible risks.

Keywords:

Arteria radialis

Local complication

Selective coronary angiography
Transradial acces

Uvod

ralnim pfistupem, mohou se vyskytovat.® Jedna se zejména
o spasmus radialni tepny, disekci a perforaci radialni tep-

Diagnostickd srdec¢ni katetrizace s pfipadnou navazujici
perkutdnni koronarni intervenci (PCl) je ve vétsiné pfipa-
du provadéna transradidlnim ¢i transfemoralnim pfistu-
pem. Transradialni pfistup byl poprvé k srde¢ni katetrizaci
pouzit v roce 1989.% Pfic¢inou rozsifeni tohoto typu pfistu-
pu bylo zejména snizeni krvacivych komplikaci, moznost
zkraceni hospitalizace a preference pacienty.> Vice pra-
ci prokazalo snizeni krvacivych a vaskularnich rizik také
u pacientd s akutnimi koronarnimi syndromy.5’

Pfestoze zejména vaskularni komplikace jsou u radial-
niho pristupu vyznamné méné cetné ve srovnani s femo-

ny, lokalni hematom, AV fistuli, pseudoaneurysma a oklu-
zi radialni tepny.”®

Perforace radiadlni ¢i brachidlni tepny je méné cas-
tou komplikaci (0,07-0,9 %), ale potencialné zavaz-
nou, s moznou tvorbou rozsdhlého hematomu a com-
partment syndromu.® Pseudoaneurysma radidlni di
brachialni tepny vznikd penetrujicim poranénim stény
cévy, v€etné poranéni v misté vpichu, a naslednou pulsu-
jici extravazaci do mékkych tkani. Incidence arterialniho
pseudoaneurysmatu je u transradidlniho pfistupu nizka
(0,03-0,2 %).71°
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Podle nékterych praci je riziko vzniku pseudoaneurys-
matu radialni tepny (po kanylaci v intenzivni péci ¢i pfi
katetrizaci radidlnim pfistupem) vyssi u pacientu s fibrila-
ci sini, hypertenzi a chronickou rendlni nedostatecnosti."

V nasledujici kazuistice popisujeme pfitomnost chro-
nického pseudoaneurysmatu radidlni tepny jako kompli-
kaci predchozi katetrizace.

Popis pFipadu

Ctyfiasemdesatilety pacient jiz pfed lety po uzavéru de-
fektu septa sini, po plastice trikuspidalni chlopné (De
Vega) pro vyznamnou regurgitaci byl pfijat planované
k provedeni invazivni koronarni angiografie. Ta byla in-
dikovana pred zvazenim reintervence na trikuspidalni
chlopni pro rekurenci symptomatické vyznamné regurgi-
tace. Pfi samotném vysetieni radialnim pfistupem nebylo
mozné volné projit vodicim dratem dale nez do kubitalni
oblasti, proto byla provedena angiografie horni konce-
tiny prostfednictvim zavedeného sheathu. Bylo patrné
plnici se depo kontrastni latky po odstupu radidlni tep-
ny z tepny brachialni. Nebyl patrny leak, depo bylo elip-
soidniho tvaru s ostrou konturou, dominujici jako mozné

Obr. 1 - Selektivni nastfik a. radialis pfi korona-
rografii a patrné pseudoaneurysma (bila sipka)

FN OSTPA?/}?’
Vivid B2

Obr. 2 - Vysetieni duplexni sonografii. Vak pseudoaneurysmatu
(bila sipka), kréek pseudoaneurysmatu (zelena Sipka), nativni a. ra-
dialis (modra Sipka)

Obr. 3 - CT angiografie radialni tepny s pseudo-
aneurysmatem (bila Sipka)

Obr. 4 - 3D rekonstrukce pseudoaneurysmatu
radialni tepny (bila Sipka)

pseudoaneurysma (obr. 1). Vzhledem k tomuto nélezu
probéhla konverze na femoralni pristup. Dalsi vysetreni
probéhlo standardné, béhem korondrni angiografie ne-
bylo zjisténo vyznamnéjsi aterosklerotické postizeni vén-
Citych tepen. V druhé dobé jsme provedli duplexni ultra-
sonografické vysetreni (obr. 2) a nasledné i CT angiografii
tepen pravé horni koncetiny, ktera definitivné potvrdila
suspekci na pseudoaneurysma radidlni tepny velikosti 1,7
x 2 x 2,6 cm (obr. 3 a 4).

Vzhledem k potencidlnimu riziku vzniku tromboézy
a pfipadné embolizace jsme u pacienta indikovali chirur-
gické reseni — resekci a cévni rekonstrukci.

Z kardiologického hlediska byla u pacienta indikova-
na reintervence na trikuspidalni chlopni, kterd byla pro-
vedena prednostné pred cévnim vykonem. Vzhledem ke
sloZitosti vykonud jsme ustoupili od pUdvodné zvaZované-
ho sdruzeného vykonu na chlopnich i cévach pravé horni
koncetiny.

Diskuse

Nechirurgické feSeni pseudoaneurysmatu, vhodné u na-
lezG pod tfi centimetry, spociva v kompresi s naslednou
trombotizaci vaku ¢i podani trombinu do pseudoaneurys-
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matu. Zatimco jsou dostate¢né dlkazy pro prospésnost
podani trombinu do pseudoaneurysmatu femoralni tep-
ny, data pro tento postup u rfeSeni nalez( radidlnich jsou
limitovana. Chirurgickou terapii povazujeme za vhodnéjsi
u pseudoaneurysmat s prdmérem nad tfi centimetry, bez
dostatecného ,krcku vaku” (obr. 2), pficemz ,dostatec-
nost kr¢ku” neni jasné definovana. Selhani konzervativni
terapie je pak také indikaci k chirurgickému feseni.'2

Pozdni prezentace iatrogenniho pseudoaneurysmatu
radidlni tepny jsou vzacné. Jsou dokumentovany pripady
opozdéného vzniku."

V pfipadé nami prezentované kazuistiky se jedna velmi
pravdépodobné o akutné vzniklou komplikaci nasledkem
perforace radialni tepny vodi¢em pfi pfedchozi katetriza-
ci pred vice nez deseti lety.

| kdyZ je v soucasné dobé pseudoaneurysma u pacienta
zcela asymptomatické, domnivame se, Ze muze byt zdro-
jem distalni embolizace a takto rizikem akutni konceti-
nové ischemie, a proto budeme pacienta dale smérovat
k chirurgickému feSeni nalezu. Po tuto dobu ponechame
pacienta na antikoagulacni terapii.

Zaver

Komplikace transradialniho pfistupu k srde¢ni katetrizaci,
resp. selektivni koronarni angiografii, jsou méné casté ve
srovnani s transfemoralnim pfistupem. Vznik pseudoaneu-
rysmatu je komplikaci vzadcnou, nicméné vzhledem k vel-
mi vysokému poctu vlastnich katetrizaci radidlnim pfistu-
pem nikoliv zanedbatelnou. Absolutni vétSina maze byt
feSena konzervativné, intravaskularnim podanim trombi-
nu ¢i chirurgicky. Pfi pozdnim ndlezu pseudoaneurysmatu
tepen predlokti je nutno pomyslet na iatrogenni etiologii
v souvislosti s predchozi, byt velmi davnou, srde¢ni katet-
rizaci a nepoznanou perforaci tepny.

Prohlaseni autorti o mozném stietu zajmu
Zadny stret zajma.
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U pacientl s akutni disekci aorty typu B (dle Stanfordské klasifikace) s komplikovanym prabéhem je rekon-

strukce hrudni aorty endovaskularnim pfistupem (thoracic endovascular aortic repair, TEVAR) lécbou prvni
volby. Smyslem implantace stentgraftu je prekryti entry disekce provézené v idedlnim pripadé naslednou
trombotizaci falesného lumen v priibéhu celého stentgraftu, ¢imz dochazi ke stabilizaci stény hrudni aorty.
V nédmi popisované kazuistice k této zddouci trombotizaci nedoslo. Dlvodem byl zachovany pratok falesnym
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lumen pfi nediagnostikované perzistujici Botallové duceji. Resenim této komplikace bylo uzavieni perzistuji-
ciho zkratu pomoci Amplatzerova sifiového okluderu cestou falesného lumen disekované aorty.
© 2023, CKS.

ABSTRACT

In patients diagnosed with an acute aortic dissection type B according to the Stanford classification, thoracic
endovascular repair (TEVAR) is the primary recommended treatment in cases with a complicated course.
The purpose of implanting a stent graft is to close the entry point of the dissection, thus hopefully causing
a thrombus to fill the false lumen throughout the whole stent graft, stabilizing the thoracic aortic wall. In
our case report, the thrombus unfortunately did not form, the reason being continuous flow through the
false lumen due to an undiagnosed persisting Botallo’s duct. The solution to this complication was closing
the persisting shunt by implanting an Amplatzer septal occluder through the false lumen of the dissected
aorta.
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Uvod

Akutni aortalni disekce patfi mezi akutni aortalni syndro-
my. Mezi vrozené rizikové faktory vzniku aortaini disekce
patii biskuspiddlni aortalni chlopen, koarktace aorty a de-
fekty pojivové tkané (Marfanlv syndrom, Ehlersdv-Dan-
lostiv syndrom). K ziskanym rizikovym faktordm radime
arteridlni hypertenzi, vék, autoimunitni vaskulitidy (Taka-
yasuova arteriitida, obrovskobunéc¢na arteriitida) a aortiti-
dy luetické, bakteridlni ¢i mykotické. Dale se mUze vyskyt-
nout disekce aorty u Zen v souvislosti s téhotenstvim, u pa-
cientek bez pfidruzeného defektu pojivové tkdné se jedna
vsak o onemocnéni velmi vzacné. latrogenné zpulsobena
disekce aorty vznika v souvislosti s katetriza¢nim vykonem,
pouzitim intraaortdlni balonkové kontrapulsace ¢&i porané-

nim svorkou pfi kardiochirurgickém vykonu. V neposledni
fadé mize dojit k traumatické rupture aorty v souvislosti
s decelera¢nim traumatem (autonehody, pad z vysky).

K disekci aorty dochazi v dusledku disrupce vnitini vrst-
vy (tunica intima) cévni stény aorty a odtrzenim jeji riz-
né velké casti s ndslednym tokem krve do svalové vrstvy
(tunica media). V naprosté vétsiné pripadd dojde distalné
od entry k dalsi perforaci vnitini vrstvy — re-entry. Docha-
zi tak ke vzniku dvou cévnich lumen, pravého a nepravé-
ho, které je ohraniceno z velké ¢asti tenkou zevni vrstvou
stény aorty (tunica adventitia). Nepravé lumen muize vést
ke komplikacim odpovidajicim lokalizaci a rozsahu dané
disekce. Dle Stanfordské klasifikace rozdélujeme aortalni
disekce na typ A, kde postiZzeni aorty zacind ve vzestupné
¢asti hrudni aorty, a typ B, kde je postizeni aorty lokalizo-
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vano distdlné od odstupu levé podklickové tepny. Distal-
né zUstavaji oba typy disekce hrudni aorty bez ohraniceni
(abdominalni aorta, panevni tepny atd.). Toto praktické
a jednoduché déleni je vhodné také pro zakladni selekci
pacientd k naslednému zpUsobu lécby. Standardem lécby
disekce typu A je operacni feseni, kdezto u komplikova-
né disekce typu B je preferovana endovaskularni lé¢ba
(TEVAR).

Popis pFipadu

Prvni hospitalizace 52letého pacienta probéhla na nasem
kardiologickém oddéleni v roce 2015. Pacient byl pfive-
zen na akutni kardiologickou ambulanci s anamnézou
synkopy a odeznélé ataky bolesti na hrudi. V dobé pfi-
jeti na monitorované lGzko byl pacient jiz zcela bez po-
tizi, hemodynamicky stabilni a byl zahdjen standardni
diferencialné diagnosticky algoritmus vysetfeni bolesti na
hrudi. Na EKG byl pfitomen sinusovy rytmus s blokadou
levého Tawarova raménka (LBBB) nejasné doby trvani.
Laboratorné byly kardiospecifické markery opakované
negativni, ostatni laboratorni ukazatele se pohybovaly
v mezich normy. Echokardiograficky byla pfitomna ex-
centricka hypertrofie LKS s ejeké¢ni frakci 55 %, bez regio-
nalni poruchy kinetiky, bez vyznamného postizeni srdec-
nich chlopni. Vedlej$im nalezem byla dilatace prdméru
descendentni aorty na 50-55 mm. Z tohoto ddvodu bylo
doplnéno CT angiografické (CTAG) vysetieni aorty, které
vyloucilo jeji disekci, nicméné bylo potvrzeno aneurysma-
tické rozsifeni descendentni ¢asti hrudni aorty na 50 mm.
Na pfechodu oblouku a sestupné &asti hrudni aorty byla
patrna vychlipka sméfujici ke kmeni plicnice, bez patrné
zkratové komunikace pfi naplni kontrastni latkou. Nélez
byl uzavien jako rudiment po ductus arteriosus (obr. 1,
2). BEhem kontinudlni monitorace EKG byly opakované
zachyceny béhy nesetrvalé komorové tachykardie (NSKT).
Na podkladé tohoto nalezu pacient podstoupil selektiv-
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Obr. 1 - 3D rekonstrukce CTAG - rudiment po ductus arteriosus
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Obr. 2 - CTAG - vychlipka stény descendentni hrudni aorty - rudi-
ment po ductus arteriosus

ni koronarografii (SKG) s ndlezem izolované vyznamné
stendzy proximdlni ¢asti ramus interventricularis anterior
(RIA1, nemoc jedné tepny), kterd byla osetfena implanta-
c¢i jednoho stentu. Z davodu pretrvavani béhd NSKT i po
provedené intervenci véetné maximalni tolerované an-
tiarytmické farmakoterapie bylo u pacienta indikovano
elektrofyziologické vysetfeni (EFV). Vysledkem byly opa-
kované vyvolatelné komorové tachykardie a pacientovi
byl implantovan kardioverter-defibrilator (ICD).

V nasledujicich tfech letech byl pravidelné echokar-
diograficky kontrolovan a pro pokles ejekéni frakce (EF)
levé komory pod 35 % vlivem asynchronni kontrakce pfi
LBBB u néj byla indikovdna srde¢ni resynchronizacni 1é¢ba
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Obr. 3 - CTAG - disekce aorty typu B

24/02/2023 10:56:10



J. Svejda et al.

109

11.11.2019 \y e K= @IERH C.Budejovice-CT2
13:34:05 "7 - @ Aquilion ONE
6 Sn 53 s { g FFS
SP3.3 : } '

Iomeron 400

kv 120

mAs 177.0

SL3.0

GT 0.0 : W 500
359.4 - e c70
FCO08 f 1okl & CTA\Coronal
CTA 3.000 Coronalf 3 : 70.8 x 70.8 cm

Obr. 4 - CTAG - disekce aorty typu B

(biventrikularni ICD), coz nasledné vedlo k restituci systo-
lické funkce levé komory na EF 55 %. Zaroven podstou-
pil katétrovou radiofrekvencni ablaci (RFA) pro fibrilaci
sini. Pacient absolvoval pravidelné CTAG kontroly aorty,
na kterych nedochazelo k progresi dilatace hrudni aorty.
RovnéZ ani na jednom vysetfeni nebyla patrna zkratova
komunikace mezi aortou a plicnici.

Koncem roku 2019 byl pacient akutné pfijat pro nah-
le vzniklou bolest mezi lopatkami s ndslednym prikazem
akutni disekce aorty typu B (obr. 3, 4). Vzhledem k jiz vyse
zminéné dilataci descendentni ¢asti hrudni aorty byly
anatomické poméry ponékud odlisné. Leva podklickova
tepna odstupovala jiz z dilatovaného useku aorty a spo-

Obr. 5 - CTAG po debranchingu a implantaci stentgraftt
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Obr. 6 - CTAG po debranchingu a implantaci stentgraftd

lehlivé ukotveni proximalni &asti stentgraftu by vedlo
k prekryti levé spole¢né krkavice. Proto, po spolecné kon-
zultaci s kardiochirurgem, pacient nejdfive podstoupil
chirurgicky debranching aortalniho oblouku, pfi kterém
mu byl nasit aortosubklavidlni a aortokaroticky bypass
vlevo. Nasledné absolvoval endovaskularni feSeni disekce
aorty, pri kterém mu byly implantovany dva stentgrafty
do oblouku a descendentni ¢asti hrudni aorty (obr. 5, 6)
s prekrytim proximalniho entry disekce. Takto osetfen byl
pacient propustén a dale dispenzarizovan.

Prvni kontrolni CTAG vysetfeni aorty v odstupu
jednoho mésice prokazalo stdle se plnici nepravé lu-
men disekované ¢asti hrudni aorty (obr. 7, 8). Pfic¢inou
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Obr. 7 - CTAG - stéle pritocné falesné lumen aorty
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Obr. 9 - CTAG - perzistujici Botallova ducej (oznaceno ¢ervenou Sipkou)

byla nové prokdzand komunikace mezi hrudni aortou
a plicnici v misté puvodné popisované vychlipky (obr.
9, video 1). Diky stale prldto¢nému faleSnému lumen
nemohlo dojit k jeho trombotizaci, a tim i stabilizaci
stény hrudni aorty. Z obav z mozné progrese velikosti
a pfipadné ruptury stény aorty jsme se rozhodli k po-
kusu o uzavieni komunikace Amplatzerovym oklu-
derem. Vykon byl proveden femoralnim pfistupem
cestou nepravého lumen se 7Fr (French) zavadécim
systémem. Komunikaci jsme proméfili 4mm koronar-
nim balonkovym katétrem, ktery pfi Setrné inflaci lu-
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Obr. 10 - Angiografie po uzavieni Botallovy duceje okluderem

men zcela obturoval, a nasledné uzavieli Amplatzero-
vym okluderem Figulla Flex ASD 7,5. Vykon probéhl
bez komplikaci, kontrolni nastfik falesného lumen
potvrdil optimdlni pozici okluderu (obr. 10, video 2)
a pacient byl propustén z nemocnice dva dny po za-
kroku. S odstupem jednoho mésice bylo provedeno
dalsi kontrolni CTAG vysetfeni aorty, kde jiz byla pa-
trna kompletni trombotizace nepravého lumen hrud-
ni ¢asti disekované aorty (obr. 11, 12). Pacient stéle
dochazi na pravidelné kontroly cestou arytmologické
ambulance a je bez potizi.
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Obr. 11 - CTAG - trombotizace faleSného lumen aorty, Amplatze-
rdv okluder v misté pivodni Botallovy duceje (oznaceno cervenou
Sipkou)

Obr. 12 - 3D rekonstrukce aorty po vykonu - falesné lumen se jiz
v proximalni ¢asti neplni kontrastni latkou, dochazi jen k pInéni
distalni casti faleSného lumen disekce (¢ervena sipka).

Diskuse

Jak jiz bylo zminéno, preferovanym terapeutickym postu-
pem u komplikované disekce aorty typu B je implantace
stentgraftu (TEVAR). Smyslem implantace stentgraftu je
prekryti proximdlniho entry disekce potahovanou casti
stentgraftu. Tim dochdazi k zamezeni pritoku krve fales-
nym lumen, coz umoznuje jeho kompletni trombotizaci,
stabilizaci sestupné ¢asti hrudni aorty s eliminaci rizika jeji

ruptury a nasmérovani toku krve do pravého lumen dise-
kované aorty.

Technickou Uspésnost implantace stentgraftu posuzu-
jeme dle pfitomnosti zatékani krve do faleSného lumen
(endoleak). V zavislosti na velikosti endoleaku mize do-
chazet k nekompletni, nebo dokonce zadné trombotiza-
ci faleSného lumen a k nasledné progresi jeho velikosti.
Podle mechanismu vzniku rozezndvame nékolik typu en-
doleakd. V pripadé I. typu endoleaku (T1E) dochazi k za-
tékani krve do faleSného lumen kolem proximalniho i
distalniho kotveni stentgraftu. Typ Il (T2E) je stav, kdy do
faleSného lumen proudi krev retrogradné cestou volné
vétve. Endoleakem IIl. typu (T3E) se oznacuje situace, kdy
je porusena integrita stentgraftu na podkladé trhliny, za-
lomeni ¢i jiného mechanické poskozeni struktury stent-
graftu. Propustnost neporusené stény stentgraftu pfi zvy-
$ené porozité materidlu je oznacovana jako endoleak IV.
typu (T4E). V pfipadé, Zze neni zobrazovacimi metodami
prokdzan jasny zdroj toku krve do falesného lumen, ho-
vofime o V. typu endoleaku (T5E, endotension).

Existuje nékolik mozZnosti lé¢by endoleaku. U T1E
a T3E je vétSinou indikovana endovaskularni lé¢ba. Ta
spociva v prekryti netésniciho useku dalsim stentgraftem
(stent-graft relining). U T2E je indikovana lécba, pokud
je hemodynamicky vyznamny. Jeho |é¢ba se provadi su-
perselektivni embolizaci ptislusné volné vétve (perigraft
arterial sac embolization, PASE). Dalsi moznosti 1é¢by T2E
je perkutanni aplikace trombinu pfimo do vaku fale$né-
ho lumen ¢i chirurgicky podvaz pfivodné arterie. Endo-
leaky T4E a T5E je mozZno fesit konzervativné — sledova-
nim. V pripadé nutnosti Ize perkutdnni punkci falesného
lumen (vétSinou pod CT navigaci) odsat jeho obsah, a sni-
Zit tak endotenzi ¢i postupovat obdobné jako u lécby T3E.

V nasem ptipadé jsme vzhledem k velikosti komuni-
kace mezi nepravym lumen disekce a levou vétvi plicnice
cestou perzistentné pritocné Botallovy duceje pfistoupili
k jejimu katetriza¢nimu uzavieni pomoci Amplatzero-
va sinového okluderu. Zaroven tento pfipad potvrzuje
pravidlo, Ze |écba pacienta s akutnim aortdlnim syndro-
mem patii bezesporu do centra s komplexni kardiovas-
kuldrni péci. Dulezitd je spoluprdce mezi kardiologem,
kardiochirurgem, anesteziologem a radiologem, kterd
vede k celistvému pohledu na problematiku daného pa-
cienta. Je nutné, aby osetfujici personal mél zkusenosti
jak s feSenim primarniho problému, tak s pfipadnymi
komplikacemi. To je zajisténo jen v pripadé, Ze je péce
o takto komplikované pacienty centralizovdna. Nami zmi-
nény pacient je toho zafnym ptikladem. Nejprve byl na
nasem pracovisti vysetfen pro epizodu synkopy, nésled-
né byl dispenzarizovan pro chronické srde¢ni selhani, az
vse vyustilo v nutnost fesit akutni aortdlni disekci typu B.
Vcasné odhaleni suboptimalniho vysledku endovaskular-
niho vykonu (TEVAR), dukladné prozkoumani predchozi
dokumentace (predevsim CT vysetieni) a peclivé uvazeni
strategie feSeni dané situace je nedilnou soucasti celého
procesu v péci o pacienta.

Zaveéer

Cilem kazuistiky je poukazat na celkem vzacnou pfic¢inu
suboptimalniho vysledku endovaskuldrni lécby disekce
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aorty typu B zpUsobenou perzistujici Botallovou duceji.
Nami zvoleny zpUsob jejiho uzavéru je velice raritni a nesl
s sebou jisté pochybnosti o technické proveditelnosti ce-
Iého vykonu. Vysledek zakroku je viak vyborny a probéhl
bez jakychkoliv komplikaci.

Prohlaseni autori o mozném stietu zajmu
Zadny.

Financovani

Zadné.

Prohlaseni autorti o etickych aspektech publikace
Autofi prohlasuji, Ze kazuistika byla vypracovana podle
etickych standardd.

Dodatkovy material (videa) je dostupny v online verzi
¢lanku.
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Surgical management of ascending aorta
pseudoaneurysm in a patient with COVID-19
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ARTICLE INFO SOUHRN

Pseudoaneurysma hrudni aorty je raritni diagnéza asociovana s vysokou mortalitou. Prezentujeme pfipad
pacienta, u kterého vznikla velka falesna vydut deset let po provedeni Bentallovy operace a jednonasobné-
ho aortokoronarniho bypassu. Zarover s danym nélezem se u ného prokézala covid-19 pozitivita. Po zaléceni
pneumonie byla Uspésné provedena operace, a to sesitim dvou defekt( v aortalnim konduitu. Jedna se
o unikatni pripad, kdy pacient prezil dva zivot ohrozujici stavy.
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Bentallova operace ABSTRACT
Covid-19

Pseudoaneurysm of the thoracic aorta is a rare condition associated with high mortality. We present a case
Keywords: of a patient who developed a huge pseudoaneurysm 10 years after the Bentall procedure and one aorto-

Aortic pseudoaneurysm
Bentall procedure

coronary bypass while simultaneously being COVID-19 positive. After treating pneumonia, the surgery was
successfully performed with suturing two defects in the aortic conduit. It is a unique case report where the
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COVID-19

Introduction

Pseudoaneurysms of the thoracic aorta are contained rup-
tures in which the majority of the aortic wall has been
disrupted and luminal blood is contained by surrounding
mediastinal structures. They have a tendency to expand
quickly and are associated with high mortality. Etiologi-
cally they occur after cardiac surgery, chest trauma, or in-
fection. A golden standard for treatment is the surgical
approach but since reoperative aortic surgery is a thera-
peutic challenge, transcatheter closure or conservative
treatment is sometimes advised.'

Case report

A 43-year-old man after the Bentall procedure and one
aortocoronary bypass ad PDA (2010) was admitted to our
Institution on 9th December 2020 with a diagnosis of an
aortic pseudoaneurysm. He was previously hospitalized
in another hospital for sharp chest pain and exertional
dyspnea, where echocardiography revealed a pseudo-
aneurysm on the front side of the aortic conduit. His bio-

patient survived two life-threatening conditions.

markers of inflammation were elevated, therefore he was
treated with empirical broad-range antibiotics. Before he
was transferred to our institution he tested PCR negative
for COVID-19 on 9th December 2020.

On admission, the PCR test for COVID-19 was repeat-
edly negative and his biomarkers of inflammation were
elevated as well as cardiac markers. Echocardiography was
performed, and a leak in the area of reimplanted RCA to
the pseudoaneurysm was described. Then a chest CT scan
was completed, and a diagnosis of aortic pseudoaneurysm
with dimensions 77 x 107 x 44 mm was confirmed. It also
revealed no significant stenosis in LAD and RD, on the oth-
er hand, RCA and Cx weren't displayed which confirmed
the suspicion of RCA detachment. The pseudoaneurysm
caused compression of the conduit.

The operation performance was postponed, pa-
tient’s inflammation biomarkers persisted high despite
the administration of two empirical antibiotics. COVID-19
antigen rapid test was performed as a part of the regu-
lar screening process on the fifth day of hospitalization
with a positive result as well as a later repeated PCR test.
Chest X-ray confirmed right lobar pneumonia. The patient
required high nasal flow oxygen and was treated con-
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Fig. 2 - Sutured defects in conduit.

tinuously with antibiotics, steroids, and isoprinosine with
good therapeutical and laboratory effects. Another chest
CT scan completed before surgery on the 13th January
2021 manifested the presence of residual infiltrates on
the lungs and a massive progression of the pseudoaneu-
rysm to 150 mm with 2 possible entries (Fig. 1).

The patient subsequently underwent a cardiac op-
eration on the 21st, January 2021 in deep hypothermia
at 18 °C with cannulation of the subclavian artery and
femoral vein. Two leaks were detected on the front side
of the aortic conduit. The first defect was after central
anastomosis of the bypass to the PDA into the conduit
and the second was after reimplantation of RCA in the
Bentall procedure. The first smaller defect was sutured,
the second was bigger, and therefore circular suturing
was performed with bovine pericardium (Fig. 2). A lac-
eration of the right ventricle occurred during resternot-
omy and it was sutured continuously with bovine peri-
cardium as well.

Recovery was uneventful. The patient was discharged
on postoperative day 6 in stable condition. Another chest
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CT scan was performed one month after surgery with
a favorable outcome.

Discussion

The epidemic caused by the severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) is causing the loss of
thousands of lives because of its highly contagious nature
and unprecedented global spread, its aggressive clinical
presentation, and the lack of effective treatment. Active
SARS-CoV-2 infection may precipitate an overproduction
of early response proinflammatory cytokines, leading to
five times higher mortality and longer post-operative
stay. Moreover, studies have already proven that patients
with cardiovascular diseases have a greater risk of in-
creased SARS-CoV-2 infection prognosis.2

Several case reports have published their findings of
artery pseudoaneurysm and SARS-CoV-2 concomitant
presence but none of those included aortic pseudoaneu-
rysm. Some of them speculate that pseudoaneurysm de-
velopment was a consequence of advanced COVID-19
infection. In our case, the pseudoaneurysm likely devel-
oped before the COVID-19 infection nonetheless, the in-
fection accelerated its rapid progression. Nonetheless, it
is not possible to reliably claim whether this is a causal-
ity or a coincidence of the aortic pseudoaneurysm and
COVID-19 infection. The vascular complications after CO-
VID-19 infection and their possible association are still
under debate.’®

Another important factor is the timing of the opera-
tion since there are still no data on cardiac surgery op-
timal timing in a patient with COVID-19 infection. Our
decision was established to operate on the patient only
after successful treatment of pneumonia acknowledg-
ing the possibility of pseudoaneurysm rupture. In con-
clusion, decisions to operate should be based on the
severity of the disease, patient factors, and institution
capacity.
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Dnes je jiz dobfe zndmo, ze onemocnéni covid-19 mize mit i rdzné extrapulmonalni projevy. Mezi mozné
mechanismy postizeni kardiovaskularniho systému patii pfimé poskozeni myokardu v dUsledku hyperko-
agulability vyvolané systémovym zanétem, coz mdze vyustit i v destabilizaci platd v korondrnich tepnéch.
Popisujeme pfipad 30letého mladého muze po asymptomatickém onemocnéni covid-19, ktery byl pfijat na
oddéleni akutnich pfijmi nemocnice Grande Ospedale Metropolitano di Reggio Calabria (Italie) s typickou
bolesti na hrudi. U pacienta nebyla stanovena diagnéza kardiovaskularniho onemocnéni, nebyly pfitomny
Zadné rizikové faktory, ani kardiovaskularni onemocnéni v rodinné anamnéze.
Urgentni koronarografie prokazala kritickou (80%) stendzu ve stfedni a proximalni ¢asti r. interventricularis
anterior tvofenou platem vzhledu ateromového viedu.
Nase kazuistika upozoriiuje na nutnost — bez ohledu na rizikové faktory kardiovaskularniho onemocnéni
- ovéfit pritomnost ¢i nepfitomnost onemocnéni covid-19 u vsech pacienttd s akutnim infarktem myokardu
béhem této pandemie.

© 2023, CKS.

ABSTRACT

It is now widely known that COVID-19 can also cause various extrapulmonary manifestations. Possible me-
chanisms of cardiovascular damage include direct myocardial damage due to hypercoagulability caused by
systemic inflammation, which may also lead to destabilisation of coronary plaques.

We present a case of a 30-year-old young man following asymptomatic COVID-19 infection, who was admit-
ted to the emergency room of the Grande Ospedale Metropolitano di Reggio Calabria, Italy, with typical
chest pain. The patient had no cardiovascular disease, cardiovascular risk factors including no family history
of cardiovascular disease.

Urgent coronary angiography showed critical stenosis of the middle-proximal portion of the left anterior
descending artery (80%) with ulcerated plaque appearance.

Regardless of cardiovascular risk factors, our case report emphasises the need to determine COVID-19 status
in all patients with acute myocardial infarction during this pandemic.
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Introduction

Severe acute respiratory syndrome coronavirus 2 virus and
associated coronavirus disease 2019 (COVID-19) was offi-
cially detected for the first time in Wuhan and has spread
throughout the world becoming a pandemic. Although
COVID-19 causes respiratory symptoms in most patients,
several studies showed extrapulmonary involvement,
including the cardiovascular system. Possible mechanis-
ms of cardiovascular damage include direct myocardial
damage from hemodynamic derives or hypoxemia, myo-
carditis, microvascular dysfunction, or thrombosis due to
hypercoagulability due to systemic inflammation, which
can also lead to destabilization of coronary plaques.’ In li-
terature, there is evidence of the link between COVID-19
and coagulation abnormalities and the predisposition of
patients to thrombotic disease, in both the venous and
arterial circulation.? At coronary angiography, patients
with COVID-19 and myocardial infarction may show both
typical obstructive coronary arteries and normal angio-
graphic epicardial coronary arteries.> We present a case
of a 30-year-old young man following asymptomatic
COVID-19 infection, who was admitted to the emergency
room of the Grande Ospedale Metropolitano di Reggio
Calabria, Italy, with typical chest pain.

Case report

A 30-year-old young man was admitted to the emergen-
cy department of the Grande Ospedale Metropolitano of
Reggio Calabria, Italy, for typical chest pain.

The patient had no cardiovascular disease, cardiovascu-
lar risk factors including no family history of cardiovascu-
lar disease. He was infected with asymptomatic COVID-19
about 20 days previously. An antihygienic nasopharyn-
geal swab resulted negative 10 days before admission to
the emergency department.

On admission, electrocardiogram showed hyperacute
T waves on precordial leads V-V, (Fig. 1A). Admission
blood tests demonstrated increased level of high sen-
sitivity (HS) cardiac I-troponin 1260 ng/L (normal <12
ng/L) with increase of creatine phosphokinase (231 U/L;
normal <170 U/L) and creatine kinase MB levels (17 U/L;
normal <16 U/L). The C-reactive protein was just above
the maximum limit (5.57 mg/L: normal <5 mg/L). The
echocardiogram showed akinesia of the whole apex
with a reduced ejection fraction (42%). Urgent coro-
nary angiography within 1 h from hospital admission
revealed critical stenosis of the middle-proximal por-
tion of the left anterior descending artery (80%) with
ulcerated plaque appearance (Fig. 1B). The coronary
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Fig. 1 - (A) Electrocardiogram at admission showing hyperacute T waves from V-V, leads.
(B) Baseline coronary angiogram showing severe stenosis of middle-proximal left descend-
ing coronary artery (black arrow). (C) Coronary angiogram after angioplasty (black arrow).

24/02/2023 10:57:37



@

118 Post-infectious acute myocardial infarction following COVID-19

obstruction was successfully recanalized by the deploy-
ment of one Synergy everolimus-eluting stent 3.0 x 32
mm (Boston Scientific, Marlborough, MA, USA) (Fig.
1C). The patient was admitted to our Cardiology Inten-
sive Care Unit.

The following day, laboratory tests showed HS I-tro-
ponin 25 260 ng/L, total cholesterol 190 mg/dL, HDL 29
mg/dL, LDL 85 mg/dL, Triglycerides 93 mg/dL. The patient
was treated with acetylsalicylic acid, ticagrelor, high dose
atorvastatin, sacubitril/valsartan and bisoprolol.

A new echocardiographic check before discharge
showed a hypokinesia of the whole apex with an im-
provement of the ejection fraction (45%), normal right
ventricular function, normal pulmonary systolic pressure
and no valvular disease. The discharge electrocardiogram
showed ST segment normalization.

Patient hospitalisation occurred without complica-
tions, with no evidence of arrhythmias on electrocardio-
graphic monitoring.

The patient was discharged completely asymptomatic,
after the markers of myocardial necrosis were negative.

Discussion

In our case report we describe a case of acute myo-
cardial infarction in a young patient without cardio-
vascular risk factors following asymptomatic COVID-19
infection. To date, our case represents the youngest
patient to suffer a type 1 acute myocardial infarction
following an asymptomatic COVID-19 infection. In the
case series by Sisakian and colleagues, STEMI patients
with COVID-19 infection were young (33 and 35 years)
without cardiovascular risk factors (one of the patients
had a history of transient ischaemic attack) with onset
of ventricular fibrillation.*> Instead, in the case-series
by Bangalore and colleagues, patients with acute myo-
cardial infarction and COVID-19 infection had different
clinical as well as angiographic presentations.®” Indeed,
the mean age of the patients was 63 years and most of
them suffered from hypertension and diabetes melli-
tus. In addition, in 33% of patients at coronarography
the coronary arteries were angiographically normal. In
37% of COVID-19 patients with acute myocardial in-
farction, there was no evidence of a culprit lesion on
coronarography.>® These evidences suggest that seve-
ral mechanisms are involved in the aetiology of acute
myocardial infarction in COVID-19 patients, leading to
an increased risk of myocardial infarction during CO-
VID-19 infection, even in the absence of cardiovascular
risk factors. Myocardial ischaemia in COVID-19 patients
could be triggered by coronary dysfunction due to hy-
perinflammatory response.?® Cytokine release promo-
tes T-cell and monocyte activation within an existing
atherosclerotic plaque, destabilizing it through the re-
lease of histotoxic mediators leading to acute coronary
syndrome. Moreover, the cytokines release, as interle-
ukin-6, exerts proatherogenic effects, causing vascular
smooth muscle proliferation, endothelial cell activati-
on, and platelet activation.®™

Myocardial ischaemia can also be caused by micro-
vascular dysfunction due to endothelial impairment.?

116_119_Kazuistika_Caminiti.indd 118

Endothelial dysfunction in COVID-19 patients is caused
primarily by the downregulation of angiotensin-con-
verting enzyme-2 (ACE-2) receptors, triggering the
kallikrein-bradykinin system and resulting in increased
vascular permeability. Virus-mediated vasculitis could
be a further mechanism of microvascular dysfunction as
the virus penetrates vascular endothelial cells via ACE-2
receptors, leading to inflammation and apoptosis. The
multitude of pathways involved in the pathophysiol-
ogy of myocardial infarction in COVID-19 infection
results in a complex diagnostic and therapeutic man-
agement.”'%"" Thus, the European Society of Cardiology
developed Guidance for the Diagnosis and Manage-
ment of Cardiovascular Disease during the COVID-19
Pandemic to guide the cardiologist’s choices balancing
the exposure of the health professional with the ben-
efit to the patient.

Conclusion

COVID-19 infection by multiple pathophysiological me-
chanisms can lead to myocardial infarction even in young
people without cardiovascular risk factors. Regardless of
cardiovascular risk factors, our case report underlines the
need to determine COVID-19 status in all patients with
acute myocardial infarction during this pandemic. Fur-
ther studies are needed to investigate the multiple me-
chanisms responsible for myocardial infarction in patients
with COVID-19 infection and to assess optimal acute and
long-term therapy.
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Uvod: Intramyokardialni disekujici hematom (IDH) je dutina ve sténé srdce vyplnéna krvi, které vznika osla-
benim stény nekrézou po infarktu myokardu. IDH se mUze vytvofit ve sténé levé komory, pravé komory
nebo interventrikuldrniho septa.
Popis pripadu: Kazuistika popisuje pacienta s IDH jako vzéacnou komplikaci po infarktu myokardu. Pacient
byl hospitalizovéan pro trvajici obtézujici kasel tfi mésice po prodélani infarktu myokardu feseném implantaci
stentu. Dle echokardiografie bylo podezieni na krytou rupturu volné laterdlni stény s obrazem pseudoaneu-
rysmatu, pro kterou bylo rozhodnuto o operacnim feseni. Pfi operaci byl ndlez plo$né dutiny ve sténé levé
komory komunikujici otvorem s levou komorou. Vnitini i vnéjsi sténa dutiny obsahovala srdecni svalovinu,
a tak byla dutina diagnostikovana jako IDH. Otvor i dutina byly uzavieny stehy pies meshové podlozky
a suturou pres meshovy prouzek. Pooperacni pribéh se obesel bez komplikaci a pacient byl propustén osmy
den po operaci.
Diskuse: Diagnostika IDH se zaklada na anamnéze infarktu myokardu a na nélezech na echokardiografii.
Mezi zndmky echokardiografického obrazu IDH patfi vytvofeni nové dutiny uvnitf srdecni stény s echo-
lucentnim stiedem. Diferencialni diagnostika IDH zahrnuje aneurysma, pseudoaneurysma, trombus uvniti
dutiny LK nebo trabekuly komor.
Zavér: IDH je komplikace infarktu myokardu, na kterou je tfeba pomyslet pfi diferencidlni diagnostice nové
vzniklé dutiny ve sténé levé komory na ultrazvukovém vysetieni. Konzervativni feseni je mozné u IDH ma-
lych rozmérd, u kterych nedochazi k progresi. U hemodynamické nestability pacienta nebo u velkych nebo
progredujicich IDH je namisté chirurgické reseni.

© 2023, CKS.

ABSTRACT

Background: Intramyocardial dissecting hematoma (IDH) is blood-filled cavitation in the cardiac wall that
can occur as a complication of myocardial infarction, chest trauma, or percutaneous intervention. It can
develop in the left ventricular free wall, the right ventricle, or the interventricular septum.

Case report: The case report describes a patient with IDH as a rare complication of myocardial infarction. The
patient was hospitalized for ongoing irritating cough three months after ST elevated myocardial infarction
treated with percutaneous coronary intervention. The echocardiography showed the image of a pseudoaneu-
rysm of the left ventricle. The patient underwent surgery where a cavitation inside the left ventricle myo-
cardial wall communicating with the left ventricle was found. The inner and outer border of the cavitation
included myocardium, therefore diagnosis of IDH was established. The communication and the cavitation
were closed with pledgeted sutures and a direct suture with a mesh stripe. Postoperative hospitalization was
without complications and the patient was dismissed the eighth day after the surgery.

Discussion: Diagnosis of IDH consists of anamnestic information of myocardial infarction and assessment
on echocardiography. On echocardiography the IDH shows as a neocavitation within the heart wall with
an echo-lucent center. The differential diagnosis of IDH includes aneurysm, pseudoaneurysm of the heart,
thrombus of the ventricle and trabeculae.

Conclusion: The IDH is a post-infarction complication important to include in the differential diagnosis of
newly formed cavitation inside the ventricle wall seen on echocardiography. Conservative management is
suggested when the IDH is small and not growing. Surgery is indicated if the patient is unstable or the IDH
is large or growing.
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Background

Intramyocardial dissecting hematoma (IDH) is a rare com-
plication of acute myocardial infarction, chest trauma,
or percutaneous intervention. It is a subtype of subacute
myocardial rupture. IDH is blood-filled cavitation in the
cardiac wall created by hemorrhagic infiltration into and
through the myocardium of the ventricle or interventri-
cular septum. The cavitation’s borders are made of epi-
cardium and myocardium externally, endocardium and
myocardium internally. It can develop in the left ventri-
cular free wall, the right ventricle, or the interventricular
septum.’?

Formation of IDH may result from rupture of myocar-
dial vessels in the weakened necrotic wall post-myocardial
infarction, or from an acute increase of coronary capillary
perfusion pressure.? IDH can occur as a complication of
myocardial infarction or after thoracic trauma.* Mandke
et al. described IDH as a rare complication after using a
stabilizer in off-pump revascularization.®

The case report describes post-infarction IDH masque-
rading as a pseudoaneurysm.

Case report

A 75-year-old male patient with hypertension and diabe-
tes had ST elevated myocardial infarction (STEMI) of the
lateral wall. Cardiac catheterization after the STEMI sho-
wed total occlusion of an obtuse marginal artery (from
left circumflex) treated with percutaneous coronary in-
tervention (PCl) with a drug-eluting stent. After the STE-
Ml the patient had Dressler pericarditis.

The patient was hospitalized in internal ward three
months after the episode for an irritating cough. Echo-
cardiography was performed and showed a pseudoaneu-
rysm of the left ventricle. The pseudoaneurysm was loca-
lized between the basal and middle parts of the lateral
wall. The patient was treated with antitussives, benzodia-
zepine, and nitrates for hypertension.

Fig. 1 - Echolucent cavitation in the LV wall (IDH) communicating
with LV through a small hole (green arrow). IDH - intramyocardial
dissecting hematoma; LV - left ventricle; RV - right ventricle.

Fig. 2 (A) and (B) - To-and-fro flow inside the cavitation of the LV
wall (IDH) confirmed by Doppler ultrasonography. IDH - intramyo-
cardial dissecting hematoma; LV - left ventricle.

9.04 cm
4.06 cm

+ Length
X Length

Fig. 3 - Size of the cavitation of the left ventricle. IDH - intramyo-
cardial dissecting hematoma.
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Post-MI LV intramyocardial dissecting hematoma

Fig. 5 - Cavitation communicating with the LV (for-
ceps are going through the hole into the LV).

Fig. 6 - Closure of the hole communicating direct
suture with meshed strips.

The patient was transferred to the Centre of Cardio-
vascular Surgery and Transplantation (CKTCH) for surge-
ry. At admission he did not have any chest pain or short-
ness of breath. The only thing that bothered him was the
coughing ongoing since the myocardial infarction.

Transthoracic echocardiography showed echolucent
cavitation beside the posterior/lateral wall of the left
ventricle (LV). The size of the cavitation was 4 x 9 cm and
it communicated with LV through a small 1-cm hole in
the lateral wall of the LV. Inside the cavitation there was
a thrombus on the side nearer to the heart apex. The rest
of the cavitation was free with blood flow going in-and-
-out of the cavitation confirmed by Doppler ultrasound
(Fig. 1-3). The cavitation was diagnosed as pseudoaneu-
rysm and cardiac surgery was indicated for the risk of
complete rupture as a complication of post-myocardial
infarction pseudoaneurysm.

The systolic function of LV was good with an ejection
fraction of 65%, the heart did not have any other patho-

120_124_Kazuistika_Vejmelek.indd 122

Fig. 7 - Closure of the cavitation with LV with pled-
ged suture.

logies. There were bilateral pleural effusions — on the
right side 400 ml, on the left 1000 ml.

At CKTCH new coronary angiography was performed
with the finding: the left main coronary artery without
stenosis, diffuse up to 50% stenosis of the proximal and
middle part of the left anterior descending artery (LAD),
the stent in the obtuse marginal artery (OM) had 90%
restenosis and closure of peripheral part of OM. The right
coronary artery was without stenosis.

The patient underwent an operation. Epicardium
was heavily fibrotic and thick because of Dressler syn-
drome pericarditis. The patient was put on cardiopul-
monary bypass (CPB) and the heart was arrested by car-
dioplegia.

There was a bulging of thinned wall on the lateral side
of the LV. The wall was cut and opened at this site into
flat cavitation. The cavitation was 8 x 4 x 1 cm in size
(Fig. 4) and communicated with the LV through a 1.5 x
1 ¢cm-big hole (Fig. 5). The inner and outer border of the
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cavitation included myocardium, suggesting the diagno-
sis of IDH.

The hole communicating with the LV was closed with
two pledged sutures (Fig. 6) and the cavitation was clo-
sed with a direct suture forced with a mesh stripe (Fig.7).
A sample of the outer layer of the cavitation wall was sent
for histological examination. The patient’s weaning from
the CPB was without any complications. The CPB time was
87 minutes, and the heart arrest was 59 minutes long.

Postoperative hospitalization was without complica-
tions. On the seventh day after the surgery echocardio-
graphy was performed. There was hypertrophic LV with
good systolic function and akinetic posterolateral wall of
the LV. There was a pericardial effusion of 16 mm beside
the lateral wall of the LV. The original cavitation of the
IDH was filled with thrombus without any flow detection
(Fig. 8). Histological examination confirmed the presence
of dense fibrosis and atrophic cardiomyocytes.

The patient was dismissed on the eighth day after the
surgery stable and in good condition.

TIS0.4 MI1.2

Fig. 8 - IDH filled with thrombus lateral to the LV. Pericardial effusi-
on beside the IDH (PE - red arrow). IDH - intramyocardial dissecting
hematoma; PE - pericardial effusion.

Discussion

Diagnosis of IDH can be challenging and is usually done
perioperatively or at autopsy.® The correct diagnosis con-
sists of anamnestic information of recent myocardial in-
farction and assessment on transthoracic and/or transeso-
phageal echocardiography, or in some cases on magnetic
resonance.” Differential diagnosis of IDH includes ane-
urysm, pseudoaneurysm (PSA) of the heart, both being
more frequent complications of myocardial infarction,
also thrombus of the LV and trabeculae.?

The signs of IDH on echocardiography to distinguish
IDH from other possible diagnoses are:’

1. The formation of neocavitation within the heart
wall with an echolucent center.

2. Mobile thin layer surrounding the cavity made of

intact endomyocardium.

3. The presence of myocardium on both the internal

and external side of the cavity.

4. Changes in the echogenicity of the neocavitation

suggesting blood content.

5. Continuity between the dissecting hematoma and

the heart chamber.

6. Blood flow within the dissected hematoma confir-

med by Doppler sonography.’

The IDH is a dynamic entity and the sonography image
changes with time. In the phase of formation of IDH and
the phase of spontaneous reabsorption the sonography
image is unrecognizable from the image of a thrombus
inside the heart chamber. On the other hand, in the dis-
secting phase of IDH there is echolucent acoustic density
similar to blood in the neocavitation.' Therefore, in stable
patients, a series of ultrasonography examinations are
necessary for the correct diagnosis of IDH.

Often the IDH cannot be distinguished from pseudo-
aneurysm until surgery or autopsy. The outer layer of the
IDH consists of pericardium and myocardium in contrast
to pseudoaneurysm, whose outer layer consists of the
epicardium.?

In our patient the diagnosis of PSA was established
based on large cavitation on echocardiography. Due to
the high risk of PSA rupture the patient was indicated to
prompt operation without any other supplemental exa-
mination like MRI or CT. The histological examination of
perioperative outer layer biopsy showed the presence of
cardiomyocytes and therefore confirmed the diagnosis of
IDH.

The management of the IDH depends on various fac-
tors such as age, hemodynamic stability, the size of the
IDH, LV function, and the presence of pericardial effusi-
on. The conservative management is preferred when the
patient is stable, the size of IDH is small and consistent
and the echogenicity inside the IDH changes from blood
to thrombus.

Surgery is suggested if the patient is hemodynamically
unstable or there is the presence of pericardial effusion
or the IDH is large or growing larger.” One of the most
severe complications of IDH is progression into complete
myocardial rupture. Therefore, when the IDH is managed
conservatively, observing the patient and performing
a series of ultrasonographic examinations are necessary
until spontaneous reabsorption of the IDH or formation
of thrombus inside the IDH.®

Close monitoring or potential surgery is also suggested
in patients older than 60 years, patients with low ejecti-
on fraction (EF <30%), patients with anterior M, as these
factors were the most serious independent mortality risk
factors.®

Conclusion

The intramyocardial dissecting hematoma is a rare com-
plication of myocardial infarction. It is important to inclu-
de it in the differential diagnosis of post-myocardial in-
farction newly formed cavitation inside the left ventricle
wall seen on ultrasonography. Conservative management
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and further patient observation are suggested when the
IDH is small and not growing. Surgery is indicated if the
patient is unstable or the IDH is large or growing.

References

1. Vargas-Barrén J, Roldan FJ, Romero-Cardenas A, et al.
Dissecting Intramyocardial Hematoma: Clinical Presentation,
Pathophysiology, Outcomes and Delineation by
Echocardiography. Echocardiography 2009;26:254-261.

2. Agarwal G, Kumar V, Srinivas KH, et al. Left Ventricular
Intramyocardial Dissecting Hematomas. JACC: Case Reports
2021;3:94-98.

3. Roslan A, Jauhari Aktifanus AT, et al. Intramyocardial Dissecting
Hematoma in Patients with Ischemic Cardiomyopathy:

Role of Multimodality Imaging in Three Patients Treated
Conservatively. CASE (Phila) 2017;1:159-162.

4. Slepian R, Salemi A, Min J, Skubas N. A Hypo-Echoic,

Intramyocardial Space: Echocardiographic Characteristics

120_124_Kazuistika_Vejmelek.indd 124

of an Intramyocardial Dissecting Hematoma. Anesth Analg
2007;105:1564-1566.

Mandke NV, Nalladaru ZM, Chougule A, Mandke AN. Intra
myocardial dissecting hematoma with epicardial rupture -

an unusual complication of the Octopus 3 stabilizer. Eur J
Cardiothorac Surg 2002;21:566-567.

Pliam MB, Sternlieb JJ. Intramyocardial dissecting hematoma:
an unusual form of subacute cardiac rupture. J Card Surg
1993;8:628-637.

Sondhi S, Sharma R, Negi PC. Intramyocardial dissecting
hematoma. IHJ Cardiovascular Case Reports (CVCR) 2018;2:532—
S35.

Carcagni A, Nusca A, Covino E, et al. Dissecting intramyocardial
hematoma masquerading as a pseudoaneurysm of left
ventricular free wall: An unusual case of myocardial rupture.
Catheter Cardiovasc Interv 2006;67:724-727.

Leitman M, Tyomkin V, Sternik L, et al. Intramyocardial
dissecting hematoma: Two case reports and a meta-analysis of
the literature. Echocardiography 2018;35:260-266.

24/02/2023 10:58:50



Kazuistika | Case report

Srde¢ni tamponada jako zavazny projev angiosarkomu

(Cardiac tamponade as a severe manifestation of angiosarcoma)
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INFORMACE O CLANKU SOUHRN

Angiosarkom srdce je nej¢astéjsim primarnim malignim tumorem srdce. Je charakteristicky rychlym a agre-
sivnim rdstem. Nejcastéji postihuje pravostranné srde¢ni oddily. V diagnostice jsou nejdulezitéjsi zobrazovaci
metody a histologické vysetfeni. Progndza angiosarkom( je zédvaznd. Jedinym potencidlnim kurativnim za-
krokem je radikalni chirurgicka resekce. Popisujeme pfipad 20letého muze prezentujiciho se srdecni tampo-
nadou jako zavaznym projevem angiosarkomu.
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Srde¢ni tamponada ABSTRACT

Angiosarcoma of the heart is the most common primary malignant tumour of the heart. It is characterized
by rapid and aggressive growth. It most commonly affects the right side of the heart. Cardiac imaging and
histology are the most important tests leading to right diagnosis. The prognosis of angiosarcomas is very
poor. The only potential curative intervention is a radical surgical resection. We describe a case of a 20-year-
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Uvod

Ndadory srdce se fadi mezi vzdcna onemocnéni.' Uddvana
incidence je méné nez dva pripady na 100 000 pacientu.?
Zakladni déleni je na primarni, kdy nador vychazi ze sa-
motné srdecni tkané, a pocetné castéjsi sekundarni, kdy je
srdce postizeno metastatickym rozsevem. Primarni nddory
se dale rozdéluji na benigni, z nichZ nej¢ast&jsim je my-
xom, a maligni. Incidence malignich variant se dle rdznych
zdrojl pohybuje mezi 10-25 % primarnich nadort srdce.'?
NejcastéjSim typem primarniho maligniho tumoru srdce
je angiosarkom.? Zavaznost srde¢nich tumorl je obec-
né dana nespecifickymi priznaky, které zahrnuji dusnost
nebo hemoptyzu. Déle se mohou objevit symptomy, jako
je hubnuti, nechutenstvi, inava nebo horecka.* Typickou
lokalizaci angiosarkomu jsou pravostranné srdec¢ni oddi-
ly.56 Casto dochazi k rozvoji perikardilniho vypotku, kte-
ry mlze vést az k srde¢ni tampondadé.” Zakladnim pilitem
v diagnostice je echokardiografické vy3etreni, na které
navazuje vypocetni tomografie (CT), magnetickd rezonan-
ce, eventudlné pozitronova emisni tomografie/vypocetni
tomografie (PET/CT). Jiz pomoci zobrazovacich metod lze
odhadovat biologickou povahu srde¢niho tumoru.® Pro

-old man presenting with cardiac tamponade as a severe manifestation of angiosarcoma.

stanoveni definitivni diagnézy je pak zejména v pfipadé
malignich tumorl nutné provedeni histologického vyset-
feni ze vzorku nadorové tkané véetné imunohistochemic-
ké analyzy.>'® Vzhledem k rychlému a agresivnimu rustu
je progndéza angiosarkomu velmi Spatna. Udava se, Ze bez
lécby prezivaji pacienti v priméru nékolik mésica.5 Jedi-
nou potencidlné kurabilni metodou je radikalni chirurgic-
ka resekce, na kterou v indikovanych pfipadech navazuje
systémova lécba." Izolovana systémova lécba a radiotera-
pie jsou pouze paliativni zakroky urcené pro inoperabilni
pacienty.* V poslednich letech, patrné v dasledku rozsifeni
a lepsi dostupnosti zobrazovacich metod, incidence srdec-
nich tumort stoupa.™

Kazuistika

Prezentujeme pfipad 20letého dosud zdravého aktivni-
ho pacienta s nékolikatydenni anamnézou namahové
dudnosti a intermitentni hemoptyzy. Pfi rozvoji prvnich
pfiznakl byl pacient kratce hospitalizovdn na internim
oddéleni, kde byla stanovena diagnéza exogenni alergic-
ké alveolitidy a zahajena |é¢ba systémovymi kortikoidy.
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Ultrazvuk srdce nebyl béhem prvni hospitalizace prove-
den. Nasledné byl pacient vySetfen na urgentnim pfijmu
pro nové vzniklé pleuralni bolesti. Na vstupnim EKG byl
pfitomen sinusovy rytmus 106/min. V krevnim obraze
dominovala vyraznéd leukocytéza 23 tisic. Jinak byl krev-
ni obraz a biochemie bez pozoruhodnosti. Za pobytu na
urgentnim pfijmu doslo k synkopé s kie¢emi a stav se po
jedné hodiné jesté jednou opakoval. EKG béhem epizod
nebylo monitorovdno. Ihned po navratu védomi byla
zjisténa hypotenze a nizsi saturace krve kyslikem, obé
patologie se spontanné upravily. Pro podezieni na epi-
leptogenni etiologii bezvédomi byl pacient vy3etfen neu-
rologem, bylo provedeno nativni CT mozku s normdlnim
nalezem a pacient byl pfijat na neurologické oddéleni
k observaci. Kratce po pfijmu na oddéleni dochazi u pa-
cienta k poruse védomi charakteru somnolence az soporu
s vyjadfenymi zndmkami Soku. Provedené akutni echo-

Obr. 1-Echokardiograficky nalez objemného perikardialniho vypot-
ku (zdroj Kardiologické oddéleni KNL)

kardiografické vySetfeni prokazalo objemny cirkularni
perikardidlni vypotek se znamkami srdecni tamponady
(obr. 1). Z apikalniho pfistupu byla provedena urgent-
ni perikardiocentéza s odsatim celkem 550 ml hemora-
gické tekutiny (Hb ve vypotku 114 g/l). Po punkci doslo
k okamzité stabilizaci pacienta. S ohledem na charakter
vypotku bylo doplnéno kontrastni CT hrudniku s nalezem
kulovité hypodenzni struktury za hrudni kosti v oblasti
mezi pravou sini a pravou komorou a mnohocetné plicni
infiltraty obou plicnich kfidel jako suspektni metaproces
(obr. 2). Vzhledem k nalezu na CT a povaze vypotku byl
pacient prelozen na kardiochirurgickou kliniku, kde bylo
pokracovano v dalsi diagnostice a lécbé. Diferencidlné
diagnosticky byl zvazovan lymfom, pratokova cytomet-
rie z periferni krve a punktatu vsak tuto diagnézu nepo-
tvrdila. Nasledné byla doplnéna magneticka rezonance
myokardu s ndlezem angiomyosarkomu prorustajiciho do
stény pravé komory s propagaci intrakavitadlné, zasahujici
i pravou sin a ¢astecné i dolni dutou zilu (obr. 3). Byla pro-
vedena endomyokardialni biopsie z tumorové masy v pra-
vé sini. Histologické vysetfeni prokazuje epiteloidné az
vietenobunécné usporadany solidni tumor, imunohisto-
chemicka analyza prokazala pritomnost pozitivity CD31,
CD34 a ERG, nalez, ktery je velmi senzitivni pro diagnézu
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Obr. 2 - Nalez angiosarkomu pravé siné, obrazek z CT vysetieni
(zdroj Radiodiagnostické oddéleni KNL)

Obr. 3 - Nalez angiosarkomu pravé siné, obrazek z magnetické re-
zonance (zdroj Radiodiagnostické oddéleni VFN)

angiosarkomu (obr. 4-7). Béhem pobytu na kardiochi-
rurgické klinice doslo u pacienta opakované k epizoddm
respiracni insuficience s nutnosti pouziti neinvazivni ven-
tilace. Jednorazové doslo pfi polohovani k drendzi 600
ml sangvinolentni tekutiny z perikardu. Opakovanymi
echokardiografickymi vysetfenimi vsak recidiva srdec¢ni
tamponddy nebyla prokazana. Onkologickym tymem byl
nalez oznacen za inoperabilni a byla doporucena paliativ-
ni terapie epirubicinem. Vzhledem k nepfiznivé prognéze

Obr. 4 - Biopticky vzorek angiosarkomu v barveni hematoxylin-eo-
sinem - zvétseni 20x (publikovano se svolenim prim. MUDr. Vitko-
vé, MBA)
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CD31, zvétseni 100x (publikovano se svolenim prim. MUDr. Vitko-
vé, MBA)

Obr. 6 - Imunohistochemické vysetfeni — témér difuzné pozitivni
CD34, zvétseni 200x (publikovano se svolenim prim. MUDr. Vitko-
vé, MBA)

Obr. 7 - Imunohistochemické vysetieni vzorku - difuzni intranuk-
ledrni pozitivita ERG, zvétseni 100x (publikovano se svolenim prim.
MUDr. Vitkové, MBA)

byl do péce o pacienta prizvan paliativni tym, ktery spo-
lupracoval pfi predavani informaci o stanovené diagnéze
a predpokladaném pribéhu. Po prvnim cyklu chemotera-
pie byl pacient pfeloZen na interni oddéleni v misté bydli-
$té. Pacient zemfrel ¢tyfi mésice od rozvoje pfiznakl a dva
mésice od stanoveni diagndzy.

Diskuse

Kazuistika popisuje typicky prabéh onemocnéni angio-
sarkomem srdce. Ukazuje obtiZnost stanoveni spravné
diagnozy, kterou zpUsobuji jeho nespecifické symptomy,

jez zahrnuji typicky dusnost a které mohou vést inicidlné
k jiné diagndze. V nasem pripadé to byla exogenni aler-
gicka alveolitida. Nador je charakteristicky rychlym rds-
tem s ¢asnou invazi srde¢nich struktur, kterda mdze mit za
nasledek srde¢ni tamponadu. Po zjisténi hemoragického
charakteru perikardidlniho vypotku bylo sprdvné postu-
povano tim, Ze byla provedena CT angiografie hrudniku
a bylo kontaktovano kardiochirurgické pracovisté, kam
byl pacient nasledné preloZzen. Malignita je po iatrogenni
etiologii druhou nejcastéjsi pricinou hemoragického peri-
kardialniho vypotku.'* Kazuistika zarover potvrzuje diraz
kladeny na ¢asné a spravné provedeni zobrazovacich vy-
Setfeni, kterd mohou v fadé pripadu urdit specifickou bio-
logickou povahu srdecnich tumord. U malignich tumort
je pak nezbytné doplnéni histologického vysetfeni vzorku
z biopsie. Velice pfinosna zde byla predevsim imunuhisto-
chemicka analyza, kterd na zékladé pozitivity CD31, CD34
a ERG s vysokou senzitivitou potvrdila diagnézu angiosar-
komu. Pfipad rovnéz naznacuje velice Spatnou prognézu
pacient(l s touto diagnézou. Casto jde o jedince, ktefi byli
dosud bez kardiovaskularniho onemocnéni a neméli ani
typické rizikové faktory pro jeho rozvoj. | doba umrti od
rozvoje symptomu v nasem pripadé odpovida statistikam
inoperabilnich pacient(.* V soucasné dobé je jedinou ku-
rativni |é¢ebnou metodou radikalni resekce,’ v nékterych
pfipadech doplnénd o neoadjuvantni nebo adjuvantni
chemoterapii. Primarni systémova lécba nebo radiotera-
pie jsou povazovany za lécbu paliativni. Pfi chemoterapii
angiosarkomu jsou vyuzivany léky ze skupiny antracykli-
n0.%'> Jako jeden z klicovych faktord se ukazal i paliativ-
ni tym, ktery osetfujici |ékafi zapojili do péce o pacienta,
a pracovali i s jeho rodinou.

Zaveéer

Angiosarkom srdce je zavaznym malignim nadorem srdce
s velmi $patnou progndézou.* V nasi kazuistice jsme pre-
zentovali typicky priubéh tohoto onemocnéni prezentu-
jiciho se zprvu s nespecifickymi symptomy, které mohou
vést k urceni nespravné diagndzy. Zaroven se ukdzala
dulezitost v¢asného pouziti zobrazovacich metod. S ohle-
dem na povahu onemocnéni a kratkou dobu preziti se
ukazuje i nezbytnost tvorby a spravného fungovani palia-
tivnich tyma v ramci poskytovatelt zdravotni péce.
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Therapeutic options

Onemocnéni covid-19, které v bfeznu 2020 prerostlo v pandemii, se celosvétové vyznacovalo vysokou mor-
biditou a mortalitou. | kdyz nejcastéjsim klinickym projevem jsou respiracni symptomy, jsou casté i kardialni
komplikace, které predstavuji nové vyzvy pro zdravotnicky systém. Popisujeme pfipady dvou mirné sympto-
matickych ambulantnich pacientd s onemocnénim covid-19, ktefi se dostavili k Iékafi s akutnim infarktem
myokardu s elevacemi Useku ST (STEMI) a vysokou zatézi tromby v korondrnich tepnach bez aterosklero-
tickych platd. V kazuistice popisujeme dva odlisné postupy pfi 1écbé, které dokonale ilustruji problémy,
s nimiz se |ze setkat pfi péci o pacienty s tromboézou véncitych tepen, u nichz byly diagnostikovany STEMI
a onemocnéni covid-19. Lékafi v klinické praxi museji mit na paméti hyperkoagulacni stav vyvolany onemoc-
nénim COVID-19, a to i u mirné symptomatickych ambulantnich pacient(; dc¢innou alternativou perkutanni
koronarni intervence pfitom mze byt agresivni farmakoterapie.

© 2023, CKS.

ABSTRACT

COVID-19 infection was declared a pandemic in March 2020 and is responsible for high morbidity and morta-
lity around the globe. Although the most common clinical presentation is respiratory, cardiac complications
are common and create new challenges for healthcare. We discuss two mildly symptomatic outpatients with
COVID-19 presenting with acute ST-elevation myocardial infarction (STEMI) and high coronary thrombus
burden without atherosclerotic plaque. Our report describes two different therapeutic approaches that
illustrate the challenges encountered in the management of disseminated coronary thrombosis in patients
with STEMI and COVID-19. Clinicians should be aware of the high pro-coagulant state caused by COVID-19,
even in mildly symptomatic outpatients, and aggressive pharmacological therapy may be an effective alter-
native treatment option to percutaneous coronary intervention.

Introduction

coronary thrombosis following non-hospitalized mildly
symptomatic COVID-19 infection. We also present two di-
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COVID-19 infection, which is caused by the novel corona-
virus SARS-CoV-2, has rapidly emerged as a global public
health problem. Although the most common clinical pre-
sentation is respiratory, cardiac complications are frequent
and may be incidental even in the absence of underlying
cardiovascular disease or comorbidities." SARS-CoV-2 in-
fection is closely associated with an increased thrombotic
risk, mainly observed in the pulmonary or cerebral circu-
lation.? However, these complications have been largely
observed in hospitalized patients with extensive pulmona-
ry involvement.® Here, we report two patients with acute

fferent therapeutic approaches that illustrate the challen-
ges encountered in the management of severe coronary
thrombosis in patients with ST-segment elevation myocar-
dial infarction (STEMI) and COVID-19.

Case 1

A 47-year-old, healthy male patient was admitted to our
emergency department with severe chest pain radiating
to the jaw, which had started about 30 min before the
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presentation. He did not have a history of coronary ar-
tery disease (CAD), diabetes mellitus, or hyperlipidemia.
He also denied smoking, alcohol intake, or substance
abuse. He had a history of COVID-19 infection 12 days
earlier, which was confirmed with reverse transcriptase-
polymerase chain reaction testing (RT-PCR). However, he
was treated as an outpatient and no specific therapy was
instituted for COVID-19, as the patient remained without
respiratory symptoms. Physical examination was unre-
markable, with BP 135/82 mmHg and heart rate 75 beats
per minute, regular. Also, body temperature was 37.1 °C,
and peripheral O, saturation was 96%. Electrocardiog-
raphy revealed sinus rhythm with STEMI in the anterior
leads (V,-V, leads) (Fig. 1A) but the chest radiogram was
completely normal. The echocardiogram revealed hypo-
kinesia of the anterior, anteroseptal, and lateral left ven-
tricular walls with an ejection fraction of 40%. The echo-
cardiogram also excluded the possibility of paradoxical
embolism due to a foramen ovale or atrial septal defect
as well as an intracardiac embolic source. Other laborato-
ry tests showed changes in C-reactive protein at 7.6 mg/L
(normal range: 0-5 mg/L), D-dimer 0.564 pg/mL (normal
range: <0.52 pg/mL), LDH 5600 U/L (normal range: 120 to
246 U/L) and leukocytosis of 12.33 cell/pL. Troponin | val-
ue was 462 pg/mL (normal range <17.50 pg/mL).

Medical treatment was started with clopidogrel 600
mg and acetylsalicylic acid 300 mg and an emergent coro-
nary angiogram was performed through right femoral
access. Coronary angiography revealed a large burden
of thrombotic stenosis of the proximal left anterior de-
scending (LAD) artery, which extended to the distal left
main coronary artery and an occlusive filling defect com-
patible with thrombus at the middle segment of the LAD
(Figs 1B, 1C). Additionally, there were no atherosclerotic
lesions in other coronaries. After heparinization with

10.000 units of unfractionated heparin, wiring was suc-
cessfully performed; however, multiple balloon dilata-
tion failed to restore blood flow. Afterwards repeated
thrombus aspiration attempts (Hunter, IHT Cordynamic,
Barcelona, Spain) also failed. Local low-dose fibrinolytic
was administered then (10 mg Alteplase over 5-10 min)
via a guiding catheter followed by 3 more rounds of as-
piration, with a minimal recovery of distal flow. The deci-
sion was to manage LAD thrombus medically for 5 days
with low-molecular-weight heparin and dual antiplatelet
therapy, and a new procedure was performed. The final
angiogram revealed no thrombus in the proximal LAD
that did not cause luminal stenosis, and a patent distal
bed without underlying atherosclerotic plaque (Fig. 1D).
Finally, STEMI was assumed due to in situ thrombosis in
the absence of atheroma in the LAD. The screening was
negative for prothrombotic states (protein C, protein S,
anticardiolipin antibody, and Factor V Leiden). In the
hospital follow-up, adverse clinical, electrocardiographic,
echocardiographic changes, and major or minor compli-
cations were not observed. The patient was discharged
uneventfully with acetylsalicylic acid, clopidogrel, ator-
vastatin, ramipril, and metoprolol therapy 3 days later.
Three months later, there were no notes at the follow-up
visit.

Case 2

A 48-year-old male patient without cardiovascular risk fac-
tors presented to the emergency department with acute
onset chest pain for 1 h. At presentation, the patient was
afebrile with a blood pressure of 142/82 mmHg, respira-
tory rate of 18, and oxygen saturation of 94% on room
air. Pulmonary and cardiovascular physical exams were
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Fig. 1-(A) Initial ECG revealed ST elevations in leads V.-V.. (B, C) Coronary angiography showed total occlusion of
left anterior descending artery and left main thrombosis. (D) The final angiogram revealed resorbe thrombus in the
left main and TIMI 3 flow is provided in left anterior descending artery.
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Fig. 2 - (A) The ECG showed new hyperacute T waves in leads V -V.. (B, C) Coronary angiography demonstrated thrombus in
the proximal left anterior descending artery. (D) The final angiogram showed excellent angiographic results and no complica-
tions after stenting.

also unremarkable. The ECG showed new hyperacute T
waves in leads V.-V, (Fig. 2A) and the patient immedi-
ately received loading doses of dual antiplatelet thera-
py (clopidogrel 600 mg and acetylsalicylic acid 300 mg).
Emergent coronary angiography demonstrated a massive
intraluminal thrombus leading to 80-90% stenosis in the
proximal region of the LAD with distal TIMI 2 flow and
no stenosis or atherosclerotic plaque in other coronary
vessels (Figs 2B, 2C). Because of stuttering chest pain and
high thrombotic load, an intra-arterial weight-adjusted
dose of heparin was administered, after which the lesion
was successfully treated with a drug-eluting stent with
excellent angiographic results and no complications (Fig.
2D). The patient was transferred to the intensive care unit
with complete resolution of symptoms and electrocardio-
graphic improvement. The patient was treated with dual
antiplatelet therapy and additional anticoagulation for
5 days.

C-reactive protein level was elevated at 9 mg/L (nor-
mal value <5), which normalized in subsequent days.
The blood D-dimer level was 0.697 pg/mL (normal range:
<0.52 pg/mL) and the fibrinogen level was 3.83 g/L, with
only mild leucocyte elevation (14.3 cell/uL). An echocar-
diogram was performed to evaluate the possibility of
intracardiac thrombus, vegetation, or paradoxical embo-
lism. Normal biventricular size and function (left ventricu-
lar ejection fraction: 55%) were found without shunt or
thrombus. There were no episodes of atrial fibrillation
during the follow-up. A nasopharyngeal swab was per-
formed using RT-PCR for SARS-CoV-2 due to suspicion
of COVID-19 and it was positive. Computed tomogra-
phy revealed no pulmonary involvement associated with
COVID-19. Usual specific treatment was initiated for

COVID-19, as the patient remained without respiratory
symptoms. The patient was discharged with acetylsalicylic
acid, clopidogrel, statin, ramipril, and beta-blocker ther-
apy. He was still asymptomatic under the same medical
therapy at the 3th-month follow-up visit.

Discussion

COVID-19 infection was declared a pandemic in March
2020 and is responsible for high morbidity and mortal-
ity around the globe. With growing knowledge about
COVID-19, acute cardiac events are also increasingly be-
ing reported. Cardiovascular manifestations are well-
known complications of COVID-19 and range from
myocardial injury to myocardial infarction, fulminant
myocarditis, heart failure, malign arrhythmias, and car-
diogenic shock.*

Numerous studies have demonstrated that patients
with COVID-19 are prone to both venous and arterial
thromboembolic complications, including venous throm-
boembolism, stroke, acute myocardial infarction, and
acute lower extremity ischemia.>® Additionally, coronary
thrombotic events have been reported even in patients
receiving optimal antithrombotic therapy’ and effective
anticoagulation therapy.® Many different pathophysi-
ological mechanisms have been proposed to explain the
hypercoagulable state of COVID-19 infection. These in-
clude endothelial damage, elevated proinflammatory cy-
tokines that activate the coagulation cascade and inhibit
fibrinolysis, increased nonspecific inflammatory biomark-
ers, as well and several pro-coagulant factors such as the
von Willebrand factor and factor VIII.8
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We reported two different mildly symptomatic
COVID-19 patients with no risk factors for CAD and had
an episode of STEMI with a high thrombotic burden with-
out evidence of atherosclerotic disease in other coronary
arteries. Since patients do not have other known risk fac-
tors for coronary thrombosis, viral infection, and inflam-
matory response are likely to play an important role in the
activation of the coagulation cascade as a cause of coro-
nary thrombosis. Similar to previous reported cases, our
patients had massive coronary thrombosis that was not
associated with the severe acute respiratory syndrome,
supporting the possibility of spontaneous thrombotic
events even in COVID-19 patients without severe respira-
tory or systemic manifestations.”® Consequently, regard-
ing the prevalence of COVID-19 and the fact that many
patients may be asymptomatic, clinicians should be aware
of the potential risk of outpatients combining STEMI and
COVID-19.

COVID-19 has a negative impact on STEMI patients, ei-
ther directly with an increased incidence of developing
acute heart failure or indirectly through the increased
delay between primary percutaneous coronary interven-
tion and the first medical contact.” Furthermore, PCl in the
context of STEMI and heavy thrombus burden can be chal-
lenging as it is associated with complications such as distal
embolization, no-reflow, slow flow, and stent thrombosis.
The pathophysiology of STEMI in COVID-19 patients may
not be associated with an unstable culprit lesion.®' In-
deed, previous reports revealed that COVID-19 can induce
spontaneous coronary thrombosis, even in the absence of
atheroma.'? Therefore, in the context of severe coronary
thrombus without atherosclerosis, a delayed stent strate-
gy may also be preferable, considering stent implant only
in cases where an obvious stenosis/culprit lesion has been
identified. Intracoronary low-dose thrombolysis, which is
a safe and effective treatment,’* may be an alternative
treatment option in patients with COVID-19, STEMI, and
massive thrombotic burden, as in our first case. We believe
that more aggressive pharmacological treatments, such as
intracoronary fibrinolytic, glycoprotein Ilb/llla inhibitor,
and long-term use of anticoagulants, should be kept in
mind along with the prothrombotic state associated with
COVID-19 infection, especially in the case of failed PCI.

The main limitation of our report was the lack of ad-
vanced intracoronary imaging (IVUS, OCT) for diagnostic
evaluation. The use of intracoronary imaging methods
could provide reliable information for identifying possi-
ble etiological pathologies (plaque rupture, calcification,
spontaneous coronary artery dissection, intramural hema-
toma, and intramural inflammation) and optimal thera-
peutic option.
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Conclusion

Clinicians should be aware of the high pro-coagulant state
caused by COVID-19, even in mildly symptomatic outpa-
tients, and aggressive pharmacological therapy may be an
effective alternative treatment option to PCI.
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pfipad 61letého muze, ktery se dostavil na vysetfeni s paroxysmalni supraventrikuldrni tachykardii a aty-
pickou bolesti na hrudi. Po odeznéni arytmie prokazal EKG zdznam abnormality viny T, pficemz hodnoty
srdecnich enzymi byly prechodné zvysené. Koronarografie sice prokazala anomalni odstup LCx z pravého
Valsalvova sinu, avsak zadné obturujici aterosklerotické zmény. Kazuistika se zabyvd moznou souvislosti
mezi vrozenou korondrni anomélii a klinickymi projevy pacienta.
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ABSTRACT

Anomalous origin of coronary artery (CA) is rare and does not generally lead to myocardial infarction. We re-
port a case of a 61-year-old man presented with paroxysmal supraventricular tachycardia and atypical chest
pain. After arrhythmia subsided, ECG showed T wave abnormalities and transient cardiac enzymes were
found to be elevated. Coronary angiography demostrated an anomalous origin of the left circumflex artery
(LCx) from the right sinus of Valsalva but no obstructive atherosclerotic coronary lesions. The possible rela-
tion between the congenital coronary anomaly and the clinical manifestations of the patient is discussed.

Introduction

Clinical case
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Most CA anomalies are incidentally detected during co-
ronary angiography. The anomalous connection of the
LCx to the right coronary artery (RCA) or sinus is conside-
red the most frequent CA anomaly with an angiographic
incidence of up to 0.67%. Among them, only those with
an interarterial course are regarded as hidden conditions
at risk of myocardial ischemia and sudden cardiac death
(SCD).™-#

We report an uncommon case of anomalous origin of
LCx from the right sinus of Valsalva and a retroaortic path
causing myocardial ischemia.

A 61-year-old Caucasian man presented to the emergen-
cy department complaining of palpitations and chest dis-
comfort for an hour at rest. He had history of hypertensi-
on, diabetes and a single episode of atrial fibrillation. His
medical treatment consisted of olmesartan 40 mg/die. On
admission blood pressure was 140/70 mmHg, pulse rate
160 beats per minute (BPM), respiratory rate 20 per minu-
te and body temperature 36 °C. The 12-lead ECG demon-
strated atrial flutter with a 2:1 conduction ratio resulting
in a ventricular rate of 157 BPM and ST segment depre-
ssion in leads V,~V, (Fig. 1). Transthoracic echocardiogra-
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Fig. 2 - Transthoracic echocardiography in five-chamber apical view
showing “RAC sign”, a binary structure above the mitral valve pla-
ne into the atrioventricular groove overlapping the aortic root.

phy revealed a preserved left ventricular ejection fraction
and no segmental kinetic anomalies but a five-chamber
apical view showed a “RAC ssign”, related typically to ano-
malous retroaortic course of the left coronary artery (Fig.

Fig. 4 - 3D volume rendered multi-detector CT image showing ano-
malous origin of LCx from right sinus of Valsalva with a retroaortic
path.

2).%-28 Initial cardiac enzymes were in normal range. The
patient was treated with intravenous infusion of amioda-
rone. He restored sinus rhythm in 2 hours and symptoms
regressed completely, but the ECG taken after conversion
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Fig. 3 - 12-lead electrocardiogram after sinus rhythm restoration showing negative T waves in

I 'and aVL and flattened T waves in V, and V.
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showed flattened T waves in leads V, and V,, negative
T waves in leads | and aVL (Fig. 3) and cardiac enzymes
had transient increase: troponin T hs 95 pg/mL (n.v. <14),
creatine kinase-MB 40 U/L (n.v. >20), myoglobin 96 ng/mL
(n.v. 23-72). After the acute episode ended the patient
underwent cardiac computed tomography angiography
(CTA) with evidence of anomalous origin of LCx from
the right sinus of Valsalva with a retroaortic course and
a normal peripheral distribution (Fig. 4). Due to uncertain
significance of ECG findings and cardiac enzyme increase,
a coronary angiography was ordered and excluded ob-
structive atherosclerotic coronary lesions. Nuclear myo-
cardial perfusion imaging revealed reversible small sub-
segmental perfusion defects in mid inferolateral wall and
apical lateral wall. We established a medical treatment
with beta-blocker and avoidance of intense physical acti-
vity. At follow-up 3 months later the patient did not refer
any symptoms.

Discussion

Anomalous origin of a CA from the opposite sinus of
Valsalva has been associated with myocardial ischemia
and SCD. Our patient had an anomalous connection of
the LCx branch to the right sinus of Valsalva with a re-
troaortic course which is considered the most frequent
CA anomaly. Although this anomaly is usually considered
benign, cases of association with SCD, myocardial infarc-
tion and angina pectoris in the absence of atherosclerotic
lesions have been reported."? The factor responsible for
this pathogenicity could be high orifice, ostial stenosis,
slit-like/fish-mouth-shaped orifice, acute-angle take-off,
intramural course and hypoplasia of the proximal corona-
ry artery. Cardiac CTA did not reveal any of these charac-
teristics in this patient. Thus, we hypothesized that the in-
creased cardiac output and expansion of the great vessels
during tachycardia or physical exertion could cause com-
pression of the retroaortic segment or angling at its ori-
gin, narrowing the ostium to a slit and causing ischemia,
a mechanism that has been reported in some studies.?*3°

ECG abnormalities, especially ST segment depression,
are well documented in literature during supraventricu-
lar tachycardia as a response to pacing-induced stress.
These changes are usually diffused and disappear after
conversion to sinus rhythm.3! In this case, ST segment de-
pression appeared in leads V-V, during tachycardia while
flattened and negative T waves in leads V,, V,, | and aVL
were seen hours later, accompanied by cardiac enzyme
buildup. Due to these findings we decided to exclude any
coronary stenosis with a coronary angiography. As the
epicardial coronary arteries did not show any pathology,
we suggest that the patient had transient ischemia due to
LCx anomaly. Last step to confirm myocardial ischemia in
case of CA anomalies is non-pharmacological functional
imaging (we used nuclear study), as recommended by
guidelines.??

As for the management of the anomalous aortic ori-
gin of a CA in adults, surgery is recommended as class
IC in patients with typical angina symptoms who present
with evidence of stress-induced myocardial ischemia in
a matching territory or high-risk anatomy.3233 Qur patient

had evidence of stress-induced ischemia but he did not
have clear manifestations of angina. He presented chest
discomfort during supraventricular arrhythmia that re-
mitted when sinus rhythm was restored. He did not re-
fer any previous episode of angina. Among this type of
CA anomalies it is known that interarterial path is most
commonly related with fatal outcome while in retroaortic
path SCD is rarely reported.>* The age of our patient to-
gether with the retroaortic course of CA anomaly and the
fact that his condition did not interfere with a normal life
motivated us to use a conservative approach.

Conclusion

The fact that CA anomalies include many different en-
tities and that any group has collected a large enough
series to clarify the natural prognosis of each entity may
contribute to our difficulty in the clinical identification
and management of these conditions. We report a case
of anomalous origin of LCx from right sinus of Valsalva
causing transient myocardial ischemia in a patient that
has always been asymptomatic. This anomaly has been
and continues to be considered benign, nevertheless we
suggest to judge the clinical significance of this kind of
CA anomaly on a case-by-case integrated approach af-
ter exclusion of all other possible causes of signs or sym-
ptoms.
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Ze Zivota spolecnosti

Pan profesor MUDr. Jan Marek, Ph.D., FESC,

slavi zivotni vyroci

Profesor Jan Marek, v sou¢asné dobé vedouci konzultant
v détském kardiocentru v Great Ormond Street Hospital
for Children v Londyné, profesor na University College
London a na Karlové univerzité v Praze, détsky kardiolog,
oslavil 16. 11. 2022 v plné sile Sedesaté paté narozeniny.

V roce 1984 ukondil studium na 2. Iékarské fakulté UK
v Praze, postgradudlni stdZe absolvoval v Houstonu, Texas,
USA (v rdmci programu Texas-Czech Physician Exchange
Program, zaloZzeného MUDr. Tomasem Klimou), dale pak
v Torontu v Kanadé.

Prvni ¢ast profesiondlni kariéry prozil v Détském kardio-
centru FN Motol, kde od roku 1991 vedI pracovisté echokar-
diografie a prenatalni kardiologie a kde se podilel na vzniku
a rozvoji prenatélniho screeningu vrozenych srde¢nich vad
v Ceskoslovensku a Ceské republice. V roce 2005 byl pozvén
a nasledné pfijat na vedouci misto neinvazivni diagnosti-
ky a prenatdlni kardiologie v Great Ormond Street Hospital
v Londyné, kde vede oddéleni echokardiografie a prenatal-
ni kardiologie. V rdmci Cardiovascular Institute pfi University
College London se podili na vyvoji modernich diagnostickych
metod véetné 3D modelingu, virtudlni reality a umélé inteli-
gence, podili se na vyvoji diagnostickych simulator( a softwa-
ru pro echokardiografické vysetfovani malych déti.

Jan Marek uspésné obhajil fadu védeckych grantl, pub-
likoval vice nez 300 ¢lanku a vice nez 130 v recenzovanych
zahranic¢nich ¢asopisech, napsal u¢ebnici echokardiografie
a prenatalni kardiologie a dalSich 18 kapitol do prevazné
zahrani¢nich monografii. Je ¢estnym ¢lenem Ceské kardio-
logické a Italské détské kardiologické spole¢nosti a rady
dalSich odbornych spole¢nosti ve svété, v nékterych pUsobil
ve vedoucich funkcich.

Je zakladatelem a spolumajitelem globalni vyukové
spole¢nosti Smart Heart Imaging & Teaching, jez se zabyva
vyukou echokardiografie a standardizaci echokardiogra-
fickych vysetreni v Evropé, Severni Americe a Asii.
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V prazském soukromém zdravotnickém zatizeni Canadian
Medical pracuje externé od roku 2015, kde se vénuje klinické
détské a prenatalni kardiologii, je konzultantem pro pacienty
s vrozenymi srde¢nimi vadami od prenatélniho obdobi do do-
spélosti. V ramci jeho navitév Ceské republiky zde pravidelné
pro CKS pFednasi a Uzce spolupracuje jak s jeho ,domovskym
détskym centrem v prazském Motole”, tak s fadou dalSich
kardiologickych pracovist, pfispiva také c¢eskym charitam.

Myslim, Ze je potfeba zdlraznit, Ze profesor Jan Marek
odesel do Velké Britanie na pozvani, ne proto, Ze by v zahra-
nic¢i hledal préci, ale nikdy se (na rozdil od mnoha ostatnich)
neodtrhl od ¢eské kardiologie a ¢eskych pacientl a naopak
se celou dobu snazi pomahat. Jeho pracovistém GOSH pro-
$lo dosud 15 ceskych lékarl na kratkodobych i dlouhodo-
bych stazich, fada nasich prednich kardiologC u néj mohla
prednaset. Pravé pro viechny tyto aktivity dosahl Honza ve
Velké Britanii nesmirného uznéni, jeho ,nadndrodni” pl-
sobeni obsahuje prakticky cely svét, pfitom zlstdva skrom-
nym, sportovné naladénym pfitelem, ktery kdykoliv poradi,
pomUze, kdyz je osloven. Jeho manzelka MUDr. Daniela
Markova je velmi Uspésna détska lékarka, kterd pracuje na
Klinice pediatrie a dédi¢nych poruch metabolismu VSeobec-
né fakultni nemocnice v Praze, vybudovala specializované
pracovisté pro dlouhodobé sledovani predc¢asné narozenych
déti — Centrum komplexni péce pro déti s perinatalni zatézi.
Spolu s manzelkou se staraji o umélecky odkaz manzel¢iny
maminky, vyznamné ceské socharky Daniely Vinopalové.
Recentné bylo jeji dilo vystaveno na prestizni vystavé v Lon-
dyné, the Frieze: Daniela Vinopalova at Frieze Masters Spo-
tlight / Czech Centre London. Syn Luka$ odmitl nasledovat
kariéru rodi¢(i a po absolvovani VSE a Fakulty sociélnich véd
UK absolvoval master studium na London School of Eco-
nomics a v soucasné dobé reprezentuje Ceskou republiku
a Ceskou narodni banku v Mezindrodnim ménovém fondu
ve Washingtonu, kde mu vloni manzelka Hana porodila
syna Tobiase lana. Cas volna a dobu k relaxaci travi rodina
nejradéji v Ceské Kanadé a v Marianskych Laznich, pobyt vy-
uziva ke kondi¢ni cyklistice a s mnoha spole¢nymi kamarady
k turistice a navstévam kulturnich akci, vystav a koncertd.

Za vybor Ceské kardiologické spole¢nosti i osobné chci
vyjadrit s obdivem upfimné diky za tu ohromnou spous-
tu prace, kterou Jan dosud vykonal pro ceskou, anglickou,
evropskou a svétovou kardiologii. Pfejeme vsichni Honzo-
vi hlavné dobré zdravi, radost z hezké rodiny a také dal-
$i Uspéchy v nesmirné zajimavé préci, ve které dosahl tak
krasnych uspéchd.

Jan Marek se podili v ramci charitativni ¢innosti organi-
zace Chain of Hope, vedené Sirem Maghdim Yacoubem, na
fadé zahrani¢nich misi ve svété a pfispiva k charitativnim ak-
cim v CR a Velké Britanii. Profesor Jan Marek je nositelem
Stfibrné medaile Jana Masaryka ministra zahranicnich véci
CR za piinos k rozvoji ¢esko-britskych vztaht a byl navrzen
na cenu ministra zahrani¢nich véci Ceské republiky ,,Gratias
Agit" za §ifeni dobrého jména Ceské republiky v zahranii.

Srdecné, Michael Aschermann

24/02/2023 11:04:34
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Cestmir Cihalik
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V PRUBEHU STALETI

Cena: 360 K¢c.

Doc. MUDr. Cestmir Cihalik, CSc., je docentem . interni
kliniky — kardiologické Lékarské fakulty Univerzity Palac-
kého v Olomouci a Fakultni nemocnice Olomouc. Jako
kardiolog se vénuje elektrofyziologii a interpretaci EKG.

Referovana kniha je obsahové rozdélena na dvé casti.
V prvni ¢asti, po Uvodu (1. s.), nasleduje sedm kapitol,
uvedenych v tomto poradi: 1. Historie fyzikalniho vyset-
feni v kardiologii (9 s.), 2. Historie klinické elektrokardio-
grafie (14 s.), 3. Historie elektrické impulzoterapie (8 s.),
4. Historie diagnostiky a nefarmakologické lécby ICHS
a dalsich intervencnich metod v kardiologii (9 s.), 5. His-
torie echokardiografie (2 s.), 6. Historie farmakoterapie
ischemické choroby srde¢ni (10 s.) a 7. Historie vyvoje an-
tiarytmické lécby (9 s.). Kapitoly jsou rdzného rozsahu, od
dvou do dvandcti tiskovych stran, celkovym rozsahem 60
stran. Cely rozsah kardiologie oviem nepokryvaji, tema-
ticky jsou vybérem.

Na tyto kapitoly navazuje rozsahlejsi druha ¢ast (2105s.)
nazvand Osobnosti kardiologie. Ta je souborem razné
rozsdhlych medailont znamych i nezndmych badatela.
Pocet medailonu je uctyhodny, napocital jsem jich celkem
524. Nékteré jsou o osobnostech slavnych a znamych,
napr. Karl Albert Ludwig Aschoff, Wilhelm His jr., Karel
Frederik Wenckebach, Paul Dudley White, Sunao Tawa-
ra, Jan Evangelista Purkyné ad., nékterd jména (a nebylo
jich malo) jsem neznal. Jednotlivé medailony maji rozsah
od nékolika fadek do jedné tiskové strany. Lisi se také
mnozstvim i vyznamnosti uvedenych informaci. U vétsiny
(435) je ilustracni fotografie. (bez udaje, kdy byla pofize-
na). Mezi uvedenymi jsou predeviim Iékafi (anatomové,
fyziologové. patologové, kardiologové, kardiochirurgo-
vé, pediatii, neurofyziologové, intervencni radiologové
a dalsi), ale i botanici, bioinZenyfti, chemici a dalsi profese.
Ale ne vSechny osobnosti uvddéné v kapitolach prvni ¢asti
maji zde svij medailon a naopak.

Drtivy pocet uvedenych osobnosti jsou Ameri¢ané, na-
sleduji badatelé némecti, angli¢ti, francouzsti a italsti. Je
také uvedeno osm ceskych osobnosti: Samuel Sigmund
Basch, Vojtéch Baruch Berkowitz, Johann Nepomuk Czer-
mak, Jindfich Cernohorsky, William Ganz, Jan Evangelista
Purkyné, Friedrich Richard Reinitzer a Jan Rosicky. Mezi
524 osobnostmi je jen 5 Zen (!), dvé Americanky, jedna
Anglicanka, jedna Argentinka a jedna RakuSanka.

Text uzavira prehled pouzitych zkratek (0,3 s.), licence
k fotografiim (10 s.), anglicky souhrn (0,3 s.), ¢esky souhrn

Cestmir Cihalik:
Kardiologie v prubéhu staleti

Praha, Maxdorf, edice Jessenius, 2022, 309 s.
Vydani prvni, format 237 x 157 mm,
dvoubarevny vytisk, tuha vazba (vazana).
ISBN 978-80-7345-702-0.

jsem nenalezl, medailonek autora, az pfilis stru¢ny dvou-
sloupcovy vécny rejstfik (3,3 s.) a rovnéz dvousloupcovy
jmenny rejstrik (6,5 s.).

Koho jsem v rozsahlém vyctu osobnosti nenalezl?
Ctyfi medailony by nemély chybét: Allana Cormacka
a Godfreye Hounsfielda, s informaci o vypocetni tomo-
grafii, za niz v roce 1979 dostali Nobelovu cenu. A také
informace o strljcich magnetické rezonance, dvojici
inZzenyrd Paula C. Lauterbura a Petera Mansfielda, ktefi
byli Nobelovou cenou ocenéni v roce 2003. V prvni ¢asti
urcité nemély byt opomenuty metody nukledrni kardiolo-
gie a endomyokardidlni biopsie, protoze to jsou, podob-
né jako vypocetni tomografie a magnetickd rezonance,
vyznamné diagnostické metody soucasné kardiologie.
Také medailon Jana Evangelisty Purkyné (pouhych 15 7a-
dek), vzhledem k jeho vyznamu, (kdyby se v dobé, kdy zil,
udélovaly Nobelovy ceny, urcité by byl lauredtem), mohl
byt rozsahlejsi. V textu je nékolik drobnych chyb, napfr.
ze sovétského akademika Cazova, (spole¢né s Bernardem
Lownem nositele Nobelovy cenu miru za angaZovanost
v hnuti Lékafi proti nuklearni valce) se stal Chazov (au-
tor Cerpal z anglického pramene a angli¢tina nezna dia-
kritickd znaménka). Udaj o prvnim echokardiografickém
vysetieni v tehdejsim Ceskoslovensku bych upfesnil: to
proved! s priimyslovym defektoskopem, zapGjéenym v z&-
vodé SKODA Plzefi v roce 1967 docent MUDr. Josef Hula,
CSc., z interni kliniky Lékarské fakulty Univerzity Karlovy
v Plzni, jejimZ prednostou byl profesor MUDr. Josef Sova,
DrSc., ktery rozvoj této metody podporoval.

Knihu vydalo nakladatelstvi Maxdorf v edici Jessenius
ve velmi dobré kvalité. Urc¢ité je obohacenim informaci
o vyvoji tak vyznamného medicinského oboru, jimz kar-
diologie bezpochyby je.

Komu knihu doporucit?

Kniha potési predevsim milovniky medicinské historie
a obohati jejich knihovnu. A tém, ktefi budou ve svych
monografiich psat o historii jejich oboru, usetfi namahavé
hledani v literature.

Prof. MUDr. Jan Petrasek, DrSc.,

Ill. interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecna fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz

24/02/2023 11:05:54
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Frantifek Koukolik

Drby

0 nejrozsifenéjsi
Galén lidské ¢innosti

Cena: 200 K¢.

Prosim laskavé c¢tenare, aby mi odpustili, Ze jsem si do-
volil zafadit na toto misto nekardiologické téma. Cist ve
vysostné kardiologickém casopise o drbech?

Knihu o této problematice by mohlo napsat jen néko-
lik 1ékard. MUDr. Frantisek Koukolik, DrSc., mezi né také
patfi. Je mj. autorem vice nez 30 kniznich publikaci a no-
sitelem vice nez 10 prestiZznich ocenéni jak za dila védec-
kd, tak za popularizaci védy. Patfi k ojedinélym autoriim,
ktefi v seznamech literatury svych publikaci mohou uva-
dét jako zdroj ¢lanky z vysoce prestiznich ¢asopisu Science
a Nature, které skutecné Cetl a rozumél jejich obsahu.

Nevim, Ze by bylo toto téma v nasi literatufe zpracova-
no. Autor rozdélil text do sedmi kapitol. 1. Definice (16s.),
2. Emoce a poznavani (16 s.), 3. Déti a dospivajici (10 s.),
4. Muzi a Zeny (8 s.), 5. Organizace (18 s.), 6. Socialni sité
(12's.) a 7. Celebrity (8 s.). Text uzavira informace o auto-
rovi a vécny dvousloupcovy rejstiik (5 s.).

Co jsou drby, vsichni védi (nebo se to domnivaji) a maji
je spojeny s predstavou Sifeni nepravdivé negativni in-
formace, ale ony drby mohou S$ifit i informaci pozitivni.
Nejsou o to méné nebezpecné. Utla brozurka, jen malo
pres sto stran kapesniho formatu, ale mnohokrat prekva-
pi svym obsahem.

DUvodu je nékolik: nad problematikou drbU se zpravi-
dla nezamyslime. Vsichni je odsuzujeme, ackoliv vsichni
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FrantiSek Koukolik:

Praha, Galén, 2022, 107 s.

Vydani prvni, format 190 x 127 mm,
cernobily vytisk, mékka vazba (brozovana).
ISBN 978-80-7492-59-7.

drbeme, skute¢né viichni: Zeny, muzi, déti, bez rozdilu
vzdélani, profese a stafi. Pfekvapi, Ze, co jsou drby, maji
schopnost chdpat uz dvanactileté déti, nas muze prekva-
pi, Ze drbeme stejné Casto jako Zeny (!), jen motivy nasich
drbu jsou jiné. Pfekvapi, Ze drbou i védci (!). Pfekvapi, Zze
i jak a jaké drby se zabydluji v organizacich. Pfekvapi, jak
vyznamnou roli hraji socidlni sité (Facebook, Instagram,
YouTube, LinkedIn, TikTok aj.), které jsou jako stvorené
pro Sifeni negativnich drbu. Prekvapi zjisténi, Ze také na
zakladé drbl vznikaji soucasné tzv. celebrity; a nékteré
Casto tam, kde vznikly, také zanikaji. Prekvapi zjisténi,
Ze néktefi lidé pfi poslechu nebo sdélovani drbu pocituji
slast. A nejvice jisté prekvapi prokazané zjisténi, ze drba-
ni je nejcasté;si lidskou ¢innosti.

Komu knihu doporucit?

Kniha je urcena pro Siroky okruh ctenard-laikl, nejen
pro |ékare-kardiology (i kdyz nékdy drby mohou ,vzit
u srdce”), i kdyz i ti (nejen ty) radi (rddy) drbou. Vzdyt
ruku na srdce, kardiologové! Vy jste nikdy nedrbali?

Prof. MUDr. Jan Petrasek, DrSc.,

Il interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecna fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz

24/02/2023 11:06:35
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Czech Cardiovascular Research
and Innovation Day 2022
Hotel Hermitage, Praha, 28.-29. 11. 2022

USTNI SDELENI - LEKARI

B ROLE OF ENDOMYOCARDIAL BIOPSY IN
DIFFERENTIAL DIAGNOSIS OF NON-
-ISCHEMIC CARDIOMYOPATHY

Aiglova R, Taborsky M', Flodrova P, Flodr P?,
Tidos Z3, Kaminek M*, Zapletalova J°

"I, interni klinika — kardiologicka, Fakultni
nemocnice Olomouc, Olomouc; 2 Ustav klinické

a molekularni patologie, Lékarska fakulta Univerzity
Palackého, Olomouc, ? Radiologicka klinika, Fakultni
nemocnice Olomouc, Olomouc; * Klinika nukledrni
mediciny, Fakultni nemocnice Olomouc, Olomouc;

5 Ustav lékarské biofyziky, Lékarska fakulta
Univerzity Palackého, Olomouc

Introduction: Non-ischemic cardiomyopathies are a com-
mon cause of heart failure. This is a heterogeneous group
that requires very detailed differential diagnosis, which
results in targeted therapy of the underlying disease and
an effort to improve the prognosis of these patients.
Aim: Assessment of the role of endomyocardial biopsy in
the management of patients with non-ischemic cardio-
myopathy.

File and methodology: Prospective evaluation of 151
patients who underwent endomyocardial biopsy (EMB),
echocardiography, magnetic resonance imaging and ba-
sic laboratory tests. In our group of patients, the final di-
agnosis was determined on the basis of the overall clinical
picture in 53% of patients, in 36.4% of patients it was
confirmed histologically (predominantly myocarditis, TTR,
and AL amyloidosis). The diagnosis of myocarditis was
confirmed in 42 cases. The sensitivity and specificity of the
EMB in myocarditis were 93.3% and 93.3%, respectively
100%. Amyloidosis was biopsied in 10 cases. In the case
of amyloidosis, the sensitivity and specificity of the EMB
were 100%. In the group of our patients, we compared
the result of magnetic resonance imaging of the heart
with a histological finding — a discrepancy was found in
45 cases (32.8%). In 25 cases, specific myocardial involve-
ment was histologically demonstrated and the conclusion
of magnetic resonance imaging was negative, on the
contrary, in 20 cases without proven specific myocardial
involvement, the result of magnetic resonance imaging
was positive.

Conclusion: Non-ischemic cardiomyopathies are a very
heterogeneous group. Due to this fact, a comprehensive
approach to diagnosis is necessary, which combines both
imaging and laboratory methods and in indicated cases
endomyocardial biopsy. Early diagnosis is necessary to ini-

tiate specific therapy and thus influence the prognosis of
patients.

g e
Supported by MZ CR - RVO (FNOI, 00098892).

B METFORMIN TREATMENT IS ASSOCIATED
WITH IMPROVED QUALITY OF LIFE AND
OUTCOME IN PATIENTS WITH DIABETES
AND ADVANCED HEART FAILURE (HFREF)

Benes J', Kotr¢ M, Kroupova K', Wohlfahrt P?,
Kovar J3, Franekova J*, Hoskova L', Pelikanova T,
Kautzner J', Melenovsky V'

" Klinika kardiologie, IKEM, Praha; 2 Centrum
kardiovaskuldrni prevence, Thomayerova nemocnice,
Praha; ? Centrum experimentalni mediciny, IKEM,
Praha; * Pracovisté laboratornich metod, IKEM,
Praha; ° Klinika diabetologie, IKEM, Praha

Background: The role of metformin (MET) in the treat-
ment of patients with advanced HFrEF and type 2 diabe-
tes mellitus (DM) is not firmly established. We studied the
impact of MET on metabolic profile, quality of life (QoL)
and survival in these patients.

Methods: A total of 847 stable patients with ad-
vanced HFrEF (57.4+11.3 years, 67.7% NYHA IIl/IV, LVEF
23.6+5.8%) underwent clinical and laboratory evaluation
and were prospectively followed for a median of 1126
(IQRs 410; 1781) days for occurrence of death, urgent
heart transplantation or mechanical circulatory support
implantation.

Results: A subgroup of 380 patients (44.9%) had DM, 87
of DM patients (22.9%) were treated with MET. Despite
worse insulin sensitivity and more severe DM (higher BMI,
HbA, , worse insulin resistance), MET-treated patients ex-
hibited more stable HF marked by lower BNP level (400
vs. 642 ng/L), better LV and RV function, lower mitral and
tricuspid regurgitation severity, were using smaller doses

24/02/2023 12:21:01 ‘ ‘
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of diuretics (all p <0.05). Further, they had higher eGFR
(69.23 vs. 63.34 ml/min/1.73 m?) and better QoL (MLHFQ:
36 vs. 48 points, p = 0.002).

Compared to diabetics treated with other glucose-lower-
ing agents, MET-treated patients had better event-free
survival even after adjustment for BNP, BMI, and eGFR
(p = 0.035). Propensity score-matched analysis with 17
covariates yielded 81 pairs of patients and showed a sig-
nificantly better survival for MET-treated subgroup (p =
0.01, Fig. 1).

Conclusion: MET treatment in patients with advanced
HFrEF and DM is associated with improved outcome by
mechanisms beyond the improvement of blood glucose
control.

MET-treatment propensity matching
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B SAME DAY DISCHARGE VIA A DEDICATED
RADIAL LOUNGE - RESULTS OF 1-YEAR
EXPERIENCE DURING THE COVID-19
PANDEMIC

Bernat I, Horak D, Jirous S, Slezak D, Rokyta R
Kardiologické klinika, FN a LF UK v Plzni, Plzen

Background: Same day discharge (SDD) is a validated op-
tion for selected patients (pts) undergoing coronary an-
giography (CAG) and percutaneous coronary interven-
tions (PCl). We analyzed how the COVID-19 pandemic
influenced patients’ admissions to and discharges from
our SDD radial lounge. We focused on safety and com-
plications.

Methods: In 2021, 817 pts (age 65+11 years, 28% female)
were admitted to the lounge. CAG was performed in 729
pts, and 176 (24%) underwent ad hoc PCl. Furthermore,
88 pts were admitted for implantable device replacement
procedures.

Results: Out of 729 transradial CAGs 621 were performed
by using the proximal radial approach (PRA) and 108
(15%) via the distal radial approach (DRA). Ninety % of
all these procedures (n = 655) were performed from the
nondominant left hand. PRA was associated with one ra-
dial artery occlusion (RAO) and longer compression time
(92+24 min vs 7526 min, p <0.05). In the PRA group 23
postprocedural local hematomas <5 cm (3%) and 17 he-
matomas <10 cm (2%) were observed but did not require
specific treatment. DRA was associated with only 4 super-
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ficial hematomas <2 cm and no RAO. No other relevant
complications occurred in the rest of pts. Ninety % of all
pts (n = 732) were discharged home on the same day (<6
hours after procedures) and none of them was readmit-
ted within the next 24 hours. The remaining 10% of the
patients (n = 85) were hospitalized after CAG and PCl,
mostly because of severe coronary artery disease findings.
Conclusion: During COVID-19 pandemic, CAG and PCl to-
gether with device replacement procedures in our SDD
program were associated with a one-year saving of more
than 700 overnight stays, minimal complications and
0,1% RAO rate.

Supported by the Charles University Research program
“Cooperatio — Cardiovascular Science” and by MH CZ-
DRO (Faculty Hospital in Pilsen — FNPI, 00669806).

B TRANSLATIONAL RESEARCH IN THE FIELD
OF INHERITED ARRHYTHMIAS

Bébarova M', Svecova O, Chmelikova L2,
Zelenak $3, Radaszkiewicz K3, Hosek J4, Pasek M",
Barta T*, Synkova I¢, Novotny T’

" Department of Physiology, Masaryk University,
Faculty of Medicine, Brno; ? Department of
Biomedical Engineering, Brno University of
Technology, Faculty of Electrical Engineering

and Communication, Brno; > Department of
Experimental Biology, Masaryk University, Faculty of
Science, Brno; * Department of Molecular Pharmacy,
Masaryk University, Faculty of Pharmacy, Brno;

> Department of Histology and Embryology, Masaryk
University, Faculty of Medicine, Brno; ¢ Department
of Internal Medicine, Hematology and Oncology,
Masaryk University, University Hospital Brno and
Faculty of Medicine, Center of Molecular Biology
and Genetics, Brno; ’ Department of Internal
Medicine and Cardiology, Masaryk University,
University Hospital Brno and Faculty of Medicine,
Brno

Inherited arrhythmias represent relatively rare, but life-
threatening cardiac pathologies that are often associated
with variants in cardiac ionic channel genes. A transla-
tional approach is essential to reveal the underlying ar-
rhythmogenic mechanism and to find an improved treat-
ment in the future.

Since 2016, we have performed functional analysis in
selected arrhythmia-associated heterozygous genetic
variants, including the patch clamp and microelectrode
array techniques and confocal microscopy, either on
human ionic channels transfected in a cell line or on
hiPSC-derived cardiomyocytes. Detailed analysis was
performed in two KCNQ?1 variants associated with
LQTS. T309I resulted in a complete loss of function in
the homozygous setting (impaired channel trafficking)
and a dominant-negative effect in the heterozygous
setting. In contrast, R562S showed preserved channel
trafficking and, in the heterozygous setting, haploin-
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sufficiency. The physiologically important beta-adren-
ergic stimulation was missing in R562S channels. In sili-
co simulations suggested delayed afterdepolarizations
as a likely arrhythmogenic mechanism in both variants.
Cardiac ionic channel gene variants can be also de-
tected in some patients suffering from the “true” id-
iopathic VF. We have recently started functional analy-
sis in two probands, the first one carrying two KCNH2
variants (A228V and S1021Qfs*98) and the second one
a single RYR2 variant (Y4734C). In Y4734C-RYR2 vari-
ant, the pilot data detected an irregular electric activity
of the patient-specific cardiomyocytes at specific condi-
tions; a detailed analysis will follow.

Functional analysis is needed to reveal relationship be-
tween the identified genotype and phenotype. Identi-
fication of provoking circumstances that can result in
unmasking of the phenotype in the “true” idiopathic VF
could provide clinically-important data.

B FUNCTIONAL ASSESSMENT OF
MICROCIRCULATION IN TAKOTSUBO
CARDIOMYOPATHY - A PILOT STUDY

Brazdil V', Hudec M, Bocek O, Jefabek P?,
Kariovsky J', Poloczek M?, Stipal R?, Kala P’

"Interni kardiologicka klinika, FN Brno a LF MU,
Brno; 2 Interni kardiologicka klinika, FN Brno

Background: Takotsubo cardiomyopathy (TTC) is a severe
disorder with an increasing incidence that often mimics
acute coronary syndrome. Both of the entities are char-
acterized by systolic dysfunction of the left ventricle
myocardium. However, this dysfunction is reversible in
most cases of TTC. The pathophysiology of TTC remains
unclear. In this study, we aimed to assess the pathophysi-
ology of TTC using the invasive functional testing of coro-
nary microcirculation.

Methods: Ten female patients diagnosed with TTC were
included in this pilot study. In all subjects we measured
fractional and coronary flow reserve in the left anterior
descending and left circumflex coronary arteries, and
the index of microcirculatory resistance in the same ar-
teries in addition to acute and late transthoracic echo-
cardiography (TTE). The results of the microcirculatory
assessment were statistically compared with normal
population values.

Results: Whilst fractional flow reserve was normal in both
assessed epicardial artery territories for all patients, both
mean values of coronary flow reserve disclosed patho-
logical microcirculatory findings and were pathological in
nine out of ten subjects. Index of microcirculatory resis-
tance revealed abnormal values in five out of ten patients
for LAD and three out of ten for LCx.

Conclusions: Our pilot study confirmed non-obstructive
findings in the epicardial coronary arteries assessed by
FFR. On the other hand, the investigation of both CFR
and iMR, microcirculatory functional testing, revealed
pathological findings in a significant number of evalu-
ated subjects. From this aspect, our study validates fur-
ther research in the field of microcirculatory functions as

a possible mechanism in the origin of TTS. Our study will
enroll 40 patients and is anticipated to complete enroll-
ment by the end of 2022.

B AN INTERPLAY OF GENETICS AND
INFLAMMATION AFFECTING LEFT
VENTRICULAR REVERSE REMODELLING
IN DILATED CARDIOMYOPATHY

Chaloupka A', Krej¢i J!, Kubanek M?, Piherova L3,
Zampachova V*, Ozéabalova E', Hude P',
Poloczkova H?, Spinarova L'

"'|. interni kardio-angiologicka klinika, Fakultni
nemocnice u sv. Anny v Brné a LF MU, Brno; ? Klinika
kardiologie, Institut klinické a experimentalni
mediciny, Praha; ? Klinika pediatrie a dédi¢nych
poruch metabolismu, 1. LF a VFN, Praha;

4 Patologicky ustav, Fakultni nemocnice u sv. Anny

v Brné a LF MU, Brno, ° I. interni kardioangiologicka
klinika, Fakultni nemocnice u sv. Anny v Brné a LF
MU, Brno

Recent-onset dilated cardiomyopathy (RODCM) is a dis-
ease of heterogeneous etiology including genetic, in-
flammatory, toxic and metabolic causes. The interplay be-
tween genetic background and myocarditis is still poorly
understood and could improve risk stratification of pa-
tients with RODCM.

We aimed to determine the genetic background of ROD-
CM by whole-exome sequencing (WES), evaluate the
inflammation by endomyocardial biopsy (EMB) and cor-
relate these findings with left ventricular reverse remod-
eling (LVRR) in the 12-month follow-up.

This single-centre prospective observational study en-
rolled 83 RODCM patients who underwent whole-exome
sequencing; EMB and 12-month clinical and echocardio-
graphic follow up. LVRR was defined as an absolute in-
crease in LV ejection fraction and a relative decrease of
LV end-diastolic diameter at 12 months. Inflammation
was defined according to TIMIC immunohistochemical
criteria.

WES identified disease-related gene variants (ACMG
class 3-5) in 45 (54%) patients. Majority of the 28 de-
tected genes were represented by variants of titin (TTN)
in 9 (11%), other cardiomyopathic genes in 36 (43%)
and none in 38 (46%) patients. EMB analysis uncovered
inflammation in 28 (34%) cases. LVRR at 12 months oc-
curred in 28 (34%) of all cases. Carriers of non-titin gene
variants heralded a lower probability of 12-month LVRR
(19%), followed by patients with a negative genetic
result (42%). Interestingly, LVRR occurred most often
in carriers of isolated TTN variants (56%) p = 0.041. In
contrast, inflammation positively predicted LVRR (p =
0.019). Combination of genetic and EMB findings did
not predict LVRR in 12 months.

In conclusion, carriers of non-titin disease-related variants
are less likely to reach LVRR, while myocardial inflamma-
tion and isolated titin variants predict favorable remodel-
ing in 12 months.
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B SILDENAFIL INHIBITS PULMONARY
HYPERTENSION INDUCED BY LEFT HEART
PRESSURE OVERLOAD IN RATS

Chovanec M, Duri$ova J%, Kaftanova B3, Al-Hiti H?,
Hampl V3, Herget J?

! Kardiologie, Nemocnice na Homolce, Prague;

2 Department of Physiology, 2nd Medical School,
Charles University, Prague; > Department of
Physiology, 2nd Medical School, Charles University,
Prague, * Cardiac Centre, IKEM, Prague

Pulmonary hypertension (PH) induced by pressure over-
load of the left heart has recently attracted attention in
clinical practice. No specific treatment of PH is approved
for this group of patients. We previously described a sim-
ple rodent model of this condition. We used this model
to test a hypothesis that sildenafil can be beneficial in
PH induced by experimental left ventricle pressure over-
load induced in adult male Wistar rats by partial intra-
vascular obstruction of the ascending aorta. Three weeks
after induction of PH, sildenafil was given (25 mg/kg),
by esophageal gavage once a day for the next 2 weeks
(group HFS, N = 7). The group HFS was compared to the
group of rats with left heart pressure overload lasting
for 3 weeks with no additional use of sildenafil (group
HF, N = 9) and with the controls (group C, N = 6). Mean
pulmonary arterial pressure was significantly lower in the
group HFS compared to the group HF (12.9+0.8 mmHg vs.
20.3+1.0 mmHg, p <0.0001, respectively) but was not dif-
ferent from the group C (10.7+1.1 mmHg). Weight of the
right ventricle relative to the body weight (RV/BW ratio)
as well as right ventricle weight relative to the left ven-
tricle plus septum (RV/LV+S ratio) were significantly lower
in the group HFS compared to the group HF (RV/BW ratio:
4.1+0.3.10-4 vs. 6.3+0.8.10-4; p <0.01, respectively and RV/
LV+S ratio: 0.23+0.02 vs. 0.41+0.07; p <0.05, respectively)
but they were not different in the group HFS compared to
the group C in both parameters. The amount of expired
nitric oxide, measured by chemiluminescent method on
day 10 of the left heart pressure overload, was signifi-
cantly increased in the group HF compared to the group
C (343.0+£30.5 pg/min/100 g vs. 239.8+18.2 pg/min/100 g;
p <0.05, respectively).

Sildenafil attenuated the developed pulmonary hyper-
tension caused by the left heart pressure overload in the
rats.

B PREDICTING LONG-TERM SURVIVAL AFTER
AN ISCHEMIC STROKE

Cifkova R', Wohlfahrt P', Krajcoviechova A,
Mayer Jr 0%, Vanék J3, Hlinovsky D*,
Kielbergerova L* Lanska V©

' Center for Cardiovascular Prevention, 1st Faculty
of Medicine Charles University and Thomayer
University Hospital, ? 2nd Department of Internal
Medicine, Charles University Medical Faculty and
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Teaching Hospital, Plzen,; ? 2nd Department of
Internal Medicine, Charles University Medical Faculty
and Teaching Hospital, Prague; * Department of
Neurology, Thomayer University Hospital, Prague;

5 Department of Neurosurgery and Department

of Neurology, University Hospital, Plzeri; ® Medical
Statistics Unit, Institute for Clinical and Experimental
Medicine, Prague

Background: To identify factors influencing long-term
survival after ischemic stroke is of utmost importance.
The aim of the present study was to analyze long-term
survival and to assess factors associated with increased
mortality following ischemic stroke.

Design and methods: Consecutive patients hospitalized
between March 2009 and January 2012 for their first-ever
ischemic stroke in 2 large tertiary hospitals in the Czech
Republic were enrolled in this survey.

Results: In total, 736 patients (mean age 66 x11 years;
58% men) were included in this analysis. The cumulative
risk of death at 1, 3, 5 and 10 years was 13.6%, 20.8%,
29.3% and 48.3%, respectively. After adjusting for age
and gender, patients with discharge systolic blood pres-
sure between 120 and 140 mmHg showed the lowest
mortality risk (Fig. 1). Higher age, higher NIHSS and more
severe functional impairment, diabetes and current smok-
ing were associated with higher mortality risk, while the
reperfusion therapy, and renin-angiotensin system block-
ers were associated with a lower mortality (Fig. 2).
Conclusions: Despite several advances in stroke man-
agement, the mortality remains high. Timely reperfu-
sion therapy use together with renin-angiotensin system
blockers may decrease the risk of mortality.
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B LONGITUDINAL TRENDS
IN BLOOD PRESSURE,
PREVALENCE, AWARENESS,
TREATMENT, AND CONTROL OF
HYPERTENSION IN THE CZECH
POPULATION. ARE THERE ANY SEX
DIFFERENCES?

Cifkova R', Bruthans J2, Wohlfahrt P,
Krajcoviechova A%, Jozifova M5, Linhart A,
Widimsky J’, Filipovsky J, Mayer O°,
Lanska v

" Centrum KV prevence, 1. LF UK a FTN,

Fakultni Thomayerova nemocnice, Praha;

2 Centrum kardiovaskularni prevence,

1. Iékarska fakulta UK a Fakultni Thomayerova
nemocnice Praha, Praha; 3 Centrum
kardiovaskularni prevence 1. LF UK

a Fakultni Thomayerovy nemocnice,

Fakultni Thomayerova nemocnice, Praha;

4 Centrum preventivni kardiologie, Fakultni
Thomayerova nemocnice, Praha; > Centrum
kardiovaskuldrni prevence, Fakultni Thomayerova
nemocnice, Praha; ¢ Il. interni klinika, VFN Praha,
Praha; ’ Ill. interni klinika, Vseobecna fakultni
nemocnice, Praha; 8 Il. interni klinika, FN Plzer,
Pizer; ° Centrum preventivni kardiologie, Il. interni
klinika, Plzen; ' Oddéleni Iékarské statistiky, IKEM,
Praha

Background: Hypertension is the most common CVD in-
creasing CV morbidity and mortality. Despite the broad
availability of antihypertensive medication, control of hy-
pertension is not satisfactory worldwide.

Objective: The study aim was to assess longitudinal trends
in blood pressure, prevalence, awareness, treatment, and
control of hypertension in a representative population
sample of the Czech Republic from 1985 to 2016/2017,
focusing on sex differences.

Methods: A total of randomly selected 7,606 men and
8,050 women aged 25-64 years were screened for major
CV risk factors in seven independent cross-sectional sur-
veys between 1985 and 2016/2017.

Results: Over a study period of 31/32 years, there was
a significant decline in systolic and diastolic blood pres-
sure in both sexes, whereas the prevalence of hyperten-
sion decreased only in women. There was an increase
in hypertension awareness in both sexes over the entire
study period with consistently higher rates in women.
The proportion of individuals treated with antihyperten-
sive drugs increased significantly in both sexes through-
out the study, again with consistently higher rates in
women. Control of hypertension increased significant-
ly over the study period with consistently higher rates
in women. The age-adjusted trends in blood pressure,
prevalence, awareness, and treatment of hypertension
were significantly different in men and women, always
in favor of women. The age-adjusted trends in control

of hypertension in treated patients were equally poor
in both sexes.

Conclusions: There are significant differences in longi-
tudinal trends in blood pressure, prevalence, awareness,
treatment, and control of hypertension between men
and women, always in favor of women except for the
control of hypertension in treated patients, where it is
equally poor in both sexes.

B CHARACTERISTICS AND OUTCOMES
OF PATIENTS ADMITTED FOR
ACUTE HEART FAILURE IN A SINGLE
CENTRE STUDY

Dokoupil J', Hre¢ko J', Cermakova E2, Adamcova M3,
Pudil R

"'l. interni kardioangiologicka klinika,
Fakultni nemocnice Hradec Kralové,
Hradec Kralové; 2 Ustav lékarské biofyziky,
Lékarska fakulta v Hradci Kralové,

Hradec Kralové; ? Ustav fyziologie,
Lékarska fakulta v Hradci Kralové,

Hradec Kralové

Aims: Acute heart failure represents a medical condition
with a very high mortality. The aim of our study was to
characterize real-life patients admitted for acute heart
failure in a region with one tertiary medical center and to
describe risk factors of mortality.

Methods and results: We performed a retrospective
analysis of patients admitted from January 2017 to De-
cember 2017 to Department of Cardiology of the Uni-
versity Hospital in Hradec Kralove. We identified 385
patients. The median of age was 74 years (IQR 67.5-80)
and 34% of patients were females. The most common
comorbidities were arterial hypertension (77.7%), dys-
lipidemia (67.3%), and coronary artery disease (63.1%).
Coronary artery disease (52.7% of cases) and valve dis-
ease (28.1% of cases) were the most common etiolo-
gies of heart failure. The all-cause in-hospital mortal-
ity was 12.7%, 30-day mortality was 14.6% and 1-year
mortality was 34%. Among risk factors of in-hospital
mortality, the most significant factors were hemodialy-
sis during the hospitalization (OR 15.82, 95% Cl 2.96-
84.57, p = 0.0008), chronic heart failure (OR 4.27, 95%
Cl 1.66-11.03, p = 0.001) and STEMI as a precipitating
factor of heart failure (OR 4.19, 95% Cl 1.23-14.25, p
= 0.023). Hemodialysis during the hospitalization (OR
4.28,95% Cl 1.17-15.61, p = 0.025) and the comorbidity
depression and anxiety (OR 3.49, 95% Cl 1.45-8.39, p
= 0.005) were the most significant risk factors of long-
term mortality.

Conclusion: Our study confirms very high mortality rates
among patients with acute heart failure underlying poor
prognosis of these patients. Comorbidities, precipitating
factors of heart failure, complications occurring during
the hospitalization and the age of patients should be in-
cluded in the risk stratification of in-hospital, 30-day and
1-year mortality.
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B EFFICACY AND SAFETY OF ENDOCARDIAL
RADIOFREQUENCY CATHETER ABLATION
OF INTERVENTRICULAR SEPTAL
HYPERTROPHY IN THE TREATMENT
OF HYPERTROPHIC OBSTRUCTIVE
CARDIOMYOPATHY, PILOT EXPERIENCES

Dolezalova K, Starek Z, Jez J, Soucek F, Lehar F,
Spinarova L

I. interni kardioangiologicka klinika, FN USA, Brno

Introduction: Endocardial radiofrequency ablation of sep-
tal hypertrophy (ERASH) is the new promising interven-
tion method of treatment of patients with hypertrophic
obstructive cardiomyopathy (HOCMP). The aim of our
study is to prove safety and efficacy of ERASH in treat-
ment of HOCMP.

Methods: Patients with maximal pharmacology treat-
ment of HOCMP and lasting high gradient in left ventricle
outflow tract (LVOTG) and limitation by symptoms are in-
dicated to intervention treatment.

Results: From September 2018 up to September 2021
there were 6 patients who underwent ERASH with the
average age 58 years. Average rest LVOTG was 99 mmHg
and 115 mmHg after Valsava. Resulting average LVOTG
after procedure was 21 mmHg in rest and 57,5 mmHg
provoked. In 6 months follow up 63 mmHg resting and
72mmHg provoced. In two patients there was periproce-
dural pericardial effusion presented with pericardial dre-
nage, one due to temporary pacemaker, and one perma-
nent pacemaker implant due to AVB lll. degree.

ERASH seems to be a promising new method in inter-
ventional treatment of HOCMP with similar efficacy and

an easily measured parameter reflecting the severity of
hypoperfusion and tissue hypoxia. We hypothesized, that
early lactate levels might be useful in predicting the out-
come after OHCA.

Methods: This is a post-hoc analysis of the biochemical
data from the randomized clinical trial “Prague OHCA
study” comparing invasive (ECPR) and standard ap-
proaches in refractory OHCA patients. Patients who have
undergone ECPR (“ECPR group”) treated with veno-arte-
rial extracorporeal membrane oxygenation, and patients
in whom the prehospital ROSC has been achieved (“ROCS
group”) were analyzed separately and irrespective of ran-
domization schema. The s-Lac level was measured at ad-
mission to the hospital and then repeatedly every 4 hours
during the first 24 hours. Based on the values, the total
area under the curve (AUC) of s-Lac in the first 24hours
was calculated for every patient. The best Cerebral Per-
formance Category (CPC) score reached during the 180
days long follow-up after the OHCA event was used to
determine favorable (F; CPC 1, 2) and unfavorable out-
come (UF; CPC 3, 4, 5).

Results: Out of 92 patients in the ECPR and 82 patients in
the ROSC group, F outcome was reached in 24 (26%) and
48 (59%) subjects, respectively. The AUCs of s-Lac levels
in the first 24 hours were significantly different between
F and UF patients in both ECRP and ROSC groups. More
details are in the Tables 1 and 2.

Conclusion: The AUCs of s-Lac levels measured during the
first 24 hours after refractory OHCA are significantly dif-
ferent between patients with F and UF long-term neuro-
logical outcome regardless the use of ECPR methods.

Table 1 - ECPR group

. EEE

safety compared to ASA. Higher amount of complications ~ ~Outcome Favorable  Unfavorable P
was probably due to previous ASA procedure and learn- S-Lac at admission (mmol/L)  11.2(9.2-13.8) 14.8(12.1-17.5)  <0.001
ing curve. S-Lac after 4 h (mmol/L) 49(33-84) 83(50-115)  <0.01
S-Lac after 8 h (mmol/L) 4.1(2.8-5.4) 6.3(3.5-9.2) 0.03
B LACTATE IN REFRACTORY OUT-OF- S-Lac after 12 h (mmol/L) 3.4(2.1-5.2) 6.3 (3.4-8.5) <0.001
-HOSPITAL CARDIAC ARREST. THE PRAGUE S-Lac after 16 h (mmol/L) 3.3(2.0-4.9) 5.7(3.5-9.1) <0.01
OHCA STUDY SUBANALYSIS S-Lac after 20 h (mmol/L) 2.7(1.8-34) 5.1(3.0-8.7) <0.01
S-Lac after 24 h (mmol/L) 2.4 (1.6-3.7) 4.8 (2.5-8.2) <0.01

Dusik M', Smalcova J', Rob D', Havranek S', Smid O,

Lahoda Brodska H? Huptych M. Bélohlavek J' AUC of s-Lac in the first 24 h 108 (72.8-146) 154 (102.2-207.8) <0.01

" 2nd Department of Medicine — Department of

. .. . e Table 2 - ROSC group
Cardiovascular Medicine, First Faculty of Medicine,

Charles University in Prague and General University Outcome Favorable Unfavorable P
Hospital in Prague, Prague; 2 Institute of Medical S-Lac at admission (mmol/L) 7.8 (5.7-10.2) 9.7 (7.1-12.1) 0.055
Biochemistry and Laboratory Diagnostics, First S-Lac after 4 h (mmol/L) 25(1.4-33)  32(1.8-7.5) 0.017
Faculty of Medicine, Charles University in Prague S-Lac after 8 h (mmol/L) 1.8(1.2-25  3.9(1.4-6.4) 0.02
;’md General University Hospital in Prague, Prague; Slacafter 12h (mmoll)  15(1.1-25) 24(1.1-7.4) 004
Czech Institute of Informatics, Robotics and Slacafter 16h (mmoll)  15(1.0-24) 2.7 (1.4-7.1) 0.03

Cybernetics, Czech Technical University, Prague

S-Lac after 20 h (mmol/L) 1.6(0.9-3.1)  2.5(1.4-5.7) 0.07

S-Lac after 24 h (mmol/L) 1.4 (1.1-2.2) 1.9 (1.1-3.7) 0.14

Introduction: The prognosis of patients suffering refrac-
tory out-of-hospital cardiac arrest (OHCA) remains serious
despite the implementation of extracorporeal cardiopul-
monary resuscitation (ECPR). Serum lactate (s-Lac) level is Data are expressed as median (IQR).

AUC of s-Lac in the first 24 h 57 (46.7-74.7) 68 (50.4-143) 0.04
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B PARAMETERS OF ALLERGIC REACTION
AFTER IMPLANTATION OF DIFFERENT
PATENT FORAMEN OVALE OCCLUDERS
- A PILOT PROSPECTIVE RANDOMIZED
STUDY

Dvorakova A, Mates M, Kmonicek P, Kopfiva K,
Neuzil P

Komplexni kardiovaskuldrni centrum, primariat
kardiologie, Nemocnice Na Homolce, Praha

Primary endpoint: To compare parameters of the allergic
response after transcatheter closure of the patent fora-
men ovale (PFO) using three different types of nitinol oc-
cluders in a pilot randomized trial.

Patient population and methods: 39 patients aged 29-72
(21 women and 18 men) who met institutional criteria for
catheter based PFO closure were included in the study.
Patients were divided into three groups according to
the type of implanted occluder: 1. Amplatzer® (Abbott®)
device made of nitinol with wire treatment to reduce
nickel excretion and polyester fabric; 2. Figulla® device
(Occlutech®) made of titanium oxide-coated nitinol and
PET-patch; 3. the Ultrasept® (Cardia®) device which con-
sists of nitinol coated with polyvinyl alcohol. Plasma CRP
levels, full blood count including eosinophils, IgE, eosino-
philic cationic protein (ECP), fibrinogen and a panel of
cytokines were measured at baseline (24 hours before the
procedure) and 6 hours, 24 hours, 7 days, 1 month and 6
months after occluder implantation.

Results: Only patients with normal baseline levels of IgE,
eosinophils, ECP, and CRP were included for the final
analysis (group 1 n =7, group 2 n =9, group 3 n = 6).
Procedural success was 100% and there were no major
complications. No significant changes in plasma levels of
IgE and eosinophils were detected during the follow-up
among the 3 groups of patients. The ECP values differed
statistically among the individual groups 7 days after the
procedure (p = 0.025), there were no significant devia-
tions in the other observed times. No measurable increase
in interleukins 1 and 6 was detected.

Conclusion: Despite the reported different manufactur-
ing processes of the nitinol PFO occluders, there were no
significant differences among the selected parameters of
the allergic response immediately after implantation or
during the six-month follow-up period.

B PULMONARY VEIN MORPHOLOGY IN
PATIENTS UNDERGOING CATHETER
ABLATION OF ATRIAL FIBRILLATION

Farkasova B', Pospisil D', Mikova M', Toman O?,
Fiala M3, Kfikavova L% Zouharova A%, Sepsi M,

Kala P', Novotny T'

"Interni kardiologicka klinika, FN Brno a LF MU,

Brno; 2 Interni kardiologicka klinika, FN Brno,
Brno, 3 Centrum kardiovaskularni péce, Neuron

Medical s.r.o., Brno; # Klinika radiologie a nukledrni
mediciny, FN Brno, Brno; * Institut biostatistiky
a analyz, LF MU, Brno

Variations in the anatomy of pulmonary veins (PVs) can
influence selection of approaches of atrial fibrillation (AF)
catheter ablation. Therefore, preprocedural evaluation
and knowledge of PV anatomy is crucial for proper map-
ping and the successful ablation of AF. The aim of this ob-
servational study was to assess CT angiography scans and
perform detailed analysis of PV morphology in patients
scheduled for catheter ablation of AF. CT angiography
was performed in 771 individuals (223 females, 548 males,
mean age 58.4+10.7 years). PV anatomy was evaluated
using 3D models. The patterns used for evaluation includ-
ed typical anatomy with four separate PVs, a common left
ostium, and various types of accessory veins either alone
or in combination with common left ostia. An anatomi-
cal variant with common left ostium was observed as the
most prevalent anatomy (44%). The typical variant was
observed in 34.8% of patients. Accessory PVs were ob-
served predominantly on the right side. The prevalence
of anatomical variants did not differ between sexes with
the exception of the unclassifiable category U (4.4% vs
9%, p <0.05). Information about a considerable number
of atypical anatomies is as important as knowledge and
understanding of the anatomical variations of PVs. This
may influence the choice of instrumentation.

B USAGE OF ULTRA-SHORT-TERM
HEART RATE VARIABILITY
ANALYSIS DURING HEAD-UP TILT
TESTING IN DIAGNOSTICS OF
CARDIOINHIBITORY REFLEX
SYNCOPE

Galuszka J', Vykoupil K', Zapletalova J?, Taborsky M?

"I interni klinika - kardiologicka, FN Olomouc, LF
UP Olomouc; ? Ustav biofyziky, Univerzita Palackého,
Olomouc; ? I. interni klinika - kardiologicka, Fakultni
nemocnice Olomouc a LF UR, Olomouc
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Background: Participation of autonomic nervous system
activity in origin of neurally mediated reflex syncope is
research topic for decades but so far without consensus
how to realize autonomic function evaluation during
head-up tilt testing.

Purpose: Heart rate variability analysis during head-up
tilt testing in ultra-short time period closely surrounding
syncope or end of testing.

Methods: Head-up tilt testing (45 min protocol at 60
degrees in standard conditions) in 48 patients with his-
tory of syncope divided in group A (REFERENCE) without
syncope during testing (24 patients, 14 men, age median
33.7 years) and group B (BRADYCARDIAC) (24 patients,
13 men, median age 40.5 years) with cardioinhibitory re-
actions during testing, defined according to guidelines.
There were no significant differences in age or sex be-
tween both study groups.

Heart rate variability parameters: LF (low frequency) in
n.u., HF (high frequency) in n.u., LF/HF ratio were evalu-
ated in the last 1 minute time segment with sinus rhythm
in tilting position before end of tilting or syncope and in
the first minute in recovery supine position. Mann-Whit-
ney U test, Chi-square test p-value and Shapiro-Wilkov
test were used for statistical data processing with p-value
significance level 0.05.

Results: The last minute of tilting: Groups A : B median
values: LF 84.7 : 74.9 (p 0.018), HF 15.3 : 25.2 (p 0.018), LF/
HF 6.25 : 3.4 (p 0.025).

The first minute of recovery in supine position: Groups
A : B median values: LF 76.9 : 64.9 (p 0.001), HF 23.1: 35.1
(p 0.001), LF/HF 4.4 : 1.85 (p 0.0002).

Conclusion: Presented results revealed statistically sig-
nificant changes indicating vagal predominance before
cardioinhibitory syncope in comparison with reference
group.

B SGC STIMULATOR (BAY 41-8543) FOR THE
TREATMENT OF HEART FAILURE WITH
REDUCED EJECTION FRACTION (HFREF)
AND CARDIO-RENAL SYNDROME

Gawrys O', Huskova Z', Skaroupkova P!,
Honetschlagerova Z', Vanourkova Z', Kikerlova S?,
Melenovsky V2, Cervenka L'

" Experimental Medicine Centre, IKEM, Praha;
2 Department of Cardiology, IKEM, Praha

Heart failure with reduced ejection fraction (HFrEF) is
considered to be one of the major epidemics of the 21st
century. The prognosis and life expectancy is dreadful for
patients that develop concurrent impairment of kidney
function, so called “cardio-renal syndrome”.

In the present study we investigated the activity of NO-
independent sGC stimulator, called BAY 41-8543 (BAY41),
in ren-2 transgenic hypertensive rats (TGR) with aorto-ca-
val fistula (ACF)-induced HFrEF. The effectiveness of the
BAY41 administered alone (3 mg/kg/day) or combined
with an ACE inhibitor (ACEi, Trandolapril, 0.25 mg/kg/
day) on the survival rate was investigated for 30 weeks.
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Blood pressure was measured in separate experiments for
2 weeks.

BAY41 significantly improved the survival in comparison
to untreated animals with HFrEF. After 60 days the sur-
vival rate of ACF TGR treated with BAY41 was still 50%,
while in untreated group it was already below 10%. How-
ever, after some time the beneficial activity of BAY41
started to decline. Additionally, BAY41 administered to-
gether with ACEi decreased the beneficial activity of the
ACEi. The telemetry data revealed a transient decrease in
blood pressure (-10 mmHg) two days after BAY41 admin-
istration, but early on SBP started to rise and by the end
of the 2-week observation it was on the same level as in
untreated rats (124+2 vs 1343 mmHg, respectively; NS).
It seems that the sGC stimulation is a promising strategy
to treat HFrEF based on improved survival. However, the
results in the combination group call for special atten-
tion. One hypothesis is that the dose regimen of BAY41
could be improved, e.g. higher dosage of sGC stimulator
combined with titration protocol should be tested, i.e. to
avoid the initial hypotension, but to prevent the “escape”
from the treatment after long-term administration.

Survival
— ACF TGR (n=24) — ACF TGR+BAY41 (n=26) — ACF TGR+ACEi+BAY41 (n=27)
— ACF TGR+ACEi (n=23)
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B ROSS PROCEDURE PROVIDES SURVIVAL
BENEFIT OVER MECHANICAL VALVE
IN ADULTS: A PROPENSITY-MATCHED
NATIONWIDE ANALYSIS

Gofus J', Fila P?, Drabkova S3, Zacek P!,
Ondrasek J2, Némec P%, Tuna M', Jarkovsky J3,
Vojacek J'!

" Kardiochirurgické klinika, Fakultni nemocnice
Hradec Kralové, Hradec Kralové; ? Department
of Cardiovascular Surgery and Transplantation,
Centre of Cardiovascular Surgery and
Transplantation, Brno; ? Institute of Health
Information and Statistics of the Czech Republic,
Prague

Objectives: The choice of optimal surgical treatment for
young and middle-aged adults with aortic valve disease
remains a challenge. Mechanical aortic valve replace-
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ment (mAVR) is generally preferred despite promising
recent outcomes of the Ross procedure. We aimed to
compare both strategies at a nationwide level.
Methods: This was a retrospective analysis of prospec-
tively recorded data from the National Registry of
Cardiac Surgery. Using propensity-score matching, we
compared the outcomes of patients undergoing the
Ross procedure in two dedicated centers with all mA-
VRs performed in the Czech Republic between 2009
and 2020.

Results: Throughout the study period, 296 adults under-
went the Ross procedure and 5 120 had a mAVR. We
found and compared 291 matched pairs. There was no
in-hospital mortality and the risk of perioperative com-
plications was similar in both groups. Over the average
follow-up of 4.1 vs 6.1 years, the Ross group had a lower
all-cause mortality (0.7 vs 6.5 %; p = 0.015). Unlike the
Ross group, the mAVR group had significantly lower
relative survival when compared with the age- and sex-
matched general population at 10 years postoperatively
(97.1%, Cl 86.8-108.7 vs 93.5%, Cl 88.1-99.2). There was
no difference in the risk of reoperation (4.5 vs 5.5%; p
= 0.66).

Conclusions: The Ross procedure offers a significant mid-
term survival benefit over mAVR. Both procedures have
a comparable risk of perioperative complications. For
young and middle-aged adults with aortic valve disease,
Ross procedure should be considered a procedure of
choice in dedicated centers.

B CATHETER ABLATION OF PATIENTS WITH
NON-PAROXYSMAL ATRIAL FIBRILLATION
BY FOCAL AND ROTATIONAL ACTIVITY
MAPPING USING CARTO FINDER
SOFTWARE

Hassouna S, Hefman D, Osmancik P
Kardiologie, FNKV, Praha

Introduction: Catheter ablation in patients with non-par-
oxysmal atrial fibrillation (AF) still doesn’t give satisfac-
tory results. One of the last developed methods in AF ab-
lation is the ablation of regions with focal and rotational
activities that contribute in maintaining of AF. CARTO
Finder module was developed just to highlight the re-
gions of repetitive focal and rotational activities during
AF using endocardial high-density mapping. Our aim is to
present initial results with the CARTO Finder module in
non-paroxysmal AF.

Methods: Patients with symptomatic non-paroxysmal AF
who were referred for catheter ablation were included
in the study. The regions of focal and rotational activities
in the left and right atrium were mapped using Pentarey
multipolar catheter and CARTO Finder module. The abla-
tion consisted of pulmonary vein isolation, followed by
ablation of highlighted regions of focal and rotational
activities. If AF persisted after the ablation, electrical car-
dioversion was done. Holter recordings were done at 3, 6,
9 and 12 months during follow-up.

Results: A total of 13 patients (5 women), mean age
63.8+8.7 years, weight 93.2+17.6 kg, were included. Mean
duration of the procedure was 217.2+39 min, no compli-
cation occurred during the procedure. AF was present in
all patients at the beginning of the procedure. The left
atrial volume was 186.2+22.7 mL. Using the CARTO Finder
module, 2.3+1.0 regions of focal, and 0.6+0.7 regions of
rotational activity were found. Typical regions of findings
were the base of the left atrial appendage and the endo-
cardial side of the CS. Termination to SR or organization
to regular atrial tachycardia occurred in only 2 patients,
all other patients underwent electrical cardioversion. The
mean follow-up time was 205.4+53.1 days, with 7 of 10
patients followed for longer than 6 months (70%) main-
tained SR.

Conclusion: The acute termination of AF to SR or organi-
zation into a regular atrial tachycardia using CARTO Find-
er module was not frequent. On the other hand, clinical
results in terms of SR maintenance were promising in the
pilot cohort of patients.

B CATHETER ABLATION OF ATRIAL
FIBRILLATION/TACHYCARDIA IN PATIENTS
WITH PULMONARY HYPERTENSION:

A MULTICENTRE RANDOMIZED TRIAL

Havranek S', Fingrova Z', Skala T2, Reichenbach A3,
Dusik M', Ambroz D', Dytrych V', Jansa P,
Hutyra M?, Wichterle D*

"I, interni klinika, VFN Praha, Praha; ? I. interni
klinika, FN Olomouc, Olomouc; ? Klinika kardiologie,
IKEM, Praha; * Klinika kardiologie, Institut klinické

a experimentalni mediciny, Praha

Background: Atrial fibrillation (AF) and related atrial
tachycardias (ATs) are common arrhythmias in patients
with pulmonary hypertension (PH). The long-term ef-
ficacy and safety of radiofrequency catheter ablation
(RFCA) for AF/AT in the PH population have not yet been
prospectively studied. We investigated the hypothesis
of whether extensive RFCA of the arrhythmogenic sub-
strate on top of selective ablation of clinical arrhythmia
alone results in superior clinical outcomes in patients
with PH and AF/AT.

Methods: Patients with combined post- and pre-capillary
or isolated pre-capillary PH and AF/AT indicated to RFCA
were enrolled in 3 centers and randomized 1 : 1 into two
parallel treatments arms: (A) “Clinical” ablation and (B)
“Clinical” plus substrate-based ablation. The primary
endpoint of the study was documented arrhythmia re-
currence >30 s without antiarrhythmic drugs during the
post-blanking period after the index ablation.

Results: A total of 77 patients (71 [61; 75] years; 41 males)
were enrolled in the study. 43 (56%) patients had AF and
34 (44%) had AT. The median duration of the follow-up
period was 14 (12; 21) months. The primary endpoint
occurred in a comparable number of patients in group
A and B (17 patients [45 %] vs. 15 patients [42 %]; HR:
1.03; 95% Cl 0.51 to 2.06; p = NS). When compared to AF
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patients (irrespective to randomization schema), the pri-
mary endpoint occurred significantly less frequently in AT
group (9 [25%] vs. 23 [61%]; HR 0.3 (95% CI 0.14 to 0.66);
p = 0.003). The occurrence of the primary endpoint in AF
and AT patients according to the randomization group is
visualized in Figure.

Conclusion: The trial in patients with PH and AF/AT pro-
spectively demonstrated that more extensive ablation is
not associated with improved clinical outcomes. How-
ever, better results were achieved in patients with AT.
NCT04053361.
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B NITRIC OXIDE RELEASING PACING
LEAD TO PREVENT INFECTION
IN CARDIAC PACING

Hala P!, Lautner-Csorba O?, Gorur R?, Popkova M3,
Somay V3, Janak D3, Mic¢ek M3, Neuzil P4, Kittnar O3,
Major T*

" Kardiologie, Nemocnice Na Homolce,

Praha; ? Department of Chemistry,

University of Michigan, Ann Arbor, United States;
? Institute of Physiology, Charles University,
Prague; # Cardiology, Na Homolce Hospital, Praha;
5 Department of Chemistry, University of Michigan,
Ann Arbor, USA

Background: Effective prevention of pacing lead infec-
tion could reduce morbidity and save lives. It has been
demonstrated that nitric oxide (NO) can inhibit bacterial
adhesion and reduce biofilm formation. We tested a di-
azeniumdiolated dibutylhexanediamine (DBHD/N202,
a potent NO donor) coated pacing lead to prevent its
bacterial infection.

Methods: Silicone pacing lead was coated with two lay-
ers of 25 weight% DBHD/N,O, in Carbosil and topped
with one layer of plain Carbosil. The NO release profile
of the coated lead is measured with an ozone chemilu-
minescent method at 37 °Cin phosphate buffered saline
(PBS, pH = 7.4). In a bioreactor the lead is then exposed
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to bacterial cultures of S. aureus and P. aeruginosa and
its antibacterial capacity evaluated by biofilm homog-
enization and plating on agar for CFU counting of viable
bacteria per surface area. Complete pacing system with
the DBHD/N,O, coated pacing lead is then implanted in
small animal model (rabbit) and tested for function and
durability.

Results: Initial NO flux of DBHD/N,O, coating was 0.8+0.1
[x 10" mol/min/cm?] and stayed between the effective
range >0.5 flux unit for seven days. Preliminary results on
coated catheter surfaces demonstrated almost 95% de-
crease of biofilm formation: 89+9.7 vs. 5.2+1.1 x 10° CFU
(p <0.001). In-vivo, cardiac pacing was properly functional
in all subjects for over 6 months with mean impedance of
750 Ohm, average bipolar ventricular sensing of 9.2 mV
(min 7.4, max 12) and pacing threshold of 1.7 V@0.4 ms
(min 0.2, max 2.7).

Conclusion: Presented pacing lead with DBHD/N,O, coat-
ing demonstrated a potent antibacterial effect while re-
taining optimal pacing parameters. This effective elimi-
nation of biofilm formation can likely prevent potential
clinical infection especially in complex pacing procedures
or immunocompromised patients.

B POSTPROCEDURAL ULTRASOUND
EVALUATION OF PROXIMAL
AND DISTAL RADIAL ARTERY AFTER
CATHETERIZATION USING DISTAL RADIAL
ACCESS

Horék D, Bernat |, Jirous S, Slezak D, Rokyta R
Kardiologicka klinika, FN Plzenr, Plzeri

Distal radial access (DRA) becomes now more and
more popular among interventional cardiologists. It is
well known that utilization of DRA effectively spares
proximal radial artery in terms of minimizing the rate
of the radial artery occlusion (RAO). The aim of our
study was to evaluate patency not only of proximal ra-
dial artery, but also of distal radial artery using ultra-
sound (US) as the most reliable method. We evaluated
115 patients who underwent catheterization via distal
radial access (dTRA). Following the procedure and af-
ter successful hemostasis, arterial patency and diam-
eter at conventional transradial access (cTRA) and dis-
tal puncture sites (either in the anatomical snuffbox
or the dorsal distal RA) were assessed. No RAO were
found in the proximal or distal RA and there were no
significant other complications including hematomas
>2 cm. The mean diameter of the radial artery at con-
ventional puncture site was 2.86+0.49 mm and at dis-
tal puncture site 2.31+0.47 mm (p <0.001). Postproce-
dural compression time of dTRA was very short (80+36
min). In conclusion distal radial access was associated
with the absence of early arterial occlusion, and other
relevant complications.

Work was supported by the Charles University Research
program , Cooperatio — Cardiovascular Science” and by
MH CZ-DRO (Faculty Hospital in Pilsen — FNPI, 00669806).
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B COMPARISON OF SIX DECISION AID RULES
FOR DIAGNOSIS OF ACUTE MYOCARDIAL
INFARCTION IN ELDERLY PATIENTS
PRESENTING TO THE EMERGENCY
DEPARTMENT WITH ACUTE CHEST PAIN

Hrecko J, Pudil R, Dokoupil J, Pafizek P

I. interni kardioangiologicka klinika, Fakultni
nemocnice Hradec Kralové, Hradec Kralové

Obijective: This study aimed to evaluate the accuracy and
effectiveness of different strategies for the diagnosis of
acute myocardial infarction (AMI) in the elderly in real-
life clinical practice.

Methods: Patients older than 70 years presenting to the
emergency department with chest pain were includ-
ed. The performance of six decision aid rules (T-MACS,
HEART, EDACS, TIMI, GRACE, and ADAPT) and solo tropo-
nin T strategy for diagnosing AMI was evaluated by cal-
culating sensitivity, specificity, odds ratios, negative and
positive predictive values.

Results: A total of 250 patients, with a mean age of 78.5
years, were enrolled. Forty-eight patients (19.2%) had an
acute myocardial infarction in a 30-day follow-up period.
The sensitivity for ruling-out AMI was 100% for T-MACS,
HEART, and ADAPT; 97.9% for EDACS, 93.8% for TIMI,
and 81.3% for GRACE and solo TnT strategy. For ruling-in
AMI, the specificity was 97.5% for T-MACS, 95% for TIMI,
83.2% for HEART, 81.7% for GRACE, and 46% for ADAPT.
Conclusion: T-MACS decision aid had the best perfor-
mance for rule-out and rule-in diagnostics of AMI. Risk
stratification of patients with suspected acute coronary
syndrome based on decision aid rules can be used in real-
life practice, even in the population of the elderly.

B MYOCARDIAL INVOLVEMENT
DETECTED USING CARDIAC MAGNETIC
RESONANCE IMAGING IN PATIENTS WITH
SYSTEMIC SCLEROSIS - A PROSPECTIVE
OBSERVATIONAL STUDY

Hromadka M', Baxa J?, Rajdl D3, Rokyta R'

" Kardiologicka klinika, FN a LF UK Plzen, Plzen; 2 KZM,
FN Pizen, Plzeri; * Ustav klinické biochemie a hematologie
FN Plzen, LF v Plzni, UK v Praze, FN Plzeri, Plzen

Introduction and objectives: Cardiac involvement in system-
ic sclerosis (SSc) patients affects mortality. Cardiac magnetic
resonance (CMR) is capable of detecting structural changes,
including diffuse myocardial fibrosis that may develop over
time. Our aim was to evaluate myocardial structure and
function changes using CMR in patients with SSc without
known cardiac disease during a 5-year follow-up and find
possible correlations with selected biomarkers.

Methods: A total of 25 patients underwent baseline and
follow-up CMR examinations according to a pre-specified
protocol. Standard biochemistry, five biomarkers (hsTnl,

NT-proBNP, Galectin-3, sST2, and GDF-15), and disease-
specific functional parameters enabling classification of
disease severity were also measured.

Results: After five years, no patient suffered from mani-
fest heart disease. Mean extracellular volume (ECV)
and T1 mapping values did not change significantly (p
>0.073). However, individual increases in native T1 time
and ECV correlated with increased Galectin-3 serum lev-
els (r = 0.56; p = 0.0050, and r = 0.71; p = 0.0001, respec-
tively). Progression of skin involvement assessed using
Rodnan skin score and a decrease in diffusing capacity of
the lungs were associated with increased GDF-15 values (r
=0.63; p = 0.0009, and r = -0.51; p = 0.011, respectively).
Conclusions: During the 5-year follow-up, there was no
new onset of heart disease observed in patients with SSc.
However, in some patients, CMR detected progression
of sub-clinical cardiac fibrosis that significantly correlat-
ed with elevated Galectin-3 levels. GDF-15 values were
found to be associated with disease severity progression.

B FAMILIAL HYPERCHOLESTEROLEMIA
MUTATIONS IN CZECH POPULATION
AND IN CZECH PATIENTS WITH ACUTE
CORONARY SYNDROME

Hubacek J', Pitha J?, Adamkova V3

" PEM, Laborator molekuldrni genetiky, IKEM, Praha;
2 |[KEM, Praha; 3 PPK, IKEM, Praha

Introduction: Familial hypercholesterolemia (FH) is the
most common monogenic disease associated with in-
creased risk of atherosclerotic cardiovascular disease
(ACVD). FH is caused by mutations in the LDL-receptor or
in the Apolipoprotein B (ApoB); changes in other genes
occur rarely. Carriers of these mutations usually have high
cholesterol levels, but the quantification of the relation-
ship between these mutations and cholesterol levels in
FH patients with ASCVD and in the general population
has not yet been analyzed in detail. We investigated the
presence of these mutations in the Czech population and
in patients with ASCVD and analyzed the relationship of
these mutations with cholesterol levels.

Methods: We analyzed the presence of the three most com-
mon Czech mutations in the genes for the LDL receptor (Asp-
266Glu and Gly592Glu) and for apoB (Arg3527GIn/Trp) in 6
012 individuals from the post-MONICA study (age 49.7+11.2
years; 53% women) and in 3 097 patients with acute coronary
syndrome (ACS) (age 57.6+8.7 years; 100% men).

Results: A total of 38 FH mutation carriers were detect-
ed. The prevalence of LDL-R mutations did not differ be-
tween patients with ACS and controls (3.0%o vs. 2.5%o).
APOB mutations were significantly more frequent in pa-
tients than in the population (3.5%o vs. 0.5%o; p < 0.0005;
OR [95% CI] = 7.1 [2.0-25.5]). Only 1/3 of carriers of the
screened mutations had significantly elevated total cho-
lesterol (values in the upper decile of the population dis-
tribution — above 7.5 mmol/L).

Conclusion: We described the prevalence of carriers of
the most common mutations in LDL receptor and APOB
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in the Czech population and in Czech patients with ACS.
It is not unconditionally true that the presence of the mu-
tation is associated with above-average total or LDL cho-
lesterol values.

B DRUG-ELUTING BALLOON COMPARED TO
DRUG-ELUTING STENT TREATMENT IN DES
RESTENOSIS

Hudec M', Brazdil V', Kafiovsky J', Stipal R, Poloczek M,
Bocek O, Jefabek P', Kamenik M3, Kala P!

"IKK, FN Brno a LF MU, Brno; ? IKK, FN Brno, Brno; 3
IKK, FN Brno and 3. LF UK, Praha

Introduction: One of the possible complications after drug
eluting stent (DES) implantation is in-stent restenosis (ISR).
There are two main recommended treatment methods —
using a drug-eluting balloon (DEB) or implantation of an-
other DES. Our aim was to compare long-term outcome of
the patients with ISR according to the method used.
Sample and methodology: Monocentric retrospective
data analysis. Between 2013 and 2018, there were 116
consecutive patients with ISR in previously implanted
DES. One of two recommended treatment methods was
used — either another DES implantation or a drug-eluting
balloon dilatation (DEB). The first group of 71 patients
was treated with an implantation of another DES (DES+)
and the second group of 45 patients was treated with
DEB (DEB+). The primary endpoint was composite of car-
diovascular (CV) mortality, rehospitalization for CV relat-
ed diagnosis, and target lesion revascularization (TLR) in
more than 3 years follow-up period.

Results: In a follow-up period, no significant difference
was found between DES+ a DEB+ group in composite
endpoint (27 [38% of DES+ group] vs. 18 [40% of DEB+
group]; p-value = 0,885), nor in a relative frequency of
and individual events.

Conclusion: Only few randomized trials have focused on
DES-ISR. We present real-life data with a long follow-up
of events. Despite the follow-up period length, statisti-
cal significance of events difference wasn’t found. Hypo-
thetically, using intravascular imaging (IVI) to get more
information about ISR (its nature, plaque burden, tissue
characteristics, possible mechanical problem in original
stent) might be helpful for treatment and decision mak-
ing. However, routine use of IVI in ISR therapy needs to
be verified by larger randomized trial.

B TRANSOESOPHAGEAL
ECHOCARDIOGRAPHY FINDINGS IN
YOUNG PATIENTS WITH CRYPTOGENIC
ISCHEMIC STROKE
Hutyra M, Sanak D?, Kral M?, Piecek J3, Cechakova E*,
Kocher M#, Veverka T Tiidos Z°, Taborsky M3
"I interni klinika - kardiologicka, Fakultni

nemocnice Olomouc, Olomouc; 2 Neurologicka
klinika, Fakultni nemocnice Olomouc, Olomouc;
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klinika, Fakultni nemocnice Olomouc, Olomouc;
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Background and purpose: The cause of ischemic stroke (IS)
remains often unclear in young patients. Relevant struc-
tural heart abnormities with known embolic potential
may represent cause of IS also in young population. The
use of transesophageal echocardiography (TEE) allows re-
liable detection of most relevant structural pathologies.
The aim was to assess frequency and spectrum of relevant
cardiac abnormities in young IS patients.

Subjects and methods: The study set consisted of young
acute IS patients <50 years enrolled in the prospective
HISTORY (Heart and Ischemic STrOke Relationship studY)
study, registered on ClinicalTrials.gov NCT01541163. In
all patients, the brain ischemia was confirmed on CT or
MRI. Admission ECG, serum specific cardiomarkers, TEE,
24-hour and 3-week ECG-Holter were performed in all
patients.

Results: Out of 1284 patients enrolled in the HISTORY
study, 135 (73 males, mean age 40.2+8.1 years) were
<40 years. The relevant TEE abnormities were present
in 47 (35%) of these patients. Patent foramen ovale
(PFO) with evident left to right shunt was detected in
38 (28%) patients, with significant right to left shunt in
25 (19%) patients, and other atrial septal defect with
clinically significant bidirectional flow in 4 (3%) pa-
tients. Significant valvular heart disease was present in
2 (1%) patients (1 bicuspid aortic valve with moderate
aortic regurgitation, 1 chronic severe mitral regurgita-
tion), and 4 (3%) patients severe left ventricular (LV)
systolic dysfunction (LFEF <35%) due to idiopathic di-
lated cardiomyopathy. Left atrial myxoma was detect-
ed in 1 patient.

Conclusion: The relevant structural abnormities with em-
bolic potential were detected using TEE in 35% of young
IS patients. Routine use of TEE to elucidate the causes of
IS, has a role especially in young patients who present
with IS and no cardiovascular risk factors.

B ASINGLE CENTRE PROSPECTIVE STUDY
COMPARING THE 0/1H AND 0/3H
RULE OUT/RULE IN ALGORITHMS FOR
MYOCARDIAL INFARCTION IN REAL
CLINICAL PRACTICE OF UNIVERSITY
HOSPITAL EMERGENCY DEPARTMENT

Jakubo V', Lokaj P!, Simackova H?, Kfivanova A3,
Dolecek M*, Beriovska M>, Kala P', Pafenica J'

"Interni kardiologicka klinika, Fakultni nemocnice
Brno a Lékarska fakulta Masarykovy univerzity,

Brno; 2 Klinika interni, geriatrie a praktického
lékarstvi, Fakultni nemocnice Brno a Lékarska
fakulta Masarykovy univerzity, Brno; ? Interni
hematoonkologicka klinika, Fakultni nemocnice
Brno a Lékarska fakulta Masarykovy univerzity, Brno;
4 Klinika anesteziologie, resuscitace a intenzivni
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mediciny, Fakultni nemocnice Brno

a Lékarska fakulta Masarykovy univerzity,

Brno; ® Ustav laboratorni mediciny — Oddéleni
klinické biochemie, Fakultni nemocnice Brno, Brno

Background: High-sensitivity cardiac troponin (hs-cTn)
is a key biomarker used in the assessment of patients
presenting with chest pain. The European Society of
Cardiology (ESC) recently changed recommendations in
favor of using the ESC 0/1 h instead of the ESC 0/3 h
algorithm if a hs-cTn assay with a validated algorithm
is available.

Aim: To evaluate the diagnostic performance of both
ESC rapid rule out/rule in algorithms in real clinical
practice.

Methods and results: We prospectively enrolled 672
patients presenting with symptoms of acute coronary
syndrome without ST elevation to the emergency
room of the university hospital. Safety was compared
using the negative predictive value (NPV) for the rule-
out group, and accuracy using the positive predictive
value (PPV) for the rule-in group. The final diagnosis
was decided by 2 independent cardiologists using all
available information, including cardiac catheteriza-
tion and non-invasive imaging. Patients were con-
tacted 3 months after discharge by telephone calls.
Among 672 patients AMI was the final diagnosis in
152 (21%). NPV for rule-out was higher in 0/1h algo-
rithm (99.5%) than in 0/3h algorithm (98.9%). PPV was
comparable between both algorithms (60.4% versus
60.3%). No death occurred in the rule-out group dur-
ing three months of follow-up.

Conclusion: Both 0/1h and 0/3h algorithms were compa-
rable in diagnostic accuracy for rule-in. The 0/1h algo-
rithm in our study was revealed to be safer than the 0/3h
algorithm.

B 21 YEARS FOLLOW-UP OF LIVER
FUNCTION IN PATIENTS AFTER
FONTAN OPERATION

Ji¢inska D', Materna O', Antonova P? Koubsky K,
Jicinsky M, Stefanek M3, Janousek J',
Chaloupecky V'

" Détské kardiocentrum, Fakultni nemocnice

v Motole, Praha; 2 Klinika kardiovaskularni chirurgie,
Fakultni nemocnice v Motole, Praha; 3 Klinika
zobrazovacich metod, Fakultni nemocnice v Motole,
Praha

Introduction: Fontan circulation is associated with subop-
timal outcome due to chronic venous congestion. The aim
of this longitudinal study was to analyze the influence of
long-term venous congestion on liver function in patients
with univentricular circulation after total cavopulmonary
connection (TCPC).

Methods: 47 patients (22 women) who underwent
TCPC at median (IQR) age of 4 (3-6) years were repeat-
edly examined during subsequent follow-up Studies

1-3 at 5 (3-6), 13 (11-14) and 21 (20-22) years after
TCPC, respectively. Cardiac function was semiquanti-
tatively evaluated by echocardiography, liver function
was examined by a panel of biochemical and hemato-
logical tests. Moreover, liver elastography, enhanced
liver fibrosis test (ELF) and quality of life were evalu-
ated in Study 3.

Results: Progressive impairment of liver function was
found between the Studies. There was a significant in-
crease in levels of gamma glutamyl transferase (p <0.001),
bilirubin (p = 0.001), the FIB-4 (p <0.001) and Forns in-
dex (p <0.001); and decrease in levels of prealbumin (p
<0.001). In Study 3 abnormal ELF score (>7.7) was found
in 95% of patients and abnormal elastography (>7.2 kPa)
in all subjects. Good systolic ventricular function was pres-
ent in 83% subjects. 17% of patients rated their health as
excellent, 51% as very good, 23% as good, 9% as fair and
none as poor. There was no correlation between the liver
tests and ventricular function nor the subjective quality
of life.

Conclusion: Progressive impairment of liver function oc-
curs during long-term follow-up majority of patients af-
ter TCPC despite preserved single ventricle function and
good quality of life.
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B LONG-TERM CARDIOVASCULAR
OUTCOME IN PATIENTS AFTER PPCI FOR
STEMI. WHAT IS THE RISK PROFILE FOR
CARDIOVASCULAR MORTALITY?

Klancik V', Pesl L?, Neuberg M3, Tousek P* Kocka V*

" Third Faculty of Medicine, Charles University,
Prague, Hospital Ceské Budéjovice, a.s., Department
of Cardiology, Ceské Budéjovice; 2 Department of
Cardiology, Hospital Ceské Budéjovice, a.s., Ceské
Budéjovice; ? Partner of INTERCARDIS Project,
Medtronic Czechia, Praha; * Department of
Cardiology, University Hospital Kralovské Vinohrady,
Praha

Background: Long-term cardiovascular mortality (CM)
after primary percutaneous coronary intervention (pPCl)
for ST-elevation myocardial infarction (STEMI) is poorly
evaluated.

Methods: Retrospective, academic, two-centre analysis of
all consecutive patients presenting with acute STEMI from
March 2008 to December 2019. 5263 patients were evalu-
ated. Cardiovascular risk factors and comorbidities were
evaluated using medical histories obtained at the initial pre-
sentation. Patients were followed-up up for 12 years after
STEMI. Mortality data was acquired from the State Institute
of Health Information and Statistics of the Czech Republic.
Results: The mean follow-up duration was 5.1 years and
the mean age at presentation was 63.9 years. Men were
presented in 70.7%. The mortality associated with cardio-
vascular diseases was approx. 65%. Myocardial infarction
(MI) was the cause of death in 27.2% of cases. Patients
with CM were significantly older (73.7 years) opposite
to remaining patients (61.9 years). CM was significantly
higher in women opposite to men (24.3% to 14.3%) and
women were significantly older (77.2 to 71.2 years). The
most often cause of death was coronary heart disease
and heart failure, strokes and pulmonary embolism were
in the minority. According to the univariate analysis of
CM, risk factors for adverse cardiovascular outcome were
identified as age, sex, arterial hypertension, stroke, renal
insufficiency, diabetes mellitus, Ml, heart failure, active
smoking, Killip class, STEMI localization, single- or multi-
vessel disease, pPCl success and left ventricle ejection
fraction. The strongest predictors were renal insufficiency
and stroke.

Conclusion: CM was the leading cause of death in the
5-year outcome after pPCl. Focus on the compensation of
identified risk factors could be a suitable way to reduce
cardiovascular morbidity and mortality.

B RETROSPECTIVE COMPARISON OF AORTIC
VALVE ANNULUS EVALUATION IN PATIENTS
WITH SEVERE AORTIC STENOSIS IN
PATIENTS PLANNED FOR TAVI PROCEDURE
Kmonicek P, Mates M, Kopfiva K, Mraz T, Holy F

Kardiologické oddéleni, Nemocnice Na Homolce, Praha
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Aim of study: To compare aortic annulus evaluation using
echocardiography 2D or 3D reconstruction versus MDCT
examination using dedicated 3 mensio software.

Cohort and methods: We examined 55 patients (28 fe-
male, 27 male) aged 53-95 years who were scheduled
for TAVI procedure on behalf of severe aortic stenosis
diagnosed before. All patients were interrogated by TEE
and most of them with TOE using i33 Philips echocardio-
graphic equipment and with Siemens Somatom Defini-
tion Flash MDCT hardware. We compared results of aortic
annulus diameter calculated from aortic annuli perimeter
measurement and determination of aortic annular eccen-
tricity index defined as 1-Dmin/Dmax. Values >0.25 were
considered significant as a risk factor for residual postpro-
cedural aortic regurgitation after TAVi.

Results: Aortic annulus diameter obtained from 2D echo-
cardiography were on average 1.6+1.98 mm smaller
in comparison to MDCT measurement using 3 mensio
dedicated software. Values of aortic annulus eccentricity
index were significantly underestimated when we com-
pared 3D echocardiography reconstruction on average by
0.13+0.068. Using 3D reconstruction no severe eccentric-
ity index was reached — MDCT results were from this point
of view different

Conclusion: 2D echocardiography underestimated re-
sults of aortic annulus size in comparison with MDCT
examination with dedicated, when software 3 mensio
was used. 3D TOE significantly underestimates annular
eccentricity index calculation in patients with severe
aortic stenosis.

B FFR VERSUS IFR IN ASSESSMENT OF
LESION HEMODYNAMIC SIGNIFICANCE
AND EXPLANATION OF THEIR
DISCREPANCIES. INTERNATIONAL,
MULTICENTER AND PROSPECTIVE TRIAL -
THE FIGARO STUDY.

Kovarnik T, Matsuo H, Jefabek S, Kral A,
Zemanek D, Branny M, Kala P, Mates M,
Mrozek J, Linhart A

Il. interni klinika, VFN Praha, Praha

Background: Prospective registry of FFR/iFR discrepancy.
Methods: FR/iFR were analyzed using a Verrata wire, and
coronary flow reserve (CFR) was analyzed using a Com-
bomap machine (both Philips-Volcano). The risk polymor-
phisms for endothelial nitric oxide synthase (ENOS), and
for hemooxygenase-1 (HO-1) were analyzed.

Results: In total, 1884 FFR/iFR measurements from 1564
patients were included. The FFR/iFR discrepancy oc-
curred in 393 measurements (20.9%): FFRp (positive) /
iFRNn (negative) type (264 lesions, 14.0%), and FFRn/iFRp
(129 lesions, 6.8%) type. CFR was measured in 343 le-
sions, correlating better with iFR (R = 0.56, p <0.0001)
than FFR (R = 0.36, p <0.0001). The CFR value in FFRp/
iFRN lesions (2.24+0.7) was significantly higher com-
pared to both FFRp/iFRp (1.39+0.36), and FFRn/iFRn le-
sions (1.8+0.64, p <0.0001).
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Multivariable logistic regression analysis confirmed: 1.
sex, age, and lesion location in the right coronary artery
as predictors for FFRp/iFRn discrepancy; 2. hemoglobin
level, smoking, and renal insufficiency as predictors for
FFRn/iFRp discrepancy.

The FFRn/iFRp type of discrepancy was significantly
more frequent in patients with both risk type of poly-
morphisms (ENOSr+HO-1r): 8 patients (24.2%) compared
to FFRp/iFRn type of discrepancy: 2 patients (5.9%),
p =0.03.

Conclusions: Predictors for FFRp/iFRn discrepancy were
sex, age, and location in the right coronary artery. Pre-
dictors for FFRn/iFRp were hemoglobin level, smoking,
and renal insufficiency. The risk type of polymorphism
in ENOS and HO-1 genes was more frequently found
in patients with with FFRn/iFRp type of discrepancy.

B LV SIZE NEEDS TO BE INCORPORATED
IN LV FUNCTION ASSESSMENT
IN HFREF PATIENTS

Kroupova K', Wohlfahrt P?, Kotr¢ M’,
Melenovsky V', Kautzner J', Benes J'

" Klinika kardiologie, IKEM, Praha; 2 Centrum
kardiovaskularni prevence, Fakultni Thomayerova
nemocnice, Praha

Background: Left ventricular (LV) size is associated with
outcome in HFrEF patients, but neglected in the assess-
ment of LV performance. We have aimed to develop
and test the new parameter integrating the information
about both LV function and size.

Methods and results: A group of 844 stable patients
with advanced HFrEF (57.9+11.3 years, 67.9% NYHA
II/IV, LVEF 23.6+5.8) underwent an echocardiographic
evaluation and were prospectively followed for a me-
dian of 1110 days (IQRs 407, 1780 days) for the oc-
currence of an adverse outcome (death, urgent heart
transplantation or mechanical circulatory support im-
plantation) that was observed in 512 patients (60.7%).
LV size (LV-end-diastolic diameter indexed for body
size, LVEDDi) was associated with adverse outcome
even when adjusted for LV ejection fraction (HR 1.04,
95% CI 1.02-1.06, p = 0.0001). In order to integrate LV
size and function into one score parameter, we have
developed a parameter called missing LV-ejection frac-
tion (calculated as 55% LVEF) and LV-global dysfunc-
tion score (LVGDs), defined as missing EF times LVEDDi.
LVGDs showed a superior prognostic role compared to
LVEF (AAUC >2.2 in four defined time points, p <0.05).
When subdivided into quartiles according to LVGDs, in
each quartile patients with better LVEF but more di-
lated LV had similar outcome as those with worse LVEF
but smaller LV size (p >0.23).

Conclusion: LV dilatation is a manifestation of LV dysfunc-
tion in HFrEF patients. Integrating both LV size and LVEF
into one parameter provides more accurate information
about the degree of LV disease and prognosis.
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B CATHETER THROMBECTOMY FOR ACUTE
ISCHEMIC STROKE IN CARDIOLOGY CATH LAB:
10-YEAR RESULTS

Krecek J', Kucera D', KoZnar B, Sulzenko J', Widimsky
P, Stétkarova I2, Peisker T2, Vasko P?

! Kardiologicka klinika, Fakultni nemocnice Kralovské
Vinohrady, Praha; ? Neurologicka klinika, Fakultni
nemocnice Kralovské Vinohrady, Praha
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Background and aim: Acute ischemic stroke is a devas-
tating disease with high mortality and frequent perma-
nent severe functional disability. Catheter thrombectomy
is traditionally performed in neuroradiology centers;
however, they are not widely available and thus unable
to meet the population needs. This study investigated
whether this gap can be filled by involving interventional
cardiologists.

Methods: Study was initiated in 2012 as a prospective sin-
gle arm study testing these questions: Whether catheter
thrombectomy can be performed safely and effectively
in cardiology Cath Lab and achieve results comparable to
neuroradiology centers, whether direct thrombectomy
can be an alternative to bridging thrombolysis followed
by thrombectomy. Additional question was added to the
protocol in 2018: What are the outcomes of patients in
whom thrombectomy is done between 6-24 hours after
stroke onset.

Inclusion criteria: NIHSS >6, <6 (24) h from symptoms
onset.

Exclusion criteria: Inability to start intervention within 60
minutes after hospital arrival, intracranial bleeding, any
chronic severe disease limiting prognosis.

Results: Between October 2012 and May 2022, a total
of 507 patients with moderate-to-severe acute ischemic
stroke were enrolled. Table contains main results. Other
observations included: short learning curve for experi-
enced interventional cardiologists, worse outcomes of
posterior circulation strokes, high number of rehospital-
izations (most related to concomitant diseases, not to the
treated stroke).

Conclusion: Catheter thrombectomy in cardiology Cath
Lab is feasible and safe and may achieve results similar
to those of neuroradiology centers. Direct thrombecto-
my offers results comparable to bridging thrombolysis
followed by thrombectomy. Cardiologists should be in-
volved in stroke teams to provide treatment to broad pa-
tient populations.

Endpoint Rate Comparable
data from
HERMES
metaanalysis
Primary endpoint (mRs 0-2 at 90 days, 47% NA.

i.e. functional neurologic independence
after stroke) in the entire cohort

Primary endpoint among patients with 489%  46%
anterior stroke (n = 421)

Complete neurologic recovery (mRs=0) 209 10

7-day all-cause mortality 16.6% NA.

3-month all-cause mortality 31.2% 15.3%

Symptomatic intracranial hemorrhage 6.5% 4.4%

Distal embolization to another territory 379, NA.

with clinical impairment

Arterial dissection or perforation 3.7% NA.

Long-term follow-up 997+571 N.A.
days

Mean number of rehospitalizations per 3133 N.A.

patient during follow-up
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B BIOMECHANICAL RUPTURE RISK
ASSESSMENT IN MANAGEMENT OF
PATIENTS WITH ABDOMINAL AORTIC
ANEURYSM IN COVID-19 PANDEMIC

Kubicek L', Vitasek R?, Schwarz D?, Staffa R’,
Polzer S?

"Il. chirurgicka klinika, Centrum cévnich
onemocnéni, FN u sv. Anny v Brné, Brno; ? Katedra
aplikované mechaniky, VSB - Technické univerzita
Ostrava, Ostrava

Background: The acute phase of the COVID-19 pandemic
requires a redefinition of healthcare system to increase
the number of available intensive care units for COVID-19
patients. This leads to the postponing of elective surger-
ies including the treatment of abdominal aortic aneurysm
(AAA). The probabilistic rupture risk index (PRRI) recently
showed in another experimental project its advantage
over the diameter criterion in AAA rupture risk assess-
ment. Its major improvement is in increased specificity
and yet has the same sensitivity as the maximal diameter
criterion. The objective of this study was to test the clini-
cal applicability of the PRRI method in a quasi-prospective
patient cohort study.

Methods: Nineteen patients (14 males, 5 females) with
intact AAA who were postponed due to COVID-19 pan-
demic were included in this study. The PRRI was calcu-
lated at the baseline via Finite Element Method models.
If a case was diagnosed as high risk (PRRI >3%), patient
was offered priority in AAA intervention. Cases were fol-
lowed until September 10th 2021 and a number of false
positive and false negative cases were recorded.

Results: Each case was assessed within 3 days. Priority in
intervention was offered to two patients with high PRRI.
There were 4 false positive (higher PRRI value without
consequent AAA rupture) cases and no false negative
(low PRRI value with consequent AAA rupture) cases clas-
sified by PRRI. In three cases, the follow up was too short
to make any conclusion.

Conclusion: Integrating PRRI into clinical workflow is
technically and logistically possible. Longitudinal valida-
tion of PRRI showed auspicious results and it may lead
to more precise diagnostic evaluation in comparison to
maximal diameter criterion and subsequent personaliza-
tion of therapeutic approach to patients with AAA.

B LONG-TERM CLINICAL OUTCOMES
AND LEFT VENTRICULAR REVERSE
REMODELING IN PATIENTS WITH RECENTLY
DIAGNOSED UNEXPLAINED DILATED
CARDIOMYOPATHY
Kuchynka P', Podzimkova J!, Marek J', Danék B?,
Vitkova I3, Kreidlova M* Roblova L', Kovarnik T,
Linhart A", Palecek T'

" First Faculty of Medicine, Charles University in
Prague and General University Hospital in Prague,
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2nd Department of Medicine — Department of
Cardiovascular Medicine, Praha; ? University of
Washington Medical Center, Division of Cardiology,
Seattle, United States; ? First Faculty of Medicine,
Charles University and General University Hospital
in Prague, Institute of Pathology, Praha; * First
Faculty of Medicine, Charles University and General
University Hospital in Prague, Institute of Medical
Biochemistry and Laboratory Diagnostics, Praha

Background: Left ventricular reverse remodeling (LVRR)

and favorable prognosis of patients with recently diag-
nosed dilated cardiomyopathy (DCM) have been docu-
mented in studies with short-term follow-up. The aim of

our study was to assess the long-term clinical course and
stability of LVRR in these patients.

Methods: We prospectively studied 133 patients with re-
cently diagnosed unexplained DCM, with heart failure

symptoms lasting < 6 months and LV ejection fraction
<40% persisting after at least one week of therapy. All

had endomyocardial biopsy (EMB) at the time of diag-
nosis and serial echocardiographic and clinical follow-up

over five years.
Results: LVRR was observed in 46% patients at one year,

Methods: Patients with Ml within the previous 6 months
were assigned to a polypill-based strategy or usual care.
The polypill arm consisted of aspirin (100 mg), ramipril
(2.5, 5, or 10 mg), and atorvastatin (20 or 40 mg). The pri-
mary composite outcome was CV death, nonfatal type 1
Ml, nonfatal ischemic stroke, or urgent revascularization.
The secondary endpoint was a composite of previous ex-
cept urgent revascularization.

Results: 2499 patients were followed for a median of 36
months. The Czech Republic enrolled 174 subjects in the
trial from 9 participating centers. A primary-outcome
event occurred in 118 of 1237 patients (9.5%) in the polyp-
ill group and in 156 of 1229 patients (12.7%) in the usual-
care group (HR, 0.76; 95% Cl; p = 0.02). The secondary-out-
come occurred in 8.2% in the polypill group and 11.7% in
the usual-care group (HR, 0.70; 95% Cl, p = 0.005). Medica-
tion adherence was higher in the polypill group. Compari-
son of the Czech cohort to other countries did not show
significant difference in all prespecified outcomes.
Conclusions: Treatment with a polypill after Ml resulted
in a significantly lower risk of major adverse CV events.
We are happy that the Czech Republic was an active part
of this trial and was able to significantly contribute to its
positive results.

Ref.: Castellano JM et al. Polypill Strategy in Secondary Car-

in 60% at two years and 50% at five years. Additional- g a5cylar Prevention. N Engl J Med 2022;387:967-977.
ly, 2% of patients underwent heart transplantation and

12% experienced heart failure hospitalization. In multi-

variate analysis, baseline right atrial size, BNP level, and |l IN VITRO ASSESSMENT

PR interval were independently associated with mortal- .
@ ity (o <0.05 for all). The number of macrophages in EMB OF ANTI-INFLAMMATORY AND @

was associated with overall survival in univariate analysis CYTOTOXICITY PROPERTIES OF
only. LVRR at one year of follow-up was associated with COLCHICINE

lower rate of mortality and heart failure hospitalization
y P Maly M', Viktorova J?, Strnad 0% Ruml T2,

(p = 0.025). . !
Conclusions: LVRR occurs in over half of patients with Stranska M°
recent onset unexplained DCM during first two years of
optimally guided heart failure therapy and then remains
relatively stable during five-year follow-up. The reversion
of the process of adverse LV remodeling corresponds to
a low rate of mortality and heart failure hospitalizations
during long-term follow-up.

" Interni klinika — Kardiologické oddéleni,
Ustfedni vojenské nemocnice — Vojenské
fakultni nemocnice, Praha; 2 Ustav biochemie
a mikrobiologie, Viysoka skola chemicko-
-technologicka Praha; ? Ustav analyzy potravin
a vyzivy, Vysoka skola chemicko-technologicka,
Praha
B THE SECURE STUDY, A TRIAL WITH
SIGNIFICANT CONTRIBUTION FROM THE

CZECH REPUBLIC
Lubanda J, Linhart A

Inflammation plays a substantial role in the process of
atherosclerosis. The key players are monocytes trans-
formed to macrophages and coronary artery endothe-
lial cells. Limited anti-inflammatory drugs are currently
available — antibodies for IL-1 (CANTOS) and colchicine
(COLCOT, LoDoCo-2 trial). Here, we describe the molecu-
lar mechanism of colchicine downregulation of inflam-
mation processes in connection to its cytotoxic effects on
Backgrounds: A polypill with key medications associ- treated cells.

Il interni klinika kardiologie a angiologie,
Vseobecna fakultni nemocnice a 1. LF UK, Praha
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ated with improved outcomes (aspirin, ACE inhibitor,

and statin) has been proposed as a simple approach to

the secondary prevention of cardiovascular (CV) death

and complications after myocardial infarction (MI). This
strategy was tested in the SECURE trial which results
were recently presented. The Czech Republic was a part
of the consortium of 11 European research institutions

conducting the trial.

Human coronary artery endothelial cells (HCAEC) were
polarized toward M1 pro-inflammatory phenotype re-
sponsible for production of IL-6. The production of IL-6
was negated by addition of colchicine in dose-dependent
manner. 13.4+0.8 mg/L of colchicine decreased the pro-
duction of IL-6 by 50% in HCAEC cells.

Similarly, human monocytic cell line THP-1 was differ-
entiated into macrophages by incubation in the pres-
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ence of phorbol-12-myristate-13-acetate, which leads to
a macrophage-like phenotype characterized by changes
in morphology and adhesion. In concentrations higher
than 7.5 mgl/L, colchicine significantly increased the pro-
duction of TNFa and IL-6 indicating induction of stress
conditions and production of inflammatory markers by
macrophages.

Colchicine did not show direct cytotoxicity against HCAEC
or THP-1 (24h treatment) even at the highest tested con-
centration of 100 mg/L, but induced the expression of
nephrotoxic markers in human renal tubular epithelial
kidney cells.

In summary, our in vitro results show the potential of
colchicine to reduce inflammation in coronary artery en-
dothelial cells, but at the same dose, colchicine induces
stress conditions and an inflammatory environment in
monocytes. At the same time, it is necessary to draw at-
tention to the nephrotoxic effects of colchicine.

B ROLE OF MYOCARDIAL DEFORMATION
ANALYZED BY 3D ECHOCARDIOGRAPHY
IN FABRY DISEASE

Marek J, Rob D, Dostéalova G, Kuchynka P,
Hlubocka Z, Chocholova B, Linhart A

Il interni klinika — klinika kardiologie a angiologie,
VSeobecna fakultni nemocnice Praha, Praha

Introduction: Fabry disease is a multisystemic lysosomal
storage disorder caused by a defect in the gene coding
the alpha-galactosidase A enzyme. Cardiac involvement
typically manifests as a phenocopy of hypertrophic car-
diomyopathy. Three-dimensional echocardiography can
analyze myocardial deformation of the LV in both cir-
cumferential and longitudinal dimensions. Our goal was
to assess the role of 3D deformation in relation to heart
failure severity and long-term prognosis.

Methods: We analyzed data from 75 patients. 3D echo-
cardiography was acquired using GE Vivid 9 and E95 ma-
chines. Death and all-cause cardiovascular hospitaliza-
tions over a median follow-up of 3.1 years were assessed.
Results: Average age was 47+14 years and 44% of pa-
tients were male. Overall, 51% of patients had hyper-
trophy or concentric remodeling of the LV. Average EF
was 65+6% and two patients had EF <50%. Average
value of 3D GLS and GCS was 15+5 % and 16+4%, re-
spectively.

A stronger correlation was observed for NT-proBNP with
3G GLS (r = 0.49, p <0.0001) while correlation with 3D
GCS was also significant, but weaker (r = 0.38, p <0.001).
Ejection fraction by 3D was weakly correlated with NT-
proBNP (r = 0.25, p = 0.036).

In the long-term follow-up, 3D GLS was significantly asso-
ciated with long-term outcome (HR 0.79, Cl 0.72-0.87, p <
0.0001, log rank p < 0.0001) while 3D GCS was borderline
associated and only as a continuous variable (HR 0.87, CI
0.77-0.98, p = 0.0183, log rank p = 0.18). 3D EF was not
associated with long-term outcome (p = 0.42 and 0.92).
Conclusion: 3D GLS was strongly associated with HF sever-
ity measured by natriuretic peptides and long-term prog-
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nosis. Only borderline association of 3D GCS and no asso-
ciation of EF with prognosis was observed. Longitudinal
deformation analysis remains important for assessment
of LV function in Fabry disease.
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B ABSENCE OF HEART RATE VARIABILITY
CHANGE DURING FOLLOW-UP AFTER
COVID-19 DOESN'T SUGGEST DIRECT
CARDIOVASCULAR IMPACT

Matejova G', Radvan M?, Kala P?, Kamenik M’,
Koc L

" Interni kardiologicka klinika, Fakultni nemocnice
Brno, Brno; ? Fakultni nemocnice Brno

Objective: To evaluate the need for cardiac monitoring of
unselected patients recovered from COVID-19 and to esti-
mate the risk of development of arrhythmias after severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Results: Presence of significant pathology detected
was rare (one paroxysmal atrial fibrillation in 73-year-
old woman with dilated left atrium; 71-year-old man
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with atrioventricular blockade with indication for im-
plantation of the pacemaker, when cardiac MRI didn't
find any signs of myocardial inflammation. After eval-
uation both were not related to previous SARS-CoV-2
infection.

During one-year follow-up after COVID-19 infection
there was no change in heart rate variability evalu-
ated by SDNN (V, vs V, 156.6+40.6 vs 156,0+38.0; p =
0.855), rMSSD (V,: 33+13.95 to 30.6+12.89; p = 0.175)
and triangle (V,: 28.5+7.8 to 29.5+8.8; p = 0.488). Divid-
ing heart rate oscillations into low-frequency (LF), and
high-frequency (HF) bands, we have found statistically
significant changes between V, a V, for LF (718+433.7 to
646+361; p = 0.024) and HF (341.5+335 to 268.0+266; p =
0.032). These parameters are mostly affected by breath-
ing rate and are representing possible autonomic dys-
regulation (HF/LF ratio).

Conclusion: Despite many information regarding cardiac
impairment of SARS-CoV2 our study does not suggest an
increased risk of development of arrhythmias after severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
even in a population with high proportion of ongoing
symptomatology. Some findings may suggest autonomic
dysfunction after COVID-19. Based on our results the rou-
tine ECG monitoring is currently not recommended after
COVID-19 recovery.

B TUMOR NECROSIS FACTOR-RELATED
APOPTOSIS-INDUCING LIGAND
(TRAIL) IS ASSOCIATED WITH
CARDIAC INJURY AND STROKE
SEVERITY IN PATIENTS AFTER
ACUTE ISCHEMIC STROKE

Mihalovi¢ M', Mikulenka P?, Linkova H', Lauer D?,
Stétkarova 12, Tousek P!

" Kardiocentrum, 3. LF UK, FNKV, Praha;
2 Neurologicka klinika, 3. LF UK, FNKV, Praha

Stroke is accompanied by pathological disturbances lead-
ing to autonomic dysfunction and systemic inflammation.
Tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) is a protein involved in several pathological con-
ditions including cardiovascular diseases. We aimed to
assess TRAIL level dynamic changes and its relation to
stroke severity, impact on short-term outcome and as-
sociation with markers of cardiac injury in patients after
acute ischemic stroke (AIS).

In our study 104 patients after AIS were enrolled. Blood
samples were obtained from patients at the time of ad-
mission, 24 and 48 hours later to determine level of TRAIL,
NT-proBNP, and hs-Tnl. Twelve lead ECG at admission, 24,
48 hours later were obtained. Neurological examination
including NIHSS at admission and modified Rankin Scale
(mRS) at 90 days following the patient’s discharge from
the hospital were performed.

In the results we observed association between lower
TRAIL and NT-proBNP elevation at admission, after 24
and 48 hours of hospitalization and there was negative

association between TRAIL and hs-cTnl at admission.
Moreover, we observed a connection between lower
TRAIL and stroke severity evaluated by NIHSS on first day.
Lower TRAIL showed significant association with severe
disability and death evaluated by mRS at 90 days both af-
ter 24 and 48 hours of hospitalization. Lower TRAIL was
associated with the occurrence of PVCs and prolonged
QTc interval.

Our study showed that lower TRAIL is associated with
stroke severity, unfavorable functional outcome and
short term mortality in patients after acute ischemic
stroke. Moreover, we described association with markers
of cardiac injury and ECG changes. It is necessary to distin-
guish whether these abnormalities presenting in stroke
patients are caused by coexisting ischemic heart disease
or by brain injury directly.

B ACUTE SEVERE HEART
FAILURE IMMEDIATELY
REDUCES HEART RATE VARIABILITY:
AN EXPERIMENTAL STUDY
IN PORCINE MODEL

Naar J!, Micek M?, Kriiger A", Vondrakova D',
Janotka M', Popkova M2, Kittnar O?, Neuzil P,
Ostadal P!

" Kardiologické oddéleni, Nemocnice

Na Homolce, Praha; ? Department

of Physiology, First Faculty of Medicine,
Charles University, Praha

Background: There are substantial differences in auto-
nomic nervous system activation among heart failure (HF)
patients and immediate effect of acute HF on autonomic
function is not fully understood.

Objective: The aim our study was to assess the effect
of experimental acute HF on heart rate variability
(HRV).

Materials and methods: Twenty-four female swine of
mean body weight 45 kg were used. Acute severe HF was
induced by global myocardial hypoxia. In each subject,
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two 5-minute electrocardiogram segments were ana-
lyzed and compared: before the induction of myocardial
hypoxia and >60 min after the development of severe
HF. HRV was assessed by time-domain, frequency-domain
and nonlinear analytic methods.

Results: Induction of acute HF led to significant decrease
in cardiac output, left ventricular ejection fraction and
rise in heart rate. Development of acute HF was associ-
ated with a significant reduction of standard deviation
of intervals between normal beats (50.8 [20.5-88.1] ms
vs. 5.9 [2.4-11.7] ms, p < 0.0001) — Figure 1. Highly sig-
nificant a uniform reduction of HRV was observed also in
other time-domain and main nonlinear analytic methods.
Similarly, frequency-domain HRV parameters were sig-
nificantly changed.

Conclusion: Acute severe HF induces an immediate reduc-
tion in HRV.

B EXCESS ISCHEMIC
TACHYARRHYTHMIAS
TRIGGER PROTECTION AGAINST
MYOCARDIAL INFARCTION
IN HYPERTENSIVE RATS

Neckar J', Alanova P', Olejnickova V',
Papousek F', Hrdlicka J', Hejnova L%, Behuliak M3,
Silhavy J¢, Stengl M®, KolaF F'

" Developmental Cardiology, Institute

of Physiology, Czech Academy of Sciences,

Prague; 2 Physiology, Faculty of Science, Charles
University, Prague; 3 Experimental Hypertension,
Institute of Physiology, Czech Academy of Sciences,
Prague; 4 Genetics of Model Diseases, Institute of
Physiology, Czech Academy of Sciences, Prague;

5 Physiology, Faculty of Medicine in Pilsen, Charles
University, Pilsen

Increased level of C-reactive protein (CRP) is a risk fac-
tor for cardiovascular diseases, including myocardial
infarction and hypertension. Here, we analyze the ef-
fects of CRP overexpression on cardiac susceptibility to
ischemia/reperfusion (I/R) injury in adult spontaneously
hypertensive rats (SHR) expressing human CRP trans-
gene (SHR-CRP). Using an in vivo model of coronary ar-
tery occlusion, we found that transgenic expression of
CRP predisposed SHR-CRP to repeated and prolonged
ventricular tachyarrhythmias. Excessive ischemic ar-
rhythmias in SHR-CRP led to a significant reduction of
infarct size (IS) compared with SHR. The proarrhythmic
phenotype in SHR-CRP was associated with altered heart
and plasma eicosanoids, myocardial composition of fatty
acids in phospholipids, and autonomic nervous system
imbalance before ischemia. To explain unexpected IS-
limiting effect in SHR-CRP, we performed metabolomic
analysis of plasma before and after ischemia. We also
determined cardiac ischemic tolerance in hearts sub-
jected to remote ischemic perconditioning (RIPer) and
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in hearts ex vivo. Acute ischemia in SHR-CRP markedly
increased plasma levels of multiple potent cardioprotec-
tive molecules that could reduce IS at reperfusion. RIPer
provided IS-limiting effect in SHR that was comparable
with myocardial infarction observed in naive SHR-CRP. In
hearts ex vivo, IS did not differ between the strains, sug-
gesting that extra-cardiac factors play a crucial role in
protection. Our study shows that transgenic expression
of human CRP predisposes SHR-CRP to excess ischemic
ventricular tachyarrhythmias associated with a drop of
pump function that triggers myocardial salvage against
lethal I/R injury likely mediated by protective substances
released to blood from hypoxic organs and tissue at re-
perfusion.

B IDENTIFICATION OF PLASMATIC
MICRORNAS ASSOCIATED WITH
PULMONARY EMBOLISM IN PATIENTS
WITH ACUTE-ONSET DYSPNEA - PILOT
RESULTS

Novak J', Machackova T?, Ulrichova L', Trachtova K?,
Soucek M', Kianicka B’

"ll. interni klinika, Fakultni nemocnice u svaté
Anny v Brné a Lékarska fakulta Masarykovy
univerzity, Brno, 2 Ondrej Slaby Research Group,
Central European Institute of Technology, Masaryk
University, Brno

Introduction: Acute-onset dyspnea represents one of
the most common reasons for evaluation of the pa-
tient at the emergency departments. Differential di-
agnostics of acute-onset dyspnea requires thorough
physical and paraclinical examination. To establish
the diagnosis of pulmonary embolism (PE), there is
currently no enough sensitive and specific biomarker
and diagnosis needs to be confirmed by CT pulmonary
angiography (CTPA). Circulating microRNAs (miRNAs,
miRs) represents an intriguing group of biomarkers
that were shown to be altered between healthy indi-
viduals and PE patients. Aim of the current study was
to identify miRNAs distinguishing dyspneic patients
with and without PE.

Methods: 28 consecutive patients with acute onset dys-
pnea suspected of having PE based on clinical exam and
lab testing were enrolled. Patients underwent CTPA to
confirm (n = 17) or exclude (n = 11) PE. Prior CTPA, all
patients signed informed consent and then underwent
blood sampling into EDTA tubes. Plasma was separat-
ed and total RNA was isolated using miRNeasy Serum/
Plasma Kit®. Seven samples were used for next-genera-
tion sequencing on lllumina NextSeq 550 (n = 4 CTPA-
confirmed PE and n = 3 CTPA-excluded PE). Sequencing
data were analyzed in R with DESeq2 and EdgeR pack-
ages.

Results: 975 miRNAs were identified in the plasmatic sam-
ples. Levels of 50 miRNAs were shown to be altered be-
tween patients w/o PE (unadjusted p-value <0.05). Out of
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these, five miRNAs presented total number of reads >200
and the fold change >0.5, which makes them potential
PE biomarkers: miR-155-5p, -625-3p, -7-5p, -29a-3p, and
-361-3p.

Conclusion: We have identified a group of 5 plasmatic
miRNAs whose levels differ between patients with acute
onset dyspnea with CTPA confirmed or excluded PE. Vali-
dation on independent large set of patients is now pend-
ing to confirm their potential diagnostic utility.

B L-LACTATE AND ISCHEMIA-MODIFIED
ALBUMIN AS MARKERS OF INTESTINAL
ISCHEMIA AFTER ABDOMINAL AORTIC
SURGERY

Novotny T', Staffa R, Tomandl J?, Kfivka T3, K¥iz Z°,
Sponiar J'

"ll. chirurgicka klinika, Centrum cévnich
onemocnéni, FN u sv. Anny v Brné a LF MU, Brno;

2 Biochemicky ustav, Lékarska fakulta Masarykovy
univerzity, Brno; ? Klinika zobrazovacich metod, FN
u sv. Anny v Brné a LF MU, Brno

Introduction: Postoperative intestinal ischemia (PIl) is
a severe complication in abdominal aortic surgery. Early
diagnosis is needed to commence the treatment while
the ischemia is reversible. The aim of the study was to
evaluate the diagnostic accuracy of L-lactate and isch-
emia-modified albumin (IMA) for Pll detection.

Methods: We have conducted a prospective non-random-
ized observational cohort study in eighty patients (62 men
and 18 women) with a mean age of 68.0+8.4 years under-
going elective aortic surgery. We took blood samples at
precisely defined time points in relation to the surgical
procedure. The primary method for intestinal ischemia
detection was contrast-enhanced magnetic resonance
enterocolography.

Results: We recorded six cases of Pll (7.5%). Both
markers had different postoperative kinetics. L-lac-
tate was the more accurate marker in all clinically rel-
evant postoperative time points. Postoperative kinet-
ics showed that we must always consider the blood
sampling time in relation to the procedure for proper
interpretation. L-lactate proved the highest accuracy,
sensitivity, and negative predictive value 24 hours af-
ter the declamping of the reconstruction. However,
specificity and positive predictive value were lower.
The combination of the most accurate timepoints of
both markers led to an increase in specificity and posi-
tive predictive value.

Conclusion: Based on our results, the postoperative levels
of L-lactate might help to detect Pl if proper time points
are used. IMA is a worse marker compared to L-lactate.
Its value might be in the combination with other markers
to improve the accuracy of prediction. Our data must be
confirmed in larger studies.

This study was supported by the Ministry of Health of the
Czech Republic, grant no. 17-29701A. All rights reserved.

B STRESS PULMONARY
CIRCULATION PARAMETERS
IN PATIENTS AFTER A HEART
TRANSPLANT AND CANCER
SURVIVORS: A CARDIOVASCULAR
MAGNETIC RESONANCE STUDY

Opattil L', Panovsky R, Mojica-Pisciotti M?,
Machal J3, Krejci J4, Holecek T°, Feitova V®, Kincl V',
Kepak T¢, Spinarova L’

"I interni kardioangiologicka klinika,
Mezinarodni centrum klinického vyzkumu,

FN u sv. Anny, Lékarska fakulta Masarykovy
univerzity, Brno; 2 FN u sv. Anny, Mezindrodni
centrum klinického vyzkumu, Brno; 3 Ustav
patologické fyziologie, Lékarska fakulta
Masarykovy univerzity, Brno; * I. interni
kardioangiologicka klinika, Lékarfska fakulta
Masarykovy univerzity, FN u sv. Anny, Brno;

5 Klinika zobrazovacich metod, Mezindrodni
centrum klinického vyzkumu, FN u sv. Anny, Brno;
¢ FNB, FN u sv. Anny, Masarykova Univerzita, Klinika
détské onkologie, Lékarska fakulta Masarykovy
univerzity, Mezindrodni centrum klinického
vyzkumu, Brno; 7 I. interni kardioangiologicka
klinika FN u sv. Anny, Lékarska fakulta Masarykovy
univerzity, Brno

Background: Pulmonary circulation parameters such as
pulmonary transit time (PTT), heart rate corrected PTT
(PTTc) and pulmonary transit beats (PTB) can be evaluated
using several methods, including the first-pass perfusion
from cardiovascular magnetic resonance. Up to 58% of
patients after HTx have diastolic dysfunction detectable
only in stress conditions. By using adenosine stress perfu-
sion images, stress analogues of the mentioned parame-
ters can be assessed. By dividing stress to rest biomarkers,
potential new ratio parameters (PTT ratio and PTTc ratio)
can be obtained.

The objectives were to provide more evidence about
stress pulmonary circulation biomarkers, present stress
to rest ratio parameters, and assess these biomarkers in
patients with presumed diastolic dysfunction after heart
transplant (HTx) and in childhood cancer survivors (CCS)
without any signs of diastolic dysfunction.

Methods: In this retrospective study, 48 patients after
HTx, divided into subgroups based on echocardiographic
signs of diastolic dysfunction (41 without, 7 with) and 39
CCS were enrolled.

Results: PTT in rest conditions were without significant
differences when comparing the CCS and HTx subgroup
without diastolic dysfunction (4.96+0.93 s vs. 5.51+1.14 s,
p = 0.063) or with diastolic dysfunction (4.96+0.93 s vs.
6.04+1.13 s, p = 0.13). However, in stress conditions, both
PTT and PTTc were significantly lower in the CCS group
than in the HTx subgroups, (PTT: 3.76+0.78 s vs. 4.82+1.03
s, p <0.001; 5.52%+1.56 s, p = 0.002). PTT ratio and PTTc
ratio were below 1 in all groups.
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Conclusions: Stress pulmonary circulation parameters ob-
tained from CMR showed prolonged PTT and PTTc in HTx
groups compared to CCS, which corresponds with the pre-
sumption of underlying diastolic dysfunction. The ratio
parameters were less than 1.

B EFFECT OF VENOARTERIAL
EXTRACORPOREAL MEMBRANE
OXYGENATION ON LEFT VENTRICULAR
FUNCTION IN CARDIOGENIC SHOCK
WITH AORTIC STENOSIS OR MITRAL
REGURGITATION: AN EXPERIMENTAL
STUDY IN PORCINE MODEL

Ostadal P', Vondrakova D', Popkova M? Hrachovina
M?, Kriiger A', Janotka M', Naar J', Kittnar O3, Neuzil
P, Micek M3

! Kardiocentrum, Kardiologické oddéleni, Nemocnice
Na Homolce, Praha; ? Fyziologicky ustav, 1. LF UK;
3 Fyziologicky ustav, 1. LF UK, Praha

Background: Venoarterial extracorporeal membrane oxy-
genation (VA-ECMO) is widely used in the treatment of
cardiogenic shock (CS). However, increased VA-ECMO
blood flow (EBF) may significantly impair left ventricular
(LV) performance. The objective of the present study was
to assess the effect of VA-ECMO on LV function in acute
CS with concomitant severe aortic stenosis (AS) or mitral
regurgitation (MR) in a porcine model.

Methods: Eight female swine underwent VA-ECMO im-
plantation and acute CS was induced by global myocar-
dial hypoxia. Subsequently, severe AS was simulated by
obstruction of the aortic valve, while severe MR was in-
duced by mechanical destruction of the mitral valve. LV
performance variables were measured at different rates
of EBF rates (ranging from 1 to 4 L/min), using LV pres-
sure-volume catheter. Data are expressed as median (in-
terquartile range).

Results: In severe AS, increasing EBF from 1 to 4 L/min
was associated with a significant elevation in mean
arterial pressure (MAP), from 33.5 (24.2-34.9) to 56.0
(51.9-73.3) mmHg (p <0.01). However, LV volumes (end-
diastolic, end-systolic, stroke) remained unchanged,
and LV end-diastolic pressure (LVEDP) significantly de-
creased from 24.9 (21.2-40.0) to 19.1 (15.2-29.0) mmHg
(p <0.01). In severe MR, increasing EBF resulted in a sig-
nificant elevation in MAP from 49.0 (28.0-53.4) to 72.5
(51.4-77.1) mmHg (p <0.01); LV volumes remained stable
and LVEDP increased from 17.1 (13.7-19.1) to 20.8 (16.3-
25.6) mmHg (p <0.01).

Conclusion: Results of this study indicate that the pres-
ence of valvular heart disease may alleviate negative ef-
fect of VA-ECMO on LV performance in CS. Severe AS ful-
ly protected against LV overload, and partial protection
was also detected with severe MR, although at the cost
of increased LVEDP and, thus, higher risk for pulmonary
edema.
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B CARDIAC TOLERANCE TO ISCHEMIA:
DEVELOPMENTAL AND SEX DIFFERENCES

Ostadal B
" Oddéleni vyvojové kardiologie, Fyziologicky ustav
AVCR, Praha

Keywords: Neonatal heart, female heart, ischemia/reper-
fusion injury, cardiac ischemic tolerance, mitochondrial
permeability transition pore

Age and sex play essential role in the cardiac tolerance to
ischemia/reperfusion (I/R) injury: cardiac resistance signifi-
cantly decreases during postnatal maturation and female
heart is more tolerant as compared with the male myocar-
dium." The mechanisms of the high tolerance of the neona-
tal and female hearts have not yet been satisfactorily clari-
fied. Some recent data indicate that mitochondria could
play an important role in this effect. It is widely accepted
that mitochondrial dysfunction and particularly mitochon-
drial permeability transition pore (MPTP) opening plays
a major role in determining the extent of cardiac I/R injury.
We have observed that the MPTP sensitivity to the calcium
load differs in mitochondria isolated from neonatal and
adult myocardium as well as from adult male and female
hearts. Neonatal and female mitochondria are more resis-
tant both in the extent and in the rate of mitochondrial
swelling induced by high calcium concentration. Our data
further suggest that age- and sex-dependent specificity of
the MPTP is not the result of different amounts of ATP syn-
thase and cyclophilin D (CypD): neonatal and adult hearts,
similarly as the male and female hearts contain compa-
rable amount of MPTP and its regulatory protein CypD.2?
We can speculate that the lower sensitivity of MPTP to the
calcium induced swelling may be related to the higher isch-
emic tolerance of both neonatal and female myocardium.*

B HOME BLOOD PRESSURE
TELEMONITORING (HBPTM) WITH
CONCURRENT MEASUREMENT OF
PHYSICAL ACTIVITY COMPARED TO
DAYTIME AMBULATORY BLOOD PRESSURE
MONITORING (ABPMD) - HOW ARE THE
RESULTS OF APPLIED RESEARCH USED?

Peleska J', Muzik J', Camek R?, Fiala D', Doksansky
M', Hana K3, Vranka J%, Dolezil D Jozifova M?,
Reissigova J°

" Faculty of Biomedical Engineering, Czech Technical
University, Prague; ? Cardiology Clinic, Institute of
Preventive and Sports Medicine, Prague, Prague;

3 First Faculty of Medicine, Charles University,
Prague, * Prague Municipal Medical Center, Prague;
° First Faculty of Medicine, Centre of Cardiovascular
Prevention, Charles University and Teaching
Thomayer Hospital, Prague; ° Institute of Computer
Science, Czech Academy of Sciences, Prague
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Objective: Despite the comparability of both methods in
majority of cases (ESH 2021), physicians do not trust their
patients to measure their BP correctly. The aim of this
study was to ascertain that the BP measurements (BPM)
are consistent and reliable.

Design and method: We enrolled 144 treated patients
with essential hypertension aged 24-85 years (60% males)
—all considered by their physicians as well controlled. The
therapy was not changed during this study.

Mean week cycle systolic BP (SBP) of HBPTM (BP monitor
Fora P30+, mobile phone for data transfer) at the begin-
ning and end of 3 months study (triplets of BPM in morn-
ing and evening) and mean SBP of ABPMD (SEIVA Tono-
Track) were compared. The required 5 minutes of physical
inactivity before BPM were checked in by Xiaomi MiBand
2 smart wristbands. BP and HR values were accessible to
patients and their physicians on a secure server. The data
were evaluated using a linear mixed model.

Results: The values of SBP in both HBPTM and ABPMD re-
mained steady during the trial. The mean SBP of ABPMD
was consistently higher by approximately 3 mmHg com-
pared to the mean SBP of HBPTM both at the beginning
(134.5+10.6 vs. 130.7+9.4 mmHg) and the end (133.0+11.0
vs. 129.7+10.6 mmHg), p <0.001.

Diani telemedicine system enables recording of all BPM
with the marked insufficient rest before BPM, a calcula-
tion of week total, morning and evening mean BP with
export of logbook in pdf, a day profile with BPM each
hour to detect hypotension. It is easy to browse through
week cycles of HBPTM, to record patient troubles and
therapy changes. The system reports occurrence of ar-
rhythmia by e-mail and voice evaluation of actual BPM.
Conclusions: Our results suggest that HBPTM is compara-
ble to ABPMD. HBPTM is suitable for long-term BP follow-
up and is technically sound. Questions around regulations
and financing remain to be resolved.

B DUAL CARDIOMYOCYTE CLUSTER
ARRHYTHMIAS DETECTED BY ATOMIC
FORCE MICROSCOPY

Rotrekl V', Pesl M?, Pivato R?, Svérak F3, Kabanov D%,
Klimovi¢ 5%, Starek Z°, PFibyl J¢

" Department of Biology, and SCDM, Faculty

of Medicine, Masaryk University, and ICRC, St.
Anne’s University Hospital, Brno; ? I. interni
kardioangiologicka klinika a Biologie LF MU a ICE,
ICRC, Fakultni nemocnice u sv. Anny, Brno; 3 Biologie,
Masarykova univerzita, Brno;  Nanobiotechnologie,
CEITEC MU, Brno; ® I. interni kardioangiologicka
klinika a ICE, ICRC, Lékarska fakulta, Masarykova
univerzita a Fakultni nemocnice u sv. Anny, Brno;

¢ CEITEC MU, Masarykova univerzita, Brno

Single cardiomyocytes (CMs) present unstable beating
patterns, partially compensated in a clustered syncy-
tium. We have proposed and tested a novel biosensor
utilizing two clusters of cardiomyocytes for advanced

detection of cardiac arrhythmias and subsequent drug
testing.
Methods: hESC's clusters were differentiated into
spherical CMs syncytium. Two such spheres were seeded
on adherent plates in the vicinity and within four days
spontaneously formed electrically connected syncytium
resembling the human myocardium and its conductive
system. Contraction of twin clustered spontaneously
synchronized by day 4. The Atomic Force Microscope
(AFM) vertical deflection enabled measurement and
calculation of absolute cardiomyocyte contraction
force,” while lateral force measurement was tracking
synchronized or independent contraction behavior of
twin clusters.? Caffeine induced arrhythmia as a mod-
el drug.? After its administration subsequent beating
patterns were monitored by AFM lateral force record-
ing and calcium fluorescence imaging as a reference
method for describing non-synchronized contractions
of cardiomyocytes. Caffeine increased the beat rate of
the syncytium. This was reflected by both the change
in vertical and lateral deflection. A significant increase
in standard deviation was observed immediately after
caffeine injection for both the lateral and the vertical
deflection.
Results: Caffeine affected the synchronization of vertical
and lateral displacement of the AFM cantilever, charac-
teristic of independent lateral and vertical deflections,
interpreted as defects in signal spreading through the
bridge resulting in the irregular beat of the two clusters.
1. Pesl M, et al. Biosens Bioelektron 85, 2016,10.1016/j.
bios.2016.05.073
2. Pivato R, et al. Anal Chim Acta 2022 cec
11;1216:339959. doi: 10.1016/j.aca.2022.339959.
3. Voskoboinik A et al. JACC Clin Electrophys., 4 (2018),
s. 425-432, doi: 10.1016/j.jacep.2018.01.012

The work was supported by the European Regional De-
velopment Fund - Project ENOCH (No. CZ.02.1.01/0.0/0.
0/16_019/0000868) and by the project National Institute
for Research of Metabolic and Cardiovascular Diseases
(Programme EXCELES, ID Project No. LX22NPO5104) -
Funded by the European Union — Next Generation EU.
Ministry of Health of the Czech Republic, grant NU20-
06-00156 and ClISB, Instruct-CZ Centre of Instruct-ERIC
EU consortium, funded by MEYS CR project LM2018127,
supported project and measurements at the CF Nano-
biotechnology.

B DUCHENNE MUSCULAR DYSTROPHY:
CARDIAC PHENOTYPE AS A RESULT OF
DNA DAMAGE-INDUCED CHANGE OF
STEM CELL FATE

Rotrekl V', Pesl M 2, Beckerova D?, Jelinkova $3,
Lacampagne A*, Meli A*

" Department of Biology, and SCDM, Faculty

of Medicine, Masaryk University, and ICRC, St.
Anne’s University Hospital, Brno; 2 I. interni
kardioangiologicka klinika a Biologie LF MU a ICE,
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ICRC, Fakultni nemocnice u sv. Anny, Brno;

3 Department of Biology, Masaryk University, Faculty
of Medicine, Brno; * INSERM U1046, University of
Montpellier I+1l, Montpellier, France

Duchenne muscular dystrophy (DMD) is caused by im-
paired dystrophin. Majority of the DMD patients suffer
from cardiomyopathy, arrhythmias, and heart failure is
the predominant cause of death. However, many works
showed the molecular mechanisms leading to the DMD
cardiomyocyte death during recent decades, and the de-
layed onset of progressive cardiomyopathy is still unclear.
Recently the involvement of progenitor population fail-
ure destabilizing muscle homeostasis was implicated and
inducing progressive muscle wasting. DMD patient-spe-
cificinduced pluripotent stem cell model and human em-
bryonic stem cells with dystrophin mutation introduced
by CRISPR/Cas technology (DMD hPSC for both models)
were used to uncover the involvement of cardiac progen-
itor cells (CPCs) depletion and its mechanism in humans to
cardiac failure. The absence of dystrophin in DMD hPSC
resulted in dysregulation of nitric oxide synthase (NOS),
which in turn spiked the excessive release of reactive oxy-
gen species (ROS). We show that ROS are associated with
increased DNA damage and elevated mutant frequency
in DMD hPSCs. Scavenging the ROS and/or inhibition of
NOS resulted in DNA damage reduction. Contrary to WT
mouse hearts was observed a dramatic increase in CPCs
population in young adult (2-3 months) MDX mice hearts
is followed by a steep decrease in mature animals. CPCs
depletion in MDX animal hearts is associated with elevat-
ed nuclear DNA damage.

The elevated proliferation of CPCs together with NOS
induced-ROS mediated-genomic instability leads to CPCs
depletion, and subsequently to limited ability to maintain
homeostasis of the heart muscle.

The work was supported by the Eu Regional Develop-
ment Fund-Project ENOCH CZ.02.1.01/0.0/0.0/16_019/000
0868; by National Institute for Research of Metabolic and
Cardiovascular Diseases EXCELES, ID LX22NPO5104 fund-
ed by “Next Generation EU".

B THE USE OF TELEMEDICINE IN
PATIENTS WITH PULMONARY ARTERIAL
HYPERTENSION - A PILOT STUDY

Pfecek J, Stybnar M, Hetclova D, Kubova K, Rada M,
Hutyra M

I. interni klinika - kardiologickd, FN Olomouc,
Olomouc

Background: Pulmonary arterial hypertension (PAH) is
a rare disease whose treatment is concentrated in special-
ized treatment centers. The severity of the disease and
the specific pharmacotherapy used require the need for
intensive monitoring of health status and ongoing treat-
ment. Telemedicine solutions open the way to new possi-
bilities for monitoring patients and optimizing treatment
to improve quality of life and prognosis. The available

‘ ‘ 141_Abstrakta.indd 164

evidence for the application of telemedicine in PAH is still
limited.

Study design and methods: A total of 24 patients with
pulmonary arterial hypertension were enrolled in a pro-
spective, non-randomized study. Patients were divided
1:1 to standard care and use of telemedicine interven-
tion. The telemedicine intervention included regular use
of a dedicated mobile phone/tablet app with measure-
ment of vital signs by an external device (blood pressure,
heart rate, oxygen saturation, body weight), as well as
the possibility of use video consultation, messaging, send-
ing photos and other files. After 6 months of interven-
tion, the incidence of rehospitalization for worsening
PAH, natriuretic peptides (NT-proBNP) levels and quality
of life measured by questionnaires (LPH, GSE, Beck scale)
were compared.

Results: In the telemedicine group, there was a trend
towards a nonsignificant decrease in natriuretic peptide
levels (NT-proBNP: —135.7 ng/l in telemedicine group vs.
+100.87 ng/l in control group; p = 0.25) and a significant
improvement in quality of life parameters assessed by the
questionnaire (LPH: -18 vs. +2; p <0.05; GSE +8 vs. 0; p
<0.05). No difference in rehospitalizations was observed
between the two groups.

Conclusions: This study demonstrated the feasibility of
telemedicine intervention in patients with pulmonary
arterial hypertension and the improvement of quality of
life parameters using this intervention.

B GENDER DIFFERENCES AND SURVIVAL
AFTER OUT OF HOSPITAL CARDIAC
ARREST

Rob D', Kavalkova P2, Smalcova J', Franék 03,
Komarek A% Pisinger M>, Bélohlavek J'

"Il. interni klinika kardiologie a angiologie,

VFN, Praha; ? Il. interni klinika VFN

kardiologie a angiologie, VFN; * Zdravotnickd
zdchrannd sluzba hl. m. Prahy, Praha; * Department
of Probability and Mathematical Statistics,
Univerzita Karlova, Faculty of Mathematics and
Physics; *Cardiology, Hospital Ceske Budejovice,
Ceske Budejovice

Background: Published evidence regarding the effect of
gender on outcome after out of hospital cardiac arrest
(OHCA) is inconsistent. We aimed to investigate the as-
sociation of gender to outcome and resuscitation charac-
teristics in OHCA patients admitted to the cardiac arrest
center.

Methods: In this analysis of registry data, all patients ad-
mitted for OHCA were included. The influence of gender
on 30-day survival and good neurological outcome (ce-
rebral performance category of 1 or 2) were examined
using Kaplan—-Meier estimates and multivariable logistic
regression.

Results: In total, 932 patients were analyzed (239 wom-
en, 26%). Women were older (64 vs 60 years, p <0.001)
and less commonly had a shockable rhythm (47% vs 65%,
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p <0.001) compared to men. Women were less likely to
have a cardiac cause of arrest (54% vs 75%, p <0.001),
received less therapeutic hypothermia (74% vs 86%,
p <0.001) and coronary angiography (63% vs 79%, p
<0.001). The overall 30-day survival was lower for women
(45% vs 53%, log-rank p = 0.005) as well as good neuro-
logical outcome (37% vs 46%, p = 0.008). However, ac-
cording to the multivariate logistic regression, gender
was not associated with survival (OR 0.98, 95% Cl 0.65-
1.50, p = 0.94) nor with good neurological outcome (OR
0.91, 95% Cl 0.59-1.40, p = 0.67).

Conclusions: Women admitted for OHCA to a cardiac cen-
ter had a different cause of arrest that had a different
treatment and outcome compared to men. Survival and
good neurological outcome were lower in women; how-
ever, after adjusting for baseline characteristics, gender
was not associated with survival nor neurological out-
come.

B HEART FAILURE IN FABRY DISEASE
REVISITED: APPLICATION OF CURRENT
HEART FAILURE GUIDELINES AND
RECOMMENDATIONS

Rob D, Marek J, Dostalova G, Linhart A

Il. interni klinika kardiologie a angiologie, VFN,
Praha

Aims: Fabry disease (FD) is often associated with heart
failure (HF). However, data on HF prevalence, prognosis,
and applicability of echocardiographic criteria for HF di-
agnosis in FD remain uncertain.

Methods: We evaluated patients with FD for symptoms
and natriuretic peptides indicating HF. Then we ana-
lyzed the diagnostic utility of the currently recommended
echocardiographic criteria for HF diagnosis and their rela-
tionship to natriuretic peptides. Finally, we examined the
association between HF and echocardiographic criteria
with clinical events during follow-up.

Results: Of 116 patients with FD, 47 (41%) had symp-
tomatic HF (58+11 years, 62% male). HF with preserved

ejection fraction (HF-pEF) was diagnosed in 43 (91%) pa-
tients. Left ventricular mass index (LVMi) had the high-
est diagnostic utility (sensitivity 71% and specificity 83%)
for HF diagnosis, followed by E/e’ >9 (sensitivity 76%
and specificity 78%) and global longitudinal strain (GLS)
<16% (sensitivity 54% and specificity 88%). Natriuretic
peptides correlated significantly with LVMi (r = 0.60), E/e’
(r=0.54), and GLS (r = 0.52) (all Ps < 0.001). During follow-
up (mean 1208 + 444 days), patients diagnosed with HF
had a higher rate of mortality and worsening HF (33% vs.
1.5%, p <0.001). Abnormal LVMi, E/e’ >9, and GLS <16%
were all associated with higher all-cause mortality and
worsening HF.

Conclusions: This study found a high prevalence of HF in
FD. HF-pEF was the dominant phenotype. LVMi, E/e’, and
GLS yielded the highest diagnostic utility for HF diagno-
sis and were correlated with natriuretic peptides levels.
Echocardiographic criteria proposed by current guide-
lines apply to Fabry patients and predict future events.
Fabry patients with HF had high event rates and signifi-
cantly worse prognosis than patients without HF.

B FEASIBILITY OF EVALUATION
OF POLAR H10 CHEST-BELT ECG IN
PATIENTS WITH A BROAD RANGE
OF HEART CONDITIONS

Skala T, Vicha M, Vacha J, Rada M, Flasik J,
Taborsky M

I. interni klinika, FN Olomouc, Olomouc

Background: The chest-belt can be used to obtain a 1-lead
ECG. It was validated for the determination of heart rate
and for the possibility to detect atrial fibrillation (AF)
compared to ECG-Holter on a short ECG recording in se-
lected patients. Validation of the possibility to evaluate
long ECG recordings in patients with heart diseases has
not been done.

Methodology and results: 54 hospitalized patients, 53
outpatients and 54 healthy controls were enrolled in the
study (n = 161 in total). Using a Polar H10 chest-belt, 1-2
hours of ECG were recorded in all patients (1 153 229
heartbeats, average heart rate 76.6/min, 86.3% in sinus
rhythm, 13.7% with atrial fibrillation, 0.46% atrial pre-
mature beats, 0.49% ventricular premature beats). The
presence of noise was 2.16% (A: 2.31%; B: 1.95%; C:
2.20%). 1 128 319/1 153 229 were evaluated as easy to in-
terpret. Using ECG from the belt, the basic rhythm was re-
liably determined by the physician in majority of patients
(51/54, 94.4% in hospitalized patients; in 100% of outpa-
tients and healthy controls) when compared to 12-lead
ECG. 3 cases were evaluated as unclear; in all of these
cases, all QRS complexes were stimulated by a pacemak-
er. In hospitalized patients, real-time ECG from the belt
was comparable to telemetric ECG monitoring (match in
53/54, 98.1%).

Conclusion: The ECG obtained from the chest-belt in
hospitalized patients, outpatients and healthy con-
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trols is usable for evaluation of baseline rhythm, atrial
fibrillation and premature contractions with a mini-
mal proportion of difficulties to interpret recordings
due to artefacts. Caution should be exercised in in-
terpretation of the ECG in patients with stimulated
rhythm and in patients with atrial flutter. The chest
belt can be used as a means for continuous monitor-
ing of ECG, evaluation of rhythm and screening for
atrial fibrillation.

B COMBINED STRATEGY
FOR LARGE-BORE ARTERIOTOMY
CLOSURE AFTER TRANSCATHETER
AORTIC VALVE IMPLANTATION

Sluka M', Nykl R', Ostiansky J

"I interni klinika kardiologicka, Fakultni
nemocnice Olomoc, Olomouc; ? I. interni klinika
kardiologicka, Fakultni nemocnice Olomouc,
Olomouc

Background: The vascular complications remain rele-
vant following transcatheter aortic valve implantation
(TAVI). They are frequently associated with vascular
closure device failure (VCD). Their incidence depends
on different factors with reported rate between
4-19%. Vascular complications affect morbidity and
mortality. The most commonly used VCDs include the
suture-based ProGlide and the plug-based MANTA.
The MANTA device was not superior to the use of 2
ProGlides in their direct comparison in terms of access
site-related vascular complications. The alternative but
less frequently used strategy is intentional combination
of one suture-based VCD - ProGlide with small-bore
plug-based VCD AngioSeal. The data supporting this
approach are very limited, but showing lower rate of
additional endovascular interventions when compared
with vascular closure using two suture-based VCDs.
Methods: Retrospectively analyzed comparison of two
strategies: use of two suture-based ProGlides (SB group)
vs intentional combination of one ProGlide with plug-
based AngioSeal 8F (CB group). The primary endpoint
was occurrence of access site-related vascular complica-
tions at 30-days.

Results: We compared 71 consecutive patients treated
between Aug/2020 and May/2021 with 95 consecutive
patients treated between May/2021 and Apr/2022.
There wasn't significant difference in patient’s char-
acteristics (SB vs. CB group): mean age 81 vs 79 years,
females 54.9% vs 52%, STS score 3.47% vs 3.46%, oral
anticoagulation 38.6% vs 40.1%. Lower rate of vas-
cular complication was observed in CB group 3.1% vs
7.1%.

Conclusion: The combination of one suture-based VCD
with one plug-based VCD is effective and safe. This strat-
egy was associated with lower rate of vascular complica-
tion compare the use of 2 suture-based VCDs in our pa-
tient’s cohort following TAVI.
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B GDF-15 LEVEL CHANGES
IN EARLY AND LATE PERIOD AFTER
CATHETER ABLATION OF ATRIAL
FIBRILLATION

Stekla B, Marek J, Simek J, Dusik M, Fingrova Z,
Linhart A, Havranek S

Il. interni klinika, VFN, Praha

Introduction: GDF-15 (growth differentiation factor 15) is
protein from transforming growth factor p (TGF-B) cyto-
kine family. In patients with atrial fibrillation (AF) GDF-
15 is a potent marker of bleeding adverse events in anti-
coagulated patients and a predictor of overal mortality.
Aim of the study was to describe how catheter ablation
of atrial fibrillation affects GDF-15 levels in early and late
period.

Methods: We enrolled 18 patients (median 58 [50; 67]
years, 56 % males) undergoing radiofrequency catheter
ablation (RFCA) of AF who underwent 5 sequential blood
takes (before RFCA — baseline, right after RFCA [0 hr], 24
and 48 hours after RFCA and 90 days after RFCA) to ana-
lyze GDF-15 level.

Results: Out of all patients, 9 patients (50%) had paroxys-
mal and 9 (5 %) persistent AF. Mean (IQR) radiofrequency
time was 48 (36; 60) minutes. The dynamics of GDF-15
levels is visualised in Figure. GDF-15 level peak was reg-
istered 24 hours after ablation with median (IQR) 1115
(794; 1549) ng/l. After 90 days from ablation there still
persisted higher GDF-15 levels in relation to input levels
(p <0.05 in all comparisons). Weak corelation (r = 0.6; p
<0.05) between peak GDF-15 values and peak NT-proBNP
was found.

Conclusion: Even though GDF-15 is considered as
a nonspecific biomarker reflecting general condition of
patient, the levels are significantly affected by RFCA of
AF.
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B THE HEMODYNAMIC EFFECT OF
SIMULATED ATRIAL FIBRILLATION ON LEFT
VENTRICULAR FUNCTION
Stojadinovic P', Deshraju A?, Wichterle D3,
Fukunaga M', Peichl P!, Kautzner J', Sramko M*

" Klinika kardiologie, IKEM, Praha; ? Institute

of Physiology, First Faculty of Medicine, Charles
University, Praha; 3 Praha; * IKEM

Background: Atrial fibrillation (AF) is the most common
sustained arrhythmia in humans. The onset of the ar-

rhythmia can significantly impair cardiac function. This he-
modynamic deterioration has been explained by several
mechanisms such as the loss of atrial contraction, short-
ening of ventricular filling, or heart rhythm irregularity.
This study sought to evaluate the relative hemodynamic
contribution of each of these components during in-vivo
simulated human AF.

Methods: Twelve patients undergoing catheter ablation
for paroxysmal AF were paced simultaneously from the
proximal coronary sinus and the His bundle region accord-
ing to prescribed sequences of irregular R-R intervals with
the average rate of 90 bpm and 130 bpm, which were
extracted from the database of digital ECG recordings of
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AF from other patients. The simulated AF was compared
to regular atrial pacing with spontaneous atrioventricu-
lar conduction and regular simultaneous atrioventricular
pacing at the same heart rate. Beat-by-beat left atrial and
left ventricular pressures including LV dP/dT and Tau in-
dex were assessed by direct invasive measurement; beat-
by-beat stroke volume and cardiac output (index) were
assessed by simultaneous pulse-wave doppler intracar-
diac echocardiography.

Results: Simulated AF led to significant impairment of
left ventricular systolic and diastolic function. Both loss of
atrial contraction and heart rate irregularity significantly
contributed to hemodynamic impairment. This effect was
pronounced with increasing heart rate.

Conclusion: Our findings strengthen the rationale for
therapeutic strategies aiming at rhythm control and heart
rate regularization in patients with AF.

B LEFT BUNDLE BRANCH PACING OF
PROXIMAL LEFT BUNDLE BRANCH AND
SEPTAL FASCICLE PRODUCES MORE
PHYSIOLOGICAL ACTIVATION COMPARED
TO PACING OF THE ANTERIOR FASCICLE

Siissenbek O, Jurak P?, Jastrzebski M3, Stros P?,
Waldauf P*, Smisek R?, Halamek J°, Znojilova LS,
Osmancik P, Curila K¢

"IIl. interni klinika, FNKV, Praha 10; 2 UPT, AVCR,
Brno; 3 Oddziat Kliniczny Kardiologii, Szpital
Uniwersytecki w Krakowie, Krakow, Poland; “ Klinika
anesteziologie a resuscitace, Fakultni nemocnice
Kralovské Vinohrady, Praha; ° UPT AVCR, Brno;

¢ Kardiologicka klinika, Fakultni nemocnice
Kralovské Vinohrady, Praha

Background: Left bundle branch pacing is defined as the
pacing of the trunk or its proximal fascicles. It is unknown,
whether a difference between captures with normal or
deviated axes and proximal vs distal locations exists.
Objective: To study ventricular activation during nonse-
lective LBB pacing (NSLBBp) in different QRS axes and
proximal vs. distal pacing positions using ultra-high-fre-
quency ECG (UHF-ECG).

Methods: NSLBBp captures were classified as superior
(=30°; -90°), normal (-29°; 60°), or inferior (61°; 120°) QRS
axis and proximal LBBp (LBBpo to ventricular EGM >25
ms) vs fascicular LBBp (LBBpo-V <25 ms and corresponding
axes for anterior, septal and posterior fascicle). UHF-ECG
electrical dyssynchrony parameters: e-DYS (difference be-
tween the first and last ventricular activation), local de-
polarization durations in precordial leads (V,-V,d), and
their mean value (Vdmean) were calculated.

Results: No difference in any parameters was found in
the axes comparison. NSLBBp of anterior fascicle had
longer Vd___ (50+2ms) compared to septal and posterior
fascicle (45+2ms and 46+1ms with p <0.05 and p = NS,
respectively) and proximal LBBp (44+1ms; p <0.015).
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Conclusion: Although NSLBBp of proximal left bundle
branch or septal fascicle produces slightly more physi-
ological activation compared to pacing of the posterior
and anterior fascicle, the clinical relevance of this finding
is yet unclear.

This work was supported by the Charles University Re-
search program 260530/5VV/2020.

B HYPERTRIGLYCERIDEMIC
GENE SCORE IN PATIENTS WITH
APOE2/E2 GENOTYPE AS A POSSIBLE
PREDICTOR OF FAMILIAL
DYSBETALIPOPROTEINEMIA

Satny M, Altschmiedova T', Todorovova V',
Vrablik M', Kyselak 0?, Soska V?, Hubacek J?

"ll. interni klinika VFN, VFN v Praze, Praha; ? Il.
interni klinika, FNUSA, Brno; 3 CEM, IKEM, Praha

Introduction: Familial dysbetalipoproteinemia (FD) is an
autosomal recessive (rarely dominant) inherited disorder
that is almost exclusively associated with the apolipopro-
tein E gene (APOE). However, only a small proportion
of patients with the typical APOE2/E2 genotype develop
phenotype - the mixed dyslipidemia (DLP) —in the context
of other metabolic or as yet undescribed genetic factors.
Methods: We screened 71 FD patients and 90 controls (all
APOE2/E2 homozygotes, according the rs429358) for 18
single nucleotide polymorphisms (SNPs) in genes involved
in triglyceride metabolism.

Results: Two SNPs were significantly associated with
the FD phenotype (rs439401 within APOE and rs964184
within APOAS5). An unweighted gene risk score (GRS;
sum of risk alleles) was analyzed as a genetic predictor of
FD development in patients with the APOE2/E2 baseline
genotype. The unweighted GRS constructed from the 5
strongest SNPs (within the APOE, APOA5, CFT1, LPL, and
TYW1B genes) reliably discriminated between FD and
controls (OR 4.97; Cl [2.24-11.06], p <0.00003).
Conclusions: Several SNPs, i.e., individual additive genetic
factors, were found to influence the development of FD.
Thus, unweighted GRS clearly improves the prediction of
FD development in APOE2/E2 homozygotes.

B VENTRICULAR ARRHYTMIAS
IN PATIENTS WITH IMPLANTED
ICD: A POST HOC ANALYSIS OF PRAGUE
OHCA TRIAL

Sotolova I, Valek M, Smalcova J, Rob D, Havranek S,
Bélohlavek J

Il. interni klinika, VFN, Praha

Background: Implantable cardioverter defibrillators (ICD)
or cardiac resynchronization therapy (CRT-D) devices are
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routinely implanted as a secondary prevention of sudden
cardiac death, however, the number and characteristics
of ventricular arrhythmias after the secondary prevention
implantation has been analyzed rarely. No data are avail-
able in patients after refractory out-of-hospital cardiac
arrest (OHCA) treated with extracorporeal cardiopulmo-
nary resuscitation (ECPR) methods.

Purpose: The aim is to specify cumulative incidence of
malignant arrhythmias during follow-up in survivors of
refractory OHCA partially treated with ECPR with later
ICD/CRT-D implantation.

Patients and methods: We performed a post-hoc analy-
sis of the ICD interrogation records of patients after
refractory OHCA who were originally randomized to
either standard care of invasive care (intra-arrest trans-
port, ECPR and invasive assessment) within Prague
OHCA trial, and were referred to ICD or CRT/CRT-D im-
plantation.

Results: A total of 31 patients were included in post-hoc
analysis. Of these, 17 were randomized to invasive group
and 14 to standard resuscitation care. The mean age of
the patients in the invasive and standard groups was 55
and 53 years, respectively. 93% and 81% were males with
follow-up for 43 and 49 months. 7 and 11 patients had
non-sustainable ventricular tachycardia in invasive and
standard group (p = 0.09). ICD or CRT-D shocks were ob-
served in 3 patients in the invasive group and in 6 pa-
tients in the standard care group (p = 0.12).

Conclusion: Among patients who were randomized to
Prague OHCA trial and later underwent ICD or CRT-D im-
plantation, ventricular arrhythmias seemed to be more
frequently detect

B COMPARISON OF ANGIOGRAPHIC
EVALUATION AND HEMODYNAMIC
MEASUREMENT OF THE SIGNIFICANCE
OF NON INFARCT-RELATED
RESIDUAL STENOSIS IN STEMI
PATIENTS - SINGLE CENTER
EXPERIENCE

Spacek M, Vacha J, Nykl R, Pfe¢ek J, Hutyra M,
Sluka M, Taborsky M

I. interni klinika — kardiologickd, Fakultni nemocnice
Olomouc, Olomouc

Introduction: Up to 50% of patients with STEMI have
>50% stenosis in a major non-infarct related artery.
Several studies have evaluated the prognostic value of
completion of revascularization using selection based on
angiographic evaluation, invasive hemodynamic mea-
surement with fractional flow reserve (FFR) or combined
approach. In our single center study, we compared sub-
jective angiographic evaluation with invasive hemody-
namic measurement.

Methods: We examined 51 patients (62.7+10.2 years)
with acute STEMI who had at least one residual (50—

90%) stenosis in non infarct-related major coronary
artery (excluding left main coronary artery). Overall
65 stenoses (67,9+10,7%) were evaluated angiographi-
cally during primary PCl and were recommended for
either completion of revascularization or conservative
approach taking into consideration stenosis severity,
localization of stenosis (proximity) as well as the sup-
plied vascular territory. During subsequent rehospital-
ization, invasive measurement of hemodynamic signifi-
cance using FFR was performed and guided the final
revascularization strategy (FFR value of <0.80 consid-
ered significant).

Results: Based on angiographic evaluation, a total of 44
stenoses were recommended for treatment, whereas only
31 stenoses were revascularized based on FFR measure-
ment. Moreover, subjective evaluation and hemodynamic
measurement were discrepant in 27 out of 65 (41.5%) ste-
noses.

Conclusion: We observed weak correlation between sub-
jective angiographic evaluation and invasive hemody-
namic measurement. More stents would be used based
on angiographic evaluation compared to FFR measure-
ment.

Supported by MH CZ - DRO (FNOI, 00098892).

B RADIOFREQUENCY
CATHETER DENERVATION
OF SINUS NODE BY TARGETTING
THE RIGHT ANTERIOR GANGLIONATED
PLEXUS: TOWARDS MINIMIZING
THE LESIONS SET

Stiavnicky P, Wichterle D, Jansova H, Stojadinovi¢ P,
Peichl P, Haskova J, Cihdk R, Kautzner J

Klinika kardiologie, IKEM, Praha

Background: Radiofrequency catheter (RF) ablation of
the superior ganglionated plexus (RAGP) that modifies
parasympathetic innervation of the sinus node (SAN) is
used for the treatment of functional bradyarrhythmias.
The RAGP is usually targeted from the endocardial aspect
of both the right and left atria.

Objective: To investigate the acute effect of a minimized
biatrial set of ablation lesions aimed at denervating the
SAN.

Methods: In patients with cardioinhibitory reflex syncope
(n = 25) or symptomatic functional sinus bradycardia (n
= 7), a minimum of 2 — 2 and a maximum of 2 x 3 RF
lesions (at the discretion of the operator) were created
from both sides of the superior interatrial septum with
a setting of 30 W/30 s and strictly contralateral configura-
tion. The response to extracardiac vagus nerve stimula-
tion (ECVS) was assessed before and after ablation. This
response was quantified by the ratio of the maximum
induced P-P interval and the cycle length of the current
sinus rhythm (MaxPPratio).

Results: In 32 patients (41+13 years, 56% men), ablation
of RAGP (2x3 and 2x2 lesions in 23 and 9 patients, respec-
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tively) resulted in attenuation of the response to ECVS
from 7.9£3.5 s to 0.9+0.2 s (Fig., left panel). After abla-
tion, only 9 patients had MaxPPratio >1.1 and none of
the patients had MaxPPratio >1.6 (Fig., right panel). In 6
patients with MaxPPratio >1.3, the extension of original
lesions easily suppressed the residual responsiveness of
SAN to ECVS.

Conclusion: Biatrial RAGP ablation with a total RF time
of 2-3 minutes resulted acutely in virtually complete
SAN denervation in 72% of patients. Highly significant,
but incomplete SAN denervation in remaining patients
was successfully treated by extension of original abla-
tion clusters. The long-term durability of SAN denerva-
tion associated with this ablation strategy remains to be
investigated.
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B DETECTION OF ARRHYTHMIAS IN
PATIENTS WITH CARDIAC AMYLOIDOSIS
USING IMPLANTABLE ECG RECORDERS

Taborsky M

I. interni klinika, FN Olomouc, Olomouc

Introduction: Cardiac amyloidosis frequently results in
congestive cardiac failure and arrhythmias,

Methods: 112 transthyretin amyloidosis (TTR) patients
with completed underlying diagnosis including 99mTc-
DPD scan, genetic testing and endomyocardioal biopsy
(27%) without documented arrhythmias were random-
ized to standard clinical follow-up including arrhythmias
or implantation of an ECG loop recorder (ILR). The classic
FU took place in a heart failure clinic, and the group of
patients with ILR was monitored by remote control with
automatic daily report of the occurrence of arrhythmias
by an independent organization. If an arrhythmia was
detected, the patient was contacted immediately. The
mean follow-up time for both groups was 17+7 months.
Results: The results are summarized in Table 1.

Standard FU (n = 56) Intensive FU (ILR) (n = 55) p

AF 11 (19.6%) AF 19 (49%) <0.05
AV block 6 (10.7%) AV block 11 (20%) <0.05
Non sust. VT 8 (14.2%)

non. sus. VT 27 (49%) <0.05
Sust. VT 0 Sust. VT 6 (10.9%) <0.05
VF 0 VF 1 (1.81%) <0.05
AT 1 (1.8%) AT 4 (7.3%) <0.05

Conclusions: Currently, there is no consensus on the abso-
lute benefit that ICDs in patients with cardiac amyloidosis.
When non-sustained VT and syncope are captured and doc-
umented, ICD implantation for prevention of SCD in CA is
most likely a reasonable approach. However, intensive mon-
itoring of arrhythmias in patients with CA using ILR can lead
to accurate and early detection of ventricular arrhythmias in
particular and early initiation of ICD treatment as a preven-
tion of SCD. Documentation of ventricular arrhythmias in
CA patients was significantly higher by ILR (p <0.005) and
was a clear predictor of patient survival (HR 2.51).

B BIMODAL DISTRIBUTION OF QRS COMPLEX
DURATION IN PATIENTS WITH DILATED
CARDIOMYOPATHY UNDERGOING AN ICD
IMPLANT PROCEDURE

Vanéura V, Vejvoda V, Jandik T, Smid J, Ulrychova M,
Rokyta R

Kardiologicka klinika, Komplexni kardiovaskuldrni
centrum FN, Lékarska fakulta UK v Plzni, Plzeri

Background: In patients with heart failure with reduced
ejection fraction (HFrEF), QRS duration is of the utter-

. EEE
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most importance. Substantial proportion of patients with
HFrEF and sufficiently prolonged QRS complex, especially
those with left bundle branch block may significantly
benefit from cardiac resynchronization therapy. The aim
of the study was to analyse the distribution of the QRS
durations in patients with HFrEF undergoing ICD implant
procedure to better understand the phenomenon of QRS
prolongation.

Methods: All patients with HFrEF caused by coronary
artery disease (CAD) or dilated cardiomyopathy (DCM)
undergoing the implant procedure in our center be-
tween January 2013 and December 2021 were analyzed
for the inclusion into the study. The exclusion criteria
were (1) coincidence of CAD with DCM, (2) upgrade
from any other cardiac rhythm management device, (3)
unavailability of the ECG recording on ECG recording
on Mortara ELI350 or ELI380 (4) more than one ventric-
ular premature beat in the recording. The study used
automatically measured QRS duration using the EKG
machine.

Results: The study included 570 patients, 206 with DCM
and 364 with CAD. All patients taken together had ten-
dency to bimodal distribution of QRS duration (p = 0.052).
In CAD patients, the distribution was unimodal (p = ns.),
whereas the DCM group had bimodal distribution (p <
0.02). The border zone between both distributions was at
134-137 ms (no patient with QRS 135-136 ms). The bimo-
dality was even more pronounced in women with DCM
(p <0.002).

Conclusions: Bimodal distribution of QRS duration values
in patients with DCM supports the idea of sudden change
of bundle conduction rather than slow progression of lo-
cal changes. In CAD, scars and other local impairments in
conduction may hide these changes and no clear border
zone can be set.

B COMPARISON OF NEURON-SPECIFIC
ENOLASE, TAU-PROTEIN,
AND NEUROFILAMENT
LIGHT CHAIN VALUES FOR EARLY
PROGNOSTICATION IN CARDIAC
ARREST SURVIVORS

Vondrakova D', Kriiger A', Janotka M', Naar J?,
Neuzil P!, Sobek 03, Ostadal P’

" Kardiologie, Nemocnice

na Homolce, Praha; ? Kardiologie,
Nemocnice Na Homolce, Praha;

3 Topelex, s.r.o.

Introduction: Early prognostication in cardiac arrest
survivors remains challenging despite multimodal ap-
proach. Currently, the only guidelines recommended
biomarker for early prognostication is neuron-specific
enolase (NSE).

Objectives: The aim of our study was to compare prog-
nostic values of NSE with novel biomarkers serum tau
protein (Tau) and neuro-filament light chain (Nfl) at dif-
ferent timepoints after cardiac arrest.

Methods: Eligible patients were out-of-hospital cardiac
arrest survivors. Blood samples for the measurements
of NSE, Tau and Nfl levels were drawn at 24 hrs (D1),
48 hrs (D2), 72 hrs (D3), and 96 hrs (D4) after hospital
admission. Thirty-day neurological outcomes according
to the Modified Rankin Scale (mRS) were evaluated as
clinical endpoints, poor outcome was defined as mRS
4-6.

Results: We enrolled 43 patients in our study. The area
under the ROC curve (AUC) for NSE was 0.776, p <0.001
at D1, 0.911, p <0.001 at D2, 0.982, p <0.001 at D3,
and 1.0, p <0.001 at D4. The AUC for Tau was 0.823,
p <0.001 at D1, 0.893, p <0.001 at D2, 0.938, p <0.001
at D3, and 0.980, p <0.001 at D4. The AUC for Nfl was
0.614, p = 0.232 at D1, 0.782, p = 0.001 at D2, 0.969,
p <0.001 at D3, and 0.990, p <0.001 at D4. The com-
parison of ROC curves revealed trend to lower AUC
for Nfl at D1 in comparison to NSE (p = 0.151) and Tau
(p = 0.077) with comparable values at D2, D3 and D4.
The highest sensitivity for the prediction of poor prog-
nosis with 100% specificity was detected for Tau values
at D1 (33.3%) or D2 (70.0%) and for NSE values at D3
(92.9%) or D4 (100%).

Conclusions: Our results indicate that the novel biomark-
ers Tau and Nfl have comparable predictive value for clini-
cal outcomes as NSE at 48 to 96 hrs after cardiac arrest. At
the first day after admission the highest predictive value
has Tau followed by NSE.
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B NATION-WIDE SCREENING OF FABRY
DISEASE IN PATIENTS WITH HYPERTROPHIC
CARDIOMYOPATHY IN THE CZECH
REPUBLIC (BY DRY BLOOD SPOT METHOD)

Zemanek D, Januska J2, Honék T3, Curila K&,
Kubanek M5, Sindelarova S¢, Zahalkova L7, Klofac P,
Dostéalova G°, Linhart A®

"ll. interni klinika 1. LF UK, VFN, Praha;

2 Department of Cardiology, Cardiocentre Podlesi,
Trinec; 3 1st Department of Internal Medicine -
Cardioangiology, St Anne’s University Hospital

and Masaryk University, Brno, * Department of
Cardiology, 3rd Faculty of Medicine, Charles
University and University Hospital Krdlovské
Vinohrady, Praha, > Department of Cardiology,
Institute for Clinical and Experimental Medicine,
Praha, ¢ Department of Cardiology, Hospital Ceské
Budéjovice, Ceské Budgjovice; 7 1st Department

of Medicine - Cardioangiology, Charles University
Faculty of Medicine and University Hospital, Hradec
Kralové; & Department of Cardiology, Regional
Hospital Liberec, Liberec; ° 2nd Department of
Internal Medicine Cardiology and Angiology,
General University Hospital and 1st Medical School
of Charles University, Praha

Aims: Fabry disease (FD) is a rare X-linked genetic dis-
order caused by a-galactosidase A (AGALA) deficiency.
While “classic” variant has multisystemic manifestation,
the more recently described “later-onset” variant is char-
acterized by predominant cardiac involvement that often
mimics hypertrophic cardiomyopathy (HCM).

Methods and results: Consecutive unrelated patients with
HCM were screened for FD in 16 (out of 17) cardiac cen-
ters in the Czech Republic covering specialized cardiology
care from June 2017 to December 2018. AGALA activity
and globotriaosylsphingosine (lyso-Gb3) levels were mea-
sured in all subjects using the dry blood spot method. FD
was suspected in male patients with AGALA activity <1.2
pmol/h/L and in females with either low AGALA activity
or lyso-Gb3 >3.5 ng/mL. Positive screening results were
confirmed by genetic testing. We evaluated 589 patients
(390 males, 66%) with HCM (mean maximal myocardial
thickness 19.1+4.3 mm). The average age was 58.4+14.7
years. In total, 17 patients (11 males, 6 females) had posi-
tive screening results and subsequently six of them (4
males and 2 females) had a genetically confirmed patho-
genic variant (total prevalence of 1.02 %). Five of these
patients were carrying the p.N215S mutation known to
cause a typical later-onset cardiac FD.

Conclusion: We confirmed the prevalence of FD repeat-
edly reported in previous screening programs (approxi-
mately 1 % irrespective of gender) in a non-selected HCM
population in Central Europe. Our findings advocate
a routine screening for FD in all adult patients with HCM
phenotype including both genders. The dry blood spot
method used led to identification of clearly pathogenic
variants.
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B ALVEOLAR MACROPHAGES
DO NOT CONTRIBUTE TO THE
DEVELOPMENT OF HYPOXIC
PULMONARY HYPERTENSION BY
CONTRIBUTING TO RADICAL TISSUE
INJURY

Zaloudikova M, Minafikova M', Hampl V',
Srbova M?

" Department of Physiology, Second Faculty of
Medicine Charles University, Praha; ? Department of
Medical Chemistry and Clinical Biochemistry, Second
Faculty of Medicine Charles University, Praha

We have shown previously that alveolar macrophages
(AM) are involved in the development of hypoxic pulmo-
nary hypertension (HPH). Since it was demonstrated that
one aspect of HPH development is an increase in radical
tissue damage, and AM represent an important source of
reactive oxygen species, we hypothesized that AM con-
tribute to the development of HPH in this way. We used
liposome-encapsulated clodronate (CL) to eliminate AM
in male Wistar rats (200-250 g). Control groups received
either pure liposome (without clodronate; L) (both Encap-
sula, a 300 pl, 1st, 5th, 10th days intratracheally) or no
medication (C). Animals were kept in normoxia (N, n =
18) or exposed to 15-day isobaric hypoxia (FiO, 0.1) (H,
n = 19). After the end of the exposure, bronchoalveolar
lavage and lung tissue were collected. Oxidative dam-
age was tested by determining the concentration of ni-
trotyrosine and malondialdehyde in lung tissue extracts.
Furthermore, superoxide production was measured using
vanadate-dependent chemiluminescence. In all groups,
exposure to hypoxia resulted in an increase in concen-
trations of nitrotyrosine (N: CL 20.2+1.2, L 19.8+3.0, C
18.2+1.7, H: CL 28.8+2.6, L 27.2+0.9, C 29.9+2.0 ng/mg of
protein) and malondialdehyde (N: CL 5.5+0.9, L 6.2+0.6, C
5.6+1.6, H: CL 16.7+3.8, L 15.4+0.7, C 9.4+2.3 mmol/mg of
protein). However, administration of pure liposomes or
liposomes containing clodronate had no effect on nitro-
tyrosine and malondialdehyde concentrations compared
to the control group. Moreover, exposure to hypoxia
attenuated superoxide production in AM (H 3.7+0.6, N
13.5+1.4 relative units per cell). We conclude that AMs are
not involved in the development of HPH directly through
their contribution to radical tissue damage.
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