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Casopis Ceské kardiologické spole¢nosti a Ceské spole¢nosti kardiovasku-
larni chirurgie Cor et Vasa vychazi Sestkrat ro¢né a pokryva vsechny aspek-
ty kardiologie, angiologie, kardiovaskularni chirurgie, kardiovaskularniho
zobrazovani, pediatrické kardiologie, hypertenze, kardiovaskularni pre-
vence a nékteré z aspektd intervencni radiologie.

Obsahuje uvodniky, ptivodni sdéleni, prehledové ¢lanky i kratka sdéleni z kli-
nické a experimentdlni kardiologie. Poc¢inaje rokem 2012 jsou v Cor et Vasa pu-
blikovany také souhrny (5 000 slov) z doporucenych postupt Evropské kardio-
logické spolecnosti, pripravené prednimi ceskymi odborniky. Od roku 2025
Casopis Cor et Vasa nepfijima kazuistiky. Pokud byste méli zajem, mazete
své kazuistiky zaslat do sesterského casopisu Cor et Vasa Case Reports, ktery
najdete na adrese https:/iwww.kardio-cz.cz/coretvasa-case-reports/.

Priloha Cor et Vasa Kardio pfinasi recenze knih, abstrakta z vybranych
kongresU, zpravy z kongrest a konferenci, voleb a diskusi, polemiky, ko-
mentafe, informace z Ceské kardiologické spole¢nosti, Ceské spole¢nosti
kardiovaskularni chirurgie a Evropské kardiologické spolecnosti i aktualni
mezindrodni zprdvy a témata.

Prispévky jsou publikovény v cesting, slovenstiné anebo v anglictiné.

Casopis vychazi ve dvou verzich se stejnym obsahem: online a ti$téné verzi.
Cor et Vasa je dostupna v plném rozsahu také na webu CKS.

Cor et Vasa je citovana v databazich EMBASE, Scopus, Bibliographia medica
Cechoslovaca, ESC Search Engine, Emerging Sources Citation Index spole¢-
nosti Thomson and Reuters, Web of Science a Journal Citation Reports —
impakt faktor 0,9 za r. 2024.

Prispévky do casopisti zpracované podle pokynd autordm zasilejte pro-
sim prostfednictvim systému ACTAVIA - vstup do néj je na adrese:
http://actavia.e-coretvasa.cz/. Prispévky do Kardia muzete zasilat také na
adresu vedouciho redaktora nebo odpovédné redaktorky.

Tento casopis je publikovan v rezimu tzv. otevieného pristupu k védeckym
informacim (open access) a je distribuovan pod licenci Creative Commons
Attribution 4.0 International License (CC BY-NC 4.0), jez umoziiuje
nekomer¢ni distribuci, reprodukci a zmény, pokud je pdvodni dilo radné
ocitovano. Neni povolena distribuce, reprodukce nebo zména, kterd neni
v souladu s podminkami této licence.

Vydavatel neodpovida za udaje a nazory uvedené autory v jednotlivych
ptispévcich ani za faktickou a jazykovou stranku inzerci.
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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. Begin-
ning 2025, Cor et Vasa does not accept case reports. Should you be interested
in publishing a case report, please submit your contribution to Cor et Vasa
Case Reports, a sister journal of Cor et Vasa, to be accessed at https:/Avww.
kardio-cz.cz/coretvasa-case-reports.

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, Web of Science, and
Journal Citation Reports — impact factor 0.9 for year 2024.

Please submit your contributions formatted as per Instructions to
Authors through the ACTAVIA editorial system to be entered at
http://actavia.e-coretvasa.cz/. Contributions to Kardio can also be submit-
ted to Editor-in-Chief or Managing Editor.

This is an open access journal distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0), which per-
mits non-comercial use, distribution, and reproduction in any medium,
provided the original publication is properly cited. No use, distribution or
reproduction is permitted which does not comply with these terms.

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.

Address for correspondence with the Editor-in-Chief of Cor et Vasa
Prof. MUDr. Michael Aschermann, DrSc., FESC, FACC (Editor-in-Chief)
2nd Department of Internal Medicine - Cardiology and Angiology
School of Medicine |, Charles University and General University Hospital
U Nemocnice 2, 128 08 Prague 2, Czech Republic

E-mail: Aschermann@seznam.cz, Aschermann@e-coretvasa.cz

Published 6 times a year (+ 2 supplements)
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Vysledky soutéze o nejlepsi publikaci mladych autoril za rok 2025

Vybor CKS a redakéni rada ¢asopisu Cor et Vasa vyhlasily
pro rok 2025 soutéZ o nejlepsi publikaci mladych autort
v Cor et Vasa. Do soutéze byly zarazeny ¢lanky publikova-
né v roce 2025, jejichZ prvni autor je ¢len CKS a pracovni
skupiny Kardio 35.

V3echny publikované ¢lanky hodnotila tficlenna komise
- ¢lenti vyboru CKS a jako nejlepsi tFi se umistily nasledujici
publikace:

Prvni misto: Endocardial radiofrequency ablation of
septal hypertrophy in the interventional treatment of the
hypertrophic obstructive cardiomyopathy; comparison
with the alcohol septal ablation, pilot data of the rando-
mized trial

Autofi: K. Dolezalova, Z. Starek, M. Pesl, F. Soucek,
J. Sitar, T. Honék, J. Krejci; pracovisté prvni autorky:
I. interni kardioangiologicka klinika, Fakultni nemocnice
u sv. Anny v Brné, Brno

Druhé misto: Kontinudlni termodiluce — novd metoda
pfimého méreni koronarniho pritoku a rezistence

Autofi: P. Kala, R. Adlova, V. Gasparkova, P. Ostadal,
P. Hajek; pracovisté prvniho autora: Kardiologicka klinika,
2. lékarska fakulta Univerzity Karlovy a Fakultni nemocni-
ce Motol a Homolka, Praha

Treti misto: Infekéni endokarditida vyvoland neobvyk-
lym pUvodcem Tropheryma whipplei aneb Whippleova
endokarditida

Autofi: K. Timova, M. Sebo, P. Fila, P. Némec; pracovi-
sté prvni autorky: Centrum kardiovaskuldrni a transplan-
tacni chirurgie Brno, Brno

Vsem autorlm nejlepSich praci srde¢né blahoprejeme,
soucasné vyslovujeme podékovani vsem kolegum, ktefi
publikovali v roce 2025 v soutézi jejich prace, a pro rok
2026 vyhlasujeme soutéz se stejnym zadanim, vyhlaseni
bude uvedeno samostatné v Cor et Vasa.

Za vybor CKS a redakéni radu Cor et Vasa,
prof. MUDr. Michael Aschermann, DrSc., FACC, FESC,
vedouci redaktor Cor et Vasa

Vyhlaseni soutéze o nejlepsi publikaci v roce 2026

Vazené kolegyné, vazeni kolegové,

vybor Ceské kardiologické spole¢nosti a redakéni rada ¢asopisu Cor et Vasa vyhlasuji pro rok 2026 soutéz o nejlepsi
publikaci mladych autort v Cor et Vasa. Do soutéze budou zafazeny prehledové ¢lanky, plvodni sdéleni publikované
v roce 2026, prvni autor pak musi byt ¢lenem CKS a pracovni skupiny Kardio 35 ve véku do 35 let. K rukopisu prosim
pridejte informaci, ze rukopis mtze byt zarazen do této soutéze.

Publikované prace bude hodnotit tfi¢lenna porota tvofena ¢leny vyboru CKS. Nejlepsi prace bude ohodnocena
odménou 40 000 K¢, druhé misto odménou 20 000 K¢ a tfeti misto odménou 15 000 K¢. Vyhodnoceni viech publiko-
vanych ¢lankd bude provedeno v dubnu 2027.

Za vybor CKS a redakéni radu Cor et Vasa,
prof. MUDr. Michael Aschermann, DrSc., FACC, FESC,
vedouci redaktor Cor et Vasa

Cesti kardiologové
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Cil: Je znamo, Ze autonomni zmény jako zvysené projevy sympatiku jsou béZnym projevem akutnich virovych
infekci. Nase studie zvazovala moznost, Ze infekce virem SARS-CoV-2 vede k dlouhodobym abnormalitdm
autonomniho nervového systému, které pretrvavaji i po odeznéni akutni a subakutni faze infekce. Cilem
prace bylo posoudit vliv infekce covid-19 na modulace autonomniho nervového systému u déti.
Metodika: Soubor tvorilo 165 déti (89 divek) ve véku od 6,7 do 18,6 roku. Kazdé dité bylo podrobeno postu-
rdlnimu provokac¢nimu testu (poloha vleze a poloha vestoje), pfi kterém se pofidila EKG nahravka za ucelem
hodnoceni modulaci autonomniho nervového systému. V EKG nahravce byly stanoveny parametry SDNN
(standard deviation of all RR intervals) a RMSSD (root mean square of the differences between successive
RR intervals). Z krevniho vzorku byla stanovena koncentrace protilatek proti nukleokapsidovému proteinu N
a protilatky proti membranovému spike proteinu. Podle laboratornich vysledk( a v kombinaci s anamnestic-
kym Udajem o prodéléani infekce covid-19 byli identifikovani jedinci, ktefi prodélali infekci covid-19.
Vysledky: Z celkového poctu 153 probandd 80 prodélalo infekci covid-19. Bylo zjisténo, ze 23 % déti, u kte-
rych byly prokazany protilatky, o probéhlé infekci nevédélo. Nebyl nalezen rozdil v tepové frekvenci vleze
ani ve zméné tepové frekvence pfi posturalnim testu v zavislosti na prodélani infekce covid-19. Nebyl zjistén
rozdil v parametrech popisujicich modulace autonomniho nervového systému (SDNN a RMSSD).
Zavér: Vysledky naznacuji, ze prodélana infekce covid-19 nezpUsobuje zavazné zmény modulace vegetativ-
niho nervového systému v détské populaci.
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ABSTRACT

Objective: Autonomic changes, such as increased sympathetic manifestations, are a common complication
of acute viral infections. Our study considered the possibility that SARS-CoV-2 infection leads to long-term
abnormalities of the autonomic nervous system that persist even after the acute and subacute phases of the
infection have resolved. The aim of this study was to assess the effect of COVID-19 infection on autonomic
nervous system modulation in children.

Methods: A total of 165 children (89 girls) 6.7 to 18.6 year old were enrolled. Each participant underwent
a postural provocation test (supine and standing positions) during which ECG recording was taken to ana-
lyze autonomic nervous system modulation. A single blood sample was also collected. ECG recordings were
analyzed to assess SDNN (standard deviation of all RR intervals) and RMSSD (root mean square of successive
differences between RR intervals). In blood samples, antibodies against the nucleocapsid (N) protein and the
spike (S) protein were measured. Based on laboratory results and medical history, children were categorized
according to whether they had experienced a COVID-19 infection.

Results: Of the 153 children with complete data, 80 had a confirmed history of COVID-19 infection. Notably,
23% of antibody-positive children were unaware of having had the infection. There were no significant
differences in resting heart rate or heart rate changes during the postural test between children with and
without prior COVID-19 infection. Similarly, no significant differences were found in SDNN or RMSSD values.
Conclusion: Our findings suggest that COVID-19 infection does not lead to significant alterations in autono-
mic nervous system modulation in children.
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Uvod

Onemocnéni covid-19 vedlo k pandemii s mnoha zavaz-
nymi dusledky véetné umrti pacientd. Jednd se o vysoce
nakazlivou virovou infekci, kterou zpUsobuje betakoro-
navirus SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2). Virus patfi do skupiny koronavirt, které
postihuji rdzné druhy zvirat, ale jsou prfenosné i na ¢lo-
véka. Jsou tvoreny jednofetézcovou RNA. Pro vstup viru
SARS-CoV-2 do lidské buriky je klicovy jeden z glykopro-
tein0 virionového obalu, oznacovany jako S-protein (spi-
ke-protein). S-protein se vaze na angiotenzin konvertu-
jici enzym 2 (ACE2) exprimovany na povrchu vnimavych
bunék a vyuziva jej jako receptor. Virus se Siti pfedevsim
kapénkovou infekci.!

Problematika ndsledk onemocnéni covid-19 je stéle zi-
vym tématem v mnoha oborech mediciny. Pestra skala pfi-
znakl samotného onemocnéni i jeho pripadnych prechod-
nych nebo trvalych nasledkl diagnostiku dale komplikuje.
Cilem této prace bylo posoudit moZny vliv infekce covid-19
na autonomni nervovy systém u déti. Zatimco autonomni
zmény, tj. zvy3ené projevy sympatiku, jsou pfitomny bé-
hem jakékoli akutni virové infekce, studie zvazovala moz-
nost, Zze infekce covid-19 vede k dlouhodobym abnorma-
litdm autonomniho nervového systému, které pretrvavaji
i po odeznéni akutni a subakutni faze infekce.

Autonomni nervovy systém uspokojuje potfeby orga-
nismu, coz zpétné vyvolava reakce v podobé modulace
fyziologickych parametr. Tyto modulace jsme schopni
neinvazivné vysetfit a z toho odvozovat informace o fun-
govani autonomniho nervového systému. Nejjednodussi
metody testovani autonomni odezvy jsou zaloZeny na
hodnoceni srdecni frekvence a zmén srdecni periody bé-
hem rlGznych fazi autonomnich reflext.? U skupiny déti
a dospivajicich, o kterych bylo zndmo, zda prodélali nebo
neprodélali infekci SARS-CoV-2, byla proto zkoumaéana
srde¢ni frekvence a variabilita srde¢ni frekvence béhem
jednoduchych posturdlnich provokacnich manévru.

Material a metodika

Soubor pacientu

Do projektu bylo zafazeno 165 déti (89 divek, 53,9 %)
primérného véku 14,6 + 2,6 roku pochazejicich z néko-
lika zakladnich a stfednich kol v Brné. U¢ast v projektu
byla dobrovolna. Pfi vybéru probandd nebyla provadéna
z4adna preselekce, veskeré udaje o zdravotnim stavu jsme
ziskdvali az po zarazeni do projektu, a nebyly tak ddvo-
dem k vyfazeni. Podminkou ucasti v projektu byl podepsa-
ny informovany souhlas zdkonného zastupce ditéte. Pro-
tokol projektu byl pfed jeho zahajenim schvalen Etickou
komisi FN Brno. Kazdé dité absolvovalo posturalni provo-
kacni test, béhem kterého byla pofizena EKG nahravka
a jednordzovy odbér krve. Byly zjistovany anamnestické
Udaje o prodélani infekce covid-19, potvrzené pozitivnim
testem v akutni fdzi onemocnéni. Soucasti projektu bylo
také vyplnéni pisemného zdravotniho dotazniku, ktery
zjistoval zakladni zdravotni udaje o probandech - chro-
nické onemocnéni, rodinnd anamnéza nahlého umrti
pfibuzného pred 30. rokem véku, trvale nebo periodicky
uzivand medikace, klinické symptomy kardialniho one-

mocnéni (synkopa, palpitace), abuzus omamnych latek,
u divek menstruace a pfipadné uzivani hormonalni an-
tikoncepce.

Diagnostika onemocnéni covid-19

Informace o prodélani onemocnéni covid-19 byly ziskany
od zakonného zastupce probanda. Soucasti vysetieni byl
také jednorazovy odbér malého mnozstvi krve za ucelem
stanoveni protilatek proti covidu-19 / betakoronaviru
SARS-CoV-2 jako dikazu prodélané infekce. Odbéry byly
provadény ve spolupraci s Klinikou détskych infekcnich
nemoci Détské nemocnice FN Brno. Ke zpracovani vzork
byly pouzity diagnostické kity spolecnosti Roche. Stano-
vovaly se dvé tfidy protildtek: protilatky proti nukleokap-
sidovému proteinu (anti-SARS-CoV-2 N Ab) a protilatky
proti spike proteinu (anti-SARS-CoV-2 S Ab). Protilatky
proti proteinu N (anti-SARS-CoV-2 N Ab) byly hodnoce-
ny podle indexu COI, za pozitivni byl povazovan vysledek
> 1,0 COI. Test na protilatky proti proteinu S (anti-SARS-
-CoV-2 S Ab) byl hodnocen v jednotkach U/ml, pficemz
hodnoty > 0,8 U/ml byly oznaceny jako pozitivni.

Pozitivita protilatek anti-SARS-CoV-2 S muze byt vy-
sledkem prodélané infekce nebo predchoziho ockovani.
Naproti tomu protilatky anti-SARS-CoV-2 N se tvofi vy-
hradné po prodélani samotné infekce covid-19. Na zakla-
dé téchto udaju mohli byt odliseni probandi, ktefi one-
mocnéni covid-19 skutecné prodélali, od téch, ktefi maji
ziskanou imunitu po prfedchozim ockovani.

Do skupiny déti po prodélané infekci covid-19 byly za-
razeny ty, které mély anamnézu prodélaného onemoc-
néni potvrzenou pozitivnim testem a/nebo pozitivni pro-
tildtky anti-SARS-CoV-2 N. Ostatni déti byly zarfazeny do
skupiny bez prodélané infekce covid-19.

Posturalni test a porizovani EKG nahravek
Posturdlni provokacni testy probihaly v dopolednich ho-
dindch. Na holou kuzi ditéte bylo umisténo 10 jednoré-
zovych hypoalergennich EKG elektrod v modifikaci dle
Masona a Likara a dvanactisvodovym EKG nahravacem
SEERS MC byl pofizen kontinualni EKG zdznam po celou
dobu posturalniho testu. Test probihal v klidném, tichém
prostredi.

Samotny posturdlni test spocival ve vystfidani dvou po-
loh téla — lehu a stoje. Poloha vleze byla definovana jako
relaxovana poloha na zadech, s pazemi volné podél téla,
nekfizenyma nohama a bez podlozeni hlavy. Poloha vsto-
je znamenala vzpfimeny postoj bez opory, s rovhomérné
rozloZzenou vahou na obé nohy a pazemi volné svésenymi
podél téla. Zména polohy téla probihala na pokyn vyset-
fujiciho a bez prodleni. Kazdy proband setrval nejprve 10
minut vleZe a poté 10 minut vestoje.

Meéreni srdecni frekvence

a variability srdecni frekvence

Kazdy EKG zaznam byl rozdélen na desetisekundové uUse-
ky a s posunem vzdy o pét sekund byly v celém zdznamu
detekovany intervaly R-R. Jednotlivé komplexy QRS byly
lokalizovadny c¢tyfmi rlznymi algoritmy zaloZzenymi na
rlznych principech zpracovani signalu.>*V EKG zaznamu
v kazdé poloze téla nebyla ke zpracovani pouzita prvni
a posledni minuta, aby hodnoceny usek nebyl rusen ne-
stabilitou srde¢ni frekvence po zméné polohy. ZGstaly tak
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osmiminutové Useky EKG pro kazdou z testovanych po-
loh. Z nich byl ddle vybirdn pétiminutovy Usek, ktery byl
nejméné rusen ektopickymi stahy a ve kterém byla nej-
stabilnéjsi srdecni frekvence. Pokud se takovy Usek nepo-
darilo identifikovat, byl zdznam z dalsi analyzy vyrazen.
Ve zvoleném pétiminutovém uUseku byly nasledné vy-
pocteny parametry variability srde¢ni frekvence, konkrét-
né SDNN (standard deviation of all RR intervals) a RMSSD
(root mean square of the differences between successive
RR intervals). Hodnota SDNN vyjadfuje variabilitu délky
srdec¢niho cyklu a je ovlivnéna jak sympatickou, tak para-
sympatickou (vagovou) slozkou autonomniho nervového
systému. Naproti tomu RMSSD odrazi kratkodobé oscilace
délky srde¢niho cyklu a je povazovana za ukazatel zejmé-
na vagovych modulaci srde¢ni frekvence. Oba parametry
variability srde¢ni frekvence byly stanovovany pro kazdého
probanda zvlast pro polohu vleZe a pro polohu vstoje.”®

Analyza a statistické zpracovani dat

Do analyzy dat nebyly zafazeny EKG zdznamy osmi déti,
které uzivaly léky s potencidlnim vlivem na autonomni
nervovy systém, a Ctyr déti, u nichz zaznamy nesplriovaly
pozadovanou kvalitu. Celkové tak byla zpracovana data
od 153 déti.

Data jsou uvadéna jako primérna hodnota = smé-
rodatnd odchylka. Parametry srdecni frekvence, SDNN
a RMSSD stanovené ve skupiné probandd po prodélani
onemocnéni covid-19 a bez anamnézy tohoto onemoc-
néni byly porovndvany parovym t-testem s pfedpokladem
rozdilu v porovnavanych vzorcich. Za statisticky vyznam-
né byly povazovadny hodnoty p < 0,05. Hodnoty p > 0,1
nebyly déle uvadény a byly oznaceny jako nevyznamné.

Srdec¢ni frekvence i parametry variability srdecni frek-
vence jsou u détskych probandl zavislé na véku. Proto
byly tyto parametry vztazeny k véku a k anamnéze pro-
délaného covidu-19 s pouzitim multivariabilni linedrni re-
gresni analyzy.

Vysledky

Charakteristika souboru
Z celkového poctu 153 probandu prodélalo infekci covid-19
celkem 80 déti. Jednalo se o déti, které mély dokumentovany
pozitivni test v minulosti nebo u nich byly nasim vysetifenim
prokdzany protilatky anti-SARS-CoV-2 N, které potvrzuji pro-
délanou infekci. Zadné z téchto déti nemélo zavazny pri-
béh nemoci vyzadujici hospitalizaci. Zbylych 73 déti nemélo
v anamnéze prodélani tohoto onemocnéni a/nebo mély ne-
gativni protilatky anti-SARS-CoV-2. Celkem 19 déti, u kterych
byly prokazany protilatky, o probéhlé infekci nevédélo.
Zakladni demografické udaje shrnuje tabulka 1. Pra-
mérny vék déti bez prodélaného onemocnéni covid-19
byl vyssi oproti détem s prodélanou infekci. Ve skupiné
bez prodélané infekce covid-19 tvofily divky 53,4 %, ve
skupiné po infekci 51,9 %. Ze srovnani obou skupin vy-
plyva, Zze déti, které prodélaly onemocnéni covid-19, byly
signifikantné mladsi, nizsiho vzristu a mély nizsi hmot-
nost. Index télesné hmotnosti se v obou skupinach nelisil.

Zména tepové frekvence vleze a vestoje

v zavislosti na prodélané infekci covid-19

Udaje o tepové frekvenci shrnuje tabulka 2 a obrazek 1.
Prdmérna tepova frekvence vleZe ani vestoje se u déti bez

Tabulka 1 - Charakteristika souboru

Neprodélaly covid-19 (73 déti)

Pramérny vék v letech 15,4
Prdmérnd vyska v cm 169,6
Prdmérnd hmotnost v kg 59,5
Prdmérny index télesné hmotnosti 20,5

Prodélaly covid-19 (80 déti) p
14 0,000481
163,3 0,001211
53 0,007381

19,4 NS

NS - nesignifikantni.

Tabulka 2 - Zmény tepové frekvence, SDNN a RMSSD u déti v poloze vleze a ve stoje v zavislosti na prodélané infekci covid-19

Neprodélaly covid-19 (73 déti)

TF/minutu vleze 65,6 +7,6
TF/minutu vestoje 96,3+ 12,1
Delta TF/minutu 30,7+ 10,9
SDNN vleze 87,3 +32,7
SDNN vestoje 51,8+ 18,1
Delta SDNN -35,5+32,0
RMSSD vleze 89,6 + 45,2
RMSSD vestoje 24,5+ 12,2
Delta RMSSD -65,2 +42,4

Prodélaly covid-19 (80 déti) Statisticky rozdil

66,8 + 10,8 NS

95,4 + 14 NS

28,6 + 10,7 NS
89,2+32,5 NS

56,0 + 20,0 NS
-33,2+29,4 NS

92,8 + 46,0 NS

27,6 + 14,2 NS

-65,2 + 40 NS

NS - nesignifikantni; TF - tepova frekvence.
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Obr. 1 - Zavislost tepové frekvence na véku vleze a vestoje. Jednot-
livd méreni jsou vynesena cervenymi kosoctverci pro déti po prodé-
laném onemocnéni covid-19, zelenymi body pro déti bez anamnézy
onemocnéni covid-19. Cervena a zelena linka jsou linearni regrese
méFeni ve vztahu k véku. Zlutou barvou je ozna¢eno prolinani 95%
intervald pravdépodobnosti obou soubord, ¢ervené a zelené plochy
oznacuji 95% intervaly pravdépodobnosti souboru covid-19 pozitiv-
nich, respektive covid-19 negativnich déti.

Tabulka 3 - Laboratorni vysledky déti podle probéhlé infekce

covid-19

Negativni Pozitivni
covid-19 (42 déti) covid-19 (64 déti)

Anti-SARS-CoV-2 N Ab

e ’ 0 64
pozitivni
Anti-SARS-CoV-2 N Ab 0,087 0,013 69,9 + 75,6
(con
Ant!-§ABS-CoV-2 S Ab 9 64
pozitivni
Anti-SARS-CoV-2 S Ab 1429 + 4 231 3269 + 6 757
(U/ml)

Anti-SARS-CoV-2 N Ab - protilatky proti nukleokapsidovému pro-
teinu N; anti-SARS-CoV-2 S Ab - protilatky proti membranovému
spike proteinu.

anamnézy covidu-19 a u déti po prodélaném covidu-19
statisticky nelisila.

Primérné se tepova frekvence se zménou polohy zvy-
Sila 0 30,7 = 10,9/min, respektive o 28,6 = 10,7/min. Ani
v jedné poloze nebyl mezi obéma skupinami zazname-
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Obr. 2 - Zavislost variability tepové frekvence pfi zméné polohy
(vleze a vestoje) na prodélaném onemocnéni covid-19 vyjadiena
hodnotou SDNN (ms).

Jednotlivd méfeni jsou vynesena cervenymi kosoctverci pro déti
po prodélaném onemocnéni covid-19, zelenymi body pro déti bez
anamnézy onemocnéni covid-19. Cervena a zelena linka jsou linearni
regrese méfeni ve vztahu k véku. Zlutou barvou je oznaceno pro-
linani 95% intervald pravdépodobnosti obou soubord, cervené
a zelené plochy oznacuji 95% intervaly pravdépodobnosti souboru
covid-19 pozitivnich, respektive covid-19 negativnich déti.

ndn statisticky vyznamny rozdil. Z kfivky zavislosti tepové
frekvence na véku s vyuzitim regresni analyzy je v obou
polohach patrny pokles tepové frekvence se vzrlstajicim
vékem.

Variabilita srde¢ni frekvence pfi zméné polohy v sou-
vislosti s prodélanym onemocnénim covid-19 (vyjadrena
parametry SDNN a RMSSD):

Parametry variability tepové frekvence v pribéhu testu
shrnuje tabulka 2 a obrazek 2. Hodnota SDNN byla vieZze
v obou skupindch (bez prodélani vs. po prodélaném covi-
du-19) srovnatelna. V poklesu SDNN vestoje nebyl mezi obé-
ma skupinami zaznamenan statisticky vyznamny rozdil.

Zavislost variability tepové frekvence pfi zméné polohy
vyjaddienad hodnotou RMSSD je zobrazena na obrazku 3.
Hodnota RMSSD vleze byla v obou skupinach (bez pro-
délani versus po prodélaném covidu-19) srovnatelnd. Ani
v poklesu RMSSD vestoje nebyl mezi obéma skupinami
zaznamenan statisticky vyznamny rozdil.

Laboratorni vysledky
Laboratorni vysledky shrnuje tabulka 3. Laboratorni vy-
Setfeni probéhlo u 106 déti, coZz predstavuje 69,3 % cel-
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Obr. 3 - Zavislost variability tepové frekvence pfi zméné polohy
(vleze a vestoje) na prodélaném onemocnéni covid-19 vyjadiena
hodnotou RMSSD (ms).

Jednotlivd méfeni jsou vynesena Cervenymi kosoctverci pro déti po
prodélaném onemocnéni covid-19, zelenymi body pro déti bez anamné-
zy onemocnéni covid-19. Cervend a zelena linka jsou linearni regrese
méfeni ve vztahu k véku. Zlutou barvou je oznaceno prolinani 95%
intervalG pravdépodobnosti obou soubord, ¢ervené a zelené plochy
oznacuji 95% intervaly pravdépodobnosti souboru covid-19 pozitiv-
nich, respektive covid-19 negativnich déti.

kového souboru. U zbylych jedinct nebyl proveden odbér
krve z davodu nesouhlasu zédkonného zastupce.

Ze 106 vysetfenych déti mélo 64 signifikantné zvyse-
nou koncentraci anti-SARS-CoV-2 N, coZ svéd<i o pro-
délani infekce covid-19. Primérna hodnota protilatek
u téchto déti byla 69,9 + 75,6 COI. Protilatky anti-SARS-
-CoV-2 S byly pozitivni u 9 déti ze skupiny bez pro-
béhlého onemocnéni covid-19, pficemz tato pozitivita
souvisela s probéhlym ockovanim. Ve skupiné déti po
prodélaném covidu-19 byly tyto protilatky pozitivni
u viech 64 déti.

Diskuse

Cilem nasi studie bylo posouzeni moznych dlouhodobych
vlivd prodélané infekce covid-19 na autonomni nervovy
systém. Prekvapivym zjisténim byl fakt, Ze laboratorni
stanoveni protilatek proti SARS-CoV-2 prokdzalo, Ze ne-
moc covid-19 prodélalo o 23 % vice déti, nez kolik bylo
udavano v anamnéze. Tyto déti, u kterych probéhla in-
fekce bezptiznakové, nebyly zachyceny tehdy standard-

nimi metodami pravidelného testovani a trasovani. Nelze
vyloucit ani omezenou senzitivitu tehdy pouzivanych an-
tigennich testd.

Nase prace potvrdila o¢ekdvanou reakci tepové frek-
vence na zménu polohy z lehu do stoje a jeji celkovy po-
kles s narUstajicim vékem. Pfedpoklad, Ze by déti po co-
vidu-19 mohly mit vyssi srde¢ni frekvenci, se nepotvrdil.
Primérné doslo pfi zméné polohy z lehu do stoje k vze-
stupu srdecni frekvence o 29,6/min. Tyto vysledky jsou
v souladu s daty ze studie zabyvajici se odpovédi srde¢ni
frekvence na posturalni zmény jak u déti a adolescentd,
tak u dospélych ve stfednim véku.>'

Oba hodnocené indexy variability srdecni frekvence
(SDNN i RMSSD) jsou zavislé na tepové frekvenci, ktera
ve vsech polohdch klesa s vékem. Tento vysledek koreluje
s dalS$imi nasimi pozorovanimi, ze kterych vyplyva, Ze vliv
obou slozek autonomniho nervového systému ovliviuje
srdecni frekvenci u mladsich i u starSich déti. S pribyva-
jicim vékem dochdzi k vyvoji rovnovahy mezi aktivitou
sympatiku a vagu. Vagova slozka postupné prevazuje nad
vlivem sympatiku, coz u starsich déti vede k nizsi klidové
srdecni frekvenci."2

Pfi hodnoceni variability tepové frekvence se hodno-
ty vleze ani vestoje mezi obéma zkoumanymi skupinami
neliSily a byly srovnatelné s hodnotami béznymi ve zdra-
vé populaci. Vysledky neovlivnilo ani provedeni regresni
analyzy ve vztahu k véku. Ani toto srovnani nezjistilo zad-
né vyznamné rozdily.

Podobné studie v détské populaci dosud nebyly prove-
deny. Jsou k dispozici pouze data od dospélych pacientt.
Napriklad ve studii zahrnujici 92 dospélych pacientd po
prodélaném onemocnéni covid-19, ktefi byli podrobeni
sledovani EKG pfi posturalnim testu a soucasné jim byl
méren krevni tlak, byla u 13 % vySetfenych zjisténa or-
tostatickd hypotenze. Tito pacienti méli také nizsi varia-
bilitu tepové frekvence. Jednalo se ale o odlisny soubor
pacientd. Byli to dospéli lidé pramérného véku 50 let.
U téchto pacientl byla také pozorovana zanétliva reak-
ce, fada z nich méla vyrazné zvyseny C-reaktivni protein
(50 mg/l) a prubéh akutni faze onemocnéni covid-19 byl
téZzsi. Variabilita tepové frekvence byla po covidu-19 nizsi
a inverzné korelovala se zndmkami zéanétu a tizi onemoc-
néni.'>

Nase studie ma nékolik limitaci. Velikost naseho sou-
boru (153 vysetifenych déti) je srovnatelna s podobnymi
publikovanymi studiemi. U ¢asti déti nebylo provedeno
laboratorni vysetfeni z ddvodu nesouhlasu zakonnych
zastupcu. Roli mohly hrat i logistické prekazky, nebot
odbéry byly realizovany v jiny den a na jiném misté nez
samotné posturdlni testy, coz mohlo omezit ucast z caso-
vych dlvodu. V pribéhu posturalnich testl jsme neméfili
krevni tlak, a proto nemdme objektivni data o pripadné
posturalni hypotenzi. Déti, které prodélaly onemocnéni
covid-19, byly statisticky mladsi, nizsiho vzrastu a nizsi
hmotnosti.

| kdyz jsme nezaznamenali jednoznacny vliv prodélani
infekce covid-19 na modulaci autonomniho nervového
systému, naddle pracujeme s hypotézou, ze zmény ho-
meostazy mohou byt tak diskrétni, Ze se klinicky neproje-
vi. Je také mozné, ze se jedna o individualni a rdznorodé
odpovédi, podobné jako jsou napfiklad projevy postcovi-
dové deprese, a proto je nelze generalizovat.
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Zavéry

Podle nasich laboratornich vysledkl prodélalo infekci co-
vid-19 o 23 % vice déti, nez kolik bylo diagnostikovano.
Tyto déti prodélaly infekci bezptiznakové a probihajici
onemocnéni u nich nezachytily ani tehdy standardni dia-
gnostické metody, jako bylo pravidelné testovani nebo
trasovani.

Reakce srde¢ni frekvence na zménu polohy téla se
mezi détmi po prodélané infekci covid-19 a détmi bez
jeji anamnézy vyznamné nelisila. Rozdil srde¢ni frekvence
mezi polohou vlezZe a vestoje byl priblizné 30 tepi/min.

Variabilita srdecni frekvence hodnocena parametry
SDNN a RMSSD byla v obou polohéch téla u obou skupin
srovnatelnd a odpovidala hodnotdm béznym ve zdravé
populaci.

Na zakladé nasich vysled mizeme konstatovat, Ze ne-
byly zjistény zdvazné zmény modulace vegetativniho ner-
vového systému v dUsledku prodélané infekce covid-19.
Neni vylouceno, Ze zmény existuji, ale pokud ano, pak
jsou tak diskrétni, Ze nebyly v ndmi pozorovaném soubo-
ru zaznamendny. V pfipadé podezfeni na patologickou
modulaci autonomniho nervového systému by covid-19
nemeél byt v prvni linii diferencidlnédiagnostické rozvahy.

Prohlaseni autort o mozném stietu zajma
Autofi prohlasuji, Zze nemaji v souvislosti s timto ¢lankem
zadny stret zajma.

Podékovani

Vyzkum technologicky podpofila diagnosticka divize spo-
le¢nosti Roche s.r.o. Spolecnost Roche s.r.o. neméla moz-
nost ovliviiovat pribéh studie ani analyzu dat.
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Prohlaseni autort o etickych aspektech publikace
Vyzkum byl veden v souladu s Helsinskou deklaraci.

Informovany souhlas

Zakonny zastupce kazdého probanda podepsal pred vstu-
pem do projektu informovany souhlas. Informovany sou-
hlas byl prfed zahajenim projektu schvalen Etickou komisi
FN Brno.

Literatura

1. Hu B, Guo H, Zhou P, et al. Characteristics of SARS-CoV-2 and
COVID-19. Nat Rev Microbiol 2021;19:141-154.

2. Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology (1996)
Heart rate variability: standards of measurement, physiological
interpretation and clinical use. Circulation 1996;93:1043-1065.

3. Pahlm O, Sornmo L. Software QRS detection in ambulatory
monitoring — a review. Med Biol Eng Comput 1984;22:289-297.

4. Kors JA, Talmon JL, van Bemmel JH. Multilead ECG analysis.
Comput Biomed Res 1986;19:28-46.

5. Daskalov IK, Christov II. Electrocardiogram signal preprocessing
for automatic detection of QRS boundaries. Med Eng Phys
1999;21:37-44.

6. Kohler BU, Hennig C, Orglmeister R. The principles of software
QRS detection. IEEE Eng Med Biol Mag 2002;21:42-57.

7. Malik M, Hnatkova K, Huikuri HV, et al. CrossTalk proposal:
Heart rate variability is a valid measure of cardiac autonomic
responsiveness. J Physiol 2019;597:2595-2598.

8. Hainsworth R. Physiology of the cardiac autonomic system.

In: Malik M (Ed.) Clinical Guide to Cardiac Autonomic Tests.
Dordrecht/Boston/London: Kluwer, 1998:3-28.

9. Hnatkova K, Sisdkova M, Smetana P, et al. Sex differences in
heart rate responses to postural provocations. Int J Cardiol
2019;297:126-134.

10. Andrsova I, Hnatkova K, Helanova K et al. Individually rate
corrected QTc intervals in children and adolescents. Front
Physiol 2019;10:994.

11. Gasior JS, Sacha J, Jelen PJ, et al. Interaction between heart
rate variability and heart rate in pediatric population. Front
Physiol 2015;6:385.

12. Bobkowski W, Stefaniak, ME, Krauze, T, et al. Measures of
heart rate variability in 24-h ECGs depend on age but not
gender of healthy children. Front Physiol 2017;8:311.

13. Shah B, Shekhar K, Ankit B, et al. Heart rate variability as
a marker of cardiovascular dysautonomia in post-COVID-19
syndrome using artificial intelligence. Indian Pacing
Electrophysiol J 2022;22:70-76.

14. Blitshteyn S, Whitelaw S. Postural orthostatic tachycardia
syndrome (POTS) and other autonomic disorders after
COVID-19 infection: a case series of 20 patients. Immunol Res
2021;69:205-211.



Plvodni sdéleni | Original research article

Study of the Effect of Telecommunication Follow-Up
for Patients on Warfarin During the COVID-19 Pandemic

Mohamed A. Abdelwahab?, Karim Kamal®, Mohamed EI-Ramly?,

Kareem Mahmoud?

2 Department of Cardiovascular Medicine, Kasr Alainy Hospital, Faculty of Medicine, Cairo University, Cairo, Egypt
bSohag Heart and GIT Specialized Center, Sohag, Egypt

ARTICLE INFO

SOUHRN

Article history:

Submitted: 8. 8. 2025
Accepted: 1. 9. 2025
Available online: 11. 5. 2026

Klicova slova:
INR
Telemedicina
TTR

Warfarin

Keywords:
INR
Telemedicine
TTR

Warfarin

Kontext: Perordlné uzivané antikoagulancium warfarin, antagonista vitaminu K, vyzaduje ¢asté monitoro-
vani mezinarodniho normalizovaného poméru (international normalized ratio, INR). Z telemediciny se v po-
sledni dobé stal vyznamny ndstroj lécby pacientd umoznujici poskytovani zdravotni péce na délku, zvlasté
b&hem pandemie infekéniho onemocnéni covid-19. Ucinnost a bezpeénost tohoto zpisobu péce o pacienty
uzivajici warfarin v Egypté dosud nebyly definovany.

Cil: Tato studie srovndvala telemedicinu s klasickou ambulantni Ié¢bou warfarinem z hlediska dosahovani
cilové INR a doby v terapeutickém rozmezi (time in therapeutic range, TTR) a soucasné hodnotila rozdily
mezi obéma metodami a komplikace.

Metody: Pacienti uzivajici warfarin na dvou egyptskych pracovistich terciarni péce byli randomizovani do
dvou skupin, jedné lécené prostiednictvim telemediciny a druhé s klasickou ambulantni 1é¢bou. V teleko-
munika¢ni mediciné se pouzivaly telefon a aplikace WhatsApp. Sledovaly se hodnoty INR a TTR, analyzovaly
néklady a komplikace.

Vysledky: Do této tfimésicni studie bylo zafazeno 200 pacientd. S vyjimkou vyssiho procenta kurakd ve sku-
piné s ambulantni [écbou pfi zafazeni do studie nebyly nalezeny Zadné statisticky vyznamné rozdily (40 % vs.
24 %; p = 0,02). Cilové hodnoty TTR (> 70 %) bylo dosazeno u 78 % ambulantnich pacientd a 82 % pacient
|écenych prostrednictvim telemediciny (p = 0,48). U pacientl se vstupni hodnotou INR < 2 bylo procento
dosazeni cilové hodnoty TTR statisticky vyznamné vyssi nez ve skupiné s telemedicinou (76,5 % vs. 30,8 %);
p < 0,001). Incidence supraterapeutické hodnoty INR byla vyssi ve skupiné ambulantnich pacientd (40 % vs.
20 %; p = 0,002). Mezi skupinami nebyly zaznamendny zadné statisticky vyznamné rozdily v krvacivych nebo
trombotickych pfihodach. Pouziti telemediciny bylo spojeno se statisticky vyznamné nizsimi naklady nez
ambulantni lécba.

Zavér: Pouziti telekomunikacni techniky predstavuje Uc¢innou alternativu Ié¢by warfarinem pfi srovnatelné
ucinnosti a bezpecnosti v méstskych i venkovskych podminkach. Tato metoda statisticky vyznamné snizuje
zatéz z hlediska nékladl na zdravotnicka zafizeni i na samotné pacienty. Doporucujeme pfijeti standardizo-
vanych telekomunikacnich metod v $irsim méfitku v egyptské klinické praxi.

ABSTRACT

Background: Warfarin, a vitamin K antagonist oral anticoagulant, requires frequent monitoring of the inter-
national normalized ratio (INR). Telemedicine has emerged as a crucial tool for facilitating remote health-
care access, particularly during the COVID-19 pandemic. However, the efficacy and safety of this model for
managing warfarin patients in Egypt remain unexplored.

Aim: This study compared telemedicine with conventional warfarin clinic visits regarding achieving target
INR and time in therapeutic range (TTR), while assessing differences in expenses and complications.
Methods: Patients receiving warfarin at two tertiary centers in Egypt were randomized into telemedicine or
conventional clinic groups. Telemedicine communication utilized telephone and WhatsApp. INR, TTR, cost
analysis, and complications were evaluated.

Results: This three-month study included 200 patients. No significant baseline differences existed between
groups except for higher smoking rates in the clinic group (40% vs. 24%, p = 0.02). Target TTR (>70%) was
achieved in 78% of clinic patients and 82% of telemedicine patients (p = 0.48). Among patients with base-
line INR <2, target TTR achievement was significantly higher in the telemedicine group (76.5% vs. 30.8%,
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p <0.001). Supratherapeutic INR incidence was higher in the clinic group (40% vs. 20%, p = 0.002). No
significant differences in bleeding or thrombotic events occurred between groups. Telemedicine services
demonstrated significantly lower costs than conventional clinics.

Conclusion: Telecommunication offers a feasible alternative for warfarin management with comparable
efficacy and safety in both urban and rural areas. This method significantly reduces cost burden on healthca-
re facilities and patients. We recommend adopting standardized telecommunication methods on a broader

scale in Egyptian clinical practice.

Introduction

Warfarin, a vitamin K antagonist, has been used for de-
cades to prevent arterial and venous thromboembolism
in various cardiovascular conditions, including atrial fi-
brillation, venous thromboembolism, prosthetic heart
valves, and left ventricular mural thrombus." Physicians
use the international normalized ratio (INR) to deter-
mine the warfarin dose, which is essential for confirm-
ing the efficacy and safety of anticoagulation.? Failure
to achieve the target INR can expose patients to serious
adverse events, such as systemic or venous thromboem-
bolism with low INR values or bleeding complications
with high INR values.

Telemedicine refers to the provision of remote clinical
services via real-time two-way communication between
the patient and the healthcare provider, using electronic
audio and/or visual means.? Telemedicine can offer tele-
consultations, reduce waiting times, provide access to
high-quality medical diagnoses and treatments, enhance
professional education, and lower the cost of medical
consultations.* The main drawbacks of telemedicine in-
clude the lack of in-person physical examination, as well
as organizational, bureaucratic, and technological diffi-
culties.®

In the COVID-19 era, telemedicine offers numerous
benefits, including reducing infection spread and pol-
lution by enabling social distancing and avoiding un-
necessary movement.® It also increases accessibility for
patients in remote rural areas, particularly during lock-
down periods.”

According to a recent systematic review,® only 35.1%
of Egypt’s population has utilized telehealth services, de-
spite their potential benefits in the healthcare sector. This
is comparable to findings from other developing nations.?
As part of the Egyptian Government’s Vision 2030, which
includes digital transformation, the telemedicine sector
in Egypt has significant growth potential, driven by tech-
nological advancements, increasing internet penetration,
digital infrastructure investment, public education and
awareness, and the issuance of supportive regulatory
laws and clear policies.™

The role of telemedicine in improving the manage-
ment of warfarin has been tested in comparison to con-
ventional clinic visits in several previous studies."* The
COVID-19 pandemic has promoted further widespread
use of telemedicine, particularly during lockdown. How-
ever, the efficacy and safety of this model for managing
warfarin patients in Egypt remain unexplored.

Our aim in this study was to compare telemedicine
with conventional warfarin clinic visits in terms of achiev-
ing target INR and time in therapeutic range (TTR). We

also compared the two groups regarding average ex-
panses and the development of complications during the
study period.

Patients and methods

This experimental study tested the feasibility of telecom-
munication follow-up of INR in a developing country.
Patients on warfarin who presented to outpatient clinics
at two tertiary centers in Egypt, representing both urban
and rural areas, were screened for warfarin indication,
current dose, and history of previous complications relat-
ed to warfarin therapy. Patients were then randomized
into two groups: the telemedicine group and the conven-
tional warfarin clinics. Telephone and WhatsApp were
used for telemedicine communication, as per the Tele-
medicine Practice Guidelines." At the end of the study,
a review of INR, TTR, and cost analysis of both methods,
as well as the development of thrombotic or bleeding
complications, was conducted. Informed written consent
was obtained from all participants, and the local ethics
committee approved the study.

Inclusion criteria:
¢ Patients aged over 18 years, on warfarin therapy, and
capable of managing their medication.

Exclusion criteria:

¢ History of non-compliance with warfarin.

e Liver disease.

e Severe chronic kidney disease
(GFR less than 30 ml/min/1,73 m?).

e Patients on drugs that interact with warfarin
(imatinib, Fluorouracil (5-FU), Amiodarone).

e Patients with acute illness.

e Patients scheduled for any surgery within three
months.

Methods

All patients underwent:

1. History taking, including age, sex, residence, education
level, height, weight, and BMI, indication for warfarin
therapy, warfarin dose and duration of therapy, and
history of comorbidities such as hypertension, diabetes,
liver or kidney disease, and previous warfarin complica-
tions like bleeding or thromboembolic events.

2. Laboratory data:
* [nternational normalized ratio (INR): A venous blood
sample was withdrawn when patients presented to
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the approved laboratory. The prothrombin time was

performed, and the result was expressed as INR."

e Time in therapeutic range (TTR): TTR was calculated
using the Rosendaal linear interpolation technique
for each patient.”® The Rosendaal method assumes
that the INR changes the same amount each day. TTR
results can be categorized into three groups: high
(>70%), moderate (50% to 70%), and low (<50%).
High TTR and stable anticoagulation in reference
groups denote reasonable control."”
¢ INR follow-up:

e If the target INR was not achieved, INR was repeat-
ed after 5-7 days.

e If the target INR was achieved, it was repeated ev-
ery month until the end of the study.

e Target INR was determined according to the clinical
indication of anticoagulation, following the guide-
lines for atrial fibrillation, venous thromboembo-
lism and valvular heart disease.’®2°

3. Costs:

The patients in each arm were surveyed regarding the av-
erage expenses for visits.

Expenses included direct costs such as transportation,
time off work, administrative costs, lab tests, and data
usage (mainly for telecommunication).

4. Complications

a. Bleeding: According to the International Society on
Thrombosis and Haemostasis (ISTH) Criteria,?' bleeding
was classified into:

Major bleeding if it meets >1 of the following:

e Fatal bleeding (directly causes death).

e Symptomatic bleeding in a critical organ (e.g., intracra-
nial, intraocular, retroperitoneal, intra-articular, peri-
cardial, intramuscular with compartment syndrome).

¢ Bleeding causing a >2 g/dL drop in hemoglobin or re-
quiring >2 units of blood transfusion.

e Bleeding leading to hospitalization or prolonged hos-
pitalization.

Minor bleeding:
¢ Any clinically relevant bleeding that does not meet ma-
jor criteria but requires:
e Medical intervention (e.g., topical treatment, com-
pression).
e Unscheduled contact with a healthcare provider.
e Temporary discontinuation of study drug.
e Examples: Epistaxis (nosebleed), gum bleeding, mild
bruising, or hematuria not requiring transfusion.

b. Thromboembolism:

* Embolic stroke: A neurologic deficit of sudden onset
confirmed by CT/MRI.

e Arterial thromboembolism leading to limb ischemia,
mesenteric ischemia, renal or splenic infarcts, docu-
mented clinically and by CT/MRI angiographic imaging.

¢ Venous thromboembolism in the form of deep venous
thrombosis (leg swelling or pain associated with visible
thrombi on compression ultrasound) or pulmonary em-
bolism (acute dyspnea or chest pain associated with pul-
monary artery thrombi on CT pulmonary angiography).

* Mechanical valve thrombosis: valve impairment by
thrombus deposition on the valve associated with sub-
therapeutic INR, confirmed by transesophageal echo-
cardiography or fluoroscopy.

e Supratherapeutic INR without bleeding refers to an
INR value higher than the target therapeutic range but
without bleeding.

Statistical analysis

Data were analyzed using STATA version 14.2 (Stata Sta-
tistical Software: Release 14.2 College Station, TX: Stata-
Corp LP). Quantitative data were represented by mean,
standard deviation, median, and range. Data were ana-
lyzed using a Student’s t-test to compare the means of
the two groups. When data were not normally distribut-
ed, the Mann-Whitney test was used to compare the two
groups. Qualitative data were presented as numbers and
percentages and compared using either the Chi-square
test or Fisher's exact test. Graphs were produced using
Excel or the STATA program. The p-value was considered
significant if it was less than 0.05.

Results

This study included 200 warfarin-prescribed patients with
a three-month follow-up. Table 1 compares the baseline
characteristics of patients allocated to conventional war-
farin clinics or the telemedicine method. No significant
difference was observed between the two groups, except
for a significantly higher number of smokers in the war-
farin clinic group (40% vs. 24%, p = 0.02). There was no
significant difference between the two groups regarding
the indication for anticoagulation.

Table 1 - Comparison of baseline characteristics between patients

treated with telemedicine and those treated in the warfarin clinic

Warfarin clinic  Telemedicine p value

N =100 N =100
Age (years) 393+ 11.1 38.1+104 0.55
Female gender 52 (52.0%) 46 (46.0%) 0.40
Smoker 40 (40.0%) 24 (24.0%) 0.02
BMI 24.87 + 2.58 24.02 + 2.38 0.02
DM 14 (14.0%) 12 (12.0%) 0.67
HTN 16 (16.0%) 8 (8.0%) 0.08
Indication of warfarin
MVR 46 (46.0%) 50 (50.0%) 0.57
AVR 18 (18.0%) 22 (22.0%) 0.48
DVR 20 (20.0%) 18 (18.0%) 0.72
AF 18 (18.0%) 12 (12.0%) 0.234
LV thrombus 2 (2.0%) 2 (2.0%) 1.00
DVT 4 (4.0%) 2 (2.0%) 0.407

AF - atrial fibrillation; AVR - aortic valve replacement; BMI - body
mass index; DM - diabetes mellitus; DVR - double valve replace-
ment; DVT - deep venous thrombosis; HTN — hypertension;

LV - left ventricular; MVR - mitral valve replacement.



146 Warfarin follow-up via telemedicine during COVID-19 pandemic
—&-Telemedicine —#— Warfarin clinic —#-Telemedicine —#— Warfarin clinic
2.95 5.6
2.9 - 5.5 1
2.85 - / 5.4
281 £ 5.3
2.75 % >27
nE: - ..z 5.1
2.7 1
o
2.65 § °
’ 4.9
2.6 4.8 -
2.55 4.7
2.5 T T 4.6 T T

1st month 2nd month 3rd month

1st month 2nd month 3rd month

Fig. 1A - Follow-up INR over three months in both groups. (B) Average warfarin dose over the three-month follow-up.
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Fig. 2 - Comparison of both groups regarding the outcomes.

No significant difference was observed regarding
baseline or follow-up INR (Fig. 1A). The average warfarin
dose required to achieve the target INR was comparable
between the two groups (Fig. 1B). A target TTR (>70%)
was achieved in 78% of patients in the warfarin clinic
group and 82% in the telemedicine group (p = 0.48).
However, achieving the target TTR was significantly
higher in the telemedicine group among patients with
a baseline INR of less than 2 (30.8% vs. 76.5%, p <0.001).
The incidence of supratherapeutic INR was higher in
the warfarin clinic group (40% vs. 20%, p = 0.002). Both
groups showed no significant difference in bleeding or
thrombotic events (Fig. 2). The estimated costs of tele-
medicine services were significantly lower than those of
conventional warfarin clinics. Table 2 compares the two

groups regarding INR and TTR values, as well as the inci-
dence of complications.

A comparison of the two groups in both urban and
rural clinics yielded similar results. The achievement of
target TTR in patients with baseline INR <2 was signifi-
cantly higher among patients treated with telemedi-
cine than those treated in the warfarin clinic in the ur-
ban regions (88.9% vs. 28.6%, p <0.001). In the rural
regions, the achievement of target TTR was numerically
higher in the telemedicine group (62.5% vs. 33.3%, p
= 0.13). There is no significant difference between the
two groups in terms of bleeding and thromboembolic
complications in both regions. Again, the incidence of
supratherapeutic INR was significantly lower in the tele-
medicine group in both regions. The estimated costs of
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Table 2 - Comparison of patients treated with telemedicine

with those treated in the warfarin clinic regarding the outcomes

Warfarin clinic Telemedicine p value

N =100 N =100
Baseline INR 20+0.4 2.1+0.3 0.22
Baseline INR 0.22
1-2 26 (26.0%) 34 (34.0%)
>2 74 (74.0%) 66 (66.0%)
Follow up INR 2.8+0.6 29+0.7 0.35
Target INR
2.0-3.0 80 (80.0%) 74 (74.0%) 0.31
3.0-4.0 20 (20.0%) 26 (26.0%)
Target TTR >70% 78 (78.0%) 82 (82.0%) 0.48
Target TTR with 8/26 (30.8%) 26/34 (76.5%) <0.0001
baseline INR 1-2
Target TTR with 70/74 (94.6%)  56/66 (84.8%) 0.055
baseline INR >2
The average dose 53+2.1 53+1.7 0.98
of warfarin
Bleeding
¢ Minor 23 (23.0%) 16 (16.0%) 0.15
e Major 2 (2.0%) 0
Thromboembolism 7 (7.0%) 3 (3.0%) 0.19
Supratherapeutic INR 40 (40.0%) 20 (25.0%) 0.002
Cost (Egyptian 205.7 £ 88.1 145.7 +58.3  <0.0001
pound)

Table 4 - Comparison of rural patients treated with telemedicine

with those treated in the warfarin clinic regarding the outcomes

Warfarin clinic Telemedicine p value

N =50 N =50
Baseline INR 2.1+0.3 20+04 0.36
Baseline INR
1-2 12 (24.0%) 16 (32.0%) 0.37
>2 38 (76.0%) 34 (68.0%)
Follow-up INR 2.8+0.6 3.0+£0.7 0.25
Target INR
2.0-3.0 38 (76.0%) 38 (76.0%) 1.0
3.0-4.0 12 (24.0%) 12 (24.0%)
Target TTR >70% 38 (76.0%) 40 (80.0%) 0.63
Target TTR with 4/12 (33.3%) 10/16 (62.5%) 0.13
baseline INR 1-2
Target TTR with 34/38 (89.5%) 30/34(88.2%) 0.87
baseline INR >2
The average dose 6.1+2.4 51+1.5 0.08
of warfarin
Bleeding
e Minor 13 (26.0%) 9(18.0%) 0.36
e Major 1(2.0%) 0
Thromboembolism 2 (4.0%) 4 (8.0%) 0.40
Supratherapeutic INR 20 (40.0%) 8 (16.0%) 0.09
Cost (Egyptian 156.6 + 44.8 113.4+20.7 <0.0001
pound)

Table 3 - Comparison of urban patients treated with

telemedicine with those treated in the warfarin clinic regarding
the outcomes

Warfarin clinic Telemedicine p value
N =50 N =50
Baseline INR 2.0+0.3 20+0.4 0.41
Baseline INR
1-2 14 (28.0%) 18 (36.0%) 0.39
>2 36 (72.0%) 32 (64.0%)
Follow up INR 2.8+0.6 28+0.7 0.88
Target INR
2.0-3.0 42 (84.0%) 36 (72.0%) 0.15
3.0-4.0 8(16.0%) 14 (28.0%)
Target TTR >70% 40 (80.0%) 42 (82.0%) 0.48
Target TTR with 4/14 (28.6%) 16/18 (88.9%) <0.0001
baseline INR 1-2
Target TTR with 36/36 (100%)  26/32(81.2%) 0.007
baseline INR >2
The average dose 53+2.1 53+1.7 0.98
of warfarin
Bleeding
e Minor 10 (20.0%) 16 (16.0%) 0.42
e Major 1(2.0%) 0
Thromboembolism 1(2.0%) 3 (3.0%) 0.31

Supratherapeutic INR 20 (40.0%)
Cost (Egyptian pound) 254.8 + 93.6

8(16.0%) 0.008
178.0+65.6  <0.0001

telemedicine service were also significantly lower than
those of conventional warfarin clinics in both regions.
Tables 3 and 4 show the comparison between groups in
the urban and rural regions.

Discussion

This study compared the effectiveness of telemedicine
with conventional clinic visits for warfarin therapy man-
agement, demonstrating comparable efficacy in achiev-
ing target time in therapeutic range (TTR) and similar
rates of bleeding or thromboembolic events.

Our prospective study, conducted in two tertiary
medical centers in Egypt (urban and rural), evaluated
telemedicine-based strategies against conventional oral
anticoagulation clinic visits for various warfarin indica-
tions. The primary indication for warfarin in our cohort
was mechanical prosthetic valves, followed by atrial fi-
brillation. This aligns with current medical practice where
non-vitamin K oral anticoagulants (NOACs) have largely
replaced vitamin K antagonists (VKAs) for non-valvular
atrial fibrillation'® and venous thromboembolism,'® while
VKAs remain crucial for conditions like mechanical heart
valves and rheumatic mitral stenosis,?® and antiphospho-
lipid syndrome.??

Optimal TTR is generally recommended to be above
70% by European consensus? and above 65% for AF pa-
tients on VKA therapy by NICE guidelines,?* though meta-
analyses often report TTRs at or below 60%.%%
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Most patients (80%) in our study achieved a target
TTR >70%, with no significant difference between tele-
medicine and conventional clinic visits (82% vs. 78%, p =
0.48). This comparable, or even superior, effectiveness of
telemedicine has been observed in other studies during
the COVID-19 lockdown.?-?° For instance, a Chinese retro-
spective study found a smartphone application (Alfalfa)
improved TTR significantly compared to offline manage-
ment (61.0% vs. 39.6%).?’ Similarly, an Indian study us-
ing WhatsApp and telephone tools reported better TTR
in a Virtual Anticoagulation Clinic (VAC) group than in
a Standard Anticoagulation Clinic (ACC) group (75.4%
vs. 71.2%, p <0.001), with no major adverse events.?® Our
high proportion of effectively controlled patients is likely
due to the prospective nature of the study and the re-
cruitment of younger patients with fewer comorbidities
and polypharmacy.

Notably, one third of our patients was uncontrolled at
enrollment (baseline INR 1-2). In this subgroup, telemedi-
cine was significantly more effective in achieving a target
TTR >70% (76.5% vs. 30.8%, p <0.001). This aligns with
findings by Emily et al.>®* who observed an increase in INR
values within the target range (from 62.5% to 72.7%, p
= 0.07) and a decrease in extreme INR values (from 4.8%
10 0.01%, p = 0.01) with telemedicine. Conversely, Al Am-
mari et al.*' found telemedicine less effective for newly
prescribed warfarin patients, suggesting that telemedi-
cine and conventional visits may be synergistic and com-
plementary, with a patient needs dictating the appropri-
ate approach.

Major adverse events were numerically small in our
study, with no statistically significant difference in
bleeding or thromboembolic events between groups.
However, supratherapeutic INR readings without bleed-
ing were significantly lower in the telemedicine group
compared to conventional clinics, regardless of the tar-
get INR range (e.g., 18.4% vs. 33.8% for INR 2-3.5, p
= 0.030). This safety profile of telemedicine-based VKA
management, showing no significant difference in major
bleeding or thromboembolic events compared to con-
ventional care, is consistent with previous research.?”.2:32
A meta-analysis of 25 randomized controlled trials (n =
25,746 patients) further supported this, showing a trend
towards lower thromboembolic events (RR 0.75), com-
parable major bleeding (RR 0.94), and mortality (RR
0.96), and improved TTR (mean difference 3.38) with
telemedicine.®

Our study is the first Egyptian analysis to demonstrate
that telemedicine-based management significantly re-
duced costs compared to conventional clinic-based man-
agement, irrespective of TTR achievement (e.g., 128.05 +
22.63 vs. 173.46 = 37.73, p <0.0001). While Al Ammari et
al.?" noted less substantial cost reduction in Saudi Arabia,
they highlighted increased resource utilization (clinical
pharmacists). The ThrombEVAL study?* also found that in-
creased direct costs were offset by fewer adverse events
and hospitalizations, leading to overall healthcare ex-
penditure reduction. Future research should conduct in-
depth cost-effectiveness analyses of various telemedicine
strategies to support implementation and inform reim-
bursement policies, especially as cost and reimbursement
remain barriers.

Crucially, the comparable efficacy, safety, and superior
cost-reduction of telemedicine-based oral anticoagulant
(OAQ) management were reproducible across both study
centers, underscoring the potential for broader telemedi-
cine adoption in Egypt.

Limitations of our study include a relatively small pa-
tient number, possibly due to the decreased use of war-
farin in favor of NOAGs. A larger study with diverse age
groups and comorbidities would enhance generalizabil-
ity. The short follow-up duration might underestimate
adverse effects. Additionally, the lack of standardized
medical telemedicine tools locally presents a challenge.

Conclusion

This study demonstrates that a telecommunication clinic
offers a feasible alternative for uninterrupted anticoagu-
lation care for warfarin patients. Telemedicine provides
acceptable INR and TTR control without increasing com-
plications, while significantly reducing the cost burden on
healthcare facilities and patients. We recommend adopt-
ing standardized telecommunication methods more
broadly in clinical practice to facilitate close patient moni-
toring and prompt medication adjustments.
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Kontext: Pomér triglyceridy-glukéza (TyG) a jeho odvozené parametry TyG-BMI, TyG-WC a TyG-WHtR byl
u fady populaci uvadén do spojitosti s metabolickym syndromem (MetS); je znamo, Ze se jedna o zastupné
inzulinové rezistence. Tésnost této spojitosti se vsak muze mezi rGznymi rasami a skupinami povolani lisit.
Cil: Posoudit vztah mezi metabolickym syndromem a indexem triglyceridy-glukéza a pridruzenymi paramet-
ry u indonéskych policistu.
Metody: V popisované prarezové studii bylo vySetfeno 3 600 zaméstnancli indonéské policie ve véku 33
az 70 let (3 201 muzd a 399 Zen). Index TyG a od néj odvozené parametry byly vypocitdvany s pouzitim
antropometrickych udaju a nalacno odebiranych krevnich vzorkl. Pro definovéni pritomnosti MetS byla
pouzita harmonizovana kritéria (> 3 z 5 slozek). Pro vypocet korelaci a zjistovani rozlisovacich schopnosti
byly pouzity plocha pod kfivkou operacni charakteristiky pfijimace (receiver operating characteristic, ROC)
a logisticka regrese.
Vysledky: U Zen byly nalezeny vy3si hodnoty TyG-WHtR, zatimco u muzl byly naméfeny vyssi primérné
hodnoty TyG, TyG-BMI a TyG-WC. V multivariacnich modelech nebyly zjistény zadné statisticky vyznamné
korelace mezi nékterym z indext a MetS (p > 0,05). Nedostatecné diskriminacni schopnosti byly nalezeny pfi
analyze ROC parametrl TyG (AUC = 0,512), TyG-BMI (0,505), TyG-WC (0,518) a TyG-WHtR (0,519).
Zavér: V popisované prirezové studii s indonéskymi policisty se pomér TyG a jeho varianty u MetS statisticky
vyznamné nelisily, coz ukazuje, Ze indexy zalozené na poméru TyG nemuseji byt u této konkrétni skupiny
zaméstnancu uzitecné. Uvedené vysledky podtrhuji nutnost validace sledovanych parametru pro specifické
populace a hodnoceni alternativnich markerf rizika.

© 2026, CKS.

ABSTRACT

Background: The triglyceride-glucose (TyG) index and its derivatives, TyG-BMI, TyG-WC, and TyG-WHtR, have
been linked to metabolic syndrome (MetS) in a number of populations and are known to be surrogate markers
for insulin resistance. Their association value, however, can change among various racial and vocational groups.
Objective: To assess the relationship between metabolic syndrome and the triglyceride-glucose index and its
related characteristics in Indonesian police officers.

Methods: 3,600 Indonesian police personnel between the ages of 33 and 70 were evaluated in this cross-
-sectional study (3,201 men and 399 women). The TyG index and its derivatives were computed using an-
thropometric data and fasting blood samples. The harmonized criteria (>3 of 5 components) were used to
define MetS. To ascertain correlations and discriminative capacities, investigations using receiver operating
characteristic (ROC) curves and logistic regression were performed.

Results: Females had greater TyG-WHtR, while males had higher mean values for TyG, TyG-BMI, and TyG-
-WC. In multivariable models, there were no significant correlations between any of the indices and MetS
(p >0.05). Poor discriminative capacities were found by ROC analysis for TyG (AUC = 0.512), TyG-BMI (0.505),
TyG-WC (0.518), and TyG-WHtR (0.519).

Conclusion: The TyG score and its variants did not significantly correlate with MetS in this cross-sectional
study of Indonesian police officers, indicating that TyG-based indices may not be very useful in this particular
occupational group. These results underline the necessity for population-specific validation and the evalua-
tion of alternative risk markers.
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Background

The term “metabolic syndrome” (MetS) refers to a collec-
tion of associated cardiometabolic disorders that raise the
risk of type 2 diabetes and cardiovascular disease, inclu-
ding central obesity, atherogenic dyslipidemia, hyperten-
sion, and hyperglycemia.’

It has become a global pandemic, affecting rough-
ly 20-25% of adults.? Rapid urbanization and lifestyle
changes have contributed to a high burden of MetS in
Southeast Asia. According to harmonized criteria, which
include an ethnicity-specific definition of central obesity
(waist circumference >90 cm for Asian males or >80 cm for
Asian women), a person is typically diagnosed with MetS
if they display at least three of the five risk factors.* This
syndrome is of particular public health concern in occu-
pational groups like police officers, who frequently face
high stress, shift work, and suboptimal diets. For example,
a nationwide survey in Indonesia reported a prevalence
of about 21.7%, and other studies have found even high-
er rates in specific subgroups. The need for targeted pre-
vention in these populations is highlighted by previous
studies showing that the prevalence of MetS is dispropor-
tionately high among law enforcement personnel, such
as approximately 29.5% of Indian police officers (com-
pared to 18.3% of the general population) and approxi-
mately 39% of Thai police officers.*> Indonesian police
officers have been identified as a high-risk occupational
group for MetS due to lifestyle and occupational factors.
Bhayangkara Hospital in Denpasar showed a 68.7% prev-
alence of metabolic syndrome, while Makassar reported
a 41.7% prevalence.?*** These findings are greater than
the projected 21.66% prevalence of metabolic syndrome
among Indonesian adults.3*

Insulin resistance (IR), as a major factor underlying the
metabolic abnormalities of MetS, is well accepted. De-
creased insulin sensitivity in critical tissues results in com-
pensatory hyperinsulinemia, which raises blood pressure,
triglycerides, HDL cholesterol, and blood glucose levels.®
Even though insulin resistance (IR) is a key factor in the
pathogenesis of MetS, IR can be challenging to measure
directly in epidemiological or clinical contexts. A more
straightforward surrogate measure that calculates insulin
resistance from fasting insulin and glucose levels is the
Homeostasis Model Assessment of IR (HOMA-IR), which
necessitates insulin assays that aren’t always easily acces-
sible in real-world settings.® These restrictions have led to
a search for more accessible and alternative IR indicators
in order to better identify those who are at risk for MetS
and its associated consequences. The gold standard for
evaluating insulin sensitivity is the hyperinsulinemic-eu-
glycemic clamp, but its resource-intensive and intrusive
nature renders it unsuitable for everyday use.

The triglyceride-glucose index, or TyG index, is a po-
tentially useful surrogate biomarker for insulin resis-
tance.®® According to validation studies, the TyG index is
a reliable indicator of insulin resistance. A higher TyG in-
dex has also been associated with a higher risk of adverse
outcomes; for example, individuals with higher TyG index
values have a higher chance of developing type 2 diabe-
tes over time, and the TyG index has been associated with
the onset and prognosis of cardiovascular disease in a va-

riety of populations.® To increase the predictive utility of
this marker, several derivative indices that combine TyG
with anthropometric measures of adiposity have been in-
troduced. Notably, the TyG index was shown to correctly
identify insulin-resistant individuals with ~96% sensitivity
and 85% specificity when compared to the glucose clamp
gold standard. These include TyG-WHtR (TyG index x
waist-to-height ratio), TyG-WC (TyG index x waist circum-
ference), and TyG-BMI (TyG index x body mass index)."
The idea behind these composite indices is that adding
an obesity metric could improve risk discrimination by
better capturing the level of adiposity-related insulin re-
sistance. This strategy is supported by new data, which
indicate that TyG-based combination indices frequently
have higher correlations with metabolic diseases than the
TyG index by itself."

Even though the TyG index and its derived parameters
are becoming more and more supported, little is known
about how well TyG and its related indices predict MetS
in Southeast Asian populations, especially within high-
risk professions.? Ethnic differences in body composition
and metabolic risk profiles necessitate local validation of
such surrogate markers, as findings from Western or East
Asian cohorts may not directly generalize to Southeast
Asia. This study was carried out to evaluate the associa-
tion between the metabolic syndrome and the triglycer-
ide-glucose index and its related parameters in Indone-
sian police officers.

Methods

Study design and population

A total of 3,600 Indonesian police officers (3,201 males
and 399 females) from various cities and areas in the pro-
vince of East Java participated in this cross-sectional sur-
vey. As part of a regular medical examination program
for police officers on active duty, participants were ga-
thered. Included were those officers between the ages
of 33 and 70 who had completed the required yearly he-
alth examination. Notably, in order to capture the entire
range of metabolic health status in this cohort, we did
not exclude people who already had diabetes or cardio-
vascular disease. This strategy made sure that the study
sample included people with known metabolic abnorma-
lities and represented real-world circumstances. All par-
ticipants gave written informed consent in accordance
with ethical guidelines, and the study methodology was
approved by the institutional ethics committee.

Data collection

Clinical and anthropometric data were collected by skilled
medical workers in accordance with established proto-
cols.” Participants were assessed for height and weight
using stadiometers and calibrated scales while wearing
light clothing and no shoes. Their weight (kg) was divi-
ded by their height squared (m?) to calculate their body
mass index (BMI). The participant’s waist circumference
(WCQ) was measured at the midpoint between the iliac
crest and the lowest rib while they were standing upri-
ght and breathing properly. Using these measures, the
waist-to-height ratio (WHtR) was computed by dividing
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the height (in centimetres) by the waist circumference (in
centimetres). A regular sphygmomanometer (or an auto-
mated blood pressure device) was used to take the pati-
ents’ resting blood pressure on the right arm after they
had been sitting still for at least five minutes. The systolic
blood pressure (SBP) and diastolic blood pressure (DBP) of
each subject were recorded.

Venipuncture was used to obtain fasting blood sam-
ples following an 8-10 hour overnight fast. Standard en-
zymatic assays were used at accredited local clinical labo-
ratories to evaluate important biochemical markers, such
as low-density lipoprotein (LDL) cholesterol, triglycerides,
and fasting plasma glucose.

Index calculations

We looked at three related composite indices and the tri-
glyceride-glucose (TyG) index as indicators of insulin resi-
stance and metabolic risk. The TyG index, which is based
on fasting triglyceride and glucose values, is a simple and
reasonably priced method of identifying insulin resistan-
ce. It has been effective in determining who is at a higher
risk of developing metabolic syndrome." For each par-
ticipant, we calculated the TyG index and its derivatives
using the following formulas:

The TyG index: In [fasting glucose (mg/dL) x fasting tri-
glycerides (mg/dL) / 2]. According to Simental-Mendia et
al.’s original description, this is the natural logarithm of
the product of the triglyceride and glucose values divided
by 2.1

TyG-BMI: TyG index x BMI (kg/m?), which is the result
of multiplying the body mass index by the TyG index.™

TyG-WC: TyG index x waist circumference (cm), which
is the result of multiplying the waist circumference by the
TyG index.™

Table 1 - The NCEP ATP lll criteria for metabolic syndrome

Component Definition

Waist circumference >90 cm (men)
or >80 cm (women)

Abdominal obesity

Hypertriglyceridemia Fasting triglycerides >150 mg/dL

HDL-C <40 mg/dL (men) or <50 mg/dL
(women)

SBP 2130 mmHg or DBP 285 mmHg,

Low HDL cholesterol

Elevated blood

pressure or currently using antihypertensive
medication
Hyperglycemia Fasting plasma glucose >100 mg/dL

or use of antidiabetic medication

TyG-WHTtR: TyG index x waist-to-height ratio, which is
the product of the waist/height ratio and the TyG index.*

Definition of outcome (metabolic syndrome)
A collection of conditions known as the “metabolic syn-
drome” increase the risk of cardiovascular diseases linked
to atherosclerosis, such as peripheral artery disease, insu-
lin resistance, heart attacks, strokes, and type 2 diabetes.
Abdominal obesity, poor insulin function, elevated blood
pressure, and unhealthy cholesterol levels are among the
interconnected metabolic disorders that define it. If a par-
ticipant had three or more of the following five require-
ments, they were categorized as having MetS (Table 1).'
These cutoff values are in line with globally recognized
definitions of metabolic syndrome (MetS), modified to ac-
count for Asian-specific criteria."” If a person satisfied at
least three of the previously listed requirements, they were
considered to have metabolic syndrome.' Trained medical
professionals verified the presence of MetS components,
and participants receiving treatment for diabetes or hy-
pertension were counted as meeting the glucose or blood
pressure criteria, respectively. Waist circumference cutoff
values vary by ethnicity and sex listed in Table 2.3

Statistical analysis

Descriptive analyses for men and women were conduc-
ted independently. Continuous variables are represented
by the mean = standard deviation (SD). Sex-based diffe-
rences were assessed using the Mann-Whitney U test for
continuous variables, and two-tailed p-values <0.05 were
deemed statistically significant. All analyses were conduc-
ted using IBM SPSS Statistics (Version 29.0, Armonk, NY,
USA). This study did not include subgroups or stratified
analysis.

The association between each TyG-based metric (TyG,
TyG-BMI, TyG-WC, and TyG-WHtR) and the presence of
MetS was assessed using multiple linear regression anal-
ysis. We conducted a comprehensive statistical study in
order to evaluate the predictive power of TyG-based
markers for metabolic syndrome (MetS). The significance
of each predictor was first assessed using t-tests, and
the model as a whole was evaluated using F-tests. The
model fit was evaluated using the coefficient of deter-
mination (R2). To examine the connection between MetS
and each TyG-derived index (TyG, TyG-BMI, TyG-WC, and
TyG-WHtR), we performed univariate logistic regression
analysis. For each unit increase in each index, we calcu-
lated odds ratios (OR) with 95% confidence intervals (Cl)
for MetS. The diagnostic performance of these indicators
was further evaluated using receiver operating charac-
teristic (ROC) curve analysis. Each index’s area under the

Table 2 - Ethnic specific waist circumference thresholds (cm)

Ethnic group Male (cm)

Europids Male >94 cm
South Asians Male >90 cm
Chinese Male >90 cm
Japanese Male >85 cm

Easter Mediterranean and Middle East

Female (cm)

Female >80 cm
Female >80 cm
Female >80 cm

Female >90 cm

Use European data until more specific data available
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Table 3 - Participant characteristics

Parameter Male (n = 3201)
Age (years) 51.51 + 11.01
Weight (kg) 79.28 + 11.91
Height (cm) 169.63 + 27.15
BMI (kg/m?) 27.56 + 4.32
Waist circumference (cm) 89.92 + 10.40
Waist-to-height ratio 0.532 + 0.065
Systolic BP (mmHg) 125.84 + 17.62
Diastolic BP (mmHg) 82.35 + 12.90
Fasting glucose (mg/dL) 105.06 + 49.25

Triglycerides (mg/dL) 179.52 + 123.49
LDL cholesterol (mg/dL) 127.77 + 27.39
TyG Index 9.04 +0.93
TyG-BMI 249.45 + 48.21
TyG-WC 812.69 + 121.84
TyG-WHtR 4.81+0.74

Female (n = 399) p-value
51.02 + 10.72 0.414
70.03 £ 11.69 <0.001
159.10 + 6.37 <0.001
27.48 £ 5.71 0.183
90.46 + 10.64 0.650
0.570 £ 0.075 <0.001
120.21 + 18.69 <0.001
78.95 + 11.08 <0.001
98.42 + 42.47 <0.001
137.97 +91.14 <0.001
128.04 + 27.27 0.886
8.65 +0.63 <0.001
238.42 + 55.71 <0.001
782.35 + 106.29 <0.001
4.93 +0.72 <0.001

BMI - body mass index; BP - blood pressure; TyG - triglyceride-glucose; WC — waist circumference; WHtR - waist-to-height ratio.

Values are presented as mean + standard deviation.

ROC curve (AUC) and its corresponding 95% confidence
intervals (Cls) were computed. Perfect discrimination is
shown by an AUC of 1.0, whilst no discriminative capac-
ity beyond chance is implied by an AUC of 0.5. Finally,
we performed a statistical evaluation of the AUC values
among indices to identify which index, if any, demon-
strated superior predictive accuracy for MetS detection.
We were able to completely evaluate each TyG-based in-
dex’s diagnostic accuracy and association strength with
MetS because to this multifaceted analytical technique.

Results

Participant characteristics

A total of 3,600 Indonesian police officers were analy-
zed, consisting of 3,201 males (88.9%) and 399 females
(11.1%). The mean age was comparable between sexes
(males: 51.51 = 11.01 years; females: 51.02 = 10.72 years,
p = 0.414). Male participants were significantly heavier
(79.28 £ 11.91 kg vs. 70.03 + 11.69 kg, p < 0.001) and taller
(169.63 = 27.15 cm vs. 159.10 = 6.37 cm, p < 0.001) than
female participants. BMI did not significantly differ be-
tween sexes (27.56 + 4.32 kg/m? males vs. 27.48 + 5.71
kg/m2 females, p = 0.183). Waist circumference was simi-
lar between males (89.92 + 10.40 cm) and females (90.46
+ 10.64 cm, p = 0.650), but females had a substantially
greater waist-to-height ratio (0.570 + 0.075) than males
(0.532 = 0.065, p < 0.001).

Regarding blood pressure parameters, the systolic
blood pressure (SBP: 125.84 + 17.62 mmHg vs. 120.21
+ 18.69 mmHg, p < 0.001) and diastolic blood pressure
(DBP: 82.35 + 12.90 mmHg vs. 78.95 + 11.08 mmHg, p <
0.001) of males were substantially higher than those of
females. Males also showed significantly higher triglycer-

ides (179.52 = 123.49 mg/dL vs. 137.97 + 91.14 mg/dL, p <
0.001) and fasting glucose (105.06 + 49.25 mg/dL vs. 98.42
+ 42.47 mg/dL, p < 0.001). Male and female LDL choles-
terol values were similar (127.77 + 27.39 mg/dL vs. 128.04
+ 27.27 mg/dL, p = 0.886).

Males had significantly higher levels of all TyG-based
indices, with the exception of TyG-WHtR: TyG Index (9.04
+ 0.93 vs. 8.65 + 0.63, p <0.001), TyG-BMI (249.45 + 48.21
vs. 238.42 £ 55.71, p <0.001), and TyG-WC (812.69 + 121.84
vs. 782.35 + 106.29, p <0.001). Conversely, TyG-WHtR was
significantly higher among females (4.93 + 0.72) com-
pared to males (4.81 = 0.74, p <0.001). Table 3 provides
a summary of the detailed descriptive characteristics.

Association of TyG indices

In multiple logistic regression analyses using the combi-
ned dataset, none of the TyG indices showed a significant
association with metabolic syndrome (MetS). Specifically,
the TyG index (p = 0.605), TyG-BMI (p = 0.412), TyG-WC
(p = 0.737), and TyG-WH1tR (p = 0.964) each demonstra-
ted non-significant associations with MetS. The combi-
ned regression model incorporating all four indices also
indicated no significant predictive capability (F = 0.611,
p = 0.655) and explained only a minimal fraction of the
variance (R2 = 0.001).

ROC curve analysis

The poor discriminative power of the investigated indices
was validated by the examination of ROC curves for MetS
prediction.

The TyG index (AUC = 0.512, p = 0.216), TyG-BMI (AUC
= 0.505, p = 0.597), TyG-WC (AUC = 0.518, p = 0.059), and
TyG-WHtR (AUC = 0.519, p = 0.053) all showed low practi-
cal associative utility. None of these indices significantly
exceeded the baseline discriminatory capability of 0.50,
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Fig. 1 - ROC curves for TyG-derived indices

Table 4 - ROC curve analysis for predicting metabolic syndrome

Variable AUC  95% confidence interval  p-value
TyGindex 0.512  0.493-0.531 0.216
TyG-BMI 0.505 0.486-0.524 0.597
TyG-WC 0.518  0.499-0.537 0.059
TyG-WHtR  0.519  0.500-0.537 0.053

AUC - area under the ROC curve; BMI - body mass index;
TyG - triglyceride-glucose; WC - waist circumference; WHtR -
waist-to-height ratio.

confirming their limited usefulness in identifying MetS
within this population. The ROC results are detailed in
Figure 1 and Table 4.

Discussion

Interpretation of key findings

With AUC values ranging from 0.505 to 0.519 and no sig-
nificant relationships in multivariable models (p >0.05),
the TyG index and its derivatives showed weak predictive
connection for metabolic syndrome in Indonesian police
officers, an unexpected conclusion of the current study.
TyG indices generally show excellent discriminative abi-
lity for MetS, with AUC values consistently exceeding
0.80-0.87 in diverse populations.’®2° This stands in stark
contrast to the established literature. The discrepancy be-
tween our findings and the larger body of evidence calls
for careful consideration of population-specific factors
that may account for this anomaly.

Population-specific and occupational factors

The unique characteristics of this police officer cohort li-
kely contributed to the poor performance of TyG indices.
Police officers represent a specialized occupational group

subject to chronic stress, irregular shift patterns, and fre-
quent exposure to suboptimal dietary conditions during
extended duties.?’ These occupational stressors can inde-
pendently elevate blood pressure and alter lipid metabo-
lism through pathways not directly captured by insulin
resistance markers.?’ Consequently, many officers may
develop MetS primarily through stress-induced hyperten-
sion and altered HDL cholesterol rather than through the
insulin resistance pathway that TyG indices are designed
to detect. Several pathways of IR could be from imbalan-
ced lipid metabolism in PKB an MAPK signalling pathwa-
ys and from T-cell polarization which increase several pro-
-inflammatory factors.?'

The "healthy worker effect” may have further influ-
enced our results by creating a homogenized risk pro-
file.?' Active-duty police officers undergo regular fitness
assessments and health screenings, potentially filtering
out individuals with extreme metabolic phenotypes. This
selection bias could compress the range of TyG values and
MetS severity, reducing the statistical power to detect
meaningful associations between insulin resistance mark-
ers and metabolic outcomes. In contrast, similar study
conducted in Thailand with 7,852 participants revealed
that increased levels of the eight IR surrogate markers,
a predictor of both hypertension and MetS, were associ-
ated with increased prevalence of both disorders among
Thai police officers. The TyG-BMI index was the most ef-
fective surrogate for predicting hypertension, while the
TyG-WC index was the most effective surrogate for pre-
dicting MetS.?®

Age-related considerations

The mean age of approximately 51 years in our cohort
represents a critical factor in interpreting these results.
Meta-analyses demonstrate that TyG index performance
varies significantly with age, showing stronger predictive
value in younger populations.??? In older adults, metabo-
lic syndrome becomes increasingly prevalent and multi-
factorial, with age-related metabolic changes potentially
diminishing the discriminative power of insulin resistance
markers.?* Cardiovascular and all-cause mortality were
significantly correlated with the TyG index, with the co-
rrelation being highest among individuals aged under 65.
In this age group, the TyG index had a non-linear conne-
ction with all-cause mortality, although cardiovascular
mortality exhibited a positive correlation.?® The impor-
tance of insulin resistance in the development of MetS
may be obscured by the high incidence of hypertension
and dyslipidemia in middle-aged populations, particular-
ly when other risk factors are more common.

Sex-specific differences and methodological
limitations

Our predominantly male cohort (89%) limited the ability
to detect sex-specific patterns in TyG index performan-
ce. With women frequently exhibiting distinct thresholds
and associations in comparison to men, emerging eviden-
ce points that the association between metabolic out-
comes and TyG indices varies significantly by sex.?*? The
small female subsample may have masked important sex-
-specific predictive association patterns that could inform
targeted screening approaches. Several biological factors
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which may contribute in term of sex differences such as
hormonal differences, androgens, visceral adiposity, and
endothelial disfunction.®

The cross-sectional design represents a fundamental
limitation in assessing the predictive utility of TyG indices
because of its poor predictive association. Cross-sectional
analyses may not capture the temporal relationship be-
tween insulin resistance and metabolic syndrome mani-
festation, even though longitudinal studies show that
TyG can effectively predict incident MetS development.?
The binary, threshold-based definition of MetS may also
create artificial boundaries that obscure the continuous
relationship between TyG indices and metabolic risk.

Clinical and research implications

These findings demonstrate how crucial population-spe-
cific validation is prior to the use of screening instruments
in clinical settings. In a primary care context, the TyG in-
dex might be a helpful screening tool for determining
normal-weight people who might be at higher risk of car-
diometabolic disease.?® TyG indices’ failure in this cohort
raises the possibility that complementary or alternative
biomarkers may be required for metabolic risk assessment
in comparable occupational populations.?” Future studies
should concentrate on creating composite risk scores that
include age-adjusted thresholds, population-specific cut-
-off values, and occupational stressors.

Study limitations and future directions

This study has a number of limitations. First, this study did
not evaluate the medical history, physical activity, or die-
tary practices that could have affected the outcome. Fur-
thermore, because only 11% of participants were female,
gender stratified analyses were not performed, which
could have an impact on some possible risk variables and
health disparities that could be included in this popula-
tion-level analysis. Second, the cross-sectional nature of
the current study precludes its applicability for investiga-
ting causality. In order to enhance the study’s findings,
we recommend that future research use longitudinal
studies, evaluate dietary practices, physical activity, and
medical history, and possibly incorporate inflammatory
metrics like CRP.

Furthermore, measuring hsCRP levels helps refine
cardiovascular disease (CVD) risk stratification, indepen-
dent of baseline TyG index values, and vice versa. These
findings highlight how crucial it is to evaluate the TyG
index and hsCRP together in clinical practice for primary
CVD prevention. While TyG-based indices serve as useful
screening tools in various settings, their universal appli-
cability should not be presumed. Thus, rigorous valida-
tion in specific populations is essential before widespread
clinical adoption.™

Conclusion

In this cross-sectional study of Indonesian police officers,
the TyG score and its derived parameters showed no sig-
nificant associative ability to diagnose metabolic syndro-

me, with AUC values approximating chance (0.505-0.519).
These findings contrast with prior international studies
reporting strong associations between TyG indices and
MetS, suggesting that their utility may be population-
-specific. Key factors such as occupational stressors (e.g.,
shift work, chronic stress), the cohort’s male predomi-
nance, and unmeasured lifestyle confounders (e.g., diet,
physical activity) may explain this divergence. Clinically,
these results underscore that TyG-based markers — whi-
le valuable in other settings — require rigorous validation
in specific subgroups before implementation. In order to
better identify MetS drivers in high-risk occupational ca-
tegories, future research should use longitudinal designs
to evaluate causal correlations, incorporate more biomar-
kers (e.g., inflammatory markers like hsCRP), and include
a wider demographic representation, especially among
women. Until then, alternative screening strategies tai-
lored to this population’s unique risk profile should be
explored.
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Uvod: Srde¢ni myxom je nejéastéjsi benigni srdecni nador. Pies celosvétovou dostupnost Gdajd panuje ne-
dostatek publikované literatury na téma této klinické entity v Indonésii. Cilem této studie je popsat klinické
projevy a vysledky chirurgické lécby srde¢niho myxomu v terciarni referenéni nemocnici v provincii Vychodni
Indonésie.
Metody: Byl proveden retrospektivni prehled vysledkd chirurgické resekce srde¢nich myxoma v obdobi mezi
lednem 2020 a srpnem 2024. Mezi sledované klinické udaje patfily demografické parametry, symptomy,
charakteristiky nadoru, diagnostické metody a vysledky chirurgické Iécby hodnocené formou deskriptivni
analyzy.
Vysledky: Do studie byly zafazeny Udaje 20 pacientt, pfevazné zen (70 %) pramérného véku 47,0 + 13,66
roku. Nejcastéjsimi symptomy byla dyspnoe (90 %), nasledovana letargii (50 %), kaslem (30 %) a bolesti na
hrudi (20 %). VSechny tumory byly v oblasti sini; 95 % z nich v levé sini. Transtorakalni echokardiografie byla
jedinou pfedoperacné pouzitou zobrazovaci metodou. Chirurgicka resekce byla spojena s 10% mortalitou
do Ctyr let.
Zavér: Se srdecnimi myxomy se Ize setkat pfevdzné u Zen stfedniho véku a nejcastéji se vyskytuji v levé sini.
Echokardiografie je i nadale primarnim a ucinnym diagnostickym nastrojem. S chirurgickou resekci jsou
spojeny priznivé vysledky, i kdyZ je zapotiebi provést jesté vétsi multicentrické studie, které by prinesly
komplexnéjsi udaje, a napomohly tak k formulovéni narodnich doporucenych postupt pro klinickou praxi.
© 2026, CKS.

ABSTRACT

Introduction: Cardiac myxoma is the most common benign cardiac tumor. Despite global data availability,
there is a lack of published literature on its clinical characteristics in Indonesia. This study aims to describe the
clinical presentation and surgical outcomes of cardiac myxoma cases treated at a tertiary referral hospital
in East Indonesia.

Methods: A retrospective review was conducted on patients who underwent surgical resection for cardiac
myxoma between January 2020 and August 2024. Clinical data including demographics, symptoms, tumor
characteristics, diagnostic methods, and surgical outcomes were analyzed descriptively.

Results: Twenty patients were included, predominantly female (70%) with a mean age of 47.0 + 13.66 years.
The most common symptom was dyspnea (90%), followed by lethargy (50%), cough (30%), and chest pain
(20%). All tumors were located in the atria, with 95% in the left atrium. Transthoracic echocardiography
was the sole imaging modality used preoperatively. Surgical outcomes showed a 10% mortality rate over
the four-year period.

Conclusion: Cardiac myxoma predominantly affects middle-aged women and is most frequently located in
the left atrium. Echocardiography remains the primary and effective diagnostic tool. Surgical resection of-
fers good outcomes, although larger multicenter studies are necessary to provide more comprehensive data
and inform national clinical practice guidelines.
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Introduction

Cardiac tumors, though rare, have a substantial impact
on affected individuals. The prevalence of benign pri-
mary cardiac tumors is estimated to range between 75%
and 90% of all primary cardiac tumors."? Cardiac myxoma
(CM) is the most prevalent cardiac tumor, accounting for
50-85% of all primary cardiac tumors with an estimated
incidence of 0.03% in the general population.?* It is clas-
sified as a benign primary cardiac tumor and can affect
both children and adults.>®

The symptoms reported by patients with cardiac tumors
are often nonspecific. Commonly reported symptoms include
shortness of breath, arrhythmia, and fatigue.?’ Diagnosis is
frequently incidental during cardiac imaging, particularly
via echocardiography.? Echocardiography is the simplest
diagnostic approach, while advanced imaging techniques
such as CT scans and MRI can provide additional information
for a more accurate diagnosis. Due to the high risks associ-
ated with intracardiac biopsy, tumor resection is typically per-
formed first, followed by histological examination.®

The previous meta-analysis analyzed the clinical char-
acteristics and surgical outcomes of 8150 cardiac myxoma
patients from 1120 data reports.* However, the clinical
characteristic of cardiac myxoma in Indonesia is unclear
as there is no publication regarding this issue. This study
aims to provide the first report of clinical characteristic
and surgical outcomes of cardiac myxoma.

Methods

This is a single-center, retrospective, observational study
conducted at a tertiary referral center of East Indonesia.
This study included all patients who underwent surgical
resection at Dr. Soetomo General Hospital, Surabaya. Our
study was reviewed and approved by the local institutio-
nal review board. Patients were identified using ICD-10
code for benign neoplasm of the heart (D15.1) between
January 2020 and August 2024. Patients with lack of in-
formation in the medical record were excluded. The study
primarily aimed to describe patient characteristics and cli-
nical features of cardiac myxoma.

The diagnosis of cardiac myxoma in all cases was con-
firmed through histopathological examination. Medical
records were reviewed to collect data on clinical pre-
sentation, tumor location and size, diagnostic methods,
laboratory findings, and postoperative outcomes. The
collected data will be analyzed descriptively based on the
predetermined variables. The categorized data will be
presented for all variables. Descriptive statistics including
mean with standard deviations and median with range
were used to describe the variables.

Results

During the study period, 20 patients were diagnosed
with cardiac myxoma, comprising 6 males (30%) and 14
females (70%). The average age of the patients was 47.0
+ 13.66 years, ranging from 9 to 65 years. The mean wei-
ght of the patients was 56.68 + 11.32 kg, while the mean

Table 1 - Clinical Characteristic of Cardiac Myxoma

Variable No. (%)
Age of resection (year) 47.0 £ 13.66
Male gender 6 (30%)
Location of myxoma
Left atrium 19 (95%)
Right atrium 1(5%)
Weight (kg) 56.68 + 11.32
Height (cm) 157.7 £7.28
Body mass index (kg/m?) 22.76 + 4.57
Size of myxoma (cm3) 61.88 (0.60-343.0)
Weight of myxoma (gram) 35 (6.2-98)

Data presented as mean = SD, median (range), and n (%).

Table 2 - Symptoms in patients with cardiac myxoma

Symptoms (n = 20) No. (%)
Asymptomatic patient 1(5%)
Cardiac symptoms
Breathlessness/Dyspnea 18 (90%)
Palpitation 2 (10%)
Chest pain 4 (20%)
Cough 6 (30%)
Syncope 0 (0%)
Systemic symptoms
Letargy 10 (50%)
Weight loss 1 (5%)
Others 10 (50%)
Embolic symptoms 5 (25%)

Data presented as mean = SD or n (%). Patients may have multiple
symptoms.

Table 3 - Postoperative complications in patients with cardic

myxoma

Postoperative complications (n = 20) No. (%)
Arrhythmia 9 (45%)
Wound infection 3 (15%)
Pleural effusion 5 (25%)
Pericardial effusion 4 (20%)
Length of stay (days) 13.60 = 9.54
Mortality 2 (10%)

Data presented as mean + SD or n (%). Patients may have multiple
complications.

height was 157.7 + 7.28 ¢m, resulting in an average BMI
of 22.76 + 4.57 kg/m2. Among the 20 myxomas identified,
95% (19) were in the left atrium and 5% (1) in the ri-
ght atrium. No myxomas were observed in other cardiac
chambers beyond the atria. In our study, the median vo-
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lume of the myxomas was 61.88 cm3 (0.60-343.0), and the
median weight was 35 grams (6.2-98). Patient characte-
ristics and detailed demographic are described in Table 1.

The most common symptom experienced by patients
with cardiac myxoma was breathlessness or dyspnea, re-
ported by 18 patients (90%). This was followed by sys-
temic symptoms such as lethargy, observed in 10 patients
(50%). Other symptoms included cough (30%), chest pain
(20%), palpitations (10%), and weight loss (5%). Embolic
symptoms, such as stroke, were observed in five patients
at our center. These patients presented with stroke symp-
toms despite having no risk factors. Following echocar-
diographic evaluation, they were diagnosed with cardiac
myxoma, which was identified as the underlying cause of
their stroke. Detailed symptoms of patient with cardiac
myxoma are described in Table 2. In this study, all patients
in this study were using echocardiography as the diagnos-
tic modality for cardiac myxoma.

Among the 20 patients with cardiac myxoma, the mor-
tality rate was 10% (2/20 patients). The most common
postoperative complication was arrhythmia, occurring
in 9 patients (45%), followed by pleural effusions in 5
patients (20%). The average length of hospital stay was
13.60 + 9.54 days. Notably, 6 patients (30%) experienced
no postoperative complications. Detailed postoperative
complications in patients with cardiac myxoma are de-
scribed in Table 3.

Discussion

This study presents our experience with cardiac myxoma
cases at a Tertiary Referral Hospital in East Indonesia. My-
xoma, the most common type of cardiac tumor, is clas-
sified as a benign primary cardiac tumor and can affect
both children and adults. Although myxoma predomi-
nantly occurs in middle age,>' our study found that the
mean age of patients undergoing surgery for myxoma
was 47.0 + 13.66 years, with an age range of 9 to 65 years.
These findings are consistent with other studies.'* Addi-
tionally, a systematic review and meta-analysis of cardiac
myxoma reported a mean age of 51 years, with a range
of 9 to 67 years.* All patients underwent urgent surgi-
cal resection of the tumor using the median sternotomy
approach, due to the unavailability of minimally invasive
surgical tools at our institution. One patient underwent
tumor excision along with surgical mitral valve repair due
to valve damage caused by the tumor. Histopathological
examination confirmed the diagnosis of myxoma in 100%
of the resected specimens.

Cardiac myxoma occurs more frequently in women
than in men. Our data showed that cardiac myxoma is
twice as common in women as in men, consistent with
findings from previous studies.’®'' Regarding the loca-
tion of myxomas in the heart, the left atrium is the most
commonly affected chamber. In our study, 19 out of 20
patients (95%) had myxomas in the left atrium, while 1
patient (5%) had a myxoma in the right atrium. These
findings align with prior research, which reported that
the left atrium is the most common site of cardiac myx-
oma, accounting for 85% of cases, followed by the right
atrium (9%).* However, a large variation in the size of

cardiac myxomas has been reported in the literature. In
our study, we evaluated myxoma size based on histo-
pathological tissue obtained during surgical resection.
The median volume of cardiac myxomas in our series was
61.88 cm3 (0.60-343.0), which appears larger compared
to previous studies, possibly reflecting delays in diagnosis
and treatment.’®"

The most common symptom observed in this study was
breathlessness or dyspnea. This finding aligns with a prior
systematic review and meta-analysis, which identified
dyspnea as the primary symptom in 64 out of 91 studies.*
Other symptoms, such as systemic and embolic symptoms,
cough, palpitations, chest pain, lethargy, and weight loss,
were also reported in previous studies.*'*'" Additionally,
this study identified patients with asymptomatic cardiac
myxoma, a condition that has also been documented in
other studies.’®"" Embolic symptoms, particularly cere-
brovascular accidents (CVA), are critical to recognize, as
they can be recurrent and life-threatening. Prompt surgi-
cal removal of the myxoma is essential to prevent further
embolic events events. However, in patients who recently
experienced a CVA, careful consideration of the timing of
surgery is necessary due to anesthetic risks related to ce-
rebral autoregulation and hemorrhagic transformation.
Typically, a waiting period of at least 3 months is consid-
ered to allow for stabilization in elective surgery, though
urgent surgery may still be required in high-risk cases.’-"°

All patients in this study were diagnosed using echo-
cardiography. Echocardiography was the primary diag-
nostic modality, utilized in the majority of cases (98.1%).4
Additionally, a smaller number of cases were identified
through computed tomography (CT) scans, angiogra-
phy, and other abnormal examinations. Echocardiogra-
phy remains the cornerstone of diagnosis due to its wide
availability, non-invasive nature, and ability to provide
detailed structural and functional cardiac information.
In stable patients, coronary artery disease was excluded
using MSCT, as invasive coronary angiography was re-
served for cases with high suspicion or unstable clinical
presentation.

The mortality rate in our series was 10%, whereas oth-
er studies have documented rates ranging from 1% to
5%.'%1113 A prior systematic review also found that the
early post-surgical mortality rate for cardiac myxoma was
1%, while the late post-surgical mortality rate was 2 cases
per 1,000 person-years.* Other study showed that the ear-
ly mortality rate was 2.0%, while the late mortality rate
reached 6.1%.% Arrhythmia was the most common post-
operative complication observed in our study, a finding
that remains consistent with previous research.’®'" Nota-
bly, no cerebrovascular accident (CVA) or other embolic
complications occurred after surgery.

Although this study revealed a higher mortality rate,
it remains generally comparable to previous research.
One possible explanation for the higher mortality in
our cohort is the delay in diagnosis, where patients of-
ten presented at an advanced stage with severe clinical
conditions. This is particularly relevant in developing
countries, where left atrial myxomas often remain silent
and asymptomatic for a long time. By the time symptoms
emerge, they are usually severe due to the lack of routine
cardiovascular screening and limited access to early diag-
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nostic tools. Additionally, the relatively small number of
patients included may have contributed to the appear-
ance of a higher mortality rate. Nevertheless, the findings
support that surgery still provides a favorable prognosis
for cardiac myxoma.

Limitations

There were several limitations to this research. As a single-
-centre study, the findings may not be generalizable to
other institutions. Small number of patients in this study
also become the limitation in our study. Additionally, the
retrospective observational design introduces potential bia-
ses in data collection. Therefore, multicenter studies across
the country are recommended to enhance data analysis and
contribute to the development of clinical guidelines.

Conclusion

This study retrospectively analyzed 20 patients who
underwent surgical removal of cardiac myxoma at a Ter-
tiary Referral Hospital in East Indonesia. Cardiac myxo-
mas are typically benign tumors, most commonly origi-
nating in the left atrium and predominantly affecting
middle aged females. Dyspnea was the most frequently
observed symptom in this study. Echocardiography re-
mained the primary diagnostic tool and continues to be
the preferred method despite advancements in imaging
technology. The surgical outcomes for myxoma patients
are favorable. However, this study had several limitati-
ons. Therefore, Nationwide multicenter studies are re-
commended to improve data analysis and guide clinical
practice.
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Kontext: V poslednich letech se vede diskuse o tom, zda vysoké hodnoty cholesterolu v lipoproteinech o vy-
soké hustoté (HDL-C) jednoznacné poskytuji ochranu kardiovaskularniho systému. Porovnali jsme koronarni
pratokovou rezervu (coronary flow velocity reserve, CFVR) jedincd s normélnimi hodnotami HDL-C se stej-
nym parametrem jedincd s vysokymi hodnotami HDL-C.
Metody a vysledky: Jedinci vySetfovani pro podezieni na anginu pectoris bez patologického nalezu na klini-
ce kardiologie istanbulské Medeniyet University v letech 2012 az 2022 absolvovali screening a pfi hodnotach
HDL-C > 50 mg/d| byli ur¢eni k analyze; pro tento ucel byli rozdéleni do dvou skupin: (1) pacienti s HDL-C
>70 mg/dl a (2) pacienti s HDL-C > 50 a < 70 mg/dl. Skupiny byly porovnany s pouzitim CFVR.
Vysledky: Do studie bylo zafazeno celkem 121 jedincl (pramérny vék 37,60 + 9,23; muzi n = 46, 38 %). Devét
Ucastnikd (7,4 %) mélo hodnoty HDL-C > 70 mg/dl. Pfi srovnani CFVR ucastnikl s HDL-C > 70 mg/dl s CFVR je-
dinct s nizsimi hodnotami HDL (> 50 a < 70 mg/dl) byly hodnoty CFVR nizsi ve skupiné s vysokymi hodnotami
HDL-C (2,20 + 0,52 vs. 2,65 + 0,53; p = 0,007).
Zavér: Hodnoty HDL-C > 70 mg/dl mohou nepfiznivé ovliviiovat koronarni mikrocirkulaci.
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ABSTRACT

Background: In recent years, it has been debated whether high HDL-C definitely provides cardiovascular
protection. We compared coronary flow velocity reserve (CFVR) of subjects with normal HDL-C levels with
subjects who have high HDL-C levels.

Methods and results: Subjects who were evaluated for angina with no pathological findings at the Cardiolo-
gy Department of Istanbul Medeniyet University between 2012-2022 were screened and included to analysis
if their HDL-C levels were =50 mg/dL. They were divided into two groups: (1) patients with HDL-C >70 mg/dL
and (2) patients with HDL-C >50 and <70 mg/ dL. Groups were compared in terms of CFVR.

Results: A total of 121 subjects (mean age: 37.60 + 9.23; male n = 46, 38%) were included. There were 9
(7.4%) participants with HDL-C levels >70 mg/dL. When CFVR of participants with HDL-C >70 mg/dL was
compared with participants with lower HDL (=50 and <70 mg/dL), CFVR was lower in the high HDL group
(2.20 £ 0.52 vs. 2.65 + 0.53, p = 0.007).

Conclusion: HDL-C levels >70 mg/dL may negatively impact coronary microcirculation.
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Introduction

Low high density lipoprotein cholesterol (HDL-C) has
been marked as a risk factor for coronary heart dis-
ease." Almost five decades ago Framingham study has
shown the association between increased risk of coro-
nary death and low HDL-C level.2 There have been nu-
merous scientific attempts to increase HDL-C and lower
cardiovascular risk, no significant finding to support
this hypothesis was achieved.? Recently a new trial test-
ed the effect of apolipoprotein A1 (the main protein in
HDL-C) on early cardiovascular events in patients with
acute myocardial infarction* and found no significant
difference between apolipoprotein A1 infusion and
placebo.

The question of “how high” it is protective has begun
to be questioned, with observational studies suggesting
a possible “U” curve. Madsen et al. reported increased
all-cause mortality in patients with extremely high HDL-C
levels from two population based studies (n = 116508).°
EPOCH-Japan study has shown increased cardiovascular
mortality in men with HDL-C levels >90 mg/dL.® Takaeko
et al. reported impaired endothelial dysfunction with low
and high HDL-C levels.” A recent report from United King-
dom Biobank has shown an increased mortality rate in
male subjects with HDL-C levels >80 mg/dL.8 Dyslipidemia
guideline of European Society of Cardiology warned
against using extremely high HDL-C levels (>90 mg/dL) as
a risk predictor.®

Coronary flow velocity reserve (CFVR) can be used as
a surrogate marker to assess coronary microcirculation.
It can be used to evaluate intermediate coronary steno-
sis'' and shows correlation with coronary physiology.'? In
this analysis we compared CFVR of patients with normal
HDL-C levels and patients with high HDL-C levels.

Material and methods

Ethics

Ethics Committee approval was obtained from Istanbul
Medeniyet University; rule number: 2022/0237.

Subjects

Subjects presented to Cardiology Department of Istan-
bul Medeniyet University for angina between 2012-2022
were screened. Subjects with unremarkable exercise
stress test were included in the analysis if they have also
undergone CFVR. Subjects who had no disease history
(diabetes, hypertension, chronic kidney disease, hyper-
lipidemia, malignancy etc.) and no medication use were
recruited if their HDL-C levels were >50 mg/dL and if their
CFVR and/or ¢-IMT were measured. Subjects < 18 years old
were excluded.

Their demographic data including age, sex, blood lipid
profile, and echocardiographic findings were screened.
Subjects with HDL-C levels >50 mg/dL were selected and
further divided into two groups: (1) patients with HDL-C
>70 mg/dL and (2) patients with HDL-C =50 and <70 mg/
dL. Patients with LDL cholesterol higher than >190 mg/dl
were excluded.

Echocardiographic measurements

Measurement technique of CFVR has been described pre-
viously.'® All measurements were performed from the left
anterior descending artery (LAD) by visualizing the LAD
from a modified 2- or 4-chamber view when the patient
was in the left lateral position. Coronary blood flow ve-
locities were measured using pulsed wave Doppler at rest
and immediately after dipyridamole infusion (0.56 mg/
kg over 4 min). The 5 highest diastolic velocities record-
ed during the test were averaged to obtain the diastolic
peak flow velocities (DPFV) at baseline, during maximal
dipyridamole infusion, and 3 min after cessation of di-
pyridamole. Echocardiographic examinations were done
with an ultrasound platform (Philips EPIQ 7G, Bothell,
WA, USA) equipped with a broadband S5-1 transducer
(transmission frequency: 1.7 MHz; receiver frequency: 3.4
MHz). CFVR was defined as the ratio of hyperemic dia-
stolic peak velocity to baseline diastolic peak velocity, and
a CFVR 22.0 was assessed as normal.

Statistical analysis

Statistical analysis was done with SPSS software version
16. Normality of the variables was tested with visual (his-
togram) and analytic methods (Kolmogorov-Smirnov/
Shapiro-Wilk’s test) to analyze distribution. Kruskal-Wal-
lis test was used for groups with less than 30 subjects and
Student T test was used if normality tests showed para-
metric distribution. A p value less than 0.05 was accepted
as statistically significant.

Results

There were 602 subjects with no disease history, no medi-
cation history, unremarkable exercise stress test findings
and CFVR evaluation. Subjects with HDL-C <50 mg/dL and
subjects with LDL cholesterol >190 mg/dL were excluded
for final analysis (Fig. 1).

A total of 121 subjects (mean age: 37.60 + 9.23; male
n = 46, 38%) were included. Their mean total cholester-
ol level was 191.35 + 29.53, mean triglyceride level was
102.97 = 45.10, mean LDL-C level was 114.26 + 25.54, and
mean HDL-C level was 58.55 + 8.29 (Table 1). There were

Patients with unremarkable exercise
stress test and CFVR evaluation

n =602

Patients with LDL-C >190 mg/dL or
—  HDL-C <50 mg/dL were excluded,

n =455
\
n =147
Patients without adequate data were
excluded, n = 26

\

121 patients included

Fig. 1 - Study flowchart.
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Fig. 2 - Comparison of CFVR in different HDL-C levels.

9 (7.4%) participants with HDL-C levels >70 mg/dL. When
CFVR of participants with HDL-C >70 mg/dL was compared
with participants with lower HDL (<70 mg/dL), CFVR was
lower in the high HDL group (2.20 + 0.52 vs. 2.65 + 0.53, p
= 0.007) (Table 2). Mean age between groups didn’t differ
(36.33 = 12.64 for higher HDL and 37.70 + 8.97 for lower
HDL group, p = 0.757). When participants with HDL-C >80
mg/dL (n = 2) were compared with participants who have
<80 mg/dL, low CFVR persisted however didn't reach sta-
tistical significance (2.16 + 0.12 vs. 2.62 + 054, p = 0.133)
(Fig. 2). Mean CFVR of subjects with HDL-C <60 mg/dL (n
= 75) was similar to subjects with >60 mg/dL (2.61 + 0.43
vs. 2.61 = 0.69, p = 0.99, respectively).

Discussion

In this study we compared CFVR of patients with high
HDL-C with normal HDL-C and our findings indicate that
HDL-C levels >70 mg/dL may have a negative impact on
coronary microcirculation.

For years HDL-C has been used as a risk factor for car-
diovascular risk scoring systems. Preclinical studies have
shown a reduction in atherosclerotic lesions with HDL

infusion,'' however, human studies had conflicting
data.’®'” It is postulated that genetic conditions which
increase HDL-C levels such as increased expression of
APO A-I gene or CETP gene deficiency protect against
cardiovascular mortality.”® However, when medical in-
terventions to increase HDL-C were tested, they failed to
improve cardiovascular outcomes and some were early
terminated.>'%22 Only REVEAL (Randomized Evaluation
of the Effects of Anacetrapib through Lipid modification)
study showed promising results with anacetrapib, how-

Table 1 - Demographic characteristics of the subjects

Parameters n=121
(mean =+ standard deviation)
Age, years 37.60 +9.23
Male, n (%) 46, %38
BMI, kg/m? 26.81 +3.44
SBP (mmHg) 119.05 + 12.01
DBP (mmHg) 74.51 £ 6.98
Heart rate per minute 74.04 +7.73
Fasting glucose (mg/dL) 92.82 +6.43
Serum creatinine (mg/dL) 0.79+0.12
Sodium (mEq/L) 139.00 + 1.76
Potassium (mEq/L) 4.39 + 0.41
AST (units/L) 17.40 + 4.83
ALT (units/L) 17.30 + 7.46

Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglyceride (mg/dL)

191.35 £ 29.53
114.26 + 25.54
58.55 + 8.29

102.97 £ 45.10

ALT - alanine aminotransferase; AST — aspartate aminotransferase;
BMI - body mass index; DBP - diastolic blood pressure; SBP - systo-

lic blood pressure.

Table 2 - Coronary flow velocity reserve (CFVR) comparison of patients with normal HDL-C and high HDL-C

Parameters Normal HDL (50-70 mg/dL) High HDL (>70 mg/dL) P
(mean = standard deviation) n=112 n=9

Age (years) 37.70 + 8.97 36.33+ 12.64 0.757
LV end-diastolic volume (ml) 44.99 +4.15 45.73 + 3.27 0.465
LV end-systolic volume (ml) 27.99 +3.09 28.44 +3.08 0.781
LV EF (%) 67.69 + 3.80 67.27 + 3.57 0.776
Interventricular septal thickness (mm) 8.61+2.12 7.90 + 3.37 0.669
Posterior wall thickness (mm) 8.21 +2.01 7.55 +3.04 0.503
Left atrial anteroposterior diameter (mm) 31.43 £3.10 28.71 £ 2.56 0.035
Mitral E wave 71.99 + 25.24 70.22 +30.31 0.337
Mitral A wave 60.11 £ 21.38 55.97 + 23.27 0.776
Mitral E/A wave 60.11 £ 31.38 55.97 + 23.27 0.370
CFVR 2.65 +0.53 2.20+0.52 0.007

CFVR - coronary flow velocity reserve; EF - ejection fraction; LV - left ventricle.
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ever, it wasn't clear whether these positive findings were
due to the reduction of non-HDL-C.?* European Society of
Cardiology dyslipidemia guidelines have warranted cau-
tion in patients with HDL-C >90 mg/dL.?

To elaborate on these findings, different hypotheses
were suggested. HDL-C fractions were studied to define
a fraction more beneficial than the others.?> HDL particle
number has also been tested and shown to have a better
reflection of cardiovascular events than HDL-C.?® Nowa-
days HDL function rather than HDL-C amount is studied
as a predictor of cardiovascular risk. Especially HDL-C ef-
flux capacity is under examination.?” All these data show
that the place of high HDL-C in cardiovascular protection
is far from clear.

In our study, we tested CFVR to assess microcirculation
in patients with high HDL-C. Our results indicate impair-
ment of microcirculation after 70 mg/dL, however, we
weren’t able to show decreased CFVR with >80 mg/dL,
due to a possible Type-2 error. It should also be noted that
mean CFVR was lower with HDL-C >80 mg/dL than HDL-
C levels >70 mg/dL. Coronary microcirculation depends
on numerous physical and biochemical factors including
endothelial function. Endothelial function is affected by
various molecules including nitric oxide. Gomaraschi et al.
has reported increased pro-oxidant and pro-inflammato-
ry features of high HDL-C in patients with CETP deficiency
which can have an impact on the NO pathway.?®

Genetics may play a role in these findings. Scavenger
receptor Bl (SR-BI) is one of the key receptors of HDL-C.?°
Findings show when a loss of function mutation occurs in
the gene encoding SR-BI (SCARBT) both HDL-C and car-
diovascular heart disease risk increases.?® In another study,
Ile405Val mutation in the CETP gene was associated with
high HDL-C and ischemic heart disease in women.?' The
mean HDL-C levels of these subjects were 67.67 mg/dL,
which was similar to the range in our findings.

Our limitations include a low sample size, however, it
is difficult to find cardiovascular healthy participants with
high HDL-C, especially in a hospital setting. A larger sam-
ple size may help differentiate gender related outcomes.
Also because this is a retrospective study no information
regarding family history of cardiovascular disease and
smoking was obtained.

In conclusion, this study presents new evidence to the
possibility of a “U"” curve with HDL-C. It is clear that a better
understanding of the function of HDL-C at these levels is
required before targeting higher HDL-C levels (>70 mg/dL).
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Kontext: Skutecna elektricka boure (electrical storm, ES) u pacientl s implantabilnim kardioverterem-de-
fibrilatorem (implantable cardioverter-defibrillator, ICD) je Zivot ohroZzujici stav s opakovanymi vyboji ICD
a vyzadujici antitachykardickou stimulaci (antitachycardia pacing, ATP) a/nebo vyboje v obdobi 24 hodin.
Néktefi autofi definuji ES jako tfi nebo vice epizod komorové tachykardie nebo fibrilace komor oddélenych
sinusovym rytmem v délce alespori 5 minut. Vyboje ICD maji vyznamné nepfiznivé ucinky a dostupné dikazy
ukazuji, ze pacienti, u nichz k ES dojde, maji horsi vysledny stav. Mezi potencidlni spoustéce patii zmény
v medikaci nebo nedodrzovani lé¢ebného rezimu (non-adherence), zhorsujici se srdecni selhani, ¢asné po-
operacni stavy, citové vypéti, nadmérna konzumace alkoholu, rozvrat iontové rovnovéhy, ischemie myokar-
du a méné casté faktory jako horecka. K mnoha epizodam ES vsak dochazi bez jakékoli vysvétlitelné priciny.
Cile studie: Cilem této studie bylo zhodnotit klinické prediktory skutecné elektrické boure u pacientt s ICD.
Pacienti a metody: Tato monocentrickd, retrospektivni, observacni studie pfipadu a kontrol se provadéla na
specializovaném kardiochirurgickém pracovisti Ibn Al-Bitar Specialist Center for Cardiac Surgery v irackém
Bagdadu v obdobi od 1. dubna 2016 do 1. ledna 2017. Do skupiny pfipadt bylo zafazeno 25 po sobé nésle-
dujicich pacientl s ICD, pfijatych pro skutecnou ES; ti byli srovndvani s 25 s implantovanymi ICD, avsak bez
ES, ktefi na uvedené pracovisté dochdzeli pro rutinni programovani pfistroje a sledovani.
Vysledky: Byly analyzovéany udaje celkem 50 pacient s ICD: 25 s ES (pfipady) a 25 bez ES (kontroly). Primér-
ny vék ve skupinach pfipadt a kontrol byl 54 + 12,09 roku, resp. 54,8 + 12,19 roku. Muzud bylo ve skupiné
pfipadl 84 % a v kontrolni skupiné 40 %. Hypertenze byla zjisténa u 56 % pfipadd a 36 % kontrol; diabetes
byl pfitomen u 36 % pacientl v obou skupinach. Ischemickd choroba srdecni se vyskytovala Castéji u pfipa-
dud (80 %) neZ u kontrol (44 %). Ejek¢ni frakce levé komory (EF LK) < 40 % byla naméfena u 80 % pfipadd
a u 44 % kontrol. K nedavné dekompenzaci srde¢niho selhani (v poslednim mésici) doslo u 56 % pfipadd
a pouze u 8 % kontrol.
Pokud se tyce indikace k implantaci ICD, v 80 % pfipadd a u 84 % kontrol se jednalo o sekunddrni prevenci.
Pristroje ICD-VR byly pouZity Castéji u pfipadd (84 %) nez u kontrol (44 %), zatimco pfistroje ICD-DR byly
méné casto pouzity u piipadll (16 %) nez u kontrol (56 %). Systolické srdecni selhani byl pfitomno u 80 %
pacientli v obou skupinach. Mezi dalsi etiologie patfily HOCM (2 pfipady/2 kontroly), syndrom kratkého in-
tervalu QT (2 pfipady/2 kontroly) a syndrom Noonanové (1 pfipad/1 kontrola). Obezita (BMI >30) byla ¢astéjsi
u pfipadud (68 %) nez u kontrol (16 %).
Horecka, teplota > 38 °C, v dobé ES byla doloZena u 28 % pfipadud oproti 0 % u kontrol. Kufactvi bylo ¢astéjsi
u piipadu (56 %) nez u kontrol (40 %). Vysoka konzumace alkoholu byla popsana u 4 % pfipadu i kontrol.
Vsichni Ucastnici studie méli normalni funkci stitné Zlazy. Hypokalemie (< 3,5 mmol/l) byla zjisténa u 64 %
pfipadl a 24 % kontrol a nizké hodnoty hof¢iku (< 1,6 mg/dl) byly nalezeny u 64 % pfipadt a 24 % kontrol.
Ani v jedné z hodnocenych skupin nebyly provedeny ¢asné kardialni nebo nekardialni vykony.
Zavér: Elektrickd boure predstavuje pomérné castou komplikaci, k niz muaze dojit kdykoli po implantaci ICD
a muze se opakovat. Studie zjistila nékolik prediktor( ES véetné snizené EF LK, implantace ICD v ramci sekun-
darni prevence, rozvratu iontové rovnovéahy a nepodavéani amiodaronu ¢i inhibitord ACE.
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ABSTRACT

Background: Appropriate electrical storm (ES) in patients with implantable cardioverter-defibrillators (ICDs)
is a life-threatening condition characterized by recurrent, appropriate ICD therapies; antitachycardia pacing
(ATP) and/or shocks; within a 24-hour period. Some authors define ES as three or more VT/VF episodes
separated by at least 5 minutes of sinus rhythm. ICD shocks have significant adverse effects, and available
evidence indicates that patients experiencing ES have poorer outcomes. Potential triggers include changes
in or non-adherence to medication, worsening heart failure, early postoperative states, emotional stress,
alcohol excess, electrolyte imbalances, myocardial ischemia, and less common factors such as fever. However,
many ES episodes occur without any identifiable cause.

Objectives: This study aimed to evaluate clinical predictors of appropriate electrical storm in patients with
ICDs.

Patients and methods: This single-center, retrospective, observational case-control study was conducted at
Ibn-Albitar Specialist Center for Cardiac Surgery from April 1, 2016 to January 1, 2017. Twenty-five consecu-
tive ICD patients admitted with appropriate electrical storm were included as the case group and compared
with 25 ICD recipients without ES who attended the center for routine programming and follow-up.
Results: A total of 50 ICD patients were analyzed: 25 with ES (cases) and 25 without ES (controls). The mean
ages of the case and control groups were 54 + 12.09 years and 54.8 + 12.19 years, respectively. Males con-
stituted 84% of the case group and 40% of the control group. Hypertension was present in 56% of cases
and 36% of controls, and diabetes was present in 36% of both groups. Ischemic heart disease was more
prevalent among cases (80%) than controls (44%). Left ventricular ejection fraction (LVEF) <40% was found
in 80% of cases compared with 44% of controls. Recent heart failure decompensation (within 1 month)
occurred in 56% of cases and only 8% of controls.

Regarding ICD indication, secondary prevention accounted for 80% of cases and 84% of controls. ICD-VR
devices were more common in cases (84%) than in controls (44%), while ICD-DR devices were less frequent in
cases (16%) versus controls (56%). Systolic heart failure was present in 80% of both groups. Other etiologies
included HOCM (2 cases/2 controls), short QT syndrome (2 cases/2 controls), and Noonan syndrome (1 case/1
control). Obesity (BMI >30) was more prevalent in cases (68%) than in controls (16%).

Fever >38 °C at the time of ES was documented in 28% of cases, with none reported in controls. Current smo-
king was more common among cases (56%) than controls (40%). Heavy alcohol use occurred in 4% of both
groups. Thyroid function was normal across all subjects. Hypokalemia (<3.5 mmol/L) was present in 64% of
cases and 24% of controls, while low magnesium (<1.6 mg/dL) was found in 64% of cases versus 24% of con-
trols. No early cardiac or non-cardiac surgical interventions had occurred within 6 months in either group.
Conclusion: Electrical storm is a relatively common complication that may occur at any point after ICD im-
plantation and may recur. The study identified several predictors of ES, including reduced LVEF, ICD im-
plantation for secondary prevention, electrolyte disturbances, and absence of amiodarone or ACE-inhibitor
therapy.

Introduction

Patients who experience an initial ES episode are at in-
creased risk for recurrence, with recurrence rates report-

An implantable cardioverter-defibrillator (ICD) storm may
result from appropriate therapy (antitachycardia pacing,
cardioversion, or defibrillation), inappropriate therapy
(shocks delivered without a true arrhythmia), or phantom
shocks. The latter two conditions are not considered true
electrical storms. Patients who report receiving a shock
but whose device interrogation shows no delivered the-
rapy require appropriate reassurance.’

Potential triggers of appropriate electrical storm (ES)
include alterations in or non-compliance with medication
regimens, worsening heart failure, the early postopera-
tive period, emotional stress or anger, excessive alcohol
intake, electrolyte disturbances, myocardial ischemia,
and less common causes such as fever or physical stress.
Nonetheless, the majority of ES episodes occur without
an identifiable precipitating factor.?

Clinical presentation varies widely depending on ar-
rhythmia type; monomorphic VT, polymorphic VT, or
ventricular fibrillation (VF); as well as patient-specific
factors such as left ventricular ejection fraction (LVEF),
NYHA class, and comorbidities. The occurrence of syncope
is influenced by both hemodynamic status and ICD pro-
gramming parameters, particularly shock charging time.

ed as high as 80% within 12 months. Steinert identified
LVEF <30%, age >65 years, chronic obstructive pulmonary
disease, and absence of ACE inhibitor therapy as indepen-
dent predictors of ES recurrence.?

Despite growing global evidence regarding risk factors
and outcomes associated with electrical storm, data from
the Middle East remain scarce. Regional studies address-
ing clinical predictors, precipitating factors, and device-
related characteristics are particularly limited, despite
a rising burden of ischemic heart disease, heart failure,
and ICD implantation in Middle Eastern populations. This
gap restricts the ability to apply region-specific, evidence-
based management strategies and highlights the need
for locally derived clinical data.

Therefore, the aim of this study was to evaluate the
clinical predictors of appropriate electrical storm in pa-
tients with implantable cardioverter-defibrillators.

Patients and methods

This single-center, retrospective, observational case-cont-
rol study was conducted at lIbn Al-Bitar Specialist Center
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for Cardiac Surgery between April 1, 2016, and January
1, 2017. The study enrolled 25 consecutive ICD patients
admitted to the coronary care unit with a diagnosis of
appropriate electrical storm (case group) and compared
them with an additional 25 ICD recipients without ES who
attended the center for device programming and follow-
-up (control group).

During each device interrogation, we evaluated the
number and type of arrhythmia-related events (sustained
and non-sustained VT), the number of antitachycardia
pacing (ATP) therapies delivered, and the number and
appropriateness of shocks. Control group classification
was based on patient history, outpatient ICD interroga-
tion, and review of medical records.

A detailed patient history was obtained on admis-
sion, including: name, age, sex, address, diabetes, hyper-
tension, ischemic heart disease or other structural heart
disease, recent decompensated heart failure (within one
month), LVEF, thyroid disease, obesity, fever, recent sur-
gery, medication use and compliance (including amio-
darone and other antiarrhythmics, B-blockers, diuretics),
smoking status, alcohol consumption, time since ICD im-
plantation, indication for implantation (primary or sec-
ondary prevention), ICD type (single- or dual-chamber),
manufacturer, indication classification, and type of docu-
mented arrhythmias.

Exclusion criteria: Patients with inappropriate shocks
or phantom shocks were excluded based on device pro-
gramming data.

Definitions

e Acute decompensated heart failure: An acute or suba-
cute worsening of heart failure, usually due to identifi-
able precipitants, typically presenting with systemic and
pulmonary congestion or requiring hospitalization for
pulmonary edema.

e Coronary heart disease: Defined as self-reported myo-
cardial infarction, history of revascularization, or ECG
evidence of previous infarction.

¢ Diabetes: Defined as serum glucose >126 mg/dL after >8
hours of fasting, serum glucose >200 mg/dL in non-fas-
ting patients, or self-reported physician diagnosis with
concurrent use of insulin or oral hypoglycemic agents.

e Hypertension: Systolic blood pressure >140 mmHg, dia-
stolic blood pressure 290 mmHg, or current use of anti-
hypertensive medications.

® Body mass index (BMI): Calculated as weight (kg) divi-
ded by height (m?2).

e Heavy alcohol consumption: Defined as >14 drinks per
week for men and >7 drinks per week for women.

Laboratory investigations included serum electrolytes
(K*, Mg?*, Ca%*, Na*), thyroid function tests, and blood glu-
cose. All analyses were performed in the hospital’s cen-
tral laboratory.

Statistical analysis

Data were processed and analyzed using SPSS version
23. Categorical variables were presented as numbers and
percentages and were analyzed using the chi-square test.
Risk estimation was performed using odds ratios. A p-va-
lue <0.05 was considered statistically significant.

Results

A total of 25 patients with ICD-related electrical storm

were included as the case group, and 25 ICD patients wit-

hout electrical storm were enrolled as the control group.
Based on data from Tables 1 and 2:

Table 1 - Characteristics of patients who present with ICD

electrical storm

Patients’ characteristics Number and percentage

of cases

Age (year) 37-79 year
Gender

Males 21 (84%)

Females 4(16%)
Hypertension 14 (56%)
Diabetes 9 (36%)
IHD 20 (80%)
Type of ICD implant indication 20 (80%) secondary

5 (20%) primary

ICD type
DR 4
VR 21
ICD manufacturer 11 Medtronic
9 Biotronic

3 St. Jude Medical,
2 Boston Scientific

Acute decompensated heart 14 (56%)
failure 11 (44%)
No recent decompensation
BMI

More than or equal 30 17 (68%)

Less than 30 8 (32%)
Thyroid function test 100% normal
Alcoholic 1 (4%)
Smoking status

Smoker 14 (56%)

Non-smoker 11 (44%)
Serum potassium

Hypokalemia 16 (64%)

Normal 9 (36%)
Serum magnesium

Low 16 (64%)

Normal 9 (36%)
Serum sodium

Low 4(16%)

Normal 21 (84%)
Serum calcium

Low 3 (12%)

Normal 22 (88%)
QT interval (ecg)

Normal 23 (92%)

Short 2 (12%)
Serum creatinine

> 130 5 (20%)

<130 20 (80%)

Continued
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Table 1 - Characteristics of patients who present with ICD
electrical storm

Patients’ characteristics

Structural cardiac disease
Systolic heart failure
HOCM
Short QT
Noonan syndrome

Concomitant medications
Beta-blocker
Amiodarone
ACEI/ARBs
Spironolactone
Digoxin
Loop diuretics
Statins

Fever (=38 °C)

Number and percentage
of cases

20 (80%)
2 (4%)
2 (4%)
1(8%)

19 (76%)
3 (12%)

12 (48%)
12 (48%)
6 (24%)

19 (76%)
14 (56%)

7 (28%)

The mean age of the cases was 54 + 12.09 years (range
37-79), compared with 54.8 + 12.19 years (range 33-86)
in the control group. Males constituted 84% (n = 21) of
the cases and 40% (n = 10) of the controls, while females
accounted for 16% (n = 4) of cases and 60% (n = 15) of
controls.

Hypertension was present in 56% of cases and 36%
of controls, while diabetes was observed in 36% of both
groups. Ischemic heart disease (IHD) was significantly
more frequent among cases (80%) than controls (44%).
Patients with IHD were 12.6 times more likely to experi-
ence electrical storm compared with ICD patients without
ES (p = 0.02).

Left ventricular ejection fraction (LVEF) <40% was
found in 80% of cases and 44% of controls, demonstrat-
ing a significant association (p = 0.02). Thus, patients with
reduced LVEF were more susceptible to electrical storm
than those with LVEF >40%.

Table 2 - The clinical characteristics of patients with electrical storm, compared with patients without electrical storm (control)
ICD patients
ES

Risk factors

Age
Range
Mean
STD

Gender
Male
Female

Diabetes
DM+
DM-

Hypertension

IHD
IHD+
IHD-

LVEF (%)
<40%
>40%

Acute or chronic decompensated HF
Decompensated
Compensated

Thyroid function tests
Normal level

BMI
>30
<30

Type of prevention
Primary
Secondary

ICD type
DR
VR

Type of ICD manufactory
Medtronic
Biotronic
St. Jude Medical
Boston

37-79
(55)
12.09

21 (84%)
4 (16%)

9 (36%)
16 (64%)

14 (56%)
11 (44%)

20 (80%)
5 (20%)

20 (80%)
5 (20%)

14 (56%)
11 (44%)

25

17 (68%)
8 (32%)

5 (20%)
20 (80%)

4 (16%)
21 (84%)

N W -

p-value Odds ratio
No ES
33-86
(54.8)
12.19
10 (40%) 0.04 7.875
15 (60%)
9 (36%) 1 1
16 (64%)
9 (36%)
16 (64%) 0.25 2.263
11 (44%) 0.020 12.66
14 (56%)
11 (44%) 0.02 5
14 (56%)
2 (4%) 0.01 14.6
23 (92%)
25 - -
4 (16%) 0.001 11.15
21 (84%)
4 (16%)
21(84%) 1 1.313
14 (65%) 0.008 0.15
11 (44%)
9
9 0.90 -
4
3

Continued
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Table 2 - The clinical characteristics of patients with electrical storm, compared with patients without electrical storm (control)

Risk factors

Fever
>38 °C
Normal temperature

Structural cardiac diseases

Systolic HF

HOCM

Short QT

Noonan syndrome

Beta-blockers
Use
Not use

Amiodarone
Use
Not use

ACEI
Use
Not use

Statins
Use
Not use

Spironolactone
Use
Not use

Loop diuretic
Use
Not use
Digoxin
Use
Not use

Heavy alcohol
Use
Not use

Smoking
Current
Non-smoker

K+
Normal
Low

Mg++
Normal
Low

Na+
Normal
Low

Ca++
Normal
Low

ECG - QTc INTERVAL
Short
Normal

ICD patients

ES

7 (28%)
18 (72%)

—_a NN
—_

19 (76%)
6 (24%)

3 (12%)
22 (88%)

12 (48%)
13 (52%)

14 (56%)
11 (44%)

12 (48%)
13 (52%)

19 (76%)
6

6 (24%)
19 (76%)

1 (4%)
24

14 (56%)
11 (44%)

9 (36%)
16 (64%)

9 (36%)
16 (64%)

21 (84%)
4 (16%)

22 (88%)
3 (12%)

No ES

0
25 (100%)

—__a NN
—

22 (88%)
3 (12%)

14 (56%)
11(44%)

19 (76%)
6 (24%)

15 (60%)
10 (40%)

18 (72%)
7 (28%)

19 (76%)
6

8 (32%)
17 (68%)

1 (4%)
24

10 (40%)
15 (60%)

19 (76%)
6 (24%)

19 (76%)
6 (24%)

25(100%)
0

22 (88%)
3 (12%)

p-value

0.04

0.4

0.003

0.08

0.5

0.1

0.7

0.3

0.01

0.01

0.11

0.5

0Odds ratio

2.38

0.4

0.107

0.29

0.3

0.6

0.17
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Recent decompensated heart failure (within the preced-
ing month) was present in 56% of cases and only 8% of
controls. These patients were 14.6 times more likely to de-
velop ES, representing a significant association (p = 0.01).

Regarding ICD indication, 80% of cases and 84% of
controls had devices implanted for secondary prevention.

ICD-VR devices were identified in 84% (n = 21) of cas-
es and 44% (n = 11) of controls, whereas ICD-DR devices
were present in 16% (n = 4) of cases and 56% (n = 14) of
controls. This demonstrated a statistically significant as-
sociation between ICD-VR use and increased risk of ES (p
= 0.008).

Among cases, 80% had systolic heart failure and 80%
had IHD. Additionally, 2 patients had hypertrophic ob-
structive cardiomyopathy (HOCM), 2 had short QT syn-
drome, and 1 had Noonan syndrome. The control group
included 80% with systolic heart failure, 44% with IHD, 2
with HOCM, 2 with short QT syndrome, and 1 with Noon-
an syndrome.

Obesity (BMI >30) was present in 68% of cases com-
pared with 16% of controls, a significant association (p
= 0.001). Obese patients were 11.15 times more likely to
develop electrical storm than non-obese patients.

Fever >38 °C at the time of ES was documented in 28%
of cases, while none of the controls reported fever in the
preceding month. This association was statistically signifi-
cant (p = 0.04).

Current smoking was reported in 56% of cases and
40% of controls. Smokers had approximately twice the
risk of ES (OR = 2), although this was not statistically sig-
nificant (p = 0.3).

Alcohol consumption was reported by 4% of both
groups. There was no difference in risk between alcoholic
and non-alcoholic patients (OR = 1; p = 1), indicating no
significant association.

Thyroid function tests were normal in all participants,
demonstrating no relationship between thyroid dysfunc-
tion and electrical storm.

Hypokalemia (serum K* <3.5 mmol/L) occurred in 64%
of cases versus 24% of controls. This indicated that pa-
tients with low potassium levels had twice the estimated
risk of ES compared with those with normal levels, with
a significant association (p = 0.007).

Hypomagnesemia (serum Mg?* <1.6 mg/dL) was observed
in 64% of cases and 24% of controls. Patients with low mag-
nesium levels also had approximately double the estimated
risk of ES, a statistically significant association (p = 0.01).

All patients reported good medication adherence.
Amiodarone use was recorded in only 12% (n = 3) of cases
and 56% (n = 14) of controls. The odds ratio was 0.1, indi-
cating a protective effect of amiodarone against electri-
cal storm, with a significant association (p = 0.003).

B-blocker therapy was used by 76% of cases and 88%
of controls; this association was not statistically signifi-
cant (p = 0.4).

ACE inhibitor therapy was used by 48% of cases and
76% of controls; this association reached statistical sig-
nificance (p = 0.08), suggesting a protective effect of ACE
inhibitors against electrical storm in ICD patients.

Finally, none of the patients in either group had un-
dergone recent cardiac or non-cardiac surgery within the
previous 6 months.

Discussion

Electrical storm (ES), defined as three or more episodes of
ventricular tachycardia (VT) or ventricular fibrillation (VF) wi-
thin 24 hours, remains a serious complication in ICD recipi-
ents. In the present study, ES occurred predominantly among
men, a finding that is consistent with the work of Lampert et
al., who reported significantly higher rates of sustained VT/
VF, shock-treated episodes, and electrical storms in male pati-
ents.* These gender-related differences were independent of
clinical and electrophysiologic characteristics and were most
evident in patients presenting with monomorphic VT or indu-
cible VT during electrophysiological evaluation.®

Our findings indicate that ischemic heart disease (IHD)
was strongly associated with ES, being present in 80%
of affected patients. This contrasts with the study by Pil
Sang Song et al.,, who identified non-ischemic dilated
cardiomyopathy as an independent predictor of ES.® The
high prevalence of IHD in our population may reflect re-
gional disease patterns and underscores the arrhythmo-
genic vulnerability of patients with ischemic substrates.

Left ventricular systolic dysfunction also demonstrated
a strong relationship with ES. In our study, 80% of pa-
tients with ES had an LVEF less than 40%, similar to the
findings of Brigadeau et al., who showed that individu-
als with significant systolic dysfunction are more likely to
experience electrical storm. Diabetes did not appear to
play a significant role in ES development in our cohort,
a result aligning with Brigadeau's assertion that diabetics
may be less predisposed to ES episodes.’

Acute decompensated heart failure was identified as
a major precipitating factor, affecting 65% of patients
with ES. Streitner also emphasized the importance of
worsening heart failure as a significant trigger and pre-
dictor of recurrent episodes of ES.® Another notable
finding in our study was the high prevalence of obesity
among ES patients. Although this association was statisti-
cally significant, comparative studies examining obesity
as a risk factor for ES remain limited, making our observa-
tion potentially valuable for future research.

Infectious triggers, particularly fever, were evident in
over a quarter of ES cases, consistent with guideline-based
observations that infection and elevated body temperature
predispose patients to ventricular arrhythmias.® Electrolyte
imbalances were prominent as well, with hypokalemia and
hypomagnesemia each present in 64% of ES cases, confirm-
ing their established role as arrhythmogenic triggers.*

Pharmacologic patterns revealed important associa-
tions. Amiodarone use was significantly lower in the ES
group, reinforcing its protective effect against recurrent
ventricular arrhythmias. This observation is supported
by Greene, who demonstrated fewer ICD shocks and
reduced arrhythmic syncope among patients receiving
amiodarone."" By contrast, B-blocker use did not demon-
strate a significant protective association in our cohort,
although large studies such as MADIT-II have shown sub-
stantial reductions in arrhythmic events with high-dose
B-blocker therapy.* The smaller sample size of our study
may partially explain the discrepancy. ACE inhibitor ther-
apy appeared to reduce the risk of ES, which aligns with
Streitner et al., who identified the absence of ACE inhibi-
tor therapy as a predictor of ES.°
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Secondary-prevention ICD implantation was highly prev-
alent among ES cases in this study, mirroring earlier reports
such as the AVID trial, which documented higher incidence
of ES among patients with prior arrhythmic events or car-
diac arrest compared with those receiving ICDs for primary
prevention.'®" This highlights the ongoing risk faced by pa-
tients with significant arrhythmogenic histories.

The findings of this study also carry important clinical
implications. Effective ES management should begin with
prompt identification and correction of reversible precipi-
tants such as myocardial ischemia, electrolyte abnormalities,
fever, and acute decompensated heart failure. Pharmaco-
logic therapy remains essential, with amiodarone and ACE
inhibitors forming the cornerstone of treatment for many
patients given their protective effects. Following stabiliza-
tion of the acute episode, long-term care should focus on
optimizing heart-failure therapy and reducing the likelihood
of recurrent ventricular arrhythmias, particularly in individu-
als with low LVEF, IHD, or prior episodes of decompensation.

While the study provides important insights, several
limitations should be acknowledged. The relatively small
sample size reduces the statistical power of subgroup
comparisons and may limit the generalizability of certain
findings. The single-center design further restricts broad-
er application of the results, and the retrospective nature
introduces the possibility of incomplete or inconsistent
documentation. Limited information on medication dos-
age, particularly for B-blockers, may also have influenced
outcome interpretation. Nonetheless, a notable strength
of this study is its relevance to an underrepresented Mid-
dle Eastern population, addressing a significant gap in
regional data regarding ES predictors and their clinical
implications. The systematic evaluation of clinical, labora-
tory, and device-related factors also strengthens the reli-
ability of our observations.

Conclusions

Electrical storm represents a serious and potentially recu-
rrent complication in patients with implantable cardio-
verter-defibrillators. In this study, several clinical charac-
teristics were strongly associated with the development
of ES, including reduced left ventricular ejection fraction,
ischemic heart disease, recent decompensated heart fai-
lure, obesity, fever, and electrolyte disturbances; particu-
larly hypokalemia and hypomagnesemia. Pharmacologic
factors also played an important role, with the absence
of amiodarone and ACE inhibitor therapy significantly
increasing the likelihood of ES, while B-blocker therapy
did not demonstrate a protective effect in this cohort. ES
occurred more frequently among male patients and in
those who received ICDs for secondary prevention, consis-
tent with previous reports.

These findings underscore the importance of early
identification and correction of modifiable triggers, par-
ticularly electrolyte abnormalities and acute heart-failure
exacerbations, as well as the optimization of long-term
medical therapy to reduce arrhythmia burden. The re-
sults further highlight the need for heightened vigilance
among high-risk subgroups, especially those with ischemic
cardiomyopathy and reduced LVEF.

Given the scarcity of regional data, this study contrib-
utes valuable insights into the characteristics and predic-
tors of ES in a Middle Eastern population. Larger, multi-
center studies are warranted to validate these findings
and to support the development of region-specific risk-
stratification and management strategies.
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Cil: Tato observacni studie zkoumala terapeutickou Ucinnost bioaktivnich latek (vitamin K,, vitexin a vita-
min K,VD,) pfi zmirfiovani intermitentni klaudikace u pacientl s ischemickou chorobou dolnich konéetin
(ICHDK).
Metody: Pacienti s ICHDK stadia Ilb pfi optimalni farmakoterapii byli Ié¢eni Upravou Zivotospravy a podava-
nim K,VD, po dobu 12 mésic(.
Vysledky: Primérna vzdélenost pfekonand bez bolesti, kterou pacienti uvadéli pfi zarazeni do studie jako
123 metra (95% Cl 17-297), se prodlouZila na 376 metrd po 2 mésicich (95% Cl 226-527), 794 metrd po 4 mé-
sicich (95% Cl 517-1 070), 2 645 metrG po 6 mésicich (95% Cl 1 511-3 780) a 2 659 metrli po 12 mésicich (95%
Cl 1 529-3 789) (p < 0,001 pro kazdy interval ve srovnani s pfedchozi a s vychozi hodnotou). Zvysil se i index
kotnik-paze z 0,60 (95% Cl 0,22-0,87) na 0,62 po 6 mésicich (95% ClI 0,55-0,79) a na 0,75 po 12 mésicich (95%
€1 0,65-0,90) (p < 0,01 pouze pro vychozi hodnotu vs. 12 mésict).
Zavér: U pacientd s ICHDK muze uzivani kombinace K,VD, pfispét ke zmirnéni intermitentni klaudikace.
Statisticky vyznamné prodlouzeni primérné vzdalenosti piekonané bez bolesti a zvyseni indexu kotnik-paze
po 12 mésicich studie ukazuji na terapeutickou Gcinnost popsané kombinace bioaktivnich latek. Z nasich
zjisténi Ize usuzovat, ze kombinace K,VD, nejenze zvysuje télesnou vykonnost, ale zlep3uje i zdravi cév, coz
je naprosto zasadni aspekt péce o pacienty s ICHDK. Hodnoceni tcinnosti kombinace si vyzada dalsi randomi-
zované studie (jak spolu s Upravou Zivotospravy, tak bez ni), aby bylo mozno presné urcit potencialni ulohu
kombinace K,VD, v klinické praxi.

© 2026, CKS.

ABSTRACT

Objective: This observational study investigates therapeutic efficacy of bioactive compounds (vitexin, vita-
min K2, and vitamin D3, K2VD3) in alleviating claudicatio intermittens in patients with peripheral artery
disease (PAD).

Methods: Patients with PAD stage Ilb under best medical cure were treated with life-style therapy and
K2VD3 for 12 months.

Results: Mean pain-free walking distance, described at baseline as 123 meters (95% Cl 17-297), increase
as follow: 376 (95% Cl 226-527), 794 (95% CI 517-1070), 2 645 (95% Cl 1511-3780), and 2 659 (95% Cl
1529-3789) meters after 2, 4, 6 and 12 months, respectively (p <0.001 for each interval if compared with the
previous one and the baseline). Moreover, ankle-brachial index also increased, from 0.60 (95% CI 0.22-0.87),
to 0.62 after 6 months (95% Cl 0.55-0.79) and 0.75 after 12 months (95% Cl 0.65-0.90) (p <0.01 only for
baseline vs 12 months).

Conclusion: K2VD3 can contribute to alleviating claudicatio intermittens in PAD patients. The significant
increases in mean pain-free walking distance and ankle-brachial index observed over the 12-month study pe-
riod support the therapeutic efficacy of this bioactive compound combination. These findings suggest that
K2VD3 not only enhances physical performance but also improves vascular health, thereby addressing a cri-
tical need in PAD management. Further studies are needed to assess its efficacy in randomized trials, both
with and without concomitant lifestyle interventions, to fully elucidate its potential role in clinical practice.
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Introduction

Peripheral arterial disease (PAD) of the lower limbs co-
mmonly presents with a hallmark symptom known as
claudicatio intermittens, described as pain triggered by
walking that progressively impairs mobility and signi-
ficantly reduces quality of life."? Conservative manage-
ment in PAD patients, as recommended by the American
College of Cardiology and associated societies, centers on
risk factor modification and structured exercise therapy.?
Key components include antiplatelet therapy (typically
single antiplatelet agents), high-intensity statin therapy
for lipid lowering, antihypertensive therapy, diabetes
management, and absolute smoking cessation.* These in-
terventions are justified by the high risk of cardiovascular
morbidity and mortality in PAD, and their proven benefit
in reducing these risks.

Limitations of current treatments include incomplete
symptom relief, adverse effects (e.g., bleeding with an-
tithrombotic, heart failure risk with cilostazol), and sub-
optimal implementation of guideline-directed therapies.
Many patients continue to experience functional impair-
ment and pain despite optimal management, highlight-
ing the need for improved therapies and care delivery.

Despite the abovementioned, the best medical thera-
py could be considered, several compounds can be also
considered as useful pharmacological supports in these
patients.

Hawthorn (Crataegus oxyacantha), rich in pharmaco-
logically active fractions such as vitexin, flavonoids, and
oligomeric procyanidins, has been studied for its poten-
tial cardiovascular effects, including antioxidant, anti-
inflammatory, lipid-lowering, vasodilatory, and endo-
thelial-protective properties, which are mechanistically
relevant to vascular pathologies such as atherosclerosis
and endothelial dysfunction.>¢ Preclinical and small clini-
cal studies suggest that hawthorn extracts may improve
endothelial function, reduce lipid accumulation, and at-
tenuate inflammatory processes in vascular tissue.>”’

Vitamin K2 (menaquinone-7), although less well-
known than vitamin K1, plays a pivotal role in vascular
protection. Unlike K1, which is involved in blood coagula-
tion, K2 activates matrix Gla protein (MGP) — a vitamin
K-dependent inhibitor of arterial calcification — through
a process called carboxylation.® MGP is synthesized by vas-
cular smooth muscle cells and chondrocytes and prevents
calcium deposition in arterial walls. In advanced athero-
sclerosis, K2 levels are 20-50 times lower than in healthy
arteries, leading to inactive MGP and increased vascular
calcification. Long-term intake of K2 has been shown to
reduce aortic calcification and improve arterial elasticity.’
The Rotterdam study, involving over 4,800 participants,
confirmed that K2 is significantly more effective than K1
in lowering cardiovascular morbidity and mortality.™

Vitamin D3 (cholecalciferol) affects vascular health
through several mechanisms. It modulates endothelial
function, inhibits vascular smooth muscle cell prolifera-
tion, suppresses inflammation, and downregulates the
renin-angiotensin-aldosterone system, all of which are
implicated in atherogenesis and vascular remodeling.
Vitamin D receptors are expressed in endothelial and
vascular smooth muscle cells, and the active metabolite

Table 1 - Vitamin K2, vitamin D3, and vitexin effects as

complementary interventions in the management of peripheral
artery disease (PAD) (see references as supplementary material)

Vitamin K2 (menaquinone): There is growing mechanistic and
clinical interest in vitamin K2 for vascular health, particularly
due to its role in activating matrix Gla protein, an inhibitor of
vascular calcification. Recent clinical studies, including a 2025
trial, demonstrate that one year of MK-7 supplementation
(180 pg daily) in post-menopausal women with low vitamin

K status significantly reduced vascular stiffness and improved
blood pressure, especially in those with high baseline arterial
stiffness, supporting further investigation in populations at risk
for PAD. Systematic reviews and meta-analyses also suggest
vitamin K supplementation reduces vascular calcification,
though effects on vascular stiffness and clinical endpoints
remain less certain, warranting larger trials.

Vitamin D3: Large cross-sectional analyses, such as those

from NHANES, demonstrate that individuals in the lowest
quartile of serum 25-hydroxyvitamin D have a significantly
higher prevalence of PAD compared to those in the highest
quartile, even after adjustment for confounders. Meta-analyses
confirm that PAD patients have lower mean vitamin D levels
than controls, and both vitamin D deficiency (<20 ng/mL)

and insufficiency (20-30 ng/mL) are associated with higher
odds of PAD. Prospective cohort data, such as from the ARIC
study, indicate that deficient vitamin D status is linked to

a 25-49% increased risk of incident PAD after multivariable
adjustment, with the association present in both black and
white populations. The relationship appears dose-dependent,
with lower vitamin D levels correlating with higher PAD risk.
This association is also observed in specific populations, such as
patients with type 2 diabetes, where lower vitamin D levels are
independently associated with increased PAD prevalence.

Vitexin: Preclinical and translational studies highlight

vitexin, a dietary flavonoid, as a promising agent for vascular
protection. Recent research shows vitexin inhibits endothelial
inflammation and atherogenesis in animal models by targeting
APEX1 and activating Nrf2 signalling, both relevant to the
pathophysiology of PAD.

1,25-dihydroxyvitamin D regulates genes involved in cell
proliferation, apoptosis, oxidative stress, and matrix ho-
meostasis, contributing to vascular integrity and anti-ath-
erosclerotic effects.

Table 1 summarizes K2VD3 characteristics and effects
on cardiovascular system.

Building on this scientific foundation, the present ob-
servational study aims to evaluate the clinical efficacy
of a combination of vitamin K2, vitexin, and vitamin D3
(K2VD3) in improving the symptoms of claudicatio inter-
mittens associated with PAD.

Materials and methods

The study included all male and female subjects who
presented at the Vascular and Diagnostic Angiology out-
patient clinic and underwent arterial lower limb Duplex
ultrasound scan analysis between January 1, 2023, and
November 30, 2024. Medical history was assessed to eva-
luate the presence of walking pain, considering also the
Pain-Free Walking Distance (PFWD), defined as the distan-
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ce walked without pain. All patients diagnosed with PAD
at stage llb according to the Leriche-Fontaine classificati-
on were enrolled and underwent an initial examination
(T0), which included a detailed medical history focusing
on present and past medical conditions, with particular
attention to risk factors such as diabetes mellitus, hyper-
tension, dyslipidaemia, cardiopathies, ischemic heart di-
sease, and atrial fibrillation. Following the collection of
clinical data, each participant underwent ankle brachial
index (ABI) calculation for both limbs. All enrolled pati-
ents were on best medical therapy (e.g. Cardioaspirin 100
mg and Atorvastatin 40 mg). All subjects received a daily
therapy consisting of Vitamin K2 90 mg + Vitexina 300 mg
+ Vitamin D3 25 pg (K2VD3), administered as one tablet
twice daily for 12 months. Moreover, a dedicated physical
activity program was released for each enrolled patient.

PFWD was measured for each patient using a treadmill
test at 2 months (T1), 4 months (T2), 6 months (T3), and 12
months (T4). Additionally, the ABI index was also assessed
at T3 and T4.

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines and check-
list for cohort studies were used as reporting standard
recommendations.’? As per retrospective nature, approv-
al for this specific study was waived by local Institutional
Review Board. Data were treated according to the Na-
tional Policy in the matter of the Privacy Act on retrospec-
tive analysis of anonymized data.

Statistical analysis

Clinical data were recorded and tabulated in a Microsoft
Excel (Microsoft Corp., Redmond, WA, USA) spreadsheet;
statistical analysis was performed with JMP 16.0 (SAS In-
stitute Inc., Cary, NC). Missing data were reported during
data extraction and flagged as such (-). Categorical/nomi-
nal variables were presented using frequencies and per-
centages, while continuous variables by mean (p) + stan-
dard deviation (SD), or median with interquartile range
(IQR) and ranges, according to data distribution.

The Friedman test, a non-parametric statistical meth-
od, was employed to evaluate modifications in Pain-Free
Walking Distance (PFWD) and Ankle-Brachial Index (ABI)
across the multiple follow-up time points (T1, T2, T3, and
T4). This test was chosen due to the repeated measures
design of our study, where the same subjects were as-
sessed at different intervals, making it suitable for analys-
ing changes in these variables without assuming a normal
distribution.

To assess the significance of differences in PFWD and
ABI measurements over time, we applied the Friedman
test to determine whether there were statistically signifi-
cant changes among the related groups. Given the po-
tential for increased Type | error due to multiple com-
parisons across the four time points, we implemented the
Bonferroni correction method. This adjustment involved
dividing the significance level (o = 0.05) by the number of
comparisons (i.e., the number of time points). As a result,
a corrected significance level of o = 0.0125 was used to
evaluate the p-values obtained from the Friedman test.

If the Friedman test indicated significant differences,
post-hoc analysis using the Wilcoxon signed-rank test was
conducted to compare specific time points while control-

ling for multiple comparisons using the Bonferroni ad-
justment. This approach ensured that we accurately in-
terpreted the significance of changes in PFWD and ABI,
maintaining the integrity of our statistical conclusions.

Results

During the study period 64 patients were enrolled. Table
2 summarizes demographic characteristics.

PFWD showed a progressive increase over the course
of the treatment steps. At the baseline (T0) mean PFWD
was 123 meters (95% Cl 17-297). It increased during the
follow-up, reaching 376 (95% Cl 226-527) meters at T1,
794 (95% CI 517-1 070) meters at T2, 2 645 (95% Cl 1511-
3780) meters at T3 and 2 659 (95% Cl 1 529-3 789) meters
at T4 (p <0.001 for each interval if compared with the pre-
vious one and the baseline), as described in Figure 1 and
Table 3. Moreover, ABI also increased, from 0.60 (95% ClI
0.22-0.87) at the baseline, to 0.62 after 6 months (95% ClI
0.55-0.79) and 0.75 after 12 months (95% Cl 0.65-0.90) (p
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Fig. 1 - Pain-free walking distance measured in meters during
follow-up period (p <0.001 for each interval if compared with
the previous one and the baseline, 123 meters [95% Cl 17-297]).

Table 2 - Baseline characteristics

Condition Percentage N
Total patients on oral anticoagulants 13%

(DOACQ)

Age 79 £ 14

Female 34.4% 22
Smoking 51% 33
Hypertension 70% 45
Hypercholesterolemia 46% 29
Diabetes mellitus 35% 22
Carotid lesions 70% 45
Myocardial infarction (IMA) 12% 8
Atrial fibrillation 9% 6
Total 100% 64
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Table 3 - This table summarizes the changes in pain-free
walking distance (PFWD) and ankle-braxial index (ABI) at
each assessment interval. The values indicate the mean

measurements along with their corresponding 95% confidence
intervals (Cls), highlighting the improvements observed over
the 12-month study period

Time PFWD 95% Confidence ABI 95% Confidence
point (meters) interval (Cl) interval (Cl)
Baseline

(T0) 123 17-297 0.60 0.22-0.87
2

months 376 226-527 - -

(T1)

4

months 794 517-1070 - -

(12)

6

months 2 645 1511-3780 0.62 0.55-0.79
(T3)

12

months 2 659 1529-3789 0.75 0.65-0.90
(T4)

<0.01 only for baseline vs 12 months). No adverse effect
was observed during the K2VD3 treatment.

Discussion

The results of this observational study highlight the po-
tential benefits of the combined supplementation of vi-
tamin K2, vitexin, and vitamin D3 (K2VD3) in managing
claudicatio intermittens among patients with PAD. The
significant increase in PFWD. PFWD observed at various
follow-up time points indicates that K2VD3 may enhance
physical performance and overall quality of life in these
patients, supporting the notion that additional pharma-
cological interventions can complement established me-
dical therapies.

Several considerations arise from these findings. First,
the progressive improvement in PFWD underscores the
importance of both pharmacological and lifestyle inter-
ventions in PAD management. While traditional thera-
pies focus on risk factor modification and structured ex-
ercise, the addition of bioactive compounds like K2VD3
could provide a synergistic effect, enhancing vasodila-
tion, reducing inflammation, and improving endothelial
function. This is particularly relevant in the context of
PAD, where vascular health is paramount for mitigating
symptoms and preventing disease progression.

Moreover, the increase in ABI further corroborates the
vascular benefits of K2VD3. The ABI is a critical indicator
of peripheral arterial health, and its improvement sug-
gests a possible reduction in vascular calcification and
enhancement of arterial elasticity, mechanisms that are
consistent with the known roles of vitamin K2 in activat-
ing matrix Gla protein. This aspect is especially significant
given the association between lower K2 levels and in-
creased vascular calcification in advanced atherosclerosis.

The rationale under that study derives from the role
of K2VD3 in vascular homeostasis. Vitamin K2 is hypoth-
esized to improve vascular health primarily through its
role as a cofactor for the y-carboxylation of MGP, a po-
tent inhibitor of vascular calcification. Adequate vitamin
K2 status enables the activation of MGP, which in turn
inhibits the deposition of calcium in the arterial wall,
potentially reducing vascular calcification and stabiliz-
ing plaque composition.”™ This mechanistic rationale
is supported by animal studies and observational data
suggesting an association between higher vitamin K2
intake and reduced vascular calcification and cardiovas-
cular risk, as well as by evidence that vitamin K antago-
nists accelerate vascular calcification by inhibiting MGP
activation.

Vitexin might be expected to improve vascular health,
particularly in the context of arterial plaque composition
or atherosclerosis, because it exhibits multiple mecha-
nisms that target key processes in atherogenesis, in-
cluding endothelial inflammation, oxidative stress, and
lipid metabolism. Unlike vitamin K2, which primarily acts
through inhibition of vascular calcification, vitexin di-
rectly suppresses endothelial inflammation by inhibiting
APEX1-mediated NF-xB activation and nuclear transloca-
tion, thereby reducing proinflammatory gene expression
in response to disturbed flow, a critical driver of athero-
sclerotic plaque vulnerability and progression. In animal
models, vitexin administration attenuates flow-induced
endothelial inflammation, neointimal formation, and
atherosclerosis.'®

Additionally, vitexin activates the Nrf2 pathway by
disrupting Keap1-Nrf2 interaction, leading to upregu-
lation of antioxidant defences and further suppression
of vascular inflammation, as demonstrated in both in
vitro and in vivo models of low-grade vascular inflam-
mation." Vitexin also reduces high-fat diet-induced vas-
cular inflammation and improves lipid profiles, in part
by modulating gut microbiota and inhibiting TMAO-
mediated RNA m6A modification, which is implicated
in vascular inflammation and atherogenesis.’® These
pleiotropic effects — anti-inflammatory, antioxidant, and
lipid-lowering — distinguish vitexin from vitamin K2 and
provide a mechanistic rationale for its potential benefit
in improving arterial plaque composition and reducing
atherosclerotic risk.

Vitamin D3 is thought to improve vascular health and
influence arterial plaque formation primarily through
its effects on vascular smooth muscle cells, endothelial
function, and inflammation.' Vitamin D3 modulates en-
dothelial nitric oxide synthesis, reduces oxidative stress,
and suppresses pro-inflammatory cytokine production
via inhibition of the NF-xB pathway, all of which con-
tribute to improved endothelial function and reduced
atherogenesis.’>'%22 Experimental studies show that vi-
tamin D3 inhibits foam cell formation in both macro-
phages and vascular smooth muscle cells by promoting
autophagy and cholesterol efflux, thereby reducing lipid
accumulation within plaques and potentially stabilizing
them.?' Observational data consistently associate low
vitamin D levels with increased carotid intima-media
thickness, higher prevalence of carotid plaques, and
greater arterial stiffness.?
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Limitations

This observational study has several limitations that must
be acknowledged. Firstly, the lack of a control group li-
mits the ability to attribute improvements in PFWD and
ABI solely to the K2VD3 intervention, as changes may
also result from lifestyle modifications or natural disease
progression. Additionally, the study’s reliance on self-re-
ported measures of walking distance introduces potential
bias, as participants may overestimate their capabilities.
The sample size, while providing some insights, may not
be sufficient to generalize findings across a broader po-
pulation of patients with PAD. Long-term adherence to
the lifestyle therapy and K2VD3 supplementation was
not monitored, which could influence the outcomes. Fi-
nally, the observational nature of the study means that
confounding variables could not be controlled, necessi-
tating further randomized controlled trials to validate
these findings and establish causality.

Future research directions

To validate our findings and better understand the effi-
cacy of K2VD3, we recommend the following future re-
search directions:

* Randomized controlled trials (RCTs): Conducting RCTs
with appropriate control groups is essential to establish
causality. This design would allow for direct comparis-
ons between patients receiving K2VD3 and those recei-
ving a placebo or standard treatment, thereby providing
clearer insights into the intervention’s effectiveness.
Long-term effects: Longitudinal studies that assess the
long-term effects of K2VD3 supplementation on PFWD,
ABI, and overall vascular health are crucial. Understan-
ding the sustainability of benefits over extended peri-
ods can inform clinical recommendations and patient
management strategies.

Mechanistic studies: Future research should explore
the underlying mechanisms by which K2VD3 affects
vascular health. Investigating the biochemical pathways
and physiological processes involved can enhance our
understanding of how these compounds work individu-
ally and synergistically.

Diverse populations: It would be also beneficial to in-
vestigate the effects of K2VD3 in diverse populations,
including different age groups, genders, and ethnic
backgrounds, to determine if the observed benefits are
consistent across various demographics.

Combination therapies: Exploring the efficacy of K2VD3
in combination with other therapeutic interventions,
such as structured exercise programs or dietary modifi-
cations, could provide insights into integrated approa-
ches for managing PAD.

By addressing these limitations and pursuing these re-
search directions, we can gain a deeper understanding
of the potential role of K2VD3 in the management of
peripheral artery disease and improve clinical practice in
this area.

Conclusion

This observational study provides promising evidence
that the combination of vitamin K2, vitexin, and vitamin
D3 (K2VD3) can significantly improve PFWD and ABI in

patients with claudicatio intermittens due to PAD when
used alongside best medical therapy and a structured
exercise program. The observed enhancements in vascu-
lar function suggest that K2VD3 may play a vital role in
promoting vascular health and mitigating the effects of
PAD. However, due to the study’s limitations, including
the absence of a control group and potential biases in
self-reported measures, these findings should be inter-
preted with caution. Future randomized controlled trials
and long-term follow-up studies are essential to confirm
the efficacy of K2VD3, explore its mechanisms of action
further, and establish its role in the comprehensive man-
agement of PAD.
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ABSTRACT

The increased use of CT scans in children over the past decades has raised concerns about the long-term
risks of radiation exposure from diagnostic imaging. Children are more vulnerable to the harmful effects of
radiation because they have a longer lifespan, allowing more time for radiation-related effects to accumu-
late. Technological innovations in computed tomography have facilitated significant reductions in radiation

Children

Introduction

The increased use of CT scans in children over the past
decades has raised concerns about the long-term risks of
radiation exposure from diagnostic imaging. Children are
more vulnerable to the harmful effects of radiation be-
cause they have a longer lifespan, allowing more time for
radiation-related effects to accumulate. Although the im-
mediate benefit to individual patients can be substantial,
there is a higher risk of future cancer in patients undergo-
ing multiple CT scans during their follow-up.'*

While CT imaging can provide substantial immediate
benefits to individual patients, there are concerns regard-
ing the potential for increased future cancer risk associ-
ated with the growing prevalence of CT examinations,
particularly in patients undergoing multiple CT scans dur-
ing the course of their follow-up care. The retrospective
study by Pearce et al. demonstrates a significant associa-
tion between the estimated radiation doses from CT scans
to the red bone marrow and brain, and the subsequent
incidence of leukemia and brain tumors. Assuming typi-
cal radiation doses for scans performed after 2001 in chil-
dren under 15 years old, the cumulative ionizing radiation
exposure from 2-3 head CT scans could substantially in-
crease the risk of brain tumors, while 5-10 head CT scans
could significantly elevate the risk of leukemia. Based on

exposure for both adult and pediatric patients while preserving diagnostic imaging quality.

this knowledge, it is necessary to carefully indicate and
perform CT scans in patients who are expected to require
extensive imaging during follow-up.®

Technological innovations in computed tomography,
including automated exposure regulation, adaptive tube
voltage selection, optimized detector configurations,
dynamic collimation, and iterative reconstruction algo-
rithms, have facilitated significant reductions in radiation
exposure for both adult and pediatric patients while pre-
serving diagnostic imaging quality. While some pediatric
CT scans can be replaced by MRI techniques that avoid
radiation, the longer MRI scan times and enclosed envi-
ronment often require general anesthesia for infants and
young children.”®

This manuscript reviews computed tomography acqui-
sition methods as part of a comprehensive approach to
minimize radiation exposure and optimize image quality
for infants and young children.

Imaging scenarios where cardiac CT
may be useful

Cardiovascular imaging with computed tomography is the
current optimal diagnostic modality for various clinical in-
dications.
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Owing to the diminutive size of coronary arteries in
young pediatric patients, cardiac computed tomography
demonstrates distinct advantages over cardiac magnetic
resonance imaging and echocardiography for evaluat-
ing the coronary vasculature. With relatively modest ra-
diation exposure, cardiac CT allows visualization of the
origins of coronary arteries, as well as their proximal and
distal courses, including the identification of anomalous
origins, acute angulation at the origin, or intramural seg-
ments in both congenital and acquired coronary abnor-
malities, even in infants with complex cardiac defects,
and this can be achieved with relatively modest radiation
exposure.®'" Individuals with repaired or palliated con-
genital heart disease demonstrate an elevated prevalence
of coronary artery anomalies. Current clinical guidelines
advise imaging of the coronary arteries “at least once in
adulthood” for any patient who has undergone surgical
manipulation of the coronary vessels.’? Cardiac CT imag-
ing enables the detection of coronary artery abnormali-
ties, including dilation and stenosis, in individuals with
acquired coronary disorders such as Kawasaki disease or
in patients with transplant coronary artery disease.

Cardiac computed tomography represents a rapid di-
agnostic approach for critically ill ICU patients in compari-
son to cardiac magnetic resonance imaging and invasive
angiography. Furthermore, cardiac CT can be effectively
performed without the need for sedation in infants and
young children, making it an attractive alternative to car-
diac MRI in this patient population when functional as-
sessment is not required and only anatomical evaluation
is the primary objective such as in cases of severe outflow
tract obstruction or in patients with Williams syndrome.'

Cardiac CT may be the preferred imaging modality
for patients with intrathoracic metallic implants, such
as pacemakers and defibrillators, compared to cardiac
MR|.14,15

Optimization of radiation dose

When performing a CT scan on children, who are sensi-
tive to radiation, dose reduction is crucial. The radiation
level is directly proportional to factors such as kilovol-
tage, tube current, scan time, slice thickness, and field of
view. In recent years, various techniques have been deve-
loped to reduce radiation dose. These include the avai-
lability of low tube potential settings, ECG-based tube
current modulation, and anatomic-based tube modulati-
on. Furthermore, iterative reconstruction algorithms ena-
ble a reduction in tube current and radiation dose while
maintaining acceptable image quality. Advancements in
detector technologies have also contributed to lowering
radiation exposure.'®-%

Low-kilovolt imaging

Utilizing lower x-ray tube potentials represents one of
the most effective methods for minimizing radiation ex-
posure in pediatric CT imaging. Optimal application of
this approach necessitates an understanding of the in-
terdependent relationship between tube potential, tube
current, image noise, image contrast, and radiation dose.
Lowering the tube potential results in decreased photon

flux and increased tissue attenuation of lower-energy
photons, which in turn leads to elevated image noise.
This generally necessitates an increase in the tube current
to maintain the desired image quality. The size of the pa-
tient has a direct impact on the magnitude of this phe-
nomenon, with examinations on small pediatric patients
resulting in a lower noise penalty. Consequently, at low
tube potential, the necessary increase in the tube current
for children is less than that required for adults. Further-
more, the use of a lower tube potential during contrast-
-enhanced CT examinations can enhance the iodine con-
trast-to-noise ratio. This improvement is attributed to the
increased photoelectric absorption of the lower-energy
photons by the iodinated contrast agent, leading to signi-
ficantly greater contrast attenuation. Increased CNR ratio
offers an additional benefit for cardiac CT, as it enables
the use of a reduced volume and/or injection rate of io-
dinated contrast agent due to its enhanced attenuation
at a lower tube potential. The higher CNR can be benefi-
cial for very small newborns or infants (who can receive
only an extremely small amount of contrast material [5
mL]), as well as children at risk of contrast-induced kidney
injury and those requiring injections into smaller blood
vessels. Multiple vendors have developed solutions for
automated selection of tube voltage settings (kV Assist
[GE Healthcare]; Care kV [Siemens Healthineers]; Sure kV
[Canon Medical Systems]). These automated tube poten-
tial selection tools determine the optimal tube potential
based on an estimation of the patient’s size derived from
the attenuation data in the localizer radiograph, along
with the user’s selected examination type.?% The use of
automatic tube potential selection tools in pediatric pa-
tients has been shown to decrease the median radiati-
on dose, as measured by CTDIvol, by 68% for thoracic CT
angiography, while preserving acceptable image.?® Using
lower-kilovolt settings in cardiac CT can increase streak
artifacts from metallic implants, but newer techniques for
reducing these artifacts and iterative reconstruction can
help address this issue.

Tube current modulation

Tube current modulation or automatic exposure control
represents a beneficial dose-minimizing technique that tai-
lors the CT radiation dose based on the patient’s body size,
shape, and tissue attenuation. Understanding the different
methods of tube current modulation is crucial for properly
using this technique. Modulation may be applied along the
x-y plane, the z-axis, or a combination of these approaches.
The reference for modulation can be based on standard
deviation, noise index, reference mA, or reference image.
Dose reduction can vary in pediatric cardiac computed to-
mography examinations (up to 26%).* Dose modulation is
affected by various factors, including the distance from the
gantry isocenter, kV level, and scan direction.

Imaging without ECG synchronisation

or with prospective triggering

The presence of an experienced cardiovascular imaging

specialist is essential to adapt the scan protocol to the

specific patient characteristics and clinical requirements.
Assessment of extracardiac thoracic vascular structures,

such as the aorta, pulmonary arteries, and pulmonary
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and systemic veins, can typically be performed without
the need for ECG-synchronization.*** When assessing
the aortic or pulmonary roots, ECG-synchronized imag-
ing is necessary to mitigate pulsation-related artifacts.>
ECG-synchronized imaging is essential for comprehensive
assessment of coronary artery morphology and detailed
evaluation of intracardiac structures. When ECG-synchro-
nization is employed, the CT scanning modality with the
lowest radiation exposure should be utilized, such as pro-
spective ECG-gated acquisition targeting a specific phase
of the cardiac cycle. In prospectively triggered acquisi-
tions, the scanner forecasts the timing of the R-wave and
subsequently initiates the scan acquisition at the cardiac
cycle phase specified by the operator. This method facili-
tates dose optimization by restricting radiation delivery
to a predefined narrow temporal window within the car-
diac cycle, leading up to a 69% reduction in dose com-
pared to retrospective ECG-gating.3>-38

Rapid scanning using a wide-area detector

Computed tomography imaging with wide-area detector
technology utilizes an extensive detector array that per-
mits the acquisition of an entire anatomical region (up to
16 centimeters) within a single gantry revolution (0.28-
0.35 seconds), without requiring patient table movement.
At present, there are two distinct scanner configurations
available, one featuring a 320-row or a 640-row detector
assembly (Aquilion One, Canon Medical Systems) and the
other incorporating a 256-row detector assembly (Revo-
lution, GE Healthcare). This technique allows for a single
rapid axial scan to cover a 16-32 cm field of view. Alterna-
tively, the scanner can acquire multiple contiguous axial
scans to cover larger anatomic regions, with a time delay
between each acquisition step. Helical acquisition with
partial detector row activation, involving half or fewer of
the 256 or 320 or 640 detector rows, is also an option.3%4°

Reduction of Z-axis coverage and Z-overranging
Tailoring the scan range along the z-axis based on indi-
vidual clinical needs is an effective and straightforward
approach to reducing the CT radiation dose. This is be-
cause the CT radiation exposure is directly proportional
to the scanning range, assuming all other CT parameters
remain constant. Extended scan coverage may be requi-
red to assess the infracardiac variant of total anomalous
pulmonary venous connection or major aortopulmonary
collaterals in pulmonary atresia patients. If there is any
doubt regarding the appropriate range for the scout
image, it is preferable to repeat the scout imaging rather
than conducting the entire examination again following
an unsuccessful study, as the latter scenario represents
the worst-case scenario for minimizing the CT radiation
dose. The contribution of ‘z-overranging’ to the overall
CT radiation dose is inversely proportional to the z-axis
scan range. This relationship can be explained by the
physical characteristics of ‘z-overranging’: the effect is
directly proportional to the beam collimation, the recon-
structed slice width, and the pitch, while it is independent
of the planned scan length. To maximize the dose-saving
benefits of limiting the z-axis coverage, the use of adap-
tive collimation technology is strongly advised to elimina-
te ‘z-overranging’ (Fig. 1).#'

Fig. 1 - This figure depicts focused CT angiography. Part 1A shows
the selection of the CT scanning range in a patient with recoarcta-
tion of the aorta. Part 1B presents a modified sagittal view, revea-
ling the presence of recoarctation of the aorta within the predefi-
ned CT range.

Optimization of contrast agent administration

The goal of cardiac CT is to achieve homogenous opaci-
fication in the region of interest. The required volume
of contrast agent depends on the patient’s size, and may
also be influenced by the specific clinical diagnosis. The
rate of iodinated contrast administration is determined
by the size of the intravenous access and the maximum
permissible volume of contrast, typically ranging from 0.5
to 5 milliliters per second. The contrast dose is typically
1-3 mL/kg, with an upper limit of approximately 125-150
mL for an adult-sized patient.

There are three main methods for determining the op-
timal scan delay when administering contrast:

Bolus tracking: This uses a region of interest to auto-
matically trigger the scan when a specific Hounsfield unit
threshold is reached. Prolonging the scan time during bo-
lus tracking to 1.5 to 2 seconds is optimal. The radiation
dose from the bolus tracking alone accounts for approxi-
mately 25% of the total radiation exposure during the
entire CT examination.

Test bolus: A small test dose of contrast is adminis-
tered, and the scan is triggered based on the time to peak
opacification of the structure of interest. An additional
2-3 second delay is added for neonates, or up to 8 sec-
onds for older children.

Empirical timing: The scan is triggered at a set time af-
ter contrast administration, without using bolus tracking.
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Contrast
agent
1 mL/kg

E.g. newborn patient, weight 3.5 kg:

Contrast agent

1. Contrast agent —4 mL

0.5 mL/kg 2. Contrast agent + saline flush —4 mL (2 mL + 2 mL)
+ 3. Saline flush — 10 mL (to flush all of the contrast agent from the connection tube)
Saline flush
0.5 mL/kg E.g. 30 kg boy:
1:1 1. Contrast agent - 30 mL
2. Contrast agent — 30 mL (15 mL + 15 mL)
Saline flush 3. Saline flush - 25 mL
volume

depending on
patient’s size

Fig. 2 - The figure represents triphasic contrast agent protocol with examples.

This method may be less reliable than the other two ap-
proaches.

All three techniques can be effective for optimizing
the scan delay and contrast enhancement.

Contrast administration may involve a biphasic or tri-
phasic approach. Biphasic administration typically starts
with full-strength contrast or a contrast-saline mixture,
followed by a normal saline flush. The triphasic approach
begins with full-strength contrast, followed by a contrast-
saline mixture, and then a normal saline flush. The saline
flush helps to clear the intravenous tubing and central
veins of dense contrast material, which can cause streak
artifacts in young children, as smaller total amounts of
contrast are administered in these patients (Fig. 2).

Careful attention should be paid when performing
imaging studies on patients with Fontan circulation.
A thorough understanding of the unique Fontan anat-
omy is essential, with the aim of adequately opacifying
the superior and inferior vena cava as well as the pul-
monary arteries. This is crucial to prevent the pitfall of
unenhanced blood appearing similar to thrombus within
the Fontan pathway. Various contrast administration
techniques have been described. One approach involves
simultaneous injection of contrast into the upper and
lower extremities, with imaging performed during the
early arterial phase. Alternatively, a delayed scan can be
acquired after allowing for at least 70 seconds of contrast
recirculation.

The same approach should be considered for patients
with Glenn anastomosis. It is essential to avoid perform-
ing scans in both the arterial and early venous phases,
as this can lead to suboptimal imaging. To prevent this,
the bolus tracking method can be used to monitor the
jugular veins. Once these veins are adequately opacified,
the scanning can commence. This approach ensures a ho-
mogenous opacification of the Glenn anastomosis and
pulmonary arterial branches (Fig. 3).44

Iterative reconstruction algorithms

Various techniques have been developed to lower radia-
tion exposure in CT scans, including both technical impro-
vements and specialized clinical practices like reduced-
-dose CT. However, technical approaches alone have not

Fig. 3 - The figure depicts a volume rendering technique, which
clearly visualizes the Glenn anastomosis and pulmonary branches.
The CT scanning was initiated after tracking the incoming contrast
agent in the jugular veins.

been enough to address the image quality issues caused
by increased noise and artifacts in low-dose CT scans.
Advances in computing power have now enabled the use
of software-based iterative reconstruction methods that
can simultaneously reduce image noise and improve ove-
rall image quality in CT.%

Patient immobilization

Effective pediatric CT imaging necessitates the immobi-
lization of infants and children during the acquisition
process, in order to minimize motion artifacts and avoid



M. Kardos

183

Figs 4A, 4B - Proper fixation of a newborn patient using a pediatric restraint tray and bands is crucial to minimize patient motion and avoid
the need for repeated CT scans. (Blue arrowheads: fixation bands, red arrowhead: restraint tray.)

Figs 5A, 5B - Computed tomography angiography in a patient following a right-sided modified Blalock-Taussig shunt procedure. (A) Due
to patient movement during the initial CT scan, a repeat acquisition was required, as the proximal portion of the shunt was not adequately
visualized. (B) After repositioning the patient, the repeat scan allowed for complete depiction of the entire shunt structure. (Yellow and red
arrowhead - modified Blalock-Taussig shunt.)

the need for repeat scans. As an alternative, immobi-
lization devices can be employed to restrict movement
throughout the image acquisition procedure (Figs 4, 5)
(Table 1).#

How do I do that?

Based on the author’s experience, performing cardiac CT
in children, manual scanning is the preferable method
over automatic approaches. Contrast density in the vascu-
lar system can be challenging to evaluate automatically
in the paediatric population due to variations in weight

and height. The radiologist should define the acquisition
timing based on the specific pathology. They should clo-
sely supervise each scan acquisition, ensuring appropriate
contrast visualization within the target vessels through
careful preparation. The author prefers to place the regi-
on of interest(s) in the chamber(s), setting a target of up
to 200 Hounsfield units, and initiate scanning once this
value is reached by tracking the density curves. It is also
important to consider a brief delay, approximately 2 se-
conds, between the command to start the scan and the
actual scanning process.
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Table 1 - Dose reduction techniques in pediatric cardiac CT

angiography
Low-kilovolt imaging
Tube current modulation

Imaging without ECG-synchronisation/with prospective
triggering

Rapid scanning using a wide-area detector
Reduction of Z-axis coverage and Z-overranging
Optimization of contrast agent administration
Iterative reconstruction algorithms

Patient immobilization

Photon-counting detector computed tomography

The integration of artificial intelligence

Using the bolus tracking method is desirable to set the
monitoring time between 1.5-2 seconds, depending on
patient’s size and heart rate. Extending this monitoring
duration can decrease the radiation dose, as the density
monitoring accounts for approximately 20% of the total
radiation dose during each CT examination. Reducing the
tube current from the vendor-recommended 50 mA to 20
mA in small patients can also help decrease the radiation
dose during CT examinations (Fig. 6). When appropriate
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CT parameters are used, the delivered dose of this scan
technique is usually in the range of 0.5-2 mSv in children
(unpublished data). The author has over 5 years of ex-
perience with a 320-row CT scanner (Canon Medical Sys-
tems), performing 100-150 CT examinations per year on
patients with congenital heart disease.

A range of scanning modalities is available, with the
most common being prospective and retrospective ECG-
gating. Author’s preferred approach is prospective target
mode with volume scanning encompassing 16 cm of the
thorax, although this may not always be necessary and
depends on the patient’s size. Helical scanning utilizing
retrospective ECG mode is required for adolescent pa-
tients, though we aim to avoid this technique if possible.
Additionally, scanning without ECG synchronization can
also be an option if warranted.

The triphasic contrast injection protocol is the pre-
ferred technique, involving an initial bolus of full-
strength contrast agent, followed by a contrast-saline
mixture, and finally a normal saline flush. This approach
helps to clear the intravenous tubing and central veins
of dense contrast material, which can otherwise lead to
streak artifacts in young children who receive lower total
contrast volumes. For venous access, the right upper limb
or lower limb is preferred, as the left upper limb should
be avoided due to the potential for streak artifacts in the
left brachiocephalic vein. The contrast agent administra-

20 kV

| DLP
(mGy.cm)

1.20
(Body)
1.98
(Body)
0.20
(Body)
1.30
(Body)
10.70
(Body)

A

50 kV

] DLP
(mGy.cm)
1.35
(Body)
2.24
(Body)
0.20
(Body)
3.80
(Body)
12.60
(Body)

Fig. 6 - The figure presents a comparison of
two bolus tracking approaches. Approach
A utilized a tube current of 20 kV, while
approach B employed a tube current of
50 kV. The difference in radiation dose
between these two bolus tracking methods
exceeds 60%.
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Weight-based contrast dose 1.5 x kg = totall amount of

(mL/kg) contrast agent
Injection rates (mL/s)

<5kg Up to Tml/s

5-10 kg 1,5-2,0 mL/s

10-20 kg 2,0-2,5 mL/s

20-30 kg 2,5-3,0 mL/s

>30 kg ~3,5 mL/s

>50 kg ~4,0 mL/s

tion rate should be tailored to the patient’s size, with
a rate of 0.7-0.8 ml/s typically used in newborns and up
to 4.0-4.5 ml/s in adolescents (Table 2).

Future perspectives

Photon-counting detector computed tomography (PCD
CT) represents an evolving modality that offers a viable
alternative to traditional CT systems. Traditional compu-
ted tomography systems employ energy-integrating de-
tectors, where each detector element absorbs incident
X-rays and subsequently converts them into visible light.
An electrical signal is consequently produced, its magni-
tude directly correlating with the visible light detected by
a photodiode, as opposed to representing the energy of
a discrete X-ray photon.44°

PCD CT has been described as offering improved spa-
tial and contrast resolution, reduced electronic noise, less
blooming, fewer metal and beam-hardening artifacts,
and an increased iodine signal following contrast medi-
um application.>0->2

Study of Hellms et al. reveals that pediatric cardiac
computed tomography can achieve over a 40% reduction
in radiation exposure while fully preserving both quan-
titative and qualitative image integrity. Furthermore,
PCD CT technology did not exacerbate common artifacts,
such as beam hardening, typically observed in lower-dose
protocols, when compared to conventional CT scanners
utilized for the assessment of congenital heart diseases.>

The integration of artificial intelligence (Al) is currently
revolutionizing medical imaging, yielding profound im-
plications across virtually all facets of diagnostic imaging,
encompassing modalities such as computed tomography.
Al offers significant promise for lowering radiation ex-
posure during CT scans. Al-driven technologies that au-
tomate patient centering and scan range definition en-
hance the precision of positioning and scan range, which
in turn leads to reduced radiation doses and minimizes
excessive scanning. Al methods have successfully tackled
the balance between image quality and radiation dosage
in CT imaging.>4%

Discussion

The increased use of CT scans in children has raised con-
cerns about long-term radiation risks. Children are more

vulnerable to radiation’s harmful effects due to their
longer lifespans, allowing more time for radiation-rela-
ted issues to develop.' A study by Pearce et al. found
a significant link between CT radiation doses to the bone
marrow and brain, and the subsequent incidence of leu-
kemia and brain tumors.® Technological advancements
in CT, such as automated exposure regulation, adaptive
tube voltage, optimized detectors, dynamic collimation,
and iterative reconstruction, have significantly reduced
radiation exposure for both adults and children while
maintaining diagnostic quality. While some pediatric CT
scans can be replaced by MRI to avoid radiation, the lon-
ger MRI times and enclosed environment often require
general anesthesia for infants and young children.
Cardiovascular imaging with computed tomography is
the optimal diagnostic modality for various clinical indi-
cations. However, it should only be used for patients who
need to visualize the coronary arteries or are critically
ill, as the long duration of MRI can worsen their condi-
tion. MRI should be reserved for stable patients.”® When
performing CT scans on children, who are sensitive to
radiation, dose reduction is crucial. This can be achieved
through low tube potential settings, ECG-based tube cur-
rent modulation, and anatomic-based tube modulation.
Additionally, iterative reconstruction algorithms enable
a reduction in tube current and radiation dose while
maintaining acceptable image quality. Advancements in
detector technologies have contributed to reducing ra-
diation exposure in pediatric CT imaging. Utilizing lower
x-ray tube potentials is one of the most effective methods
for minimizing radiation dose. Lowering the tube poten-
tial decreases photon flux and increases tissue attenu-
ation of lower-energy photons, which elevates image
noise. This typically requires increasing the tube current
to maintain the desired image quality. Using a lower tube
potential during contrast-enhanced CT examinations can
enhance the iodine contrast-to-noise ratio, leading to
greater contrast attenuation. The increased contrast-to-
noise ratio offers an additional benefit for cardiac CT, as
it enables the use of a reduced volume and/or injection
rate of iodinated contrast agent due to its enhanced at-
tenuation at a lower tube potential. This can be advanta-
geous for very small newborns or infants who can only
receive a minimal amount of contrast material.?6?” Tube
current modulation or automatic exposure control is
a beneficial technique that adjusts the CT radiation dose
based on the patient’s physical characteristics, such as
body size, shape, and tissue density. Reducing the tube
current to 10-20 mAs during the bolus tracking phase can
significantly decrease the overall radiation exposure, as
this phase accounts for approximately 25% of the total
radiation dose in pediatric CT examinations.?® When fea-
sible, CT scanning without ECG synchronization is recom-
mended. This technique encompasses the assessment of
all extracardiac thoracic vascular structures, excluding the
aortic root and pulmonary trunk root, which are suscep-
tible to motion artifacts. Conversely, ECG-synchronized
imaging is essential for comprehensive evaluation of
coronary artery morphology and detailed assessment of
intracardiac structures. When ECG synchronization is em-
ployed, the CT scanning modality with the lowest radia-
tion exposure should be utilized, such as prospective ECG-
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gated acquisition targeting a specific phase of the cardiac
cycle. Another option is to employ rapid volumetric scan-
ning using a wide-area detector, which can capture up to
16-32 cm of the thorax within a single gantry rotation.
This technique can be highly beneficial for imaging new-
borns with elevated heart rates. In certain cases, such as
patients with coarctation of the aorta or subvalvar aortic
obstruction, it is possible to reduce the radiation dose by
tailoring the CT scan range to individual clinical require-
ments. It is not always necessary to cover the entire tho-
rax; instead, the CT examination can be focused on the
specific region of interest. This approach is effective be-
cause the CT radiation exposure is directly proportional
to the scanning range, assuming all other CT parameters
remain constant. However, this technique may not be
applicable for patients with total anomalous pulmonary
venous drainage or those with multiple aorto-pulmonary
collaterals, which require a more comprehensive assess-
ment. Optimizing the contrast agent administration
helps achieve homogenous opacification in the area of
interest, avoiding the need for repeat scans. Radiologists
must understand the complex hemodynamics in patients
with congenital heart defects and after their surgery. Fur-
thermore, effective pediatric CT imaging necessitates the
immobilization of infants and children during the acquisi-
tion process. This is essential to minimize motion artifacts
and avoid the need for repeat scans.+38

Conclusions

Numerous techniques exist to minimize radiation expo-
sure during pediatric cardiac CT imaging. Therefore, ra-
diologists performing these examinations should be well-
-versed in these methods. Reducing the radiation dose is
paramount when imaging children. When feasible, alter-
native modalities such as MRI or transthoracic echocar-
diography should be utilized in lieu of CT scanning.
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Betablokatory jsou v sekundarni prevenci infarktu myokardu pouzivany jiZ vice neZ ¢tyFicet let. Rada historic-
kych klinickych studii prokéazala vyznamné snizeni mortality i morbidity pfi jejich podavani. Pozitivni ucinky
betablokatoru jsou nejvyraznéjsi u pacientl se systolickou dysfunkci levé komory srdecni nebo s priznaky
srde¢niho selhdni. V poslednich dvou letech byly publikovény vysledky nékolika velkych randomizovanych
prospektivnich studii, které oziejmily ulohu betablokator( i u pacientt po infarktu myokardu s mirné snize-
nou nebo zachovanou ejekéni frakei levé komory. Zatimco u nemocnych s mirné snizenou systolickou funkci
je ptinos betablokétort nepochybny, u pacientd se zachovanou systolickou funkci je potfeba podéavani beta-
blokatorl spise urovana pritomnosti dalSich indikaci, jako jsou angina pectoris, arteridIni hypertenze nebo
poruchy srde¢niho rytmu, a celkovym kardiovaskularnim rizikem pacienta.

© 2026, CKS.

ABSTRACT

Beta-blockers have been used in the secondary prevention of myocardial infarction for more than forty
years. A number of historical clinical studies have demonstrated a significant reduction in both mortality
and morbidity when they are administered. The positive effects of beta-blockers are most pronounced in
patients with left ventricular systolic dysfunction or with symptoms of heart failure. In the past two years,
the results of several large randomized prospective studies have been published, clarifying the role of beta-
-blockers even in patients after myocardial infarction with mildly reduced or preserved left ventricular ejec-
tion fraction. While the benefit of beta-blockers is unquestionable in patients with mildly reduced systolic
function, in patients with preserved systolic function the need for beta-blocker administration is rather
determined by the presence of other indications, such as angina pectoris, arterial hypertension, or heart
rhythm disorders, and the overall cardiovascular risk of the patient.

Uvod

Maji proto nezastupitelné misto v |écbé anginy pectoris,
arteridlni hypertenze i poruch srde¢niho rytmu. Utlume-

Betablokatory zpomaluji tepovou frekvenci, snizuji krev-
ni tlak a srde¢ni kontraktilitu. To vede ke snizeni meta-
bolickych narokd myokardu a k poklesu spotieby kysliku.
Prodlouzeni diastoly zlepsuje pritok koronarnim recistém.
Vysledkem téchto déjl je snizeni rizika ischemie, nebo
dokonce ireverzibilniho poskozeni myokardu. Potlaceni
supraventrikuldrni i komorové ektopické aktivity prispiva
k antiarytmickym ucinkdam.

DUsledkem zminénych komplexnich kardiovaskularnich
ucinkd betablokatoru je jejich vyraznd kardioprotektivita.

ni nadmérné aktivity sympatického nervového systému je
také hlavnim podkladem pfiznivého plsobeni betabloka-
torl u pacientl se srdecnim selhanim.

Betablokatory zlepsuji kratkodoby i dlouhodoby osud
pacientt po prodélaném infarktu myokardu. Snizuji celko-
vou mortalitu i mortalitu z kardiovaskularnich pf¥icin, bra-
ni recidivam infarktd a rozvoji srde¢niho selhani, omezuji
vyskyt arytmii a nahlych umrti a zmirriuji symptomy angi-
ny pectoris." Jejich pfinos je zvlasté vyrazny u nemocnych,
ktefi maji dysfunkci levé komory srdecni nebo projevy sr-
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Betablokatory v sekundarni prevenci infarktu myokardu

decniho selhdni.? Pozitivni ucinky vsak podle soucasnych
evropskych odbornych doporuceni prevazuji i u vsech
ostatnich pripadu.? Dlouhodobé, sekundarné preventivni
podavani betablokatord po infarktu myokardu je proto
stdle povazovdno za jeden z ukazateld kvality péce o ne-
mocné.*

Prace, které u pacientd po infarktu prokazaly drama-
tické zlepSeni prognézy po |é¢bé betablokatory, viak byly
provadény v dobach, kdy nebyla standardné k dispozici
ucinna reperfuzni a revaskulariza¢ni Iécba. Zahrnovaly
proto Casto pacienty s rozsahlejSim poskozenim myokar-
du, s vyraznéjsim snizenim systolické funkce levé komo-
ry nebo s priznaky srdecni insuficience.” Klinické studie
betablokator( v éfe reperfuzni [é¢by naznacily jiz méné
vyrazny, sekundarné preventivni efekt.® Osud soucasnych
nemocnych navic vyrazné zlepsuje dostupnost revasku-
lariza¢nich vykond a pouzivani u¢inné antihypertenzni,
antitrombotické a hypolipidemické farmakoterapie. Diky
citlivosti modernich biomarkeru jsou dnes diagnostikova-
ny i infarkty s velmi malym postizenim kontraktilni funk-
ce myokardu, a tudiz ¢asto s velmi nizkym dlouhodobym
kardiovaskularnim rizikem.

Kvalitni klinické studie zkoumajici vyznam betablo-
katorl v sekundarni prevenci soucasnych pacientd do
nedavné doby nebyly k dispozici. Za této situace jsme
byli odkazani pouze na data z observacnich studii nebo
registr, kterda neumozriovala definitivni zavéry. Napfi-
klad ve francouzské observa¢ni studii s vice nez 73 000
pacienty po infarktu myokardu, kterad probihala v letech
2007-2012, vedlo vysazeni betablokatorl ke zvyseni rizi-
ka mortality a rehospitalizaci pro akutni korondarni syn-
dromy (pomér rizik [HR] = 1,17, 95% interval spolehlivos-
ti [CI] 1,01-1,35).” Dosud nejvétsi metaanalyza Sestnacti
observacnich studii publikovanych mezi lety 2000 a 2017
zahrnula 164 408 pacientl s infarkty s elevacemi i bez
elevaci useku ST. Betablokatory uzivalo 86,8 % pacientu.
Vétsina nemocnych méla zachovanou systolickou funkci
levé komory bez zndmek srde¢niho selhani. Median sle-
dovani byl 2,7 roku. Celkovd mortalita pacientd, ktefi uzi-
vali betablokatory, byla snizena o 26 % (relativni riziko
0,74, 95% Cl 0,64-0,85). Pri detailni statistické analyze
vsak vliv betablokatord na celkovou Uumrtnost jiz nedo-
sahl statistické vyznamnosti (adjustované relativni riziko
0,90, 95% Cl 0,77-1,04).

Z uvedenych dlvodul byly s velkym zajmem ocekava-
ny vysledky aktualnich prospektivnich randomizovanych
studii betablokatort u pacientl po infarktu myokardu se
zachovanou nebo jen mirné snizenou systolickou funkci
levé komory srdecni.

Studie REDUCE-AMI

Prospektivni randomizovana studie REDUCE-AMI zkou-
mala pfinos betablokatord u pacientl po akutnim infark-
tu myokardu se zachovanou systolickou funkci levé ko-
mory s ejek¢ni frakci minimdlné 50 %. Predpokladem pro
zarazeni do studie bylo provedeni koronarni angiografie
a v pripadé potreby katetrizacni ¢i chirurgické revaskula-
rizace.

Do 7 dni po infarktu byli Gcastnici otevienym zpUso-
bem randomizovani v poméru 1 : 1 k dlouhodobé |éc¢bé

betablokatorem nebo bez betablokatoru. Doporu¢eno
bylo podavani metoprololu v cilové ddvce 100 mg denné.
Alternativni moznosti byl bisoprolol v cilové ddvce 5 mg
denné. Nemocni byli takika vyhradné sledovani v rdmci
Svédského narodniho registru SWEDEHEART. Stfedni vék
souboru byl 65 let, 22 % tvofily Zeny, infarkt myokar-
du s elevacemi Useku ST mélo 35 % pacientl. Prdmérna
doba do randomizace byla 2 dny od pfijeti do nemocnice.
V prabéhu akutni hospitalizace mélo revaskularizaci myo-
kardu provedenu vice nez 99 % nemocnych (perkutanni
koronarni intervence u 95 % a chirurgicka revaskulariza-
ce u 4 % pripadu).

Primarnim sledovanym parametrem studie byla kombi-
nace umrti a recidivy infarktu myokardu. Mezi sekundar-
ni ukazatele patfila celkova umrtnost, umrtnost z kardio-
vaskularnich pticin, infarkty myokardu a hospitalizace pro
srdec¢ni selhani nebo pro fibrilaci sini.

PUvodni predpoklad byl, Ze incidence primarniho uka-
zatele ucinnosti bude ve studii vice nez 7 % ro¢né. Ve sku-
tecnosti viak bylo riziko takrka tfikrat nizsi. Béhem vice
nez 3 let sledovani se vyskyt primarniho ukazatele v obou
skupinach statisticky vyznamné nelisil. Byl zjistén u 7,9 %
pacientd lécenych betablokatorem ve srovnani s 8,3 %
u pacientl bez betablokatoru (HR 0,96, 95% Cl 0,79-1,16,
p =0,64). Ve skupiné s betablokatory byl u vétsiny sekun-
déarnich ukazatell zjistén velmi mirny trend k nizsimu vy-
skytu (celkova mortalita 3,9 % vs. 4,1 %, infarkt myokar-
du 4,5 % vs. 4,7 %, hospitalizace pro fibrilaci sini 1,1 % vs.
1,4 %, hospitalizace pro srdecni selhani 0,8 % vs. 0,9 %).
Zadny z rozdila viak nedosahl statistické vyznamnosti.®

Je treba zduraznit fakt, Ze pacienti ve studii
REDUCE-AMI méli velmi nizky ro¢ni vyskyt primarniho
ukazatele (2,76 % v placebové skupiné). Zavéry studie
je proto mozno aplikovat pouze na pacienty s normalni
systolickou funkci levé komory, ktefi maji navic i mimo-
radné nizké celkové kardiovaskularni riziko. Srovnatelné
charakteristiky Ize v redIné praxi v Ceské republice o¢eka-
vat jen u velmi malého podilu pacientu.

Studie ABYSS

Do francouzské prospektivni studie ABYSS bylo zarfazeno
3698 chronickych pacientd minimalné Sest mésicl po pro-
délaném infarktu myokardu, ktefi byli ve stabilizovaném
stavu a uzivali jakykoli betablokator v libovolné davce.
Zatazovacim kritériem byla hodnota ejekcni frakce levé
komory srde¢ni vice nez 40 %. Kontraindikaci k ucasti
byly znamky srdecni insuficience nebo jiny klinicky ddvod
k 1é¢bé betablokatory.

Cilem bylo prokazat, Ze vysazeni betablokatoru je
u takto definovanych pacientl noninferiorni ve srovna-
ni s pokracovanim lécby. Zaroven autofi predpokladali,
Ze po vysazeni betablokatoru by mohlo dojit ke zlepseni
kvality Zivota.

Uéastnici byli v poméru 1 : 1 nezaslepené& randomizo-
vani bud k vysazeni betablokatoru, nebo k nezménéné-
mu pokracovani lécby. Stfedni vék souboru byl 64 let,
muzi tvofili 83 %. Infarkt myokardu s elevacemi useku ST
prodélalo 63 % pacientd, 7,8 % mélo v anamnéze vice
nez jeden infarkt. Stfedni doba od posledniho infarktu
do randomizace byla 2,9 roku. Kvalita kardiologické péce
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byla velmi dobra — 95 % pacientd bylo po prodélaném
infarktu myokardu revaskularizovano (v 96,9 % pfipadu
perkutanni koronarni intervenci). Vysoké bylo zastou-
peni moderni protidestickové |écby — 22,8 % nemocnych
v dobé randomizace uzivalo ticagrelor nebo prasugrel.

Primarni sloZzeny ucinnostni ukazatel (vyskyt umrti, ne-
fatalnich infarktd myokardu, nefatélnich cévnich mozko-
vych pfihod a hospitalizaci z kardiovaskuldrnich pficin) se
vyskytl u 432 z 1 812 (23,8 %) pacientl randomizovanych
k preruseni [é¢by a u 384 z 1 821 (21,1 %) pacientd, ktefi
pokracovali v neprerusené lécbé.

Nebylo tak dosazeno predem stanovené statistické
hranice pro prikaz noninferiority strategie s pferusenim
lécby betablokatorem. Vyskyt kombinace umrti, nefa-
talnich infarktd myokardu a cévnich mozkovych pfihod
se statisticky vyznamné nelidil: 132 pfipadl (7,2 %) ve
skupiné s prerusenim a 126 pripadu (6,8 %) ve skupiné
bez preruseni |écby. Hlavnim rozdilem v neprospéch pre-
ruseni 1é¢by byl castéjsi vyskyt hospitalizaci z kardiovas-
kuldrnich pfi¢in vétSinou spojenych s provedenim revas-
kulariza¢nich vykonl: 349 pfihod (18,9 %) vs. 307 pfihod
(16,6 %).

V pribéhu studie byly vyhodnocovany ukazatele kva-
lity Zivota a vyskyt nezddoucich ucink obvykle spojova-
nych s betablokatory. Vysazeni betablokatord nevedlo ke
zlepseni analyzovanych parametrd. Potvrdila se tak velmi
dobra tolerabilita dlouhodobé |é¢by betablokatory.®

Studie ABYSS tedy ukazala, Ze vysazeni betablokatoru
neni mozno povazovat za noninferiorni ve srovnani s po-
kracovanim lécby a zaroveri nevede ke zlepseni kvality
zivota.

Vysledky jsou z uvedenych dlvod( argumentem pro
neprerusovani [écby betablokdtorem i u téch pacientt po
infarktu myokardu, ktefi jsou dlouhodobé ve stabilizova-
ném stavu a nemaji systolickou dysfunkci levé komory.

Studie REBOOT-CNIC

Do studie REBOOT-CNIC bylo zafazeno 8 438 pacientt
po akutnim infarktu myokardu, kterym byla v prabéhu
hospitalizace provedena revaskularizace a ktefi méli pfi
propusténi ejekéni frakci levé komory vétsi nez 40 %.
Studie probihala ve 109 centrech ve Spanélsku a Italii.
Ucastnici byli v otevfeném uspofadani randomizova-
ni k 1é¢bé betablokatorem nebo placebem. Primarnim
slozenym cilovym ukazatelem ucinnosti byl vyskyt umrti
z jakékoli pficiny, recidiva infarktu nebo hospitalizace
pro srdecni selhani.

Stiedni vék zafazenych pacientd ¢inil 61,3 roku. Zeny
tvorily 19,3 % ucastnik.

Arterialni hypertenzi mélo 51 % nemocnych, 21,4 %
diabetes mellitus, 51,4 % dyslipidemii. Aktivnich kurakd
bylo 44,8 %. Stredni hodnota ejekcni frakce levé komory
byla 57 %. 11,6 % pacientd mélo ejekéni frakci v rozmezi
40-50 %.

Median sledovani byl 3,7 roku.

V ucinnosti Ié¢by nebyl nalezen Zadny rozdil mezi obé-
ma skupinami. Primarni cilovy ukazatel byl zjistén u 316
z 4 243 nemocnych (22,5 pfihody/1 000 pacientorokl) ve
skupiné s betablokatory a u 307 z 4 262 pacientt (21,7 pfi-
hody/1 000 pacientorokt) ve skupiné bez betablokatort
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40

30
22,5 21,7

20 |

Pfihody/1 000 pacientorok

Betablokator Bez betablokatoru

Obr. 1 - Studie REBOOT-CNIC - umrti, reinfarkty, hospitalizace pro
srdecni selhani, pomér rizik 1,04 (95% Cl 0,89-1,22, p = 0,63)."

(HR 1,04, 95% Cl 0,85-1,33, p = 0,63) (obr. 1). Vyskyt jed-
notlivych komponent primarniho ukazatele se rovnéz ne-
lisil. Napriklad reinfarkt se vyskytl u 143 pacientl s beta-
blokatory i bez betablokatort (HR 1,01, 95% Cl 0,80-
1,27). K hospitalizaci pro srde¢ni selhani doslo u 39 ne-
mocnych ve skupiné s betablokatory a u 44 nemocnych ve
skupiné bez betablokatort (HR 0,89, 95 % Cl 0,58-1,38).
Pfi analyze podskupin pacientd byly vysledky konzistent-
ni. Potencidlni statistickd heterogenita byla zjisténa pou-
ze pfi analyze vlivu pohlavi a typu infarktu.

Studie BETAMI-DANBLOCK

Studie BETAMI-DANBLOCK vznikla spojenim dvou pavod-
né samostatnych projektd — norské studie BETAMI a dan-
ské studie DANBLOCK.

Do 14 dnl po prodélaném infarktu myokardu bylo
zarazeno celkem 5 574 nemocnych s ejekéni frakci levé
komory minimalné 40 %. V poméru 1 : 1 byli ucastnici
otevienym zpUsobem randomizovani k |écbé s betablo-
kdtorem nebo bez betablokatoru.

Stredni vék souboru byl 62,5 roku, Zen bylo 21 %. Zhru-
ba polovina pacient(l byla zafazena ve Svédsku a polovi-
na v Norsku. Kuraci predstavovali 27,5 % ucastnika, 41 %
mélo anamnézu arteridlni hypertenze, 12,5 % diabetes
mellitus, 29 % hypercholesterolemii. Stfredni hodnota LDL
cholesterolu byla 3,3 mmol/l. TéméF 48 % nemocnych
prodélalo infarkt s elevacemi useku ST, u 15 % byla ejek-
¢ni frakce levé komory v rozmezi 40-49 %.

Revaskularizaci mélo v prlbéhu akutni hospitalizace
provedenu 94 % pacientl (92,5 % PCl, 1,9 % CABG). Pri
propusténi dostavalo pres 97 % pacientl statin, 88,5 %
bylo [éCeno inhibitorem destickového receptoru P2Y ..

Lécba betablokatory vedla po stfedni dobé sledovani
3,5 roku (interkvartilové rozpéti 2,2-4,6) ke statisticky vy-
znamnému snizeni primarniho ukazatele ucinnosti (kom-
binace celkové mortality, reinfarktd, neplanovanych re-
vaskularizaci myokardu, ischemickych cévnich mozkovych
pfihod, srde¢niho selhani a malignich komorovych aryt-
mif) o 15 %. Primarni ukazatel se vyskytl u 324 pacienttd
ve skupiné s betablokatorem (14,2 %) a u 454 pacientu
bez betablokatoru (16,3 %) - (HR 0,85, 95% Cl 0,75-0,98,
p =0,03) (obr. 2).
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. 1 16,3 Tabulka 1 - Zastoupeni betablokatort ve studiich REBOOT-CNIC
16 % 102 a BETAMI-DANBLOCK "2
0 ,
1‘2‘ ;’ Studie REBOOT-CNIC Studie BETAMI DANBLOCK
10 o/o -15% bisoprolol 85,9 % metoprolol sukcinat 94,5 %
0
8 % metoprolol 7,5 % bisoprolol 2,9 %
6% carvedilol 3,1 % jiny 1,3 %
4% nebivolol 2,8 % chybéjici informace 0,8 %
2% atenolol 0,6 % carvedilol 0,4 %
0%

Betablokator Bez betablokatoru

Obr. 2 - Studie BETAMI-DANBLOCK - slozeny cilovy ukazatel (Umrti,
infarkt myokardu, neplanovana koronarni revaskularizace, ische-
mickd cévni mozkova piihoda, srdecni selhani nebo maligni komo-
rové arytmie), pomér rizik 0,85 (95% Cl 0,75-0,98, p = 0,03)."
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Obr. 3 - Studie BETAMI-DANBLOCK - casova analyza incidence no-
vych infarktd myokardu.™

Tento vysledek byl konzistentni pfi analyze podskupin,
kde nebyly zjistény Zadné znamky statistické heterogeni-
ty. Statistické vyznamnosti (HR 0,73, 95 % Cl 0,59-0,92)
dosahlo rovnéz 27% snizeni recidiv infarktu myokardu
v betablokatorové skupiné (5,0 % vs. 6,7 %) (obr. 3). Byl
zjistén i trend ke snizeni vyskytu nékterych dalSich kom-
ponent primarniho ukazatele (srdec¢ni selhdni, maligni
arytmie)."?

Zhodnoceni rozdilnych vysledku studii
REBOOT-CNIC a BETAMI-DANBLOCK

Zatimco studie REBOOT-CNIC pfi podavani betablokatort
nemocnym po infarktu myokardu bez znamek srde¢niho
selhani a bez systolické dysfunkce levé komory nenalezla
dukazy pro snizeni kardiovaskularniho rizika, velmi po-
dobné koncipovana studie BETAMI-DANBLOCK se zhruba
stejnou populaci pacientl dospéla k opacnému zavéru.
V této studii vedla Ié¢ba betablokatorem ke zlep3eni pro-

jiny 0,1 %

gndézy nemocnych, protoze doslo ke statisticky vyznam-
nému 15% snizeni vyskytu sloZzeného ukazatele u¢innosti.
Podilelo se na tom zejména ovlivnéni zasadniho para-
metru kvality péce — redukce recidiv infarktu myokardu
027 %.

Napadnym rozdilem mezi obéma studiemi bylo za-
stoupeni rlznych typl betablokatorl. Zatimco ve studii
BETAMI-DANBLOCK bylo 94,5 % pacientd lé¢eno me-
toprolol sukcindtem s fizenym uvolfiovanim, ve studii
REBOOT-CNIC dostavalo 85,9 pacientt bisoprolol, ktery
nemad k dispozici zddné klinické studie, a tedy na rozdil
od metoprololu ani v SPC schvalenou oficidlni indikaci pro
sekundarni prevenci po infarktu myokardu (tabulka 1).

Je nutno také zminit nékteré mirné odlisnosti v uspo-
fadani obou studii i v charakteristikdch zarazenych
pacientl. Studie BETAMI-DANBLOCK pouzila sifeji de-
finovany sloZzeny primarni ukazatel, ktery umoznil za-
chytit Sirsi spektrum ischemickych i arytmickych pfihod.
To zvysilo jeji senzitivitu pro zachyceni ucinku lécby
betablokdtorem. Naproti tomu pouziti uzsiho primar-
niho ukazatele ve studii REBOOT-CNIC vedlo k detek-
¢i mensiho poctu pfihod, a tudiz ke snizeni citlivosti
k prakazu lé¢ebného efektu. Populace pacientl ve stu-
dii BETAMI-DANBLOCK méla mensi zastoupeni hlavnich
rizikovych faktort (arteridIni hypertenze, dyslipidemie,
diabetes mellitus, aktivni koureni). Na druhou stranu
byl ale zase o néco vyssi primérny vék, nizsi podil ne-
mocnych, u kterych nebyla provedena revaskularizace,
a lehce vyssi zastoupeni nemocnych s ejek¢ni frakci
v rozmezi 40-50 %.

Vysledky metaanalyz

Vyznam miry postiZeni systolické funkce levé komory pro
velikost prinosu lécby betablokatorem u pacientt po pro-
délaném infarktu myokardu upfesnily nasledné dvé me-
taanalyzy vyse uvedenych klinickych studii.

Metaanalyza 1 885 pacientl s lehce snizenou ejek-
¢ni frakci levé komory v rozmezi 40-50 % ze studii
REBOOT-CNIC (979 pacientt), BETAMI (422), DANBLOCK
(430) a CAPITAL-RCT (54) zahrnula nemocné se strednim
vékem 62,5 roku. Zeny tvofily 19 % souboru, 68 % ne-
mocnych prodélalo infarkt myokardu s elevacemi useku
ST. Stfedni hodnota ejekéni frakce dosahovala 45 %. Re-
vaskularizovano bylo 96 % pacientd.

Autofi nalezli primarni slozeny ukazatel (kombinace
celkové mortality, reinfarktd a hospitalizaci pro srdecni
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Pocet pfihod / Pomér rizik Podil celkového  Podil celkové
pocet pacientl (95% Cl) poctu pacientt vahy

v jednostupniové v dvoustupniové
analyze (%) analyze (%)
Skupina Skupina bez
sbetablokatory  betablokatord
REBOOT 39/515 48/464 —l— 0,74 (0,49-1,13) 51,3 36,90
DANBLOCK 35/226 441204 — W 0,70 (0,45-1,08) 22,8 33,75
BETAMI 28/220 36/206 —H 0,85(0,51-1,41) 224 25,55
CAPITAL-RCT 2/28 5/24 —8—— 0,69(0,19-2,60) 29 3,79
Jednostupiiovy neadjustovany model < 0,75 (0,58-0,97)
Jednostupnovy adjustovany model < 0,73 (0,56-0,94)
Dvoustupiovy model s fixnimi efekty < 0,75 (0,58-0,97) Snizeni rizika 25 %

T T T T
0,25 0,50 1,40 2,00

Nizsi riziko  Vyssi riziko

Obr. 4 - Metaanalyza BB u pacientli po IM s mirné snizenou EF (40-49 %).
Kombinace celkové mortality, novych infarkttd myokardu a srde¢niho selhani.”

selhani) u 106 pacientl (32,6 prihody/1 000 paciento-
rokd) ve skupiné s betablokatorem a u 129 nemocnych
bez betablokatoru (43,0 prihody/1 000 pacientorokl). To
odpovida snizeni rizika o 25 % pfi |é¢bé betablokatorem
(HR 0,75, 95% ClI 0,58-0,97, p = 0,03). Rovnéz jednotli-
vé komponenty primarniho ukazatele vykazovaly zjevny
trend k snizenému vyskytu pri [écbé betablokatorem, byt
rozdily vzhledem k poctu pfihod nedosahly statistické vy-
znamnosti (obr. 4).3

Metaanalyza péti recentnich prospektivnich randomi-
zovanych studii zahrnula na individualni drovni 17 801
pacientl ze studii REBOOT-CNIC (n = 7 459), REDUCE-AMI
(4967), BETAMI (2 441), DANBLOCK (2 277) a CAPITAL-RCI
(657), ktefi méli po prodélaném infarktu myokardu za-
chovanou systolickou funkci levé komory definovanou
jako ejek¢ni frakce nad 50 %.

Stredni vék souboru byl 62 let, Zeny tvofily 20,8 %. In-
farkt myokardu s elevacemi Useku ST prodélalo 45,6 %
a revaskularizovano bylo 96 % nemocnych

Béhem stfedni doby sledovani 3,6 roku (interkvartilo-
vé rozpéti 2,3-4,6) nenalezli autofi statisticky vyznamny
rozdil ve vyskytu zadného ze sledovanych parametrd.
Primarni slozeny ukazatel (celkovd mortalita, infarkty
myokardu a srde¢ni selhani) byl zjistén u 8,1 % pacientt
lécenych betablokatorem a u 8,3 % pacientl bez beta-
blokatoru (HR 0,97, 95% ClI 0,87-1,07, p = 0,54). Umrti
z jakékoli priciny se se vyskytlo u 335 pacientd na betablo-
katoru a u 326 pacientt bez betablokatoru (HR 1,04, 95%
Cl 0,89-1,21), pro recidivu infarktu myokardu byl pomér
rizik 0,89 (95% Cl 0,77-1,03) a pro srdecni selhani 0,87
(95% ClI 0,64-1,19)."

Vypovédni hodnotu uvedenych metaanalyz podporuji
vysoké pocty zarfazenych pacientd z kvalitné koncipova-
nych i provedenych prospektivnich randomizovanych stu-
dif.

Vysledky jsou statisticky robustni a konzistentni mezi
jednotlivymi podskupinami. Pomérné reprezentativni
bylo zastoupeni obou pohlavi i pacientd ve vy$sim véku.

Na druhou stranu je nutno zminit nékterd omezeni ¢i
nedostatky.

Vsechnyanalyzovanéstudie vykazovaly vysoké pocty ne-
zafazenych pacientd (napf. ve studii BETAMI-DANBLOCK

kolem 50 %). Castym dlivodem nezafazeni do studie byl
pochopitelné fakt, Ze pacient mél kromé sekundarni pre-
vence infarktu myokardu i jinou indikaci k 1é¢bé beta-
blokatorem. Studie nebyly zaslepené, coz davalo prostor
ke sniZzeni objektivnosti pfi sledovani pacientd, indikova-
ni lékafské péce i pfi analyze vysledkd. Dochéazelo také
k ¢astym prechoddim mezi Ié¢ebnymi skupinami (az 18 %
po prvnim roce sledovani). | tento fakt mohl vést k ¢as-
te¢nému stirani rozdild mezi lé¢bou betablokatorem
a kontrolni skupinou. Jednotlivé studie se mirné lisily
pouzitim raznych nebo odlisné definovanych ukazatell
ucinnosti. Nékteré navic postradaly centrdlni adjudikaci
klinickych cilovych ukazateld (REDUCE-AMI). Celkové se
v uvedenych metaanalyzach jednalo o populaci nizkorizi-
kovych pacientd s malym vyskytem sledovanych ukazate-
IG ucinnosti 1écby (3,76/100 pacientorokl u ejekéni frak-
ce 40-49 % a 2,41/100 pacientorokl u ejekcni frakce >
50 %). Zavéry tedy neni mozno automaticky aplikovat na
nemocné s vyssim kardiovaskuldrnim rizikem.

Je také treba upozornit na pozitivni pfinos betabloka-
toru ve studii BETAMI-DANBLOCK, kde byl podavan pre-
vazné metoprolol sukcinat s fizenym uvolriovanim, a ne-
presvédcivy vysledek ve srovnatelné studii REBOOT-CNIC,
kde v [écbé vyrazné prevazoval bisoprolol.

Souhrn

V poslednich dvou letech byly publikovany vysledky ctyr
velkych randomizovanych prospektivnich studii Iécby be-
tablokdatory u pacientl po infarktu myokardu se zacho-
vanou nebo mirné snizenou ejek¢ni frakci levé komory.
Nové informace vyznamné rozsifily a upresnily nase
védomosti, jak pouzivat betablokatory u soucasnych pa-
cientl. Naprosta vétsina ucastnikd téchto studii byla Ié-
Cena podle aktualnich doporucenych postupu. Pres 95 %
nemocnych mélo provedenu revaskularizaci myokardu
perkutanni korondrni intervenci nebo v malém procentu
chirurgicky. Vysoce kvalitni byla i nasledna dlouhodoba
farmakologicka lécba. Z toho vyplyva relativné malé re-
zidudlni riziko vzniku naslednych dalsich kardiovaskular-
nich komplikaci, véetné umrti, reinfarktd a hospitalizaci
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pro srde¢ni selhani. Velmi pfinosné jsou vysledky dvou
metaanalyz, které na zakladé uvedenych studii posuzo-
valy oddélené pfinosy lé¢by u pacientli s mirné snizenou
a se zachovanou systolickou funkci levé komory. Ziskané
informace vyraznym zpUsobem posunuly a zpresnily nase
soucasné poznani o Uloze betablokatord v sekundarni
prevenci infarktu myokardu. Nepochybné se to projevi
i pfi tvorbé novych odbornych doporuceni.

U pacientu se systolickou dysfunkci levé komory (ejek-
¢ni frakce pod 40 %) nebo srde¢nim selhanim je indikace
betablokatord zcela jednoznacna. Prfinos betablokator(
ale také prevazuje u nemocnych s lehce snizenou ejek¢ni
frakci levé komory (40-49 %). U pacientt se zachovanou
systolickou funkci (ejekéni frakce nad 50 %) mé zjevné
pausalni podavani betablokatorli omezeny vyznam. Je
tfeba u kazdého pacienta posuzovat individualné pfinosy
a rizika 1é¢by a mit pfitom na paméti, ze velkd ¢ast pa-
cientld ma i dalsi indikace k terapii betablokatory (arteri-
alni hypertenze, arytmie, angina pectoris). Pfi zahajovani
lécby je nutno, podobné jako u srdecniho selhani, volit
pouze ty betablokatory, které maji k dispozici prakazna
data o klinické uc¢innosti, a tudiz i schvalenou sekundarné
preventivni indikaci v SPC.

Pokud je jiz |é¢ba betablokatorem indikovana, méla by
byt dlouhodoba a neméla by byt neuvdzené prerusovana.

Prohlaseni autora o mozném stretu zajmu
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Financovani
Zadné.

Prohlaseni autora o etickych aspektech publikace
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Diureticka terapie klickovymi diuretiky predstavuje jeden ze zakladnich pilifa farmakoterapie symptoma-
tického srdec¢niho selhani. Tento prehledovy clanek popisuje efekt diuretické terapie na kardiovaskularni
systém, soucasna doporuceni tykajici se diuretické terapie i Uroven soucasnych dlikazd podporujicich pouziti
klickovych diuretik v 1é¢bé akutniho i chronického srde¢niho selhani.
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ABSTRACT

Diuretic therapy, particularly with loop diuretics, represents a cornerstone of pharmacological management
in patients with symptomatic heart failure. This review article summarizes the effects of diuretic therapy on
the cardiovascular system, outlines current clinical recommendations, and discusses the available evidence

Heart failure

Uvod

Chronické srdecni selhani (CHSS) je ve vyspélych zemich
jednou z nejcastéjsich pricin akutnich hospitalizaci. Jen ve
Spojenych statech americkych a v Evropé tvofi hospitali-
zace pro srdecni selhdni pres 1 milion pfipadd ro¢né, coz
predstavuje témér 2 % vsech hospitalizaci.

Celkova prevalence CHSS v Ceské republice se pohybuje
mezi 3 a 4 % s celkovym poctem kolem 350 tisic pacientt
a predikci rdstu tohoto poctu az na 800 tisic do roku 2040,
zejména kvuli zlepsujici se |ékaFské péci o akutni kardiolo-
gické stavy, starnuti populace a narustu rizikovych fakto-
rd, jako jsou obezita a diabetes mellitus (DM).2

Jednim ze zéakladnich patofyziologickych mechanismi
CHSS je retence tekutin, kterd vede az ke kongesci a spo-
lu s nizkym srde¢nim vydejem tvofi typické symptomy
a znamky CHSS.3#

Diuretika predstavuji zdkladni terapii symptomatické-
ho CHSS, zejména v dekompenzovaném stadiu, protoze
zdsadnim zpusobem zmirfuji projevy kongesce a zlep3uji
kvalitu zivota, nicméné prizniva dlouhodobd prognostic-

supporting the use of loop diuretics in both acute and chronic heart failure.

kd mortalitni data pro nejuzivanéjsi a nejpotentnéjsi klic-
kové diuretika u CHSS chybéji.>* Vzhledem k vyraznému
symptomatickému efektu diuretické terapie by bylo pro-
vadéni randomizované, placebem kontrolované klinické
studie minimalné eticky sporné, zejména u akutniho ¢i de-
kompenzovaného srde¢niho selhani. V literature se proto
setkdvame spiSe s Udaji z registru ¢i post hoc analyz zati-
Zenych celou fadou metodickych limitaci. Uroven dekon-
gesce se viak ukazuje jako nezavisly prognosticky marker
pfi managementu srde¢niho selhani.®

V prehledovém ¢lanku se zaméfujeme na diuretickou
terapii u CHSS, prehled mechanismud ucinku pouzivanych
diuretik, soucasnou evidenci i vyuziti animalnich model
v preklinickém vyzkumu.

Mechanismus ucinku

Mechanismus ucinku klickovych diuretik je navozeni
osmotické diurézy, a to zejména diky natriuréze, zpu-
sobené inhibici iontového kontransportu v ascendent-
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ni Casti Henleovy klicky nefronu (Na/K/2Cl kotransport
— NKCC2).* Mezi dalsi efekty patfi kaliuréza, snizeni
osmotického gradientu v ledviné (a tudiz zmenseni jeji
koncentra¢ni schopnosti) a inhibice tubuloglomerularni
zpétné vazby.”

Mimo samotné efekty na ascendentni ¢ast Henleovy
klicky (a ledviny obecné) mé furosemid rovnéz vliv na
hemodynamicky stav pacienta. Jde predeviim o farmako-
dynamicky ucinek zpusobujici akutni venodilataci zpro-
stredkovanou pomoci prostaglandint.? Po intravenéznim
podani furosemidu dochazi u pacientl ke snizeni plnicich
tlaku levé komory v fadech jednotek minut, tudiz dfive,
nez nastoupi jeho diureticky efekt.2 Tento mechanismus
je vyuzivan v fadeé klinickych indikaci, napf. pfi lé¢bé akut-
niho hypertenzniho plicniho edému.>4

Kromé vyse zminénych farmakodynamickych efektd
prinasi lé¢ba furosemidem fadu Uskali. Jedna se prede-
vsim o jeho vliv na neurohumoralni regulaci pti dlouho-
dobém uzivani. Deplece objemu vyvoland chronickym
uzivadnim furosemidu stimuluje aktivaci systému renin-
angiotenzin-aldosteron (RAAS) a sympatického nervové-
ho systému. Toto ovlivnéni ma za nasledek retenci sodiku,
¢imz vyrazné snizuje dlouhodobou u¢innost a zvysuje re-
zistenci na lé¢bu klickovymi diuretiky. U¢inek furosemidu
se tak s progredujicim chronickym srde¢nim a rendlnim
selhanim (kardiorendlni syndrom, CRS) sniZuje a casto je
nutné navySovani ddvek nebo kombinace rdznych tfid
diuretik.5

Tento jev mlze do ¢astecné miry vysvétlovat i vysledky
nékterych observacnich studii, kdy pozorujeme asocia-
ce mezi vysokou chronickou davkou klickovych diuretik
a nepfiznivymi vysledky.® DalSim vyznamnym patofyzio-
logickym mechanismem, se kterym se pfi 1é¢bé klickovymi
diuretiky setkdvame, je tzv. rebound fenomén.' Jedna se
o stav, kdy po jednorazovém podani vysoké davky furo-
semidu dochdazi ke kompenzacni postdiuretické retenci
ucinku furosemidu a naslednou kompenzacni aktivaci
distalnich tubuld po odeznéni ucinku. PfestoZze novéjsi
studie naznacduji, Ze postdiureticka retence neni domi-
nantnim mechanismem ovliviiujicim vznik diuretické rezi-
stence,® pro vyse popsané vlastnosti doporucuji odborné
spolecnosti podavani diuretické terapie rozdélené do vice
dennich dévek.®

Soucasna doporuceni k uzivani diuretické
terapie u srde¢niho selhani

Akutni dekompenzované srdecni selhani

Klickovda diuretika predstavuji zakladni stavebni kamen
managementu pacientd hospitalizovanych pro akut-
ni srde¢ni selhdni. Dle soucasnych doporuceni Evropské
kardiologické spolecnosti (ESC) je intravendzni (i.v.) po-
davani klickovych diuretik indikovdno u vsech pacientld
s akutnim srde¢nim selhdnim a znamkami volumového
pretizeni ke zmirnéni symptom.34

Uvodni dévka

Jednim z nejdulezitéjsich faktord pfi l1é¢bé akutniho sr-
decniho selhani je volba Uvodni davky diuretika. V této
situaci se bézné setkdvdme se dvéma klinickymi scénafi.

Jednd se o pacienty s primozachytem srdec¢niho selhani
(¢i bez predchozi diuretické terapie) s predpokladanou
dobrou odpovédi na diuretickou terapii ¢i o pacienty s jiz
zavedenou terapii klickovymi diuretiky.

Dle soucasnych doporuceni by u pacientd dosud ne-
|écenych diuretiky méla byt poddna Uvodni davka 20-40
mg furosemidu i.v. s naslednou ¢asnou Upravou, zatimco
nemocni jiz uzivajici peroralni klickova diuretika by méli
dostat ekvivalent své obvyklé denni ¢i dvoudenni dévky
podané intravenézné béhem 24 hodin, rozdélené obvyk-
le do dvou davek po 12 hodinach.>*

V soucasné dobé je zlatym standardem v l1é¢bé akutni-
ho srdecniho selhdni Uprava davky podle aktudlni odpo-
védi pacienta na lécbu.

Doporucuje se ¢asné a objektivni hodnoceni diuretic-
kého ucinku: pomoci méreni koncentrace sodiku v moci,
kterd by méla presahnout > 50-70 mmol/l 2 hodiny po
podani, a diurézy, jejiz hodnota by méla presdhnout >
100-150 ml/h béhem prvnich 6 hodin.® V pripadé splnéni
téchto kritérii svéd¢i mnozstvi podané latky o dostate¢né
odpovédi bez nutnosti upravovat davkovaci schéma. Po-
kud téchto cill neni dosazeno, je vhodné zdvojnasobit in-
travendzni davku klickového diuretika (az do maximalni
davky ~400-600 mg/den), opakovat podani pfiblizné kaz-
dych 12 hodin a kontrolovat hodnotu ledvinnych para-
metrd a iontogramu minimalné kazdych 24 hodin.® Lé¢ba
ma dle soucasnych doporuceni pokracovat az do dosazeni
Uplné dekongesce a nastoleni euvolemie.?

Bolus vs. kontinudlini infuze

Dalsim rozhodujicim faktorem je i volba zplsobu podani
intravendzni diuretické terapie, a to bud formou poma-
lych bolusl, nebo kontinualni infuze.” V klinické praxi se
Casto zazité paradigma o vétsi ucinnosti kontinudlniho
zplsobu poddavani ukazuje jako chybné. Ve studii DOSE
bylo randomizovano 308 pacientld s akutnim srde¢nim se-
lhanim k diuretické terapii furosemidem, a to ve formé
pomalych bolust ¢i formou kontinualni infuze. Zaroven
doslo k rozdéleni pacientd do dvou skupin dle davky,
a to na skupinu dostavajici nizkou davku (i.v. furosemid
v ekvivalentni davce rovnajici se denni p.o. davce) a vyso-
kou davku (2,5x ekvivalent chronické davky)." Vysledkem
této studie bylo zjisténi, Ze mezi bolusovym a kontinual-
nim podanim nebyl statisticky signifikantni rozdil v cili
slozeném z hodnoceni celkovych symptomu srdec¢niho
selhani. Analyza skupin rozdélenych dle davek poukaza-
la na fakt, Ze agresivnéjsi diureticka terapie vedla k vétsi
diuréze a ulevé od symptomu, ovsem za cenu piechod-
ného vzestupu kreatininu — bez trvalého poskozeni led-
vin."" Neddvna metaanalyza navic ukazala Zze pfechodné
zvyseni kreatininu nebylo spojeno s vyssi kratkodobou
mortalitou, naopak stuperi dekongesce byl hlavnim pro-
gnostickym faktorem dlouhodobého prezivani u pacien-
ta propusténych z nemocnice pro epizodu dekompenzo-
vaného srdecniho selhani. Na podkladé vyse uvedenych
studii zUstavaji oba zpUsoby poddani pfijatelné s tpravou
davkovani dle klinické odpovédi.?

Sekvencni blokada nefronu

Dalsim zavaznym problémem, se kterym se pfi kompen-
zaci akutniho srde¢niho selhani v klinické praxi setkava-
me, je syndrom diuretické rezistence.’? Jednd se o stav,
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kdy i pres eskalaci davky klickového diuretika zUstava
diuretickd odpovéd nedostatecnd. V takovém pfipadé je
vhodné pridat diuretikum s jinym mechanismem ucinku
k navozeni tzv. sekvencni blokady nefronu.' Sekvencni
blokdda nefronu je terapeutickad strategie zalozena na
principu pouzivani diuretik s rozdilnym farmakodyna-
mickym mistem uUcinku. Pfi chronické lécbé klickovymi
diuretiky dochazi k adaptaci nefronu prostrednictvim
hypertrofie distalnich tubull a zvysené reabsorpce sodi-
ku v misté za Henleovou klickou.” Tento kompenzacni
mechanismus snizuje natriuretickou uc¢innost samotnych
klickovych diuretik.

Kombinaci klickovych diuretik s latkami pasobicimi na
jiné segmenty nefronu, jako jsou thiazidova (¢i thiazi-
ddm podobna) diuretika (hydrochlorothiazid, metolazon,
chlorthalidon), inhibitory karboanhydrazy (acetazolamid)
nebo inhibitory sodiko-gluk6zového kontransportéru (in-
hibitory SGLT), Ize postupné inhibovat rtizné useky reab-
sorpce sodiku. Tato synergickd blokada zvysuje natriuré-
zu a dekongesci i u pacientd, ktefi byli dfive rezistentni
na vysokoddavkovou terapii klickovymi diuretiky.®

Tento terapeuticky postup byl prozkouman fadou kli-
nickych studii, napf. studii CLOROTIC. Jednalo se o pro-
spektivni, dvojité zaslepenou, placebem kontrolovanou
studii, kterd na vzorku 238 pacientl ukazala, Ze pridani
hydrochlorothiazidu k intravenézni terapii klickovym diu-
retikem zlepsilo diuretickou odpovéd' a vedlo k vétsSimu
ubytku hmotnosti, aviak za cenu castéjsi hypokalemie
a zvyseni koncentrace kreatininu. V souladu s pfedchozi-
mi studiemi nemélo pridani thiazidového diuretika vliv na
90denni mortalitu ani na rehospitalizaci.' Pravé na zakla-
dé vysledkl studii zlep3ujicich diuretickou odpovéd bez
pfimého ovlivnéni mortality ¢i rehospitalizace je v soucas-
né dobé pridani thiazidového diuretika do managementu
pacientd s akutnim srdecnim selhanim doporuceno pre-
devsim u pacientt s nedostatecnou klinickou odpovédi na
klickova diuretika.>*

Dalsi farmakologickou moZnosti sekvencni blokady
nefronu je inhibice karboanhydrdzy. Studie ADVOR srov-
ndvajici pridani acetazolamidu v ddvce 500 mg i.v. denné
ke klickovému diuretiku ukazala, Ze pfidani acetazolami-
du vyznamné urychlilo dosazeni dekongesce a podpofilo
natriurézu ve srovnani s placebem.'” Toto zjisténi podpo-
ruje pouziti acetazolamidu jako dalsiho uc¢inného diure-
tika v pfidatné 1é¢bé u pacientl s akutnim srde¢nim se-
Ihanim s objemovym pretizenim, nereagujicim na béznou
[écbu klickovymi diuretiky.>4

Tolvaptan

Mezi dalsi skupinu [ékd s diuretickym ucinkem patfi an-
tagonisté vazopresinu. Jednd se o léky blokujici ucinky
hormonu vazopresinu (ADH) na V, receptory v ledvinach
a/nebo V, receptory v cévach, ¢imz zplsobuji vylucova-
ni Cisté vody (vodni diurézu) bez nadmérnych ztrat ion-
ta (predevsim Na).'® Mezi zndmé zdastupce antagonistt
vazopresinu patfi tolvaptan, selektivni V, antagonista,
a conivaptan, dualni V. /V, antagonista.'® Pravé tolvaptan
byl dlouhou dobu zvazovan jako alternativa k diuretické
terapii klickovymi diuretiky. Provedena studie EVEREST
nicméné ukazala, Ze uziti tolvaptanu v rdmci terapie sr-
decniho selhani sice zlepsuje koncentraci sodiku v séru
a podporuje Casny ubytek hmotnosti, aviak nezlepsuje

mortalitu ani nesnizuje riziko rehospitalizace pro srde¢ni
selhani.> Jeho pouziti by tak mélo byt zvazovdno prede-
vsim pri lé¢bé symptomatické hyponatremie, kterd nerea-
guje na jina standardni opatfeni.*

Ultrafiltrace

U velmi téZzkych pripadud kardiorenalniho syndromu nebo
refrakterni kongesce lze zvazit pfistoupeni k invazivnim
metodam, konkrétné k ultrafiltraci. Studie CARRESS-HF
u 188 pacientll srovnavala postupné se zvysujici farma-
koterapii s ultrafiltraci a poukazala na to, Ze invazivni
metoda byla horsi nez postupnd farmakologicka terapie
v kombinovaném cilovém ukazateli slozeném ze zmény
kreatininu a ubytku hmotnosti po 96 hodinach, a to pre-
devsim z dlvodu zhor3eni renalnich funkci.” Ultrafiltrace
by proto méla byt vyhrazena pouze pro peclivé vybrané
pfipady, u nichz selhaly optimalizované farmakologické

postupy.*

Chronické srdecni selhani
V managementu chronického srde¢niho selhani ma diu-
reticka terapie aktudlné své misto v udrzeni euvole-
mie a zmirnéni symptomu srdecniho selhani pfi pouziti
nejnizsi ucinné davky s védomim, Ze diuretika poskytu-
ji predevsim symptomatickou ulevu, nikoli modifikaci
onemocnéni.>* Volba klickového diuretika a davkovani
predstavuji zasadni otdzky v managementu chronického
srde¢niho selhani. Furosemid zUstava nejcastéji pouziva-
nym diuretickym pfipravkem.’ Jako mozna alternativa se
jevil jiz vyse zminény torsemid pro svou predvidatelnéjsi
biologickou dostupnost a delsi polocas, avsak rozsahla
randomizovand studie TRANSFORM-HF neprokazala mezi
torsemidem a furosemidem rozdil v celkové mortalité ani
v poctu rehospitalizaci.'™

Je doporuceno zadit s nizkou davkou a titrovat podle
hmotnosti a symptom(. Po dosazeni euvolemie je vhodné
pokusit se davku snizit, aby se minimalizovaly nezadou-
ci ucinky. Zaroven pro zmirnéni rebound fenoménu je
doporuceno denni davku pokud mozno rozdélit na vice
mensich davek.

Vyuziti animalniho modelu
pri studiu srdecniho selhani

Vétsina klinickych dat o pouziti klickovych diuretik u CHSS
vychazi ze studii, které nemély charakter prospektivnich
randomizovanych klinickych studii. Je to pravé diky jejich
vyraznému symptomatickému prinosu, ktery neumozriu-
je randomizaci pfi akutni dekompenzaci srde¢niho selha-
ni z etického hlediska. A prdvé v tomto kontextu muze
poslouzit zakladni vyzkum vyuzivajici animalni modely
srde¢niho selhani. Jednim z vhodnych modell je vyuziti
malych hlodavcl — potkand ¢&i mysi, umoznujicich pro-
vadét studie s dostatecnym poctem a statistickou silou
danych vysledkd. Tyto modely byly tradi¢né vyuzivany
predeviim pro zkoumani patofyziologickych mechanism
srde¢niho selhani, pfipadné jeho lé¢by. Nicméné s nardls-
tajici prevalenci srde¢niho selhdni se stale vétsi pocet vy-
zkumnych skupin vénuje translacnimu vyzkumu s pouzi-
tim celé skaly farmakoterapie srdecniho selhani, vcetné
diuretické terapie.
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Studie s vyuzitim animalnich modelt

V oblasti animdalnich modell srde¢niho selhdni s pouzi-
tim diuretické terapie byly provedeny studie, jejichz ci-
lem bylo poukazat na mortalitni efekt furosemidu.” Za
zminku stoji studie na modelu srde¢niho selhani na pod-
kladé infarktu myokardu navozeného podvazem levé
koronarni tepny u osmitydennich samcd potkan kmene
Wistar.?® Studie byla rozdélena na dvé faze, kdy v prvni
byl porovnavan ucinek lécby furosemidem s placebem.
V intervenované skupiné dostavali potkani standardni
davku diuretika (10 mg/kg/den) rozpusténého v pitné
vodé. Vysledkem této studie pak paradoxné bylo zhorse-
né prezivani v l1écené skupiné. Autofi vysledky vysvétluji
negativnim vlivem diuretické terapie na neurohumoralni
regulaci, konkrétné zvysenou aktivaci renin-angiotenzin-
-aldosteronového systému. Nicméné zajimavym vysled-
kem zUstava faze 2 této studie, kterd srovnavala prida-
ni inhibitoru angiotenzin konvertujictho enzymu (ACEI)
k terapii furosemidem. Tato faze jasné dokazala mortalit-
ni benefit kombinované terapie a do jisté miry prokazala
ovlivnitelnost negativni neurohumordlni aktivace.? Dalsi
studie vyuzivajici animalni modely srde¢niho selhani na
podkladé IM, myokarditidy ¢i chlopennich vad poskytuji
vysledky v souladu s predchozi studii i s klinickou praxi.?'2?

Model ACF

Pfi interpretaci vysledkt animalnich studii se vSak setkava-
me s podstatnym faktorem vyrazné modulujicim vysledky
dané studie, a to spravnou volbou animalniho modelu.
Existuji animalni modely srde¢niho selhani se snizenou
ejekéni frakci, avsak bez rozvoje kongesce.? Vétsina pra-
ci voli model srde¢niho selhani navozeny IM (konkrétné
podvazem levé koronarni tepny), model, ktery i kdyz
by se mohl na podkladé etiopatologického mechanismu
zdat jako vhodny, u zvifat simuluje prevazné projevy
nizkého srde¢niho vydeje nez plné vyjadiené kongesce.
A pravé stupen kongesce se zda byt jednim z hlavnich
predikujicich faktord dlouhodobé i kratkodobé mortali-
ty. Jako vhodnéjsi z tohoto pohledu, ale ve studiich mélo
pouzivany se jevi model srde¢niho selhdni na podkladé
aortokavalni pistéle (ACF). Jednd se o model s punkénim
vytvofenim aortokavalniho zkratu, v disledku ¢ehoz do-
chazi k objemovému pretizeni srdce. Vysledkem je srdec-
ni selhani s poklesem ejekéni frakce (EF) do ekvivalentni
urovné srde¢niho selhani s mirné snizenou EF (HFmrEF)
(pokles EF o 10-15 %) s projevy objemné pravostran-
né i levostranné kongesce s pfibyvanim na vaze, otoky
a echokardiografickou dilataci duté zily.?*?>

Zavér

Diuretickd terapie furosemidem zUstdva nadale zaklad-
nim kamenem symptomatické lécby srdecniho selhani,
a to jak v akutnim, tak v chronickém stadiu. Jejich hlav-
nim pfinosem je rychla uleva od projevld kongesce a zlep-
seni tolerance zatéze, bez doposud presvédcivych prika-
zU ovlivnéni dlouhodobé prognézy. Klicovym principem
je individualizace terapie — od volby pfipravku a zptsobu

podani pres titraci davky az po vyuziti sekvencni blokady
nefronu v pfipadech rezistence. Moderni studie (DOSE,
ADVOR, CLOROTIC) potvrdily vyznam optimalizované
diuretické strategie, zatimco prace jako CARRESS-HF po-
ukazaly na limity invazivnich metod. Guidelines ESC zdu-
raznuji cilené dosazeni euvolemie, pravidelné hodnoceni
efektu a bezpecnosti [écby a co nejnizsi ucinnou udrzova-
ci davku v chronické fazi. V oblasti animalniho vyzkumu
jsou vysledky studii do zna¢né miry v souladu s daty z hu-
manni mediciny, nicméné dalsi studie vyuzivajici vhodné
modely srdecniho selhani jsou stale zapotrebi.
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Aortokoronarni bypass (coronary artery bypass grafting, CABG) predstavuje i nadale zaklad chirurgického
feSeni komplexniho srde¢niho onemocnéni nebo pokrocilé ischemické choroby srdecni. Pfesto dlouhodoba
uspésnost CABG do velké miry zavisi na systematickém sledovani pacienta po vykonu na srdci. V ¢asné po-
operacni dobé se sledovani zaméruje na prevenci arytmii, stabilitu hemodynamickych pomérl a zjistovani
pfipadného perioperacniho poskozeni myokardu, pficemz dlouhodoba péce zahrnuje pozorovani funkce
$tépu, Upravu rizikovych faktorG a rehabilitaci. Novéjsi udaje upozoriuji na vyznam biomarkerd, jako jsou
NT-proBNP, galektin-3 a adropin, spolu s pouZivanim zobrazovacich metod, jako jsou ,speckle tracking”
echokardiografie a CT angiografie srdce. Multidisciplinarni model s celostnim pfistupem k pacientovi je
spojen s priznivéjsimi vysledky a vyssi kvalitou Zivota po CABG.

© 2026, CKS.

ABSTRACT

Coronary artery bypass grafting (CABG) remains the cornerstone surgical therapy for complex or advanced
coronary artery disease. Yet, the long-term success of CABG depends heavily on systematic postoperative
cardiac follow-up. Early evaluation focuses on arrhythmia prevention, hemodynamic stability, and detection
of perioperative myocardial injury, whereas long-term care integrates graft surveillance, risk-factor modifi-
cation, and rehabilitation. New data highlight biomarkers such as NT-proBNP, galectin-3, and adropin, toge-
ther with imaging modalities like strain echocardiography and cardiac CT angiography. A multidisciplinary,
patient-centered model ensures better outcomes and quality of life after CABG.

is influenced by multiple factors, including graft selection,

Introduction

surgical technique, and patient adherence. In particular,
the increasing use of arterial conduits such as the left and

Coronary artery bypass grafting (CABG) remains the cor-
nerstone surgical approach for patients with advanced
multivessel coronary artery disease (CAD), significant
left main stenosis, or anatomically complex lesions not
suitable for percutaneous coronary intervention (PCl).
Although percutaneous techniques and stent technolo-
gy have improved markedly, CABG continues to provide
superior long-term outcomes, particularly in diabetic po-
pulations and those with diffuse atherosclerosis. Several
major randomized trials and meta-analyses confirm the
survival advantage and reduced need for repeat revascu-
larization with CABG compared to PCl.2

Beyond restoring coronary perfusion, CABG enhances
ventricular function, alleviates angina, and improves over-
all quality of life. However, the long-term success of CABG

right internal mammary arteries and the radial artery has
substantially improved long-term patency compared with
saphenous vein grafts. Recent evidence supports total ar-
terial revascularization (TAR) as an emerging strategy that
enhances survival and reduces late graft failure.

Within this surgical framework, systematic postopera-
tive cardiovascular follow-up remains essential for op-
timizing secondary prevention, monitoring ventricular
function, and ensuring long-term graft performance.
The postoperative period should therefore be regarded
as a clinical continuum, beginning with hemodynamic
stabilization in the early phase and extending to lifelong
surveillance. Throughout this trajectory, cardiologists play
a pivotal role in ensuring graft patency, preventing recur-
rent ischemia, and managing secondary prevention.
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Post-CABG Cardiac Follow-Up and Rehabilitation

Postoperative management targets three main objec-
tives: (a) the early identification and prevention of com-
plications such as atrial fibrillation, tamponade, and low-
output syndrome; (b) optimization of medical therapy and
risk-factor control to prevent disease progression in graft-
ed and native vessels; and (c) promotion of functional re-
covery through structured cardiac rehabilitation programs.

In recent years, advances in cardiovascular imaging and
circulating biomarkers have significantly refined risk as-
sessment following CABG. Biomarkers such as high-sensi-
tivity troponin, NT-proBNP, galectin-3, and adropin offer
insights into myocardial injury, ventricular stress, fibrosis,
and endothelial function, respectively.> In parallel, imag-
ing modalities including strain echocardiography, three-
dimensional echocardiography, and coronary computed
tomography (CT) angiography enable the noninvasive
evaluation of ventricular mechanics and graft patency.
The integration of these diagnostic parameters supports
early detection of subclinical dysfunction and timely in-
tervention, leading to improved patient outcomes.

Equally important is the implementation of multidisci-
plinary, patient-centered care models. Collaboration be-
tween cardiologists, cardiac surgeons, physiotherapists,
dietitians, and psychologists provides a holistic frame-
work that addresses physical recovery, psychological
well-being, and lifestyle adherence. This comprehensive
approach reduces hospital readmissions and enhances
long-term prognosis.

This review aims to consolidate the current evidence
regarding postoperative cardiac follow-up after CABG,
emphasizing structured surveillance, risk modification,
biomarker-based assessment, and rehabilitative strate-
gies. By aligning clinical practice with the latest ESC/
EACTS recommendations, clinicians can optimize graft
longevity, preserve ventricular function, and improve sur-
vival in patients undergoing surgical revascularization.

Early postoperative follow-up

The first 48-72 hours after surgery are crucial for identi-
fying complications that influence long-term prognosis.
Continuous ECG monitoring detects arrhythmias especi-
ally atrial fibrillation (AF) which affects 25-40% of CABG

patients. Early administration of beta-blockers and co-
rrection of electrolyte imbalances reduce AF incidence.

Myocardial injury and biomarker monitoring
Biomarker assessment in the early postoperative period
should be guided by clinical findings rather than perfor-
med routinely. High-sensitivity troponin should be mea-
sured only when perioperative myocardial infarction is
suspected, as postoperative elevations are common after
cardiac surgery and may not indicate true ischemic injury.
CK-MB testing has been removed from the recommenda-
tions due to its limited added value in this setting.

In contrast, electrolyte monitoring especially serum po-
tassium and magnesium is essential during the first 48-72
hours, as disturbances significantly increase the risk of
postoperative atrial fibrillation. Persistent postoperative
troponin elevation is linked to higher mortality and pro-
longed hospitalization.?

Hemodynamic and echocardiographic
assessment

Echocardiography remains a cornerstone in the early pha-
se, allowing assessment of ventricular function, wall-moti-
on abnormalities, pericardial effusion, and hemodynamic
stability.® Parameters such as ejection fraction and global
longitudinal strain (GLS) provide valuable prognostic in-
formation. In hemodynamically unstable patients, transe-
sophageal echocardiography assists in detecting tampo-
nade or graft failure. Recommended evaluations for the
early and intermediate phases are summarized in Table 1.

Pharmacologic optimization

Prompt initiation of secondary prevention drugs aspirin,
statins, beta-blockers, and ACE inhibitors is essential for
improving outcomes.” Dual antiplatelet therapy (DAPT)
with aspirin and clopidogrel can enhance saphenous vein
graft patency in selected cases.®

Intermediate and long-term follow-up

The first year after CABG represents a decisive period for
consolidating recovery and optimizing long-term out-
comes. Structured follow-up visits every 3-6 months are

Table 1 - Recommended follow-up assessments after CABG surgery

Time period Recommended assessment
0-48 hours e Continuous ECG monitoring
e Serum electrolytes (K*, Mg?*)
¢ High-sensitivity troponin only if perioperative Ml is
suspected
e Echocardiography when clinically indicated
1-6 months e Clinical follow-up visit
e Stress testing only for symptoms or high ischemic risk
¢ Lipid and glucose monitoring
6-12 months e Coronary CT angiography only when clinically
indicated
>1 year e Annual clinical visit

e Echocardiography in symptomatic or high-risk patients

e Biomarkers (e.g., NT-proBNP) selectively

Clinical objective

e Early detection of arrhythmias

¢ AF prevention via electrolyte optimization

¢ |dentification of suspected myocardial injury

e Assessment of LV function and pericardial effusion

¢ Management of secondary prevention
* Symptom evaluation
¢ Optimization of therapy

¢ Non-invasive evaluation of graft patency when
justified clinically

e Long-term LV function monitoring
¢ Heart failure risk assessment
¢ Individualized surveillance
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recommended to evaluate symptoms, adjust therapy, and
monitor comorbidities.®

Clinical and functional surveillance

Non-invasive ischemia testing treadmill ECG, stress echo-
cardiography, or myocardial perfusion imaging should
be performed selectively in symptomatic or high-risk pa-
tients.”® Intermediate follow-up should be individualized
and guided by symptoms, functional status, and overall
clinical risk. Non-invasive ischemia testing such as tread-
mill ECG, stress echocardiography, or myocardial perfusi-
on imaging should be performed only in patients with
recurrent symptoms or those considered at higher risk of
ischemia (Table 1).

Coronary CT angiography may be useful for evaluating
graft patency; however, it should not be performed rou-
tinely. Instead, CT imaging should be reserved for cases
in which graft dysfunction is clinically suspected, stress
testing is abnormal, or new ischemic symptoms develop.
Avoiding unnecessary radiation exposure in asymptom-
atic patients is an important consideration.

Risk factor modification and secondary pre-
vention

Effective secondary prevention is vital for maintaining
graft patency. Blood pressure should be maintained be-
low 130/80 mmHg, LDL cholesterol below 55 mg/dL, and
HbA, below 7% in diabetic patients.” High-intensity sta-
tins remain the foundation of lipid-lowering therapy and
may be combined with ezetimibe or PCSK9 inhibitors to
achieve optimal targets."

Antithrombotic therapy

Aspirin (75-100 mg daily) is the standard therapy fo-
llowing CABG. Dual antiplatelet therapy for 6-12 months
may be beneficial for patients with SVGs or recent acute
coronary syndromes.'? For patients with concurrent atri-
al fibrillation requiring oral anticoagulation, short-term
triple therapy (<1 month) followed by oral anticoagu-
lant plus single antiplatelet is recommended to minimize
bleeding risk."

Cardiac rehabilitation

Comprehensive cardiac rehabilitation (CR) is a multidis-
ciplinary intervention that promotes physical, psycho-
logical, and social recovery. Participation in CR reduces
mortality by approximately 25% and significantly impro-
ves functional capacity and adherence to therapy.'” The
rehabilitation process is illustrated in Figure 1 and sum-
marized below.

Physical rehabilitation

CR consists of three sequential but overlapping phases:

* Phase | (In-hospital): Begins within 24-48 hours after
extubation once the patient is hemodynamically stable.
The aim is early mobilization, prevention of pulmonary
complications, and patient education about sternal pre-
cautions and wound care.

* Phase Il (Supervised outpatient, 6-12 weeks): Involves
ECG-monitored aerobic exercise 3-5 times per week,

Post-CABG follow-up
algorithm

!

Early follow-up
Hemodynamics, biomarkers
(e.g., troponin, CK-MB)
EKG, AF management,
echocardiography

!

Intermediate follow-up
Symptom monitoring stress
testing
Graft patency assessment
(e.g. CT angiography)
Risk factor modification

v

Long-term follow-up
Cardiac rehabilitation
Lifestyle changes biomarkers,
imaging

v

Multidisciplinary care

Fig. 1 - Multidisciplinary care.

with each session lasting 30-45 minutes. The target in-
tensity is 60-80 % of the maximal heart rate, with gra-
dual progression. Resistance training may begin 8-12
weeks postoperatively once the sternum has healed.

* Phase Ill (Maintenance and lifestyle): Focuses on life-
long adherence to exercise, dietary measures, and phar-
macological therapy. Remote telemonitoring programs
are particularly useful for elderly or geographically di-
stant patients.’

Psychological and behavioral rehabilitation

Psychological recovery is a crucial but often neglected
aspect of postoperative care. Depression and anxiety
are reported in up to 40% of CABG survivors, and both
conditions adversely affect prognosis.” Structured inter-
ventions such as cognitive-behavioral therapy (CBT), min-
dfulness, and stress management programs have proven
to improve mood and compliance. The use of validated
screening tools like the Hospital Anxiety and Depression
Scale (HADS) or the Patient Health Questionnaire-9 (PHQ-
9) is recommended during follow-up. When needed, se-
lective serotonin reuptake inhibitors (SSRIs) such as sertra-
line are preferred because of their cardiac safety profile.

Education and lifestyle modification

Education is the foundation of successful rehabilitation.
Patients and families should receive counseling regar-
ding diet (e.g., Mediterranean diet), medication adhe-
rence, and early recognition of ischemic or heart failure
symptoms. Lifestyle changes: smoking cessation, weight
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control, and moderation of alcohol are reinforced du-
ring follow-up visits. Motivational interviewing enhances
long-term commitment to behavioral change.

Biomarkers and imaging modalities

In long-term follow-up after CABG, biomarker and ima-
ging assessments should be guided by clinical context
rather than performed routinely. Among circulating bio-
markers, NT-proBNP remains the most clinically relevant
parameter, providing information on ventricular wall
stress and the risk of heart failure related events.* High-
-sensitivity troponin may be useful when there is a clinical
suspicion of myocardial injury but has no role in routine
surveillance.?

Other biomarkers such as galectin-3 and adropin are
currently considered investigational.> Although galec-
tin-3 may offer prognostic insight into myocardial fibro-
sis, it does not influence treatment decisions, and routine
measurement is not recommended. Similarly, adropin has
been associated with endothelial dysfunction and graft
atherosclerosis in research settings, but its clinical appli-
cability remains limited.'®

Regarding imaging modalities, standard transthoracic
echocardiography continues to be the primary tool for
evaluating ventricular function and structural abnormali-
ties during follow-up. Strain echocardiography can detect
subtle myocardial dysfunction; however, its use is largely
confined to research environments and selected special-
ized centers. Coronary CT angiography may aid in assess-
ing graft patency but should be reserved for patients with
symptoms, abnormal stress testing, or clinical suspicion of
graft failure rather than applied routinely.

These parameters are summarized in Table 2.

Multidisciplinary care and future perspectives

The success of CABG depends not only on surgical skill
but also on comprehensive, coordinated postoperative
management. Effective long-term outcomes are achie-
ved through close collaboration among cardiac surgeons,
cardiologists, nurses, physiotherapists, nutritionists, and
psychologists.”

Multidisciplinary cardiac care models improve medi-
cation adherence, lifestyle modification, and patient
satisfaction while reducing rehospitalization rates. The
cardiologist plays a central role in coordinating this care
continuum—integrating pharmacological management,
imaging surveillance, and rehabilitation progress.

Telemedicine and digital health technologies now en-
able remote ECG and hemodynamic monitoring, facilitat-
ing early detection of arrhythmias and heart failure de-
compensation.™ Mobile applications that track vital signs,
exercise data, and medication adherence have proven
effective in improving compliance and reducing adverse
events. In addition, artificial intelligence algorithms ap-
plied to cardiac imaging and clinical data are emerging
as powerful tools for predicting graft patency, ventricular
recovery, and long-term prognosis.”

The future of CABG follow-up lies in personalized med-
icine a combination of clinical data, imaging parameters,
biomarker profiles, and patient-reported outcomes. This
integrative approach supports risk prediction and proac-
tive management, improving both survival and quality of
life in surgical revascularization patients.

Conclusion

Coronary artery bypass grafting remains a fundamen-
tal treatment for advanced coronary artery disease, and
long-term outcomes are shaped by several key factors,
including graft selection, surgical technique, and patient
adherence to secondary prevention. Contemporary stra-
tegies increasingly emphasize the use of arterial condu-
its and total arterial revascularization, which have been
shown to enhance long-term graft patency and survival.

Within this surgical foundation, structured postopera-
tive follow-up continues to play an essential supporting
role. Early identification of complications, optimization
of medical therapy, careful management of cardiovascu-
lar risk factors, and participation in cardiac rehabilitation
all contribute meaningfully to recovery and long-term
stability. Follow-up imaging and biomarker assessments
should be individualized and performed only when clini-
cally indicated.

A multidisciplinary and patient-centered approach in-
tegrating cardiac surgery, cardiology, rehabilitation, and

Table 2 - Biomarkers and imaging modalities in long-term follow-up

Parameter Clinical utility

hs-troponin Detection of myocardial injury when clinically
suspected

NT-proBNP Assessment of ventricular wall stress and HF risk

Echocardiography (standard)

Coronary CT angiography
suspicion are present

Strain echocardiography
Galectin-3

Adropin
atherosclerosis

Evaluation of LV function, chamber size, effusion

Assessment of graft patency when symptoms or

Detection of subtle LV dysfunction
Marker of myocardial fibrosis; prognostic only

Endothelial function; associated with graft

Status

Routine clinical use (selective)

Routine clinical use (selective)
Routine clinical use

Selective clinical use

Research/investigational (not routine)
Research/investigational

Research/investigational
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preventive care remains central to achieving the best pos-
sible outcomes. As techniques and evidence evolve, in-
dividualized and judicious follow-up strategies will help
ensure durable graft performance and improved quality
of life after CABG.
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Pri 1éCbé pacientl s fibrilaci sini si 1ékar v klinické praxi musi vybrat mezi pouZzitim antagonistl vitaminu
K (VKA), jako je warfarin, a novymi peroralnimi antikoagulancii. Podle observa¢nich studii byly hodnoty me-
zindrodniho normalizovaného poméru (international normalised ratio, INR) pacientd lécenych podavanim
VKA déle mimo terapeutické rozmezi (TTR < 60 %). Pfi pouziti béznych klinickych kritérii maze skdrovaci
systém SAMe-TT2R2 pomoci zjistit, zda bude podavéani VKA pro pacienta pfinosné. Skére SAMe-TT2R2 s hod-
notami 0-1 by mélo ukazovat na pfinos pouzivani VKA, zatimco skére 2 mize svédcit o nepfiznivé hodnoté
TTR. Budeme zkoumat, jak spolehlivy je skérovaci systém SAMe-TT2R2 pfi vybéru peroralnich antikoagulan-
cii pro pacienty s fibrilaci sini a zda se vyzkum z posledni doby shoduje s nasimi vysledky.

© 2026, CKS.

ABSTRACT

Clinicians must select between vitamin K antagonists (VKA) like warfarin and non-VKA oral anticoagulants
for atrial fibrillation patients. According to observational studies, VKA patients have had international nor-
malised ratio (INR) values outside the time in therapeutic range (TTR <60%) for a long period of time. Based
on common clinical criteria, the SAMe-TT2R2 score may help evaluate whether a VKA will work for a patient.
SAMe-TT2R2 scores of 0-1 should perform well on a VKA, whereas values of 2 may result in inadequate TTR.
We will examine how consistent the SAMe-TT2R2 score is in selecting oral anticoagulants for atrial fibrilla-
tion patients and how recent research reinforces this.

Introduction

clinically significant stroke risk factors. For those with one
stroke risk factor, OAC stroke prevention is next. Thus,

Most sustained arrhythmias are atrial fibrillations (AF).
1.5-2% of the industrialised world has AF, rising to 15%
in people over 75. Preventing AF's fivefold stroke risk is
crucial. Thus, after discussing the patient’s values and pre-
ferences, antithrombotic medication should be individua-
lised. Oral anticoagulation (OAC) prevents stroke in risky
AF patients. Next, the physician must assess the danger
of significant bleeding versus the benefit of minimising
thromboembolism. For non-valvular AF thromboprophy-
laxis, simple risk stratification scores are routinely used.'3
AF patients’ stroke risk was assessed using the CHA DS,
-VASc score. Compared to CHADS,, this score covers more

male patients with CHA,DS,-VASc = 1 may balance stroke
risk and bleeding risk with oral anticoagulants (Class lla
recommendation).*

The SAMe-TT2R2 Score

The SAMe-TT2R2 Score is a risk assessment tool used in
the management of patients with AF who require an-
ticoagulation therapy, specifically oral anticoagulants
like warfarin or direct oral anticoagulants (DOACs). The
SAMe-TT2R2 Score is used to evaluate the risk of poor an-
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ticoagulation control in AF patients who are prescribed
warfarin. It helps determine the likelihood of achieving
a time in therapeutic range (TTR) of less than 65%. TTR
represents the proportion of time during which a patien-
t's INR is within the target range.

The components of the SAMe-TT2R2 Score are as fol-
lows:

S: Sex (female gender),

A: Age (= 65 years),

M: Medical history (more than two comorbidities),

E: Ethnicity (non-Caucasian),

T: Treatment (interacting medications, e.g., amioda-
rone for rhythm control),

T: Tobacco use (smoking).

Each component is assigned one point, and the to-
tal score can range from 0 to 6. A higher score indicates
a higher risk of poor anticoagulation control.

The SAMe-TT2R2 Score helps identify patients who
may require closer monitoring or alternative anticoagu-
lation strategies to optimize their treatment and reduce
the risk of complications associated with AF, such as
stroke. However, it's important to note that this score is
primarily applicable to patients on warfarin therapy and
may not have the same relevance for patients on DOAGs.
As always, healthcare professionals should consider the
individual patient’s characteristics and consult guidelines
or expert recommendations for proper management. Our
aim is to review how consistent the SAMe-TT2R2 score is
in the selection of oral anticoagulants in patients with
atrial fibrillation and to what extent new studies empha-
sise this.

Vitamin K antagonists therapy practicalities

Warfarin and non-vitamin K antagonist oral anticoagu-
lants (NOAGs) prevent strokes. Vitamin K antagonists
(VKAs) cut stroke risk by 64% and all-cause mortality by
26% in AF. VKA is excellent for AF with a 2.0-3.0 INR.
Dosage modification needs frequent coagulation moni-
toring. Medication interactions, vitamin K intake, hepa-
tic impairment, compliance, and alcohol intake impact
VKA dose response. Nonadherence is a primary reason
VKA anticoagulation fails. VKAs increase bleeding, blo-
od monitoring, and drug-drug or drug-food interactions.
Non-adherence, medication cessation, and INR problems
result. Ischemic stroke risk rises with anticoagulation dis-
continuation.>”’

The mismatch in stroke risk associated with AF has led
to NOAGs replacing VKAs in the prevention of thrombo-
embolism and being similarly effective in the prevention
of ischemic stroke with less intracranial bleeding and
drug interactions. Compliance, health, and illness may
quickly and permanently change anticoagulant control.
INRs below 2.0 and above 3.5 promote ischemic episodes
and cerebral haemorrhage.®"

One comprehensive study found that VKA-treated
individuals had INR levels well beyond the therapeutic
range. Anticoagulation management quality is measured
by time in therapeutic range (TTR). A higher TTR (>70%)
is associated with fewer adverse events (thromboembo-
lism, haemorrhage) in VKA patients. Compared to in-

dividuals with excellent anticoagulation management,
those with TTR less than 35% had a fourfold higher mor-
tality risk. Poor TTR (40%) increases stroke risk compared
to untreated individuals. A high TTR reduces stroke and
bleeding risks.'>™3

Other methods define anticoagulation control qual-
ity. All clinical methods have benefits and downsides.
The Rosendaal method estimates TTR by assuming linear
changes between INR measurements and interpolating
values not observed. The percentage of INRs within the
therapeutic range (PINRR) method divides the total num-
ber of visits by the number with INR values between 2
and 3. PINRR still matches Rosendaal. Rosendaal TTR and
PINNR differ despite their association (r = 0.99; p = 0.001).
Few studies mention TTR and INR range percentages.''

Many trials demonstrate poor anticoagulation control.
One multicenter European study randomised participants
to a computer-generated dose or traditional administra-
tion. Computer-dosed patients had 63% TTR, whereas
conventional patients had 53.2%. CALIFA, a countrywide,
multicenter, observational, cross-sectional, retrospective
investigation of AF patients having VKA at Spanish cardi-
ology clinics, found that 47.3% had poorly managed an-
ticoagulation and the mean TTR was 63.8%. NOACs may
help experienced VKA patients with inadequate control.'®
NOAC's pharmacodynamic and pharmacokinetic prop-
erties imply more stable anticoagulation. NOACs have
fewer food and pharmaceutical interactions than VKAs;
therefore, laboratory anticoagulation monitoring is un-
necessary."”

Clinical decision-making: NOAC vs VKA
with excellent TTR?

Some healthcare systems need a 3- to 6-month “trial of
VKA" or “warfarin stress test” to measure TTR. TTR deter-
mines NOAC reimbursement. Warfarin testing in AF pati-
ents may raise stroke risk during treatment.'®' Warfarin
increased ischemic stroke risk by 71% in 30 days, peaking
in the first few weeks, according to Azoulay et al.?® INR
fluctuations and poor TTR upon commencement may ex-
plain this early risk. Some physicians may have estimated
whether a VKA would work for them. A Swedish regist-
ry indicated that 45% of patients did not have enough
warfarin to last 80% of the risk period, and 16-21% quit
within the first year, followed by 8-9% annually.?'2

INR control might improve. Understanding anticoagu-
lant medicine improves INR values. Education may help
atrial fibrillation patients manage anticoagulation. Self-
monitoring improved TTR and thromboembolic events
but not severe bleeding or death in an individual patient-
data meta-analysis of self-management trials. Metaanal-
yses show that self-managing oral anticoagulants are
equivalent to clinic treatment.?

Apostolakis et al.?* internally validated the SAMe-
TT2R2 score using data from the US-Canada Atrial Fibril-
lation Follow-up Investigation of Rhythm Management
(AFFIRM) study, a randomised, multicenter trial of 4060
patients with non-valvular AF at high risk of stroke or
death. In 1089 warfarin-treated AF patients, Poli et al.?®
validated that the SAMe-TT2R2 score predicted a good
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TTR (74%), a lower TTR (68%), no adverse events, and
a decreased mean TTR (p <0.006).

In the Loire Valley Atrial Fibrillation Study, 8120
VKA-treated patients with labile INR had a significantly
higher mean SAMe-TT2R2 score, which increased their
risk of stroke or thromboembolism, severe bleeding,
major haemorrhage, and death. Non-VKA users had no
predicted SAMe-TT2R2 score.?® Skov et al.?’ observed no
significant correlation between SAMe-TT2R2 score and
TTR in a limited (and perhaps underpowered) group of
AF patients in a high-quality anticoagulation clinic (aver-
age TTR 76%). Gallego et al.?® confirmed the SAMe-TT2R2
score in 972 consecutive AF patients on acenocoumarol
instead of warfarin. High baseline SAMe-TT2R2 scores
indicated poor anticoagulation management, which in-
creased bleeding, adverse cardiovascular events, and
death (p <0.001).

Another Spanish study by Abumuaileq et al.?® retro-
spectively tested SAMe-TT2R2 in 911 outpatients with
non-valvular AF. SAMe-TT2R2 was associated with major
bleeding, thromboembolism complications, and death (p
= 0.03), and the mean PINRR decreased from high to low
scores (p = 0.001). PINRR replaced Rosendaal in this re-
search. PINRR was fast and didn’t need a computer, but
it's not interchangeable with TTR. Roldan et al.* validat-
ed SAMe-TT2R2 in “real-world” VKA-initiated anticoagu-
lation-naive patients. SAMe-TT2R2 scores <2 were linked
with increased mean TTR (p = 0.001). SAMe-TT2R2 score
2 had a 2.10 odds ratio for low TTR (95% CI 1.44-3.06,
p <0.001). Ruiz-Ortiz et al.3' confirmed SAMe-TT2R2 in
CALIFA. VKA preceded inclusion. 1056 individuals with
scores 0—1 showed substantially higher mean TTR values
than those with 0-2 and >2. The SAMe-TT2R2 score may
also identify labile INRs based on various criteria (e.g.,
TTR <65%; 2 INR values higher than 5 or 1 higher than 8
in the previous 6 months; 2 INR values less than 1.5 in the
last 6 months; PINRR <65%).

Realistic concerns

SAMe-TT2R2 was originally developed to predict severe
TTR outliers in anticoagulated patients; however, recent
research has shown that it also predicts labile INR and its
implications. Thromboembolism, death, bleeding, and
cardiovascular events are examples. In non-VKA patients,
the score was unpredictive. Clinical risk ratings typically
have a c-statistic of 0.6-0.7. CHADS, and CHA DS -VASc
have comparable c-statistics for AF stroke risk classifica-
tion.??

Demographics, study settings, and VKA types may ex-
plain these disparities. SAMe-TT2R2 has only been vali-
dated in Caucasian cohorts; hence, other ethnic groups
must be tested. Individual TTR ranges from 50% in East-
ern Europe to 63% in Asia and 64% in Western Europe,
Canada, and the US. Women have weaker SAMe-TT2R2.
VKAs protect women against stroke, while sex-related
variations cause more. Women, especially those over 75,
had a greater stroke risk than men, independent of risk
profile or warfarin usage, according to many studies.
Research shows women adhere to warfarin better than
men. In younger women, menstrual hormones might im-

pact anticoagulation, and small bleeds can halt therapy.
SAMe-TT2R2 >2 only weakened anticoagulant control in
younger females.33-3¢

NOACs are safer and more effective for women than
men, according to RE-LY, ARISTOTLE, and ROCKETAF.>”
Non-Caucasians score 2 — why? Apostolakis et al.?> ob-
served that race and socioeconomic status may alter TTR.
Westerners had more INRs of 2.0-3.0 than Asians. Asian
warfarin-treated AF patients had a 4.06 HR for cerebral
haemorrhage compared to whites in a retrospective co-
hort study. Asians bled more than non-Asians in RE-LY,
ROCKET-AF, and ARISTOTLE. Asian RE-LY participants had
a mean TTR of 54.5% and non-Asians 66.2%, with 35.4%
INR <2.0 (non-Asians 19.8%). SAMe-TT2R2 contains race
since it affects anticoagulation.®

Patients should be assessed for effective anticoagu-
lation therapy or NOAC usage using SAMe-TT2R2. Add-
ing alcohol excess, liver or renal disorders, etc., may in-
crease the SAMe-TT2R2 score’s predictive value. A patient
with a decent TTR may benefit from a VKA based on the
SAMe-TT2R2 score. If a strong TTR is improbable (SAMe-
TT2R2 score >2), start the patient on a NOAC or provide
education, clinical testing, and follow-up. This treatment
requires prospective clinical studies.

Recent studies

Nonvalvular AF (NVAF) and coronary heart disease (CHD)
patients with the ABC (age, biomarkers, clinical history)
bleeding score and SAMe-TT2R2 score may bleed after
anticoagulation. In NVAF and CHD patients, the SAMe-
-TT2R2 score may need to be raised to 4 or 5, and the ABC
bleeding score predicts bleeding better.> In warfarin-tre-
ated NVAF patients, SAMe-TT2R2 alone predicted poor
TTR. Low C-statistics may limit score discrimination.*® The
SAMe-TT2R2 score predicted poor INR control in VKA-tre-
ated VTE patients but was not predictive. The score’s cli-
nical decision-making value requires more investigation.*'

CHA,DS,-VASc and SAMe-TT2R2 scores predicted 1-year
atrial fibrillation on vitamin K antagonists after radiofre-
quency catheter ablation (RFCA). At least 3 CHA,DS,-VASc
and 5 SAMe-TT2R2 levels indicated atrial fibrillation re-
currence.”? Digoxin is widely used to treat heart failure
and AF, despite the therapeutic range’s (oTR) mortality
concerns. In this study, modified SAMe-TT2R2 predicted
the oTR. This score may help doctors identify digoxin-
responsive patients.”* SAMe-TT2R2 could not predict an-
ticoagulation control in Qatari warfarin-treated venous
thromboembolism (VTE) patients. Other clinical factors
and scores may enhance anticoagulant control predic-
tion.* In another study, the SAMe-TT2R2 score predicted
poor anticoagulation in Qatari patients.*

SAMe-TT2R2 >3 VKA patients had more adverse
events, haemorrhage, and thrombosis. Trial TTR was pre-
dicted badly by the score.*® SAMe-TT2R2 identified war-
farin-resistant Australians without race. Australian clini-
cians may use the SAMe-TT2R2 score to identify patients
who need additional warfarin therapy, such as a warfarin
care programme (WCP).*” SAMe-TT2R2 predicts a low TTR,
but only slightly. Its clinical impact on patients is too lit-
tle.® Hwang et al.* imply the SAMe-TT2R2 score predicts
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Table 1 - The main topic points of recent studies

Reference Authors Subjects
no.
5 Gallagher et al. Patients with atrial

fibrillation

20 Azoulay et al. Patients with atrial
fibrillation

22 Skeppholm et al. Patients with atrial
fibrillation

23 Apostolakis et al. Patients with atrial
fibrillation

39 Du et al. Patients with nonval-
vular atrial fibrillation

40 Krittayaphong et al. Thai population with
atrial fibrillation

41 Del-Toro-Cervera et al.  Patients with venous
thromboembolism

42 Zhao et al. Nonvalvular atrial
fibrillation patients

43 Karatas et al. Patients who were un-
der digoxin treatment.

44 Alhmoud et al. Patients with venous
thromboembolism

45 Elewa et al. Qatari patients treated
with warfarin

46 Incomenoy et al. Patients on vitamin
K antagonists

47 Bernaitis et al. Australian population
with atrial fibrillation

48 van Miert et al. 16 studies (meta-analy-
sis)

49 Hwang et al. Patients receiving chro-

nic anticoagulation

Main theme
Anticoagulation management reduced stroke risk.

Warfarin increased ischemic stroke risk by 71% in 30 days, peaking in
the first few weeks.

Prescription data may compare group warfarin adherence to new
oral anticoagulants. A large warfarin-treated atrial fibrillation sample
showed low adherence, requiring improvements.

Oral anticoagulant self-management was comparable to clinic
management. Self-management reduced significant consequences and
small haemorrhages.

Nonvalvular AF (NVAF) and coronary heart disease (CHD) patients with
the ABC (age, biomarkers, clinical history) bleeding score
and SAMe-TT2R2 score may bleed after anticoagulation.

In warfarin-treated NVAF patients, SAMe-TT2R2 alone predicted poor
TTR. Low C-statistics may limit score discrimination.

The SAMe-TT2R2 score predicted poor INR control in VKA-treated VTE
patients but was not predictive.

CHA,DS,-VASc and SAMe-TT2R2 scores predicted 1-year atrial fibrillation
on vitamin K antagonists after radiofrequency catheter ablation (RFCA).
At least 3 CHA,DS,-VASc and 5 SAMe-TT2R2 levels indicated atrial
fibrillation recurrence.

Digoxin is widely used to treat heart failure and AF, despite the thera-
peutic range’s (0TR) mortality concerns. In this study, modified SAMe-
-TT2R2 predicted the oTR. This score may help doctors identify digoxin-
-responsive patients.

SAMe-TT2R2 could not predict anticoagulation control in Qatari war-
farin-treated venous thromboembolism (VTE) patients. Other clinical
factors and scores may enhance anticoagulant control prediction.

The SAMe-TT2R2 score predicted poor anticoagulation in Qatari
patients.

SAMe-TT2R2 >3 VKA patients had more adverse events, haemorrhage,
and thrombosis. Trial TTR was predicted badly by the score.

SAMe-TT2R2 identified warfarin-resistant Australians without race. Aus-
tralian clinicians may use the SAMe-TT2R2 score to identify patients who
need additional warfarin therapy, such as a warfarin care programme.

SAMe-TT2R2 predicts a low TTR, but only slightly.

The SAMe-TT2R2 score predicts extended-interval warfarin follow-up
success, but additional study is required.

extended-interval warfarin follow-up success, but addi-
tional study is required. The main topic points of recent
studies are shown in Table 1.

Conclusion

SAMe-TT2R2 may help identify individuals at high risk
of poor anticoagulation control and enhance their an-
ticoagulation medication. This score should be done
before commencing anticoagulant treatment to iden-
tify clinical factors linked to poor INR control that phy-
sicians may address (e.g., interacting drugs) or monitor
more often.
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Uvod

Vrozena srdecni vada (VSV) je nejcastéjsi vyvojovou va-
dou vedouci k umrti v détském véku."? Jeji prevalence se
udava mezi 4-13 na 1 000 Zivé narozenych déti, v Ceské
republice se pfi prevalenci 7 na 1 000 Zivé narozenych déti
jednd o 500-600 déti narozenych s VSV, z toho 200-300
narozenych s kritickou VSV.23 Strukturdlni vady srdce jsou
nejcastéji nerozpoznanou vrozenou vadou v prenatdlnim
screeningu vlbec. Sprdvnd prenatdlni detekce mize zlep-
it prognézu fady vrozenych srdec¢nich vad,*’ program
prenatalni kardiologie ma i vyznamné ekonomické dopa-
dy, at jiz v dasledku ukoncovani téhotenstvi s komplexné
postizenymi plody, nebo pro vyrazné nizsi vyskyt kompli-
kaci u vcas diagnostikovanych a Ié¢enych pacient0.®

Prenatdlni ultrazvukovy screening vrozenych srdecnich
vad byl v Ceskoslovensku formélné zalozen jako v jedné
z prvnich zemi rozvinutého svéta v roce 1986,” zakladni
metodika ultrazvukového vysetieni,® prvni vysledky de-
tekce VSV? a korelace s pitevnimi nalezy potracenych plo-
du se zavaznym postizenim'® ovéfily vysokou diagnostic-
kou spolehlivost ultrazvukového vysetreni od Il. trimestru
téhotenstvi. V té dobé byl vznikajici celondrodni prena-
talni screening pIné hrazen statem jako jedinym poskyto-
vatelem zdravotni péce v tehdejsim Ceskoslovensku.

V pribéhu dalsich let doslo k vyznamnému rozvoji
oboru prenatalni kardiologie ve svété i v Ceské republice,
kterd patfila k zemim s velmi vysokym prenatalnim zachy-
tem VSV.""-3 Uspé3né se zavedla prenatélni |é¢ba poruch
srdecniho rytmu'™ a zacaly se rozvijet i katetrizacni [éceb-
né zakroky.">'® Po roce 1989 byla v ramci systémovych
zmén zdravotniho systému vytvorena zakladni odborna
struktura screeningu véetné ekonomickych vztah( s nové
vznikajicimi zdravotnimi pojistovnami, bohuzel se ale do-
posud nepodafilo formalné ukotvit prenatalni kardiologii
do struktur odbornych spoleénosti v CR.

Hlavnim cilem prenatdlni kardiologie je v¢asné odhaleni
zévaznych srdecnich postizeni plodu v téhotenstvi, zajisté-
ni dalSich specializovanych vysetreni véetné genetickych,
poskytnuti detailnich kvalifikovanych informaci o srdec-
nim postizenim pro svobodné rozhodnuti rodiny o dalsim
osudu téhotenstvi vCetné predc¢asného ukonceni umélym
potratem. U pokracujicich téhotenstvi optimalizace mana-
gementu téhotenstvi a prfedporodni péce, v indikovanych
pfipadech zvaZzeni moznosti nitrodélozni |é¢by. Rozhodnu-
ti o vedeni porodu je provedeno s ohledem na plod a té-
hotnou Zenu, v pripadé predpokladané neodkladné popo-
rodni diagnostické a terapeutické péce o novorozené dité
je porod zajistén v misté specializovaného pediatrického
kardiochirurgického centra (transport in utero).

Organizace prenatalni diagnostiky a lécby
srdecnich onemocnéni v Ceské republice

e Screening morfologickych vrozenych vad plodu (véetné
vrozenych vad srdce) se provadi v CR p¥i ultrazvukovych
vysetfenich plodu, které provadi registrujici gynekolog
v jednotlivych trimestrech téhotenstvi (pravidelna ultra-
zvukova vysetieni v pribéhu prenatalni péce) a provadi
nebo zajistuje specializované screeningové zdravotni
sluzby: kombinovany screening v I. trimestru téhoten-

stvi a podrobné hodnoceni morfologie plodu ve II. tri-
mestru téhotenstvi.”®
Podrobné hodnoceni morfologie plodu ve Il. trimest-
ru téhotenstvi (specializovana screeningova zdravotni
sluzba) umozni diagnostikovat az 90 % zavaznych mor-
fologickych vrozenych vad plodu (pfiblizné 2 300 plodu
ro¢né). Soucasti je prenatdlni gynekologické screenin-
gové ultrazvukové vysetreni srdce a velkych cév.?0?!

Vétsina kritickych srde¢nich vad by méla byt diagnos-

tikovana pfi prenatalnim gynekologickém screeningo-

vém ultrazvukovém vysetreni srdce a velkych cév pro-
vadéném v ramci podrobného hodnoceni morfologie
plodu ve Il. trimestru téhotenstvi.

Prenatalni kardiologické vysetreni (specializovana zdra-

votni sluzba u rizikovych téhotnych)' je komplemen-

tarni a v indikovanych pfipadech (viz Indikace prenatal-
niho kardiologického vysetfeni) by mélo byt nedilnou
soucasti komplexni péce o téhotnou zenu.

e Komplexni péce o téhotnou Zenu je v Ceské republice
koncipovana jako spoluprace registrujictho gynekologa,
specializovanych pracovist a porodnice.

e Informaci o prognéze a moznostech |écby srde¢niho
onemocnéni poskytuje vyhradné prenatalni kardiolog.

Prenatalni gynekologické screeningové
ultrazvukoveé vysetieni srdce a velkych cév

Kvalifika¢ni predpoklady

Provaddi gynekolog na specializovaném pracovisti — L3
(specializovana zpUsobilost v oboru gynekologie a po-
rodnictvi).

Metodika provedeni

Prenatalni gynekologické screeningové ultrazvukové vyset-
feni srdce a velkych cév je soucasti podrobného hodnoceni
morfologie ve Il. trimestru téhotenstvi (blize viz Doporuce-
ny postup CGPS CLS JEP & 4/2019 Sb., Podrobné hodnoceni
morfologie plodu ve 20.-22. tydnu téhotenstvi).

Ultrazvukové vysetfeni ve 20.-22. tydnu téhotenstvi
s podrobnym popisem morfologie plodu patfi k nejdule-
Zitéjsim vysetifenim v pribéhu celého téhotenstvi.

Zdroje: Doporuceny postup CGPS CLS JEP ¢ 4/2019 Sb.
Online. Dostupné z: https://www.gynultrazvuk.cz/uploads/
recommendedaction/32/doc/p-2019-04-podrobne-hodno-
ceni-morfologie-plodu-pri-uz-vysetreni-ve-20-22-tydnu-te-
hotenstvi.pdf. [citovdno 2026-28-04]; Lubusky M, Krofta
L, Haslik L, Markovéd I. Doporucena ultrazvukova vysetreni
v téhotenstvi. Praha: Mlada fronta a.s., 2013, online, do-
stupné z: https://www.gynultrazvuk.cz/doporucena-ultra-
zvukova-vysetreni-v-tehotenstvi. [citovano 2026-28-04].

Prenatalni kardiologické vysetreni

Kvalifika¢ni predpoklady:

e &lenstvi v Ceské kardiologické spole¢nosti (CKS),
* specializovand zpUsobilost v oboru détska kardiologie,
* nejméné 5 let praxe v détské kardiologii,
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e dvoutydenni odbornd stadz v prenatdlni kardiologii na
détském kardiochirurgickém pracovisti,

* nejméné 300 dolozenych samostatné vysetfenych a do-
kumentovanych prenatalnich echokardiografickych
vysetieni vcéetné 20 vrozenych srdecnich vad (véetné
setrvalé supraventrikuldrni tachykardie a kompletni
atrioventrikuldrni [AV] blokady) plodu v kazdém roce,
v pfipadé méné nez 20 prokazanych srdecnich anomalif
je doporucena odborna stdz v prenatalni kardiologii na
détském kardiochirurgickém pracovisti v trvani jednoho
tydne v nasledujicim kalendarnim roce.

Metodika provedeni

® Prenatalni kardiologické vysetreni provadi détsky kar-
diolog erudovany v oblasti prenatdlni kardiologie spl-
nujici  kvalifikacni predpoklady stanovené Pracovni
skupinou détské kardiologie CKS (viz Kvalifika¢ni pred-
poklady).

Vysetfeni spocivd v detailnim morfologickém zhodno-
ceni srdec¢nich struktur a velkych cév, srde¢niho rytmu
a funkéniho hodnoceni srde¢niho obéhu plodu (viz
metodiku); morfologické vysetieni spociva v zobrazeni
polohy srdce v hrudniku, identifikaci vsech srdec¢nich od-
dild a chlopni, velkych tepen, systémovych a plicnich zil,
zobrazeni bifurkace plicnich tepen a prabéhu aortalni-
ho oblouku, nedilnou soucasti je zjisténi vztahu velkych
tepen a trachey (3VTV view).

Prenatalni kardiolog je zodpovédny za diagnézu srdec¢-
ni abnormality.

PrenatdIni kardiolog musi na zdkladé doporuceni re-
gistrujictho gynekologa zajistit vy3etfeni téhotné v co
nejkrat$im terminu; u zdvaznych srdecnich onemocnéni
nejpozdéji do 3 dnd od okamziku podezfeni na vadu
registrujicim gynekologem, v pfipadé podezreni na za-
vaznou arytmii nejlépe v ten samy den, nejpozdéji viak
do 24 hodin

Specializované ultrazvukové vysetfeni srdce a velkych
cév (prenatadlni kardiologické vysetfeni) prenatdlnim
kardiologem navazuje na druhotrimestrovy ultrazvuko-
vy screening (Podrobné hodnoceni morfologie plodu ve
Il. trimestru téhotenstvi), optimalni nacasovani prena-
talniho kardiologického vy3etfeni je mezi 18.-22. ges-
ta¢nim tydnem

V pripadech referovanych téhotnych po screeningovém
vysetreni v |. trimestru (Kombinovany screening v I. tri-
mestru téhotenstvi) zajisti prenatdlni kardiolog transab-
domindlni echokardiografické vysetreni jiz mezi 12.-14.
gestacnim tydnem; echokardiografické vysetfeni plodu
v Casné fazi téhotenstvi musi byt vzdy doplnéno dalsim
vySetfenim v II. trimestru, a to i kdyz byl ndlez v I. tri-
mestru normalni; pfi nalezu nebo podezieni na srdec¢ni
onemocnéni nehraje gestacni stafi roli.

Informovani téhotné Zeny a/nebo rodicl (counselling) je
nedilnou soucasti prenatdlniho kardiologického vyset-
reni; v prbéhu pohovoru (idedlné v prfitomnosti dalsiho
zdravotnického pracovnika) prenatdlni kardiolog infor-
muje o vysledku vysetfeni, nalezu srdecniho postizeni
a moznych pfidruzenych vrozenych vadach, které srdec-
ni onemocnéni mohou doprovazet; informuje o pfiro-
zeném vyvoji srde¢niho postizeni, dalSich vySetfovacich
metodach a o mozné pre- a postnatalni [écbé; nastifiuje

ocekdvatelnou kratkodobou i dlouhodobou prognézu
srde¢niho onemocnéni.
¢ Prenatdlni kardiolog navrhuje registrujicimu gynekolo-
govi dalsi vysetfovani genetickych a jinych extrakardial-
nich abnormalit.
* Pfi pokracujicim téhotenstvi s vyznamnym srdecnim
onemocnéni plodu zajistuje prenatalni kardiolog porod
ve specializovaném zdravotnickém zafizeni (transport
in utero); u méné zavaznych srdecnich postizeni détsky
kardiolog navrhuje a zajistuje vysetfeni ditéte po naro-
zeni.
PrenatdIni kardiolog informuje téhotnou Zenu o moz-
nych pfidruzenych vrozenych vadéch, které srde¢ni one-
mocnéni mohou doprovazet; dalsi vysetfovani genetic-
kych a jinych extrakardialnich abnormalit koordinuje/
indikuje registrujici gynekolog.
Prenatdlni kardiolog zajistuje echokardiografické sle-
dovani plodu v intervalech 2 az 8 tydnt az do 34.-36.
gestacniho tydne v zdvislosti na vyznamnosti nalezu
a jeho mozné progresi; ¢asté kontroly jsou nutné ze-
jména u progresivnich srde¢nich vad s obstrukci vyto-
kovych traktd komor, vyznamnych regurgitaci chlopni
a kardiomyopatii; oCekavatelna progrese nalezu muze
mit vyznamnou Ulohu v dalsi nitrodélozni Iécbé nebo
nacasovani a zpUsobu vedeni porodu; pfi lé¢bé srdec-
ni arytmie mé byt echokardiografické vysetfeni i ¢astéji
(nékdy i denné) dle postupu lécby a zavaznosti stavu
plodu.
V indikovanych pfipadech provadi prenatalni kardiolog
cilené vysetreni i kratce pred terminem porodu se zamé-
fenim na rizika bezprostredné poporodniho obdobi pro
novorozence; tyka se to zejména vysetreni rizika restrik-
ce sifové komunikace u transpozice velkych tepen nebo
syndromu hypoplastického levého srdce.
PFi pokracovani téhotenstvi se zavaznym srde¢nim one-
mocnénim vyZadujicim lécbu ditéte po porodu zajistuje
prenatdlni kardiolog ve spolupréci s odpovédnym gyne-
kologem dalsi sledovani a porod ve zdravotnickém za-
fizeni, ve kterém se nachazi specializované kardiocen-
trum zabyvajici se intervencni |é¢bou déti se srde¢nim
onemocnénim.
U téhotenstvi s ocekdvanym narozenim ditéte se srdecni
vadou zavislou na tepenné duceji (ductus dependentni
cirkulace) doporucuje détsky kardiolog zahajit ihned po
narozeni lé¢bu intravendznimi prostaglandiny.
Vysledek vysetfeni véetné navrhovaného dalsiho postu-
pu, doporucenych dopliiujicich vySetfeni, mozné lécby
a zpUsobu vedeni porodu je pfedan téhotné a je o ném
adekvatné informovan registrujici gynekolog.
U pokracujiciho téhotenstvi zajisténim kontrolniho vy-
Setfeni a ve spoluprdci s registrujicim gynekologem se
podili na managementu téhotenstvi, ndvrhu vedeni po-
rodu a ¢asné poporodni péci.
¢ Evidovani prenatalné diagnostikovanych srdecnich one-
mocnéni a jejich dalsiho osudu.

Indikace

Zakladni screeningové vysetreni srdce plodu je soucas-
ti prenatalniho ultrazvukového vysetieni, které provadi

gynekolog (screening morfologickych vrozenych vad plo-
du). Na zédkladé anamnestickych nebo ultrazvukovych dat
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odesila registrujici gynekolog téhotnou k prenatdlnimu
kardiologickému vysetreni, které provadi prenatalni kar-
diolog.

Indikace zahrnuji jednak rizikové faktory ze strany té-
hotné Zeny, jez vyplyvaji z osobni ¢i rodinné anamnézy,
a jednak indikace ze strany plodu, které vychazeji z pre-
natdlniho ultrazvukového vysetieni. Na zakladé doporu-
¢eni mezindrodnich odbornych spolecnosti Ize povaZzovat
za vyznamné riziko srdec¢ni vady plodu vyssi nez 2 %.

Indikace prenatdlniho kardiologického vysetreni shr-
nuje tabulka 1. Patfi k nim pregestacni diabetes mellitus,
autoimunitni onemocnéni (s pfitomnosti anti-Ro nebo
anti-La protilatek), fenylketonurie, vyskyt vrozené srdec-
ni vady v osobni anamnéze nebo v prvni pfibuzenské linii.
Déle vyskyt rubeoly nebo pfijem retinoidd v prvnim tri-
mestru téhotenstvi.

Nejcastéjsi indikaci je podezfeni na vrozenou srdecni
vadu nebo arytmii plodu pfi prenatdlnim ultrazvuko-
vém vysetieni. Mezi indikace ze strany plodu déle patfi
abnormalni ultrazvukové nélezy detekované pfi kombi-
novaném screeningu v I. trimestru téhotenstvi (v 11.-13.
tydnu): hodnota nuchalni translucence (NT) > 3,5 mm, pfi-
tomnost hydropsu plodu a monochoridlni dvojcata.

Se stale se zlepsujici technickou kvalitou ultrazvukovych
pfistroju stoupa i moznost detekce srdecnich vad v nizsich
tydnech téhotenstvi,2 mezi 12. a 14. tydnem (senzitivita
tohoto vysetreni stadle dosahuje jen pfiblizné 50 %), navic
se nalezy mohou v dalsim pribéhu pozitivné i negativné
vyvijet.2 Proto prenatalni kardiologické vysetreni ve Il.
trimestru (mezi 18. a 22. tydnem) stale zUstava stézejnim
v prenatalni diagnostice srde¢nich vad a u rizikovych té-
hotnych Zen by mélo byt vzdy provedeno. Indikaci prena-
talniho kardiologického vysetfeni v prvnim trimestru je
hodnota NT > 3,5 mm, pfitomnost hydropsu a podezreni
na vrozenou srde¢ni vadu nebo arytmii plodu.

Tabulka 1 - Indikace prenatélniho kardiologického vysetreni

Indikace ze strany matky LD e

vady plodu
Pregestacni diabetes mellitus 2-5%
Autc_)imunitnl’ onemocnénl’ 1-5 %
(anti-SSA/Ro a/nebo anti-SSB/La)
Fenylketonurie 12-14 %
Rubeola v prvnim trimestru téhotenstvi 3-4 %
Pozitivni osobni nebo rodinna anamnéza prvniho 2-20 %
stupné vcetné predchozi gravidity °
Retinoidy v I. trimestru téhotenstvi 8-20 %
Indikace ze strany plodu
UZ podezieni na VSV nebo arytmii plodu AZ 40 %
NT = 3,5 mm 3-60 %
Monochoridlni dvojcata 2-10 %
Hydrops plodu 10-25 %

NT - nuchalni translucence; VSV - vrozena srdecni vada.

V tabulce 1 jsou uvedeny indikace k prenatalnimu kar-
diologickému vysetreni prenatalnim kardiologem. Téhot-
na se po domluvé s registrujicim gynekologem rozhodne,
podstoupi-li toto vysetieni.

Pfitomnost extrakardialni vady plodu nebo prokazané
genetické postizeni plodu mohou byt ¢asto spojeny s vy-
skytem konkomitantni srdecni vady. V téchto pfipadech
rozhodne gynekolog, odpovédny za komplexni manage-
ment téhotenstvi, o dalSim vysetfovacim postupu, véetné
vhodnosti prenatalniho kardiologického vysetieni.

Vedle uvedeného souboru indikaci k prenatalnimu
kardiologickému vysetreni je nutné zminit i faktory, které
jen lehce zvysuji riziko vzniku srde¢ni vady plodu. Mezi né
patfi: téhotné Zeny po programu mimotélniho oplodnéni
(in vitro fertilizace, IVF), infekce téhotné Zeny s rizikem
myokarditidy plodu (parvovirus B19, coxackie, cytome-
galovirus [CMV], adenovirus), medikace téhotné Zeny
v prvnim trimestru (inhibitory angiotenzin konvertujiciho
enzymu, warfarin, lithium, valprodt, karbamazepin, paro-
xetin), vyskyt abnormalit cév pupecniku plodu (single um-
bilical artrery, SUA), abnormalni pritok v ductus venosus
(DV) nebo zachyt extrakardidlni abnormality/vady plodu
pfi ultrazvukovém vysetfeni. Management téchto téhot-
nych Zen véetné indikace specializovaného prenatélniho
vysetfeni organizuje registrujici gynekolog.

Zdroje: Doporuceni American Heart Association (AHA,
2014, 2019), doporuceni American Society of Echocar-
diography ASE (2023), doporuceni American Insitute of
Ultrasound in Medicine (AIUM, 2020), doporuceni British
Congenital Cardiac Association (BCCA, 2021)

Management téhotenstvi, vedeni porodu
a poporodni péce o dité se srde¢nim
onemocnénim

* Prenatalni diagnostika, eventualni Ié¢ba srde¢niho one-
mocnéni a management téhotenstvi vyZzaduje meziobo-
rovou spolupraci prenatdlniho kardiologa, Iékarského
genetika a gynekologa (registrujici gynekolog, specia-
lizované pracovisté, porodnice).

e Téhotnou s vrozenou srde¢ni vadou upozorni prenatdl-
ni kardiolog na nutnost jejiho vlastniho kardiologické-
ho vysetfeni ve lll. trimestru téhotenstvi.

e Je-li u plodu diagnostikovano pouze srde¢ni onemocné-
ni a téhotna Zena 2ada o umély potrat, je vzdy doplné-
no prenatalini kardiologické vysetreni.

* Management a |é¢bu srde¢niho onemocnéni indikuje
prenatalni kardiolog.

e Dispenzarni prenatdlni péce probiha u registrujiciho gy-
nekologa, neni-li doporuceno jinak.

e Strategii ukonceni téhotenstvi stanovuje odpovédny gy-
nekolog ve spolupréci s prenatalnim kardiologem.

* Management a lécbu srde¢niho onemocnéni novoro-
zence stanovuje détsky kardiolog ve spolupraci s neo-
natologem a détskym lékarfem.
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Pfiloha

Metodika vysetieni srdce a velkych cév
plodu prenatalnim kardiologem

Vybaveni a dokumentace vysetieni

Prenatdlni kardiologie vyuzivéd k echokardiografickému
vysetfeni téhotnych pouze transabdomindlni pfistup. Ul-
trazvukové sondy by optimalné mély umoznit nastaveni
frekvencniho rozsahu 2-7 MHz pro vysetfeni ve 2. trimest-
ru a 5-12 MHz pro prvotrimestrdlni vysetfeni. Samozrej-
mosti je moznost 2D echokardiografie, M-Mode, barev-
ného (CFM) a pulzniho (PW) dopplerovského mapovani,
kvalitni 2D zobrazeni fetdlniho srdce je pro screeningové
vysetfeni zadsadni (obr. 1, obr. 2). Kontinualni dopplerov-
ské mapovani (CW) prindsi vyhody pfi méfeni vysokorych-
lostnich tokd, nebyva ale samozrejmou vybavou vsech ul-
trazvukovych pfistrojd uréenych pro prenatdlni vysetreni.

| kdyz neni dokumentovano poskozeni plodu vlivem
ultrazvukového vysetieni, pozornost musi byt vénovana
i bezpecnému pouziti ultrazvuku. To se tykd zejména
nastaveni mechanického a termického indexu, kdy jejich
hodnota md byt co nejnizsi, aby umoznila dostatecné
zobrazeni.

Kazdé prenatdlni echokardiografické vysetfeni musi
byt fadné digitalné ulozeno, aby umoznilo zpétné dolo-
zeni stanoveného ndlezu. Zdznam ma jasné dokumento-
vat diagnézu nebo fadné prokdzat, ze je nalez fyziolo-
gicky.

Prenatdlni kardiolog informuje téhotnou o echokar-
diografickém nalezu v¢etné predpokladatelné progndzy
a mozné lécby v ramci pohovoru (counsellingu). Pisemna
zprava o nalezu a doporuceni pro dalsi sledovani véetné
moznych |éCebnych opatreni je ihned po vydetfeni pre-
dana téhotné. O nalezu musi byt informovan referujici
gynekolog, ktery by mél nasledné zajistit dalsi nutna vy-
Setfeni moznych pridruzenych morfologickych a/nebo ge-
netickych anomalii vyplyvajicich z echokardiografického
nalezu.

Strukturalni vysetreni srdce a velkych cév

Prenatdlni echokardiografické vysetfeni musi obsaho-
vat detailni hodnoceni srdec¢nich struktur a velkych cév,
zobrazeni polohy srdce v hrudniku, vétveni plicnich te-
pen a aortalniho oblouku. Nedilnou soucasti vySetfeni
je funkéni hodnoceni krevniho obéhu a srde¢niho rytmu
plodu. Spravné dokumentovany normalni nalez obsa-
huje 2D a CFM zadznam 4dutinové projekce, pohled na
vytokové trakty obou komor, projekci 3 cév a trachey
(3VTV), sagitalni pohled na aortdlni a duktalni oblouk.
PW Doppler ma rutinné dokumentovat tok ve vytokovych
traktech obou komor, pratok pres mitralni a trikuspidalni
chlopen, tok v ductus venosus a pupecnikovych cévach.
Zasadni pro zobrazeni srdec¢nich struktur a velkych cév
je nutné vyuziti mnoha raznych projekci a plynuly pre-
chod mezi nimi. Dalezitéjsi nez vlastni dodrzovani jed-

notlivych projekci urcenych pro vysetreni je postupné seg-
mentdlni zobrazeni srdce tak, aby byl zfejmy vzajemny
vztah jednotlivych srdecnich struktur a cév.

Prvnim krokem pfi vlastnim echokardiografickém vy-
Setfeni je identifikace polohy plodu, aby byla jasna jeho
stranova orientace umoznujici urcit, na které strané hrud-
niku je ulozeno srdce a jaky je jeho vztah ke strukturdm
bfisnich organu (zaludku).

Prenatdlni echokardiografické vySetfeni obsahuje tyto
projekce:

e Abdominalni situs

Ziskame z transverzadlniho transabdominalniho fezu

v Urovni zaludku. Oziejmi rovnéz napojeni hepatalnich

zil.

e 4dutinova projekce

Je urcujici pro posouzeni velikosti srdce, sini a komor.

Ozfejmi vztah sini a komor, velikost a funkci atriovent-

rikularnich chlopni, vasténi plicnich zil a tok na foramen

ovale.

e Vytokovy trakt levé komory

Zobrazime nejlépe z dlouhé osy, kterou dostaneme mir-

nou rotaci sondy ze 4dutinové projekce kranialné.

¢ Vytokovy trakt pravé komory

Ziskame lehkym sklopenim sondy z dlouhé osy.

¢ Projekce 3 cév a trachey (3VTV)

Postupnym sklapénim ze 4dutinové projekce kranidlné

ziskdme pohled na vytokovy trakt pravé komory, bifurka-

ci plicnice a vice kranidlné vztah duktalniho a aortalniho

oblouku, trachey a horni duté Zily (zleva doprava).

» Bikavalni zobrazeni docilime ze sagitélni roviny. Casto
umozni lepsi pohled na foramen ovale.

e Sagitalni pohled na aortalni a duktalni oblouk

 Kratka srdecni osa

Ziskame ze sagitalniho fezu. Postupnym skenovanim od

srde¢niho hrotu, Uroven atrioventrikularnich chlopni k sr-

decni bazi posoudime celistvost komorového septa, ana-

tomii a funkci vSech srdecnich chlopni.

Funk¢ni vysetieni srdce a obéhového
systému

Prenatdlni echokardiografické vysetreni srdce a obéhové-
ho systému zahrnuje kombinaci 2D zobrazeni, M-mode
zobrazeni, pulsni’/kontinudini dopplerovskou metodu
a barevné dopplerovské mapovani. Zakladnim zobra-
zovacim hodnocenim je posouzeni velikosti srdce v po-
rovnani s velikosti hrudniku, pfitomnost volné tekutiny
v perikardu, hrudniku, brisni dutiné a v otoku podkozi.
M-mode metodou se hodnoti kontrakéni schopnosti myo-
kardu. Dopplerovské metody dokumentuji tok ve vytoko-
vych traktech obou komor, pritok pres mitralni a triku-
spidalni chlopen, tok v plicnich Zilach a v ductus venosus,
eventudlné tok v pupecnikovych cévach (u prenatalniho
kardiologického vysetfeni neni podminkou). Kombinaci
pouzitych méreni Ize objektivné souhrnné hodnotit stu-
pen selhani srdce a fetoplacentarniho obéhu (obr. 3).
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a trachey
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pravé komory

Obr. 1 - Vysetiovaci roviny ve frontalnim pohledu na srdce plodu.
Ao - aorta; ASC Ao - ascendentni aorta; DA - ductus arteriosus, DAo — hrudni descendentni aorta; IVC - dolni duta Zila; LA - leva sin; LV - leva
komora; PA - plicni tepna; RA - prava sini; RPA — prava vétev plicnice; RV - pravd komora; SVC - horni dutd Zila; Tra — trachea.

Obr. 2 - Vysetiovaci roviny v sagitalnim pohledu na srdce plodu.
Ao - aorta; DA - ductus arteriosus; DAo - hrudni descendentni aorta; IVC - dolni duta zila; LA - leva sif; LV - leva komora; PA - plicni tepna;
RA - prava sin; RPA - prava vétev plicnice; RV - prava komora; SVC - horni duta Zila; Tra - trachea.
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NORMALNI NALEZ PATOLOGICKY NALEZ

Ductus venosus

Dolni duta zila

Umbilikalni zila

Umbilikalni arterie

Wiy "‘nm"hl“.‘h V¥,

UMBILICAL VEIN

Obr. 3 - Srovnani normalnich a abnormalnich dopplerovskych kfivek u selhani fetoplacentarniho obéhu.?”

¢ Velikost srdce v poméru k velikosti hrudniku — 2D zobra- e Zvétseni srde¢nich oddilt — 2D zobrazeni, M-mode.
zeni (obvod, plocha), méfeni kardiotorakalniho indexu e SniZend kontraktilita myokardu — 2D zobrazeni, M-mode.

(CTI) <0,35. e trikuspidalni a mitralni regurgitace — pulsni a barevna
e Pritomnost volné tekutiny v perikardu, hrudniku, brisni dutiné dopplerovska metoda.

— 2D zobrazeni, volna tekutina ve dvou dutinach = hydrops. e abnormalni tok v centralnim Zilnim systému a ductus ve-
e Pfitomnost otoku v podkozi — 2D zobrazeni, pfitomnost vol- nosus (obr. 3)

né tekutiny v jedné télni dutiné a otok podkozi = hydrops.

NORMAL (2 body) -1 bod -2 body

- AAA AAA AAA

wv v o Vi

CTl<0,35 0,35-0,50 >0,50

SRDECNI FUNKCE SF > 0,28 SF<0,28 SF<0,28

TI/MI-0 Trikuspidalni regurgitace Trikuspidalni + mitralni regurgitace
HYDROPS NE 1 vypotek Vypotky

Edém podkozi

Obr. - 4 Hodnoceni stupné fetdlniho srdecniho selhani pouzitim 2D, M-mode a dopplerovskych technik véetné barevného dopplerovského
mapovani.

CTI - kardiotorakalni index; DV — ductus venosus; MI — mitréIni insuficience; SF - frakcni zkraceni; Tl - trikuspidélni insuficience; UA — umbilikéIni
arterie; UV — umbilikalni Zila.



220 Prenatalni kardiologie. Sdilen& doporuéeni CKS a CGPS CLS JEP

Doporuceni pro diagnostiku a lécbu
poruch srdecniho rytmu

Vysetieni srde¢niho rytmu a srdecni frekvence

Vysetreni srde¢niho rytmu a srde¢ni frekvence je soucasti
vySetfeni srdce plodu. Primérna normalni srde¢ni frek-
vence u plodu v prvnim trimestru je 160-180/min, ve dru-
hém a tfetim trimestru 110-150/min, sinusovy rytmus je
pravidelny, zejména ve druhém trimestru Ize tlakem son-
dy vyvolat kratkodobou reflexni bradykardii, ktera spon-
tdnné odezni.

Vysetieni srde¢niho rytmu lze provést fadou technik
véetné 2D, M-mode zobrazeni a pulsni dopplerovské
techniky. M-mode zobrazeni ziskame tak, Ze umistime
vzorkovaci objem kurzoru soucasné pres pravou sin
a komoru a demonstrujeme tak vztah kontrakce sini
a komor. Takto mGzeme také mérit srde¢ni frekvenci.
Vztah mezi sifovymi a komorovymi kontrakcemi Ize
také dokumentovat dopplerovskym zdznamem simul-
tanni nahravky vtoku a vytoku levé srde¢ni komory,
toku v horni duté Zile a ascendentni aorté, toku plicnici
a plicnimi zilami. V pripadé pritomnosti fetalni arytmie
véetné izolované ektopie, bradykardie nebo tachykardie
je dalezité zdokumentovat vztah mezi sifiovymi a komo-
rovymi stahy, stanovit diferencidlni diagnézu a vybrat co
nejoptimalné;si [écbu.

Zatimco je vétsina fetalnich arytmii benignich, nékteré
z nich vedou k srde¢nimu selhani, hydropsu a umrti plo-
du. Lécba arytmii plodu je povazovana za jeden z nejvét-
Sich uspécht prenatalnich intervenci u plodu.'42426

Fetalni poruchy srde¢niho rytmu

Nepravidelny srdecni rytmus

® Pfedcasné izolované ektopické siriové kontrakce. Na-
chazeji se u 1-2 % plodd, vysledkem je snizena srdecni
frekvence, jsou ale benigni a nevyzaduji 1é¢bu. Sledova-
ni se doporucuje pouze v pfipadé velmi ¢etnych ektopic-
kych kontrakai.

® Pfed¢asné komorové kontrakce. Jsou vzacné, sifiova ek-
topie je 10krat castéjsi nez komorova ektopie.

Fetalni tachyarytmie

e Sinusova tachykardie. Je témér vzdy nesrdecniho plvo-
du, srdec¢ni frekvence je obvykle 160-180/min.

e Supraventrikuldrni tachykardie (SVT). Vétsinou reent-
ry (AVRT, kratky V-A interval) s pravidelnym prfevodem
ze sini na komory 1 : 1 s frekvenci komor 220-330/min,
méné casto junkcni ektopicka tachykardie (AET, dlouhy
V-A interval) s pravidelnym pfevodem ze sini na komory
1:1 s frekvenci komor 180-220/min.

e Flutter sini (AF). Flutter sini s nepravidelnym prevodem
ze sini na komory obvykle 2 : 1 (s frekvenci sini 300-500/
min a komor 150-250/min) nebo prevodem 3 : 1 (s frek-
venci sini 300-500/min a komor 150-180/min)

e Fetdlni komorova tachykardie (VT). Fetalni komorové
tachykardie v izolované podobé jsou vzacné a je pfi
nich tfeba myslet na syndrom prodlouzeného intervalu
QT.

Fetalni bradyarytmie

e Sinusova bradykardie (< 120/min). P¥i¢ina je obvykle ne-
srdecni, doporuceno lécit pricinu bradykardie.

e Fetdlni syndrom dlouhého intervalu QT (LQTS) a dalsi
poruchy prenosu vapniku a sodiku. Vede ke komoro-
vym tachyarytmiim v pozdéjsim véku po narozeni. Pre-
natdlni diagnostika je obtizna. Podezreni na LQTS se
mUze vyslovit pfi podrobném vysetieni s LQTS v rodinné
anamnéze, k podezieni LQTS vede ndlez komorovych
extrasystol.

e Bradykardie u vrozenych srdecnich vad. AV blokada
v ramci vrozené srdecni vady je nejcastéji na podkladé
vrozené anomadlie prevodniho systému typicky i ano-
malie viscerdIniho situ s izomerismem a u korigované
transpozice velkych arterii. Prognéza je velmi Spatnd
a prenatalni Ié¢ba se nezvazuje.

e Atrioventrikularni blokada I. a Il. stupné (< 120/min).
Nevede obvykle k srde¢nimu selhani, doporucuje se ale
sledovani pro mozZnost progrese blokady.

e Atrioventrikularni blokada Ill. stupné — kompletni (frek-
vence sini 100-150/min, frekvence komor 50-100/min).
Sleduje se po celou dobu téhotenstvi, eventudlné se
zvazuje predcasny porod nebo prenatalni lécba.

Prenatalni sledovani a farmakologicka lécba
poruch srde¢niho rytmu

Prenatdlni diagnostika a sledovani fetalnich
tachyarytmii

Prenatdlni sledovani a I1écbu a provadi détsky (prenatalni)
kardiolog ve spolupraci s gynekologem (registrujici gyne-
kolog, specializované pracovisté, porodnice). Cilem |écby
neni pouze Uplna konverze na sinusovy rytmus, ale dosa-
Zeni kontroly tachykardie za ucelem resorpce hydropsu
a zlepseni funkce komor fetdlniho selhani a také stavu
matky. Rozhodnuti o fetdlni |écbé je ovlivnéno tydnem
gestace a mirou srde¢niho selhdni. Vzdy je tfeba zvaZo-
vat riziko dfivéjsSiho porodu a komplikace prematurity.
Farmakologicka lé¢ba je doporucena u plodu se setrvalou
tachykardii bez hydropsu nebo s hydropsem i v pfipadech
diagndzy v dobé blizici se k terminu porodu (33.-36. ges-
tacni tyden). U plodd po 36. gesta¢nim tydnu je doporu-
¢en predcasny porod.

Lécba

¢ Plod se setrvalou tachykardii < 36. tyden, frekvence
> 12 hodin a srdecni frekvenci > 200/min, < 36. ty-
den - zvazit prenatdlni [écbu.

¢ Plod se setrvalou tachykardii > 36. tyden — nelécit
a zvazit porod.

Transplacentarni lécba tachyarytmii

Prima lécba (intraumbilikalni, intramuskularni,
intraamnialni):

Provadi se dnes vzacné, intraumbilikalni lécba vyzaduje
analgosedaci plodu. Poc¢atek lé¢by za hospitalizace, mo-
nitorace hladiny léku v séru matky, samostatné sledovani
srdecni akce u plodu matkou. Pouzivand antiarytmika: di-
goxin, amiodaron.
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Supraventrikularni tachykardie
> 180/min

—

| Setrvala |

e

| Dlouhy VA interval |

| Kratky VA interval |

\ A/
| Bez selhani, selhéni, hydrops |

\
Lécba
1. volba
2. volba

Obr. 5 - Sledovani a lécba supraventrikularni tachykardie plodu.

Peroralni lécba:

RGzna centra fetalni kardiologie preferuji dle svych zkuse-
nosti pouziti rdznych antiarytmik v 1écbé fetalnich tachy-
kardii. Dle zdvaznosti arytmie se pouzivaji tfi linie 1écby:

Pro prvni nebo druhou linii 1écby se preferuje pouziti
digoxinu, flecainidu nebo sotalolu. Pro zavaznéjsi pripa-
dy (srdecni selhdni, hydrops plodu) se ve druhé linii 1écby
pouziva kombinovana transplacentdrni Iécba. Pro nejza-
vaznéjsi pripady se ve treti linii Iécby aplikuje amiodaron.

Flecainid — v soucasnosti |ék prvni volby u supraventri-
kuldrni tachykardie, mé vyborny transplacentdrni prenos.
Dfive popisované proarytmogenni (komorova tachykar-
die) nezadouci ucinky se nepotvrdily. Doporucena davka
100 mg po 8 h, pfi prokdzané konverzi snizit na 100 mg
po 12 h. Doporuceno sledovani plazmatickych koncentra-
¢i matky a EKG.

Digoxin — v soucasnosti l1ék prvni volby u flutteru sini.
Prvni Iék pouzity pro Ié¢bu tachyarytmie a srde¢niho se-
lhani u plodu. Ma velmi $patny transplacentarni prenos
u hydropsu (efektivni pouze ve 20 %), u SVT a FS snizuje
srdecni frekvenci, a tim i riziko rozvoje hydropsu. Doporu-
¢end davka 100 mg po 8 h, pfi prokdzané konverzi snizit
na 100 mg po 12 h. Doporuceno sledovani plazmatickych
koncentraci matky a EKG.

Sotalol — v soucasnosti |ék prvni nebo druhé volby. Do-
porucena davka 80 mg po 12 h u nehydropického plodu,
80 mg po 8 h u hydropického plodu. Doporu¢eno tydné
sledovat QTc na EKG matky, prodlouzeny QTc > 450ms je
zndmkou efektivni 1é¢by a udrzuje se pod 500 ms.

Amiodaron - mimoradné efektivni pro lécbu refrakter-
nich tachykardii, ma ale velké mnozstvi nezadoucich ucin-
kd, ovliviiuje vyvoj neurologického systému a vede k dys-
funkci stitné Zlazy. Doporucena davka je 600-800 mg po
8 h, v kombinaci s digoxinem se davka digoxinu snizuje
0 50 %. Efekt |écby se podobné jako u sotalolu sleduje
prodlouzenim QTc a udrzuje se pod 500 ms.

\

| Intermitentni |

| Dlouhy VA interval | | Kratky VA interval

—

y Selhani, hydrops

| Bez selhani | (bez prokazatelné jiné piciny)
\ \J
Observace Lécha
(1x tydné) 1. volba
2. volba

Efektivita a neZadouci tcinky ostatnich antiarytmik:
Dalsi beta-blokatory — minimalné efektivni

Verapamil — efektivni pro reentry tachykardie, nebez-
peci ndhlé smrti (negativné inotropni Ucinek na myokard)
a rendlniho selhani.

Prokainamid — vyvolani pfed¢asného porodu.

Prenatalni diagnostika a sledovani fetalnich
bradyarytmii

Prenatalni sledovani a Iécbu a provadi vyhradné spe-
cializovany prenatalni kardiolog v soucinnosti s gyne-
kologem specializovanym ve fetalni mediciné. Atri-
oventriklarni blokdda v téhotenstvi nejcastéji vznika
nevratnym poskozenim AV uzlu autoprotilatkami u Sjé-
grenova syndromu, systémového lupus erythematodes
a dalsich autoimunitnich onemocnéni s prokdzanou po-
zitivitou anti-Ro, anti-La protildtek u matky.?” K rozvoji
blokddy dochazi mezi 16. a 26. gestacnim tydnem, AV
blokdda mlze progredovat z I. na Il. a . stupen, obvyk-
le se ale prokdaze rovnou lll. stuper. Kromé sifokomoro-
vé blokady muze dojit k postizeni myokardu a k rozvoji
autoimunni kardiomyopatie, tyto pfipady maji Spatnou
progndézu.

Doporucené sledovani: kazdd matka s prokdzanym
autoimunitnim onemocnénim a pozitivnimi autoproti-
latkami je vySetfena prenatalnim kardiologem v 16.-17.
gestacnim tydnu a znovu ve 24.-26. gestacnim tydnu. Pri
vysetifeni se hodnoti detailni srde¢ni morfologie, srde¢ni
rytmus s frekvenci a funkce myokardu. Dopplerovskou
metodou se mUze sledovat interval PR, jeho prodluzo-
vani muze byt prvni zndmkou postizeni prevodniho sys-
tému.

Pro 1écbu AV blokady Ill. stupné neni dosud jednoznac-
né doporuceny le¢ebny protokol, |é¢ba je obvykle institu-
cionalni a ve spolupraci prenatalniho kardiologa s gyne-
kologem a revmatologem.
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Management a lécba AV blokady Ill. stupné

* Plod s AV blokadou lll. stupné < 36. gestacni tyden
s komorovou frekvenci < 60/min nebo > 60/min
s hydropsem — zvazit prenatalni lécbu.

® Plod s AV blokadou lll. < 36. gestacni tyden s komo-
rovou frekvenci > 60/min bez hydropsu — sledovani
1-2x tydné.

* Plod s AV blokadou Ill. > 36. gestacni tyden s komo-
rovou frekvenci < 60/min nebo > 60/min s hydrop-
sem — zvazit predcasny porod s nasledny poporod-
nim zajisténim kardiostimulaci.

® Plod s AV blokadou lll. > 36. gestacni tyden s komo-
rovou frekvenci > 60/min bez hydropsu — porod ve
38. tydnu s naslednym poporodnim zajisténim kar-
diostimulaci.

Transplacentani lé¢ba bradyarytmii
(AV blokady lil. stupné)

Dexamethason - prevence progrese vzniku AV blokady
na vyssi stupen blokady, prevence vzniku kardiomyopatie
a umrti. Doporucend davka 8 mg jednou denné po dobu 2
tydnd, déle 4 mg jednou denné do 28.-30. gestacniho tydne.

Imunoglobulin - redukce zanétu a endokardidlni fibro-
elastézy. Indikuje revmatolog.

Plazmaferéza — redukce zanétu a endokardialni fibro-
elastézy. Indikuje revmatolog.

Beta-sympatomimetika (salbutamol, terbutalin, isopre-
nalin) — zvyseni srde¢ni frekvence komor, pfi SF komor <
55/min. V soucasnosti se od této Iécby ustupuje

Preventivni 1é¢ba: Hydroxychloroquin — prevence vzni-
ku AV blokady, snizeni rizika vzniku AV blokady u dalsiho
ditéte. Indikuje revmatolog.

AV blokada Ill. stupné v ramci vrozené srde¢ni vady je
nejcastéji na podkladé vrozené anomalie prevodniho sys-
tému typicky i anomadlie visceralniho situ s izomerismem
a u korigované transpozice velkych arterii. Prognéza je
velmi $patna a prenatalni |é¢ba se nezvazuje.

Soucasny nazor na primé lécebné intervence
na fetalnim srdci a velkych tepnach

Cilem pfimych terapeutickych intervenci je zabranit re-
gresi vyvoje srdecnich komor a po narozeni nabidnout
korektivni operaci vrozené srde¢ni vady. Rada studii pro-
kazala, Ze omezeni prdtoku krve srde¢ni komorou z da-
vodu strukturalniho postizeni srdce (stendza semilunarni
chlopné) nebo z duvodu abnormalniho fetoplacentarni-
ho obéhu (feto-fetalni transfuze) vede k regresi rlstu sr-
decnich komor a plvodné normalné vyvinuta srdecni ko-
mora se po narozeni stane hypoplastickou s nemoznosti
zapojeni do dvoukomorové cirkulace.?

Fetalni perkutanni balonkova valvuloplastika

FetdIni perkutdnni balonkova valvuloplastika umoznuje
uvolnénim zuzené aortdlni nebo pulmonalni chlopné ob-

novit ¢i zlepsit pritok krve srde¢ni komorou a umoznit tak
jeji rast v dalsim pribéhu téhotenstvi.'®3°3! Zlepseni pra-
toku zvysuje kyslikovou saturaci v mozku a po narozeni
nepfimo snizuje odpor v plicnim cévnim recisti. Zakrok se
provadi od 20. gestacniho tydnu, vyZzaduje velkou zkuse-
nost a vybornou spolupraci détského kardiologa a gyne-
kologa. | Uspésny zakrok ale bohuzel nezarucuje u viech
ploda dalsi rlst srde¢ni komory, vlastni myokard muze
byt zménén fibrézou a fibroelastézou, které rast a kon-
trakéni vlastnosti myokardu snizuji. Zkusenosti z mala
pracovist, ktera se této problematice vénuji, ukazuji, ze
pres casem postupné zlepsené vysledky??3*je po narozeni
ditéte dosazeno vysledné dvoukomorové cirkulace pouze
v 30-50 % ptipadl. Vzhledem k velké heterogenité posti-
Zeni, malym pacientskym soubordim a ndrocnosti zakroku
nelze provést randomizované studie, které by umoznily
vytvofit precizni indikacni kritéria, a tim vyznamné zlepsit
prognézu po narozeni. Zakrok je navic ne vzdy technic-
ky Uspésny, nemoznost technicky zakrok provést se uvé-
di kolem v 10-20 % a je spojen s rizikem intrauterinniho
umrti (5-10 %).3%34

Fetalni perkutanni balonkovou valvuloplastiku semi-
lunarnich chlopni provadi jen nékolik pracovist v Evro-
pé. V soucasnosti se domnivame, ze vzhledem k velmi
nizkému poctu potencialnich zakrokd v Ceské republice
tailnim pohovoru s téhotnou a jeji rodinou v rakouském
Linci, '3 kde se koncentruji pfipady z velké casti Evropy.

Fetalni perkutanni septostomie foramen
ovale a implantace stentu, maternalni
hyperoxygenace

Dalsi intervence pred narozenim zahrnuji fetalni perku-
tanni septostomii a implantace stentu do foramen ovale
v pfipadech prenatédlniho vyvoje hypoplazie levého srdce
s cilem snizit odpor plicniho cévniho recisté po narozeni.?
Ke snizeni odporu plicniho cévniho fecisté u plodu a zlep-
Seni prutoku levou srdecni komorou a mozkem vede
i hyperoxygenace matky.*® Tyto |é¢ebné metody nepatfi
do standardni péce o téhotné a provadéné zakroky jsou
budto vyjimecné, nebo zatim spise experimentalni.

Doporuceni pro vedeni pohovoru
s téhotnou a rodinou po prenatalnim
kardiologickém vysetreni

Pohovor s téhotnou a jeji rodinou (counselling) je jed-
nou z nejdulezitéjsich soucasti obecné péce o téhotné.
Jakékoli postizeni zjisténé pred narozenim je pro rodice
extrémné stresujici. Zvysené obavy a stres matky mohou
vést k depresim, zvySena koncentrace kortizolu u matky
v dUsledku stresu mUze nepfiznivé ovlivnit i vyvoj plodu.

Predpokladem poddavani informaci prenatdlnim kar-
diologem rodi¢iim je znalost pfirozeného vyvoje srdecni-
ho postizeni, epidemiologie (pre- a postnatalni prevalen-
ce), vyskytu pridruzenych nesrde¢nich abnormalit v¢etné
genetickych, znalost peri- a poporodni péce, znalost Ié-
¢ebnych farmakologickych pfipravk nutnych k 1écbé sr-
dec¢niho postizeni po narozeni, znalost operacnich a ka-
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tetrizacnich postupt a kvalifikovana predstava o kratko-,

sttedné- a dlouhodobém vyvoji véetné predpokladané

délky a kvality Zivota. DUlezZity je prfehled o poctu prove-
denych srovnatelnych operaci v Ceské republice i ve svété.

Ukolem a cilem prenatalniho pohovoru je podat co
nejvice informaci tykajicich se srde¢niho postiZeni a jejiho
dalsiho prirozeného vyvoje, o moznostech farmakologic-
ké, operacni a katetriza¢ni |é¢by a daldich [é¢ebnych moz-
nostech tak, aby se rodi¢e mohli svobodné rozhodnout

o dal$im osudu téhotenstvi.

® Pohovor s téhotnou a jeji rodinou navazuje bezpro-
stredné na prenatalni ultrazvukové vysetieni provadé-
né v kterémkoli trimestru.

e Informace o srde¢nim postiZzeni podava vyhradné pre-
natdlni kardiolog, gynekolog rodinu informuje pouze
o podezieni na srdecni postizeni nebo poruchu srdec-
niho rytmu.

® Rozhovor probiha v klidné, nejlépe oddélené mistnosti,
k vysvétleni srdec¢ni abnormality je vhodné pouzivat na-
kresy a modely.

* Pfi pohovoru se doporucuje pfitomnost treti osoby
(zdravotni sestry, gynekologa, pfinosem je pfitomnost
specialisty ve fetdlni mediciné), neni ale podminkou.

¢ Prenatdlni kardiolog informuje o prognéze izolovaného
srdecniho postizeni a u komplexniho postizeni s pfitom-
nym dalsim postizenim (genetickym, morfologickym),
které prognézu muize zhorsit, na tuto skutecnost upo-
zornuje.

¢ Prenatdlni kardiolog informuje o moznosti dalSich vy-
Setfovacich metod (CVS, amniocentéza, NIPT), o indikaci
rozhoduje odpovédny gynekolog ve spolupraci s klinic-
kym genetikem.

¢ Informace o srde¢nim postizeni musi byt pfehledna, po-
tfeby rodi¢ti se béhem pohovoru casto lisi, rodice kla-
dou vétsi daraz na funkéni zafazeni ditéte po operaci
srdce neZ na anatomické detaily postizeni.

* Konecné rozhodnuti téhotné a jeji rodiny po pohovoru
s prenatdlnim kardiologem o osudu téhotenstvi nesmi
byt ovlivnéno osobnim nazorem prenatalniho kardiolo-
ga nebo zdravotni sestry.

e Efektivita pohovoru se hodnoti na zakladé rozboru do-
taznika vyplnénych rodici, efektivni prenatalni pohovor
je po stanoveni diagnézy prenatdlné hlavnim ukolem
prenatélniho kardiologa.

Moznosti rozhodovani téhotné a jeji rodiny o osudu

téhotenstvi:

e pokracovani téhotenstvi s ndvrhem lécby plodu jesté
v téhotenstvi,

e pokracovani téhotenstvi a poskytnuti maximalni mozné
péce po narozeni,

e pokracovani téhotenstvi a paliativni péce u ditéte naro-
zeného bez moznosti Iécby,

e ukonceni téhotenstvi umélym potratem.

Pomocné informace a statistickd data nejcastéji ko-

mentovana béhem pohovoru:

e riziko pridruzeného genetického onemocnéni je vysoce
z4avislé na druhu VSV a pohybuje se v rozmezi od 1 %
u jednoduché transpozice velkych tepen po 65 % u de-
fektu atrioventrikuldrniho septa;

® u trizomie chromozomu 13 a 18 je pfitomnost velkého
subaortalniho defektu komorového septa v 95-100 %;

e stendza plicnice a hypertrofie pravé komory je casto
sdruzena se syndromem Noonanové;

e mikrodelece 2211 (diGeorglv syndrom):

- prevalence 1:5 000,

- sdruzen ¢asto s konotrunkalnimi anomaliemi (Falloto-
va tetralogie, dvojvytokova pravéd komora) se Sirokou
klinickou rozmanitosti;

e pravostranny aortalni oblouk:

- prevalence v populaci 0,1 %;

e pravostranny aortalni oblouk a anomalni odstup levé a.
subclavia (cévni prstenec):

- mikrodelece 22911 v 5-8 %,

- obstrukce pradusnice a jicnu ve 20-25 %);

e levostranny aortalni oblouk a anomalni odstup pravé a.
subclavia (obvykle netvofi cévni prstenec):

- prevalence v populaci 1,0 %,

- trizomie 21 ve 20-30 %;

e perzistujici levostranna horni duta Zila:

- prevalence v populaci 0,3-0,5 %,

- chromozomalni odchylky v 7 %,

- koarktace aorty ve 20 %.

Prevalence a relativni frekvence vyskytu v populaci
kompilované z publikovanych retrospektivnich studii ne-
museji byt presné.

Zdroje:

Mezinarodni doporuceni tykajici se prenatalniho counselingu:
American Heart Association (AHA), Association for European
Paediatric and Congenital Cardiology (AEPC) a International Society
of Ultrasound in Obstetrics and Gynecology (ISUOG).
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ABSTRACT

Athletes commonly exhibit a series of electrical, structural, and functional physiological changes which may
overlap with cardiac pathology. The last two decades have witnessed a progressive improvement in under-
standing what can be considered benign for athletes and what may be deemed as potentially pathological
and require further investigations. However, diagnostic uncertainties in the cardiac assessment of athletes
are often encountered. In particular, the clinical significance of some electrocardiogram (ECG) findings may
be uncertain. While uncommon and suggestive of an underlying cardiac condition, they may be identified
among healthy athletes without additional pathological findings to support a unifying clinical diagnosis.
This creates significant dilemmas for clinicians charged with determining sports eligibility and those who
have the responsibility to help athletes in the decision-making process regarding future competitive sports
participation. Current guidelines, recommendations, and position papers provide a roadmap for the diffe-
rential diagnosis between ‘athlete’s heart’ and cardiac disease. However, managing ECG findings of uncer-
tain clinical significance, especially when initial diagnostic evaluation reveals no supportive signs of patholo-

Keywords: gy, has received comparatively less attention, in particular, the type of cardiac investigations, the extent of
Electrocardiogram diagnostic work-up and the need for follow-up require clarification. This document aims to provide guidan-
Sports cardiology ce based on published evidence and expert opinions to assist in the clinical decision-making regarding ECG
Sudden cardiac death anomalies that are common sources of uncertainty when managing asymptomatic athletes.
Graficky abstrakt
Postup u sportovci s EKG nalezy nejistého klinického vyznamu.
Abnormalni nalez na EKG:
g
zvazte predtestovou pravdépodobnost
(napf. symptomy, rodinna
anamnéza, pohlavi, etnicky ptvod,
typ a intenzita tréninku)
N\
e=Se )
(|
==l
Zakladni vysetfeni s normalnim vysledkem: Klinicky vyznam Naplanujte vysetfeni druhé linie
pro sportovce je
zahrnuje napf. krevni testy, stale nejisty (napf. magnetickou rezonanci
ambulantni monitoraci EKG, srdce, CT vySetieni, genetické testy,
zatézové vysetieni, echokardiografii elektrofyziologické vysetreni)

7

Je stanovena definitivni diagnéza?

Zahajte odpovidajici |écebny Pokud vyznam EKG nalezu
postup a pfipadné zvazte omezeni zUstava nejisty i po viech
sportovni ¢innosti. vysetfenich

ujistéte sportovce, Ze mlze pokracovat
ve sportovni ¢innosti, a zajistéte pravidelné
periodické kontroly jeho stavu.

Interpretace EKG u sportovcl predstavuje fadu vyzev vzhledem k fyziologickym adaptacim, které mohou napodo-
bovat patologické ndlezy. Pro zpfesnéni predtestové pravdépodobnosti je nezbytny pravdépodobnostni pristup,
ktery zohlednuje individudlni rizikové faktory, jako je rodinna anamnéza, pohlavi a etnicky ptvod. Pokud zakladni
testy nedokazou objasnit vyznam abnormalit EKG, kli¢covou roli hraji vysetieni druhé linie, jako je pokrocilé zobra-
zovaci vysetreni nebo funkéni hodnoceni. V nékterych pripadech mlze nejistota pretrvavat i po dikladné diagnos-
tice. V takovych pripadech mlze sportovec pokracovat v ¢innosti s pravidelnym pfehodnocenim. Uvedena vysetreni
jsou ilustrativni a nejsou povinna pro viechny pfipady.
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Abnormalni nalezy na elektrokardiogramu u sportovct

Uvod

Srde¢ni onemocnéni spojend se zvySenym rizikem na-
hlé srdecni smrti (NSS) se Casto projevuji (nebo je lze
odhalit) pfitomnosti abnormalit na 12svodovém elek-
trokardiogramu (EKG)." Interpretace EKG u sportov-
ch viak muze byt obtiznd, nebot sportovci vykazuji
celou fadu fyziologickych, elektrickych, strukturalnich
a funkénich adaptaci, které se prekryvaji s projevy sr-
decnich onemocnéni. Ackoli dnes |épe rozumime spek-
tru zmén indukovanych sportovnim tréninkem a jsme
schopni presnéji odlisit benigni tréninkové zmény na
EKG od téch, které poukazuji na skrytou patologii,® sta-
le pretrvavaji ,Sedé zény” provazené klinickou nejisto-
tou. Zejména nékteré nalezy na EKG, které se typicky
spojuji s pfitomnosti srde¢ni choroby, mohou byt za-
znamenany i u zdravych sportovcd, aniz by byla dalsim
vysetienim zjisténa jakakoli patologie, jez by umoz-
nila stanovit jednozna¢nou diagnézu. To predstavuje
vyznamnou vyzvu pro lékafe povéfené posuzovanim
zpUsobilosti sportovcl a spolurozhodovanim o jejich
dalsi ucasti ve vrcholovém sportu. Soucasné smérnice,
doporuceni a stanoviska — véetné Mezinarodnich dopo-
ruceni pro interpretaci EKG u sportovcu — sice nabizeji
voditka, jak odlisit ,sportovni srdce” od srde¢niho one-
mocnéni, avsak pristup k nalezim na EKG oznacenym
za abnormadlni, pokud po komplexnim vysetfeni nejsou
prfitomny jiné zndmky patologie, nebyl dosud dostatec-
né vyresen. Navic nékteré ndlezy na EKG nejsou v mezi-
narodnich doporucenich dostatecné pokryty a je tfeba
upfesnit, jaké druhy a rozsah kardiologickych vy3etfeni
je v téchto pripadech namisté.

Tento dokument si klade za cil poskytnout klinic-
ka doporuceni zalozend na publikovanych dikazech
a odbornych nazorech k podpofe rozhodovani v pra-
xi. Ackoli k ,3edym zéndm” muize dochazet u viech
diagnostickych testd u sportovct, tento dokument se
zaméfuje vyhradné na nejisté nalezy zaznamenané
na 12svodovém EKG. Budeme se zabyvat izolovanymi
elektrokardiografickymi abnormalitami - terminem
»izolované” rozumime takové ndlezy naznacujici moz-
nou patologii, které nejsou provazeny osobni ¢i rodin-
nou anamnézou nasvédcujici srde¢nimu onemocnéni
ani patologickymi nalezy zdkladnich vysetfeni. Pro
ucely tohoto dokumentu pouzivdme termin ,sporto-
vec” pro jedince, ktery se vénuje soutéZnimu sportu
nebo intenzivni pravidelné fyzické aktivité. Primarnim
cilem tohoto dokumentu je poskytnout voditko ohled-
né nutnosti a druhu klinického vysetfeni u izolova-
nych nalezl na EKG a nalezl na EKG nejistého klinic-
kého vyznamu. Je dllezité zduraznit, Ze vzdy je tfeba
provést dalsi vySetfeni, pokud jsou uvedené odchylky
doprovazeny dalsimi podezielymi udaji z anamnézy ci
klinickym nélezem. Cilem dokumentu je také snizit va-
riabilitu péce a zdroveri umoznit takové strategie lé¢-
by, které budou prizpuisobeny specifickym potiebam
kazdého sportovce. Kromé toho chceme poskytnout
klinickym lékardm prakticky referencni rdmec, jenz je
povede v procesu rozhodovani.

Metody

Toto konsenzualni stanovisko bylo iniciovano vyborem
pro sportovni kardiologii pfi Evropské asociaci preven-
tivni kardiologie (EAPC) a schvéleno Védeckym vybo-
rem EAPC a Vyborem pro védecké dokumenty Evropské
kardiologické spole¢nosti (ESC) v roce 2023. Soucasni
¢lenové Vyboru pro sportovni kardiologii EAPC a dalsi
prfedni odbornici v této oblasti byli pozvani ke spolupraci
jako spoluautofi. Ti, ktefi souhlasili, byli nejprve pozvani
k online jednani, na némz se diskutovaly cile projektu
a urcila se konkrétni EKG schémata (ndlezy), o kterych
by mél dokument pojednat. Nasledné byl kazdému spo-
luautorovi pridélen kriticky rozbor konkrétniho tématu
(nalezu na EKG) pod vedenim predsedu. Druhé setkdni
se konalo béhem kongresu EAPC v Athénach v roce 2024,
kde se projednaval pribéh praci. Po shromazdéni prv-
nich prispévkud byl rozeslan prvni ndvrh dokumentu spo-
lu s elektronickym dotaznikem, ve kterém bylo mozné
hlasovat o navrhovanych doporucenich. Byly nabidnuty
tfi moznosti: souhlasim, souhlasim s Upravou formulace
nebo nesouhlasim. Vysledky ankety byly prodiskutovany
béhem druhé online schlizky, po niz byli autofi pozadani
o potvrzeni, zda souhlasi ¢i nesouhlasi s upravenymi do-
porucenimi. V souladu s politikou ESC pro konsenzudlni
dokumenty byla mira podpory doporuceni klasifikovana
do péti kategorii v rozmezi 0 az 4 ,stupn”. Pokud bylo
doporuceni podloZzeno spolehlivymi dikazy, obdrzelo
hodnoceni stupné 4. Pokud doporuceni vychazelo pre-
vdzné z ndzoru odbornikd, pak pfi jednomysiném sou-
hlasu viech autor( ziskalo hodnoceni stupné 3, zatimco
v pfipadé > 80% shody (ale nikoli 100%) bylo doporu-
¢eni hodnoceno stupném 1 nebo 2. RozliSeni mezi stup-
ném 1 a 2 vychazelo z existence urcitych publikovanych
dukazl nebo konsenzu odbornikl. Pokud se ani po dis-
kusi nepodarilo dosdhnout alespori 80% shody mezi au-
tory, obdrZelo takové doporuceni hodnoceni prazdného
(0) stupné. Po tomto procesu byl rozeslan druhy navrh
dokumentu a autofi dostali moznost poskytnout dalsi
pfipominky, které byly zpracovany prfedsedy. Dokument
byl nasledné predlozen Védeckému vyboru EAPC k in-
ternimu recenznimu fizeni anonymni formou. Rukopis
byl upraven v souladu s pfipominkami recenzentt a na-
konec byl v roce 2024 schvalen Védeckym vyborem EAPC
a Vyborem pro védecké dokumenty ESC.

Bradykardie a poruchy
atrioventrikularniho vedeni

Vyrazna sinusova bradykardie (< 30 tepi/min)

Sinusova bradykardie se vyskytuje az u 80 % vrcholovych
sportovci. Sportovci vytrvalostnich disciplin mivaji brady-
kardii castéji, obvykle v souvislosti s remodelaci myokar-
du. Srde¢ni frekvence pod 35 tepl/min je vzacna v dobé
bdéni a typicky se vyskytuje pouze u extrémnich vytrva-
lostnich sportovc.” U bradykardickych sportovcl se az
v 70 % setkdvame se sinusovou arytmii, junkénim rytmem,
putujicim pacemakerem, sinusovymi pauzami ¢i atrioven-
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trikuldrnim (AV) prodlouzenym vedenim.® Tyto benigni
arytmie jsou Castéji pozorovany béhem spanku, kdy maze
frekvence sinového rytmu klesnout pod 30 tepd/min.8

Vagova hypertonie je dlouhodobé zkoumana jako
pficinny mechanismus vyrazné sinusové bradykardie. Za-
jimavé je, Zze i po kompletni farmakologické blokadé au-
tonomniho nervového systému (atropinem a betabloka-
tory) maji trénovani sportovci stale nizsi klidovou srdec¢ni
frekvenci nez lidé se sedavym zplsobem Zivota.? Nedavna
data naznacduji, Ze v sinusovém uzlu dochazi k intrinzic-
kym zménam,'® které mohou pretrvavat i po vysazeni tré-
ninku. Longitudindlni studie u 157 byvalych elitnich spor-
tovcl s bradykardii (klidova srde¢ni frekvence < 50 tep0/
min v dobé vrcholné sportovni kariéry) ukdzala, Ze po vice
nez 5 letech bez tréninku a soutézi pretrvavala bradykar-
die u 65 % ucastnikd, pricemz 18 % jich mélo srdecni frek-
venci < 50 tepUd/min."

V nepritomnosti dalSich klinickych ¢i elektrokardiogra-
fickych zndmek dysfunkce sinoatrialniho uzlu by sinusova
bradykardie u asymptomatického sportovce neméla byt
klinicky znepokojiva. V souladu s Mezinarodnimi dopo-
ru¢enimi pro interpretaci EKG u sportovci® Ize klidovou
srdecni frekvenci nad 30 tepl/min povazovat u asympto-
matickych intenzivné trénujicich jedincl za normalni na-
lez, ktery nevyzaduje dalsi vySetfovani. Vyjimkou by méli
byt sportovci, zejména starsi 35 let, u nichz je reakce sr-
decni frekvence na zatéz abnormaini.

U sportovcl s klidovou srdec¢ni frekvenci < 30 tepu/
min na 12svodovém EKG, ktefi ani po kratké intenziv-
ni fyzické ndmaze ¢i hyperventilaci nevykazi adekvatni
vzestup frekvence, je zapotrebi provést dalsi kardiolo-
gickd vydetreni. Zakladni vysetfeni by méla zahrnovat
rutinni laboratorni testy (elektrolyty a funkci stitné
zlazy), transtorakalni echokardiografii (TTE) k vylou-
ceni strukturalniho onemocnéni srdce, maximalni za-
tézovy test (MZT) k posouzeni chronotropni odpovédi
a 24-48hodinové ambulantni monitorovani EKG. Po-
sledné jmenované by mélo zahrnovat i tréninkovou
jednotku, aby byla prokdazana normdlni reakce srdecni
frekvence a chronotropni rezerva a aby bylo vylou¢eno
prohlubovani sinusovych pauz ¢i AV blokad pti zatézi.
Je nutné poznamenat, Ze vyraznou bradykardii mohou
zhorSovat nékteré léky a casto byva spojena s tézkym
relativnim energetickym deficitem? (napf. u sportovct
s mentalni anorexii).'*

Genetické testovani lze zvazit k vylouceni mutaci
gent HCN4, SCN5A a ANK2 v pfipadech, kdy vyraznou
bradykardii nelze vysvétlit intenzivnim tréninkem, kdy
se vyskytuje v rodindch nebo je spojena se strukturalnim
postizenim srdce.™'® Pfesto se rutinni genetické testo-
vani u izolovanych nalezt na EKG nedoporucuje a mélo
by byt zvazovdno pouze v pripadé dalsich klinickych i
rodinnych ukazatelQ. Invazivni elektrofyziologické vy-
Setfeni ma v této situaci jen omezeny pfinos. Nicméné
v peclivé vybranych pfipadech — napftiklad u vyrazné
sinusové bradykardie spojené s pretrvdvajici AV bloka-
dou I. stupné nebo s raménkovou blokddou, u ndamahou
neovlivnitelné AV blokady druhého stupné typu Mo-
bitz | ¢i u podezieni na dysfunkci sinusového uzlu s nevy-
svétlenymi ndmahovymi symptomy navzdory normalnim
neinvazivnim vysledkim — Ize zvazit elektrofyziologické
vysetfeni.'

Pokud nejsou pfitomny symptomy ani podeziela ro-
dinnd anamnéza, nemél by byt sportovec s izolovanou
vyraznou sinusovou bradykardii a bez dalSich abnormalit
odrazovan od Ucasti v intenzivnich ¢i objemnych sportov-
nich aktivitach. | u asymptomatickych sportovcl je vsak
vhodné zvazit jejich sledovani, zejména pokud je zjevny
nepomér mezi objemem ¢&i intenzitou tréninku a mirou
bradykardie (viz tabulku 1).

Pokud je vysloveno podezieni na dysfunkci sinoatridl-
niho uzlu, mize byt nezbytné kratkodobé prerusit tré-
nink, aby ji bylo mozné odlisit od fyziologické bradykar-
die navozené zatézi. Predpoklada se, Zze k ndvratu srdecni
frekvence k normalnim hodnotam je nutnd delsi pauza
od tréninku (vice nez 6 tydn()."-2°

AV blokada I. stupné s vyrazné prodlouzenym
intervalem PR (> 400 ms)

Prvostupriova atrioventrikuldrni blokada (AVB 1) je pova-
Zzovana za bézny EKG ndlez u vrcholovych sportovcu. Jeji
prevalence roste s vékem (od 0,3 % u déti po 7,5 % u elit-
nich dospélych sportovc)®?' a prodlouzeni intervalu PR
byva obvykle mirné (< 250 ms). Adaptivni AVB I. stupné je
typicky disledkem zvysené vagové aktivity a intrinzickych
zmén AV uzlu.” Interval PR se obvykle zkracuje béhem za-
téZe a v obdobi po vysazeni tréninku. Naproti tomu vy-
razné prodlouzeny interval PR (definovany hodnotami
> 400 ms u dospélych a > 300 ms u déti/dospivajicich) je
vzacny i u vrcholovych sportovct a mél by vést k dalsi-
mu vysetfeni zamérfenému na vylouceni skrytého srdec¢-
niho onemocnéni, pokrocilejsi AV blokady ¢i malignich
arytmii.?2 To je obzvlasté dllezité, je-li zaroven pfitomna
raménkova blokada — ta by méla vzbudit podezieni na
infranodalni (distalni) blokadu.

U sportovcu s vyrazné prodlouzenym intervalem PR,
ktery pretrvdva i po kratké intenzivni ndmaze nebo hy-
perventilaci, by uvodni vysetieni méla zahrnovat podrob-
nou rodinnou anamnézu, ambulantni monitorovani EKG
(v€etné tréninkové jednotky), TTE a MZT.% Lze zvazit vy-
Setfeni autoimunitniho stavu u mladého sportovce a jeho
matky za ucelem odhaleni pfipadné vrozené, pozdné
progredujici vrozené nebo ziskané autoimunitni AV blo-
kady zpusobené materskymi protildtkami anti-Ro/SSA. 2426
Je tfeba poznamenat, Ze testovani anti-Ro/SSA protilatek
Ize zvazit ve vyjimecnych pfipadech nevysvétlené nebo
progredujici poruchy vedeni, nikoli v8ak rutinné u asym-
ptomatické AV blokady I. stupné.

Vysetfeni druhé linie je doporucovano k vylouceni
strukturdlniho postizeni srdce, infiltrativnich chorob
a lymeské borelidzy, zejména pokud je AV blokada
provazena raménkovou blokddou nebo echokardio-
grafickymi odchylkami. U sportovcd s nevysvétlenym
vyraznym prodlouzenim AV vedeni, u nichZ je pode-
zfeni na potencialné dédi¢nou poruchu, lze zvazit ge-
netické testovani mutaci gent SCN5A, TRPM4, lamin
A/C a PRKAG2'3%7-28 3 screening EKG u prvostupriovych
pfibuznych. U vybranych pfipadl, kdy neinvazivni vy-
Setfeni neumozni definitivné objasnit pavod poruchy
vedeni, je namisté zvazit elektrofyziologické vysetreni?®
(viz tabulku 1).

Ackoli u asymptomatickych jedincd s autoimunitni AV
blokddou a negativni rodinnou anamnézou nahlé srdecni
smrti (NSS) by sportovni aktivita neméla byt omezovana,
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Tabulka 1 - Diagnosticky postup u sportovct s vyraznou sinusovou bradykardii/poruchami AV prevodu a blokadou Tawarovych ramének

Uroven
doporuceni

Vyrazna sinusova bradykardie, AV blokada a kratky interval PR

U sportovcd s vyraznou sinusovou bradykardii, AV blokadou prvniho stupné s vyraznym prodlouzenim intervalu PR

(> 400 ms) nebo AV blokadou druhého stupné typu Mobitz | pres den, ktera pretrvava i pres intenzivni cvi¢eni nebo
hyperventilaci, je doporuceno provést klinicka vysetreni, véetné zakladnich krevnich testd, TTE, MZT a ambulantniho ([ ] ..
monitorovani EKG, véetné tréninkové jednotky.

U sportovcd s vyraznym prodlouzenim intervalu PR nebo AV blokddou druhého stupné typu Mobitz | pres den Ize
zvazit testovani na anti-Ro/SSA u sportovce a matky (u mladych sportovca). (] |

U sportovcl s AV blokadou prvniho nebo druhého stupné spojenou s blokddou Tawarova raménka by mélo byt .
zvazeno komplexnéjsi klinické vysetreni k vylouceni genetickych, infiltrativnich nebo zénétlivych onemocnéni. (] )

U sportovcd s AV blokddou a souvisejici blokddou Tawarova raménka a u symptomatickych sportovct s kratkym
intervalem PR a bez zjevné preexcitace mize byt vhodné provést elektrofyziologické vysetreni. (] )

Preruseni tréninku alespori na 2 mésice maze u sportovcl s normalnimi vysledky pocatecnich vysetieni pomoci odlisit
zatézi navozené zmény — napf. vyraznou AV blokadu I. stupné nebo AV blokddu Mobitz | pres den. ] ]

Blokady Tawarovych ramének

U zdanlivé zdravych sportovct s blokadou levého Tawarova raménka (LBBB) je jako vysetieni prvni volby dirazné '
doporuceno provést TTE k odhaleni pfipadného strukturalniho onemocnéni srdce a posouzeni systolické funkce. (] ..

U sportovct s LBBB se doporucuje zvazit MZT a ambulantni monitoraci EKG (véetné zéznamu béhem zatéze)

k vylou¢eni poruch AV vedeni. (] ..

U sportovct s LBBB je doporuceno provést CMR jako vysetreni druhé linie i v pfipadé normélniho

nélezu na TTE. ...
Korondrni CT angiografie (CTCA) je doporucena jako vySetieni druhé linie u sportovct s LBBB, ktefi jsou

symptomaticti nebo maji vysoce rizikovy profil pro aterosklerézu koronérnich tepen. () ..
Genetické testovani muze byt vhodné u vybranych sportovct s LBBB, pokud je pfitomno strukturalni postizeni,

AV blokada a/nebo fibrilace sini. (] ]

U sportovcd s blokadou pravého Tawarova raménka (RBBB) a sitkou QRS < 130 ms nejsou dalsi vysetreni indikovana,

pokud chybi rodinnd anamnéza predc¢asného umrti na srdecni chorobu nebo kardiomyopatii a nejsou pfitomny jiné ° ..'

abnormality na EKG.

U sportovcl s RBBB a Sitkou QRS > 130 ms je vhodné zvézit provedeni TTE. ..
o

U sportovcl s kompletni RBBB a sou¢asnymi abnormalitami na EKG mUze byt vhodné provést CMR, i kdyz TTE

neprokazala zZadné odchylky. (] |
U sportovcl s kompletni RBBB mUZe zaznam svodl V, a V, ve 2. a 3. meziZebfi pomoci vyloucit EKG vzor syndromu
Brugadovych typu I. (] )
DEFINICE SYMBOL
Klinické doporuceni zalozené na robustnich
publikovanych diikazech ..l
M Klinické doporuceni zalozené na jednotném konsenzu
8l autorské skupiny ..'
(V)
=)
o
g Miize byt vhodné na zakladé publikovanych dikaza ) [
°
o
< o v - P z v
ﬁ Miuize byt vhodné na zakladé konsenzu
autorské skupiny °

Oblast nejistoty )

AV - atrioventrikularni; CCTA - korondrni CT angiografie; CMR — magneticka rezonance srdce; LBBB - blokéda levého Tawarova raménka;
NSS — nahla srde¢ni smrt; RBBB - blokada pravého Tawarova raménka; Ro/SSA - protilatky anti-Ro/SSA (anti-Sjogrentv syndrom antigen A);
TTE - transtorakalni echokardiografie; ZT — z4tézovy test.
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Sinusova bradykardie Vyrazné (> 400 ms) AV blokada 2. stupné Mobitz |
(TF < 30/min) prodlouzeni intervalu PR pres den

$ $

$

Chronotropni
inkompetence
pii fyzické zatézi

$ $

Trvajici poruchy

AV prevodu
pri fyzické zatézi

Trvajici poruchy
AV prevodu
pri fyzické zatézi

$ $ $

Krevni testy

TTE Ke zvézeni vy3etreni
MZT anti-Ro/SSA
Ambulantni u mladych sportovcti

monitorovani EKG

Krevni testy L Krevni testy
TTE Ke zvazeni vysetfeni TTE
MZT anti-Ro/SSA MZT
Ambulantni u mladych sportovct Ambulantni
monitorace EKG monitorovani EKG

) 2
Ano ‘ ‘ Ne

) 2
Ano ‘ ‘Ne

4
Ano‘ ‘ Ne

Névrat ke sportu

Reseni podle Ke zvazeni Reseni podle Ke zvazeni Reseni podle Ke zvazeni
finalni diagnézy kontrola finaIni diagndzy kontrola finaIni diagndzy kontrola
s odstupem s odstupem s odstupem

Névrat ke sportu Névrat ke sportu

Obr. 1 - Postup u sportovci s bradyarytmiemi. Je tfeba poznamenat, Ze doporuceni pro sportovce s extrémni bradykardii a vyraznym
prodlouzenim intervalu PR plati pro jedince, u nichz intenzivni cvi¢eni nebo hyperventilace nevedou k rychlé upravé tohoto nalezu.
HR - srdecni frekvence; MZT — maximalni zatézovy test; TTE - transtorakdalni echokardiografie.

je nezbytné jejich sledovani s ohledem na moznou pro-
gresi AV blokady. Totéz plati pro sportovce s intervalem
PR > 400 ms v dospélosti ¢i > 300 ms v détstvi/dospivani
a bez dalsich elektrickych a/nebo strukturalnich abnorma-
lit srdce.

Denni AV blokada II. stupné typu Mobitz |
Fyziologickda AV blokada druhého stupné typu Mo-
bitz I (Wenckebach) je béZzné pozorovéana u sportovcl
s vysokym vagovym tonem. No¢ni Mobitz | a vyrazna bra-
dykardie jsou u zdravych sportovcl casté a nevyZaduji
dal3i vy3etfeni. Benigni AV blokada u zdravych sportovct
obvykle vymizi po mirné zatézi nebo i po forsirované hy-
perventilaci.®

Naproti tomu vys$si AV blokdda nebo pretrvavajici Mo-
bitz | béhem dne a pfi tréninku by mély vzbudit podezre-
ni na patologii. Ackoli jsou popsany pripady AV blokady
druhého stupné Mobitz | zpUsobené infranodalni blo-
kddou, vétsina Wenckebachovych AV blokad je dusled-
kem prechodné benigni poruchy vedeni v AV uzlu. Mo-
bitz | byva jen zfidka zpUsoben strukturalnimi, infiltrac-
nimi, infekénimi ¢i genetickymi chorobami srdce (jako je
napriklad laminopatie, lymeskd boreliéza ¢i srdecni sar-
koid6za).?”3-33 Ve vzacnych pfipadech mohou AV uzel
pfimo postihnout autoimunitni poruchy a manifestovat
se jako Wenckebachlv typ AV blokady.3

AV blokada Mobitz | by méla byt vysetfena, pokud je
provazena kardidlnimi symptomy nebo pozitivni rodin-
nou anamnézou, pretrvavd béhem fyzické aktivity véetné
intenzivniho cviceni, je doprovazena Sirokymi komplexy
QRS a/nebo jinymi abnormalitami na EKG (zvétSeni sini,
odchylka osy, deprese Useku ST, inverze vin T, nizké volta-
Ze QRS) ¢&i chronotropni inkompetenci pfi zatézi.t

U pfipadd, kdy blokdda neustoupi ani po kratké in-
tenzivni namaze ¢ hyperventilaci, je zadsadni provést
MZT k posouzeni chronotropni odpovédi a zachyceni

pfipadného zhorseni AV blokady pfi progresivni zatézi
(viz obr. 1 nize). Kromé toho je velmi uzite¢né konti-
nudlni ambulantni monitorovani EKG v¢etné zaznamu
béhem tréninku, které umozni hodnotit AV vedeni
po cely den i noc. Strukturdlni srdec¢ni onemocnéni by
mélo byt nejprve vylou¢eno pomoci TTE. V konkrétnich
situacich mohou pomoci sérologicka a genetickd vyset-
feni a magneticka rezonance srdce (CMR) — napftiklad
pfi zvazovani autoimunitnich, infekcnich ¢i genetickych
etiologii, jak bylo popsano v pfedchozi ¢asti u vyrazné
AV blokady I. stupné.? Pokud fenotyp neni jasny (napf.
dochézi ke zhor3eni AV blokady pfi sympatické stimu-
laci nebo je pfitomna raménkova blokada), je namisté
zvazit elektrofyziologické vysetieni k vylouceni infra-
nodalniho postizeni® (viz tabulku 1).

V neposledni fadé muze cenné informace prinést do-
Casné vysazeni tréninku, které ukaze vymizeni denni AV
blokady a jeho souvislost se symptomy.2

Asymptomaticti sportovci s denni AV blokddou Mo-
bitz I, ktera se upravi po kratké fyzické namaze, by neméli
byt vylu¢ovani ze sportovni ¢innosti.

Kratky interval PR bez zjevné preexcitace (< 120 ms)
Kratky interval PR (<120 ms) maze indikovat bud' urychlené
vedeni pres AV uzel, nebo pritomnost akcesorni spojky (dra-
hy) vedouci k ventrikularni preexcitaci (projevujici se Siro-
kym komplexem QRS >120 ms s delta vinou). Kratky interval
PR bez zjevné preexcitace neni u sportovct neobvykly — po-
zoruje se u 0,6-15,1 % détskych a dospivajicich sportovci®-’
i u nesportujici populace. Genetické faktory mohou hrat roli
jak u sportovcd, tak u nesportovcu. Existuje hypotéza, ze za
kratkym intervalem PR bez preexcitace maze stat perinodal-
ni pridatna draha vyuzivajici tzv. JamesUv svazek, avsak jeji
existence zUstava predmétem diskusi.?®

U sportovcl s kratkym intervalem PR, ktefi uvadéji
palpitace svéddcici pro paroxysmalni supraventrikuldrni



230

Abnormalni nalezy na elektrokardiogramu u sportovct

tachykardii, by mélo byt zvdZzeno elektrofyziologické vy-
Setfeni. Asymptomaticky sportovec s izolovanym kratkym
intervalem PR bez zjevné delta viny ¢i jinych abnormalit
na EKG nevyzaduje dalsi vysetreni.®

Je vak tfeba poznamenat, Ze u sportovct s pfidatnou
drdhou zavisi mira preexcitace (a tedy vyraznost delta
viny na EKG) na objemu myokardu aktivovaného pro-
stfednictvim této drahy a AV uzlu. Zejména je-li pfidatna
drdha umisténa v oblasti mitralniho anulu daleko od si-
nusového uzlu, prevod vzruchu probihd prednostné pres
AV uzel, a proto delta vina na EKG nemusi byt zfetelnd.*®
Mezi subtilni EKG znamky preexcitace patfi vysokd vina R
ve svodu V,, nepfitomnost viny Q v laterélnich prekordi-
alnich svodech, osa doleva, abnormality vin T a deprese
useku ST béhem zatéze.*® Zpomali-li se vedeni AV uzlem
vlivem vagu (napf. v noci nebo ve fazi zotaveni po zatézi),
mUzZe se preexcitace manifestovat. Pokud sportovec uda-
va palpitace a panuji-li pochybnosti, mize byt v této si-
tuaci pfinosna provokacni zkouska s podanim adenosinu.

Depolarizacni abnormality
a komorové extrasystoly

Blokada levého Tawarova raménka

Blokada levého Tawarova raménka (LBBB) se u asympto-
matickych zdravych jedincd vyskytuje vzacné - jeji odha-
dovana prevalence je mezi 0,1 % a 0,8 %.*' Longitudinal-
ni data o vyskytu LBBB u sportovcl chybéji, avsak studie
v obecné populaci ukazuji, Ze LBBB je u asymptomatic-
kych osob spojena se zvySenou kardiovaskuldrni morbidi-
tou a mortalitou.*? Pétiletd incidence nahlé srde¢ni smrti
jako prvni manifestace srde¢niho onemocnéni je u muzi
s LBBB desetkrat vyssi nez u téch bez LBBB.*> LBBB tedy

neni soucasti fyziologické adaptace na zatéz a vzdy by
méla vést k dalSimu vysetfeni. Konkrétni postup diagnos-
tického postupu zatim neni pevné stanoven a zdvisi na
klinickém kontextu.

U zdénlivé zdravych sportovcl s LBBB je jako vysetieni
prvni linie doporuceno provést TTE k odhaleni pripad-
ného strukturdlniho srde¢niho onemocnéni a k posou-
zeni vlivu dyssynchronie na systolickou funkci myokar-
du.®* Déle je vhodné zvazit zatézovy test a ambulantni
monitorovani EKG k vylouceni moznosti dynamicky se
objevujici atrioventrikularni blokady. U asymptomatic-
kych sportovct s LBBB a normalnim nalezem na TTE je
jako vysetfeni druhé linie doporucena CMR. Toto vyset-
feni mlGze odhalit subklinické strukturalni srde¢ni one-
mocnéni u asymptomatickych pacienttd s LBBB navzdory
normalni TTE* (viz obrazek 2 nize). Samotna pfitomnost
LBBB neni nezavislym prediktorem ischemické choroby
srde¢ni u pacientl s nizkym az stfednim rizikem; jako
vysetfeni druhé linie by vSak u téchto sportovcd méla byt
zvadzena CT koronarografie (CTCA) podle individudlniho
rizikového profilu, s ohledem na symptomy, demografic-
ké udaje (vék > 35 let a muzské pohlavi) a rizikové fak-
tory aterosklerézy koronarnich tepen.** Pokud je LBBB
spojena s poruchami AV prevodu nebo abnormalitami
na vysledcich zobrazovacich metod srdce, je vhodné zva-
Zit podrobnéjsi vysetreni véetné genetického testovani
k vylouceni pfipadnych zavaznych dédi¢nych stavu (jako
jsou myotonicka dystrofie, laminopatie ¢i progredujici
poruchy vedeni) — viz tabulku 1.

Pokud ani podrobné vysetieni nevede k jednoznacné-
mu davodu, je vhodné naplanovat pravidelné kontroly
s echokardiografickym vySetfenim, naptiklad po 1-2 le-
tech. Je-li LBBB provazena byt i jen mirnymi strukturdlni-
mi a/nebo funkénimi odchylkami svédcicimi pro pritom-

( RBBB(QRS>130ms) |
bl
= e vums e
b by

VI SRRAE LSRR B, SNER 1 URRS AR R (5 VAR 7

CTCA nad 35 let
véku a pfitomnost
rizikovych faktord
CAD
Poruchy AV pfevodu | ps ; | Kontrola jednou |

za 1-2 roky

‘ Ano Ne

Ke zvazeni genetické vysetieni
Ke zvazeni elektrofyziologické
vydetfeni

Obr. 2 - Postup u sportovctl s LBBB a RBBB (QRS > 130 ms).
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Abnormalni == CMR ‘ dalsiho dosetreni
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(repolariza¢ni) zmény Ano Ne
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| Vyznamné prevodni |
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ez strukturalni vady srdce Ned § Ano
I Kontrola jednou o CMR
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AV - atrioventrikularni; CAD - onemocnéni koronarnich tepen; CMR - magneticka rezonance srdce; CTCA - korondrni CT angiografie;
HD - srde¢ni onemocnéni; MZT — maximalni zatéZovy test; TF — tepova frekvence, TTE - transtorakalni echokardiografie.
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nost néjaké kardiomyopatie, mélo by nasledovat prisnéjsi
sledovani a intervence podle zjisténé patologie.

Blokada pravého Tawarova raménka (QRS > 130 ms)
Kompletni blokadda pravého Tawarova raménka (cRBBB)
je definovana konfiguraci komplexu rSR’ ve svodu V, s do-
bou trvani QRS 2120 ms a vinou S 3irsi nez R ve svodu V,.
Tento nélez je v obecné populaci nezvykly (udavana pre-
valence kolem 0,1 %),% aviak u vrcholovych sportovct je
popisovan u 0,2-3 % pfipadd.#“® VV kohorté 510 zdravych
vrcholovych sportovct bylo zjisténo, Ze izolovana typic-
kéd cRBBB (prumérna sitka QRS 125 = 5 ms) byla spojena
s fyziologickym zvysenim hmoty levé komory a/nebo roz-
mérU pravé komory.* Pokud je cRBBB provazena dalSimi
EKG odchylkami, v¢etné hypertrofie sini ¢i odchylky elek-
trické osy komplexu QRS, zvySuje se pravdépodobnost
pfitomnosti srde¢niho onemocnéni.*®

U sportovcl s cRBBB je tfeba pfi klinickém zhodnoce-
ni brat v potaz celkovou sirku komplexu QRS. Nedavna
studie zahrnujici 104 369 mladych zdanlivé zdravych je-
dincU, ktefi podstoupili screeningové vysetreni EKG a vy-
plnili anamnesticky dotaznik tykajici se zdravi, ukazala, ze
srdecni onemocnéni bylo castéjsi u osob s neizolovanou
cRBBB a sifkou QRS = 130 ms.*® V souladu s Mezinarod-
nimi doporucenimi pro interpretaci EKG u sportovcl se
u sportovct s izolovanou cRBBB nedoporucuje zadné dalsi
vysetrovani.b

Domnivame se vsak, Ze u sportovcu s cRBBB a Sitkou
QRS > 130 ms je vhodné alespon jednordzové provést
TTE k vylouceni strukturdlniho onemocnéni srdce (u spor-
tovcl s cRBBB provazenou dalsimi abnormalitami EKG je
toto doporuceni jesté naléhavéjsi, prestoze vytéznost TTE
u izolovaného cRBBB je nizkd)* (viz tabulku 1 a obrazek 1
vyse). Davodem pro toto zvazeni je vylouceni struktural-
niho srde¢niho onemocnéni, napfiklad defektu sinového
septa, spiSe nez patrani po stavech spojenych se zvysenym
rizikem NSS.

Dalsi vySetreni, jako je CMR, mohou byt nutna i pfi ne-
gativnim ndlezu na TTE, pokud jsou pfitomny jiné zmény
na EKG - v€etné inverzi vin T v hrudnich svodech zahrnu-
jicich spodni a/nebo lateralni oblast a vyrazné fragmenta-
ce komplext QRS. Dale muze byt uzite¢ny zdznam svodu
V, aV, ve druhém a tfetim meziZebfi k odlieni RBBB od
z EKG kfivky u syndromu Brugadovych typu 1.5

Sportovci s RBBB a Sitkou QRS > 130 ms, u nichz nebylo
zjisténo strukturdlni onemocnéni ani vyznamna porucha
AV vedeni, nemuseji byt omezovani ve sportovni ¢innosti.
Je vSak vhodné provadét opakované kontroly — po 1 az 2
letech — u sportovcd, ktefi maji soubézné dalsi abnormal-
ni nebo hrani¢ni nalezy na EKG.

Izolované nizkeé voltaze v koncetinovych

a prekordialnich svodech

Nizké voltdze QRS v koncetinovych svodech jsou defi-
novany jako amplituda QRS (od vrcholu k nejhlubsimu
bodu) < 0,5 mV ve viech koncetinovych svodech.>' Niz-
ké voltaze QRS v prekordidlnich svodech jsou definova-
ny jako amplituda < 1,0 mV ve viech hrudnich svodech.
Nizké voltdze QRS izolované jen na prekordiu nejsou
v tomto dokumentu feseny pro nedostatek klinickych
dat o jejich vyznamu.>" Prevalence nizkych voltdzi QRS
u zjevné zdravych sportovcd se odhaduje mezi 1-2 %,

tento EKG vzor je vsak nespecificky a muze se vyskytnout
u fady mimokardidlnich (obezita, hypertrofie prsnich sva-
14, emfyzém, augmentace prsou, hypotyredza) i kardial-
nich (perikardialni vypotek, kardiomyopatie, infiltra¢ni
onemocnéni, jizva myokardu)>*** stavl. Konkrétné jsou
nizké voltaze QRS castéji prfitomny u pacientl s arytmo-
genni kardiomyopatii (ACM) s postizenim i bez postizeni
levé komory (LK) a s izolovanou neischemickou fibrézou
myokardu (14-22 %) nez u zdravych sportovci.>>>8 Acko-
li tato EKG charakteristika mUze poukazovat na skryté
strukturdlni srdec¢ni onemocnéni, které predisponuje ke
zvysenému riziku NSS, jeji pfitomnost ani vyznam nejsou
zminény v soucasnych Mezindrodnich doporucenich pro
interpretaci EKG u sportovcu.

Sportovci s nizkymi voltdZzemi QRS a negativni osob-
ni i rodinnou anamnézou by méli podstoupit TTE, MZT
a 12svodové ambulantni monitorovani EKG vcéetné tré-
ninkové jednotky (viz tabulku 2 a obrazek 3). Posledni
dvé zminénd vysetreni maji za cil odhalit predcasné ko-
morové stahy (KES) se Sirokym komplexem typu RBBB (viz
tabulku 3), které mohou naznacovat pfitomnost neische-
mické fibrézy v myokardu levé komory.>®

Pokud uvodni (prvotni) testy vyvolaji podezieni na
kardiomyopatii, méla by byt provedena CMR k potvrze-
ni diagnézy. U sportovcl s izolované nizkymi voltazemi
QRS a normalnim nalezem na TTE, ambulantnim monito-
rovanim EKG a MZT existuji jen omezené dulkazy pro to,
aby se postupovalo k provedeni CMR. Toto vysetfeni viak
Ize zvazit, pokud klinické podezfeni pretrvava, jelikoz —
podle nasi zkusenosti — mUze vyjimecné odhalit neoceka-
vané abnormality myokardu, které nebyly zjistény jinymi
metodami. Asymptomaticti sportovci s normalnim vysled-
kem vysetieni mohou pokracovat ve sportu bez omezeni.
Pfesto je vhodné provadét u sportovcl s nizkymi voltaze-
mi QRS kazdoro¢ni kontrolni vysetfeni, protoze pfirozeny
vyvoj této abnormality neni dosud zcela objasnén. Béhem
nasledného sledovani by méla byt znovu zvdzena zaklad-
ni vySetfeni a nastaven nizky prah pro pfipadné opako-
vané provedeni CMR s pozdni akumulaci gadolinia (LGE)
v pfipadé, Ze se objevi progredujici zmény na EKG nebo
neobvyklé ¢i komplexni komorové extrasystoly béhem za-
téZového testu.

Predcasné komorové stahy (komorové extrasystoly)

* Pfedcasné komorové stahy (KES, predcasné komorové
stahy neboli extrasystoly) predstavuji klinickou vyzvu,
protoZe jsou u sportovcu relativné ¢asté a ¢asto prameni
ze zvysené aktivity benigniho ektopického loZiska,® za-
roven vsak mohou signalizovat skryté srde¢ni onemoc-
néni s potencidlem fatdlnich arytmii a NSS. U sportovcl
s KES zaznamenanymi na EKG je nezbytné zvolit adek-
vatni diagnosticky postup k vylouceni zavaznych srde¢-
nich onemocnéni. To mlze byt obzvlast slozité, protoze
urcité komorové arytmogenni substraty — jako arytmo-
genni kardiomyopatie (ACM), neischemickd fibréza LK
¢i katecholaminergni polymorfni komorova tachykardie
(CPVT) — nemuseji byt odhaleny zakladnimi vysetfenimi
(napf. TTE). Ke stanoveni diagndzy byvaji ¢asto zapo-
tfebi komplexnéjsi vysetreni, jako je CMR, zatézovy test
a genetické testy.>661-62

eV minulosti bylo stratifikovani rizika u KES zaloZeno
na konceptu ,arytmické zatéze” - predpokladalo se,
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Tabulka 2 - Doporuceny diagnosticky postup u sportovct s nizkymi voltazemi QRS v koncetinovych svodech

a predcasnymi komorovymi stahy (KES)

Uroveri
doporuceni

e U sportovcl s nevysvétlenymi nizkymi voltazemi QRS (LQRSV) v koncetinovych svodech se doporucuje provést
dalsi vysetreni, véetné TTE, maximalniho zatéZového testu (MZT) a ambulantni monitorace EKG zahrnujici zaznam .
bé&hem zatéze. (]

e U sportovcl s LQRSV a negativnimi vstupnimi vySetrenimi Ize zvazit provedeni CMR k vylouceni neischemické jizvy
v myokardu levé komory. (]

e U sportovcd s jednou nebo vice komorovymi extrasystolami (KES) na klidovém EKG - s vyjimkou fascikularnich KES
(s QRS <130 ms) — se doporucuje provést 24hodinovou ambulantni monitoraci EKG, nejlépe ve 12svodové konfigu- .
raci a véetné zatéze. (]

e U sportovct s KES vykazujicimi vysoce rizikové charakteristiky (viz tabulka 3) a/nebo s cetnosti extrasystol > 10 %

a/nebo s pridruzenymi abnormalitami na EKG se doporucuje provést dalsi vysetieni véetné laboratornich testd,! TTE, .
MZT a CMR. (]

e U sportovcl bez vysoce rizikovych KES (tabulka 3), bez dalSich abnormalit EKG a s ¢etnosti extrasystol < 10 % (avsak
> 1 %) se doporucuje provést TTE; pokud je nalez normdlni, je vhodné zvazit nasledné sledovani. (] ..

¢ Genetické testovani na CPVT je doporuceno u sportovcd s ndmahou vyvolanymi polymorfnimi extrasystolami,
svédcicimi pro CPVT (napt. narGstajici frekvence a komplexita pfi adrenergni stimulaci) v kontextu strukturalné ..
normalniho srdce. o

¢ Invazivni vysetieni formou elektrofyziologické studie s programovanou stimulaci komor a endokardialnim
mapovanim napéti muze byt vhodné ve vybranych pfipadech - u sportovct s pfiznaky, vysokou ektopickou z&tézi 0
a komplexnimi komorovymi extrasystolami.

CMR - magneticka rezonance srdce; CPVT - katecholaminergni polymorfni komorova tachykardie; LQRSV - nizké voltaze QRS; KES - pred-
¢asny komorovy stah; MZT — maximalni zatéZovy test; TTE — transtorakalni echokardiografie.
T Hemoglobin, funkce stitné zlazy a elektrolyty.

Ze vyssi pocet KES znaci vyssi pravdépodobnost podkla- vé monitoraci EKG a vytéznosti diagnostiky podklado-
dového srde¢niho onemocnéni. Tento pohled vychazel vého srde¢niho onemocnéni.®? Na zakladé tohoto kon-
predevsim z observacni studie publikované v roce 2002, ceptu navrhovala Mezindrodni doporuceni z roku 2017
kterd zjistila souvislost mezi po¢tem KES pfi 24hodino- pro interpretaci EKG u sportovct provést dalsi vysetreni
[ Nizké voltaze QRS ]
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Obr. 3 - Postup u sportovci s izolované nizkymi voltazemi QRS (LQRSV).
CMR - magneticka rezonance srdce; HD - srde¢ni onemocnéni; MZT — maximalni zatéZovy test; TTE - transtorakalni echokardiografie.
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pouze tehdy, pokud jsou na jednom klidovém 12svo-
dovém EKG pfitomny dvé ¢i vice KES.®* Nedavné studie
vsak tento pristup zpochybnily a ukazaly, Zze posuzovani
primarné podle ,arytmické zatéze"” nemusi byt presné
pro detekci podkladového srde¢niho onemocnéni, je-
likoz mu chybi jak senzitivita, tak i specifita.5*% Misto
toho se zd3, Ze presnéjsi identifikaci podkladové srdecni
patologie poskytuje posouzeni morfologie, heteroge-
nity a komplexity komorovych extrasystol, jejich vazby
na srdecni cyklus (coupling intervaly) a vztahu k ndma-
ze596065 (viz tabulku 3).

Klicovad je analyza morfologie extrasystol pro odhad
jejich mozného mista vzniku. A¢koli benigni extrasystoly
mohou pochazet z raznych srdecnich struktur, nejcastéj-
$im zdrojem byvaji fascikuly levého Tawarova raménka
(typicky u déti, projevujici se QRS < 130 ms a obrazem
inkompletni RBBB), dale vytokovy trakt pravé komory,
vytokovy trakt levé komory/aortdlni cipy a anteromedial-
ni cip mitralniho anulu. Extrasystoly z téchto loZisek jsou
spojeny s nizsi pravdépodobnosti strukturdiniho one-
mocnéni srdce, zejména u asymptomatickych sportovct
s ,izolovanymi” extrasystolami. Ackoli vétsina nefasciku-
larnich ektopii — napfiklad variant z vytokového traktu
pravé komory (RVOT) - je benigni, i pokud jsou casté, né-
které charakteristiky (napf. ménlivd morfologie, zhorseni
pfi ndmaze nebo atypické charakteristiky komplexu QRS)
mohou zvySovat podezfeni na skrytou patologii a u vy-
branych pfipadd odlvodnuji dalsi vySetfeni. Naopak ex-
trasystoly se Sirokym QRS obrazem RBBB a horni osou
jsou u sportovcl neobvyklé. Novéjsi studie naznacuji sou-
vislost mezi timto vzorem extrasystol a pfitomnosti jizvy
v myokardu LK. Déle, pokud se tyto extrasystoly netlumi
pfi zatézi, jsou reprodukovatelné béhem zatézového tes-
tu ¢i na ambulantnim monitorovani EKG a/nebo vykazuji

fenomén ,R na T”, je pravdépodobnéjsi, Ze jsou spojeny
s jizvou v myokardu LK.50.6

Sportovci, u nichz je na klidovém EKG pfitomna jedna
¢i vice KES (s vyjimkou fascikularnich KES s QRS < 130 ms
v obraze RBBB), by méli nejprve podstoupit 24-48hodino-
vé ambulantni monitorovani EKG, idealné ve 12svodové
konfiguraci a v¢etné zaznamu béhem fyzické zatéze, aby
bylo mozné analyzovat ¢etnost a morfologii extrasystol.
Ti, u nichz jsou pritomny vysoce rizikové rysy extrasystol
(viz tabulku 3), by méli podstoupit dalsi vysetfeni vcet-
né TTE (s ohledem na mozné anomalie odstupu koronar-
nich tepen), maximalniho zatéZzového testu a CMR (viz
obrazek 4). Rutinni laboratorni vysetfeni k posouzeni
koncentrace hemoglobinu, elektrolytl a funkce $titné
zlazy a dale vysetieni struktury a funkce srdce pomoci
TTE - pfipadné doplnéné o CMR - je také vhodné u spor-
tovcl s burden (Cetnosti) extrasystol > 10 %, bez ohle-
du na pritomnost vysoce rizikovych rysu, aby se vyloucila
tachyarytmii indukovand dysfunkce LK.®” CT angiografii
koronarnich tepen je vhodné zvazit pouze u sportov-
ch s vysoce rizikovymi extrasystolami a klinickym profi-
lem nasvédcujicim korondrni ateroskleréze (napf. vék
> 35 let, kardiovaskularni rizikové faktory nebo vyznamné
symptomy). Ro¢ni echokardiografické a zatéZzové vysetre-
ni je doporuceno u sportovct s vysokou zatézi extrasystol,
ktefi méli normalni komplexni vstupni vySetfeni, aby se
vcas zkontrolovala funkce komor a pfipadny vyskyt vyso-
ce rizikovych arytmii. Pokud jsou extrasystoly polymorfni
a vykazuji vyraznou zavislost na adrenergni stimulaci, coz
svédci pro CPVT, a soucasné bylo vylouceno strukturdlni
onemocnéni srdce, mélo by se zvazit genetické testovani
na pfitomnost patogennich variant spojenych s CPVT.%®
Klinicky prinos invazivniho elektrofyziologického vyset-
feni zahrnujictho programovanou stimulaci komor a en-
dokardidlni mapovani napéti u sportovct s izolovanymi,
vysoce rizikovymi extrasystolami ¢i nesetrvalou komoro-

Tabulka 3 - Stratifikace rizika u komorovych extrasystol (KES) u sportovcti

Faktory Nizkorizikové
Klinické varovné pfiznaky

Rodinnd anamnéza predcasné nahlé srdecni Ne

smrti ¢i kardiomyopatie

Podezrelé symptomy Ne

Fyzikalni vysetfeni Normalni
Klidové EKG Normalni
Echokardiografie Normalni
Charakteristiky KES

Morfologie, pocet Jednotlivé

Morfologie, typ

Fascikularni (RBBB s izkym QRS),
infundibularni (LBBB s dolni osou),

Vysokorizikové

Ano

Ano
Abnormalni
Abnormalni

Abnormalni

Mnohocetné

RBBB se stfedni nebo horni osou;
LBBB s horni osou

RBBB s dolni osou (stfedni riziko)

Reakce na z4téz Ustup
FenoménRna T Ne
NSVT Ne

Pretrvavani/narust
Ano

Ano

KES - predcasny komorovy stah (extrasystola); LBBB - blokada levého Tawarova raménka; NSVT - nesetrvald komorova tachykardie;

RBBB - blokada pravého Tawarova raménka.
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Obr. 4 - Postup u sportovcili s komorovymi extrasystolami (KES).

AIC - arytmii indukovand kardiomyopatie; CMR - magneticka rezonance srdce; CTCA - koronarni CT angiografie; D/C - propusténi; EP - elek-
trofyziologicky; HD - srde¢ni onemocnéni; MZT — maximalni zatézovy test; TTE - transtorakalni echokardiografie.

vou tachykardii (NSVT) zUstdva nejasny. Tento postup lze
zvazit pouze ve vysoce selektovanych pripadech s kom-
plexnimi komorovymi arytmiemi nebo pokud neinvazivni
zobrazovaci metody naznacuji moznou kardiomyopatii®®
(viz tabulku 2).

Pokud komplexni diagnosticky postup nepfinese zad-
né patologické vysledky, mél by byt sportovec uklidnén,
avsak — pokud jsou arytmie casté ¢i komplexni — nadéle
sledovan formou pravidelnych kontrol.

Repolarizacni abnormality

Inverze viny T (TWI)
Za inverzi viny T (T-wave inversion, TWI) povazujeme ne-
gativni vinu T o amplitudé > 1 mm (0,1 mV) ve dvou ¢i vice
sousednich svodech (s vyjimkou svodd aVR, lll a V,). In-
verze viny T je jednim z nejcastéjSich EKG projevu u paci-
entl s kardiomyopatiemi, véetné hypertrofické, dilatacni
a arytmogenni kardiomyopatie (HCM, DCM a ACM).570-71
Tento repolariza¢ni nélez viak muGze v nékterych pfi-
padech svédcit i pro fyziologickou adaptaci na zatéz — ze-
jména pokud se vyskytuje v prednich svodech a predchazi
mu elevace bodu J / klenuty (konvexni) usek ST. Klinicky
vyznam inverzi vin T se lisi podle jejich distribuce v EKG
svodech: rozlidujeme pfedni (V,-V,), lateralni (V, a/nebo
V., | a aVvl) a spodni (Il a aVF) svody. Nékdy maze byt in-
verze vin T difuznéjsi a zasahovat anterolateralni a/nebo
inferolateralni svody.

Inverze vin T nad pfedni sténou
Inverze T vin v anteriornich svodech (V,-V,, pfipadné V,)
je pomérné bézna u prepubertalnich jedincl. S postupu-

jicim pubertalnim vyvojem vsak viny T v téchto svodech
obvykle méni svoji polaritu na pozitivni — v dusledku toho
prevalence perzistujici inverze vin T ve svodech V -V, kle-
sd pod 1 % u sportovcu starsich 16 let.”>74

Podle Mezinarodnich doporuceni pro interpretaci EKG
u sportovcl se 16 let bere jako hrani¢ni vék pro odliseni
benigni (,juvenilni” a potencidlné patologické inverze
vin T ve svodech V.-V, Ve vékové skupiné 13-15 let viak
mUze byt trvajici inverze T vin povazovana za potencidl-
né abnormalni, pokud jiz doslo k ukonceni pubertalniho
vyvoje’2. Pokud panuji pochybnosti o klinickém vyznamu
inverzi T vin nad predni sténou v obdobi kolem puberty,
mUze pomoci revize starSich EKG zaznamu (jsou-li k dis-
pozici) — normalni repolarizacni ndlez v minulosti by svéd-
Cil proti benignimu charakteru pretrvavajici ,juvenilni”
inverze T vin. Neni-li pfedchozi EKG k dispozici, mUze byt
vhodné provadét kazdoro¢ni kontroly véetné EKG ke zjis-
téni, zda nedojde k normalizaci vin T.

Inverze T vin ve svodu V, (pfesahujici pouze do V) je
relativné béznd u bélosskych sportovkyn — vyskytuje se
pfiblizné ve 4 % pfipadd.” Inverze vin T nad predni sté-
nou je rovnéz castéjsi u muzskych i Zenskych sportovct
vytrvalostnich disciplin ve srovndni s bélosskymi sportovci
v jinych sportech.” Ackoli udaje o progndze jsou omeze-
né, dosavadni zkusenosti naznacuji, ze izolovana inverze
vin T omezena na svody V-V, u sportovkyr nevyzaduje
dalsi vysetreni, pokud sportovkyné nema srdecni pfizna-
ky, pozitivni rodinnou anamnézu a tento ndlez neni do-
provazen jinymi odchylkami na EKG.

Anteriorni inverze vin T zasahujici az do svodu V, je
pozorovéna az u 13 % cernosskych sportovcd a 5,7 %
sportovcd smiSeného etnika, zatimco u bélosskych spor-
tovcl pouze v 1,5 % pripadd.”” V souladu s Mezinarod-
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nimi doporucenimi pro interpretaci EKG u sportovcl®
Ize inverzi vin T nad predni sténou u sportovct africké-
ho nebo afrokaribského ptvodu (¢ernosskych sportov-
cl) povazovat za variantu ¢asné repolarizace, pokud ji
predchazi elevace bodu J a konvexni (stoupajici) Usek ST.
Tento repolarizacni vzor byl zaznamendn i u mensi ¢asti
bélosskych sportovcl.’® Studie, kterd srovnavala vyskyt
inverze vin T nad predni sténou u zdravych ¢ernosskych
a bélosskych sportovcl a u pacientl s HCM a ACM, uka-
zala, Zze u sportovcl s inverzi vin T nad predni sténou
kombinace elevace bodu J > 1 mm a inverze vin T ome-
zené na svody V -V, vylucuje kardiomyopatii bez ohledu
na etnicky pavod.”

Naopak anteriorni inverze vin T s minimalni nebo chy-
béjici elevaci bodu J (< 1 mm) mudze poukazovat na pfi-
tomnost kardiomyopatie. Podle této studie a soucasnych
doporuceni® nevyZaduji ¢ernossti sportovci s variantou
Casné repolarizace, sestavajici z elevace bodu J / iseku ST
a inverzi vin T omezenych na svody V.-V, dalsi vy3etfeni.
Je viak tfeba poznamenat, Ze dlouhodobé udaje o pro-
gndze tohoto ndlezu jsou omezené, coz zdlraznuje po-
tfebu daldiho vyzkumu. Zaroven je dUllezité postupovat
obezfetné pfi odliSovani této varianty ¢asné repolarizace
od ,zvinéného typu” (typ 1) Brugada EKG typu, ktery se
projevuje elevaci useku ST s poc¢atkem v bodé J, nasledo-
vané descendentnim pribéhem segmentu ST (viz online
dopliikové materidly, obrazky S1 a $2).% Je-li inverze vin
T nad pfedni sténou (byt omezena pouze na V,) provaze-
na daldimi potencidlné patologickymi EKG markery, jako
je prodlouZené trvani viny S (= 55 ms) ve svodech V-V,
nizké voltdze QRS ¢i vysoce rizikové komorové extrasy-
stoly (viz tabulku 3), je zapotrebi dikladnéjSiho vysetfeni
k vylouceni mozné kardiomyopatie (jak je uvedeno vyse)
(viz tabulku 4).5°

Inverze viny T nad lateralni sténou - vcéetné
anterolateralni a inferolateralni inverze viny T
Inverze vin T nad laterdIni sténou je casto zjisténa u je-
dincl s kardiomyopatii a je spojena s vysokou diagnos-
tickou vytéZznosti pro pfitomnost kardiomyopatie nebo
jizvy myokardu. Je dobfe znamo, Ze sportovci s timto
repolarizacnim vzorcem na EKG by méli byt vysetreni
pomoci CMR, zatéZzového testu a dlouhodobé monito-
race EKG.#708" Podle Mezindrodnich doporuceni pro in-
terpretaci EKG u sportovc® — pokud nejsou prokazany
zjevné strukturalni zmény ani stanovend diagndéza - se
doporucuje kazdoroc¢ni echokardiografické sledovani, ze-
jména je-li sportovec mladsi 35 let, a opakované vysetreni
CMR kazdé 2-4 roky, protoze inverze vin T nad lateralni
sténou muzou predchazet plnému fenotypovému vyjad-
feni kardiomyopatie o nékolik let (zejména HCM)” (viz
tabulku 4). CMR je doporucena také v pfipadé, ze ro¢ni
sledovani odhali zmény na EKG ¢i echokardiografii, jez
nasvédcuji rozvijejicimu se fenotypu kardiomyopatie (na-
priklad rozsifeni rozsahu inverzi vin T, vznik ¢i progrese
deprese usekd ST, vyskyt arytmii na EKG nebo zvétseni
tloustky stén, diastolicka dysfunkce ¢i obstrukce vytokové
Casti levé komory na TTE).

Je dllezité zminit, Ze dany repolariza¢ni vzorec se vy-
skytuje vyrazné castéji u cernosskych sportovct nez u je-
jich bélosskych protéjskl — jeho frekvence je az desetkrat
vys3i.82 Pravdépodobnost diagnostikovani kardiomyopa-

tie nebo jizvy myokardu je vsak u téchto sportovct trikrat
nizsi ve srovndni s bélosskymi sportovci (19 % vs 56 %).52
Navzdory opodstatnénosti vysetfeni u vsech sportovcl
s timto repolariza¢nim nalezem tato data zduraznuji po-
trebu dalsiho vyzkumu k urceni specifickych charakteris-
tik inverzi vin T (napf. jejich hloubky, rozsahu, prabéhu
¢i souvisejici fragmentace komplex() a uzpUsobeni vyse-
tfovaci strategie k efektivnéjsimu cileni v této konkrétni
populaci.

Inverze viny T nad spodni sténou
Vyznam izolované inverze vin T v inferiornich svodech (Il
a aVF) neni tak jednoznacny jako u inverzi vin T v lateral-
nich svodech. Byla popsdna u 6 % zdravych cernosskych
sportovcl a 1,5 % bélosskych sportovcu, ale také jako izo-
lovany nalez u 1,9 % pacientd s HCM.”* Studie u ¢ernos-
skych sportovct odhalily nizkou diagnostickou vytéZznost
nalezl u sportovcd, ktefi maji izolovanou inverzi vin T
ve spodnich svodech. Nicméné do doby, nez rozsahlejsi
multicentrické studie objasni pfesny vyznam izolované
inverze vin T nad spodni sténou, je vhodné jako prvni vy-
Setfeni provést u kazdého takového sportovce TTE. CMR
mUze byt opodstatnénd u asymptomatickych sportovct
s hlubokymi invertovanymi vinami T (> 0,2 mV) nebo do-
provodnou depresi Useku ST v postizenych svodech (viz
tabulku 4).

Obrazek 5 shrnuje diagnosticky postup u sportovct
s inverzi vin T. Pfitomnost inverze vin T bez soucasnych
strukturdlnich abnormalit srdce neni didvodem k nezpU-
sobilosti pro intenzivni fyzickou aktivitu ¢i soutézni sport.
Doporucuje se vsak pravidelné sledovani. U mladych spor-
tovcl s nevysvétlenou inverzi vin T by mélo byt zvdzeno
vysetfeni prvostupnovych pfibuznych, protoze exprese
kardiomyopatii je zavisla na véku a EKG odchylky mohou
fenotypovému projevu predchazet o desitky let. Genetic-
ké testovani se vsak u inverzi vin T nedoporucuje, pokud
neni pfitomen specificky fenotyp nebo pozitivni rodinna
anamnéza kardiomyopatie.®

Brugadovské EKG typu 2 a 3

Syndrom Brugadovych(BrS) je dédi¢na porucha ionto-
vych kanald srdce, nejcastéji postihujici sodikové kana-
ly, a vyznacuje se nachylnosti ke komorovym arytmiim
a NSS.#Rozlisuji se tfi uzndvané typy EKG Brugada (BrP),
pficemz pouze typ | je povazovan za diagnosticky a bez
ohledu na pfitomnost symptomu vyzaduje dalsi vysetre-
ni.8> EKG Brugadova typu 2 a 3 (BrP typu 2 a 3) se vyzna-
Cuji elevaci bodu J (= 2 mm, tj. 2 0,2 mV) a sedlovitou
(konkavni) elevaci ST rGizné vyse ve svodech V, a/nebo V,.
V téchto pfipadech je vhodné zaznamenat EKG se svody
umisténymi ve druhém a/nebo tfetim mezizebfi, aby se
pfipadné demaskoval EKG Brugada typu 1% (viz tabul-
ku 5). Pokud se timto manévrem nepodafi prokazat EKG
Brugada typu I, mélo by to asymptomatické sportovce
uklidnit. Ve vybranych pripadech — pokud je u sportovce
pfitomen Brugada vzor typu 2 nebo 3 na vychozim EKG
spolu se srde¢nimi pfiznaky nebo pokud je v rodiné ana-
mnéza NSS v mladém véku — mlzZe pomoci prodlouzené
ambulantni monitorovani EKG ve 12svodové konfiguraci
s vysoko uloZzenymi pravostrannymi svody, které muze
odhalit diagnosticky vzor typu 1878 (viz doplrikové ma-
terialy).
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Tabulka 4 - Doporuceni pro diagnosticky postup u sportovct s izolovanou inverzi vin T (TWI)

Uroven
doporuceni

Dodatecna vysetieni obvykle nejsou nutna u sportovcti s izolovanou inverzi vin T v prednich svodech, pokud plati

nasledujici:

e je omezena na svody V-V, a nejsou piitomny zadné podezrelé klinické ani elektrokardiografické nalezy;

¢ je omezena na svody V;-V; u sportovct < 16 let;

¢ je omezena na svody Vi-V, a v pfipadé cernosskych sportovcd ji predchdazi elevace bodu J/useku ST.

U sportovcd s predni inverzi vin T (kromé vyse uvedenych situaci) nebo inverzi vin T v laterélnich svodech V,-Vs je
ddirazné doporuceno provést komplexni vysetreni véetné TTE, maximalniho MZT, ambulantni monitorace EKG a

CMR k vylouceni podkladového srde¢niho onemocnéni.

U adolescentli ve véku 13-15 let mlze inverze vin T ve svodech Vi-V; vyzadovat dalsi vysetieni, pokud se zd3, ze

pubertalni vyvoj je ukoncen. Pokud je k dispozici dfivéjsi EKG s pozitivni vinou T v pfednich svodech, posiluje to

podezreni, Ze se jedna o patologicky nélez. (] )
Ackoli klinicky vyznam izolované inverze vin T ve spodnich svodech neni jasny, mGze byt vhodné provést vysetfeni

pomoci TTE. (] ]
U sportovcd se spodni inverzi vin T mGze byt pfinosné provést CMR, pokud jsou viny T hluboké (> 0,2 mV) nebo

pokud jim pfedchazi deprese Useku ST - a to i tehdy, pokud TTE neprokdaze zadné abnormality. [ ]

Genetické testovani se u sportovct s izolovanou inverzi vin T, negativni rodinnou anamnézou a normalni strukturou

srdce nedoporucuje.

CMR - magnetickd rezonance srdce; MZT - zatézovy test; TTE — transtorakalni echokardiografie; TWI - inverze viny T.

Hranicni interval QTc

Syndrom dlouhého QT (LQTS) se vyznacuje prodlouze-
nim intervalu QT a sklonem ke komorovym arytmiim.®®
Diagndéza LQTS mUze mit vyznamny dopad na sportovce
— ovliviiuje jejich ucast ve vrcholovém sportu i riziko NSS.
Méreni intervalu QTc u sportovci maze byt obtizné kvuli

vyrazné sinusové bradykardii, sinusové arytmii a napad-
nym vindm U, které mohou vést k podhodnoceni nebo
nadhodnoceni délky intervalu QT.%!

Pfesné manudlni méreni intervalu QT je zasadni, jak bylo
popsano jinde.® Pravdépodobnost LQTS Ize posoudit pomoci
modifikovaného Schwartzova skére, které vychazi z 12svo-
dového EKG, osobni a rodinné anamnézy, ambulantniho

[ TWI nad predni sténou j

[ TWI nad spodni sténou j [ TWI nad lateralni sténou j

!

!

!

TTE
* Omezené na V-V, bez pfitomnosti jinych TTE ﬂ A L\A%T tni
podezelych klinickych ¢i EKG naleza? 3 monttorovani EKG
* Omezené na V-V, u sportovct mladsich 16 let Abnormalni CMR
(zvazte pubertalni vyvoj a pfedchozi EKG, je-li Deprese Useku ST nebo nalez 3 3
k dispozici)? hluboké TWI (> 0,2 mV)?
* Omezené na V-V, a pfedchazené elevaci bodu Normalni Abnormalni
J/useku ST u sportovct ¢ernosského piivodu? Ano § ¥ Ne CMR nélez nélez
Zvazte Ro¢ni
Anol 1 Ne CMR sledovani | L " | | Reseni podle |
> ‘ ‘ Rocni sledovani gl eIy
ez UG MZT Normalni Abnormalni
d?'i‘bo ambulantni EKG nalez nalez
vysetien monitorace
! CMR L 4 4
o - Péce v zdvislosti
Normalni Abnormalni | s N | | na stanovené diagnoze |
nalez nalez
) 2 ) 2

Péce v zavislosti |

| Rocni sledovani | | na stanovené diagnéze

Obr. 5 - Postup u sportovcd s inverzi vin T (TWI).

CMR - magneticka rezonance srdce; CTCA - koronarni CT angiografie; HD - srde¢ni onemocnéni; MZT — maximalni zatézovy test; TTE - trans-

torakalni echokardiografie.
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monitorovani EKG a zatéZzového testu do maxima.”? Podle
doporuceni ESC pro sportovni kardiologii je tfeba na LQTS
pomyslet, pokud je korigovany interval QTc, vypocteny Ba-
zettovym vzorcem > 470 ms (u muzd) nebo > 480 ms (u Zen)
u asymptomatickych sportovct — a to bud na klidovém EKG,
nebo na EKG zaznamenaném 4 minuty zotaveni po zaté-
2i.>2 Déle, dle doporucenych postupt ESC pro lécbu paci-
entl s komorovymi arytmiemi a prevenci NSS plati, Ze QTc
> 480 ms nebo upravené Schwartzovo skére pro LQTS >3
znamenaji diagnézu LQTS.%” Vysledky Schwartzova skoére
u sportovc mohou byt obcas obtizné interpretovatelng,
jelikoz vyraznd bradykardie, QTc > 460 ms a zarezy na vl-
nach T se vyskytuji u malé, ale vyznamné casti sportovcd.
Navic presné posouzeni intervalu QT ve 4. minuté zotaveni
muze byt problematické kvdli vzestupu Useku ST, vysokym
vindm T a komplextim T-U. Z tohoto dvodu se klinické po-
dezfeni opira predevsim o klidové EKG.

Zachyceni prodlouzeného intervalu QTc u sportovce by
mélo byt potvrzeno opakovanym EKG v jiny den.

Asymptomaticti sportovci s QTc > 470 ms (muzi) nebo
> 480 ms (Zeny) by méli podstoupit komplexni diagnos-
tické vysetieni vcetné revize farmakologické anamnézy
a rodinné anamnézy, stanoveni koncentraci elektrolyt
(zejména drasliku, vapniku a horciku), provedeni MZT,
ambulantni monitorace EKG (nejlépe ve 12svodové konfi-
guraci pro presnéjsi hodnoceni intervalu QT), TTE a gene-
tického testovani.®

Zatézové vysetreni hraje zasadni roli v posouzeni spor-
tovch s podezienim na LQTS, zejména pro hodnoceni
paradoxniho prodluzovani intervalu QT pfi zatézi a pro
identifikaci arytmii indukovanych cvicenim. Doporucu-
jeme ukladat vytisky EKG ve 30sekundovych intervalech
béhem zatézového testu pro manudlni méreni QTc ve
vsech fazich testu, ackoli korekce QT intervalu pfi tepové
frekvenci > 120 tepU/min je obtiZzna a nepresna. Postupné
prodluzovani intervalu QTc od klidové hodnoty az k cilo-
vé tepové frekvenci a vyvoj nové vzniklych zarezd viny T

alespon ve tfech svodech jsou rovnéz cennymi ukazateli
pfitomnosti poruchy iontovych kanala.*

U sportovcu s hrani¢nim prodlouzenim QTc (470-479 ms
u zen a 460-469 ms u muzl na opakovanych EKG) by mély
byt provedeny krevni testy, ambulantni monitorace EKG
(nejlépe v 12svodové konfiguraci) a MZT (viz obr. 6). Po-
kud jsou vysledky téchto testl normalni, mélo by se zvazit
kazdoro¢ni sledovani — zejména pokud je pfitomno vyso-
ké podezreni na LQTS (napf. synkopa v osobni anamnéze
nebo vyskyt NSS ¢i LQTS v rodiné). Genetické testovani je
opodstatnéné pouze tehdy, jsou-li pfitomny dal$i znamky
naznacujici diagnézu LQTS® (viz tabulku 5).

U sportovcl s potvrzenym LQTS a QTc > 480 ms mUze
byt zvaZzovan ndvrat k zdvodnimu sportu po dikladném
vyhodnoceni, stratifikaci rizika a zavedeni individuali-
zovanych opatreni (v¢etné lécby betablokatory) v rdmci
procesu spolec¢ného rozhodovani (SDM, shared decision-
-making). Pfi rozhodovani o navratu ke sportu by se mélo
zohlednit také genotyp LQTS, predchozi symptomy, ad-
herence k 1é¢bé a adekvatni zajisténi pohotovostni péce.
Data naznacujici, ze prodlouzeni intervalu QTc vyvolané
zatézi se mUze po ukonceni tréninku zkratit, jsou zalo-
Zena pouze na jedné publikované studii a méla by byt
potvrzena robustnéjsimi dakazy.%

Zavéry

Elektrické zmény, které jsou povazovany za abnormalni
a vysoce sugestivni pro pritomnost srde¢niho onemocné-
ni, se mohou u sportovcd vyskytnout izolované, aniz by
byly doprovazeny dalsimi patologickymi nalezy podporu-
jicimi jednoznac¢nou diagndézu. Klinické reseni takovych
pFipadu je ¢asto slozité. Reseni podobnych situaci maze
byt naroc¢né, nebot je nezbytné vyvazit dvé hlediska: vy-
hnout se zbyte¢nym a nadmeérnym vysetfenim a soucasné
neprehlédnout potencidlni problém. Uznavané nélezy

Tabulka 5 - Doporuceny diagnosticky postup u sportovcti s EKG vzory syndromu Brugadovych typu 2 nebo 3

a hrani¢nim prodlouzenim intervalu QTc

Uroven
doporuceni

U sportovct s EKG vzory syndromu Brugadovych typu 2 nebo 3 se doporucuje premistit hrudni elektrody do vyssi

pozice (2. a/nebo 3. mezizebri) a opakovat EKG zaznam k vylouceni pritomnosti vzoru syndromu Brugadovych

typu 1.

U asymptomatickych sportovct s EKG vzory syndromu Brugadovych typu 2 nebo 3 a bez rodinné anamnézy nahlé
srdecni smrti ¢i syndromu Brugadovych se dalsi vysetfeni nedoporucuji.

U sportovct s prodlouzenym intervalem QTc (> 480 ms na opakovanych EKG zaznamech) se dlrazné doporucuje
provést komplexni klinické vySetreni véetné laboratornich testd," MZT, ambulantni monitorace EKG, TTE,
genetického testovéni a vysetieni EKG u prvostupriovych pfibuznych.

U sportovct s hrani¢ni hodnotou QTc (470-479 ms u zen a 460-479 ms u muzl na opakovanych EKG) se doporucuje

klinické vysetreni zahrnujici laboratorni testy, MZT a ambulantni monitoraci EKG. Vysetieni EKG u prvostupriovych
pribuznych (pokud je mozné) mlze usnadnit stanoveni diagnézy. Genetické testovani je odivodnéné pouze, pokud

jsou pritomny dalsi charakteristiky, které naznacuji diagnézu syndromu dlouhého QT (LQTS).

U sportovct s hrani¢nim prodlouzenim intervalu QTc, negativnimi klinickymi nélezy a negativnim genetickym
testem existuji omezené dikazy o tom, Ze normalizace intervalu QTc po 4-6 mésicich mGze svédcit pro prolongaci

navozovanou zatézi.

LQTS - syndrom dlouhého QT; MZT - z4téZovy test; TTE - transtorakalni echokardiografie.

" Hemoglobin, funkce ledvin a elektrolyty.
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Hranicné ¢i mirné

QTc 470-479 ms u Zen
QTc 460-469 ms u muzl

$

Potvrzené na opakovanych
12svodych EKG

| QTc > 480 ms |
A 4

Potvrzené na opakovanych
125vo%h EKG

| Krevni testy /Lékova |

l anamnéza
Krevni testy | Sekundarni prodlouzeni QTc |
Ambulantni monitorovani EKG N A
Zvazte €@ | NorméIni vysledky @ MZT =¥ ‘ =
sledovani TTE . | LQTS | | Zadna evidence o LQTS |
Zvazte rodinny screening ‘
3 Ambulantni -
; L Napravte sekundarni
monitorovanilEKG pfic¢inu a vratte se ke sportu
At " o s MTZ
Abnormalni/hranicni » Zvazte genetické TTE
nalezy testovani Zvazte rodinny » SDM: Zvazte navrat
SdEdlng ke sportu po SDM
Genetické testovani

Obr. 6 - Postup u sportovci s hrani¢nim ¢i mirné prodlouzenym intervalem QTc.
LQTS - syndrom dlouhého QT; MZT — maximalni zatéZovy test; SDM - shared decision-making (spolecné rozhodovani); TTE - transtorakalni

echokardiografie.

na EKG, které naznacuji srde¢ni onemocnéni, vyzaduji
komplexni vySetfeni k vylouceni celého spektra moznych
fenotypovych projeva srde¢nich chorob. Pokud se nedafri
dospét k definitivni diagndze, je tfeba zaujmout opatrny
pristup: ve vétsiné pfipadd muze sportovec nadale souté-
zit, avak doporucuje se pravidelné (kazdorocni) sledové-
ni. Kromé toho je vhodné — zejména u mladych sportov-
cU, jejichz pripadné latentni srde¢ni onemocnéni nemusi
byt vzhledem k véku jesté plné vyjadireno a u nichz EKG
abnormality mohou predchazet Uplnému fenotypovému
projevu v pozdéjsim véku — zvazit vysetfeni prvostupro-
vych pfibuznych. Rutinni genetické testovani je mocnym,
nikoli vSak dokonalym néstrojem; obecné se nedoporucu-
je uizolovanych nalezd na EKG a mélo by byt vyhrazeno

pro vybrané pfipady s vysokou mirou podezieni na dédic-
né onemocnéni.

Doporuceni prezentovand v tomto dokumentu vycha-
zeji z peclivého prehledu a syntézy stavajici literatury
v oblasti sportovni kardiologie spole¢né s kolektivnimi
klinickymi zkusenostmi autorského tymu. Je vsak nutné
si uvédomit, Ze nékterd zde uvedena doporuceni nejsou
podporena védeckymi studiemi a predstavuji tak pfilezi-
tosti pro budouci vyzkum.

Literatura
Je k dispozici v originalnim ¢lanku.
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Odesel profesor Eugene Braunwald -

gigant svétové kardiologie

Pfed par dny, 22. dubna 2026 obletéla (nejen) kardiolo-
gicky svét smutna zprava: ve véku 96 let zemfrel profesor
Eugene Braunwald. Pravdépodobné neexistuje na svété
kardiolog, ktery by jeho jméno neznal. Vétsina si ho spo-
juje s nejznaméjsi svétovou ucebnici kardiologie Braun-
wald'’s Heart Disease. Tato ,kardiologicka bible” vysla jiz
ve 13 vydanich - to posledni vyslo 12. prosince 2025, tedy
pouhé 4 mésice pred jeho smrti. Asi nemUze byt lepsi do-
klad toho, jak neuvéfitelné aktivni byl az do poslednich
dnt svého plodného Zivota.

Obr. 1 - Zaplnéna Aula Magna v Karolinu - v publiku je mnoho
prednich ceskych kardiologt i kardiochirurgt (v 1. fadé prof. Kol-
bel, ve 2. fadé prof. Spinarova a prof. Spinar, ve 3. fadé MUDr. UI-
man, prof. Motovskd, doc. Bednaf, prim. Herold, prof. Vanék, ve
4. fadé doc. Stasek, prof. Mandak, prof. Dominik a dalsi.

Popis jeho profesni drahy by zabral celé ¢islo ¢asopisu
Cor et Vasa. Zajemce odkazuji na knihu Eugene Braun-
wald and the Rise of Modern Medicine autora T. H. Leeho
(vysla roku 2013). Dovolim si proto zde shrnout jen nej-
podstatnéjsi informace a v zavéru pridat poznamky z né-
kolika osobnich setkani v¢etné nékolika fotografii.

Eugene Braunwald se narodil 15. srpna 1929 ve Vid-
ni. V roce 1938 rodina uprchla pred nacisty z Rakous-
ka pres Svycarsko a Velkou Britanii do Spojenych statd
americkych. Medicinu vystudoval v New Yorku, promo-
val roku 1952. Po promoci pracoval v Baltimore (Johns
Hopkins Hospital). Poté pracoval nékolik let jako ve-
douci kardiolog v NHLBI Bethesda, pak na Kalifornské
univerzité v San Diegu a vétsinu svého Zivota pak pro-
Zil v Bostonu jako prednosta Department of Medicine
v nemocnici Brigham and Women’s Hospital a rovnéz
v nedaleké nemocnici Beth Israel Hospital. Mnoho let
vedl obé tyto velké kliniky soucasné. Z jeho védeckych
Uspéchl jsou bezpochyby nejproslulejsi randomizované
klinické studie TIMI. V roce 1984 zaloZil pracovni skupi-
nu Thrombolysis In Myocardial Infarction (TIMI), ktera
prvnimi Sesti studiemi (TIMI-1 az TIMI-6) zasadné pfi-

Obr. 2 - Slavnostni predani diplomu doctor honoris causa ve Velké
aule Karolina.

spéla k rozvoji trombolytické [écby srde¢niho infarktu.
Skupina TIMI poté v dalSich studiich zkoumala Siroké
spektrum otazek z celé kardiologie. Posledni studii, na
niz se profesor Braunwald podilel, je studie TIMI-80.
Podrobné informace o studiich TIMI jsou k dispozici na
webu https://timi.org/.

Méné je zndmo, Ze Braunwald se spolupracovniky
v roce 1962 jako prvni popsali hypertrofickou kardio-
myopatii (Hypertrophic subaortic stenosis--a broadened
concept. Circulation 1962;26:161-165). Nebo fakt, zZe prv-
ni védeckou praci publikoval v Circulation jiz ve svych 26
letech (The hemodynamics of the left side of the heart as
studied by simultaneous left atrial, left ventricular, and
aortic pressures; particular reference to mitral stenosis.

Obr. 3 - Podpis do pamétni knihy v reprezentacnich prostorach Ka-
rolina. Prvni zleva prof. Andél (tehdejsi dékan 3. LF UK).
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Obr. 4 - Pfi vecefi na Terase U Zlaté studny zleva prof. Gregor,
prof. Straka, prof. Widimsky, prof. Braunwald, prof. Spacek, prim.
Herold, prof. Andél (foto: prof. Motovska).

Circulation 1955;12:69-81). | v dalSich letech publikoval
ohromné mnozstvi praci z oblasti invazivni hemodynami-
ky u ziskanych i vrozenych srdec¢nich vad a posléze i o jim
popsané hypertrofické kardiomyopatii.

Ja sam jsem se s jeho publikacemi seznamil v letech
1979-1983, kdy jsem pracoval na své dizertaci Echokar-
diografie u ischemické choroby srdecni. Dodnes si pa-
matuji, jakym impulsem pro mne byly jeho ¢lanky s Pe-
terem Marokem — napf. Factors influencing infarct size
following experimental coronary artery occlusion. Circu-
lation 1971,;43:67-82. Ze 3. vydani jeho slavné ucebnice
jsem se pripravoval v roce 1992 na atestaci z kardiologie.
V té dobé jsem netusil, Ze nékdy budu mit tu ¢est se s nim
poznat osobné, a dokonce si s nim i tykat. K tomu doslo
asi o 10 let pozdéji, pri spolupraci na nékolika studiich
TIMI, u nichz jsem délal narodniho koordinatora pro Ces-
kou republiku. Mame z té doby 6 spole¢nych publikaci.
Nejvyse si cenim té z Lancetu (Sabatine MS, Antman EM,
Widimsky P, Ebrahim IO, Kiss RG, Saaiman A, Polasek R,
Contant CE McCabe CH, Braunwald E. Otamixaban for
the treatment of patients with non-ST-elevation acute
coronary syndromes SEPIA-ACS1 TIMI 42: a randomised,
double-blind, active-controlled, phase 2 trial. Lancet
2009,374:787-795), byt otamixaban se pak do klinické
praxe nedostal.

Obr. 5 - Po vecefi s prof. Motovskou.

Pro mnoho ceskych, moravskych i slovenskych kar-
diologl bylo pak velkym svatkem, kdyz 4. fijna 2012
profesor Braunwald dostal ve Velké aule Karolina titul
doctor honoris causa Universitatis Carolinae za , celo-
svétové zcela unikatni badatelsky i pedagogicky pri-
nos v kardiologii a vnitfnim lékafstvi a za dlouholetou
mimoradné uspésnou vyzkumnou spolupraci s akade-
mickymi pracovniky Univerzity Karlovy”. Dovoluji si na

navstévy v Praze.

Prof. MUDr. Petr Widimsky, DrSc., FESC,
Kardiocentrum 3. Iékarska fakulta Univerzity Karlovy
a Fakultni nemocnice Kralovské Vinohrady, Praha
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Za MUDr. Marii Voriskovou, jednou z klicovych
osobnosti ¢eské détské kardiologie

V pondéli 16. brezna 2026 zemrela ve véku 95 let MUDr.
Marie Voriskovd, dlouholetd primarka kardiologického
oddéleni Détského kardiocentra a jedna z osobnosti, kte-
ré zasadné formovaly ¢eskou détskou kardiologii.

Détska kardiolozka MUDr. Marie Voriskova nas opusti-
la v pondéli 16. bifezna 2026 nékolik dni po svych 95. na-
rozeninach. Spolu s détskym kardiologem prof. Milanem
Samankem a détskym kardiochirurgem prof. Bohumilem
Hucinem patfila k trojici zakladatela strukturované, celo-
plosné a zaroven centralizované détské kardiovaskularni
péce v Ceské republice. Pochazela z Polabi, z kraje Bohu-
mila Hrabala. Narodila se v roce 1931 v délnické rodiné
v Kostomlatech nad Labem a vyrustala v téZzkych social-
nich podminkach jako nejstarsi ze Ctyf sester bez otce,
ktery tragicky zahynul na zacatku druhé svétové valky.
Jeji osud dobre dokumentuje slozité peripetie povale¢né
doby. Po absolvovani méstanské skoly nastoupila v 15 le-
tech do svého prvniho zaméstnani a zahy poté vstoupi-
la i do KSC, ve které hledala spravedlivéjsi budoucnost.
V roce 1950 ji proziravost osudu predurcila k celoZivotni
pouti medicinou. Nastoupila do pfijimaci kancelare Ma-
sarykova sanatoria na Dobfisi a intenzivné se zajimala
o moznost dalSiho studia, slozila maturitu a zacala studo-
vat na Lékarské fakulté v Plzni. V roce 1952 dostala nabid-
ku vedeni fakulty studovat na Leningradském (nyni Petro-
hradském) pediatrickém medicinském institutu détského
lékarstvi, kde promovala v ¢ervnu 1958 s vyznamenanim,
a jeji Zivot byl poté jiz navzdy spjat s détskou medicinou.

V roce 1959 nastoupila jako sekundarni |ékarka na dru-
hou détskou kliniku prof. J. Houstka na Karlové v Praze.
V 60. letech se tam pod vedenim doc. Hany Padovcové po-
prvé setkala bliZze s rodicim se oborem détské kardiologie,
kterému se upsala na cely Zivot. V 60. letech se také popr-
vé na stejném pracovisti setkala s vyjimecnymi osobnost-

Obr. 1 - Prim. Marie Vofiskova (uprostfed) pfi vizité s dalSimi zakla-
dateli Détského kardiocentra: kardiologem prof. Milanem Saman-
kem (vpravo) a kardiochirurgem prof. Bohumilem Hucinem (vlevo).

mi, jakymi se pozdéji stavaji détsky kardiolog Milan Sa-
manek, détsti kardiochirurgové Bohumil Hucin, Jaroslav
Stark a dalsi. S nimi proziva bouflivy rok 1968 plny nadé;ji
a zklamani, které bezprostfedné ovliviuji i vyvoj jejiho
oboru. Nesouhlasi se vstupem vojsk Varsavské smlouvy do
CSSR a je ji v reakci na to zrugeno ¢lenstvi v KSC.

V normaliza¢ni dobé se plné vénuje klinické praci.
Slozitd 70. léta travi na Détské klinice v Praze na Karlo-
vé. Od roku 1970 vede kardiologické oddéleni 2. détské
kliniky. K zdsadnimu obratu dochazi v roce 1977, kdy se
zapojuje jako klicova clenka tymu a primarka kardio-
logického oddéleni do prace nové vzniklého Détského
kardiocentra ve Fakultni nemocnici v Motole (obr. 1).
V té chvili mGze zurodit vSechny své klinické znalosti ve
prospéch déti s vrozenou srdecni vadou. Vidi pfed o¢ima
rist obor, ktery zacina spolu s détskou kardiochirurgii
poprvé celoplosné ménit dfive nepfiznivou progndzu
vrozenych srdec¢nich vad. Pfedavéd dal svou neobycejnou
klinickou zkuSenost a cit a je inspiraci pro celou generaci
Ceskych détskych kardiologt, ktefi v té dobé prochazeji
Skolenim v Détském kardiocentru. Pomaha tak vybudo-
vat ojedinély celoplosny systém péce o déti s onemocné-
nim srdce a cév, za ktery byla v roce 1984 odménéna spo-
lu s prof. Samankem a Hu¢inem Statni cenou Klementa
Gottwalda.

Obr. 2 - Tataz trojice s vrchni sestrou Détského kardiocentra Inkou
Ruthovou (vpravo) na oslavach 30. vyro¢i zalozeni Détského kar-
diocentra v roce 2007 v Karolinu.



: % Osobnosti

243

Mladé nastupujici Iékarky a lékare vede k zodpovédné
a klinicky orientované praci. Neunikne ji sebemensi detail
¢i pochybeni a ma prirozeny respekt na celém pracovisti.
Zaroven je jednim z poslednich kardiologu, ktefi se jesté
museli vice spoléhat na své usi a ruce nez na pfistrojova
vysetfeni. Vétsinu své aktivni klinické kariéry prozije bez
moznosti slozitého monitorovani, bez echokardiografie
a jinych dnes béZznych zobrazovacich metod. V té chvi-
li pfipomina prof. Helenu B. Taussigovou, ktera stala ve
40. letech ve Spojenych statech americkych u zrodu prv-
ni spojkové operace zachranujici zivot ditéti s Fallotovou
tetralogii. Obvykla otdzka prim. Voriskové pfi problému
u pacienta byla: ,Sahl sis na néj? Zeptal ses sester a ma-
minky, jak se mu dafi, jak ho vnimaji?” Snazi se o co
nejjednodussi a nejméné invazivni terapii tim, Zze umi
patofyziologicky a zejména klinicky posoudit kli¢cové ob-
lasti 1é¢by, aniz by pouzivala vice zasah(, nezZ je nezbytné
nutné. V této dobé se také navzdy pro generace ceskych
détskych kardiologu, ktefi prosli kardiologickym oddéle-
nim Détského kardiocentra, stava jejich primarkou Vofris-
kovou. Funkci primarky kardiologického oddéleni zastava
do roku 1989, kdy odchazi do dichodu. S Détskym kardio-
centrem vsak zUstala Uzce spjata az do konce svého Zivota
(obr. 2). Poméaha v kédovani vykonu v klinickém informac-
nim systému, ucastni se indikacnich seminarl, se zajmem
sleduje rozvoj péce o dospélé pacienty s vrozenou srdecni
vadou a tytéZ pacienty si i po desetiletich pamatuje jmé-
nem vcetné jejich diagndz.

V prubéhu let se MUDr. Vofiskova podilela na vypra-
covani klicovych dokumentl formujicich standardy lécby
vrozenych srdec¢nich vad: indikac¢nich kritérii k operacim
srdce, zdsad dlouhodobého pooperacniho sledovani pa-
cientd a na epidemiologickych studiich vyskytu vrozenych
onemocnéni srdce. V roce 1980 obhdjila zavérecnou zpra-
vu vyzkumného ukolu Zivot ohroZujici srdeéni vady u déti
do jednoho roku, ktery formuloval postupy diagnostiky
a Casné chirurgické lécby kritickych vrozenych srdecnich
vad u novorozenclU a kojencl. Je autorkou kapitol o ne-
mocech srdce u déti v celostatnich ucebnicich détského
lékarstvi a détské kardiologie. Publikovala samostatné
15 praci a u 35 byla spoluautorkou. Ve své dusi vSak da-
vala prednost kazdodenni neudnavné klinické praci pred
védeckymi tituly. Rodiny détskych pacientu, které Iécila,
a desitky kolegyn a kolegu, které vyskolila, ji to nikdy ne-
zapomenou.

Détska kardiologickd obec bude na prim. MUDr. Ma-
rii Vofiskovou navzdy vzpominat jako na neochvéjny
a skromny pilif péce o détskd srdecni onemocnéni, jakoz
i na jeji zasadni pfinos k vychové nékolika generaci dét-
skych kardiologu. Cest jeji pamatce!

Prof. MUDr. Jan Janousek, Ph.D.,
Détské kardiocentrum 2. lékarské fakulty Univerzity
Karlovy a Fakultni nemocnice Motol a Homolka
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Pani profesorka Iveta Simkova se doziva Zivotniho jubilea

Cestnd clenka Ceské kardiologické spole¢nosti, pani
profesorka MUDr. Iveta Simkovd, CSc., FESC, FACC, osla-
vila 15. 4. 2026 v plné formé vyznamné Zivotni jubileum.
Lékarskou fakultu absolvovala s vyznamenanim (,Cena
Rektora University”) v roce 1981, atestace mé Ctyfi: z in-
terni mediciny s vyznamendnim (1984), z kardiologie s vy-
znamenanim (1991), ze zdravotniho managementu a fi-
nancovani (2008), z angiologie s vyznamenanim (2009),
docenturu v oboru vnitfnich onemocnéni obhadjila v roce
2003, profesorkou v oboru vnitfnich chorob byla jmeno-
vana prezidentem Slovenské republiky v roce 2010. Od
roku 1987, dnes jiz tedy 39 let, pracuje na Klinice kardio-
logie a angiologie Lékarské fakulty Slovenské zdravot-
nické univerzity a NUSCH, a. s., v Bratislavé, v sou¢asnosti
jako prednostka této kliniky. Cely sv(j profesni zivot vé-
novala internimu lékafstvi, pfevazné kardiologii a angio-
logii, se specidlnim zamérenim na chlopenni a vrozené
srde¢ni vady a plicni hypertenzi. Vybudovala prvni a jedi-
né oddéleni pro vrozené srdecni vady na Slovensku, kde
je primarkou, diky této odbornosti byla vyzvdna v ramci
Evropské kardiologické spolecnosti (ESC) k pokryti zemi
vychodni Evropy v této problematice a od roku 2018 pred-
sedd Stredo-vychodo-jizni evropské studijni skupiné pro
vrozené srdecni vady dospélych. Zastavd nékolik pozic
v pre- a postgradudlnim vzdélavani. Na Lékarské fakulté

Slovenské zdravotnické univerzity v Bratislavé je garant-
kou studijniho programu vseobecné mediciny I. a Il. stup-
né a lll. stupné vnitinich onemocnéni. Ve specializovaném
postgradualnim studiu je garantkou a zaroven gestorkou
celého Slovenska v oboru kardiologie a echokardiogra-
fie. Dvanact let pusobila jako ¢lenka Akredita¢ni komise
Ministerstva zdravotnictvi Slovenské republiky v oblas-
ti vnitfnich onemocnéni. Od roku 2019 byla jmenovéana
ministrem Skolstvi, védy a vyzkumu a sportu Slovenské
republiky ¢lenkou vykonné rady Slovenské akreditacni
agentury pro vysoké 3kolstvi. Dosahla vyjimecnych vy-
sledkd v biomedicinském vyzkumu, vysledky se odrazeji
v publika¢nich aktivitach, dosud publikovala 512 praci,
s vysokym poctem citaci, celkem 9 492. Je autorkou ka-
pitol v 16 monografiich a univerzitnich ucebnicich zamé-
fenych na studium interni mediciny, kardiologie a angio-
logie. Je autorkou monografie Plicni hypertenze ocima
kardiologa, ocenéné Virsikovou cenou Prezidia Slovenské
[ékaiské spolecnosti a Literarnim fondem. Pfednesla 556
prednasek, 179krat na zahrani¢nich konferencich, recen-
zovala fadu publikaci, monografii i doporuceni ESC. Byla
resitelkou a spoluresitelkou fady vyzkumnych projektd,
grantl a mezinarodnich multicentrickych studii, projektd
a registrd. Vzhledem k uvedené rozsahlé cinnosti ziskala
pani profesorka fadu vyznamnych ocenéni, od roku 2007
je Fellow of European Society of Cardiology, od roku 2012
také Fellow of American College of Cardiology, predsed-
kyni Slovenské kardiologické spolecnosti byla v letech
2012-2015, je také ¢estnou ¢lenkou CKS. S pani profe-
sorkou sdilime mnoho let spole¢ny zdjem o problemati-
ku plicni hypertenze, pravidelné predndsi na kongresech
CKS i Pracovni skupiny plicni cirkulace, v oblasti vrozenych
srde¢nich vad cely jeji tym vzdy zaujme vynikajici arovni
prednasek. S manzelem profesorem chirurgie Peterem
a dvéma syny lékari Lukasem a Kristianem sdileji spole¢né
zajmy v oblasti sportu, uméni, hudby a hlavné mediciny.

Mila Ivetko,

za vybor Ceské kardiologické spole¢nosti Ti chci poblaho-
prat k Zivotnimu vyroci, preji Ti, at jsi zdravd, stdle také
aktivni a mild, jak je Ti vlastni. Chceme také podékovat za
roky vynikajici spoluprdce pfedevsim v problematice plic-
ni hypertenze, spolecny program operaci a angioplastik
u nemocnych s chronickou tromboembolickou plicni hy-
pertenzi je predevsim Tvoji zasluhou aktivni i na Sloven-
sku. Dékujeme tedy i za vsechny pacienty, kterym jsi svoji
poctivou praci pfinesla do Zivota velkou pomoc v jejich
stondni. Ad multos annos!

Za vybor CKS,
srdecné Michael Aschermann



o

Ze zivota spolec¢nosti

245

Prof. MUDr. Jan Cerny, CSc., jiz 85lety

V Unoru letosniho roku se v uctyhodné kondici dozil
85. narozenin vyznamny Cesky cévni, srde¢ni a transplan-
ta¢ni chirurg, prof. MUDr. Jan Cerny, CSc.

Prof. Cerny byl po maturité pfijat ke studiu na Lékat-
skou fakultu Univerzity J. E. Purkyné v Brné. Promoval
v roce 1963 a svoje prvni chirurgické kroky prozil na chi-
rurgickém oddéleni Nemocnice v Rumburku a po péti le-
tech vSeobecné chirurgické praxe se vratil zpét do Brna
na Il. chirurgickou kliniku Fakultni nemocnice u sv. Anny.

Do popredi jeho zdjmu se dostala zejména cévni chi-
rurgie. Diky jeho pracovitosti a neunavné pili se Il. chi-
rurgicka klinika stala jednim z prednich ¢eskoslovenskych
pracovist v cévni chirurgii. Prof. Cerny se zaslouzZil zejmé-
na o rozvoj AV zkratl pro dialyzu, o zavedeni retrope-
ritonedlniho pfistupu k bfisni aorté a extraanatomickych
bypasst. Dokdazal dalezitost hluboké stehenni tepny pro
rekonstrukéni cévni operace na dolni konceting, zaved|
horni hrudni sympatektomii a chirurgickou Iécbu ,thora-
cic outlet” syndromu. Podilel se na vyvoji a na klinickém
pouZiti prvni ceské pletené cévni protézy ,Mikrofroté”.

Intenzivné se vénoval i experimentalni ¢innosti. Spolu
s prof. Kofistkem takika na kolené, bez odpovidajiciho
technického vybaveni, vypracovali a na mnoha pokusech
na prasatech Uspésné ovérili techniku transplantace ja-
ter. Byl hlavni hybnou silou kolektivu, ktery pod vedenim
prof. Kotistka poprvé v Ceskoslovensku v roce 1983 prove-
dl uspésnou transplantaci jater v klinické praxi.

Jako vedouci chirurg v kolektivu prof. Vaska implan-
toval v experimentu vice nez stovku rliznych typd mecha-
nickych srde¢nich podpor — od levostranné podpory az
k umélému srdci, a vyznamné se tak podilel na svétovych
Uspésich programu totalni srde¢ni nadhrady. V roce 1987

jako prvni v Ceskoslovensku implantoval umélé srdce
i v klinické praxi.

Pro jeho vysoké odborné i nepochybné organiza¢ni
schopnosti mu bylo v roce 1984 svéreno vedeni Kardiochi-
rurgického a transplanta¢niho oddéleni ve Fakultni nemoc-
nici u sv. Anny. Od roku 1991 se pracovisté jako Centrum
kardiovaskularni a transplantac¢ni chirurgie stalo samostat-
nym subjektem a prof. Cerny se stal jeho prvnim Fedite-
lem. Vlivem jeho ptikladné pracovitosti a nednavnosti se
podafilo zvysit dostupnost srdecnich operaci, které se z vy-
jimecnych zakroku staly kazdodenni ¢innosti. Ruku v ruce
se zvySovanim poctd vykona se zlep3ovaly i jejich vysledky.

Hlavnimi oblastmi jeho zajmu byly zpocatku operace
pro ischemickou chorobu srdecni a feseni jejich komplika-
ci, zejména vyduti levé komory. Poté se jeho zajem obratil
k aktualnim novinkdm, kde zejména na poli zachovnych
operaci na mitralni chlopni patfil k pionyrim tohoto pfi-
stupu v CR a dosahl vynikajicich vysledk.

Vedle srdecnich operaci se zaslouzil i o dalsi rozvoj
transplantaci. Transplantace jater se staly rutinni operaci
s vybornymi vysledky. Operacni tym pod vedenim prof.
Cerného uskuteénil v roce 1992 prvni transplantaci srdce
v Brné. V roce 1995 proved| jako prvni v Ceské republice
transplantaci srdce u ditéte, v roce 1998 prvni kombino-
vanou transplantaci srdce a ledviny a v roce 2005 prvni
transplantaci soucasné tfi organua (srdce, jatra, ledvina).
Jako chirurg byl nesmirné zru¢ny, vedl| svoje spolupracov-
niky k tomu, Ze rutinni faze operace by mély byt provede-
ny co nejrychleji a vlastni vykon na srdci pak maximalné
peclivé a beze spéchu. Pravé v rychlém, ale peclivém pro-
vedeni operace vidél zakladni predpoklad uspéchu.

Mimo organizacni a vlastni chirurgické préace se po ce-
lou dobu intenzivné vénoval i védeckovyzkumné a peda-
gogické cinnosti. Byl fesitelem nebo spoluresitelem celé
fady védeckovyzkumnych ukolt a grantd. Je autorem
nebo spoluautorem nékolika stovek odbornych praci pub-
likovanych v domdci i v zahrani¢ni literature a pfednasek
prezentovanych na védeckych akcich doma i v zahranici.

ProtoZze na prvnim misté vSech Uvah a veskeré prace
prof. Cerného byl pacient a jeho zdravi, vydobyl si uznani
a vysoky respekt spolupracovnikd a kolegt. Prof. Cerny
by mohl byt pfikladem pro mnohé chirurgy v nazirani na
vlastni praci a v tom, Ze za neuspéchy vidél vlastni chyby
at jiz v indikaci k operaci, v nespravné zvolené operacni
taktice, ¢i v technické chybé pfi operaci. Byl narocny ne-
jen na sebe, ale i na viechny svoje spolupracovniky, ktefi
s nim nejednou zazivali krusné chvile.

Prof. Cerny se diky své vysoké odbornosti a neutucha-
jicimu zajmu o srdecni chirurgii a transplantace té&sil vie-
obecnému uznani Siroké lékarské i laické verejnosti. Za
svoji praxi prosel mnohymi vyznamnymi funkcemi v od-
bornych spole¢nostech. Po dobu dvou funk¢nich obdobi
byl pfedsedou Ceské spole¢nosti kardiovaskularni chirurgie
CLS JEP, byl ¢lenem vyboru Ceské transplanta¢ni spole¢nos-
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ti. Byl ¢lenem védecké rady ministerstva zdravotnictvi a ¢le-
nem védecké rady Lékarské fakulty Masarykovy univerzity.

Vysledky jeho prace dokumentuje i fakt, Ze béhem Zivo-
ta ziskal dlouhou radu ocenéni — cenu G. Mendela, Narod-
ni cenu, dvakrat Statni cenu, Cenu mésta Brna a vrcholem
byla jisté medaile Za zasluhy Il. stupné, Za zasluhy o stat
v oblasti védy, kterou mu v roce 2011 udélil prezident re-
publiky. Prof. Jan Cerny byl jednou z kli¢ovych postav kar-
diochirurgie a transplanta¢ni chirurgie pfelomu 20. a 21.
stoleti a vSichni si uvédomujeme, jak nesmazatelnou stopu
po sobé zanechal.

VéZeny pane profesore, mily Honzo,

chtéli bychom Ti za sebe i za vSechny byvalé kolegy podé-
kovat za vse, co jsi udélal pro pacienty a co jsi nds béhem
rokl Tvé aktivni ¢innosti naucil. Do dalSich roka Ti preje-
me predevsim pevné zdravi, Zivotni elan a osobni pohodu.

Ad multos annos,

Petr Némec, Petr Fila

Jubileum profesora Jana Cerného

Profesor MUDr. Jan Cerny, CSc., se 16. 2. 2026 dozZil vy-
znamného zivotniho jubilea, souhrn o Zivoté tohoto
velikdna ceskoslovenské a pak i ceské kardiochirurgie
a chirurgie vibec pfinasi ¢lanek od kolegd Némce a Fily.
Pfipojujeme se za vybor Ceské kardiologické spole¢nos-
ti s upfimnou gratulaci s diky za velké mnozstvi préce,
kterou pan profesor dlouhé roky odvadél na chirurgic-
kych salech. Jiz pred 43 lety proved| s profesorem Kofi-
stkem prvni experimentalni transplantaci jater, pred 39
lety implantoval prvni umélé srdce v klinické praxi. Umél

transplantovat srdce, jatra, ledviny, a to i u jednoho pa-
cienta jako komplexni vykon, pocty nesmirné naro¢nych
operaci, které provadél, jsou ohromujici. Ziskal velké
mnozstvi vyznamnych ocenéni a zUstal stale skromnym
a technicky nesmirné zru¢nym lékafem. Dovolte nam,
pane profesore, Vam poprat pevné zdravi a vse dobré do
dalsich let, diky za ty obrovské pocty nemocnych, kterym
Jste vracel zdravi a casto i Zivot.
Za vybor CKS,
srdecné Michael Aschermann
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Profesor MUDr. Jan Janousek, Ph.D. - sedmdesatilety

8th World Congress o
Pediatric Cardiolﬁgy
and Cardiac Surgery

AUGUST 27 - SEPTEMBER 1, 2023
WASHINGTON D.C.

Obr.1 - Spolecna fotografie z vyrocnich kongresti v odstupu ctvrtstoleti

Nevim, o kom jiném by mohl psat z profesniho i osobni-
ho pohledu podrobnéji nez o Honzovi Janouskovi. Oba
nas spojuje velmi podobna, déle nez 40 let trvajici pro-
fesni kariéra a diky dlouholetému pratelstvi i Zivot osob-
ni a rodinny. Honzovi do jisté miry vdé¢im i za svoji od-
bornou kariéru, jako medika mé ve 4. ro¢niku prived! do
motolského Détského kardiocentra, kde jsme spolecné
o nocnich sluzbach nasavali atmosféru pooperacni jipky,
pokouseli se pomahat sestfickdm v jejich nelehké praci
a pozdéji se i seznamovat s celym kardiocentrem. Postup-
né jsme se zaclenili i do vyzkumnych projektd zkusenych
kardiologl pracujicich v té dobé na pooperacni JIP, Vac-
lava Chaloupeckého, Pavla Horvatha, Ivana Vislockého
a dalsich. Protoze jsme asi béhem naseho plsobeni v kar-
diocentru zanechali dobry dojem, dostali jsme po ukon-
¢eni studia od prednosty kardiocentra profesora Milana
Saménka nabidku k praci. Po absolvovani vojenské sluzby
a pediatrického kolecka jsme zacali v kardiocentru praco-
vat a postupné béhem let se vice profilovat, ja se vénoval
echokardiografii a prenatalni kardiologii, Honza se nasel
v détské arytmologii a elektrofyziologii. Mél k této spe-
cializaci ostatné jako nadseny radioamatér velmi blizko.
Oba jsme tézili z neuvéfitelné inspirujiciho tymového
ducha kardiocentra vedeného skvélym odbornikem, udi-
telem a manazerem, profesorem Milanem Samankem,
ktery spole¢né s primarkou Marii Vofiskovou a profeso-
rem Bohumilem Huc¢inem kardiocentrum zalozili. Zatimco
ja jsem se postupné pod vedenim pozdéjsiho prednosty
Jana Skovranka propracovaval uskalimi echokardiografic-
ké diagnostiky a podilel se na vybudovani prenatalniho
ultrazvukového screeningu vrozenych srdec¢nich vad, Jan
Janousek se vénoval predevsim praci na pooperacni JIP
a zaroven vedl arytmologickou ambulanci. Od zacatku
bylo jasné, Ze Honza mé velky odborny potencial a bé-
hem nékolika malo let se vypracoval na predniho specia-
listu v arytmologii a elektrofyziologii. V kardiocentru
zaved| systematické vysetifovani poruch srde¢niho ryt-
mu, postupné zavadél nové diagnostické a terapeutic-

ké techniky v elektrofyziologii u déti, prvni katetrizacni
ablaci proved| v roce 1993. PIné vyuzil ohromného talen-
tu a nadseni pro akademickou praci, napsal edukativni
monografii diagnostiky a 1é¢by poruch srde¢niho rytmu
— prepracované 3. vydani vyslo v roce 2014 a velmi brzy
zacal publikovat v prestiznich zahrani¢nich casopisech.

V prelomovych letech 1988 a 1989 jsme ucasti na vsech
vefejnych protireZimnich akcich demonstrovali spole¢ny
zajem o zménu politického rezimu v Ceskoslovensku, oba
jsme se ucastnili i rozhodujici demonstrace na Narodni tfi-
dé 17. listopadu 1989. Nasledné jsme pfrispéli k vytvoreni
Obcanského féra v motolské nemocnici a chvili i premys-
leli o politické kariére. Oba jsme ale také radéji politiku
opustili a vyuzili moznosti vzdélani v zahranici a pokraco-
vali v préci v Détském kardiocentru.

V roce 2005 jsme s Honzou z Détského kardiocentra
odesli, Honzovi bylo nabidnuto vedeni Détského kardio-
centra v Lipsku, kde jiz v té dobé operoval dal$i odchova-
nec motolského Détského kardiocentra profesor Martin
Kostelka, ja jsem byl pozvan k zaloZeni echokardiografic-
ké laboratofe a vedeni oddéleni prenatalni kardiologie
do londynské Great Ormond Street Hospital (GOSH). Za-
timco ja jsem v Londyné zustal az do povinného odcho-
du do ¢aste¢ného britského dlichodu v roce 2025, Honza
se po péti letech do Prahy vratil a v roce 2011 prevzal
po prim. Janu Skovrankovi vedeni motolského Détského
kardiocentra. BEhem kratké doby realizoval v kardiocen-
tru zasadni zmény, kromé jiného pfipojil kardiocentrum
k 2. l1ékarské fakulté a s kolegy zavedl détsky transplan-
tacni program, ktery v Motole do té doby chybél a ktery
se nyni v Ceské republice velmi dobfe rozviji.

V odborné roviné bylo pro profesora Janouska milni-
kem jeho odborné akademické prace zavedeni resynchro-
niza¢ni lécby (CRT) srdec¢niho selhani u déti, ve které se
stal svétovym prukopnikem. Jsem rad, Ze jsem v pionyrské
dobé na prelomu tisicileti mohl pomoct echokardiografic-
kym vysetfovanim vhodnosti pacientt k resynchroniza¢ni
|é¢bé. Od té doby se u nds a ve svété zcela zménil pfistup
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k 1é¢bé srdecniho selhani i k technice implantace kardio-
stimuldtor( u déti a mladistvych s vrozenymi vadami srd-
ce nebo ziskanymi srde¢nimi onemocnénimi. Zkusenost-
mi a skvélou publika¢ni ¢innosti se tim profesor Janousek
nesmazatelné zapsal do vyvoje détské kardiologie u nas
i ve svété.

Kromé bohaté klinické a védecké cinnosti se profesor
Janousek velmi aktivné podili na praci v odbornych spo-
le¢nostech, je ¢lenem fady odbornych spole¢nosti véetné
Ceské kardiologické spole¢nosti (CKS) a Asociace evrop-
ské détské kardiologie (AEPC), kde je v soucasné dobé
v pozici prezidenta. Je drzitelem mnoha ocenéni, mimo
jiné je lauredtem medaile profesora Libenského a cest-
nym ¢lenem CKS.

Na zavér bych rad profesoru Janu Janouskovi poblaho-
pral k vyznamnému Zivotnimu jubileu a podékoval nejen
za mnoho zachrdnénych déti, ale za vice nez 40 let in-
spirativni spoluprace a obohaceni osobniho a spole¢ného
rodinného Zivota.

Prof. MUDr. Jan Marek, Ph.D., FESC,

konzultant v détské a prenatdlni kardiologii v Great
Ormond Street Hospital for Children v Londyné,
profesor kardiologie na University College London

a vnitrniho Iékarstvi 1. Iékarské fakulty Univerzity
Karlovy, externi poradce Détského kardiocentra Fakultni
nemocnice Motol a Homolka v Praze
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