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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.

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

Contributions appear in the Czech, Slovak or English language.

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

Cor et Vasa is indexed in the EMBASE, Scopus, Bibliographia medica
Cechoslovaca, ESC Search Engine databases, Emerging Sources Citation In-
dex, the indexing database of Thomson and Reuters, and Web of Science.

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.

None of the materials published in Cor et Vasa may be copied or repro-
duced in any form or by any means for the purpose of their dissemi-
nation without the written permission of the copyright holder. It is the sole
responsibility of the Editorial Office to make and distribute copies of the
content of this journal or parts thereof.

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 I, Charles University and General University Hospital
U Nemocnice 2, 128 08 Prague 2, Czech Republic

E-mail: Aschermann@seznam.cz

Published 6 times a year (1 supplement)

Permission E 18519 granted by the Ministry of Culture of the Czech Republic.
ISSN 0010-8650 (print), ISSN 1803-7712 (online)

© 2024, CKS.

WITH SUPPLEMENT

Kardio

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

President
Prof. MUDr. Petr Ostadal, Ph.D., FESC

Managing Editor

Mgr. Klara Prochazkova

Tel.: +420 607 932 545

E-mail: ProchazkovaKlara@email.cz

Advertising information
Magr. Denisa Ebelova

Tel.: +420 725 777 830
E-mail: ebelova@kardio-cz.cz

Distribution, subscription

The journal is available online free

of charge to all members of the Czech Society

of Cardiology and Czech Society for Cardiovascular
Surgery on the societies’ websites

(log-in through your personal account).

Published issues will be distributed to all society
members through regular mail.

The annual subscription rate of the printed journal
for the Czech Society of Cardiology members is
2,400 CZK, for non-members 3,000 CZK; for
further information, please contact

Mrs Mgr. Denisa Ebelové at ebelova@kardio-cz.cz.

The Publisher does not assume responsibility for the
quality and efficacy of any product or service offered
in advertisements or any other material of commer-
cial nature.

Pre-press
Studio Franklin Praha
E-mail: franklin@franklin.cz

Print
Tiskarna Knopp s.r.o.
Nové Mésto nad Metu;ji



or

aSd

EDITOR-IN-CHIEF

Michael Aschermann, 2" Department of Internal Medicine — Cardiology and Angiology, School of Medicine |,

Charles University and General University Hospital, Prague, Czech Republic, e-mail: mascher@vfn.cz

DEPUTY EDITORS

Petr Widimsky, Cardiocenter, Charles University Hospital “Royal Vineyards”, Prague, Czech Republic, e-mail: petr.widimsky@fnkv.cz

Jifi Vitovec, 1°t Department of Internal Medicine — Cardioangiology, School of Medicine,
Masaryk University and St. Anne’s University Hospital, Brno, Czech Republic, e-mail: jiri.vitovec@fnusa.cz

ASSOCIATE EDITORS

Jozef Bartunek, Aalst, Belgium
Vladimir Dzavik, Toronto, Canada
Jan Filipovsky, Plzen, Czech Republic
Petr Kala, Brno, Czech Republic

Hana Rosolova, Plzen, Czech Republic
Milos Taborsky, Olomouc, Czech Republic
Michal Tendera, Katowice, Poland

Josef Veselka, Prague, Czech Republic

SENIOR EDITOR (EMERITUS)
Vladimir Stanék, Prague, Czech Republic

INTERNATIONAL EDITORIAL BOARD

Francisco Avilés, Madrid, Spain

Andreas Baumbach, Bristol, UK

Jan Bélohlavek, Prague, Czech Republic
Marek Bélohlavek, Scottsdale, Arizona, USA
Marian Branny, Tfinec, Czech Republic
Miroslav Brtko, Hradec Kralové, Czech Republic
Andrzej Budaj, Warsaw, Poland

Renata Cifkova, Prague, Czech Republic
Marc Claeys, Edegem, Belgium

Peter Clemmensen, Copenhagen, Denmark
Robert Cihak, Prague, Czech Republic
Menko-Jan de Boer, Nijmegen, Netherlands
Raffaele De Caterina, Chieti, Italy

Mark DeBelder, Middlesborough, UK

Dan Deleanu, Bucharest, Romania
Germano Di Sciascio, Rome, Italy

Kenneth Dickstein, Stavanger, Norway
Maria Dorobantu, Bucharest, Romania
Andrejs Erglis, Riga, Latvia

Cetin Erol, Ankara, Turkey

Martin Fiala, Tfinec, Czech Republic
Gerasimos Filippatos, Athens, Greece
Anselm Gitt, Ludwigshafen, Germany
Robert Giugliano, Boston, Massachusetts, USA
Eva Goncalvesova, Bratislava, Slovakia
Pavel Gregor, Prague, Czech Republic
Vladimir Grigorov, Johannesburg, South Africa
Cindy Grines, Detroit, Michigan, USA

Juha Hartikainen, Kuopio, Finland
Christian Hassager, Copenhagen, Denmark
Jaromir Hradec, Prague, Czech Republic
Kurt Huber, Vienna, Austria

Jan Janousek, Prague, Czech Republic
Pavel Jansa, Prague, Czech Republic

Sanijit Jolly, Hamilton, Canada

Gabriel Kamensky, Bratislava, Slovakia
Adnan Kastrati, Munich, Germany

Josef Kautzner, Prague, Czech Republic
Peter Kearney, Cork, Ireland

Miran Kenda, Ljubljana, Slovenia

Robert Gabor Kiss, Budapest, Hungary
Antoine Lafont, Paris, France

Basil Lewis, Haifa, Israel

Ales Linhart, Prague, Czech Republic

Hana Linkova, Prague, Czech Republic

Felix Mahfoud, Homburg, Germany

Ivan Malek, Prague, Czech Republic

Marek Malik, London, UK

Fina Mauri, Badalona, Spain

Vojtéch Melenovsky, Prague, Czech Republic
Béla Merkely, Budapest, Hungary

Davor Mili¢i¢, Zagreb, Croatia

Zuzana Motovska, Prague, Czech Republic
Petr Némec, Brno, Czech Republic

Petr Neuzil, Prague, Czech Republic

Petros Nihoyanopoulos, London, UK

Marko No¢, Ljubljana, Slovenia

Bohuslav Ostadal, Prague, Czech Republic
Burkert M. Pieske, Graz, Austria

Rudolf Poledne, Prague, Czech Republic
Radek Pudil, Hradec Kralové, Czech Republic
Martin Riedel, Munich, Germany

Richard Rokyta, Plzen, Czech Republic

Jana Rubackova Popelova, Prague, Czech Republic
Manel Sabaté, Barcelona, Spain

Vedat Sansoy, Istanbul, Turkey

Udo Sechtem, Stuttgart, Germany

Tomasz Siminiak, Poznan, Poland

Hana Skalicka, Prague, Czech Republic
Zdenék Slavik, London, UK

Otto Armin Smiseth, Oslo, Norway

Ewa Swahn, Linkoping, Sweden

Iveta Simkova, Bratislava, Slovakia

JindFich Spinar, Brno, Czech Republic

Lenka Spinarova, Brno, Czech Republic
Gabriel Tatu-Chitoiu, Bucharest, Romania
Adam Torbicki, Otwock, Poland

Frantisek Tousek, Ceské Budg&jovice, Czech Republic
Marco Tubaro, Rome, Italy

Jean-Luc Vachiery, Brussels, Belgium

Frans van de Werf, Leuven, Belgium

Tomas Vanék, Prague, Czech Republic
Jolanta Vaskelyte, Kaunas, Lithuania
George Vetrovec, Richmond, Virginia, USA
Jan Vojacek, Hradec Kralové, Czech Republic
Franz Weidinger, Vienna, Austria

Stephen Wheatcroft, Leeds, UK

Dan Wichterle, Prague, Czech Republic

Jifi Widimsky Jr., Prague, Czech Republic
Adam Witkowski, Warsaw, Poland

Michael Zelizko, Prague, Czech Republic



or
aSd

Casopis Ceské kardiologické spole¢nosti & Ceské spole¢nosti kardiovaskularni chirurgie
Citovén v databdzich Scopus, EMBASE, BMC, ESC Search Engine, Emerging Sources Citation Index spole¢nosti Thomson and Reuters a Web of Science.

The Journal of the Czech Society of Cardiology & the Czech Society for Cardiovascular Surgery
Abstracted / Indexed in: Scopus, EMBASE, BMC, ESC Search Engine, Emerging Sources Citation Index by Thomson and Reuters, and Web of Science

Obsah | Contents

Svazek | Volume 66 Cislo | Number 1

Plvodni sdéleni | Original research articles

Pouziti multimodalniho zobrazovani u pacientd s mnohocetnymi
komorovymi extrasystolami — pilotni vysledky

V. Bednarova, V. Kincl, M. Pesl, R. Panovsky, Z. Starek, V. Feitova, J. Krej¢i . ... ... ... ... . ... . ... 6
Ischemickd choroba dolnich koncetin v soucasnosti
JUSPACl, J. Svobodova. . . .o 12

Plicni embolie na Tdborsku — revidované Zenevské skoére a dalsi prediktory
jejiho ndlezu na CT angiografii

JoAdAmek, . KUuchar. . 17
Compliance of patients with atrial fibrillation using new oral anticoagulants — results survey
P. Burfilova, J. Bufil, M. Harsany, K. Dufkova, M. Senkyfikovd, D. Dolanova, M. Taborsky, A. Pokorna ... ....... 23

Clinical Outcomes of Isolated Non-Left Main Side Branch Ostial Stenosis:

Medical Therapy versus Percutaneous Coronary Intervention (the ALP-SBO registry)

S. Kahraman, A. Guner, F. Uzun, A. K. Kalkan, M. Ali Yavas, M. Cicek, T. Sahin,

C. Akman, O. Celik, M. Ertruk. . . .. 29
Artificial intelligence in resting ECG: Higher accuracy in the interpretation

of rhythm abnormalities

S. Havrének, B. Stekla, M. Veseld, J. Holub, M. Zemkova, L. Miksova, K. Kvasnickova,

N. Kubinova, J. C. Lubanda, M. Dusik, J. Marek, V. Celedova, L. Plackova. . . . ... . . . 37

Prehledové clanky | Review articles

How to invasively assess left ventricular function and its efficiency of work

Lo Povider, K. CUNla. . o 44
Remodelace myokardu: Od mechanismut adaptace ke vzniku srde¢niho selhani
M. Laska, M. Novakova, T. Stracina. . . . . . ... 53

Receptor CD36 - spojnice mezi zanétem, lipidovym metabolismem
a kardiovaskularnim onemocnénim
R. Poledne, I Kralovd Lesnd. . . . ... . 66

Kazuistiky | Case reports

Tumor srdce jako vzacna pfFicina teplot nejasného plvodu

L. Hartmanova, J. Hrecko, M. Fialova, K. Médilek, P. Zacek, V. Stejskal, P. Pafizek . .. ...................... 71
Post-infarction ventricular septal rupture; a case report: An insight to the Americas

D. J. Sdnchez Amaya, N. G. Rodriguez Murillo, D. Sdnchez Amaya, H. Lopez Garcia ... .................... 76



Differentiating between Exercise-Induced ST-Segment Abnormalities Secondary
to Wolff-Parkinson-White (WPW) Syndrome and Acute Myocardial Infarction

M. Ardiana, P. D. K. Devi, R. E. Intan, I. M. Sufiyah . . . ... .. ... ... . ... ...

Non-conducted premature atrial complexes: a silent culprit of atrial fibrillation onset
A. Lo Savio, G. Vetta, A. Parlavecchio, R. Caminiti, M. Magnocavallo, L. Pistelli,

O. M. La Cognata, D. G. DellaRocca, G. DiBella, P. Crea . .. ........... i

Komentar | Commentary

Komentar ke ¢lanku The year in cardiovascular medicine 2022: the top 10

papers in heart failure and cardiomyopathies
B oMLK . 87

Kardio riilohal Supplement

Osobnosti

Zemfel pan profesor MUDr. lvan Vanék, DrSc.
L LINANer 89
Za prof. MUDr. lvanem Varnikem, DrSc. (26. 6. 1942-8. 12. 2023)
JoVESeIKa . 90

Zpravy o knize

Petra Hatlova, Roman Smucler a Stépan Svacina: Debaty bez cenzury 3

L PEtrASEK. . . o 91
Martin Polak: Urgentni pfijem. Nejcastéjsi znaky, pfiznaky a nemoci na oddéleni

urgentniho pfijmu. 3., pfepracované a doplnéné vydani
L PEtrASEK. . o 92

Seznam inzerentu

& RECORDATI

Herbacos Recordati s.r.o.
Strossova 239, 530 03 Pardubice
https://www.recordati.cz/

ﬁﬁ Pham‘mS\\wvifjs
PharmaSwiss Ceska republika s.r.o.
Jankovcova 1569/2¢, Lighthouse,

170 00 Praha 7
www.pharmaswiss.cz

Praha a.s.

@RO.MED.CS

PRO.MED.CS Praha a.s.,
Tel¢ska 377/1, 140 00 Praha 4
www.promed.cz



Plvodni sdéleni | Original research article

Pouziti multimodalniho zobrazovani u pacientu
s mnohocetnymi komorovymi extrasystolami —

pilotni vysledky

(Use of multimodal imaging in patients with multiple ventricular extrasystoles — pilot results)
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Komorové extrasystoly

Poruchy autonomni funkce srdce
Scintigrafie myokardu (SPECT)

s pouzitim MIBG

Keywords:

Disturbances of autonomic
function in the heart
'2]-metaiodobenzylguanidine
(MIBG) scintigraphy

Premature ventricular complexes

Poruchy autonomni funkce srdce asociované s komorovymi extrasystolami (KES) jsou Casto spojeny se snize-
nim ejek¢ni frakce a se zvysenou kardiovaskularni morbiditou a mortalitou. Standardni zobrazovaci techniky
jako magneticka rezonance srdce (CMR) a korondrni angiografie zajistuji vyloucenti jinych pfi¢in komorovych
extrasystol jako ischemie a neischemické fibrézy myokardu, ale nejsou schopny zobrazit naruseni autonom-
niho nervového systému srdce. Toto Ize studovat pomoci scintigrafie myokardu (SPECT) s pouzitim '|-meta-
jodbenzylguanidinu (MIBG). Vysetfili jsme pilotni soubor Sesti pacientd, z nichz u tfi pacientl byla zjisténa
porucha v adrenergni inervaci myokardu levé komory, a ty prezentujeme jako kazuistiky.

© 2024, CKS.

ABSTRACT

Disturbances of autonomic function in the heart associated with premature ventricular complexes (PVC) are
associated with a decrease in ejection fraction as well as increased cardiac morbidity and mortality.
Standard imaging techniques such as cMRI and coronary angiography secure the exclusion of other causes
of PVC as ischemia and progressive fibrosis. These methods are not suitable for cardiac autonomic nervous
system imaging and can’t describe the cause of related PVCs.

This may be described by '»I-metaiodobenzylguanidine (MIBG) scintigraphy. We examined a pilot group of
6 patients, in which 3 individuals presented a disorder in the adrenergic innervation of the left ventricular
myocardium and we present these as case reports.

Uvod

Nejcastéji jsou KES asociovany s vyskytem setrvalé ko-
morové tachykardie,® zejména v ndvaznosti na ischemické

Komorové extrasystoly (KES) jsou v nékterych pfipadech
spojeny s reverzibilnim snizenim ejekéni frakce'?3 a se zvy-
Senou kardiovaskuldrni morbiditou a mortalitou.* Proto
jsou dle aktudlnich guidelines® KES indikovany k abla¢ni-
mu feseni v pfipadé plvodu ve vytokovém traktu pravé
komory (RVOT) ¢i k farmakologickému postupu a nasled-
né ablaci v ostatnich pfipadech.

postizeni.” Pfi absenci strukturdlniho onemocnéni srdce ci
absenci genetické kanalopatie jsou KES popisovany jako
idiopatické. Vétsina KES ma plvod ve vytokovém traktu
komor (70 %) se zvazovanym plvodem v embryonalnim
vyvoji,® z vytokovych KES vétsina (80 %) pochdzi z oblas-
ti pravé komory (RVOT). Az 30 % KES vsak z vytokovych
traktl nepochazi a poloha jejich zdroje je jednim z predik-

Adresa pro korespondenci: MUDr. Veronika Bednarovd, Sekretariat I. interni kardioangiologické kliniky, Fakultni nemocnice u sv. Anny v Brné, Pekafska 664/53,

656 91 Brno, Ceska republika, e-mail: ver.bednarova@fnusa.cz
DOI: 10.33678/cor.2023.097

Tento ¢lanek prosim citujte takto: Bednérova V, Kincl V, Pesl M, et al. PouZiti multimodalniho zobrazovéni u pacientti s mnohocetnymi komorovymi extrasystolami — pilotni vysledky.
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toru kardiomyopatie indukované KES.® Pro jejich mecha-
nismus neni aplikovatelnd vy$e zminénd embryonalni te-
orie. Role autonomniho nervového systému v indukci KES
neni uspokojivé objasnéna, aktivné jsou viak vyuzivany
farmakologické pristupy blokujici a- a B-adrenoreceptory
a chirurgicka ¢i katétrova sympatikotomie snizuji inciden-
ci komorovych arytmii u dédi¢nych syndrom{, jako je syn-
drom dlouhého intervalu QT (long QT)”" ¢i polymorfni
komorova tachykardie.® Echokardiografie, selektivni ko-
ronarni angiografie (SKG) a magneticka rezonance srdce
(CMR) jsou zakladnimi kameny algoritmu vylouceni struk-
turalnich pfic¢in indukujicich KES.> CMR podéava zasadni
informace ohledné kvantifikace fibrézy, charakteru jizvy
a jeji distribuce.”"* CMR umozruje vylouceni jinych pficin
komorovych extrasystol, jako jsou ischemické zmény myo-
kardu, progresivni fibréza ¢i lipidova prestavba. V algorit-
mu vylouceni ischemické pfic¢iny KES ma vysetieni perfuze
myokardu pomoci SPECT ulohu u nizké az stfedni pred-
testové pravdépodobnosti ischemické choroby srdecni.'
Doposud nejsou k dispozici studie o komorové extrasy-
stolii, kterd pochazi z naruseni autonomniho nervového
systému srdce. Tyto arytmie je mozné diagnostikovat
pomoci MIBG scintigrafie myokardu, obdobné jako u se-
trvalych komorovych tachykardii (KT).">®

Pouziti MIBG k vysetieni adrenergni inervace srdce bylo
poprvé popsano v roce 1979." Jednd se o analog noradre-
nalinu (NA), NA je za normélnich podminek syntetizovdn
z tyrozinu a uloZen v presynaptickém zakonceni. V reak-
ci na stimulaci autonomniho nervu je NA uvolnén do sy-
naptického prostoru a interaguje s postsynaptickymi o-,
B,- a p,-receptory.” Kontrola a ukonceni tohoto uUcinku
jsou fizeny zpétnym vychytavanim NA do presynaptického
zakonceni a jeho katabolickym odbourdnim.' Guanetidin
jako falesny analog NA oznaceny radioaktivnim jédem
23] je rovnéz uvolnén do synaptické Stérbiny a nasledné
zpétné vychytdvan, aviak nepodléha odbouravani a mlze
byt zobrazen pomoci gamakamery. Prikaz dostatecné
akumulace MIBG ukazuje na neporusenou adrenergni
inervaci myokardu a spravnou funkci zpétného transportu
NA.2° Samotné vysetfeni se provadi po predchozi pfipravé
pacienta blokddou stitné zlazy jodidem draselnym, jodic-
nanem draselnym, Lugolovym roztokem nebo chlorista-
nem draselnym, se kterou se zacind 24-48 h pred aplikaci
MIBG a trva nejméné tfi dny. Pfi pouziti jodovych pfiprav-
kd je tfeba davka odpovidajici 100 mg jédu na den. Déle
je nutné pred vysetfenim vysadit nékteré léky — betabloka-
tory, sympatomimetika (napf. terbutalin, fenoterol apod.)
a blokatory kalciovych kanald minimalné 24 h, déle rovnéz
néktera antipsychotika a tricyklickd antidepresiva, kterd
mohou interferovat s uptakem MIBG. Samotna aplikace
MIBG probihd pomalu intravenézné (po dobu nékolika
minut) za monitorace elektrokardiogramu (EKG) a krevni-
ho tlaku (TK). Za 15 minut od aplikaci probihd nahravani
casnych scanu, po priblizné ¢tyfech hodinach se nahravaji
odlozené scany. Pfi pouziti klasické gamakamery je mozné
zobrazeni jak planarni (napf. ke stanoveni poméru vychy-
tdvani v srdci a v mediastinu), tak zobrazeni tomografické
(SPECT), na dedikovanych kardiologickych kamerach s kad-
mium-zinek-telluridovymi detektory (CZT) se provadi pou-
ze SPECT zobrazeni, na kterém se dé prehledné hodnotit
zavaznost a lokalizace defektl adrenergni inervace. Abla¢-
ni ovlivnéni sympatického nervového systému je zkouma-

no jiz v oblasti srdecniho selhani (HF).2" Ablacni feseni KES
mimo vytokovy trakt ma nadale suboptimalni vysledky,
k jejich zlep3eni je vyuzivan napfiklad diurnalni index.?

Tato pilotni studie méla zkoumat vztah mezi abnor-
malitami komorové sympatické inervace vymezené scinti-
grafickym zobrazenim pomoci radiofarmaka MIBG a KES
u pacientl s normalnim srdcem bez dysfunkce levé komo-
ry a/nebo ischemie (predchozi infarkt myokardu).

Metodika

Do této pilotni studie bylo zafazeno celkem Sest pacien-
0, ktefi podstoupili zakladni vysetreni — klidové EKG, 24h
holterovské monitorovani EKG s vyhodnocenim poctu
KES a transtorakalni echokardiografii.

Pomoci CMR byly hodnoceny srdec¢ni objemy, ejekéni
frakce, potenciadlni arytmogenni fokus, jakym je lipoma-
téza myokardu nebo fokalni fibréza.

Pacienti dale podstoupili vysetfeni pomoci scintigra-
fie myokardu (SPECT) s MIBG (podana aktivita 110-150
MBq). Snimky SPECT byly ziskany patnact minut (brzké)
a Ctyfi hodiny (pozdni) po podani radiofarmaka. Poruchy
sympatické inervace byly hodnoceny pomoci 17 segmen-
tovych poldrnich map. Vysledky zobrazovacich metod
byly srovndny s invazivnim hodnocenim arytmogenniho
substratu z elektrofyziologického vysetfeni (EFV).

Vysledky

U dvou pacientl SPECT neprokdzal poruchu adrenergni
inervace myokardu (nebyla pfitomna porucha akumulace
MIBG). U jednoho pacienta byla pfitomna vyrazna extra-
kardidlni aktivita a SPECT vysetfeni bylo nehodnotitelné.

Poruchy adrenergni inervace myokardu byly zjistény
u tfi pacientl, bez morfologického koreldtu v myokardu.

Kazuistika |

Dvaasedmdesatilety muz, anamnesticky palpitace, sledo-
van s mnohocetnymi KES (celkem 46 473 za 24 h), echo-
kardiograficky dobra systolickd funkce LK, bez poruchy
kinetiky, bez vyznamné chlopenni vady. Pacient podstou-

Obr. 1- CMR: Morfologicka sekvence pozdniho syceni v ¢tyfdutino-
vé projekci bez detekce jizvy i fibrozy myokardu. CMR - magnetic-
ka rezonance srdce.



Multimodalni zobrazovani u pacientd s komorovymi extrasystolami

Obr. 2 - Vysetreni adrenergni inervace myokardu pomoci SPECT s aplikaci '*I-MIBG:
Porucha adrenergni inervace inferoseptalné (na obrazku znazornéné zelenou barvou).'?|-MIBG - '#|-metajod-
benzylguanidin; SPECT - scintigrafie myokardu.

Obr. 3 - Elektrofyziologické vysetieni: Arytmogenni Obr. 4 - CMR: Morfologicka sekvence pozdniho syceni
loZisko (na obrazku znazornéné jako cervené tecky) v LVOT projekci bez detekce jizvy ¢i fibrozy myokardu.
v bazalni ¢asti mezikomorového septa CMR - magnetickd rezonance srdce.

Antenor

Antenor
Anferior

Laleral

Obr. 5 - Vysetieni adrenergni inervace myokardu pomoci SPECT s aplikaci '2I-MIBG: Porucha adrenergni inerva-
ce v bazalni ¢asti dolni stény. (Porucha akumulace MIBG na obrazku znazornéna zelenou barvou.)
2]-MIBG - '#I-metajodbenzylguanidin.
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pil SKG, kterad byla bez vyznamnych stendz koronarnich
arterii. Nasledné doplnéno CMR s vysledkem dobré cel-
kové i segmentarni systolické funkce nezvétsené levé ko-
mory (obr. 1), bez detekce edému, lipomatdzy ¢i fibrozy
myokardu. Nasledné na SPECT myokardu zobrazena po-
rucha adrenergni inervace dolni stény levé komory (obr.
2). Elektrofyziologické vysetieni prokazalo komorové
extrasystoly dvou morfologii z bazalni oblasti septa levé
komory (LK) a pravé komory (PK). Nasledné byla prove-
dena radiofrekvecni ablace (RFA) v PK i LK s eliminaci jed-
né morfologie KES (obr. 3). Po mésici se pacient dostavil
k ambulantni kontrole, na kontrolnim 24hodinovém EKG
holterovském monitorovani bylo zachyceno 6 657 KES, coz
predstavuje pokles poctu KES o 85,7 % oproti vstupnimu
poctu KES pred RFA. Subjektivné doslo u pacienta také ke
zlepseni klinického stavu, nyni je pacient bez palpitaci.

Kazuistika Il

Sedmdesatilety pacient dosetfovan pro ndmahovou dus-
nost, echokardiograficky zjisténa dyskineze baze septa
LK s pfechodem na ¢ast dolni stény, ejek¢ni frakci (EF LK)
50 %, koronarograficky ale véncité tepny zlstavaji bez

stendz. Pri 24h holterovském monitorovani EKG byl zachyt
velmi cetné polytopni komorové extrasystoly (16 696 za
24 h) a kratkych bé&ha nesetrvalé komorové tachykardie
(NSKT). Magnetické vysetreni srdce bylo bez detekce jizvy,
fibrézy ¢i edému myokardu (obr. 4). Na SPECT myokardu
byl pfitomen vypadek akumulace MIBG v bazalni ¢asti dol-
ni stény (obr. 5) v korelaci s poruchou kinetiky popsané
echokardiograficky. Pacient podstoupil elektrofyziologic-
ké vysetfeni, které potvrdilo arytmogenni lozisko v téze
lokalizaci, tedy v oblasti doIni stény a septa LK. Nasledné
bylo pristoupeno k radiofrekvencni ablaci s vymizenim
klinickych KES (obr. 6). Pfi ambulantni kontrole po mésici
pacient udava ustup dusnosti, echokardiograficky dochazi
ke zlepseni systolické funkce LK na 60 % a dle kontrolni
24hodinové holterovské monitorace EKG dochazi k celko-
vé redukci poctu KES (z témér 17 tisic KES, které byly pfi-
tomny vstupné, na 7 780 KES za 24 hodin).

Kazuistika Il

Osmasedmdesatilety pacient s namahovou dusnosti,
echokardiograficky systolicka funkce LK 55 %, koronarni
tepny bez vyznamnych stenéz, CMR s nalezem diskrétni-

Obr. 6 - Elektrofyziologické vysetfeni: Arytmo-
genni lozisko (na obrazku cervena tecka) v oblasti
dolni stény LK v tésné blizkosti anulu

Obr. 7 - CMR: Morfologicka sekvence pozdniho syceni v kratké ose
s nalezem diskrétniho pozdniho syceni intramuralné v oblasti spod-
ni ¢asti septa. CMR - magnetickd rezonance srdce.

Obr. 8 - Vysetreni adrenergni inervace myokardu pomoci SPECT s aplikaci '»I-MIBG: Porucha adrenergni
inervace ve vétsi casti dolni stény a v bazalni poloviné lateralni stény (na obrazku znazornéné Zluté
zelenou barvou).'?I-MIBG - '2)|-metajodbenzylguanidin; SPECT - scintigrafie myokardu.
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Obr. 9 - Elektrofyziologické vysetieni: Arytmogenni loZisko (na ob-
razku znazornéné jako cervené tecky) na predni sténé a v lateral-
nim LVOT. LVOT - vytokovy trakt levé komory.

ho pozdniho syceni intramuralné v oblasti spodni ¢asti
septa, jinak bez dalsich loziskovych zmén (obr. 7). Pfi hol-
terovském monitorovani EKG doslo k zachytu az 18 613
KES za 24 hodin. Na SPECT myokardu byl pfitomen vy-
padek akumulace MIBG ve vétsi ¢asti dolni stény a v ba-
zaIni poloviné laterdIni stény (obr. 8). Bylo provedeno
EFV s nalezem komorové extrasystolie vice morfologif
v oblasti dolni stény, predni stény a v anterolateralnim
vytokovém traktu levé komory (LVOT) pod aortalni ch-
lopni (obr. 9). Pristoupili jsme k radiofrekvencni ablaci,
po které dochdzi k vyrazné redukci poctu KES. Po tfech
mésicich pfi ambulantni kontrole pacient udava regresi
dusnosti, dle kontrolniho holterovského monitorovani
EKG doslo k redukci celkového poctu KES na 14 000 za
24 hodin.

Diskuse

Kardiomyopatie souvisejici s vyskytem KES zlstava ve sti-
nu zivot ohrozujicich setrvalych komorovych tachykardii
se strukturalnim, ischemickym pdvodem a geneticky pod-
minénych onemocnéni typu arytmogenni dysplazie pravé
komory nebo syndrom Brugadovych.?

Dlouhodobé ovlivnéni poctu KES je prokazatelné do-
sazeno katetrizac¢ni ablaci v RVOT ¢i levostrannych fascik-
lech a zohlednéno v doporuceni evropskych i americkych
odbornych spolecnosti.?* Farmakologicky postup ma vy-
znamnou roli mimo tyto oblasti, zejména vzhledem k he-
terogennim vysledklm abla¢nich strategii a nevyjasnéné
patofyziologii. Abla¢ni feSeni KES mimo vytokovy trakt
ma nadale suboptimalni vysledky, k jejich zlep3eni je vy-
uzivan napfiklad diurnalni index.?

Jednim z mechanismu vzniku KES jsou zmény aktivity
sympatiku a parasympatiku.?>%’

Studie jsou vsak limitovany na pfitomnost struktural-
niho onemocnéni ¢i setrvalych komorovych tachykardii.
Zobrazovani srde¢niho sympatiku?® a jeho ovlivnéni
ablaci je zkoumano jiz v oblasti HF.?' MIBG zobrazo-
vani u HF umoznuje stratifikaci rizika pred implantaci
ICD?* a predikuje komorové arytmie u pacientd s im-

plantabilnim kardioverterem-defibrilatorem (ICD).3°
MIBG muze byt hodnocen planadrnim i tomografickym
zobrazenim, a je tak vhodny k rozliSeni regiondlnich
zmén v sympatické inervaci. Je tak mozné identifikovat
mista s béZné nezobrazenymi strukturdInimi zménami
(s pomoci echokardiografie, CMR apod.), ale byt i ndpo-
mocni v odhaleni potencidlné arytmogennich oblasti.
Je obecné zndmo, Ze pacienti s diabetes mellitus (DM)
maji ¢asto diabetickou autonomni neuropatii, ktera
zvysuje jejich morbiditu a mortalitu. U diabetikl byla
prokazana signifikantni redukce vychytavani MIBG,
tedy s nejvétsi pravdépodobnosti na zakladé auto-
nomni dysfunkce, a u diabetikd s némou ischemii byla
pfitomna difuzni abnormalita vychytavani MIBIG, coz
také souvisi se sympatickou denervaci a poruchou vni-
mani bolesti.?" Existuji prace, které naznacuji, Ze MIBG
scintigrafie by mohla byt uzite¢nd pro predikci srdec-
nich pfihod a dlouhodobé mortality u pacient s DM.3?
Vyhodou muze byt, Ze porucha akumulace MIBIG je
pfitomna jiz v ranych stadiich diabetické neuropatie.>
Mame tedy k dispozici publikace, které se vénuji zobra-
zovani autonomni dysfunkce v oblasti srde¢niho selha-
ni, 2" taktéz existuji prace, které naznacuji, ze MIBG scin-
tigrafie by mohla byt uzite¢nd pro predikci srdecnich
pfihod a dlouhodobé mortality u pacientd s DM, ale
doposud nemame prace, které by zkoumaly poruchu
sympatické inervace u pacientd s idiopatickymi KES.
Zde jsme predlozili sadu kazuistik z oblasti idiopatic-
kymi KES, kde doposud zadna publikace souvislost se
sympatickou inervaci nezkoumala, a tuto moznost pla-
nujeme déle rozvést a zaradit vice pacientd.

Zaveér

U ¢asti pacientd s normalnim srdcem a ¢etnymi mono-
morfnimi KES je pomoci vysetieni SPECT s aplikaci MIBG
zjisténa porucha adrenergni inervace myokardu levé ko-
mory korelujici s lokalizaci arytmie dle elektrofyziologic-
kého vysetreni. Klinicky vyznam je tfeba ovéfit v navazu-
jici studii.
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Cil: Ischemickd choroba srdecni se v pribéhu ¢asu méni. Neni znamo, jak se zménila ischemicka choroba
dolnich koncetin.
Metodika, soubor: Z dokumentace nasi ordinace jsme vybrali nemocné s ischemickou chorobou dolnich kon-
Cetin. Nemocni byli vysetreni klinicky, duplexni sonografii a byl zméren krevni tlak nad kotniky a vyjadien
jako index kotnik-paze (ABI). Pfi dalsich kontrolach jsme sledovali vyvoj klinického stavu. Za zhorseni jsme
povazovali zhorseni intermitentnich klaudikaci anebo vznik kritické koncetinové ischemie. Nase nélezy jsme
porovnali s vysledky praci drivéjsich i nynéjsich.
Vysledky: Do souboru jsme zafadili 406 nemocnych, Zeny tvofily 38,7 %. U viech nemocnych byla pficinou
ateroskleréza. Primérny vék cinil 69,5 roku (rozmezi 40-90), 75 % mélo hypertenzni nemoc, 33 % diabetes
mellitus, 53,5 % koufilo. Revaskularizace v anamnéze udavalo 14 % nemocnych. Intermitentni klaudikace
udavalo 63 %. Déle nez jeden rok, v priméru 5,6 roku, jsme sledovali 189 nemocnych. Méli podobny vék
a rizikové faktory jako cely soubor. Ke klinickému zhorseni doslo u 15,9 % pacientl. Klaudikace se zhorsily
u 13,2 %, kriticka ischemie vznikla u 5,3 % a amputace u 1,06 %. Revaskularizace byly provedeny u 28 %
nemocnych. Z celého souboru zemrelo 144 pacientd, z toho 43,7 z kardiovaskularnich pfic¢in a 27,1 na nado-
rova onemocnéni.
Zavér: Ischemicka choroba dolnich koncetin postihuje stéle starsi osoby a pribyva Zen. Maji vyssi vyskyt ri-
zikovych faktord aterosklerézy nez nemocni s ischemickou chorobou srdecni. Diky soucasné péci, jisté ne
optimalni, je pribéh onemocnéni mirné;jsi nez pred 50 lety. U nasich pacientt se klaudikace zhorsovaly méné
Casto a klesl pocet amputaci. Podil kardiovaskularnich chorob na Umrti pacientl s ischemickou chorobou
dolnich koncetin se snizil.

© 2024, CKS.

ABSTRACT

Objective: Coronary artery disease changes over time. It is unknown how the peripheral artery disease of
the legs has changed.

Methods, the group: We used the medical records of our office to select patients with peripheral artery
disease of the legs. The patients underwent clinical assessments including duplex sonography, and their
blood pressure at the ankle was measured and expressed as ABI index. Further development of the clinical
condition was then followed at subsequent visits. Worsening was defined as worsening of intermittent clau-
dication and/or development of critical limb ischemia. We compared our findings to the results of previous
as well as current studies.

Results: The group comprised 406 patients including 38.7% females. Atherosclerosis was the cause of the
disease in all patients. Mean age was 69.5 years (range 40-90); 75% patients had hypertension, 33% had
diabetes mellitus, and 53.5% were smokers. History of revascularization was reported by 14% patients.
Intermittent claudication was reported by 63% patients. We followed 189 patients for more than 1 year,
5.6 years on average. Their age and risk factors were similar to those of the entire group. Clinical worsening
was experienced by 15.9% patients. Claudication worsened in 13.2% patients, critical ischemia occurred in
5.3% and amputation in 1.06%. Revascularization was performed in 28% patients. One hundred forty-four
patients of the entire group died; of these, 43.7 died from cardiovascular causes and 27.1 of cancer.
Conclusion: Peripheral artery disease of the legs affects persons of higher age compared to previous times
and the proportion of women has increased. The patients show a higher rate of risk factors of atheroscle-
rosis compared to those with coronary artery disease. Thanks to the current care, although certainly not
optimal, the course of the disease is less severe than 50 years ago. In our patients, claudication worsening
was observed less commonly and the rate of amputations decreased. The number of deaths attributable to
cardiovascular diseases in patients with peripheral artery disease of the legs has decreased.
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Uvod

Kardiovaskularni choroby se v prlibéhu doby méni. Tyka
se to i onemocnéni perifernich tepen. U nas je nyni zce-
la vzacna trombangiitis obliterans (Buergerova choroba)
a meéni se i ischemickd choroba zpusobend aterosklero-
zou. V roce 1934 B. Prusik, zakladatel angiologie u nés,
napsal, ze vieobecné jest dysbasie sklerotickd onemocné-
ni Casté, zfidka vazné probihajici." Allen v roce 1955 uva-
di, Ze ve Spojenych statech americkych 50 % nemocnych
s klaudikacemi zemre do trfi let.? Dalsi autor uvadi, ze
85 % nemocnych zemfe na komplikace aterosklerézy. Ri-
ziko amputaci béhem péti let je 7 %.3 VSeobecné se uzné-
va vyssi vyskyt a tézsi prlbéh ischemické choroby dol-
nich koncetin u diabetikd. Pfed 50 lety napsali J. Linhart
a spol. ze Il. interni vyzkumné zakladny IKEM Klinickou
studii o intermitentni klaudikaci.* Nékteré prace v dalsich
letech ukazovaly, ze se méni klinicky obraz nemocnych
s ischemickou chorobou dolnich koncetin>® a nyni snad
k lepsimu, a proto jsme analyzovali nase nemocné z po-
slednich let.

Soubor nemocnych a metodika

Z dokumentace nasi cévni ambulance jsme vybrali 406
nemocnych s ischemickou chorobou dolnich koncetin
(ICHDK). Diagnéza byla stanovena z anamnézy a klinic-
kého vysetieni a ze snizeného indexu kotnik-paze (pomér
systolického distalniho tlaku k systolickému tlaku na pazi)
(ABI) pod 0,9.>¢ Tlak na horni a dolni koncetiné byl mé-
fen pletysmografickou metodou (pfistroj Fukuda Denshi
VaSera 1500). Pouzili jsme vy3si hodnotu z méfeni na pazi
a nizsi z méfeni nad kotniky. U pacientl po revaskulari-
zaci jsme pouzili ABI z vice poskozené koncetiny. U pa-
cientd po amputaci koncetiny ve stehné jsme méfili tlak
na druhé koncetiné. Vyjimecné jsme mérili tlak nad kot-
niky pomoci dopplerovské metody. U viech nemocnych
jsme provedli duplexni sonografii s barevnym koédova-
nim toku krve (pfistroj Philips EnVisor, pozdé&ji Mindray
DC8, linearni sonda o frekvenci 12-3 MHz). Hypertenzni
nemoc, hyperlipidemii a diabetes mellitus jsme stanovili
témér vzdy podle anamnézy a podle |écby. Nehodnotili
jsme Uspésnost této l1écby. Za kurdky jsme povazovalii ty,
ktefi prestali koufit v poslednich péti letech. Ischemickou

chorobu dolnich koncetin jsme |éCili podle soucasnych
znalosti a i podle prani pacientl. Pribéh choroby jsme
hodnotili u 189 pacientd, ktefi byli v nasi péci jeden rok
a vice let. PFiciny umrti a datum umrti ndm sdélil Ufad
zdravotnickych informaci a statistiky (UZIS), Praha 2.

Vysledky

Soubor nasich pacientd ukazuje tabulka 1. Data vychazeji
z udaju z prvniho vysetfeni u nds nebo z udajl z prvniho
roku sledovani. Pro srovndni jsou uvedeny nékteré udaje
z prace Linharta o intermitentni klaudikaci z roku 1973*
a Starika o rizikovych faktorech nemocnych s akutnim ko-
rondrnim syndromem,® Udaje o rizikovych faktorech ne-
mocnych, ktefi prodélali akutni koronarni syndrom pred
Sesti mésici'® a z epidemiologické studie MONICA.™"

N&s soubor pacientld s ICHDK je o 18 let starsi nez sou-
bor pacientl z doby pred 50 lety a vyrazné stoupl pocet
Zen a pacientU s diabetem. V nasem souboru s ICHDK maji
pacienti vy3si vék a nizsi index télesné hmotnosti (BMI)
a je Castéjsi kuractvi a arterialni hypertenze nez v uvede-
nych souborech s ischemickou chorobou srdec¢ni a v epi-
demiologické studii.

Nasi pacienti uvadéli v anamnéze srdecni choroby
v 29,5 %. Jednalo se prevazné o ischemickou chorobu sr-
decni a arytmie. CentrdIni mozkovou pfihodu prodélalo
9,4 % pacient. Revaskularizace a. carotis byla provede-
na u 4,1 % pacientt. Chronickou zilni chorobu na dolnich
koncetinach (varixy) mélo 23,9 % pacientld. Poruchu po-
hybového Ustroji (klouby, pater) uvedlo 32,6 % pacientd,
zejména vyssiho véku. Perkutdnni translumindlni angio-
plastiku prodélalo 8,6 % a rekonstrukéni cévni operaci
5,4 % pacientl. Néktefi pacienti podstoupili oba vykony.
Amputace byla provedena u 2,5 % pacientl v prfedcho-
zim obdobi.

PFi prvnim vysetfeni byl krevni tlak systolicky 158 mm
Hg (rozmezi 110-233 mm Hg) a diastolicky 87 mm Hg
(rozmezi 63-131 mm Hg). Je zifejmé, Ze hypertenze ne-
byla dostatecné kontrolovana. Intermitentni klaudikace
(prevazné lytkové) mélo 63,1 % pacientl. Nasi pacienti
uvadéli klaudikacni vzdalenost v priméru 266 m (rozme-
zi 10-1 000 m). Klidové ischemické bolesti mélo 4,4 %
nemocnych. Kozni defekt nebo gangrénu nemél nikdo.
PostiZzeni jen jedné dolni koncetiny mélo 39 % pacientd.

Tabulka 1 - SloZeni souboru a rizikové faktory

Na&s soubor
Pocet 406
Zeny (%) 38,7
Vék (roky); 69,5;
SD nebo rozmezi 40-90
BMI 271
Kuraci (%) 53,5
Hypertenze (%) 75,3
Hyperlipoproteinemie (%) 53,5
Diabetes mellitus (%) 33,1

Linhart* Stanék® EUROASPIRE" MONICA™
392 243 372 271
5,4 23,8 17 42,1

51,2+9,8 62,7; 627 62,8;
61-65 61-65
28,7 29,5 30
46,7 22 24,4
63,6 40 66,7
40
11,6 23,6 48 21,4

BMI - index télesné hmotnosti; SD — smérodatna odchylka.
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Tabulka 2 - Pacienti s ischemickou chorobou dolnich koncetin, ktefi byli sledovani déle nez jeden rok

Sledovani pacienti
189 (46 % celého souboru)

Pocet
Veék (roky); 67,8;
rozmezi 40-90
Zeny (%) 39,2
Anamnéza: PTA (%) 10,1
Operace (%) 4,8
Amputace (%) 2,6
Klaudikace, vyskyt (%); 69,3;
klaudika¢ni vzdalenost (m) 287,1
Kriticka ischemie (%) 3,2
Doba sledovani (roky); 5,6;
rozmezi 1-28
Zhorseni klaudikaci (%) 13,2
Kriticka ischemie (%) 53
Amputace (%) 1,06
Klinické zhorseni (%) 15,9
Dg. CT arteriografie (%) 11,1
PTA (%) 25,4
Revaskularizacni operace 10,1
ABI 0,64
Doporucena revaskularizace (%) 11,1

Pacienti, ktefi se zhorsili
28 (14,8 % sledovanych)

66,7;
52-89

42,9
17,9
71
3,6

64,2;
368,9

0

8,2;
1-28

82,1
32,1
10,7
28

21,4
32,1
14,3
0,52
32,1

ABI - pomér krevniho tlaku nad kotniky k systolickému tlaku na pazi; dg. CT arteriografie — vysetieni, které nevedlo k revaskularizaci; PTA

- perkuténni transluminalni angioplastika.

Pred 50 lety* klaudikace byly pfitomné u 84 %, gangréna
u 3,5 % a jednostranné postizeni u 45 % pacientu. Pacien-
ti se nyni dostali na cévni vy3etfeni ve vy$sim véku, avsak
v lepsim klinickém stavu. Primérny ABI byl v nasem sou-
boru 0,65 (rozmezi 0-1,2). Ojedinélé hodnoty nad 0,9 byly
u pacientld po revaskularizaci. Pfed 50 lety se ABI v béz-
né praxi nepouzival, a proto nemame srovnani. Pficinou
ICHDK byla u vSech pacientl ateroskleréza, u nékterych
pacientu s fibrilaci sini nebylo mozné vyloucit spoluticast
periferni embolizace. Maximum zmén bylo zaznamenéno
u 90 % pacientd v proximalnich tepnach (panevnich, ste-
hennich a podkolennich tepnach), u 16,5 % v distalnich
nebo v obou oblastech. Po vstupnim vysetfeni byla do-
porucena konzervativni terapie u 77,1 % nemocnych. CT
arteriografie byla doporucena u 22,9 %.

Déle rozebirame nemocné, ktefi u nas byli sledovani
a léceni déle nez jeden rok. Zakladni sledované paramet-
ry byly velmi podobné jako v celém souboru nemocnych,
a proto je neuvadime. Podobné podskupina pacientd,
kterd se zhorsila béhem nasi péce. Klinicky stav a ABI hod-
notime na vice postizené koncetiné nebo na druhé kon-
Cetiné po amputaci. Hodnotime posledni vySetfeni u nas.
Za zhorseni stavu poklddédme udaj o zhor3eni klaudika¢ni
vzdalenosti anebo vznik kritické koncetinové ischemie
a prodélanou amputaci. Tyto Udaje se prekryvaly. Nehod-
notime u¢innost revaskularizaci (tabulka 2).

Z vysledkl vyplyva, Ze pribéh ICHDK u nasich pacientq,
sledovanych v praméru 5,6 roku, byl pfiznivéjsi, nez uva-
déji drivéjsi studie. Z plvodné jednostranného postiZeni

dolnich koncetin u 39 % pacientd klesl béhem sledovani
pocet na 23 %. Klaudikace se zhorsily jen u 13,2 % ne-
mocnych. U 6 % pacientt se klaudikace objevily az béhem
sledovani. Krevni tlak systolicky i diastolicky klesl v pri-
méru jen o 5 mm Hg. Index kotnik-paze klesl jen z 0,652
na 0,641. Na tomto malém poklesu se podili to, Ze jsme
i po Uspésné revaskularizaci pouzili hodnotu z postizenéj-
$i koncetiny. Kriticka ischemie vznikla jen u 5,3 % a k am-
putaci doslo jen u dvou nemocnych, to je u 1,06 %. Jeden
59lety pacient s diabetes mellitus a renalni insuficienci, jiz
po amputaci ve stehné pak prodélal amputaci druhé kon-
Cetiny také ve stehné. Dalsi 74lety pacient s fibrilaci sini
prodélal revaskulariza¢ni operaci a potom amputaci dvou
prstd. Mezi revaskulariza¢nimi vykony dominuji katetri-
zacni metody. U nékterych pacientt byly vykony kombi-
novany a opakovany. Skupina pacientd, jejichz klinicky
stav se béhem osmiletého sledovani zhorsil (tabulka 2),
nebyla starsi, méla v anamnéze vice revaskularizaci i am-
putaci. Pfrekvapivé udavali delsi klaudika¢ni vzdalenost.
Podle ocekavani méla nizsi ABIl. BEéhem sledovani u nich
byly CT angiografie a revaskularizace castéji indikovany
a provedeny. Je zfejmé, Ze tito pacienti méli ,agresivnéj-
Si” aterosklerdzu.

U 390 pacientd jsme ziskali udaje o datu a pFiciné
umrti. Do tfetiho ¢tvrtleti roku 2022 zemfelo 145 osob.
Primérnd doba od prvniho vysetfeni u nds do umrti
dosahovala 6,1 roku. Na kardiovaskularni choroby ze-
mielo 44,14 % nemocnych a 27,59 % na nadorova one-
mocnéni.
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Diskuse

Je pravdépodobné, Ze vyvoj ICHDK je obdobny jako vy-
voj ischemické choroby srde¢ni. Po maximalnim vyskytu
a mortalité ve druhé poloviné 20. stoleti je nyni situace
pFiznivéjsi. Oproti situaci pfed 60 a 50 lety** se nyni dosta-
vi pacienti na vysetieni v cévni (interni) ambulanci ve zie-
telné vys$sim véku, je vétsi podil Zen a ¢astéji maji diabetes
mellitus a nepfichazeji s gangrénou. Vyssi vék pacientt
s ICHDK je dan prodluzovanim véku a snizenim umrtnosti
z kardiovaskularnich pricin."®" Vyskyt rizikovych faktort
je vyssi neZz u nemocnych s ischemickou chorobou srdec-
ni.>1% U pacientt s ICHDK je vice kutaku, hypertenze neni
dostatecné lécena a o kvalité |écby hyperlipoproteinemie
a diabetu nemdme dostate¢né informace. Je zfejmé, Ze
se péli o rizikové faktory u nemocnych s ICHDK vénuje
mensi pozornost nez nemocnym s ischemickou chorobou
srdecni. SloZeni naSeho souboru odpovida jinym pracim.
Oproti ndm v Némecku pacienti s ICHDK trpéji castéji
diabetes mellitus, obezitou a méné koufi.”* Nizsi podil
pacientl s klaudikacemi v naSem souboru je dan pouzi-
tim méreni ABI k diagnostice ICHDK, které nam odhali
asymptomatické pacienty a pacienty s potizemi jiného
puvodu. A také ve vysSim véku je pohyblivost nemocnych
ovlivnéna raznymi faktory a klaudikace se nemusi proje-
vit. Subjektivni hodnoceni klaudika¢ni vzdalenosti je ne-
pfesné. Hodnotili jsme proto jen zhorseni klaudikaci. Pfi
delSim nez pétiletém sledovani jsme zhorSeni pozorovali
jen u 13 %. Linhart* pozoroval zhor3eni klaudikaci po 3,5
letech asi u poloviny nemocnych. Klinické zhorseni (zhor-
Seni klaudikaci anebo kritickd ischemie a amputace) jsme
pozorovali u 15,6 % nemocnych. Znamy konsenzus TASC
II°> uvadél zhorseni klinického stavu po péti letech u 20—
30 %. Polonsky' uvadi, ze 25 % pacientl s klaudikacemi
se zhorsia u 11 % vznikne kritickd ischemie. K amputacim
doslo v nasem souboru u 1,0 % nemocnych. Juergens'™
v roce 1980 uvadi, ze za pét let podstoupi amputaci 7 %
nemocnych. V nasem souboru sledovanych pacientd bylo
jednostranné postizeni dolnich koncetin u 39 % nemoc-
nych a za 5,6 roku kleslo o 41 %. Vyskyt jednostranného
postiZeni je o néco nizsi nez uvadél Linhart. Pfed 50 lety
bylo jednostranné postizeni zaznamenano u 45 % a po
Sesti letech kleslo o polovinu. Vzhledem k vy$§imu stari
nasich pacientl je i tento nalez pfiznivy. Pribéh onemoc-
néni je v poslednich dekddach priznivé;jsi, nez uvadéji cet-
né minulé studie a souhrnné ¢lanky.>” Podileji se na tom
zlepsena konzervativni lécba a diagnostika a také jisté
revaskulariza¢ni vykony u pacientd s kritickou koncetino-
vou ischemii. Z naseho souboru si vsak nedovolime tyto
vykony hodnotit.

Méfitkem uUspésnosti komplexni l1é¢by ICHDK je vyskyt
netraumatickych amputaci. Podle fady praci dochazi k po-
klesu amputaci, zejména amputaci ve stehné.'®'” Dochazi
k vzestupu amputaci prstd a v oblasti nohy. V Belgii'® po-
psali pokles amputaci ve stehné jen u diabetikd. V USA
v nemocnicich pro veterany'® naopak pozorovali vzestup
poctu amputaci. V Némecku v nemocnicich stoupl v letech
2005 az 2015 absolutni po¢et amputaci, avsak po adjusta-
ci vykazuji pokles u muzd o 2,6 % a u Zen o 25 %.?° U nés
dosud pokles absolutniho poc¢tu amputaci nebyl proka-
zan, ackoli pocty revaskularizacnich vykonU odpovidaji
jinym zemim.2.2!

Jiz uvedena prace Boyda® z roku 1962 uvadi, Zze 84 %
nemocnych s ICHDK zemfe na KVO. Znéamy konsenzus
TASC Il z roku 2007° uvadi, Zze pfi¢inou umrti pacientt
s ICHDK jsou v 75 % kardiovaskularni choroby. V nasem
souboru predstavovala KVO pfi¢inu umrti jen u 44 %. To
se blizi celé populaci. Podle Zdravotnické ro¢enky CR 2019
(UZIS) zemfelo na KVO u nés 42,5 % osob. Niz3i podil KVO
na mortalité uvadéji i jiné novéjsi prace.”?24 Je zfejmé, ze
se prognéza nemocnych s ICHDK zlepsila ve srovnani se
stavem ke konci minulého stoleti. Klesa riziko umrti na
kardiovaskuldrni choroby a zlstava nebo i snad stoupa
riziko ztraty koncetiny.?

Vyznam chorob zpuUsobenych aterosklerézou, véetné
ICHDK, v rozvojovych zemich stéle stoupd. V Evropé zlsta-
va stdle vysoky pres pokles rizikovych faktor( v populaci
a zlepsujici se péci, na nedobré situaci se podili starnuti
populace a vzestup vyskytu obezity a diabetes mellitus.?

Prace je vénovana vzpomince na MUDr. Jifiho Linhar-
ta, DrSc., a doc. MUDr. Ivo Prerovského, DrSc., vynikajici
angiology IKEM v Praze, ktefi se narodili pfed 100 lety.
Docent Prerovsky byl redaktorem Cor et Vasa.

Prohlaseni autorti o mozném stretu zajmu
Autofi prohlasuji, Ze v ¢lanku Ischemicka choroba dolnich
koncetin v soucasnosti nejsou ve stfetu zajmu.

Financovani
Zadné.

Prohlaseni autort o etickych aspektech publikace
Autofi prohlasuji, Ze léCeni pacientl probihalo podle do-
porucenych postupt a na naklady zdravotnich pojistoven.

Informovany souhlas
Péce o nase pacienty probiha s jejich souhlasem, vysledky
zpracovani jsou zcela anonymni.

Podékovani

Vétsina CT arteriografii byla provedena na Radiodiagnos-
tické klinice VSeobecné fakultni nemocnice (VFN) v Praze
2 a vétsSina endovaskuldrnich revaskularizaci na Il. interni
klinice VFN. Ustav zdravotnickych informaci a statistiky
Praha poskytl udaje o datu umrti a pfi¢iné umrti nasich
pacientd.
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Cil: Analyza dat ze souboru nemocnych vySetfenych pro klinické podezieni na plicni embolii (PE) pomoci
CT angiografie plicnice (CTPA) v Nemocnici Tabor za jeden rok od biezna 2019 do unora 2020. Zhodnoceni
uzitecnosti revidovaného Zenevského skore (RGS) v tomto souboru.
Metodika: Retrospektivni analyza souboru dat vSech pacientd, u nichZ byla v obdobi od brezna 2019 do
unora 2020 na Radiologickém oddéleni Nemocnice Tabor provedena CTPA pro klinické podezieni na PE.
Byla vypoctena hodnota RGS a byla srovnana se zndmymi vysledky CTPA. Dale byly analyzovany dalsi klinické
a laboratorni parametry a jejich uzitecnost v predikci vyskytu plicni embolie na CTPA.
Vysledky: Celkem bylo do souboru zafazeno 584 konsekutivnich pacientd, z nichz 3 byli vyrazeni pro chybéjici uda-
je. PE byla zjisténa u 132 (22,60 %) pacientt (71 muzt, 53,8 %); odpovida pfi poctu obyvatel 102 451 v roce 2019’
incidenci necelych 129/100 000. Nizké4 pravdépodobnost pfitomnosti PE dle RGS byla vypoctena u 37,2 % pacientd,
stredni u 62,5 %, vysokd u 0,3 % nemocnych. Nejcastéjsim symptomem, pro ktery pacient vyhledal lékafskou po-
moc, byla dusnost (342; 58 %). RGS dosahovalo v tomto souboru plochy pod kfivkou (AUC) 0,64. V multivariaéni
analyze byly prediktory vyskytu plicni embolie na CTPA v daném souboru hodnota Zenevského skore (pomér Sanci
[OR] 1,27 za bod, p < 0,001) a D-dimert (OR 1,19 za pg/l, p < 0,001), dale muzské pohlavi (OR 1,99, p = 0,031) a jako
negativni prediktor ischemické choroby srde¢ni (ICHS) v anamnéze (OR 0,31, p = 0,027). Ani kombinovany model
vytvoreny z klinickych a paraklinickych proménnych nestaci, aby nahradil provedeni CTPA (AUC 0,78).
Zavér: Incidence PE v nasem souboru je na horni hranici bézné udévané a soucasné potvrzuje trend narus-
tajici incidence PE v case. UZitecnost RGS v populaci, kde je jiz rozhodnuto provést CTPA, je pomérné nizkd
a ani spolecné s hodnotou D-dimerd nestaci k nahrazeni CTPA.

© 2024, CKS.

ABSTRACT

Aim: Analysis of the data of patients investigated in the Tabor Hospital for suspected pulmonary embolism
with CT pulmonary angiogram (CTPA) in one year from March 2019 until February 2020. Evaluation of the
usefulness of the Revised Geneva Score (RGS) in this group.

Methods: Retrospective analysis of the data of all patients who underwent CTPA for suspected pulmonary
embolism in the Department of Radiology in Tabor Hospital from March 2019 until February 2020. RGS value
was calculated and compared with known CTPA results. Other clinical and laboratory parameters and their
usefulness in prediction of pulmonary embolism diagnosis on CTPA were evaluated.

Results: Total 584 consecutive patients were analysed. Three patients were excluded due to missing data.
Pulmonary embolism was diagnosed in 132 (22.6%) patients (71 men, 53.8%); given the population of the
Téabor region 102 451 inhabitants it means that the pulmonary embolism incidence is almost 129/100 000.
Low probability of pulmonary embolism according to RGS was estimated in 37.2% patients, intermediate
probability in 62.5%, high probability in 0.3%. The most frequent symptom was dyspnea (342 patients;
58%). The AUC of RGS in this cohort was 0.64. In a multivariate analysis, the predictors of pulmonary embo-
lism on CTPA were RGS (OR 1.27 for one point, p <0,001) and D-dimers (OR 1.19 for pg/L, p <0.001), masculine
sex (OR 1.99, p = 0.031). History of ischemic heart disease was a negative predictor (OR 0.31, p = 0.027). Even
the combined model is insufficient to replace CTPA (AUC 0.78).

Conclusion: Our cohort shows higher than usually reported incidence of pulmonary embolism. It confirms
the trend of increasing pulmonary embolism incidence. The usefulness of RGS in patients already indicated
to CTPA is relatively low. Even a combined model with RGS and other predictors including D-dimers is insuf-
ficient to replace CTPA in such patients.
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Plicni embolie na Taborsku

Uvod

Plicni embolie je spolu s hlubokou Zilni trombézou (do-
hromady jako tromboembolickd nemoc) fazena na treti
misto nejcastéjsich kardiovaskuldrnich onemocnéni hned
za nemoci koronarnich tepen a ikty.? Incidence trombo-
embolické nemoci je uddvéna v intervalu 100-200 na
100 000 obyvatel.? Cetnost samotné PE je v literatufe uda-
vana jako 50-100/100 000. Mortalita nelécené (nepozna-
né) plicni embolie mlze byt az 30 %, |é¢ené 8 %.2 V rdmci
diferencidlni diagnostiky k odhadu predtestové pravdé-
podobnosti pfitomnosti PE u hemodynamicky stabilnich
pacient(l doporucuje Ceska kardiologicka spole¢nost uZiti
validovanych kritérii (napfr. stanoveni hodnoty RGS, Well-
sova skoére ¢i algoritmu YEARS) a stanoveni hodnoty D-
-dimer0.? Cilem této prace je definovat skupinu pacientt
z okresu Tabor, ktefi byli vySetfeni pro podezfeni na PE
pomoci CT angiografie, a dale zhodnoceni smysluplnosti
vyuziti RGS v tomto souboru.

Metodika

Vybér pacientl zafazenych do studie probihal formou
retrospektivni analyzy. Byly vyhleddny vsechny CTPA
v obdobi od bfezna 2019 do uUnora 2020 provedené na
Radiologickém oddéleni Nemocnice Tabor bez zfete-
le na specializaci lékare indikujiciho vysetfeni. Klinické
a anamnestické informace byly vyhledavany primarné
v elektronické podobé ze zdznamd v nemocni¢nim in-
formacnim systému, pfi jeji absenci pak pfimo fyzicky
z chorobopisu v archivu nemocnice. Z nasledujici analy-
zy byly vyfazeny tfi pfipady, u nichz chybély udaje nutné
k vypocteni Zenevského skore. Jako laboratorni hodno-
ta byla vybrdna vzdy ta, kterd byla dokumentovana jako
prvni pfi ambulantnim vysetfeni ¢i prvni za hospitalizace
¢i jako ta nejblizsi dokumentované zméné zdravotniho
stavu béhem hospitalizace. Hodnota srde¢niho tropo-
ninu T byla stanovena pomoci Roche Troponin T high
sensitive assay (hrani¢ni hodnota > 14 ng/l). Hodnota D-
-dimera (DD) byla vysetfena pomoci Siemens INNOVAN-
CE (hrani¢ni hodnota > 0,5 mg/l FEU). Na zakladé ziska-
nych informaci pak byla vypocitdna hodnota RGS. Data
byla zpracovdvana v anonymizované podobé. Vliv hod-
not natriuretickych peptidd v ramci rizikové stratifikace
pacientd nebyl v naSem souboru hodnocen, jelikoz tyto
hodnoty nebyly standardné odebirdny.

Vzhledem ke skutecnosti, Ze praktickyu vech pacientt
v této skupiné bylo indikovdno provedeni CTPA bud na
zékladé pozitivity hodnoty DD, ¢i bez ni jen na zakladé
klinického obrazu, neni mozné z daného souboru zhod-
notit pozitivni a negativni prediktivni hodnoty RGS v kli-
nickém kontextu, ve kterém je jejich pouziti doporuceno.

Statistické zpracovani

Statisticka analyza byla provedena pomoci programu R-
-project verze 4.2.2. U spojitych proménnych je udan pra-
mér, medidn a smérodatna odchylka; srovnani skupin je
provedeno pomoci t-testu; u diskrétnich proménnych je
udan pocet pfipadu a procenta, srovnani je provedeno
pomoci chi-kvadrat testu a Fisherova exaktniho testu.
Prediktory PE byly hodnoceny pomoci logistické regre-

se; opakovand méreni (v pfipadé vyskytu vice vysetreni
u téhoz pacienta) vzhledem k velmi malému poctu téch-
to pripadl (celkem 11) nebyla pfi statistickém zpracovani
zohlednovana. Hodnoty p < 0,05 byly povazovany za sta-
tisticky vyznamné. Ke konstrukci modelu pro multivariac-
ni analyzu byla pouzita Akaikeho informacniho kritéria
a Holmova korekce vicendsobného testovani.

Vysledky

Charakteristika souboru

Zakladni charakteristiku souboru definuji tabulky 1 a 2.
Soubor ¢itad 584 pripaddl, z nichz byli tfi pacienti vyfazeni
pro chybéjici udaje. Bylo diagnostikovano 132 (22,6 %) PE
(muzi 71; 53,8 %; Zeny 61; 46,2 %), coz pfi spadové oblas-
ti 102 541 obyvatel' odpovida incidenci necelych 129/100
000. Priznaky pacientd shrnuje tabulka 3.

Revidované Zenevské skore

Pramérna hodnota RGS 3,924 (median 4, SD 2,31), pfi po-
tvrzené PE 4,864 (medidn 5, SD 2,49), pfi nepotvrzené PE
3,648 (median 4, SD 2,18).

Podle RGS bylo ve skupiné nizkého rizika (0-3 b.) 216
pacientl (37 %), z nich 35 (16 %) mélo plicni embolii; ve
skupiné stfedniho rizika (4-10 b.) 363 pacientd (63 %),
z nichZz 95 (26 %) mélo plicni embolii; ve skupiné vyso-
kého rizika (> 10 b.) 2 pacienti, z nichz oba méli plicni
embolii.

Specificita, senzitivita, pozitivni a negativni prediktiv-
ni hodnoty revidovaného zenevského skore jsou uvedeny
v tabulce 4.

Predikce vyskytu plicni embolie na CTPA

Hlavnimi prediktory vyskytu plicni embolie v dané po-
pulaci pfi univaria¢ni analyze byly: hodnota Zenevského
skére (OR 1,27 za 1 bod, 95% interval spolehlivosti [Cl]
1,16-1,39, p < 0,0001) a D-dimert (OR 1,19 za pg/l, 95% Cl
1,13-1,26, p < 0,0001). Dal$imi prediktory byly vyska (OR
1,02 za 1 cm, 95% Cl 1,00-1,04, p < 0,029), saturace peri-
ferni krve kyslikem (SpO,) (OR 0,96 za 1 %, 95% Cl 0,92-
0,98, p = 0,015), tepova frekvence (OR za 1/min 1,01, 95%
Cl 1,00-1,02, p = 0,028), hodnota C-reaktivniho proteinu
(CRP) (OR 1,005 za mg/l, 95% CI 1,00-1,02, p = 0,011), po-
hlavi (OR 1,67 pro muzské pohlavi, 95% Cl 1,13-2,46, p
= 0,01), anamnéza tromboembolické nemoci (OR 2,44,
95% CI 1,49-3,50, p < 0,001); negativnimi prediktory na-
opak byly anamnéza ICHS (OR 0,38, 95% Cl 0,19-0,69, p <
0,01) a chronické obstrukcni plicni nemoci (CHOPN) (0,44,
95% Cl 0,21-0,85, p = 0,022) a pfitomnost kolapsu jako
pfiznaku (OR 0,43, 95% Cl 0,21-0,81, p = 0,013). Multiva-
ria¢ni analyza byla provedena na 441 pacientech; byly do
ni zafazeny prediktory, které byly povazovany za klinicky
relevantni (pohlavi, RGS, saturace krve kyslikem, systolic-
ky krevni tlak, index télesné hmotnosti, anamnéza ICHS,
CHOPN, onkologického onemocnéni, arterialni hyperten-
ze, diabetes mellitus a dyslipidemie, srde¢niho selhani;
pfiznaky dusnost, bolest na hrudi a kolaps, laboratorni
hodnoty kreatininu a D-dimer0); hodnoty CRP a tropo-
ninu byly vyfazeny pro mnozstvi chybéjicich dat (v sou-
boru nebyla hodnota CRP systematicky zaznamendvana
a odbér troponinu neni vzdy u plicni embolie indikovan).
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Plicni embolie na Taborsku
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Pacienti bez plicni embolie

Pacienti s plicni embolii

Vsichni pacienti

p-hodnota

(chi-kvadrat test) (Fisherav test)

0,55
0,10
0,02
0,30
1,00
1,00
1,00
0,51

p-hodnota
1,00

Ano Ne Ne OR
(%) (%)

Ano

(%)

Ano Ne Ne
(%)

Ano

(%)

Ano Ne Ne
(%)

Ano

0,53
0,09
0,01
0,18
1,00
0,66
0,54
0,23
1,00

0,86
1,44
0,43
2,17
NA

1,37
1,71
NA

1,00

64,1

288
195
371
44
448
444
447
449
432

161 35,9

254
78

204 35,1 377 64,9 43 32,6 89 67,4
241
492

340
89

Bolest na hrudi

56,6 43,4

34,8

46

65,2
83

86

41,5

58,5

Dusnost

82,6

17,4
1,8

0,2
1,1

91,7

15,3 84,7 1" 121
127
132

2,2
0,2

Kolaps

98,2

96,2

38
0,0

97,8

568
580
574
578
580
559

13

Palpitace

99,8

1

100,0
98,5

99,8

Vertigo

98,9

130
131
131

1,5
0,8
127

98,8

1,2
0,5
0,2

Hemoptyza
Bolest bficha

04 99,6

0,0

99,2

99,5

100,0

96,2

99,2

0,8

99,8

asel

3,8

17

96,2

3,8

96,2

3,8
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Tabulka 4 - Vypovédni hodnoty vyse revidovaného zenevského skére

RGS
(hranicni
hodnota)

1

W 00 N o Ul B W N

—_
o

1
12

Senzitivita Specificita Pozitivni Negativni
prediktivni prediktivni
hodnota hodnota

0,97 0,06 0,23 0,88
0,86 0,27 0,26 0,87
0,83 0,30 0,26 0,85
0,73 0,40 0,27 0,84
0,57 0,65 0,32 0,84
0,42 0,78 0,36 0,82
0,23 0,94 0,52 0,81
0,12 0,97 0,57 0,79
0,08 0,98 0,56 0,78
0,03 0,99 0,57 0,78
0,02 1,00 1,00 0,78
0,01 1,00 1,00 0,77

RGS - revidované Zenevské skore (bodova hodnota).

— pomér $anci.

NA - neuvedeno; OR

Pro tvorbu multivaria¢niho modelu bylo pouzito Akaike-
ho informacni kritérium, ¢imz byl ziskdn model zahrnujici
kovarianty: D-dimery, RGS, anamnéza ICHS a CHOPN, ko-
laps a muzské pohlavi; signifikantné vysly tyto kovarianty:
hodnota D-dimertd (OR 1,19 za pg/l, p < 0,001), RGS (OR
1,27 za jednotku, p < 0,001), muzské pohlavi (OR 1,99,
p = 0,031) a jako negativni prediktor ICHS v anamnéze
(OR 0,31, p = 0,027). Prediktivni sila takto vytvoreného
modelu oviem neni dostatecnd, aby nahradila provedeni
CT (AUC0,78).

Diskuse

Incidence PE v naSem souboru vychazi vyssi jak ve srovné-
ni s ¢eskymi soubory,** tak ve srovnani s velkym zahranic-
nim souborem.®

MozZnou pfi¢inou tohoto nalezu je odlisnd metodika
(analyza vsech CT angiografii bez ohledu na odbornost
vySetfujiciho lékare). Pravdépodobné jde také o projev
trendu narUstu incidence PE, ktery je dobfe dokumento-
van i v zahrani¢ni literature.”

Ovlivnéni nastupujici pandemii covidu-19 je mozné,
byt prvni pfipady byly v Ceské republice potvrzeny testo-
vanim 1. 3. 2020; nicméné incidence PE v nasem souboru
v Unoru 2020 nebyla oproti pfedchozim mésicam signifi-
kantné navysena (7 PE; primér 11, smérodatna odchylka
[SD] 3,11; median 12).

Nase studie méla déle za cil retrospektivné zhodnotit
vytéznost RGS a dalSich parametru v situaci, kdy jiz oset-
fujici lékar rozhodl o provedeni CTPA. Tato situace byla
zkoumdna cetnymi studiemi, které konzistentné doka-
zuji, Ze zachyt plicni embolie s vyuZitim CTPA je obecné
pomérné nizky (v nasi praci 22,6 %, v jinych studiich srov-
natelny);*'° v nékterych pracich je zachyt PE na CT jesté
nizsi,"" az < 10 %,"? coz mUze byt dano nizkym uzivanim
klinickych skore'® a malou frekvenci odbéru D-dimerd'>
¢i nevyckanim na jejich vysledek.™
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Diagnostickd uzite¢nost revidovaného Zenevského
skore zavisi silné na kontextu, v némz je pouzito. V mélo
selektovanych souborech dosahuje AUC i pfes 0,7;'"" v se-
lektované populaci, kde je jiz rozhodnuto provést CTPA,
je vyrazné nizsi,® prakticky neuzite¢né s AUC kolem 0,5.
V nasem souboru je AUC Zenevského skore mezi témito
dvéma hranicemi (0,64).

Ve snaze zvysit zachyt PE na CT angiografii, a ome-
zit tak pocet zbytecnych negativnich CTPA byly zkou-
Seny edukace," elektronické rozhodovaci pomucky' ¢i
EKG'®' nebo kombinované rozhodovaci néstroje vytvo-
fené pomoci strojového uceni,®'® pfipadné generovaného
pomoci poloautomatického zpracovani zdravotnickych
dat.® Vysledky metod strojového uceni jsou v daném kli-
nickém kontextu lepsi nez RGS (v praci Silvy, 2023 — model
derivovany metodou strojového uceni z EKG, klinickych
a laboratornich parametrd AUC 0,75 se 100% senzitivitou
vs. kombinace RGS a DD s AUC 0,51). Zda se, ze v daném
klinickém kontextu by metody strojového uceni mohly
vést k vyznamnému zvyseni efektivity diagnostiky.

Limitem prace je jeji retrospektivni usporadani. Z etic-
kych ddvodl nebylo mozno zhodnotit uzite¢nost RGS
v populaci, kde je dle platnych doporuceni indikovano
(hemodynamicky stabilni pacienti s podezienim na plicni
embolii jesté pred rozhodnutim, zda provést zobrazovaci
metodu).

Zavér

Nase prace ukazuje ve shodé s jinymi studiemi narast in-
cidence plicni embolie. Zachytnost plicni embolie na pro-
vadénych CT angiografiich je mala. Revidované Zenevské
skore mlze castecné zpresnit odhad pravdépodobnosti
nalezu plicni embolie na CT, ale nemuze provedeni CT
nahradit.

Prohlaseni autorti o mozném stretu zajmu
Autofi prohladuji, Ze ve vztahu k tématu nemaji stret za-
jma.

Financovani
Zadné.
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si) Nemocnice Tabor a.s.
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Nebyl vyZzadovan, nebot 3lo o retrospektivni, neinterven-
¢ni studii.
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Uvod: U pacient0 s fibrilaci sini uzivajicich nové perorélni antikoagulancia (NOAC) je nezbytné kontinualni
uzivani léka. Vyssi vék a polymorbidita mohou ovlivnit compliance souvisejici s antikoagulacni 1écbou.
Metody: Observacni kohortové studie (STROBE) hodnotila compliance pacientd s vybranymi kardiovasku-
larnimi diagnézami a dalsimi komorbiditami, ktefi dostavali NOAC a ambulantni péci na specializovanych
klinikach v Ceské republice, v dotaznikovém priizkumu v obdobi od dubna do kvétna 2023.

Vysledky: Pacienti spliujici kritéria studie byli osloveni osetfujicim lékarem k zarazeni do studie (4 kardio-
logické a 1 neurologicka ambulance). Studie se zucastnilo celkem 274 pacientt (146 Zen, 128 muz() s hlavni
diagndzou fibrilace sini a alespor jednou potvrzenou vedlejsi diagnézou srdec¢niho infarktu, mozkového
infarktu, tranzitorni ischemické ataky (TIA), obezity, arteridlni hypertenze nebo diabetes mellitus. Statisticka
analyza potvrdila, Ze pacienti s anamnézou cévni mozkové mozkové prihody nebo TIA méli vys$si pocet pra-
videlnych kontrolnich navstév (jednou za tfi mésice) (p = 0,002492). Analyza dat dale prokazala, Ze pacienti,
ktefi byli 1é¢eni kratsi dobu, méli tendenci k castéjsim pravidelnym kontrolnim navstévam (délka lécby do
3 mésict/primérna kontrola 1,7krat; 3-5 mésicd/0,9krat; 6-12 mésic(i/0,7krat). U jednoho pacienta (55 let)
s paroxysmalni fibrilaci sini a diagnézou TIA, ktery deklaroval nepravidelnost uzivani NOAC po dobu 3-5
mésicl lécby, byla zjisténa recidiva TIA.

Zavér: Ve sledovaném souboru byla zjisténa vysokd z&téz dalSimi komorbiditami spolu s nedostatecnou de-
klaraci pravidelnosti uzivani medikace NOAC a z toho plynoucich rizik. Vzhledem k narustajicimu poctu
predepsanych NOAC je nezbytnd vhodna edukace pacientll, zejména u starsich pacientt s vysokym rizikem
cévni mozkové prihody.

ABSTRACT

Introduction: Continuous medication use is essential for patients with atrial fibrillation using new oral an-
ticoagulants. Older age and polymorbidity may affect compliance related to the anticoagulation therapy.
Methods: An observational cohort study (STROBE) assessed patients’ compliance with selected cardiovascu-
lar diagnoses and other comorbidities who received NOAC and outpatient care in specialized clinics in the
Czech Republic in the questionnaire survey between April and May 2023.

Results: Patients meeting the study criteria were approached by the treating physician for inclusion (4 car-
diology and 1 neurology clinic). A total of 274 patients (146 women, 128 men) with a primary diagnosis of
atrial fibrillation and at least one confirmed secondary diagnosis of heart attack, cerebral infarction, transi-
ent cerebral ischemic attack (TIA), obesity, arterial hypertension, or diabetes mellitus participated. Statistical
analysis confirmed that patients with a history of stroke or TIA had a higher number of regular follow-up
visits (once every three months) (p = 0.002492). Furthermore, data analysis demonstrated that patients who
had been on treatment for a shorter time tended to have more frequent regular follow-up visits (treatment
duration up to 3 months/average check-ups 1.7 times; 3-5 months/0.9 times; 6-12 months/0.7 times). In one
patient (55 years) with paroxysmal atrial fibrillation and a diagnosis of TIA, who declared irregularity of
NOAC use for 3-5 months of treatment, a relapse of TIA was identified.

Conclusion: A high burden of additional comorbidities was identified in the observed sample, along with
the inadequate declaration of the regularity of NOAC medication use and the resulting risks. Appropriate
patient education is essential, especially among older patients at a high risk of stroke, considering the in-
creasing prescription rates.
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Introduction

Arrhythmias can be one of the underlying causes of car-
diovascular diseases, which can lead to cardiomyopathies
and systemic embolism." The incidence and prevalence of
most cardiovascular diseases increase with age, and it has
been confirmed that cardiovascular diseases are a lead-
ing cause of death worldwide.? Sudden cardiac death
accounts for 15-20% of adult deaths.? Approximately
20-30% of patients with ischemic stroke and transient
ischemic attack (TIA) were confirmed to have atrial fibril-
lation before the onset of the disease. The other 70-80%
of patients are diagnosed with atrial fibrillation after car-
diac monitoring.>= Atrial fibrillation is the most common
arrhythmia with a 1-2% prevalence, and its incidence in-
creases with age.®

In the clinical guidelines for the treatment of atrial
fibrillation (AF), new oral anticoagulants (NOACs) are
globally recommended. Studies have demonstrated
their high efficacy in long-term use for the prevention of
recurrent ischemic events in individuals with stroke (as-
sociated with AF) and a lower risk of major bleeding.”"
While the term “direct oral anticoagulants” (DOACs)
is commonly used to refer to this class of medications,
the abbreviation NOAC is still utilized nationally in the
Czech Republic.”? One advantage of using NOACs is elim-
inating the need for laboratory monitoring compared
to vitamin K antagonists (VKA), along with removing
drug-food interactions. Following the recommendations
of the Czech Society of Cardiology in the Czech Republic,
the prescription of NOACs has been expanded in clinical
practice.™

Comprehensive care is crucial for patients diagnosed
with atrial fibrillation, with the first step being the treat-
ment and prevention of thromboembolic complications.
This involves assessing the risk of thromboembolism and
bleeding complications using scoring systems, followed
by the selection of anticoagulation therapy.'* During the
course of treatment, the patient’s symptoms are moni-
tored, and a long-term outpatient follow-up is conducted

Table 1 - Research criteria

to minimize additional cardiovascular risks. The treat-
ment choice must be individualized for each patient, and
the patient’s tolerance should be regularly monitored.
A vital component of treatment is providing sufficient
education and promoting patient’s compliance.

Methods

An observational cohort study was conducted to assess
the compliance of patients with selected atrial fibrillation
and other comorbidities (Table 1) receiving NOACs and
outpatient care in specialized clinics. The patients meet-
ing the inclusion criteria were approached directly by the
treating physician from the selected specialized clinics (4
cardiology clinics and 1 neurology clinic) to participate in
the study. The STROBE checklist guidelines for reporting
observational (cohort) studies were used.

The research tool

Information from the respondents was obtained using
a non-standardized questionnaire, which included items
of demographic nature and items defining the settings
of NOACGs therapy and patient compliance (see Table 2).
Completing the questionnaire required a time commit-
ment of up to 10 minutes. The treating physician handed
the questionnaire to the patient during a regular visit
to the selected specialized clinic and labelled it with an
assigned identification number. If needed, the question-
naire could be deanonymised by the treating physician of
the respective clinic, and any missing information could
be supplemented directly from the documentation.

Data collection

The questionnaire data collection was conducted from
17th April to 31th May 2023 by providing the ques-
tionnaire form to the patients by their treating physicians
after meeting the inclusion and exclusion criteria in select-
ed cardiology and neurology clinics. No follow-up assess-
ments were conducted as part of the study.

Inclusion criteria
Age >18 years

Primary (main) diagnosis (according to ICD-10):
148.0 — Paroxysmal atrial fibrillation

148.1 - Persistent atrial fibrillation

148.2 — Chronic atrial fibrillation

At least one secondary diagnosis (according to ICD-10):
110 - Essential (primary) hypertension

E10, E11 - Diabetes mellitus (type 1 or type 2)

E662 — Obesity

121.0% — Heart attack

164 — Cerebral infarction

G45.9 - Transient cerebral ischemic attack

NOACs therapy:

— first group - factor Xa inhibitors (rivarobaxan, apixaban, edoxaban),

- second group — thrombin inhibitors (dabigatran)
Therapy NOACs from at least 10/2022

Consent to participate in research

Exclusion criteria

Age <18 years

Patients without diagnosed cardiovascular and endocri-
nological diseases

Therapy with NOAGs in the period after 10/2022

Disagreement to participate in research
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Table 2 — Areas/batteries of items in the questionnaire

Sociodemographic data about the patient

Age (years)

Sex (M/W/not applicable)

Educational attainment (primary school, high school, university)
Occupation (student, working, retired, disabled)

Duration of atrial fibrillation (years since diagnosis)
Specification of primary (main) diagnosis - 148.0, 148.1, 148.2

Specification of secondary diagnosis - 110, E10, E11, E66*, 121.0%,
164, G45.9

Specific items for the use of NOACs

Frequency of check-ups in specialist outpatient clinic (cardiology,
neurology)

Type of NOAC (rivarobaxan, apixaban, edoxaban, dabigatran)
Duration of treatment with NOAC (interval)
Consistency of use of NOAC (interval)

Data analysis

Data analysis involved conducting a descriptive analysis
followed by statistical verification. Linear regression mo-
dels and correlations, including Pearson’s product-mo-
ment correlation, were used to test the hypotheses at
a significance level of 0.05.

Data availability statement
The data supporting this study’s findings are available
from the corresponding author upon reasonable request.

Ethical approach and data protection

All steps followed the relevant guidelines and regula-
tions of the Declaration of Helsinki (DoH-Oct. 2008). The
collected data were used solely for research purposes in
the field of public health. They were neither disclosed nor
utilized by any other institutions or for alternative ob-
jectives. The obtained data were processed and analyzed
anonymously, adhering to the applicable law, specifically
Act No. 110/2019 Coll. on the Protection of Personal Data
in Information Systems, as amended. Ethical approval for
the study was granted by the Ethics Committee blinded
for review.

Ethical aspects - informed consent

Participation in the questionnaire study was entirely vo-
luntary, and by completing the questionnaire, the pa-
tient provided an informed consent to participate in the
research.

Results

A total of 5 outpatient clinics participated in the stu-
dy, including 4 cardiology clinics and 1 neurology clinic,
which provided care for both cardiology and neurology
patients. The study approached 305 patients who met the
inclusion and exclusion criteria, out of which 274 patients
(146 women; 53%, 128 men; 47%) agreed to participate.
The average age of the respondents in the study sample

was 69.2 years, ranging from 39 to 91 years. The largest
representation of respondents was in the age category of
66-75 years (N = 141, 51.5%). Among other characteris-
tics, the highest level of education attained was assessed.
The majority of respondents reported having completed
secondary education with higher education (N = 139;
50.7%), and in terms of occupation, the largest group
consisted of retirees (N = 188; 68.6%). A summary evalua-
tion of the sociodemographic characteristics is presented
in Table 3.

Characteristics

The majority of respondents had been diagnosed with
a cardiac rhythm disorder less than five years ago (N =
132, 48.2%). In comparison, 110 respondents (40.1%) had
been identified within 5 to 10 years, and only 32 (11.7%)
reported more than 10 years of follow-up for their cardiac
rhythm disorder. The diagnosis 148.0 was reported in 199
cases (72.6%), 148.1 in 60 cases (21.9%), and 148.2 in 15
cases (5.5%). Other comorbidities were assessed to deter-
mine the burden of additional health conditions. Among
the respondents, 66.1% had two or more additional co-
morbidities. In the study sample, the highest number of
patients had a history of stroke (N = 135), with 18 of them
having experienced recurrent events and simultaneously
being diagnosed with obesity, arterial hypertension, and
diabetes mellitus.

Management of NOAC therapy

The study monitored the frequency of follow-up visits
based on the type of NOAC therapy. Out of the total par-
ticipants, 84 patients (30.6%) visited the clinic every three
months, while 163 patients (59.5%) had biannual visits.
A smaller proportion of patients (27, 9.9%) had less than
one visit annually. Among the different anticoagulant
therapies, dabigatran was the most commonly prescribed
medication (61.6%), followed by rivaroxaban (24.5%)
and apixaban (13.9%). None of the patients in the stu-
dy sample were prescribed edoxaban. Regarding the du-
ration of NOAC use, 3.6% of patients reported using it
for less than three months, 32.9% for 3-5 months, 49.3%
for 6 months to 1 year, 9.5% for 2-4 years, and 4.7% for
more than five years.

The frequency of regular follow-up visits was statisti-
cally analyzed concerning age, education, comorbidities,
type of NOAC, and treatment duration. All the determi-
nants were analyzed in the comprehensive model which
was statistically significant, with a p-value of <2.2e-16
and a coefficient of determination of p = 0.6672. Testing
confirmed that the patients with a history of stroke or TIA
had a higher number of regular follow-up visits (once ev-
ery three months) (p 0.002492). Furthermore, data analy-
sis demonstrated that patients who had been on treat-
ment for a shorter time tended to have more frequent
regular follow-up visits (p for the duration of NOAC use
less than three months p = 1.6969, for 3-5 months p =
0.8602 and for 6 months to 1 year p = 0.7187). Patients
with a NOAC treatment duration of up to 3 months gen-
erally attend check-ups 1.7 times, patients with a treat-
ment duration of 3-5 attend check-ups on average 0.9
times, and patients with a treatment duration of 6-12 at-
tend check-ups on average 0.7 times.
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Table 3 - Sociodemographic characteristics

Characteristics Total Mean Min Max
N/%
Gender
Female 146/53.3% 70 39 91
Male 128/46.7% 68.4 49 89
Age
40 years and younger 1/0.4% 39 39 39
41-55 years 1716.2% 53.2 49 55
56-65 years 59/21.5% 62.6 56 65
66-75 years 141/51.5% 69.8 66 75
76 and older 56/20.4% 80.2 76 91
Level of education
Primary education 12/4.8% 73.6 63 90
Secondary education 30/11.0% 70.3 49 91
Higher education (college) 139/50.7% 68 49 87
Bachelor's degree (EQF 6) 34/12.4% 721 61 82
Master’s degree (EQF 7) 59/21.1% 69.1 39 89
Employment
Student 0/0% 0 0 0
Employed 70/25.5% 64 39 82
Retirement pension 188/68.6% 71.7 62 91
Invalidity pension 15/5.5% 64.1 49 82
Unemployed 1/0.4% 60 60 60
Total 274/100% 69.2 39 91
Adherence to NOAC therapy Discussion

The adherence to NOAC therapy was investigated in
the observed cohort, with only 75.9% of the partici-
pants reporting regular use of NOAC as prescribed by
their attending physician. Approximately 21.7% re-
sponded “rather yes”, while 2.9% responded “rather
no” or “no”. The correlations presented in Table 4 de-
monstrate a negative association when patients use
NOAC s for a period of 3-5 months. This suggests that
if patients take the medication within the time frame
of 3-5 months from the initiation of NOAC therapy,
their adherence is less frequent. Similarly, if NOACs
are used less frequently, and the treatment duration
is 3-5 months, the direction of causality in the correla-
tion is unknown. Among patients treated with NOACs
for 6-12 months, the highest proportion indicated re-
gular use of NOAGs.

Among patients using NOACs, no statistically signifi-
cant correlation was observed between the use of any
specific medication within the NOAC group (dabiga-
tran, rivaroxaban, apixaban) and regular adherence to
NOAC therapy. However, a statistically weak but sig-
nificant correlation was identified between the regular
use of NOACs and respondents who had experienced
a myocardial infarction (p = -0.1475506) or a stroke
(p = 0.1665899).

Based on the conducted study, it was possible to iden-
tify the basic treatment characteristics among patients
using NOAGs and verify their compliance. A total of 274
respondents from five participating institutions (outpa-
tient healthcare providers) were included in the study,
where demographic characteristics were collected along
with specifications of NOAC medication. Comparing the
duration of atrial fibrillation with the duration of NOAC
therapy, it was found that 100% of respondents using
NOACs within the 0-6 months range had no prior history
of anticoagulant therapy. Statistically, it was confirmed
that the frequency of follow-up visits was higher at neu-
rology clinics for patients with a history of stroke and
TIA. A retrospective review of the care provided by the
participating clinics revealed that among 24 patients who
visited the clinic three times a year, changes in clinical
condition were the reason for their visits. However, no
adverse effects related to NOAC medication or changes
in medication settings were identified in any patient in
the observed cohort.

Regarding regular use of NOAGs, the highest compli-
ance was statistically confirmed in patients treated for
6—-12 months (p = 0.1795627) following myocardial infarc-
tion or stroke. One patient (55 years old, master’s degree,
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employed) with paroxysmal atrial fibrillation (ICD-10
code 148.0) and concurrent TIA (ICD-10 code G45.9) with-
out other comorbidities, who was treated for a period
of 3-5 months, declared irregularity in NOAC (rivaroxa-
ban) usage. During the follow-up, a TIA recurrence was
confirmed in this patient, necessitating hospitalization.
Studies focusing on NOACs demonstrate an effective re-
duction in the risk of stroke. However, continuous medi-
cation adherence is crucial due to the rapid decline in an-
ticoagulant activity when doses are missed.'>"’

In the observed sample, predominantly older patients
with atrial fibrillation were identified (average age 69.2
years), with additional comorbidities increasing cardio-
vascular risk (such as arterial hypertension, obesity, and
diabetes mellitus). Advanced age and polymorbidity can
affect compliance and adherence to anticoagulant ther-
apy. Studies have demonstrated improved quality of life
among patients who switched to NOAC therapy com-
pared to previous anticoagulant regimens.'® However, for
chronic prophylactic treatment, adherence is essential,
and inconsistent NOAC use can lead to complications.®
Although NOACs do not require laboratory monitoring,
patient education and adherence monitoring are neces-
sary. Due to the increasing incidence of atrial fibrillation
associated with age, stroke prevention is of great impor-
tance. After the introduction of NOACs into routine prac-
tice, the number of prescriptions issued to older individu-
als has increased. However, oral anticoagulation is still
underutilized, with up to 30% of high-risk stroke patients
not receiving adequate treatment.?

In line with the implementation of the presented ques-
tionnaire survey, the attending physician approached ap-
proximately 20 respondents involved in the study to ob-
tain additional information related to the use of NOAC
medication. Studies analyzing the cost-effectiveness of
NOACs compared to VKA treatment at the national lev-
el in the Czech Republic have found greater benefits in
terms of overall survival, improved quality of life, preven-
tion of cardiovascular events, and increased prescription
rates of NOACs."

Implications for practice

The results of our study provide information on the com-
pliance of the observed cohort of patients with atrial fib-
rillation using NOACs in a pilot study in the Czech Repub-
lic, which has not been available so far. A high burden of
additional comorbidities was identified in the observed
sample, along with the inadequate declaration of regu-
larity in NOAC usage and the resulting risks. Sufficient
patient education is essential, especially among older pa-
tients at a high risk of stroke, considering the increasing
prescription rates.

Conclusion

Currently, the Czech Society of Cardiology is preparing re-
commendations for general practitioners to optimize the
management of NOAC therapy, as well as lay recommen-
dations for knowledge transfer to support evidence-ba-

sed decision-making in healthcare at the national level in
the Czech Republic.
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Cil: Stendza ostia postranni vétve (side branch, SB) je ¢astou bifurkacni [ézi, pfitom o optimalni strategii jeji
|écby se stale vede diskuse. Ackoli je Ucinnost optimalni farmakoterapie dobie znama, i nadale je srovnani
farmakoterapie a perkutanni korondrni intervence (PCl) piedmétem sporu.
Metodika: Celkem bylo retrospektivné hodnoceno 357 po sobé nasledujicich pacientl s izolovanou stendzou
ostia SB (klasifikace 0.0.1 podle Mediny). Pacienti byli rozdéleni do dvou skupin; pacienti pouze s farmako-
terapii (n = 305) a pacienti podstupujici PCl (n = 52). Revaskularizace cilové tepny (target vessel revasculari-
zation, TVR), infarkt myokardu (IM) a mortalita byly hodnoceny jako zédvazné nezadouci kardiovaskularni
prihody (major adverse cardiovascular events, MACE).
Vysledky: Praimérny vék pacientt byl 58,2 + 10,3 roku. Sto dva pacient(i (28,6 %) byly Zeny. Dvé sté sedmde-
sat devét pacientd (78,2 %) mélo 1ézi na diagonalni vétvi, zatimco 78 (21,8 %) jich mélo Iézi na levé margi-
nalni vétvi. Pomér sten6z SB (70 + 16; 88 + 13; p < 0,001) a délka léze SB (7,5 + 6,6; 14,7 + 6,0; p < 0,001) byly
vétsi ve skupiné s PCl. Castou metodou PCl byla implantace stentu do ostia SB (38 pacientd [73,1 %]). Mezi
skupinami nebyly nalezeny Zadné statisticky vyznamné rozdily v castosti TVR (1,3 % vs. 1,9 %; p = 0,277;
farmakoterapie vs. PCl), incidenci IM (8,2 % vs. 7,7 %; p = 0,302; farmakoterapie vs. PCl), v mortalité (10,2 %
vs. 9,6 %; p = 0,095; farmakoterapie vs. PCl), ani v incidenci MACE (18,0 % vs. 15,4 %; p = 0,113; farmako-
terapie vs. PCl). Navic Kaplanova-Meierova analyza dlouhodobého preziti nezjistila mezi skupinami zadné
rozdily v ¢astosti TVR (log-rank p = 0,247), incidenci IM (log-rank p = 0,295), v mortalité (log-rank p = 0,086)
ani v incidenci MACE (log-rank p = 0,107).
Zavéry: U pacientl se stendzou ostia postranni vétve jiné cévy nez hlavniho kmene levé véncité tepny se jako
vhodna a optimalni 1é¢ebna strategie jevi farmakoterapie misto PCI.
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ABSTRACT

Aim: Side branch (SB) ostial stenosis is a frequent bifurcation lesion and its optimal treatment strategy is still
debated. Although the efficacy of the optimal medical therapy is well known, the comparison of the medical
treatment and percutaneous coronary intervention (PCl) is controversial.

Methods: A total of 357 consecutive patients with isolated SB ostial stenosis (Medina 0.0.1 classification) was
evaluated retrospectively. Patients were divided into two groups; patients with only medical therapy (n =
305) and patients undergoing PCl (n = 52). Target vessel revascularization (TVR), myocardial infarction (M),
and mortality were evaluated as major adverse cardiovascular outcomes (MACE).

Results: The mean age of the patients was 58.2+10.3 years. 102 patients (28.6%) were female. 279 patients
(78.2%) had diagonal lesion while 78 (21.8%) had obtuse marginal lesion. The SB stenosis ratio (70+16;
88+13, p < 0.001) and SB lesion length (7.5£6.6; 14.7+6.0, p < 0.001) were higher in the PCl group. SB ostial
stenting (38 patients [73.1%]) was the common PCl technique. There were no significant differences in terms
of TVR (1.3%; 1.9%, p = 0.277, medical vs PCl groups, respectively), Ml (8.2%; 7.7%, p = 0.302, medical vs
PCl groups, respectively), mortality (10.2%; 9.6%, p = 0.095, medical vs PCI groups, respectively) and MACE
(18.0%; 15.4%, p = 0.113, medical vs PCl groups, respectively) between groups. Additionally, in Kaplan-Me-
ier long-term survival analysis, there were no differences in TVR (log-rank p = 0.247), Ml (log-rank p = 0.295),
mortality (log-rank p = 0.086), and MACE (log-rank p = 0.107) between groups.

Conclusions: Medical therapy instead of PCl seems to be an appropriate and optimal treatment strategy in
patients with non-left main SB ostial stenosis.
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Side branch ostial stenosis

Introduction

Coronary bifurcation lesion (CBL) is an intriguing disease
on account of the uncertainty of the optimal treatment
strategy. CBL account for almost 15-20% for all percu-
taneous coronary intervention (PCl)' while isolated side
branch (SB) ostial stenosis is the rare form of bifurcation
lesions which is encountered in <5% of all CBLs.? The tre-
atment of isolated SB ostial disease (Medina 0.0.1 classifi-
cation) is also debated. It is well known that the optimal
medical therapy is indispensable for coronary artery dise-
ase. However, the role of the PCl for SB ostial disease is
still controversial. On the other hand, the lack of a single
proven PCl technique for the lesions of the Medina 0.0.1
classification further complicates the decision for percu-
taneous intervention.

There is a limited number of studies focused on treat-
ment decision for the isolated non-left main coronary ar-
tery (non-LMCA) SB ostial disease.>* The heterogeneous
features of the diseased SB as well as the different opera-
tor experiences and the advances of the techniques and
technology limit the power of these studies to influence
our clinical practice. So there is still a gap in the evidence of
the optimal treatment decision for the Medina 0,0,1 CBL.
In our study, we aimed to evaluate the clinicAL outcomes
and Procedural characteristics of isolated non-left main
Side Branch Ostial stenosis (the ALP-SBO registry). We also
compared the long-term effect of the medical therapy and
PCl treatment for the isolated non-LMCA SB ostial stenosis.

Materials and methods

Patient population and Medina classification

This study was conducted in a single tertiary high-volu-
me heart center between 2010 and 2022. Patients were
included if they were >18 years old and with isolated
non-LMCA SB ostial disease. The Medina classification
was used for the definition of the CBL.> According to the
Medina classification, the coronary tree was divided into
three vessel segments; proximal main vessel (PMV), distal
main vessel (DMV) and SB. This classification reflects the
pattern of the atherosclerotic disease based on the an-
giographic appearance. Each segment is defined either 0
or 1 to indicate the absence or presence of a significant
stenosis (>50%), respectively. The first number refers to
PMV while the second and third refers to DMV and SB,
respectively. In our study, we included patients with the
only side branch (SB) ostial disease as the Medina 0.0.1
classification. Patients with proximal main vessel (PMV)
and/or distal main vessel (DMV) disease (>50% stenosis)
were excluded from the study. For study inclusion, all
patients had Medina 0.0.1 coronary bifurcation lesion
(CBL) and the SB reference diameter was >2 mm. Patients
with reduced ejection fraction heart failure, moderate
to severe valvular heart disease, hematological disorder,
end-stage liver or renal failure, active bleeding history,
pregnancy and life-expectancy of less than 1 year were
excluded from the study. Additionally, patients having
ostial circumflex disease (as a left main-SB ostial disease)
were also excluded. For the patients with SB ostial lesion,
it was required that the distal main vessel diameter was

at least as large as or more advanced than the SB branch.
It was an important decision marker, especially for the
obtuse marginal (OM) side branch. Additionally, for pa-
tients with ST segment elevation myocardial infarction
(STEMI), if the culprit lesion was the SB osteal lesion, they
were also excluded from the study. The baseline clinical,
laboratory, angiographic, and demographic parameters
were recorded from the hospital database. The patien-
t's follow-up visits were done at hospital admission for
suitable patients within last 6 months and telephone fo-
llow-up visits were done for others who did not attend
a follow-up visit. Peri-procedural and post-procedural cli-
nical evaluation and time of clinical outcomes were recor-
ded from all subjects.

In the present study, all side branches were prognos-
tic relevant coronary arteries. According to the recent
guidelines, the prognostic relevant SB is defined at least
one criterion as follows;® (A) the SB length is >73 mm,
(B) SNUH score is =2 (referans vessel diameter >2.5 mm
[1 point], <2 side branches [1 point], no SB below the tar-
getSB[1 point]), (C) if SBis a diagonal branch: size 2.5 mm,
and single diagonal branch or dominant diagonal branch
if >1, and nondominant circumflex artery (= high likeli-
hood of diagonal branch myocardial territory >10%), (D)
myocardial segmentation software: fractional myocardial
mass >10%, (E) moderate-severe ischemia in the SB myo-
cardial territory; echocardiography > 3 segments stress-
induced moderate or severe hypokinesia or akinesia or —
myocardial perfusion SPECT >210% left ventricle ischemia
or >2 contiguous reduced perfusion segments on cardiac
magnetic resonance perfusion imaging. If the SB was not
a prognostic relevant artery according to the mentioned
criterion above, the patient was excluded from the study.

The definition of clinical outcomes

Firstly, all patients included in the study were symptomatic
patients and also received optimal medical therapy. The
patients with at least Class 2 angina pectoris that had do-
cumented ischemia and prognostic relevant side branch
were included in the study. Then the patients were divided
into two groups; only medical therapy group (group 1) and
patients undergoing percutaneous coronary intervention
(PCl) besides medical treatment (group 2). The selection of
treatment strategy was made at the operator’s discretion.
Additionally, both transradial (TR) and transfemoral (TF)
approaches were used. In the recent guidelines TR appro-
ach is recommended for coronary interventions. However,
this study includes all patients since 2010. Thus, TF appro-
ach was used more frequently as a result of traditional ha-
bits due to the retrospective nature of the study.

The primary endpoint of the study was a major adverse
cardiovascular event (MACE) defined as the composite
outcome of target vessel revascularization (TVR), myo-
cardial infarction (Ml), and all-cause death. Ml as defined
as the 5-fold increase in the high-sensitive troponin level
and patients with elevated pre-procedural troponin level,
in whom they were stable or falling, meet the criteria
for a 5-fold increase or at least >20% change from the
baseline. And at least one of the following: (a) new onset
ischemic electrocardiographic changes, (b) new patho-
logical Q wave, (c) imaging evidence of loss of a viable
myocardium, (d) angiographic findings of a procedural
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flow-limiting complication. If they were present within
48 hours after the procedure, it was defined as the proce-
dure-related MI. TVR was also defined as angina or isch-
emia referable to the coronary bifurcation lesion (CBL)
requiring repeat PCl or coronary artery bypass grafting
surgery (CABG). Additionally, the stroke rates were evalu-
ated as the secondary endpoint. The death was defined
as the composite outcome of both cardiac and non-car-
diac death. The study was approved by the local Ethics
Committee. Our study was conducted in accordance with
Helsinki Declaration.

Statistical analysis

Statistical analysis was made using the computer software
Statistical Package for Social Sciences (IBM SPSS Statistics
for Windows, IBM Corp., Armonk, New York, USA). Fis-
her's exact test and Pearson chi-square analyses were used
for categorical variables. Fitness to normal distribution was
analyzed with the Kolmogorov-Smirnov test. Data were
expressed as “mean =+ standard deviation (SD)” for normal

distribution, “median (25th-75th percentiles)” for variables
without normal distribution and “n (%)"” for categorical
variables. Mann-Whitney U test was used for comparing
quantitative variables without normal distribution while
Student t-test was used for comparing the means between
two groups with normal distribution. Cox regression analy-
sis was also used to compare the differences in both primary
and secondary endpoints, with outputs of hazard ratio (HR)
and 95% confidence interval (Cl). The long-term survival
curve was analyzed using the Kaplan-Meier method, and
statistical assessment was performed with the log-rank test.
A p-value <0.05 was considered statistically significant.

Results

A total of 357 consecutive coronary bifurcation lesion
(CBL) patients with the Medina 0.0.1 classification were
included in this study. The mean age was 58.2+10.3 years
while 102 patients (28.6%) were female. The mean fo-

Table 1 - Baseline clinical and demographic parameters of the study population

All patients (n = 357)

Age (years) 58.2+10.3
Gender (female), n (%) 102 (28.6)
Diabetes mellitus, n (%) 103 (28.9)
Hypertension, n (%) 142 (39.8)
Chronic obstructive lung disease, n (%) 35(9.8)
Previous CVA, n (%) 8(2.2)
PAD, n (%) 8(2.2)
Smoking, n (%) 67 (18.8)
Previous PCl, n (%) 40 (11.2)
Previous Ml, n (%) 29 (8.1)
Atrial fibrillation, n (%) 15 (4.2)
Baseline symptom, n (%)

CCS 2 angina 158 (44.3)

CCS 3-4 angina 199 (55.7)
Post-management symptom, n (%)

CCS 1 angina 185 (51.8)

CCS 2-3 angina 172 (48.2)
Syncope, n (%) 6(1.7)
Acetylsalicylic acid, n (%) 258 (72.3)
Clopidogrel, n (%) 108 (30.3)
Prasugrel, n (%) 2 (0.6)
Ticagrelor, n (%) 48 (13.4)
Beta-blocker, n (%) 235 (65.8)
ACEI/ARB, n (%) 173 (48.5)
Statin, n (%) 231 (64.7)
Calcium channel blocker, n (%) 45 (12.6)
Oral anti-diabetic, n (%) 69 (19.3)
Insulin, n (%) 19 (5.3)

Medical group (n = 305) PCl group (n = 52) p
58.4+10.4 57.1£9.7 0.386
95 (31.1) 7 (13.5) 0.009
85 (27.9) 18 (34.6) 0.321
124 (40.7) 18 (34.6) 0.411
31(10.2) 4(7.7) 0.580
6 (2.0) 2(3.8) 0.329
8(2.6) 0(0) 0.280
51(16.7) 16 (30.8) 0.016
30 (9.8) 10 (19.2) 0.047
21(6.9) 8(15.4) 0.043
14 (4.6) 1(1.9) 0.330
154 (50.5) 4(7.7) <0.001
151 (49.5) 48 (92.3)

157 (51.5) 28 (53.8) 0.435
148 (48.5) 24 (46.2)

6 (2.0) 0(0) 0.386
209 (68.5) 49 (94.2) <0.001
82 (26.9) 26 (50.0) 0.001
1(0.3) 1(1.9) 0.270
23 (7.5) 25 (48.1) <0.001
195 (63.9) 40 (76.9) 0.068
138 (45.2) 35 (67.3) 0.003
189 (62.0) 42 (80.8) 0.009
41 (13.4) 4(7.7) 0.248
56 (18.4) 13 (25.0) 0.262
17 (5.6) 2(3.8) 0.458

ACEI - angiotensin converting enzyme inhibitor; ARB — angiotensin receptor blocker; CCS — Canadian Cardiovascular Society; CVA - ce-
rebrovascular accident; Ml — myocardial infarction; PAD - peripheral arterial disease; PCl - percutaneous coronary intervention.
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llow-up time was 59+39 months. The history of previous
percutaneous coronary intervention (PCl) was 11.2% (40
patients). 305 patients (85.4%) were treated only with
medical therapy and they were categorized as group 1
while 52 patients (14.6%) undergone PCl in addition to
medical therapy were categorized as group 2. 279 pati-
ents (78.2%) had diagonal lesion while 78 (21.8%) had
obtuse marginal (OM) lesion. For the patients treated
with PCl, the major procedural technique was the side
branch (SB) ostial stenting technique performed in 38 pa-
tients (73.1%). The inverted provisional/cross-over sten-
ting was performed in 13 patients (25%).

The baseline, clinical, and demographic variables of
the study population were demonstrated in Table 1.
The incidence of female gender was higher in group 1
(95 [31.1%]; 7 [13.5%], p = 0.009) while the incidence of
smoking (51 [16.7%]; 16 [30.8%], p = 0.016) and previous
MI (21 [6.9%]; 8 [15.4%], p = 0.043) were higher in group
2. The incidence of acetylsalicylic acid (209 [68.5%]; 49
[94.2%], p <0.001), clopidogrel (82 [26.9%]; 26 [50.0%],
p = 0.001), ticagrelor (23 [7.5%]; 25 [48.1%], p <0.001),
angiotensin converting enzyme inhibitor/angiotensin re-
ceptor blocker (138 [45.2%]; 35 [67.3%], p = 0.003), and
statin (189 [62.0%]; 42 [80.8%], p = 0.009) usage was
higher in group 2 patients.

The laboratory and echocardiographic evaluations
were demonstrated in Table 2. There were no differences
in terms of laboratory parameters between groups. The
ejection fraction was similar in both groups (60 [50-60];
60 [50-60], p = 0.063). Additionally, baseline angina se-
verity was higher in the PCl group (class 3 angina 151
[49.5%]; 48 [92.3%], p <0.001). Post-management angina
severity was the same for both groups.

Theclinical and angiographicvariables were demonstrat-
ed in Table 3. 279 patients (78.2%) had a diagonal disease
while 78 patients (21.8%) had an obtuse marginal (OM)
disease. In patients undergoing percutaneous coronary

intervention (PCl), the incidence of a diagonal lesion (29
patients [55.8%]) was higher than OM lesion (23 patients
[44.2%]). Similarly, in patients treated with medical thera-
py, the incidence of diagonal lesion (250 patients [82.0%])
was higher compared to OM lesion (55 patients [18.0%]).
However, the incidence of PCl procedure was higher in
patients with OM lesion (23 to 78 patients [29.4%]) com-
pared to patients with a diagonal lesion (29 to 279 patients
[10.3%]). The side branch (SB) stenosis ratio (70+16; 88+13,
p <0.001), SB lesion length (7.5+6.6; 14.7+6.0, p <0.001),
and SB reference vessel diameter (2.33+0.29; 2.52+0.33, p
<0.001) were higher in patients undergoing PCl. The inci-
dence of multivessel disease, bifurcation angle and Syntax
score were similar in both groups.

The procedural characteristics of patients treated with
PCl were demonstrated in Table 4. The femoral artery
was the common access site in 49 patients (94.2%). No SB
occlusion occurred. The SB ostial stenting technique was
performed in 38 patients (73.1%) while the inverted pro-
visional/cross-over stenting was performed in 13 patients
(25%). Only 1 patient (1.9%) treated with planned 2-stent
strategy. The final kissing balloon dilatation ratio was
13.5% (7 patients). The complication ratio was 1.9% (1
patient, contrast nephropathy). No peri-procedural Ml or
mortality occurred. The mean SB stent size was 2.56+0.28
mm and length was 21.6+5.8 mm. The mean main vessel
(MV) stent size was 3.0+0 mm and length was 19.0+0 mm.

The primary endpoint of the study was the composite
endpoint of TVR, Ml and all-cause death (Table 5). There
was no difference in MACE between groups. The incidence
of MACE was 18.0% (55 patients) in patients treated with
medical therapy alone (group 1) while it was 15.4% (8 pa-
tients) in patients who had undergone PCl (group 2) (HR:
1.852, 95% Cl: 0.865-3.964, p = 0.113). The incidence of
TVR was 1.3% in group 1 and 1.9% in group 2 (HR: 3.544,
95% Cl: 0.363-34.630, p = 0.277). The incidence of Ml was
8.2% and 7.7% (HR: 1.765, 95% Cl: 0.600-5.186, p = 0.302)

Table 2 - Laboratory parameters of the patients

All patients (n = 357)

Hemoglobin (g/dL)
Platelet (109/L)
Leukocyte (10°/L)
Creatinine (mg/dL)

Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglyceride (mg/dL)
C-reactive protein (mg/L)
Glucose (mg/dL)

Ejection fraction (%)
LVEDD (mm)

LVESD (mm)

LA diameter (mm)

14.5 (13.1-15.5)
248 (210-294)
8.8 (7.35-10.8)
0.82 (0.70-0.97)
195 (166-221)
116 (94-140)

41 (34-48)

156 (106-224.25)
3.88 (1.81-7.93)
119 (101.5-150.5)
60 (50-60)

48 (45-50)

30 (27-33)

36 (34-39)

Medical group (n =305) PCl group (n = 52) P

14.3 (13.0-15.4) 14.9 (13.6-16.0) 0.082
248 (212-294) 242.5 (207.5-288.5) 0.689
8.7 (7.25-10.72) 9.59 (7.68-11.46) 0.183
0.81(0.70-0.97) 0.83 (0.74-0.97) 0.649
195 (165-222) 189 (172-218) 0.968
116 (94-139.5) 116 (99-141) 0.998
42 (35-48) 39 (32-44) 0.052
155 (106-219) 185 (113-262) 0.417
3.54 (1.73-7.93) 4.06 (2.12-7.95) 0.365
117 (101-146) 128.5 (106-216) 0.055
60 (50-60) 60 (50-60) 0.063
48 (45-50) 47 (45-51) 0.955
30 (27-33) 31.1(26-35) 0.841
36 (34-39) 36 (34-39) 0.792

HDL - high-density lipoprotein; LA - left atrium; LDL - low-density lipoprotein; LVEDD - left ventricle end-diastolic diameter; LVESD - left

ventricle end-systolic diameter; PCl — percutaneous coronary intervention.
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Table 3 - Angiographic evaluation of the patients

All patients (n = 357)
Group, n (%)

Diagonal 279 (78.2)
oM 78 (21.8)
Clinical presentation, n (%)
Stable 143 (40.1)
USAP 21 (5.9)
NONSTEMI 112 (31.4)
STEMI 39 (10.9)
Silent ischemia 42 (11.8)
SB stenosis ratio (%) 72.6+16.6
MV proximal diameter (mm) 3.2+0.58
MV distal diameter (mm) 2.85+1.37
SB diameter (mm) 2.37+0.30
SB lesion length (mm) 8.9+7.0
Bifurcation angle (°) 58.9+11.5
SB ostial thrombosis, n (%) 5(1.4)
Multivessel disease, n (%)
Only SB 216 (60.5)
1-vessel 129 (36.1)
2-vessel 10 (2.8)
3-vessel 2 (0.6)
Syntax score 7.0£3.9

Medical group (n =305) PCl group (n = 52) p

250 (82.0) 29 (55.8) <0.001
55 (18.0) 23 (44.2)

133 (43.6) 10 (19.2)

17 (5.6) 4(7.7) <0.001
85 (27.9) 27 (51.9)

30 (9.8) 9(17.3)

40 (13.1) 2(3.8)

70+16 88+13 <0.001
3.18+0.59 3.32+0.56 0.128
2.90+1.52 2.71£0.45 0.370
2.33+0.29 2.52+0.33 <0.001
7.5+6.6 14.7+6.0 <0.001
58.4+11.5 61.3+11.4 0.257
4(1.3) 1(1.9) 0.547
188 (61.6) 28 (53.8)

109 (35.7) 20 (38.5) 0.215
7(2.3) 3(5.8)

1(0.3) 1(1.9)

6.9+3.9 7.7£4.0 0.201

MV — main vessel; NONSTEMI — non-ST segment elevation myocardial infarction; OM - obtuse marginal; PCl — percutaneous coronary inter-
vention; SB - side branch; STEMI - ST segment elevation myocardial infarction; USAP - unstable angina pectoris.
2 Significantly lower compared to medical group; ° significantly higher compared to medical group.
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Fig. 1 - Kaplan-Meier survival curve for MACE. MACE - major
adverse cardiovascular event.

and the incidence of mortality was 10.2% and 9.6% (HR:
2.298, 95% Cl: 0.864-6.110, p = 0.095) in group 1 and 2,
respectively. The stroke rate as a secondary endpoint was
1.3% (4 patients) in group 1 while it was 0% in group 2
(HR: 0.042, 95% Cl: 0-540, p = 0.740).

Fig. 2 - Kaplan-Meier survival curve for TVR. TVR - target vessel
revascularization.

A Kaplan-Meier survival analysis also revealed that
a long-term major adverse cardiovascular event MACE
(log-rank p = 0.107) (Fig. 1), TVR (log-rank p = 0.247) (Fig.
2), Ml (log-rank p = 0.295) (Fig. 3), and mortality (log-rank
p =0.086) (Fig. 4) were found to be similar in both groups.
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Fig. 3 - Kaplan-Meier survival curve for MI. MI - myocardial infarction.

Fig. 4 - Kaplan-Meier survival curve for mortality.

Table 4 - Procedural characteristics of the patients undergoing percutaneous intervention

PCl group (n = 52)

Guiding catheter size, n (%)
6
7

Access site, n (%)
Femoral
Radial

IABP usage, n (%)

Acute SB occlusion, n (%)

Acute CABG, n (%)

Gp lIb/llla receptor inhibitor, n (%)

Stenting technique, n (%)
* SB ostial stenting
e Inverted provisional/cross-over stenting
e Bail-out 2-stent
¢ Planned 2-stent

MV predilatation, n (%)
SB predilatation, n (%)
Final kissing balloon dilatation, n (%)

Pre-procedural MV TIMI blood flow, n (%)
3

Post-procedural MV TIMI blood flow, n (%)
3

Pre-procedural SB TIMI blood flow, n (%)
0
1
2
3

Post-procedural SB TIMI blood flow, n (%)
3

Complication, n (%)

n (%)

22 (42.3)
30 (57.7)

49 (94.2)
3(5.8)

0(0)
0(0)
0(0)
1(1.9)

38 (73.1)
13 (25.0)
0(0)
1(1.9)

1(1.9)
28 (53.8)
7(13.5)
52 (100)

52 (100)

15 (28.8)
1(1.9)
5(9.6)
31 (59.6)

52 (100)

1(1.9)

PCl group (n = 52)

MV stent size (mm)

MV stent length (mm)

SB stent size (mm)

SB stent length (mm)

MV predilatation balloon diameter (mm)
MV predilatation balloon length (mm)

SB predilatation balloon diameter (mm)

SB predilatation balloon length (mm)
MV FKBD diameter (mm)

MV FKBD length (mm)

SB FKBD diameter (mm)

SB FKBD length (mm)

Procedural time (min)

Radiation time (min)

Contrast volume (ml)

Meanzstd
3.0+0

19.0+0

2.56+0.28
21.6+5.8
2.0+0
10.0+0
2.0+0.33

15.0+3.41
3.1+0.28

13.4+3.86
2.75+0.14

12.7+4.38

24.95+13.99

10.2+5.3

184.6+67.8

CABG - coronary artery bypass grafting; FKBD - final kissing balloon dilatation; Gp - glycoprotein; IABP - intra-aortic balloon pump; MV -
main vessel; PCl - percutaneous coronary intervention; SB - side branch; TIMI - Thrombolysis in Myocardial Infarction.
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Table 5 - Clinical outcomes of the patients

Medical group (n = 305) PCl group (n = 52)

Primary composite endpoint (MACE), 55 (18.0)
n (%)

TVR, n (%) 4(1.3)
Ml, n (%) 25(8.2)
All-cause mortality, n (%) 31(10.2)
Secondary endpoint, n (%) 4(1.3)

Stroke

Hazard ratio (95% Cl) P

8(15.4) 1.852 (0.865-3.964) 0.113
1(1.9) 3.544 (0.363-34.630) 0.277
4(7.7) 1.765 (0.600-5.186) 0.302
5(9.6) 2.298 (0.864-6.110) 0.095
0 (0) 0.042 (0.0-0.540) 0.740

Cl - confidence interval; MACE - major adverse cardiovascular outcome; MI - myocardial infarction; PCl - percutaneous coronary interven-

tion; TVR - target vessel revascularization.

Discussion

In our study, it was revealed that in patients with isola-
ted non-left main coronary artery (LMCA) side branch
(SB) ostial disease (Medina 0.0.1 classification), there
was no difference in terms of MACE; TVR, MI, and mor-
tality between patients treated with medical therapy
alone and patients having undergone PCl in addition to
medical therapy. On the other hand, PCl had a high pro-
cedural success and low complication rates in patients
with coronary bifurcation lesion (CBL) with Medina 0.0.1
classification.

CBL is one of the most challenging diseases among
invasive cardiologists. The optimal treatment strategy of
CBL is still debated due to the improvement of medical
therapy options and the advances in the PCl procedures
and novel interventional strategies. Isolated SB ostial dis-
ease is the rare form of CBL. The incidence of CBL is ap-
proximately 15-20% in all PCI" while the incidence of SB
ostial disease (Medina 0.0.1 classification) is less than 5%
in all CBLs.2 As it is a rare disease and is often excluded
from the bifurcation trials, there is an uncertainty about
the treatment strategy and stenting method of patients
who had isolated SB ostial lesion.

The comparison of medical therapy and invasive
strategy for coronary artery disease (CAD) was investi-
gated in previous studies. In the COURAGE trial, 2287
patients with stable CAD were randomized to medi-
cal therapy and PCl group. There was no difference in
4.6-year cumulative primary-event rates between the
PCI group (19.0%) and medical group (18.5%).” How-
ever, the randomization was done after angiography
in this trial and bare metal stent was also used in the
PCl group. In the ISCHEMIA trial, 5179 patients with
stable CAD and moderate to severe ischemia were eval-
uated over a median of 3.2 years.® The primary study
endpoint was a composite of cardiovascular death,
MI, hospitalization for unstable angina pectoris, and
resuscitated cardiac arrest. The cumulative event rate
was 16.4% in the PCl group while it was 18.2% in the
medical group without statistical significance. On the
other hand, there was evidence of symptomatic benefit
with PCl. Similarly, in our study there was no differ-
ence in terms of MACE, target vessel revascularization,
MI, and mortality between medical therapy alone and
PCl in addition to medical therapy. Additionally, in our

study, it was demonstrated that the ratio of TVR was
relatively lower while the MI rates was higher. This
showed us that the MI experienced by these patients
in the long term was not related to the culprit SB. In
a study by Brueck et al., medical therapy was compared
to PCl in patients with isolated ostial lesions of diago-
nal branch.? 233 patients treated with medical therapy
and 69 with PCl. The risk of 12-month rehospitalization
(22% and 55% in medical group and PCI group respec-
tively, p <0.001) and repeat PCl (8% and 23% in the
medical group and the PCl group, respectively) were
higher in the PCl group.

Percutaneous intervention for the culprit vessel is the
recommended treatment strategy for patients with acute
coronary syndrome.® However, there is no randomized
clinical trial for patients with side branch (SB) ostial dis-
ease in this population. There is a gap in the evidence
for SB ostial disease for some reasons. The PCl of the SB
ostium has a potential risk of compromise or injury to
the MV.% This may cause a larger amount of myocardial
ischemia. It should also be recognized that an ostial le-
sion seems to be a fibrotic and calcific. This may cause an
underexpansion or malapposition of stent strats and may
result in restenosis. On the other a carina or plaque shift
may also affect main vessel (MV) and make the disease
more complex formation.® Thus, there is a trend among
interventional cardiologists to treat patients for isolated
ostial lesions medically. In our study, supporting to this,
PCl had no MACE benefit in patients with Medina 0.0.1
CBL. However, it should be noted that we excluded pa-
tients who presented with STEMI and the culprit lesion
was the SB ostium. An uncertainty as an optimal stent-
ing strategy is also effective on these conflicting results
regarding PCl. Although inverted provisional strategy is
the recommended strategy for Medina 0.0.1 coronary bi-
furcation lesion (CBL) in recent years,'®'" intervention of
non-diseased main vessel and the risk of distal main ves-
sel (DMV) compromise bring discussion on this strategy.
In conclusion, medical therapy appears to be the primary
treatment strategy for SB ostial disease.

In conclusion, medical therapy should be the first line
therapy in non-left main side branch osteal stenosis. How-
ever, patients who are still symptomatic despite optimal
medical therapy may be treated with PCl. On the other
hand, these lesions should be treated as a culprit lesion in
patients presented with acute coronary syndrome.
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Conclusion

Medical therapy instead of PCl seems to be an appropri-
ate and optimal treatment strategy in patients with non-
-left main side branch (SB) ostial stenosis. However, PCl
seems to be a safe and successful treatment strategy in
patients who are still symptomatic despite optimal medi-
cal therapy.

Limitations

The main limitation of the study was the relatively small
sample size. Moreover, this was a retrospective and non-
-randomized trail. We did not have the exact reason of
death. So we could not have the results of PCl procedure
on cardiac death. Additionally, the inverted provisional
stenting is the recommended PCI strategy for the Medi-
na 0.0.1 classification in recent years, was performed on
a small number of patients. This technique may change
the results in future trials for these patients. This may be
supported by the future large-scaled studies.

The abstract of the manuscript was presented in the Con-
gress of the Turkish Society of Cardiology in 2023 in Turkey.
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Uvod: Cilem této studie je vyhodnoceni vykonu nové vyvinutého rytmového modelu uréeného pro inter-
pretaci EKG a zaloZzeného na umélé inteligenci (AI-ECGRM) v binarni klasifikaci mezi sinusovym rytmem
a arytmiemi.
Metody: Interpretace EKG zdznamu generované pomoci AI-ECGRM byly v rdmci studie porovnany s dia-
gnostickymi zavéry zkuseného kardiologa. Metodou pouZitou ke klasifikaci dat byla matice zamén, pficemz
vyhodnoceni zahrnuje senzitivitu, specificitu, pozitivni prediktivni hodnotu a negativni prediktivni hodnotu.
Vysledky: Testovaci datova sada obsahuje 1491 ndhodné vybranych EKG zaznam (primérny vék 65 + 21 let;
54 % zen). Pro danou datovou sadu ¢itala diagnostika kardiologa 1271 zdznama se zavérem sinusovy rytmus
a 220 zaznamU se zavérem arytmie. Oproti tomu interpretace generovana pomoci AI-ECGRM ¢itala 1 169
zaznamU se zavérem sinusovy rytmus a 322 zaznamU se zavérem arytmie. Senzitivita a specificita AI-ECGRM
byla 94 % a 91 %. Pozitivni prediktivni hodnota byla 64 %. Negativni prediktivni hodnota dosahla 99 %, coz
znadi velmi nizkou pravdépodobnost vynechani potencialni patologie.
Zavér: Vysledky ukazuji na ucinnost nové vyvinutého AI-ECGRM pro rozliseni zaznam( se sinusovym rytmem
a arytmii. Navic metoda vykazuje vysokou negativni prediktivni hodnotu blizici se 100 %.
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ABSTRACT

Objective: This study aimed to evaluate the performance of a developed novel Al-based ECG rhythm model
(AI-ECGRM) in binary classification between sinus rhythm and arrhythmias.

Methods: The interpretations generated by the AI-ECGRM were compared to the diagnostic conclusions
made by cardiologists. The confusion matrix was used to verify the AI-ECGRM's sensitivity, specificity, posi-
tive predictive value, and negative predictive value.

Results: The testing dataset included 1,491 randomly selected ECGs (mean age 65+21 years; 54% female).
Out of the testing dataset, the highly advanced cardiologists diagnosed 1,271 ECGs as sinus rhythm and 220
as arrhythmia. The AI-ECGRM labelled 1,169 as sinus rhythm and 322 as arrhythmia out of the same ECGs.
The sensitivity and specificity of the model were 94% and 91%, respectively. The positive predictive value
was 64%. The negative predictive value was 99%, indicating a very low probability of missing any potential
pathology.

Conclusion: The results demonstrated the efficacy of the developed AI-ECGRM in accurately discriminating
between ECGs exhibiting normal sinus rhythm and those indicating cardiac arrhythmias. Moreover, the Al-
-ECGRM exhibited an exceptional negative predictive value, approaching 100%.
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Introduction

Over the past decades, cardiovascular diseases have
consistently remained the leading causes of mortality
worldwide, and unfortunately, their prevalence con-
tinues to rise.'” Cardiac arrhythmias often serve as the
initial signs of clinically silent cardiovascular conditions
and are associated with increased morbidity and mortal-
ity in numerous cases.*® The electrocardiogram (ECG) is
a fundamental diagnostic tool for detecting arrhythmias
(ARs). While not recommended for routine health
check-ups in otherwise healthy individuals, the reality
is quite different.”® Primary care professionals and non-
-cardiologist professionals routinely perform ECG exami-
nations as part of their daily practice, leading to a signif-
icant number of false positive misinterpretations of the
ECGs.>"" This situation not only places a burden on car-
diologists but also results in increased healthcare costs.?
Moreover, overlooking the presence of ARs due to false
negative ECG interpretations exposes patients to the
risk of AR related complications such as ischemic stroke,
heart failure progression, or sudden cardiac death. Con-
sequently, there is a need for new approaches to sup-
port non-cardiologist professionals in making accurate
diagnostic conclusions.

The conventional interpretation of the ECG done
by computer started back in the 1950s, but the results
are still not satisfactory to fully realize its potential in
clinical practice.” In recent years, the medical field has
increasingly embraced the implementation of artificial
intelligence (Al) in diagnostic devices, and cardiology
has been at the forefront of this trend.*' Al, with its
ability to simulate human thinking processes, is emerg-
ing as a valuable tool in the evaluation of ECGs."® Given
that Al is a relatively new technology for ECG interpreta-
tion, it is essential to continue its development, conduct
further research, and explore its potential from various
perspectives.

To enhance and expand the concept of automated
ECG interpretation and support non-cardiologist profes-
sionals, we have developed and tested a novel Al-based
ECG rhythm model (AI-ECGRM). Our objective is to cre-
ate a reliable and innovative tool for ECG interpreta-
tion that can be seamlessly integrated into daily clinical
practice. This study aimed to assess the performance of
the developed AI-ECGRM in the binary classification of
ECGs, specifically distinguishing between sinus rhythm
(SR) and ARs.

Materials and methods

Study design

We conducted a comparative study to assess the perfor-
mance of the developed AI-ECGRM in binary classification
between normal SR and ARs. The interpretations gene-
rated by the AI-ECGRM were compared to the diagnos-
tic conclusions made by cardiologists. A confusion matrix,
which allowed for measuring the sensitivity (SE), speci-
ficity (SP), positive predictive value (PPV), and negative
predictive value (NPV) of the AI-ECGRM, was used to eva-
luate the performance.

AI-ECGRM description

The AI-ECGRM was specifically developed and trained to
interpret 10-second recordings of 12-lead resting ECGs
and to identify normal SR and various cardiac ARs. The ECG
data from the dataset serves as input for the AI-ECGRM.
The initial preprocessing stage involves filtering and noi-
se reduction using the ECG device’s built-in algorithms
while baseline wandering is eliminated. Furthermore,
the device extracts ECG features such as heart rate, R-
-peak positions, QRS width, J-point position, and more.
The noise-free data is then converted into an image-like
representation called a relief map, incorporating infor-
mation from all 12 leads. Additionally, the ECG features
are transformed into a Poincaré graph, from which a Po-
incaré vector is derived. These image-like ECG represen-
tations, Poincaré vectors, and other features are utilized
as inputs for training the AI-ECGRM. The AI-ECGRM is de-
signed to differentiate between normal SR and various
ARs, including atrial fibrillation (AF), ventricular rhythm,
supraventricular rhythm, narrow complex tachycardia,
wide complex tachycardia, and other abnormal rhythms
influenced by heart ectopy and other factors. BTL Indus-
tries Ltd. developed the AI-ECGRM, integrated into the
BTL 4 and BTL 8 resting ECG devices, the BTL CONNECTin
clinical information system, and the BTL CardioPoint uni-
fied software solution for comprehensive cardiopulmo-
nary functional analysis.

To develop and internally validate the AI-ECGRM,
a training dataset was compiled. This dataset comprised
ECGs obtained from emergency rooms in Czech hospitals
(with diagnoses assigned by hospital cardiologists) and
publicly available ECGs with diagnoses assigned by car-
diologists (published by Shaoxing People’s Hospital and
Ningbo First Hospital in collaboration with PhysioNet/
CinC Challenge 2021)."” The dataset was expanded to
include additional rare diagnoses collected from hospitals
in the Czech Republic. ECGs were excluded based on se-
veral criteria, including patient age under 18 years, pres-
ence of a pacemaker, noisy or missing ECG signals, and
unassigned diagnoses.

The final dataset was randomly divided into two
groups: training the AI-ECGRM (80% of the ECGs) and
internal testing (20% of the ECGs). The diagnoses distri-
bution in both groups was balanced. The cardiologists’
diagnostic conclusions served as the reference standard
for comparison. The AI-ECGRM was trained and internal-
ly validated using this dataset to accurately differentiate
between normal SR and ARs (Fig. 1).

Testing dataset

The testing dataset aimed to make an external validation
of the AI-ECGRM and to determine its SE, SP, PPV, and
NPV of the labelling of the ECGs in comparison to the
cardiologists’ diagnostic conclusions of the same input
data (Fig. 1). Both the cardiologist and the AI-ECGRM had
the same baseline: the ECGs were anonymized with no as-
signed diagnosis nor patient information, the cardiologist
did not see the patient since that was not possible for the
AI-ECGRM either, and the counterparties did not know
the other party’s evaluations. The cardiologists’ evalua-
tions of the ECGs were assessed in two steps. First, the
ECGs were evaluated by a cardiologist (1- to 3-year prac-
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Fig. 1 - Study flow chart.

tice with ECG evaluation). Next, the diagnostic conclusi-
ons were confirmed by a cardiologist consultant (an ex-
perienced electrophysiologist) of the 2nd Department of
Internal Cardiovascular Medicine, General University Hos-
pital in Prague.

Statistics

To determine the values of SE, SP, PPV, and NPV for the
AI-ECGRM, we utilized a confusion matrix."® In this eval-
uation, we employed the statistical program “R" (version
3.0.2). The cardiologists’ diagnostic conclusions were con-
sidered the reference standard for further assessment.
When diagnosed by the cardiologists, the presence of
normal SR or the presence of pathology other than the
mentioned ARs was regarded as a negative test result,
while the presence of the mentioned ARs was considered
a positive test result. The AI-ECGRM classifies instances ei-
ther as the mentioned ARs (considered a positive result)
or as normal SR (considered a negative result).

Results

The testing dataset comprised 1,633 randomly selected
ECGs, each unique ECG and none included in the training
dataset. The ECGs were collected from emergency rooms
in a single hospital in the Czech Republic. Based on the
criteria outlined in Table 1, 142 ECGs were excluded from
the dataset. Consequently, the final testing dataset con-
sisted of 1,491 ECGs, with a mean age of 6521 years and
54% of the participants being female.

Cardiologists diagnosed 1,271 as normal SR and 220 as
AR among the ECGs in the final testing dataset. The Al-
-ECGRM labelled 1,169 ECGs as normal SR and 322 as AR.
Subsequently, a comparison was made between the Al-
-ECGRM'’s labelling and the diagnostic conclusions from
the cardiologists.

The comparison between the AI-ECGRM results and
the cardiologists’ diagnostic conclusions yielded the fo-
llowing results. Out of the analyzed ECGs, 207 were true
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Table 1 - Exclusion criteria for testing dataset, expressed as n (%)

Exclusion criteria ECGs excluded (n = 142)

Implanted pacemaker 6 (4.2%)
Noisy ECGs 105 (73.9%)
Low amplitude ECGs 2 (1.4%)
ECGs with high changes in amplitude 29 (20.4%)

(caused by external conditions,
e.g. electrode movement)

Table 2 - The labelling from the AI-ECGRM compared

with the diagnostic conclusions from the cardiologists
in the confusion matrix, expressed as n

Diagnostic conclusions from
the cardiologists

Labelling from the AI-ECGRM  Positive Negative

(n =220) (n =1,271)
Positive (n = 322) TP (n = 207) FP (n = 115)
Negative (n = 1,169) FN (n=13) TN (n = 1,156)

Table 3 - Results, expressed as %

SE SP PPV NPV
94% 91% 64% 99%

positive (TP), indicating that the AI-ECGRM correctly pro-
cessed AR in accordance with the cardiologists’ diagnoses.
Additionally, 1,156 ECGs were true negative (TN), where
both the AI-ECGRM and the cardiologists’ conclusions
agreed that these ECGs displayed normal SR. However,
there were 115 false positive (FP) in which the AI-ECGRM
labelling contradicted the cardiologists’ diagnostic
conclusions. Despite being diagnosed as normal SR by car-
diologists, the AI-ECGRM incorrectly labelled these ECGs
as ARs. Furthermore, there were 13 false negative (FN)
where the AI-ECGRM labelling contradicted the cardiolo-
gists’ diagnoses. In these cases, the AI-ECGRM incorrectly
labelled the ECGs as normal SR while the cardiologists di-
agnosed them as ARs (Table 2 for a comprehensive sum-
mary of the results.).

The AI-ECGRM demonstrated a SE of 94% in correctly
identifying patients with ARs. It exhibited an SP of 91%
in correctly identifying patients with normal SR. The PPV,
which represents the probability that the ECGs labelled
as ARs were indeed ARs, was 64%. Notably, the high pro-
portion of FP was primarily due to ECGs with pathologies
other than ARs. The NPV, which indicates the probability
of correctly labelled SR, was 99% (Table 3).

Discussion

In this study, we conducted an evaluation of the effective-
ness of the developed AI-ECGRM. What sets this AI-ECGRM
apart is its utilization of a relief map in conjunction with
additional ECG features, such as heart rate, R-peak posi-
tions, QRS width, and J-point position, as inputs for the
Al. This approach closely mimics the decision-making pro-
cess of expert cardiologists, allowing the AI-ECGRM to
engage in data evaluation from a similar starting point.

The primary outcome of this study revealed that the
developed AI-ECGRM achieved a near-perfect NPV of al-
most 100%. This exceptional performance demonstrates
the high accuracy and reliability of the AI-ECGRM in rul-
ing out pathology. These findings highlight the tremen-
dous potential of Al in ECG evaluation and indicate that
further development and testing of this technology is
a promising pathway to pursue.

Results evaluation

The high NPV of 99% demonstrates the reliability of
the AI-ECGRM, indicating a very low probability of
missing any potential pathology. In this study, only 13
cases out of 1,169 (1% of cases) were incorrectly la-
belled by the AI-ECGRM. Considering the potential for
misinterpretation of ECGs by non-cardiologist profes-
sionals, the AI-ECGRM’s quality becomes a significant
advantage.

Upon further analysis of the 13 ECGs labelled as FN by
the AI-ECGRM, we identified several potential confound-
ers contributing to these misclassifications. In 4 ECGs, the
FN labelling originated from the incorrect interpretation
of noise or artifacts presented in the recordings (Fig. 2).
To minimize the risk of FN labelling, it is crucial to strictly
exclude noisy ECGs from the analysis conducted by the
AI-ECGRM. In 2 ECGs, the misinterpretation of the P wave
originating from the sinus node was the cause of FN la-
belling (Fig. 3). This situation typically represents abnor-
mal atrial activation, often benign when asymptomatic.
Although missing this condition usually does not lead to
serious adverse events, it is still essential to consider it in
the interpretation. For 4 ECGs, the cause of FN labelling
was the interpretation of sporadic sinus beats that were
interpolated between paroxysms of arrhythmias (Fig. 4).
While such occurrences are rare, they can have potential-
ly severe implications if AF is overlooked, as it may fail
to initiate anticoagulation therapy. Two ECGs presented
ambiguous interpretations and may ultimately be classi-
fied as normal SR after thorough evaluation. However,
one ECG met the exclusion criteria due to an implanted
pacemaker and should have been excluded from the da-
taset to avoid inaccuracies. These findings highlight the
importance of addressing and minimizing confounders to
improve the accuracy of the AI-ECGRM in differentiating
between normal SR and ARs.

The PPV of 64% observed in this study reflects the pri-
mary focus of the AI-ECGRM on distinguishing between
SR and various types of ARs. However, it should be not-
ed that specific morphological pathologies of the heart,
which are not true ARs, were incorrectly labelled as ARs
(Fig. 5). Additionally, there may have been cases where
the AI-ECGRM identified subtle or borderline changes of
unknown clinical significance, such as sinus tachycardia,
as abnormal, while cardiologists interpreted them as nor-
mal, leading to an increased number of FP results.

Regarding the FP results, it is crucial to consider the
potential implications of over-diagnosing patients with
conditions that may have no significant impact on their
lives if they would not have otherwise been aware of
them. This poses challenges from a personal perspective
and places a burden on the healthcare system, both in
terms of financial and human resources.™ It is crucial to
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Fig. 2 - Example of FN result originating from wrongly interpreted noise or artefacts, AF.
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Fig. 3 - Example of FN result originating from wrongful interpretation of the P wave as SR.

carefully balance the contribution of newly developed
diagnostic methods with their practical impact, an aspect
that should be considered in future research.

In this study, the cardiologists’ diagnostic conclusions
were regarded as the reference standard for training
and testing the AI-ECGRM. However, it is essential to
acknowledge that the cardiologists themselves could
have been mistaken in their interpretations, as eviden-
ced by the two ECGs mentioned with ambiguous inter-
pretations during the evaluation of the results. Although
cardiologists generally exhibit higher accuracy in ECG
evaluation than non-cardiologist professionals, errors are
still possible.?® Furthermore, it is worth noting that the
comprehensive ECG evaluation conducted in this study

does not necessarily reflect the routine practices followed
in clinical settings.

Further perspectives and related research
In this study, we developed an AI-ECGRM specifically de-
signed to distinguish between normal SR and ARs. The
primary objective of this study was to assess the effecti-
veness of the AI-ECGRM in labelling and differentiating
ARs from normal SR in a general context. However, there
is further scope to explore the effectiveness of the Al-
-ECGRM in labelling and distinguishing between specific
types of ARs, which could be the focus of future research.
Moreover, there is an opportunity for the AI-ECGRM to
be further developed by expanding its labelling capabili-
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Fig. 4 — Example of FN result originating from prioritizing the sections of the ECG with SR above pathological sections in
evaluation.
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Fig. 5 - Example of FP result (labelled by the AI-ECGRM) showing SR and noise in limb leads, wider QRS complex,

intraventricular conduction disturbance with secondary repolarization changes.

ties to include morphological abnormalities of the heart.
It would introduce a more complex task for the AI-ECGRM
in providing accurate labels. Exploring this aspect would
contribute to the overall improvement and advancement
of the AI-ECGRM.

It is important to note that this study is not the first
exploration of Al-based ECG evaluation, as previous stu-
dies have already investigated various aspects of Al in
this field. Some of these studies focused on Al's role in
detecting heart failure with preserved ejection fraction,
paroxysmal supraventricular tachycardia, or identifying
patients with AF.?'-2* The existence of a considerable body
of research with positive outcomes regarding Al’s perfor-
mance suggests its promising potential as a valuable tool
in ECG evaluation.

By building upon the existing knowledge and positive
results from previous studies and addressing the oppor-
tunities for further development and exploration men-
tioned above, we can continue to advance the field of
Al-driven ECG interpretation and harness its potential for
improved diagnostic accuracy and patient care.

Limitations

One limitation of our study, which is also applicable to
automated evaluation methods in general, is the need
for actual patient data. While this provides a pristine ba-
seline for data evaluation, devoid of patient-specific fac-
tors and distractions, it does not replicate the real-world
clinical scenario. In clinical practice, ECGs are routinely
assessed with the patient’s clinical profile, symptoms, and
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other diagnostic information, including laboratory tests
and cardiac imaging. These additional pieces of informa-
tion contribute to the final interpretation of the ECG.

Furthermore, there are additional limitations in our
study. Most patients included in the study were older;
therefore, the AI-ECGRM's applicability to younger po-
pulations is not reflected in our results. Additionally, the
results cannot be extrapolated to patients with perma-
nent pacing, as the AI-ECGRM was not explicitly trained
or validated for this subgroup.

Conclusion

The results demonstrated the efficacy of the developed
AI-ECGRM in accurately discriminating between ECGs
exhibiting normal SR and those indicating cardiac ARs.
Moreover, the AI-ECGRM exhibited an exceptional NPV,
approaching 100%.
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Efektivita prace levé komory vyZaduje udrzeni srde¢niho vydeje, ktery je narokovan systémovym obéhem,
a to bez vysokych metabolickych narokl nebo narokl na kyslik ze strany myokardu levé komory. V tomto
¢lanku je levd komora uvazovana jako pumpa a vykonnost je zaloZzena na hodnoceni méfeni jejich tla-
k@, objemu a pratoku. Analyza funkce komory z hlediska vztahd mezi tlakem a objemem umoznuje plné
analyzovat globalni a regionalni dynamiku komory, kterou Ize pomérné snadno a presné ziskat pomoci
vodivostniho katétru. Maximalni zména tlaku za jednotku casu v levé komore je povazovéna za ukazatel
kontraktility levé komory, za jistych situaci mdze byt alternativou arterialni dP/dt__ jakoZto méné invazivni
metoda. Pfi hodnoceni novych kardiostimulacnich technik a srdecni resynchronizacni terapie se jako nej-
praktictéjsi metoda jevi invazivni systolicky krevni tlak s primérovanim vice tept a doplnénim o nékolikrat
opakované stfidani stimulaci.

© 2024, CKS.

ABSTRACT

Effective performance of the left ventricle requires the maintenance of a cardiac output as demanded by the
systemic circulation without a high hemodynamic cost or pressure and without a high metabolic cost or oxy-
gen demand by the left ventricular myocardium. In this article the left ventricle is considered as a pump and
performance is based on evaluation of measurements of its pressure, volumes, and flow. Analysis of ventri-
cular function in terms of pressure-volume relationships allows global and regional ventricular dynamics to
be fully analyzed and relatively easily and precisely obtained with conductance catheter. The maximum rate
of left ventricular pressure is classically considered as a marker of left ventricular contractility and in specific
situation arterial dP/dt__, as minimally invasive method, can be an alternative. When assessing new pacing
techniques and cardiac resynchronization therapy, invasive systolic blood pressure appears to be the most
practical measure with multi-beat averaging and the addition of multiple spaced repeated alternations.

Introduction

mitral annular systolic velocity. Left ventricular ejection
fraction (LVEF) is still the most widely used parameter to

The main function of the left ventricle (LV) is to pump
oxygenated blood from the lungs into the aorta for dis-
tribution to the rest of the body through systemic circula-
tion. The LV function is believed to be optimized through
thousands of years of evolution because the survival of
the biological system depends on the efficient transport
of blood."?

Usually, in cardiology, the term ventricular function
means parameters such as ejection fraction, long-axis
shortening, myocardial systolic strain or strain rate, and

evaluate overall left ventricular systolic function, but it
has fundamental limitations for assessment of subclini-
cal dysfunction and regional function. Hemodynamic
parameters, like blood pressure, cardiac output (CO), left
or right ventricular stroke volume (SV), ventricular stroke
work (VSW) are used by physicians and scientists in or-
der to evaluate cardiac function more accurately and at
a given time.'?

Effective performance of the left ventricle requires
the maintenance of a cardiac output as demanded by
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the systemic circulation without a high hemodynamic
cost or pressure and without a high metabolic cost or
oxygen demand by the left ventricular myocardium.*

In the recent years, new pacing modalities as His bun-
dle (HBP), left bundle (LBBP), and left septal myocardial
pacing entered clinical practise to treat patients with bra-
dycardia and heart failure. They appear to be associated
with a more physiological ventricular activation, and pos-
sibly a better clinical outcome of patients.> Until the data
from clinical studies will be available, we need other tools
to assess their effect on the myocardial work effectivity.
Hemodynamic measurements may appear as useful tools
in assessing these methods, because it is a final common
pathway through which cardiac function expresses itself.
But the question remains, which hemodynamic measure-
ments can accomplish this task best? The ideal method
should combine precision, be easy to provide during the
procedure and should allow determining acute changes
in cardiac function.

There are two approaches to evaluation of the me-
chanical performance of the left ventricle. One of these
is to consider the left ventricle as a muscle, the other is
to consider the left ventricle as a pump and to base its
evaluation on measurements of its pressure, volumes,
and flow.*® For the sake of brevity and applicability in
clinical practice, preferably view on the left ventricle as
a pump will be discussed in this review.

Even though our knowledge in measuring efficiency
of the work of the left ventricle and hemodynamics is still
far from complete, many advances have been made and
these are presented.

How can performance of the ventricle
be assessed?

The performance of the ventricle as a pump can be
assessed by measuring the pressure developed by the
ventricle, the stroke volume ejected by the ventricle,
or preferably, the stroke work generated by the ven-
tricle. Stroke work gives credit to the ventricle for both
pressure and shortening work in a single integrated
index.”®

Left ventricular stroke work index

Left ventricular stroke work index (LVSWI) is often cal-
culated in order to describe left ventricular function.
LVSWI incorporates both LV systolic and diastolic func-
tion and dysfunction, respectively. This provides a broa-
der assessment of overall LV function, particularly in
the critical care patient in which preload and afterload
are dynamic.”® The definition of work in classical phys-
ics, force multiplied by distance, is in case of heart func-
tion replaced by pressure multiplied by volume. When
one takes into consideration that the mechanical work
is performed during systole, it seems appropriate to use
left ventricular mean systolic pressure (LVSP) minus left
ventricular end-diastolic pressure (LVEDP) multiplied
by stroke index (Sl). This formula LVSWI = SI x (LVSP
— LVEDP) is being used by cardiologists who can often
measure left ventricular pressure during catheteriza-
tion.®® LVSWI also reflects the increased workload of

the left ventricle in aortic stenosis, when there is a large
pressure difference between the left ventricle and the
aorta during systole.® Another formula, LVSWI = S| x
mean arterial pressure (MAP) minus pulmonary arte-
ry capillary wedge pressure (PCWP), is commonly used
when access to left heart pressure is not possible. A third
possible way to calculate LVSWI is to use peak systo-
lic arterial pressure (SAP) instead of mean systolic.2"
The fact that at least three different formulas to cal-
culate LVSWI are in use simultaneously is not without
problems and could cause misleading results across dif-
ferent studies.

Settergren showed that it is possible to calculate LVSP
from pressure measurements in a peripheral artery with
reasonable accuracy. Values obtained during normo- or
hypertension and from patients with normal or depressed
left ventricular function did not differ.®?

However, the different ways of calculating LVSWI
mentioned above using SAP, LVSP or MAP are only ap-
proximations. As may be seen, the best approximation of
the pressure-volume area is to use LVSP.%'2But the correct
estimation is the area of the pressure volume loop of the
left ventricle in a pressure volume diagram.

Evaluating LV function through
pressure-volume relationship
The gold standard for evaluating LV function and effect
of afterload is through the relation of ventricular pressure
and volume.”™ The relationship between ventricular pres-
sure and ventricular volume could be visualized as a closed
left ventricular pressure-volume loop (LV-PVL), which is
linear correlated to myocardial oxygen consumption and
could quantify whole heartbeat’s stroke work and con-
tractility.™'®

A classic ventricular function curve can be constructed
by plotting coordinates of performance against preload.
When contractility is increased, the stroke work versus
preload relationship is shifted upward. When contractil-
ity is decreased, the stroke work versus preload relation-
ship is shifted downward.'® Such a family of ventricular
function curves credits the ventricle for pressure develop-
ment and ejection, and it incorporates load and contrac-
tility. Thus, stroke work and end-diastolic volume (EDV)
data allow construction of a Frank-Starling ventricular
function curve or a preload recruitable stroke work rela-
tionship."”1®

Stroke work

Stroke work refers to the work done by the left ventricle
to eject the volume of blood during one cardiac cycle,
called stroke volume (SV)." The stroke work is best depic-
ted using ventricular pressure-volume diagrams, in which
stroke work is the area within the pressure-volume loop
as depicted in Figure 1.

Therefore, the area within the pressure-volume loop
is an example that mathematicians call a normal do-
main, from which the equation for the stroke work fol-
lows:

EDV EDV

VSW = pdiastolic(V)dV (1)

psystolic (V)dV - f

ESV ESV
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In equation (1), p, (V) denotes the intra-ventricular
pressure during the ejection phase, is the intra-ventricu-
lar pressure during the filling phase. The integral is the
area below the integrand or here the pressure function
p(V). Therefore, the difference is the area within the
loop, which equals the VSW.™

A Pressure

Stroke volume

Ejection !
p systolic (V)

Contraction
Relaxation

pdiastolic (V)
Volume

Filling

>
>

End-systolic volume End-diastolic volume

Fig. 1 - The pressure-volume loop for the ventricle is generated by
plotting intraventricular pressure against ventricular volume dur-
ing one cardiac cycle.

LV pressure-volume areas are representative of the total
mechanical energy available to the LV to perform external
work. These areas have the components of external work
and potential energy.’® The latter can perform external
work under the appropriate set of LV loading conditions.®2

How can be pressure-volume loops measured?

Regional ventricular wall motion could be measured by
sonomicrometry and later by the development of sophis-
ticated data acquisition and analysis based on contrast or
radioisotopic angiography including first-pass angiogra-
phy and biplane cineangiography.' 22> These methods
have made it possible to obtain instantaneous pressure-
-volume relationships in patients and not only in experi-
mental animals.™

But only with the development of conductance cath-
eters, the interest and the scope for experimental and
clinical studies have increased.? It has been possible, with
very small conductance catheters, to obtain pressure-
-volume loops. These catheters provide a unique method
for acquiring hemodynamic and contractile data directly
from the heart. By inserting a pressure-volume catheter
into the left or right ventricle, it is possible to measure
all load-dependent data for every cardiac cycle from the
moment you complete your instrument until the end of
the experiment.?>%

Moreover, pressure-volume (dimension) loops provide
additional information regarding synchrony or dyssyn-
chrony of contraction, segmental work, contractility, and
diastolic function.?”

Pressure-volume loop measurements
with conductance catheters
A multielectrode catheter that continuously measures in-
stantaneous left ventricular conductance, from which left
ventricular volume can be estimated.?*% Studies in which
this volume signal was compared with absolute volume in
an isolated beating heart or with cardiac output measured
independently have indicated a strong linear correlation
between them.?*?® The catheter requires careful calibra-
tion since the total signal combines left ventricular cavity
conductance with conductance of the ventricular wall and
other structures outside the ventricle. The unique advan-
tage of providing continuous instantaneous volume in-
formation, when combined with left ventricular pressure
micromanometry, enables an easy and rapid determina-
tion of end-systolic pressure-volume relation (ESPVR).2+?°

PV catheters allow us to measure end-diastolic volumes
and end-systolic volumes, and from these, calculate the
stroke volume, ejection fraction, and cardiac output. It is
also possible to calculate parameters such as stroke work,
Tau, dP/dt__, contraction time and relaxation time. All of
which are associated with the contractility.®

This type of catheter provides two important advan-
tages over non-invasive techniques. First, it generates an
instantaneous signal providing immediate information on
ventricular performance, allowing rapid loading changes
to be used, and enabling examination of quick-response
phenomena. Second, it is essentially free from pure shape
change influences, as have previously demonstrated.?

The ESPVR measured by conductance catheter has
showed a good degree of short-term reproducibility
within a given subject, which has not been a uniform
finding in previous studies.?** It is believed this relates
to the rapid and reversible load alteration and improved
accuracy of the volume signal.?®

Interaction of the left ventricle

with the systemic arterial system

To fully comprehend the performance of the left ven-
tricle it is necessary to understand the interaction of
the LV with the systemic arterial system.3" End-systolic
elastance (Ees) and arterial elastance (Ea) are parameters
that best characterize LV pump function under varying
loading and inotropic conditions. End-systolic elastance
represents the slope of the end-systolic pressure volume
relationship and arterial elastance is a measure of arte-
rial load and is calculated as the simple ratio of ventri-
cular end-systolic pressure to stroke volume.?"32 Arterial
elastance is also possible to obtain by analysis of the pe-
ripheral arterial curve as the ratio of the pressure at the
dicrotic point to the pulse volume.

How to determine maximal stroke work

and maximal efficiency?

Maximal LV stroke work occurs when the LV elastance and
arterial elastance values are matched.?*3¢ Maximal effi-
ciency is defined as the ratio of LV stroke work to myocar-
dial oxygen consumption (MVO,) and occurs when end-
-systolic elastance is approximately 2 times greater than
arterial elastance.®” For normal physiologic LV pres-
sures, end-diastolic volumes, stroke volumes, and ejection
fractions to exist, the normal LV would probably operate
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closer to maximal efficiency rather than to maximal stroke
work.3#3¢ Despite linear relationship between oxygen
consumption and pressure volume area, there is a basal
energy requirement and therefore mechanical efficien-
cy (SW/PVA) cannot be equated to myocardial efficien-
cy (SW/MVO,).83 But there are very strong correlations
between the PVA and myocardial oxygen consumption
for isovolumic (r = 0.973) and for ejecting contractions
(r = 0.989) so that myocardial oxygen consumption may
be calculated from the pressure-volume area.?

Measure of left ventricular contractile state
Ventricular contractility refers to the contractile or ino-
tropic state of the whole ventricle. Indices of ventricular
contractility conventionally have been divided into isovo-
lumic phase indices (peak positive dP/dt), ejection phase
indices (systolic wall stress versus endocardial shortening),
and those determined at the end of ejection (end-systo-
lic elastance).’®* The concept of ventricular contractility
is similar to myocardial contractility, but ventricular con-
tractility is not independent of loading conditions or ven-
tricular remodeling. Peak positive dP/dt may be altered by
an acute change in preload, whereas end-systolic elastan-
ce may be affected by chronic changes in LV volume and
mass.*"*2 Myocardial contractility refers to a basic property
of heart muscle that reflects the intensity of cross-bridge
activity and as a result, the extent and velocity of force
development and fiber shortening. The contractile state
of the myocardium represents a basic characteristic that is
independent of loading conditions and remodeling. Such
measurements can be made only in vitro in isolated cardiac
muscle cells, muscle strips, or Langendorff-perfused hearts,
but attempts to assess myocardial contractility in humans
in vivo present a continuing challenge. This is the reason
why ventricular contractility is superior to myocardial con-
tractility in evaluation in cardiac function.*>

Left ventricular contractility influences global hemody-
namic status directly. Therefore, it is an important ele-
ment of the hemodynamic evaluation of the critically il
patients.* Impaired LV contractility is frequently seen in
patients with acute coronary syndrome and sepsis.*” Al-
though LV end-systolic elastance is the reference method
for assessing LV contractility, its bedside use is limited by
its invasiveness and the technical difficulties associated
with its estimation.?"*® The maximum rate of LV pressure
during isovolumetric contraction (LV dP/dt__) has been
classically considered as a marker of LV inotropic state.*

However, as LV dP/dt__ requires a direct measure of LV
pressure, other approaches have been proposed using the
arterial pressure waveform. Peripheral dP/dt__, as mea-
sured from catheters inserted into the femoral or radial
arteries, have been suggested as feasible surrogates for
LV dP/dt__ . However, as the arterial pressure results from
the combined interaction of the LV ejection and the arte-
rial system properties, other potential factors could also
contribute to the peripheral dP/dt__, possibly degrading
its accuracy as a measure of LV contractile state.>®>!

Assessing left ventricle contractility

through arterial blood pressure

Arterial dP/dt__ can be calculated from the arterial pres-
sure waveform, obtained invasively from a peripheral ar-

terial line.>3 It is available bedside and in patients with
an arterial line already used for pressure monitoring and
blood gas analyses and it does not require any additional
invasive access. Moreover, arterial dP/dt__ can be mea-
sured on a beat-by-beat basis and continually monitored.
On the other hand, arterial dP/dt__ is not only deter-
mined by LV contraction but is also influenced by various
peripheral arterial factors and load conditions.>*-3

Recently, several experimental studies demonstrating
a significant relationship between arterial dP/dt__ and
LV contractility have been published.>'->3 The values from
continual arterial dP/dt__ monitoring were significantly
correlated with LV dP/dt__ assessed. Linear regression re-
vealed that LV dP/dt__ = 1.25 x arterial dP/dt__ . Also, ar-
terial dP/dt__ was significantly correlated with CO. Moni-
toring LV contractility is most desirable in patients with
heart failure with critical hemodynamic collapse, such as
in cardiogenic shock, characterized by increased SVR and
decreased CO and SV.**Several authors reported that the
arterial dP/dt__ is significantly influenced by vascular fill-
ing conditions and is a relatively accurate method for ob-
taining left ventricular contractility only when adequate
vascular filling is achieved.>*¢In contrast, in the subgroup
of patients with lower SVR, higher CO, and higher SV,
arterial dP/dt__ doesn’t give accurate and reliable infor-
mation about LV dP/dt__ >

Efficiency of the heart performance

during different pacing settings: the precise
measurement of the acute hemodynamic
response

In recent years the delivery of pacing therapy has become
more sophisticated, and the indications have expanded.
But the fundamental aim has remained the same, to im-
prove cardiac function by normalizing cardiac electrical
activation in patients with conduction system disease.>’

Throughout the history of developing pacing therapy,
hemodynamic assessment has provided a useful tool in
guiding the development of new pacing approaches.
Hemodynamic measurements allow determining acute
changes in cardiac function and their quantification. He-
modynamic measurements can also guide optimal pro-
gramming of pacemakers because it is a final common
pathway through which cardiac function expresses it-
Self.57'58

Importance of precise hemodynamic measurement is
that typical augmentation of systolic blood pressure with
biventricular pacing in left bundle branch block is ap-
proximately 6 mmHg and is associated with approximate-
ly 20% mortality reduction.® The measurement protocol
for a potential advance on CRT should be able to detect
an increment about half this size (3 mmHg), since it might
provide a corresponding approximately 10% mortality re-
duction. This means the 95% confidence interval must be
<+3 mmHg.*°

Signal versus noise and reproducibility

Hemodynamic parameters fluctuate in response to nu-
merous biological phenomena, including respiration and
other autonomic phenomena. There are many processes
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that are continuous and variable. All together they make
the identification of the hemodynamic consequences of
a change in pacing configuration more challenging. It is
almost impossible to measure and subtract the contribu-
tions of these background biological phenomena on he-
modynamics that is why they are treated as noise.®'

The signal is the element that is consistent in every in-
stance and the noise varies between repeated measure-
ments. When an average of multiple measurements of ef-
fect is taken, the impact of noise shrinks with the square
root of the number of repeat measurements consistently.
Signal-to-noise ratio is an important feature of any mea-
sure. It is a simple way to characterize the efficiency of
measurement. One simple definition of the signal-to-
-noise ratio is the range of values obtained for different
pacing settings, divided by the standard error of the mea-
surements at each pacing setting. By prolonging the opti-
mization session, signal-to-noise ratio can be improved.®?

The second question that needs to be assessed is the
degree of similarity of the optimal pacing configuration
determined by the different hemodynamic measures. If
the measures produce dramatically different optimum,
then the use of hemodynamics for optimization is cast
into doubt.6%62

The third important characteristic of a measure put for-
ward for use in optimization is reproducibility over time. If
there is a large change in measured optimum, then either
the physiological optimum is changing or the measuring
method does not have sufficient reproducibility.®¢?

Which hemodynamic parameter to use in pacing
optimization: Invasive blood pressure,
non-invasive beat-to-beat blood pressure

orLV dP/dt 2

Shun-Shin et al. have compared invasive systolic blood
pressure, non-invasive systolic blood pressure and in-
vasive LV dP/dt__. They have found out that there was
a strong correlation between assessment by invasive and
non-invasive systolic blood pressure and a weaker corre-
lation between LV dP/dt__ and invasive systolic blood
pressure. For all three hemodynamlc measures, the
noise, quantified as percentage error in the quantifica-
tions of response, declined progressively as more alter-

Transition 1

Reference setting

Blood pressure

Tested pacing configuration

nations were analyzed. Invasive blood pressure showed
asmallersuchnoisethannon-invasiveblood pressureandLV
dP/dt__ . Their results showed that invasive blood pressure
is the best parameter which follows during implantation
or optimalization procedure. LV dP/dt__ is not sufficient
to guarantee precise optimization because of the wor-
st reproducibility, and even with the replicate measure-
ments the level of uncertainty is wide, but the accuracy
improves with each repetition.>60.63

What should the precise hemodynamic protocol
look like for measuring acute hemodynamic
response during various pacing types?

Clinicians and researchers designing protocols for opti-
mization of pacing should start with their desired level
of precision and then use standard methods to ensure
that their protocols deliver it.2 Many widely used opti-
mization protocols, even if conducted carefully, cannot
deliver reproducible optimum. The driver of reproduci-
bility of the optimum is the signal-to-noise ratio, namely
the size of the changes caused by alterations in tested
setting in relation to the size of the changes occurring
spontaneously. Even performing invasive, intraventricu-
lar measurements does not grant immunity to biological
noise, which is important to recognize in the design of
optimization protocols.5263

Measure values relative to a reference setting
There are multiple biological intercurrent processes hap-
pening during pause between 2 hemodynamic measure-
ments that will be displacing the blood pressure up and
down. With longer time interval, the greater the vari-
ance between the first and second measurement appears.
The solution of this problem is to only measure changes
over a few seconds or minutes. To allow a wide range of
settings to be tested, one can test each setting against
a reference setting that is common to all.®

Detecting the hemodynamic changes occurring at the
time of transition between one tested setting and anoth-
er is a useful approach if a rapid and reproducible process
is sought, depicted on Figure 2. The reason for this is that
these beats have the smallest opportunity for drift noise
to develop between them. %62

Transition 2

Reference setting

Fig. 2 - Hemodynamic protocol with reference and tested pacing configuration.
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Miyazawa et al. have found that to maximize the ef-
ficiency of the optimization procedure, it is best to ad-
dress the beats immediately before and immediately af-
ter the change in tested setting, not to skip any beats.
They believe this is because the hemodynamic effect of
(in their case) changing AV delay occurs immediately,
whereas there is a more gradual homeostatic process
of adaptation of peripheral tone that occurs when the
initial change in hemodynamics is detected by cardiovas-
cular reflexes. More efficient cardiac function would be
expected to result in reflex reductions in vasoconstrictor
tone, which would tend to reduce the measured increase
in pressure. The fact that the blood pressure does not re-
main elevated should therefore not be considered to in-
dicate a short-lasting physiological improvement.263

What is the most efficient number

of beats to average?

Fixed averaging window of six beats provides the best op-
timization efficiency, it provides a robust averaging win-
dow duration that can be used for a wide range of dif-
ferent patients and is easy to use. For greatest efficiency,
the ideal window width appears to be directly related to
the number of beats occurring within a one respiratory
cycle (beats-per-breath). The reason for six beats being
the most efficient fixed window width is that this value
is close to the average number of beats-per-breath for
the whole group of patients they tested.®*? It is possible
to further improve the optimization efficiency by tailor-
ing the width of the averaging window to match the du-
ration of one whole respiratory cycle. They believe the
reason for this is that changes in blood pressure induced
by respiration are the single largest source of noise wi-
thin the signal. Alternatively, the effect of respiratory
noise could be reduced by asking the patient to hold their
breath or breathe at a fixed respiratory rate, at the time
of the transition. However, both requests are difficult
for the patient to comply with, particularly patients who
have heart failure.®%¢

Perform repeated measurements

and multi-beat averaging

A key step to avoid false positive detection of differences
is the addition of multiple spaced repeated alternations
to the hemodynamic protocol, even when the protocol
includes multi-beat averaging.

Averaging of independent repetitions of the same
measurement is the single most effective method of in-
creasing precision. The number of repetitions required
for any desired degree of precision can be calculated.®
Experiments showed the dramatic decline in measure-
ment imprecision with increasing numbers of replicates.®
For example, using 8 replicates with 8 beats per replicate
eliminates 90 % of the variance seen with a single beat.®

Pacing heart rate importance

Pacing should be at 100 bpm rather than just above rest-
ing rate. The authors state three reasons for it. Firstly, to
standardize the results between patients, so a rate higher
than typical intrinsic rates should be used. Secondly, using
a rate of 100 bpm as compared to 60 bpm, reduces the
time taken by 40%. At higher heart rates, the magnitude

of changes is larger, increasing the signal-to-noise ratio.
Nevertheless, it must be recognized that the magnitudes
of differences observed at this elevated heart rate are li-
kely to be larger than those in day-to-day life. The reason
to choose this artificially magnified response is solely to
make it easier to discern differences between configura-
tions during a realistic protocol duration. As well, selecting
a heart rate significantly above the intrinsic rate ensures
that changes in the intrinsic heart rate would not cause
breakthrough and require that the protocol is repeated.®

Conclusion

In conclusion, there is no single invasive method that is
suitable in all situations and procedures with respect to
the patient’s health status to assess the efficiency of the
left ventricular function. Analysis of ventricular function
in terms of pressure-volume relationships allows global
and regional ventricular dynamics to be fully analyzed. In
addition, this approach allows the relationships between
muscle function (contractility, stiffness, potential energy)
and pump function (stroke volume, stroke work) to be
determined and predicted. Acquisition of pressure vo-
lume loops is precise and relatively easily obtained with
conductance catheter inserted in the left ventricle.

Left ventricular end-systolic elastance is the reference
method for assessing left ventricular contractility, its bed-
side use is limited by its invasiveness and the technical
difficulties associated with its estimation. Instead of this
method the maximum rate of left ventricular pressure
is classically considered as a marker of left ventricular
inotropic state — contractility. In recent years a new ap-
proach in assessing of contractility was examined. Arterial
dP/dt__ is a minimally invasive method assessed from
femoral or radial artery with fluid-filled pressure catheter
and is a relatively accurate method for obtaining left ven-
tricular contractility in patients with hemodynamic col-
lapse and when adequate vascular filling is achieved.

Acute hemodynamic measurements have the poten-
tial to be a useful and precise tool for assessing whether
a new pacing intervention improves acute cardiac func-
tion and what the magnitude of the improvement is.
Testing of different pacing configurations requires pre-
cise measurements because of natural biological variabil-
ity. Systolic blood pressure appears to be the most suit-
able measure and also shows advantages over the gold
standard of left ventricular dP/dt__ in reproducibility and
in signal-to-noise ratio. Multi-beat averaging and the ad-
dition of multiple spaced repeated alternations to the he-
modynamic protocol is a key step to avoid false positive
detection of differences. The most efficient way is to use
an averaging window of one respiratory cycle, and not to
skip any beats between the pretransition and posttransi-
tion averaging windows.

There is no direct comparison in the available litera-
ture of invasively assessed arterial systolic blood pres-
sure and intra-ventricular systolic pressure using the
precise hemodynamic protocol, so it needs to be still
discovered, whether both provide the same accuracy
and are both suitable for assessment of acute hemody-
namic response.
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Remodelace myokardu patii mezi zakladni adaptacni schopnosti srdce. Umoziuje specificky reagovat na
nejriznéjsi podnéty a prizplsobit se zménénym podminkam. Zakladnimi procesy remodelace jsou hypertro-
fie a fibréza. Remodelace zahrnuje zmény na mnoha urovnich, jejichz vysledkem je strukturdlni a nasledné
i funk¢ni zména myokardu. Pokud je novy stav kompenzovén, oznacuje se za fyziologicky. Pfikladem je nor-
malni hypertroficky rist pti opakované, dostate¢né intenzivni fyzické zatézi (tzv. fyziologicka hypertrofie).
U patologické hypertrofie nejsou zmény zpisobené remodelaci dostate¢né kompenzovany. Po adaptaci na
hemodynamické zmény nebo pod vlivem hormon( propagujicich patologicky fenotyp dochazi k prestavbé
myokardu, ktera mize vést az k srde¢nimu selhani. Dalsi formou remodelace myokardu je fibréza. Dochazi
k ni typicky po infarktu myokardu s cilem zachovat strukturni celistvost srdce. Proces fibrozy se aktivuje také
pfi hemodynamickém pretizeni, je pozorovan u toxického poskozeni srdce a obecné u stavil vedoucich k za-
niku kardiomyocytd. Tyto stimuly aktivuji v myokardu pfitomné fibroblasty, které vytvofi nové komponenty
mezibunééné hmoty formuijici se ve vazivovou strukturu. Tento piehledovy ¢lanek si klade za cil shrnout ak-
tudlni poznatky tykajici se mechanismd remodelace srdce. Clanek poskytuje komplexni pohled na soucasny
stav vyzkumu a jeho potencidlni pfinos pro klinickou medicinu.

© 2024, CKS.

ABSTRACT

Remodelling is one of the fundamental processes in the heart adaptation. It allows the heart to respond
specifically to various stimuli and adapt to changed conditions. The basic remodelling processes involve
hypertrophy and fibrosis. Remodelling is present at various levels and results in structural and subsequent-
ly functional changes in the myocardium. If the new state is compensated, it is referred to as physiolo-
gical. Such remodelling includes so-called physiological hypertrophy induced by repeated sufficiently in-
tense physical exertion. In pathological hypertrophy, the changes caused by remodelling are not sufficient-
ly compensated. After adaptation to hemodynamic changes or under the influence of hormones promot-
ing a pathological phenotype, the myocardium undergoes remodelling, which may lead to heart failure.
Another form of myocardial remodelling is fibrosis. It typically occurs after a myocardial infarction in order
to preserve the structural integrity of the heart. The process of fibrosis is also activated during hemodynamic
overload, can be observed in toxic myocardial damage and in general in situations leading to the myocardial
loss. These stimuli activate the fibroblasts present in the myocardium, which create new components of the
intercellular mass forming a fibrotic structure. This review article aims to summarize the current knowledge
of the mechanisms of cardiac remodelling. The article provides a comprehensive view of the current state of
research and its potential contribution to clinical medicine.

Uvod

jich pocatku stoji adaptace srdce, kterd predstavuje fy-
ziologickou moznost myokardu reagovat na rlizné vlivy.

Nejcastéjsi pricinu umrti v celosvétovém méritku predsta-
vuji onemocnéni kardiovaskularniho systému. Prvni pric-
ku mezi nimi zaujima ischemickd choroba srdecni, kterd
je zaroven nejcastéjsi pricinou vzniku srde¢niho selhani.
Srdecni selhani je vyusténim celé fady pochodud. Na je-

Adaptace srdce casto zahrnuje strukturni prestavbu tka-
né, kterou oznacujeme jako remodelaci. Soucasna véda
se snazi porozumét mechanismdm jejiho vzniku, véetné
studia stavQ, na jejichZ pozadi k remodelaci dochazi. Diky
metoddam molekuldrni biologie byla v poslednich dvou
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dekadach popséna celd fada molekul a jejich vzajemnych
vztahU, které v procesech remodelace hraji vyznamnou
roli. Tento prehledovy ¢lanek si klade za cil shrnout ak-
tualni poznatky tykajici se mechanism0 remodelace srdce.
Clanek poskytuje komplexni pohled na soucasny stav vy-
zkumu a jeho potencialni pfinos pro klinickou medicinu.

Remodelace

Schopnost odpovidat remodelaci na specifické podminky
pro srdce predstavuje zakladni adaptacni mechanismus.
V minulosti se termin remodelace srdce uzival ve spojitos-
ti s nahrazenim nekrotické tkdné po infarktu myokardu.
V soucasnosti tento termin zahrnuje Sir$i soubor zmén na
subceluldrni, celuldrni nebo extracelularni Urovni. Spou-
sté¢em remodelace je ztrata kardiomyocytd réizné etio-
logie — v dusledku ischemického, toxického nebo zanét-
livého poskozeni — pripadné chronické tlakové a/nebo
objemové pretizeni srdce.! Za fyziologickou je mozno po-
vazovat pouze takovou remodelaci, ktera vede k funkcni
adaptaci srdce. Pokud podnét prekroci urcitou hranici,
muze remodelace vést k dysfunkci srdce a vyustit az v sr-
decni selhani.?

Tsuda ve svém prehledovém clanku? popisuje faze po-
stupného vzniku patologické remodelace na prikladu tla-
kového pretizeni myokardu. V inicidlni fazi vyvine srdce
adaptacni mechanismy se zachovanou funkci myokardu.
Druha faze je také fyziologickd, remodelacni proces je
stdle plné reverzibilni, dobfe koordinovany a projevuje
se na Urovni metabolismu i struktury. Posledni faze je jiz
patologickd a je ireverzibilni. Srdecni tkan je hypoxicka
a energeticky deficitni, funkce srdce jako pumpy je na-
rusena.?

Hypertrofie

Kardiomyocyty dokon¢i proces terminalni diferenciace
v pozdnim fetalnim obdobi nebo zahy po narozeni. Velmi
nizka prolifera¢ni aktivita zGstava po dobu prvnich dvou
dekad Zivota a ro¢né se timto zplsobem obnovuje pouze
0,3-1 % kardiomyocytl.*> V pripadé nutnosti adaptace
proto myokard nema jinou moznost nez uplatnit hyper-
trofii. Hypertrofie méni strukturu bunék, elektrofyziolo-
gické vlastnosti tkané a tyka se i extraceluldrni matrix.
Hlavnim aspektem hypertrofie je tvarova zména svalové
bunky, kardiomyocyty se stavaji delSimi a objemnéjsimi.?
Vysledny charakter hypertrofie zavisi na typu, intenzité
a délce trvani stimulu.®

Hypertrofie nejc¢astéji vznikd na zakladé objemového
a/nebo tlakového pretizeni srdce. U objemového preti-
Zeni je srdce nuceno pracovat s vyssi naplni komor (pre-
loadem). U tlakového pretizeni komora vypuzuje krev
proti vyssimu tlaku v obéhu (afterload). Pfi objemovém
pretizeni vznika excentrickd hypertrofie, kardiomyocyty
vytvofi nové sarkomery a zapoji je sériové a kromé nards-
tu srdecni hmoty se zvétsi i objem komory. Pfi tlakovém
pretizeni se vyvine koncentricka hypertrofie, kardiomyo-
cyty se individualné rozsitfuji zapojenim novych sarkomer
paralelné a tloustka srdecni stény se zvétsi.2” Pro zacho-
vani funkce komor pfi tlakovém pretiZzeni neni ovsem

hypertrofie vzdy potrfeba. Za urcitych podminek muze
predstavovat adaptivni i maladaptivni typ remodelace.?
Komplexni pochopeni reakce srdce na tlakové pretizeni
je tedy stdle predmétem intenzivniho vyzkumu.

Parametr, ktery kvantifikuje pfipadnou potiebu roz-
vinuti hypertrofie, oznacujeme jako napéti srdecni sté-
ny (,ventricular wall stress”). Tento parametr odrazi jak
myokardialni spotiebu kysliku, tak srde¢ni vydej. Zvysené
napéti srdecni stény signalizuje potfebu adaptace® a je
pfimo umérné poloméru a tlaku v levé komore a nepfimo
umérné tloustce stény komory.® Pfedpoklada se, Ze nor-
malizace této veli¢iny je uskutecriovana zpétnovazebné
pomoci hypertrofie. Napéti srde¢ni stény téZ urcuje spo-
tfebu kysliku myokardem. Vzajemné vztahy mezi napétim
srdecni stény, geometrickymi zménami a energetickym
stavem myokardu jsou klicové pro posouzeni a pochope-
ni mechanickych vlastnosti myokardu komor.?

V tradi¢nim pojeti rozliSujeme hypertrofii fyziologic-
kou a patologickou. Lisi se molekularnimi mechanismy,
fenotypem a prognézou,® nicméné hranice mezi obéma
typy je pomérné neostra. U fyziologické hypertrofie pu-
sobi jako centrdlni mechanismy signalizace pres Akt (pro-
teinkinaza B) a mechanotransdukce. U patologické hyper-
trofie je draha Akt aktivni také, je ale spolecné s dalsimi
signalizacemi spusténa chronickym mechanickym stresem
a plsobenim specifickych hormonu. U tohoto typu je cha-
rakteristicky narlst srde¢ni hmoty, ktery neni energeticky
kompenzovén.®

Lze tedy konstatovat, Zze patologickou hypertrofii
popisujeme v situaci, kdy tato zména zpusobuje pokles
funkce srdce. U fyziologické hypertrofie je naopak funk-
ce zachovana.® Predpoklada se, Zze zakladni mechanismus
vytvérejici posun procesu do patologické roviny predsta-
vuje energeticky mismatch zpusobeny nekontrolovanym
narlstem napéti srde¢ni stény.3

Fyziologicka hypertrofie

Jak bylo zminéno vyse, je hranice mezi tzv. fyziologickou
a patologickou hypertrofii neostra. Logicky vzato ne-
Ize vlastné zadnou hypertrofii oznacit za fyziologickou,
protoze hypertrofie je definovana jako ,nadmérny rust
orgdnu nebo jeho ¢asti”,® coz samo o sobé predstavuje
protimluv ke slovu fyziologicky, které je v SirSim kontextu
chdpdano jako normdlni.'® V soucasné dobé je vsak termin
.fyziologicka hypertrofie” tak zauzivan, ze pouzivani ko-
rektnich variant jako napt. ,normalni hypertroficky rast”
by mohlo vést k nedorozuménim.

Fyziologickd hypertrofie se objevuje v souvislosti
s postnatalnim vyvojem organismu a je pfirozenou sou-
¢asti ontogeneze. S narlstem télesné hmotnosti se zvysu-
je i hmotnost srdce: vyvojem z novorozeneckého obdobi
do dospélosti zvétsi kardiomyocyty svij pramér témér
trikrat.® Fyziologickou hypertrofii vykazuje rovnéz srdce
matky v téhotenstvi — myokard se adaptuje na objemové
pretizeni zpGsobené narlstem objemu krve téhotné Zeny.
Téhotenska excentricka hypertrofie vznika béhem 2. a 3.
trimestru a do jejiho rozvoje se kromé objemovych fak-
torl zapoijuji i cirkulujici hormony, predevsim estrogeny.?
Po ukonceni téhotenstvi myokard spontanné regreduje.
Hypertrofie v souvislosti s opakovanou fyzickou zatézi je
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Obr. 1 - Intracelularni drahy fyziologické hypertrofie v kardiomyocytu. Hypertrofii indukuji jednak mechanické stimuly, jednak hormony.
Z nich inzulin a IGF-1 aktivuji drahy Akt, mTOR a AMPK, které vedou k expresi genll pro proteiny zajistujici hypertrofii, preziti buriky, kom-
penzaci vyssi spotieby ATP a angiogenezi. Stimulace T3 vyvolé syntézu nékterych iontové specifickych kanalli a transportnich proteint pro
vapnik. Tvorba HIF1a a na ni navdzana angiogeneze byla pozorovana u atletického srdce. Dal3i podrobnosti jsou uvedeny v kapitole Fyzio-
logicka hypertrofie. B, - B,-adrenergni receptor; Akt - proteinkinaza B; AMPK - adenosinmonofosfat kinaza; HIF1a - transkripéni faktor 1a
indukovany hypoxii; IGF-1 - rustovy faktor 1 podobny inzulinu (insulin-like growth factor 1); IGF-1R - receptor pro ristovy faktor 1 podobny
inzulinu; IR - inzulinovy receptor; mTOR - mammalian target of rapamycin; NCX — Na*/Ca? vyménik; PGC1a - koaktivator 1o receptoru-gama
aktivovaného peroxizomovym proliferatorem; PI3K - fosfatidylinositol-3-kindza; SERCA2 - sarkoplazmatické/endoplazmatickd Ca? ATPaza
2; T3 - trijodthyronin; TRW/TRp - a- a B-receptor thyroidniho hormonu; VEGF - vaskularni endotelidlni rdstovy faktor (vascular endothelial

growth factor).

pozorovana predevsim u atletl. Pokud se hypertrofie vy-
viji vyluéné v souvislosti s fyzickou zatézi, je oznac¢ovana
jako atletické srdce.?

Z vysledkl rady studii na in vivo modelech vyplyva, Ze
pro rozvoj tohoto typu remodelace je tfeba urcitd kom-
binace hormondlnich a mechanickych faktord (obr. 1).2
Hypertrofii provazi zmény genové exprese, snizuje se na-
chylnost kardiomyocytl k apoptdze, méni se jejich meta-
bolismus a kontraktilita. Proto i plvodné adaptacni hy-
pertrofie mUze progredovat a vyustit az v patologickou
formu.®

Mechanické stimuly

Myokard je schopen mechanotransdukce, tj. na mecha-
nické podnéty tkan odpovida aktivaci specifickych bio-
chemickych procesu. Sily vznikajici stahem kardiomyocytt
bé&hem systoly jsou propagovany mezi burikami a zachy-
cuji je mechanosenzitivni struktury. Ty ovlivni bioche-
mické procesy, elektrofyziologické vlastnosti a kontrakci
svalu a jsou schopny spustit i hypertrofii. Jedna se o ho-
meostatickou reakci, kterd zachovava funkci myokardu."
Proteiny zapojujici se do tohoto fenoménu se vyskytuji
na sarkolemé, v sarkomere a jsou soucasti interkaldrnich
diskd, jadra a cytoskeletu. Mezi drahy aktivované mecha-
nicky patfi signalizace PI3K (fosfatidylinositol-3-kinaza),

Akt (draha, jejiz klicovy protein je oznacovan jako Akt),
adenosinmonofosfatem (AMP) aktivované kindzy a dré-
ha mTOR (mammalian target of rapamycin).® Pfesny po-
pis signdlnich drah zapojenych do mechanotrasdukce je
ovsem stdle predmétem vyzkumu ™

Hlavnimi aktéry systolického stahu jsou sarkomery,
které predstavuji centrdini mechanosenzitivni struktury.
In vitro experimenty a pocitacové modely srdce naznacu-
ji, Ze hypertroficka odpovéd je spusténa na zakladé an-
izotropie pUsobeni mechanickych sil a zatéze na srdec¢ni
myofibrilarni struktury. Sily, které sarkomera generuje,
jsou propagovany do cytoskeletu kardiomyocytu, do ske-
letu jadra a do extracelularni matrix (ECM). Abnormality
v sarkomere nebo od ni prenasené abnormalni mechanic-
ké informace mohou spustit remodelaci."

Charakter hypertrofie se méni na zakladé smérl pUso-
beni mechanickych sil na myokard. Po zachyceni anizo-
tropné puUsobicich sil nasleduje hypertrofie anizotropniho
charakteru. Biomechanicky model ventrikuldrni hypertro-
fie dokazal predpovédét vyvoj excentrické nebo koncen-
trické hypertrofie v reakci na mitralni regurgitaci nebo
aortalni stendzu. Potvrdil, Ze specifickd anizotropie me-
chanického pUsobeni na kardiomyocyt je nasledné pre-
nesena do anizotropniho vyvoje remodelace v zvislosti
na povaze mechanické zatéze. Zvysené napéti v podél-
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ném sméru je stimulem pro zapojeni sarkomer do série
a vznikd excentrickd forma hypertrofie. Zvysené pfi¢né
napéti stimuluje zapojeni sarkomer paralelné a vznika
koncentricka forma. Neni oviem doposud znamo, ktery
z mechanotransduk¢nich proteint v kardiomyocytu je za
tento mechanismus zodpovédny.™

Titin a svalovy protein LIM (obsahujici dvé specifické
domény oznacované jako LIM) tvofici s dalSimi proteiny
sitovou strukturu byly identifikovany jako transdukéni
proteiny na urovni sarkomery.® Desmin pravdépodobné
funguje jako transmisni struktura prenasejici sily mezi
myofibrilami. Mezi studované proteiny patfi i filamin C
tvofici spojnici mezi sarkomerou a membranou kardio-
myocytd. Reguluje prenos sily do cytoskeletu v reakci na
anizotropni protazeni. Roli pravdépodobné hraji i dystro-
fin, B-kardidlni myozin a a-aktinin." Kandidatnimi mole-
kulami jsou dale N-kadherin lokalizovany v interkaldrnim
disku a nékteré proteiny sarkolemy, napfiklad integriny,
kaveolin-3 nebo dystroglykan.® Mezi detailnéji popsa-
né signalizace patfi prohypertrofické drahy spousténé
stretch sensor integrinem. Tyto drahy jsou pravdépo-
dobné schopny propagovat vznik hypertrofie i autokrin-
ni nebo parakrinni signalizaci s vyuzitim angiotenzinu Il
nebo interleukind. Mohou aktivovat i specifické iontové
kanaly a G-proteiny.3

Na mechanotransdukci se podileji i slozky ECM, které se
pfi stahu deformuji a se sarkomerami Uzce spolupracuji.
Mechanické vlastnosti ECM se méni v ramci patologickych
stavl — u srdec¢niho selhdni, vrozenych kardiomyopatii,
systémové a plicni hypertenze, fibrézy a po infarktu myo-
kardu. Kardiomyocyty pak pracuji za mechanicky odlis-
nych podminek a dochdazi u nich ke stimulaci remodelace.
Mezi mechanotransdukéni proteiny patfi predevsim fibri-
lin 1."" Geneticky deficit tohoto proteinu zpUsobil u mysi
dilataci a kontraktilni dysfunkci srde¢nich komor, pticemz
byla registrovdna signalizace pres receptor angiotenzinu
Il typu 1 (AT,) a aktivace drahy proteinkinazy aktivované
mitogenem (mitogen-activated protein kinase, MAPK)."?

Vliv mechanotransdukce lze sledovat az na nuklearni
Uroven. Jadro je spojeno se zbylymi strukturami bunky
nuklearnim skeletem, cytoskeletem, Z-diskem a kostame-
rami. Mechanické sily jsou tak zachyceny az na urovni ja-
dra. Vyznamnou roli v transmisi hraje spojeni nuklearniho
skeletu a cytoskeletu — struktura pojmenovana jako kom-
plex LINC (linker of nucleoskeleton and cytoskeleton).
U komplexu LINC byla zjisténa asociace s chromatinem.™
Experimenty na knock-outovanych mysich v genech pro-
teind asociovanych s LINC, konkrétné v nesprinu 1 a 2,
zpUsobily remodelaci do stavu kardiomyopatie, zménu
morfologie jaddra a narusenou mechanotransduk¢ni reak-
ci na protaZzeni zvysenou expresi gent in vitro."* Pfedpo-
klada se, zZe vysledkem prenosu signdlu mechanosenzitiv-
nimi molekulami je ovlivnéni genové exprese a nasledny
vznik remodelace."

Hormonalni stimuly
Hormony maji na rozvoj hypertrofie vyznamny vliv. U fy-
ziologické hypertrofie je diskutovan predevsim vliv inzuli-
nu, rastového faktoru 1 podobného inzulinu (insulin-like
growth factor 1, IGF1) a hormonu stitné zlazy.°

Inzulin ma klicovy vyznam v ontogenetickém rustu
a vyvoji myokardu.® IGF1 se syntetizuje predevsim v jat-

rech, jeho syntéza ale probiha i ve fibroblastech srdce.®
IGF1 je oznacovan za kardioprotektivni latku, chrani myo-
kard pred oxida¢nim stresem a brani progresi dysfunkce
srde¢niho svalu po infarktu myokardu. Nizké hodnoty
IGF1 jsou spojeny s vyssim vyskytem kardiovaskularnich
onemocnéni, horsi prognézou u pacientt po infarktu
myokardu a s vyssim rizikem vzniku srdecniho selhani.® In-
zulin i IGF1 aktivuji PI3K, ktera spusti drahu kinazy Akt1.
Akt1 ma vliv na mitochondridlni adaptaci, jeji aktivace
podporuje proliferaci, proteosyntézu a dalsi procesy, kte-
ré zajisti preziti kardiomyocytt.® V literature se draha Akt
proto oznacuje jako draha preziti (,survival pathway")."
Nicméné nékteré studie ukazuji, Ze dlouhodoba aktivace
drah Akt za specifickych podminek vede k rozvoji patolo-
gické hypertrofie, hypoxie myokardu a srde¢niho selhani.

Trijodthyronin (T3) je schopny ovlivnit strukturu myo-
kardu, jeho elektrofyziologické vlastnosti a kontraktilitu®
a hraje hlavni roli v rozvoji postnatalni hypertrofie. Po
porodu se hodnota thyroidnich hormont v krvi novoro-
zence zvysuje. Navazani T3 na jaderné receptory zpUsobi
zvyseni transkripce genu pro B,-adrenergni receptor a vy-
znamné transportni systémy kardiomyocytl. Zvysuje se
syntéza sarkoplazmatické/endoplazmatické Ca?-ATPazy
2 (SERCA2), sodnych a draselnych kandlt a Na*/Ca?* vymé-
niku 1 (NCX). Transkripce myokardialni formy fosfolam-
banu klesa. T3 timto zplsobem pfispiva k rozvoji myokar-
didlni hypertrofie, brani rozvoji patologické hypertrofie
a rovnéz chrani srdce pred stavem objemového pretizeni.?
Animalni experimenty ukazaly, Ze kontinualni podavani
T3 u potkanu nevyvolalo fibrézu a v pfipadé tlakového
pretizeni zabranilo rozvoji srdecniho selhani.’”> Nékteré
studie naznacuji, Ze T3 dokaze zménit patologickou for-
mu hypertrofie ve formu fyziologickou.®

Udrzeni stavu fyziologické hypertrofie
Limitujicim faktorem udrzeni stavu fyziologické hypertro-
fie je predevsim dostatecna urovern metabolismu a roz-
voj mikrocirkulace odpovidajici narustu hmoty. Vznik
hypertrofie doprovazi zvysend proteosyntéza a snizend
degradace proteind. Tyto procesy v burice koordinuje
drdha serin-threoninové kindzy mTOR. Efektorova mole-
kula mTORC1 (mammalian target of rapamycin complex
1) zpusobuje zvySeni mnozstvi molekul mRNA aktiva-
ci ribosomalni S6 proteinkindzy a inhibici elF4E-binding
proteinu 1 (eukaryotic translation initiation factor 4E-bin-
ding protein 1).48

Cilem metabolické adaptace hypertrofického srdecni-
ho svalu je produkce dostatku adenosintrifosfatu (ATP).
Uplatnuje se pfi ni schopnost mitochondridlni biogeneze.
U fyziologické hypertrofie je denzita mitochondrii a je-
jich respiracni aktivita dostate¢na pro generovani adek-
vatniho mnozstvi ATP. Do syntézy proteina kli¢covych pro
biogenezi se kromé molekul lokalizovanych v ramci jader-
ného nebo mitochondridlniho genomu zapojuji téz tzv.
synchronizatory obou genomut (koaktivator 1a/p recepto-
ru-gama aktivovaného peroxizomovym proliferdtorem,
peroxisome proliferator-activated receptor gamma co-
activator 1a/B, PGCla a -1B). PGCla kontroluje stav mito-
chondrii a rozpozna, zda je tfeba generovat vice energie.
Transkripce tohoto proteinu je pfimo Uumérna spotrebé
kysliku. Mitochondrie pfi zménach metabolismu méni
i substraty vyuzivané pro zisk energie. U potkant s kon-
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strikci aorty bylo pozorovano, Ze oxidace glutamatu klesa
umérné s poklesem kontraktility a ejekéni frakce.’ Sni-
Zeni mitochondridlni oxidace mastnych kyselin predikuje
nasledny pokles kontraktility.™

Dalsi podminkou zachovani fyziologické hypertrofie
je angiogeneze, kterd odpovida narlstu srdecni hmoty.
Pokud pti hypertrofii dochazi k sou¢asnému ristu kapilar-
ni sité, je tkan zasobena Zivinami a kyslikem dostatecné.
Nedostate¢nd angiogeneze je krokem k rozvoji patolo-
gické hypertrofie. Angiogeneze je fizena parakrinné se-
cernovanymi rlstovymi faktory, predevsim vaskularnim
endotelidlnim rastovym faktorem (vascular endothelial
growth factor, VEGF). Tvorbu novych cév dale podporuje
rastovy faktor z desti¢ek (platelet-derived growth factor,
PDGF) a placentarni rdstovy faktor (placental growth fac-
tor, PGF). Mysi s kardiospecificky zvysenou expresi genu
pro PGF v reakci na tlakové objemové pretizeni vyvinu-
ly funkéné kompenzovanou hypertrofii, pficemz hustota
kapilarni sité v myokardu byla zvysena. Naopak knock-
-outovani jedinci v genu pro PGF podléhali srde¢nimu se-
Ihani a myokardialni kapilarni sit nebyla adekvatni."”

Atletické srdce

Béhem sportovni zatéze reaguje srdce na pozadavky pe-
riferie zvySenim tlaku a precerpaného objemu, pficemz
mira tohoto zvyseni zavisi na druhu zatéze. Vytrvalostni
sporty jsou izotonickym druhem prace, vyzaduji rytmic-
ké kontrakce kosternich svall a jejich narok na srdce je
objemovy. Dlvodem je zvysena perfuze kosternich svald.
U silovych sportl dochazi ke kratkym a vysoce intenziv-
nim izometrickym kontrakcim svald, arteridlni krevni tlak
opakované vyznamné narustd a zatéZuje srdce. Vétsina
sportovnich aktivit kombinuje izotonicky a izometricky
druh svalové prace.”81

Pojem atletické srdce zahrnuje soubor remodelac¢nich
zmén vzniklych v reakci na dlouhodobou opakovanou in-
tenzivni fyzickou zatéz. Vyznamny rozvoj atletického srd-
ce byl popsan u osob vénujicich se vytrvalostnim sportam.
Diky hypertrofii a funk¢nim zménam v myokardu se zvysi
systolicky objem, srdec¢ni vydej a zlepsi se vykon organi-
smu.? Pokud trénink probiha tfi a vice hodin tydné, sig-
nifikantné se zvysuje maximalni spotfeba kysliku (VO,__)
a tloustka levé komory. Plati, Ze vy3si stuperi remodelace
zajistuje vyssi maximalni vykon sportovce.™

Remodelace u atletického srdce zahrnuje kromé hyper-
trofie levé komory i dilataci pravé siné a pravé komory.
Dobre popsanym funkénim disledkem téchto zmén je
snizeni klidové srde¢ni frekvence.”® Rozvoj remodelace
vykazuje interindividudlIni variabilitu, zavisi na typu pro-
vadéného sportu, intenzité zatéze, véku jedince, pohlavi
a télesném povrchu.'®2° Pokud je srdce zatizeno pravidel-
nou fyzickou aktivitou jiz v mlad$im véku, castéji vyvine
excentrickou formu hypertrofie, ve starSim véku castéji
koncentrickou hypertrofii.?!

Hypertrofii levé komory u sportovct provazi stejné in-
tracelularni mechanismy jako fyziologickou hypertrofii
zpusobenou jinou pficinou. Aktivuji se signalizace fosfati-
dylinositol-3-kindzy, proteinkinazy B (Akt), mTOR a oxidu
dusnatého.* Dale se zapojuje signalizace steroidnich hor-
mond, androgen( a glukokortikoid(l.’® Dulezitou soucasti

adaptace srdce na zatéz jsou metabolické zmény. U mysi
doslo vlivem plaveckého tréninku ke zménam exprese
gend spojenych s metabolismem. V pfipadé fyziologické
hypertrofie dochazi ke zvysené expresi genli souvisejicich
s B-oxidaci, genu pro lehky rfetézec myozinu, angiotenzi-
nogen a antioxida¢ni enzymy mitochondrii.*?? Rozvoj an-
giogeneze u atletického srdce je predevsim podporovan
relativni hypoxii pres transkrip¢ni faktor 1o indukovany
hypoxii (hypoxia-inducible factor 1a, HIF1a). BEéhem cvi-
¢eni se aktivuje drdha mTOR a prostfednictvim HIF1a. jsou
produkovany angiogenni faktory, predevsim VEGF.®

Zvétseni pravé komory je béznym ukazem u vétSiny
atlet(ll, a to predevsim vytrvalostnich. Vyskytuje se spolec-
né se zménami levé komory a jedna se o fyziologickou
remodelaci. Remodelace levé siné je oznacovana také za
fyziologickou, protoze neni spojena s klinicky vyznamny-
mi dUsledky. Dilatace pravé komory se objevuje vice u vy-
trvalostnich sportovcd a sportovct s vyssi zatézi.?°

S ukoncenim pravidelné fyzické aktivity dochazi
u vétsiny jedincl k regresi remodelace. Nicméné neni
jasné, zda se regresivni zmény projevi na strukturni nebo
i funk¢ni drovni. Navic u &asti jedinca k regresi nedojde.?
U deviti ze ¢tyficeti zkoumanych elitnich atletl byla pét
let po ukonceni jejich tréninku zjisténa nedostate¢nad re-
grese stény levé komory do plvodniho stavu.?®* Procesy
regrese remodelace jsou obecné velmi malo prozkouma-
ny. Navic neni zndmo, jak se v terénu atletického srdce
projevi procesy fyziologického starnuti. Byvali atleti tak
mohou byt ve vétsi mife ohrozZeni rozvojem srdecnich
onemocnéni a je vhodné témto pacientdim vénovat zvy-
senou pozornost.

Opakované vystaveni intenzivnimu tréninku muze
zpuUsobit aZz patologickou hypertrofii. Dochazi k inhibici
exprese genU pro proteiny drahy mTOR, zvySuje se pro-
dukce interleukint a objevuje se fibréza. Vyznamné roste
exprese genu pro B-izoformu tézkych retézcl myozinu,
typickd pro prenatdlni fazi vyvoje srdce. Vysledkem je od-
lisnd hydrolyticka aktivita myozinové hlavy zpGsobujici
pomalejsi kontrakci.?* Bernardino zminiuje, Ze nachylné;si
na maladaptivni zvrat a vyvoj fibrézy jsou pravé srdecni
oddily kvuli vyssi expozici narastim tlaku.'™

Patologicka hypertrofie

Pokud je vysledkem remodelace funkéné selhavajici srd-
ce, jednd se o patologickou (maladaptivni) hypertrofii.
Vyvola ji chronické tlakové ¢i objemové pretizeni. Mezi
etiologické faktory patfi arteridlni systémova nebo plicni
hypertenze, mitralni nebo aortalni regurgitace a aortalni
stendza. Patologickd hypertrofie mlze doprovazet kar-
diomyopatii ¢i nékterd lysozomalni sttadava onemocnéni.
Rizikovymi faktory pro jeji rozvoj jsou obezita a diabetes
mellitus.®

Patologicka hypertrofie je asociovana se specifickym
plsobenim neurohumoralnich faktord, poskozenim myo-
kardu a odumirdnim kardiomyocytl (obr. 2). Rast kar-
diomyocytt prekro¢i meze dané kapildrni siti, coz vede
k hypoxii a dalsi remodelaci. Méni se struktura sarkomer
a zmény probihaji i na urovni metabolismu. Od fyziolo-
gické hypertrofie se odlisuje aktivaci a zvySenou expresi
urcitych fetalnich gen(.%®
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Obr. 2 - Intracelularni drahy patologické hypertrofie v kardiomyocytu. Patologickou hypertrofii odstartuje dlouhodoba mechanicka stimula-
ce, ktera vyvold lokalni produkci angiotenzinu Il a endotelinu. Angiotenzin Il aktivuje drdhu MAPK a signalizaci IP3. IP3 pres sv(j kandl IP3R
otevie RYR2 a dochazi k wyliti vapniku z retikula. K dalSimu zvyseni cytoplazmatické dostupnosti vapniku pfispéji vyméniky NHE-1 a NCX.
Vépnik tvofi s kalmodulinem a kalcineurinem komplexy, které signalizaci hypertrofie propaguji. Kindza CaMKII pGsobi na expresi gend hy-
pertrofie a dle napomaha prenosu vapniku z retikula aktivaci RYR2. PKCo méni kontraktilitu kardiomyocytu. Nuklearni faktor aktivovanych
T bunék (NFAT) je transkrip¢nim faktorem pro geny patologické hypertrofie. Kinaza PKG1a zplsobuje v mitochondriich pokles oxidace mast-
nych kyselin a preferenci oxidace glukézy. Katecholaminy zvy3uji v burice koncentraci CAMP, coz aktivuje i zvySuje transkripci EPACT, a tento
systém pak podporuje kalcineurinovou signalizaci. Dalsi podrobnosti jsou uvedeny v kapitole Patologicka hypertrofie. p, - §,-adrenergni
receptor; AMPK - adenosinmonofosfat kinaza; ANP - atridlni natriureticky peptid; ATIl - angiotenzin Il; AT, - angiotenzinovy receptor 1;
BNP - natriureticky peptid typu B; cAMP - cyklicky adenosinmonofosfat; ECM — extraceluldrni matrix; EPAC1 — vyménny protein 1 pfimo ak-
tivovany cAMP (exchange protein directly activated by cAMP); ET - endotelin; IP3 - inositol-3-fosfét; IP3R - receptor pro inositol-3-fosfat na
sarkoplazmatickém retikulu; MAPK - proteinkindza aktivovana mitogenem (mitogen-activated protein kinase); MYHCp — izoforma tézkych
fetézcl myozinu; NCX — Na*/Ca? vyménik; NFAT — nuklearni faktor aktivovanych T bunék (nuclear factor of activated T-cells); NHE-1 - Na*/H*

vymeénik 1; PKCa - proteinkindza Co; PKG1a - cGMP dependentni proteinkinadza l1a; RYR2 - ryanodinovy receptor 2.

Patologicka hypertrofie obvykle vyusti v srdecni selha-
ni a je asociovana se zvysenym rizikem vzniku arytmii.
Hypoxie tkdné navic vyvolava myokardialni fibrézu.5® Kli-
nické studie ukazuji, Ze farmakologické ovlivnéni patolo-
gické hypertrofie by mohlo byt kauzalni terapii srde¢niho
selhani.t

Mechanické stimuly

Pokud jsou mechanotransdukce a s ni souvisejici signal-
ni drahy aktivovany dlouhodobé&, mize se vyvinout mal-
adaptivni hypertrofie.® Chronickou reakci na mechanic-
kou zatéz je lokalni produkce angiotenzinu Il a endoteli-
nu. Signalizace obou cest vedou ke vzestupu kalcia v bun-
ce, rozvoji hypertrofie a vzniku srdecniho selhani.?

Hormonalni stimuly

Na vzniku patologické hypertrofie se nejvice podili adre-
nergni a renin-angiotenzin-aldosteronovy systém (RAAS).
Oba systémy maji v pocatecni fazi rozvoje hypertrofie
adaptacni vliv. Pfi vyrazném nérastu tloustky stény ko-
mory ale prevazuji maladaptivni ucinky. Inhibice téchto

systému bézné dostupnymi lécivy (betablokatory, inhi-
bitory angiotenzin konvertujiciho enzymu [ACEI] a blo-
katory angiotenzinového receptoru) méa redukéni efekt
na tloustku stény levé komory.® Inhibitory aldosterono-
vého receptoru (spironolakton) u pacientt se srde¢nim
selhanim signifikantné snizuji mortalitu a morbiditu.?>?¢
In vitro bylo prokazano, Ze latky jako angiotenzin nebo
noradrenalin jsou schopny samy o sobé vyvolat proces hy-
pertrofie.?

K hypertrofii vyvolané katecholaminy dochazi pfi
dlouhodobé stimulaci p,-adrenergnich receptorG. Ta
zpusobuje receptorovou desenzitizaci B-arrestinu a zvy-
Seni exprese vyménného proteinu 1 pfimo aktivovaného
cAMP (exchange protein directly activated by cAMP 1,
EPAC1T). EPACT indukuje patologickou hypertrofii akti-
vaci kalcineurinové a kalmodulinové signalizace.?? Chro-
nicka aktivace B,-receptorli je asociovana se zvysenou
koncentraci angiotenzinu Il v plazmé a levé komore, dale
se zvysuji i hodnoty reninu a aldosteronu.™ Prostfednic-
tvim B,-adrenergnich receptord katecholaminy zpGsobu-
ji zvyseny vstup vapniku do bunky L-typem vapenatych
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kanalt a aktivaci kardioprotektivni drahy Akt. Stimulace
B,-receptorl tedy hypertrofii ani apoptézu nezplsobuje,
naopak pusobi protektivné.™ U pacientd se srde¢nim se-
Ihanim byla zjisténa vysokd koncentrace katecholamint
v krvi a zvyseny tonus sympatiku. Koncentrace noradre-
nalinu v plazmé Ize vyuzit jako prediktivni faktor rozvoje
patologické hypertrofie u hypertonik.?”

Angiotenzin Il stimuluje hypertrofii signalizaci pres
receptor AT,. To vede k aktivaci drah MAPK a kalmodu-
linového systému.’ Komplex kalmodulinu s vdpenaty-
mi ionty aktivuje proteinkindzu Ca (PKCa), kterd ovlivni
kontraktilitu. Vyzkumy u PKCa deficientnich mysi pro-
kadzaly hyperkontraktilni myokard a rezistenci ke vzni-
ku srde¢niho selhani indukovaného tlakové objemo-
vym pretizenim. ZvySena exprese PKCo naopak vedla
ke kontraktilni dysfunkci.?® Dale kalmodulinovy systém
aktivuje kalmodulin-dependentni kinazu Il, kterd zpu-
sobuje uvolnéni vdpenatych iontd ze sarkoplazmatické-
ho retikula prostfednictvim ryanodinového receptoru 2
a uplatniuje se v procesu deacetylace specifickych histo-
nl, ¢imz zvySuje genetickou expresi gend hypertrofie.®
Angiotenzin Il také mlze ovlivnit mitochondridlni bio-
genezi.'

Zmény genové exprese u patologické hypertrofie
V pripadé fyziologické i patologické hypertrofie jsou
zvy$ené exprimovany geny ménici strukturu a zlep3uji-
c¢i funkci kardiomyocyt.?2 U patologické hypertrofie se
charakteristicky zvySuje exprese tzv. fetalnich gent — na-
triuretickych peptidl (atridlni natriureticky peptid [ANP]
a natriureticky peptid typu B [BNP]), izoformy téZzkych re-
tézcd myozinu (MYHCPB) a a-aktinu kosterniho svalstva.
Zmény exprese byly zjistény u vapnikovych transportnich
proteinU.® Za aktivaci fetdlnich genl stoji prozanétlivé
prostfedi, ve kterém se kardiomyocyty béhem remode-
lace nachazeji.' U mysi s transverzalni aortalni konstrikci
byly ve zvysené mire exprimovany markery srde¢niho se-
Ihani — mozkovy neurotrofni faktor (brain-derived neu-
rotrophic factor, BDNF), prekursory pro ANP a BNP. Déle
doslo k up-regulaci genti pro kolageny, prokolagen I, a1
a lll, osteopontin, fibronektin 1 a fibronektinovy recep-
tor integrin a5. Zminéné geny asociované s extracelularni
matrix souviseji s naslednym rozvojem fibrézy.»
Animalni experiment porovndvajici hypertrofii vznik-
lou cvicenim a tlakovym pretizenim u mysi ukazal v obou
pfipadech vy3si expresi gend koédujicich soucasti sarko-
mer, genU asociovanych s L-typem kalciovych kanald
a genU souvisejicich s proteolyzou.?

Role mitochondrii v patologické hypertrofii

U patologické hypertrofie se nedostate¢né syntetizuje
ATP. Mitochondrialni denzita je snizena.' Aktivita zna-
c¢enych mitochondridlnich enzym0 citrat syntazy a cy-
tochrom-c-oxidazy ziskana z tkani hypertrofickych srdci
animalnich modell vystavenych tlakové objemovému
pretizeni byla nezménéna stejné jako exprese genl oxi-
dativni fosforylace.3!

U zdravého srdce je az 90 % ATP zajisténo katabolis-
mem mastnych kyselin. U patologické hypertrofie byla
zjisténa snizend oxidace mastnych kyselin a snizena
schopnost zménit energeticky substrat. U potkant s tla-
kové-objemovym pretizenim predikovalo snizeni oxidace

mastnych kyselin nastupujici dysfunkci kontraktility. Pa-
tologicky hypertrofované srdce je vice zavislé na glukéze.
Ke zvyseni katabolismu glukézy vSak nedochazi. Navic mé
glykolyza nizsi vytéZnost ATP nez oxidace béZnych mast-
nych kyselin. Pfedpoklada se, Ze za metabolicky posun
od oxidace mastnych kyselin k oxidaci glukézy je odpo-
védnd cGMP dependentni proteinkindza 1o (PKG-1a). Jeji
expresi podporuje zvysena aktivita RAAS, MAPK a kalci-
neurinové signalizace a téz kindza AMP aktivovand pfi
energetickém deficitu. Na naruseni oxidativni kapacity
mitochondrii navazuje systolicka dysfunkce.' Diastolicka
dysfunkce se v souvislosti s mitochondrialni dysfunkci do-
stavuje az v pozdéjsich fazich srde¢ni dekompenzace.??

Role angiogeneze v patologické hypertrofii
Pdsobenim VEGF dochazi k angiogenezi, kterd vede ke
zvy$eni dodavky kysliku do tkané ohrozené hypoxii. Defi-
cit VEGF narusuje myokardialni angiogenezi, coz omezu-
je funkci srdce. U patologické hypertrofie neni angiogen-
ni kompenzacni mechanismus schopen dostatecné zvysit
hustotu kapildrni sité, coz vede k hypoxii a nedostatku Zi-
vin. Moznym vysvétlenim jsou zvySené hodnoty proteinu
p53, které podnécuji ubikvitinaci a degradaci HIF1a ve-
douci ke snizeni produkce VEGF.2

Role zvyseného pfijmu sodiku
v patologické hypertrofii
Zvyseny pfijem sodiku v potravé je asociovdn se zvySenym
vyskytem hypertrofie a srde¢niho selhani. Kromé hyper-
trofie vzniklé v dasledku chronické hypertenze spojené se
zvysenym pfijmem sodiku vyzkumy naznacuji i pfimy vliv
sodiku na rozvoj remodelace. V pfipadé vysokého pfijmu
sodiku se prostfednictvim vyméniku NCX (Na*/Ca? vymé-
nik) snizuje eflux vapniku z bunky. Pfi extrémnim pfijmu
sodiku se NCX chova az inverzné a zpusobuje influx vap-
niku. Intracelularni akumulace vapniku (vapnikové preti-
Zeni) pak povede k energetické dysbalanci buriky. Navic
vzestup intraceluldrni koncentrace sodiku primo zpuso-
buje hypertrofii signalizaci proteinkindzou C a kyslikovy-
mi radikdly.®

Vyménik NHE-1 (Na*/H* vyménik 1) se vyskytuje ve
vsech bunkach téla. Jeho zakladni funkci je stabilizace
pH v burce exfluxem protonl a jeho zvySend exprese
byla pozorovana u reperfuzniho poskozeni a hypertrofie
myokardu. Potencidlnimi aktivatory NHE-1 jsou hormony,
autokrinni i parakrinni plsobky, pfedevsim angiotenzin
Il a endotelin 1. NHE-1 sekundarné zvysuje influx kal-
cia a sodik vpustény do buriky je pak vyuzit vyménikem
NCX.?

Myokardialni fibroza

Fibréza je patologickd remodelace charakteristicka zvy-
Senou produkci fibroblasty aktivovanymi extracelularni
matrix. Pacienti s fibrézou jsou ohroZeni zvySenym rizi-
kem komorovych arytmii, ndhlou srde¢ni smrti a rychlou
progresi do stavu srde¢niho selhdni.?* Depozice ECM na-
rusuje architekturu a nasledné i funkci srdce. Na Urovni
bunék dochazi k preruseni mezibunécnych spojeni, coz
vede k naruseni mezibunécné komunikace a snizeni efek-
tivity kontrakci.?
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Obr. 3 — Schéma patogeneze myokardialni fibrézy. V disledku poskozeni kardiomyocyt( se z nekrotické tkané vyplavuji DAMP, které se na
burikdch imunitniho systému vazaji na PRR. Po stimulaci zanétlivé odpovédi dochazi k produkci mediatord, které aktivuji fibroblasty. TGFp
je vyznamnym plsobkem, ktery syntetizuji makrofagy a kardiomyocyty v reakci na hemodynamickou z&téz, chronickou fibrézu a rigiditu
(tuhost) tkané. Je aktivovan enzymaticky nebo mechanicky. Aktivni molekula ma schopnost zabudovat izoformu fibronektinu-AD do ECM,
ktery ma aktiva¢ni efekt na TGFB. aTGFf aktivuji fibroblasty, které se za¢nou diferenciovat. Proces kromé aTGFp spoustéji i jiné pUsobky,
na zénétu nezavislé - angiotenzin Il, endotelin, PDGF. Diferenciace probiha pies mezistadium proto-myofibroblastu, ktery je producentem
fibronektinu-AD a dalsich slozek ECM. Finalni stadium se oznacuje jako myofibroblast, ktery pokracuje v syntéze proteinti ECM a myokard
podléha fibréze. Dalsi podrobnosti jsou uvedeny v kapitole Myokardialni fibréza. ATIl - angiotenzin II; aTGFpB - aktivni forma transformuiji-
ciho rustového faktoru p; DAMP — molekulérni vzory asociované s poskozenim (danger-associated molecular patterns); ECM - extracelularni
matrix; ET-1 — endotelin 1; fibronektin-AD - fibronectin extra domain A; IL-1p, IL-6, IL-10, IL-11 — interleukiny; iTGFp — inaktivni (latentni)
forma transformujiciho ristového faktoru B; PRR - receptory rozeznavajici molekulové vzory (patern recognition receptors); TNFa — tumor

nekrotizujici faktor .

Fibréza vznikd jak pfi poskozeni srde¢nich bunék, tak
v situacich, kdy k ubytku kardiomyocyt nedochazi. Fibro-
za je také soucasti procesu starnuti. Vyskytuje se u kardio-
myopatii a je téz soucasti poskozeni srdce v dusledku dia-
betu a obezity. Intersticidlni fibréza vznika u tlakového
pretizeni srdce systémovou hypertenzi nebo stendézami
chlopni a u objemového pretizeni u regurgitaci.>>3®

ECM v srdci a jeji role pri fibroze
ECM myokardu je tvofena extracelularnimi proteiny a fib-
roblasty. Proteinova slozka ECM vytvafi sité z kolagenu
I a lll, elastickych vldken, fibronektinu, lamininu, proteo-
glykant, glukosaminoglykant a glykoproteinl. Tato vy-
soce odolnd a mechanicky stabilni struktura tvofi zaklad
pro spravnou funkci srdce. Uplatriuje se ve fazi systoly,
kdy prenasi kontrak¢ni sily jednotlivych kardiomyocytd,
i diastoly, kdy ovliviiuje rychlost relaxace a pInéni ko-
mor.3* Interakci s kardiomyocyty ovliviiuje jejich migraci,
proliferaci a diferenciaci.?*3¢ Prostfednictvim receptort na
povrchu bunék moduluje signalni drahy cytokinl a rasto-
vych faktora.3®

Nejvyznamnéjsi bunécnou slozkou ECM jsou fibro-
blasty. Odhaduje se, Ze fibroblasty tvofi az 15 % ne-

myocytarnich bunék myokardu.?” Béhem prenatdlniho
vyvoje fibroblasty pravdépodobné reguluji prolifera-
c¢i kardiomyocytt prostfednictvim drahy fibronektin/
B,-integrin. Jejich aktivita se zvySuje v ramci adaptace
srdce novorozence na postnatalni zvyseni tlaku v levé
komore.® Fibroblasty syntetizuji slozky ECM, zejména
secernuji prokolagen. Zaroven se podileji na homeosta-
ze ECM - produkuji matrixové metaloproteinazy, které
matrixové proteiny degraduji.** Vyzkum na potkanech
ukazal, Zze fibroblasty parakrinné interaguji s konexiny
»~gap junctions”, a tim mohou ovliviiovat elektrofyzio-
logii myokardu.?*

Skupina molekul spojujicich ECM a buriky je ozna-
¢ovana jako matriceluldrni proteiny. Jejich ukolem je
transdukce cytokinovych a rdstovych signald. Reguluji
bunécné signalizace, moduluji aktivitu protedz a regu-
luji angiogenezi. Zapojuji se do aktivace fibroblastd,
makrofagl a dalSich bunék imunitniho systému.3® Mezi
matricelularni proteiny patfi tenascin-C, rlstovy faktor
pojivové tkané (connective tissue growth factor, CTGF),
periostin, osteopontin a sekretovany protein bohaty
na cystein (secreted protein acidic and rich in cystein,
SPARC).>* Pti fibréze dochazi k up-regulaci téchto pro-
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teind. Fibrézni myokard navic obsahuje matricelularni
proteiny, které se v srdci bez fibrézy nevyskytuji. Z rodi-
ny proteoglykant byly u pacientd se srde¢nim selhdnim
i u zvifecich modelu ve fibrotickych oblastech detekova-
ny proteoglykany s chondroitin-sulfatem, malé proteo-
glykany bohaté na leucin (small leucin-rich proteogly-
can, SLRP) a biglykany.3>3¢

Interakce mezi ECM a aktinovym cytoskeletem bunék
umoznuji integriny, které se Ucastni proliferace, migrace,
adheze, diferenciace a apoptdzy a jsou rovnéz potiebné
k aktivaci latentniho transformujiciho rastového faktoru
B (transforming growth factor B, TGFB).>®

V ECM jsou v neaktivni formé uloZeny rastové faktory
a proteazy aktivovatelné poskozenim.33¢ Nejcastéji zkou-
manymi protedzami jsou matrixové metaloproteindzy,
které rozkladaji matrixové proteiny. MMP jsou inhibo-
vany tkanovymi inhibitory metaloproteinaz. Rovnovdha
mezi proteolytickymi a antiprotedzovymi molekulami od-
povida za celkovy stav ECM. Bylo prokazano, ze MMP hra-
jiroli v rozvoji kardiovaskularnich onemocnéni.** U mode-
& myokardidlni fibrézy byla zjisténa indukce a aktivace
kolagendz (MMP1, MMP8, MMP13), gelatindz (MMP2,
MMP9), stromelyzind/matrilyzint a membranovych meta-
loproteindz. Inhibitory metaloproteinaz byly také upre-
gulovany.3>3¢

Aktivace fibroblastu
Aktivace fibroblastl je hlavnim mechanismem vzniku
myokardialni fibrézy (obr. 3). Diferenciace fibroblastu do
stadia myofibroblastu mlze byt aktivovdna mechanickym
stresem (pretizeni), strukturadlnimi zménami tkané, puaso-
benim cytokind, TGF, histaminu a dalSich latek. K aktiva-
ci dochazi pfimo na podkladé pusobeni profibrotickych
pUsobkd nebo nepfimo prostfednictvim bunék imunitni-
ho systému.>3¢ Na nuklearni drovni hraje roli ve spusténi
exprese genU fibrézy protein p38 a transkripcni sérovy re-
sponzivni faktor (serum response factor, SRF).3

Pfi poskozeni myokardu dochdzi ke zvyseni perme-
ability cév a z krve difunduji fibrinogen a plazmaticky
fibronektin. Polymerizovany fibronektin tvofi sit, po
které migruji mezenchymalni buriky a bunky zdnétu.3¢
Po iniciadlni zanétlivé odpovédi profibrotické molekuly
za¢nou aktivovat rezidentni fibroblasty.3*4° Zda se, ze
zdrojem fibroblastl mohou byt i endotelie podstupuji-
¢i mezenchymalni tranzici, cirkulujici fibrocyty z kostni
diené nebo pericyty v pfipadé perivaskularni fibrozy.3:
Makrofagy, mastocyty a lymfocyty infiltruji tkan a se-
cernuji cytokiny, které moduluji fibroblasty.3>3¢ Akti-
vaci fibroblastd podporuje tumor nekrotizujici faktor
o (tumor necrosis factor o, TNFa), interleukiny (IL-1B,
IL-6, IL-10, IL-11) a chemokiny.?® Makrofagy produkuji
profibrogenni faktory po stimulaci poskozenim, aldo-
steronem a angiotenzinem Il. Prozanétlivé cytokiny
zpUsobuji zvySeni transkripce IL-10, PDGF a proteint ro-
diny TGFB.3* Nenfi jisté, zda jsou makrofagy klicové pro
rozvoj fibrézy nebo jen k jejimu rozvoji pfispivaji, pro-
tozZe jimi produkované medidtory tvofi i jiné burky.3¢
Na vzniku fibrozy se podileji i kardiomyocyty, endote-
lidIni bunky a pericyty, pficemz viechny mohou produ-
kovat profibrogenni faktory a mediatory.® V periferii
myokardidlniho poskozeni byly identifikovdny masto-
cyty, jejichz degranulaci se uvolriuje histamin. Ten akti-

vuje fibroblasty a podporuje syntézu kolagenu.?® V pfi-
padé fibrézy bez inicidlniho poskozeni kardiomyocytl
aktivuje fibroblasty pfitomnost profibrotickych faktord
jiné nez zanétlivé etiologie.®

Fibroblasty reaguji diferenciaci na mechanické zmény
prostfedi, na zmény v rigidité tkané, na vyskyt stfihovych
sil a napéti. Fibroblasty reaguji i na zmény architektury
ECM.* Mechanicky stres dokaze pfimo aktivovat recep-
tor AT, pro angiotenzin Il, ktery funguje jako mechanicky
senzor.>

Klicovd je role TGFB. Je produkovan kardiomyocyty,
aktivovanymi fibroblasty, endoteliemi i burikami imunit-
niho systému.3* Bunky ho secernuji v latentni formé do
ECM, kde je nasledné aktivovan enzymaticky nebo me-
chanicky. Aktivni TGFB béhem vyvoje fibrézy spolupracu-
je s nové tvofenou komponentou ECM - fibronektinem
ED-A (izoforma fibronectin extra domain A). Do ECM se
fibronektin zabuduje, coz zpusobi dalsi aktivaci latentni-
ho TGFB, jedna se tedy o pozitivni zpétnou vazbu. TGF je
medidtorem zakladnich biologickych pochodU, reguluje
proliferaci bunék a apoptézu. V srdci se uplatfiuje v hy-
pertrofické a fibrotické remodelaci, aktivaci fibroblastd,
depozici ECM a zanétlivych reakcich.?® Inhibice TGFB zpU-
sobuje zménu aktivovanych fibroblastd na fibroblasty
v klidovém stavu.?*

Angiotenzin Il zédsadné pfispiva k rozvoji fibrézy tim,
Ze pres receptor AT, podporuje signalizaci TGFp. Pres
receptor AT, naopak pusobi kardioprotektivné a anti-
fibroticky.?® Je exprimovan makrofagy i myofibroblasty,
kardiomyocyty jej produkuji v disledku hemodynamic-
ké zatéze, chronické fibrézy a tuhosti tkané po infarktu
myokardu.*® Angiotenzin Il reguluje proliferaci, migraci
a aktivaci fibroblastl, indukuje jejich apoptézu a syntézu
proteini ECM.3* Nuklearni faktor kB (nuclear factor B,
NFkB), TNFa a nékteré interleukiny jsou schopny regulo-
vat citlivost fibroblastd k angiotenzinu Il indukci syntézy
receptoru AT, >

Endotelin-1 prostfednictvim svého receptoru ET, pod-
poruje fibrézu a zanétlivy stav. Induktory exprese endote-
linG jsou angiotenzin Il a TGFB. Up-regulace endotelinu-1
byla potvrzena u infarktu myokardu, srde¢niho selhani
a hypertenzniho poskozeni srdce.?*

PDGF prostfednictvim tyrosinkindzového receptoru
v profibrogennim prostredi podporuje proliferaci bunék,
aktivuje fibroblasty, stimuluje produkci proteinl ECM
a jejich depozici. Stimulace PDGFB ma vliv i na cévy ve
sténé myokardu, studie na srdcich postizenych infarktem
naznacuji, Ze ma vyznam pro narUst mikrocirkulace po is-
chemii.?

V konverzi fibroblastd do stadia myofibroblasta hraji
roli i vapenaté kandly typu transient receptor potential
(predevsim TRPM7, TRPV4 a TRPC6). Aktivuji se mecha-
nicky a/nebo zménami v koncentraci intracelularniho
vapniku. U atridlnich fibroblastt je hlavnim zdrojem
vapniku v TGFB dependentni diferenciaci do fenotypu
myofibroblastu kanal TRPM7. Kanal TRPV4 se chova
jako mechanosenzor komorovych fibroblast(.® Ztrata
jeho signalizace neumozniuje transformaci do fenoty-
pu myofibroblastu pomoci TGFB a tenze.*' Kanal TRPC6
nejvice ze vsech indukuje expresi gent podporujicich
fenotyp myofibroblastu.?®* U mysi bez TRPC6 dokonce
ani po podani profibrotickych molekul angiotenzinu II
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a TGFB nebyly schopny fibroblasty diferenciace do sta-
vu myofibroblastu.?

Vznik myofibroblasti

Po aktivaci z fibroblastu nejprve vznika proto-myofib-
roblast, ktery obsahuje stresova vldkna (,stress fibers”).
Tento aktinovy cytoskelet je klicovy pro prenos mecha-
nickych signdlt do transkrip¢ni odpovédi, kterd umozni
vyvoj do stadia myofibroblastu. Pomoci Ras homologous
guanosintrifosfataz (Rho GTP4z) jsou stresova vldkna pre-
tvofena ve vlakna obsahujici izoformy proteinu typickych
pro hladké svaly — hladkosvalovy aktin a (a-SMA) a hlad-
kosvalovy myozin. Oba proteiny vytvareji v cytoplazmé
kontraktilni téliska. Proto-myofibroblast dale syntetizuje
nové komponenty ECM vcetné fibronektinu ED-A (izofor-
ma fibronectin extra domain A).33

Béhem maturace myofibroblastu dojde k zabudovani
o-SMA do stresovych vlaken. Soucasné se tvofi s integriny
asociované fokalni adheze, které umoznuji spojeni myo-
fibroblastd s ECM. Zraly myofibroblast tak ma schopnost
kontrakce, migrace a pfenosu trak¢nich sil do ECM. Diky
schopnosti retrakce ma vazivova tkan vznikla po infarktu
myokardu schopnost uzavfit defekt.??

Myofibroblasty jsou vysoce sekrecné aktivni, obsahuji
zvétsené endoplazmatické retikulum a Golgiho komplex.
Produkuji kolagen |, I, IV, fibronektin, osteopontin, syn-
tetizuji matriceluldrni proteiny a dalsi makromolekuly
ECM. Mohou ovlivihovat remodelaci produkci protedz,
MMP a jejich inhibitord. Akumulace myofibroblastl byla
pozorovana u infarktu myokardu, myokarditidy, tlakové-
ho a objemového pretizeni a alkoholické kardiomyopa-
tie. 33536 Myofibroblasty zahy podléhaji apoptdze a vzni-
ka vazivova jizva.’

Typy fibroz
Z hlediska lokalizace se fibréza rozdéluje na intersticialni,
perivaskularni a nahradovou (replacement) fibrézu.
Intersticialni fibréza je rozsifenim endomysia a perimy-
sia depozici ECM. Fibrézni tkan zvysuje tuhost myokardu,
coz limituje diastolickou relaxaci. Systolicka funkce je sni-
Zena poruchou vedeni excitace a transdukce mechanické
energie kontrakci jednotlivych kardiomyocyt(.3®
Perivaskularni fibréza je rozsifenim periadventicialni
vrstvy kolagenu cév. Fibrézni tkan v okoli cév sniZuje do-
stupnost kysliku a Zivin a vede k progresi patologického
stavu myokardu.?* Intersticidlni a perivaskularni fibréza
se vyskytuji v terénu hypertenze, k ubytku kardiomyocy-
t0 zde nedochazi. Jejim typickym projevem je diastolicka
dysfunkce komor.3®
Replacement fibréza je reparativnim procesem ne-
krotické tkané predevsim po infarktu myokardu nebo po
toxickém poskozeni.?>3¢ Ve zvySeném mnozZstvi se tvofi
kolagen typu | a typicka je systolicka dysfunkce komor.353%
Dlouhodobou stimulaci fibroblastl profibrogenni-
mi faktory se z intersticidlni nebo perivaskuldrni fibrézy
muze vyvinout reaktivni fibréza. Neni spojena se ztratou
kardiomyocytt. Jejim podkladem je tlakové ¢i objemové
pretizeni. Rovnéz se vyskytuje v souvislosti s diabetem.
V terminalnich fazich srde¢niho selhani je obtizné rozlisit
reaktivni a replacement fibrézu, ktera vznika na podkla-
dé malych lézi (infarkt() zpdsobenych ischemizaci tkané.?
Tabulka 1 pfindsi seznam zkratek a jejich vysvétleni.

Tabulka 1 - Seznam zkratek pouzivanych v textu

Klasifikace Zkraceny  Cely nazev / poznamka
nazev
ANP Atrialni natriureticky peptid
BDNF Mozkovy neurotrofni faktor
BNP Natriureticky peptid typu B
CTGF Rustovy faktor pojivové tkané
IGF1 Ristovy faktor 1 podobny inzulinu
Hormonalni  PDGF Réstovy faktor z desticek
pusobky PGF Placentarni rdstovy faktor
a rustove
faktory RAAS Renin-angiotenzin-aldosteronovy
systém
T3 Trijodthyronin
TGFB Transformujici ristovy faktor B
TNFa Tumor nekrotizujici faktor a
VEGF Vaskularni endotelidlni rdstovy
faktor
AT, Receptor angiotenzinu Il typu 1
Receptory AT, Receptor angiotenzinu Il typu 2
PDGFB Receptor typu B pro rustovy faktor
z desticek
NCX Na*/Ca? vyménik
NHE-1 Na*/H* vyménik 1
-srr:t:’:srﬁorit)nr:tﬁ SERCA2 Sarkoplazmaticka/Endoplazmaticka
SRy Ca?*-ATP4za 2
TRPM Vépenaty kanal typu transient
receptor potential
elF4E- Eukaryotic translation initiation
-binding factor 4E-binding protein 1
protein 1
HIF1a Transkripcni faktor 1o indukovany
Faktory hypoxii
transkripce NFxB Nuklearni faktor kB
a translace
PGC1a/B Koaktivator 1o receptoru-gama
aktivovaného peroxizomovym
proliferatorem
Faktor SRF  Sérovy responzivni faktor
Draha Akt  Draha, jejiz klicovy protein je
oznacovén jako Akt
Kinaza Kinaza 1 drahy Akt
Akt1
N Kindza Kindza aktivovana
Signalni A . . .
dra aktivovana adenosinmonofosfatem
rahy
AMP
a molekuly
Ucastnici se EPAC1 Vyménny protein 1 pfimo aktivo-
signalnich vany cCAMP
drah mTOR Mammalian target of rapamycin
mTORC1 Mammalian target of rapamycin
complex 1
MAPK Proteinkinaza aktivovana

mitogenem

Pokracovani na dalsi strané
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Tabulka 1 - Seznam zkratek pouzivanych v textu

Signalni drahy PI3K Fosfatidylinositol-3-kindza

a}vmole’kyly PKCa Proteinkinaza Co.

ucastnici se

signalnich Rho GT- Ras homologous

drah Pazy guanosintrifosfatazy
a-SMA Hladkosvalovy aktin o
Fibronek-  Izoforma fibronectin extra domain
tin ED-A A

el .. MMP Matrixové metaloproteinazy

extracelularni

matrix SLRP Malé proteoglykany bohaté na

leucin
SPARC Sekretovany protein bohaty na
cystein

MYHCB Izoforma tézkych retézcli myozinu
Komplex Linker of nucleoskeleton and

Proteiny LINC cytoskeleton

kardiomyocytu Svalovy Svalovy protein obsahuji dvé speci-
protein fické domény oznacované jako LIM
LIM

Zaveér

Remodelace srdce zahrnuje procesy, které jsou soucasti
mnoha kardiovaskularnich onemocnéni, véetné srdecni-
ho selhani. Vyzkum myokardialni remodelace je proto
klicem k nalezeni novych pfistupl v 1é¢bé onemocnéni
srdce. Rada dil¢ich mechanism@ remodelace jiz byla de-
tailné popsdna. Zda se, Ze pro dalsi smérovani vyzkumu
tohoto fenoménu je dulezité definovat okamzik, kdy se
remodelace myokardu stava dysfunk¢nim mechanismem.
Ovlivnéni remodelace srde¢niho svalu pravé v tomto oka-
mziku by mohlo znamenat vyznamny zvrat v terapeutic-
kych strategiich srde¢niho selhdni. Jiz nyni je ale jasné,
Ze hranice mezi fyziologickou adaptaci a patologickou
remodelaci myokardu je pfinejmensim neostra a interin-
dividualni variabilita zde hraje vyznamnou roli.
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Receptor CD36 - spojnice mezi zanétem, lipidovym
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CD36/FAT (translokaza mastnych kyselin) hraje centrélni roli v kardiovaskulérnich onemocnénich, ma nezmé-
nénou strukturu u rGznych zivocisnych druhd. Jeho vyjadreni v tukové tkani, kosternim svalu, jatrech a mak-
rofazich arteridlni stény zdlrazruje tento vyznam. Kromé fagocytace oxidovanych LDL (oxLDL) receptor
CD36 akceleruje prozanétlivy proces v celém organismu. Specificita mikroprostredi tukové tkané s vysokou
koncentraci volnych mastnych kyselin, inzulinu a glukézy indukuje polarizaci specifickymi metabolickymi
cestami k produkci metabolicky aktivovanych prozanétlivych makrofagt (MAPIM) s vyraznou expresi CD36.
Proporce MAPIM v lidské tukové tkani vyrazné koreluje se dvéma hlavnimi rizikovymi faktory kardiovasku-
larnich nemoci - hypercholesterolemii a obezitou. Polarizace MAPIM v tukové tkani je dana slozenim mast-
nych kyselin fosfolipid( celularni membrény a vzrista s proporci palmitatu a palmitooleatu a naopak klesa
s proporci n-3 mastnych kyselin, zejména kyseliny a-linolenové a eikosapentaenové. Pri analyze tohoto vlivu
oddélené v adipocytech a makrofazich jsme prokazali, Ze adipocyty tvofi vhodné mikroprostredi polarizace
(s podobnymi vztahy k mastnym kyselinam celuldrni membrany). Naproti tomu polarizace vlastnich makrofa-
gu je urcena kompetici nasyceného palmitatu a cholesterolovych molekul v raftu celuldarni membrany. CD36
hraje kli¢ovou roli v rozvoji aterosklerézy pohlcovanim oxLDL, tvorbou tukovych prouzkd a pénovych bunék
az ke vzniku komplikovanych Iézi. Nedostatek receptori CD36 brzdi aterogenni proces jak v experimentu,
tak u osob s jeho genetickym snizenim. Komplexni role CD36 v zanétu, lipidovém metabolismu a angiogene-
zi hraje kli¢ovou roli v celuldrni a orgdnové komunikaci s aktivaci aterogenniho procesu.

© 2024, CKS.

ABSTRACT

The CD36/FAT (fatty acid translocator) receptor is a crucial player in cardiovascular diseases, featuring
a consistent structure across species. Its expression in adipose tissue, skeletal muscle, liver, and arterial wall
macrophages underscores its importance. Beyond scavenging oxidized LDL (oxLDL), CD36 accelerates the
pro-inflammatory processes in all these organs. Specific microenvironments of adipose tissue with high con-
centrations of free long-chain fatty acids, insulin, and glucose induce polarization by tissue-specific path-
ways producing metabolically activated pro-inflammatory macrophages (MAPIMs) with high CD36 expres-
sion. The proportion of MAPIMs in human adipose tissue correlates significantly with the two main risk
predictors of cardiovascular diseases — hypercholesterolemia and obesity. Polarization of MAPIMs in adipo-
se tissue is defined by the fatty acid composition of cell membrane phospholipids, and increases with the
proportion of palmitic, and mainly palmitoleate, fatty acids and decreases with the presence of n-3 polyenic
fatty acids, specifically a-linolenic and eicosapentaenoic fatty acids. When analysing this effect separately
for adipocytes and macrophages, we found that adipocytes create a microenvironment (with a relationship
similar to the effects of individual fatty acids of membrane phospholipids) beneficial for pro-inflammatory
polarization. On the contrary, macrophage polarization is related to the competition of unsaturated palmi-
tate and cholesterol molecules in the membrane raft.

CD36 is crucial for the development of atherosclerosis within the arterial wall, scavenging oxLDL producing
fatty streaks and foam cells until the formation of complicated atherosclerotic lesions. CD36 deficiency atte-
nuates atherosclerotic lesion development both in experimental models and individuals with genetic defects
of this receptor. The complex role of CD36 in inflammation, lipid metabolism, and angiogenesis makes it
a key player in cell- and organ-level communication, activating the atherogenic process.
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Uvod

Jednim z mnoha specifickych receptord na povrchu bu-
nék je scavengerovy receptor CD36, ktery je také nazy-
van translokdza mastnych kyselin (fatty acid translocase,
FAT). Domnivédme se, Ze tato molekula hraje vyznam-
nou roli v patofyziologii kardiovaskuladrnich onemocné-
ni (KVO) a je pro kardiologii zajimavd. CD36 ma velmi
konzistentni strukturu od musky drozofila pfes mys az
k ¢lovéku. Tato vyznamné dlouhd neménnost struktu-
ry naznacuje mimoradny vyznam této molekuly. CD36
se sklada ze 471 aminokyselin, z nichZ je prfevazna cast
umisténa mimo buriku a jen deset je ve vnitfnim cyto-
plazmatickém prostoru. Pfevazna vétsina dat vyzkumu
receptoru CD36 je ziskdna v in vitro studiich a experi-
mentech na zvifecich modelech. Jiz nejstarsi data z po-
¢atku 90. let minulého stoleti dokumentuji ucast tohoto
receptoru pfi pfeméné monocytu vstupujiciho do arte-
rialni stény na pénovou buriku typickou pro aterogenni
plat. Receptor CD36 se vyskytuje na cirkulujicich mono-
cytech a v endoteliadlnich burikach, najde se ale v fadé or-
gand, z nichz nejvice je v tukové tkani, kosternim svalu,
jatrech a makrofazich v arteridlni sténé.

Receptor CD36 v jatrech

Nealkoholické ztukovaténi jater (non-alcohol fatty li-
ver disease, NAFLD) je v soucasné dobé nejcastéjsi jater-
ni chorobou' a pfi soucasné pfitomnosti obezity a dia-
betu dosahuje prevalence této choroby az 55 %. Zanét
endoplazmatického retikula pfi hromadéni mastnych
kyselin intracelularné je zplsoben oxida¢nim stresem
a peroxidaci.? Zakladni pfi¢inou je zvySena koncentrace
volnych mastnych kyselin v cirkulaci a jejich akcelero-
vany transport do hepatocytl receptorem CD36/FAT.3
Vyznam tohoto receptoru je zdlGraznén tim, Ze rlzna
koncentrace mastnych kyselin v jatrech odpovida kon-
centraci volného cirkulujiciho receptoru.*> Akcelero-
vany transport mastnych kyselin do hepatocytt, jejich
lokalni syntéza a omezeny vydej ve formé VLDL jsou
pri¢inou jaterni steatézy postupujici k jaterni steatohe-
patitidé a pfi negativnim pribéhu vysledné az ke kar-
cinomu jater. Pfitom prokdzané zmény nejsou omeze-
ny pouze na hepatocyty, ale také na Kupferovy buriky
a makrofagy zachycené v jatrech z cirkulace.® Na rozdil
od prosté steatdzy s probihajicim oxida¢nim stresem
a zanétu vede k progresi na NAFLD spojeni s hepato-
apoptdézou a fibrézou.” K patologii vedle transportu
volnych mastnych kyselin prostfednictvim receptoru
CD36 prispivaji také lokalné syntetizované volné mast-
né kyseliny. Vedlejsim negativnim vlivem hromadéni
volnych mastnych kyselin v hepatocytu je snaha buriky
se zbavit nadbytku hromadénych triglycerid zvysenou
produkci VLDL. Bohuzel za této situace zvyseny intrace-
lularni obsah triglycerid vede k tvorbé VLDL bohatych
na triglyceridy a jejich ndsledny intravazalni metaboli-
smus je zpomalen za vzniku remnantnich lipoproteind.
Recentné bylo prokazano, Zze pravé kombinace zvysené
koncentrace remnantnich lipoproteint a prozanétlivé-
ho stavu je nejvétsim rizikem kardiovaskularniho one-
mocnéni.®

Receptor CD36 v kosternim svalu a srdci

Vyznam receptoru CD36 v angiogenezi a lipidovém me-
tabolismu byl popsan jiz na zac¢atku tisicileti.® Klicova role
této translokazy mastnych kyselin a soucasné specifického
receptoru pro CD36 na povrchu makrofagu byla recent-
né souhrnné popsana.’® CD36 v prvni fazi prenasi volné
mastné kyseliny z cirkulujiciho komplexu s albuminem do
intracelularniho prostoru svalové burnky.!" Intracelularni
transport mastnych kyselin je zajistovan dvéma proteiny
— proteinem vazajicim mastné kyseliny (fatty acid bin-
ding protein, FABP) a proteinem transferujicim mastné
kyseliny (fatty acid transfer protein, FATP).' Transport
dlouhych fetézcl mastnych kyselin k vnéjsi membrané
svalovych mitochondrii zajistuji tyto dva proteiny. V misté
vnéjsi membrany mitochondrii pak exprimovany receptor
CD36 presouva zdroj energie do vnitfniho prostoru mito-
chondrii.” Exprese CD36 ve svalové burce je stimulovana
vysokotukovou dietou a fyzickou aktivitou.'*' Vliv téchto
rozdilnych fyziologickych podnétl na expresi FAAS/CD36
ve svalové burice je spojen se zvysenim koncentrace vol-
nych mastnych kyselin u¢inkem lipoproteinové lipdzy na
chylomikrony a soucasné vlivem hormon-senzitivni lipa-
zy mobilizujici volné mastné kyseliny z adipocytud. Synté-
za, aktivita a lokalizace proteinu CD36 ve svalové burice
akceleruje transport mastnych kyselin do svalu a dodéava
substrat mitochondriim pro tvorbu adenosintrifosfatu
(ATP). Rada metabolickych studii ukazuje zvyseni mRNA
receptoru CD36 po cvi¢eni a vysokotukové dieté rozdilné
mezi Stihlymi a obéznimi jedinci, je tedy pravdépodobng,
Ze regulace syntézy receptoru CD36 na povrchu svalové
buriky maze pfispivat k patologii lidské obezity.

Nejsou pochopitelné zadna data prokazujici vliv cvice-
ni na expresi receptoru CD36 v lidském myokardu. Neni
ale duvod predpokladat, ze transport mastnych kyselin
a jejich oxidace se v srdci ¢lovéka vyrazné lisi od kosterni-
ho svalu a v pfipadé myokardu reprezentuje az 80 % jeho
potiebné energie. Je zajimavé, Ze reakce Zen na zvyseni
fyzické zatéze vykazuje vyrazné nizsi odpovéd mRNA re-
ceptoru CD36," cozZ autofi vysvétluji rozdily v typu svalo-
vych vlaken muzd a zen.'s Udaje o vlivu proteinu CD36
v srde¢nim svalu jsou omezeny prakticky pouze na stu-
dium experimentalnich modeld. Obecné plati, Ze 70-90 %
energie normalné fungujiciho srdce v experimentdlnim
modelu pochazi z mastnych kyselin.”” Transport mastnych
kyselin pres celuldrni membranu myocytd zajistuje i zde
praveé receptor CD36 (jako translokaza). Na mysim CD36
KO (knock-out) modelu byl prokazan vyrazné snizeny
transport mastnych kyselin do myokardu se soucasnym
zvysenim utilizace glukézy v srdci.'® Nedostatek mastnych
kyselin v myokardu u této genetické poruchy zpisobuje
zménu produkce katecholaminl a sniZuje rozsah experi-
mentalné vyvolaného srdecniho selhani. Na obdobném
modelu potkana se ukdazalo, Ze vysokotukova dieta snizu-
je mnozstvi receptoru CD36 v srdci a akceleruje transport
glukézy do srde¢niho svalu.’® Zakladni vyznam recep-
toru CD36 v srdecnim svalu je v Uzké spoluprdci s FATP
pfi transportu volnych mastnych kyselin z albuminu do
intracelularniho prostoru.?® Mastna kyselina ve formé
acetylkoenzymu A (acylCoA) je pak na vnéjsi membrané
mitochondrii pomoci karnitinu prenesena do vnitfniho
prostoru mitochondrie k oxidaci a produkci ATP.
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Receptor CD36 a KVO

Receptor CD36 v tukové tkani

Vzhledem k vyznamu receptoru CD36 pro lipidovy meta-
bolismus a vyménu mastnych kyselin mezi burnkou a in-
terceluldrnim prostfedim je expresi tohoto receptoru
v tukové tkani vénovana velkd pozornost. Pravé v této
tkdni je patrna dudlni funkce tohoto receptoru: probi-
ha zde jak vychytavani mastnych kyselin s dlouhym fe-
tézcem (zejména adipocyty) a vychytavani LDL (zejména
oxidativné zménénych), tak stimulace imunitnich drah se
vztahem k metabolickym komplikacim obezity. Receptor
CD36 i na povrchu adipocytt funguje jako translokaza
mastnych kyselin akcelerujici transport mastnych kyselin
s dlouhym fetézcem. Zvyseny intraceluldrni obsah téch-
to mastnych kyselin mize alternativné vést k patologické
oxidaci a vzniku volnych radikal’?' v tukové tkani.

Jak jiz bylo uvedeno, CD36 se s vysokou afinitou vaze
na oxidativné zménéné lipoproteiny a na povrch apop-
totickych bunék. Je zapojen do signalizace vrozeného
imunitniho systému tzv. DAMPS (danger associated mo-
lecular paterns), kdy pfitomnost téchto molekularnich
sekvenci (glykované, oxidované) informuje o vyskytu po-
tencidlné nebezpecnych endogennich struktur. Spusténi
kaskady imunitnich déju vedouci k aktivaci nuklearniho
faktoru kappaB (NF«kB) a k uvolnéni cytokind, jako jsou
tumor nekrotizujici faktor alfa (TNFa), interleukin 6 (IL-6)
a dalsi, méni mikroprostredi tukové tkané, narusuje fyzio-
logické signaliza¢ni drahy a pFispiva k rozvoji inzulinové
rezistence. Tyto cytokiny prozanétlivé stimuluji adipocy-
ty a zvySuje se nejen extracelularni koncentrace volnych
mastnych kyselin,? ale rozviji se i dysfunkce lysozom
v adipocytech a dalsi prozanétlivé zmény.2 Prozanétlivé
cytokiny uvolnéné z makrofagt i adipocytl dale stimuluji
migraci imunitnich bunék do tukové tkané. Tim dochazi
k dalsi akceleraci patologické parakrinni smycky mezi adi-
pocyty a makrofagy podporujici rozvoj dysfunkce tukové
tkané.

V in vitro studii byl prokdzan vyznam CD36 pro dife-
renciaci preadipocytd do zralych adipocytd,® coz je déj
vyznamny pro funkci tukové tkané. Vzhledem ke kom-
plexnosti receptoru CD36 a jeho expresi na endotelovych
bunkach je pravdépodobné, Ze se spoluticastni i neovas-
kularizace nezbytné pro narustajici metabolické naroky
hypertrofované tukové tkané.?> Na zvifecim modelu bylo
také prokazano, Ze se CD36 aktivné podili na zajisténi
metabolickych narokd hnédé tukové tkané.?

Lze tedy shrnout, ze CD36 je klicovy multifunkcni re-
ceptor, jenz propojuje v tukové tkani metabolismus lipi-
du, zanét a angiogenezi, a je pravdépodobné, Ze se spo-
lupodili na komunikaci na bunéc¢né i organové urovni.
Dysfunkce tukové tkdné spojend s obezitou a inzulinovou
rezistenci je spojena i s vysokou expresi markeru CD36.

Receptor CD36 v arterialni sténé

Je velmi nepravdépodobné, Ze by aterosklerézu induko-
valy za fyziologické situace LDL ¢astice nesouci molekuly
cholesterolu z jater do extrahepatdlnich tkani. Podobné
jako u jinych patologii hraji i v ateroskleréze hlavni roli
volné radikaly indukujici oxidaci LDL (oxLDL). Za fyzio-
logickych podminek je malé mnoZstvi vznikajicich oxLDL

fagocytovano v Kupferovych burikach, sinusoidalnich en-
dotelidlnich bunkach a cirkulujicich makrofézich.?” OxLDL
jsou dokonce povazovdny za signalni molekuly,?® které
v cirkulujicich monocytech méni genovou expresi a sti-
muluji jejich adhezi k endotelidlnim burikdm a nasledné
migraci do arterialni stény. Zda je oxLDL skutecné signalni
spoustéci molekula, viak Ize pouze spekulovat, protoze
ani jejich intravazalni koncentrace, ani koncentrace pro-
tildtek proti oxLDL nebyly prokazany jako rizikovy faktor
aterosklerotické srdecni choroby a ani preventivné poda-
vané antioxidanty (alfa-tokoferol) neprokazaly pozitivni
vliv na snizeni klinickych komplikaci aterosklerézy.?

Vse se totiz odehrava az v subendotelidlnim prostoru
velkych a stfedné velkych arterii s klicovou roli receptoru
CD36. Ta je prokdzana jak na experimentdlnim modelu
CD36 KO mysi,? tak u defektu CD36 u takto postizenych
subjektd.®® Zakladem aterosklerotického procesu?®' je in-
terakce oxLDL a receptoru CD36 na makrofazich a jejich
pfeména na pénové buriky, podobné distalnim orgé-
nlm,? jak je popsano v prechozich ¢astech.

Hyperlipoproteinemie, sterilni zdnét, migrace mak-
rofagu a jejich fagocytdza oxLDL vedou ke vzniku tuko-
vych prouzkd pénovych bunék, k aktivaci svalovych bu-
nék cévnich stény a finalné ke vzniku komplikovanych
lézi. Je velmi pravdépodobné, Ze scavengerovy receptor
CD36 odstartuje v subendotelu arterie vychytdvani nejen
oxLDL d¢astic, ale také soucasné cholesterolu z remnant-
nich ¢astic vznikajicich z lipoproteint bohatych na trigly-
ceridy. U pacientd s kombinovanou hyperlipoproteinemii
koncentrace triglycerid( urcuje riziko klinickych kompli-
kaci aterosklerézy lépe nez vlastni koncentrace LDL cho-
lesterolu.? Kombinace zvysené koncentrace remnantnich
lipoproteint a zvySené koncentrace C-reaktivniho pro-
teinu (CRP) se recentné ukazuje jako nejvétsi riziko atero-
sklerotické choroby srdecni.?

CD36 hraje také podstatnou roli v metabolismu tukt
v dieté, coz je prokdzano na osobdch s deficienci CD36.
Tyto osoby maji v disledku nizsi koncentrace CD36 v hy-
pothalamu3? zvySenou preferenci k tu¢nym jidlim.** Na-
vic nejsou schopny vytvofit zasobni pohotovost triglyce-
ridd v srdci®> a signalizuji zmény celkovych triglyceriddi
v tkdnich a snizeni koncentrace volnych mastnych kyselin
v séru.%

Navic k funkci scavengerovych receptort CD36 elimi-
nujicich oxidované LDL ¢astice z mezibunéénych prostor
cévni stény se projevuje i regulacni vliv tohoto receptoru.
Akcelerovany transport volnych mastnych kyselin do mak-
rofagu v cévni sténé méni oxidac¢ni cestu v mitochondriich
téchto bunék. Misto oxidacni cesty produkujici energii
v mitochondriich se metabolickd cesta méni na produk-
ci peroxidu vodiku a volnych radikalG.” Tato zména vede
k akceleraci prozanétlivé charakteristiky v subendote-
lidlnim prostoru arterialni stény. Soucasné oxidované LDL
Castice stimuluji eozinofily ve stejném prostredi, coz pro-
kazatelné méni polarizaci makrofagu z protizanétlivého
fenotypu M2 na zanétlivy M1.%

V rdmci studia role prozanétlivého stavu v inicidlnich
fazich aterosklerézy jsme v nékolika navaznych studiich
analyzovali polarizaci makrofagut v tukové tkani osob bez
klinickych manifestaci aterosklerézy. Jednoznacné jsme
prokazali existenci specifické subpopulace makrofagu
s velmi vysokou expresi znaku CD36. Specifické mikro-
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prostfedi v tukové tkani s vysokou koncentraci volnych
mastnych kyselin, inzulinu a glukézy indukuje polarizaci
tkanoveé specifickou cestou vedouci ke vzniku tzv. meta-
bolicky aktivovanych makrofagl (metabolically activa-
ted proinflammatory macrophages, MAPIM). Proporce
téchto makrofagl s vysokou expresi CD36 v tukové tkani
vyznamné koreluje s pfitomnosti nejvyznamnéjsich rizi-
kovych faktort KVO - hypercholesterolemie a obezity.?®
Tento déj je zfejmé reverzibilni, nebot uzivani statind
vedlo k sniZeni zastoupeni takto stimulovanych makro-
fagl.® Na druhou stranu intercelularni prostiedi tukové
tkané s vysokym zastoupenim makrofagd s vysokou ex-
presi CD36 tukové tkané neovlivnilo v in vitro experimen-
tu kapacitu reverzniho transportu cholesterolu.

Zejména vztah proporce MAPIM ke koncentraci cirku-
lujicich lipoproteinl byl prokazan jak ve viscerdlni, tak
v perivaskularni tukové tkani.***' Je velmi pravdépodob-
né, Ze na tomto vztahu participuje zejména pfimy prenos
volného cholesterolu na celuldarni membranu.*? Celularni
membrana hraje v polarizaci makrofagd tukové tkané
vyznamnou roli, jak ukazala analyza spektra mastnych
kyselin ve fosfolipidech celularnich membran celé tukové
tkané. Proporce MAPIM signifikantné vzrista s proporci
kyseliny palmitové a zejména palmitoolejové a naopak
klesd s pritomnosti n-3 polyenovych mastnych kyselin —
kyselinou a-linolenovou a eikosapentaenovou a proporci
n-3/n-6 PUFA.** V nasledujicim experimentu jsme hledali
odpovéd na otdzku, zda tato polarizace souvisi s celular-
ni membranou adipocytu nebo makrofagu. Ukazalo se,
ze vlastni prostfedi adipocytd mlze ovliviiovat polarizaci
obdobné jako v celé tukové tkani. Zcela jina situace byla
u bunécnych membran makrofagt, kde nebyly nalezeny
24dné podobné vztahy k polarizaci makrofagu jako v celé
tukové tkani a adipocytech. Naopak, proporce MAPIM
signifikantné klesala se zastoupenim nasycené mastné
kyseliny palmitové bez dalsSiho vlivu ostatnich analyzo-
vanych mastnych kyselin. Na zdkladé soucasnych znalosti
o struktufe raftl celuldrni membrany lze tato data vy-
svétlit vytésnovanim palmitdtu molekulami cholesterolu.
Tento model predpoklada kompetici molekuly nasycené
mastné kyseliny a volného cholesterolu, dvou molekul,
které jsou urcujici pro soucasnou koncepci raftu celular-
ni membrany.* Nase studie chovani tukové tkané in vivo
vsak neposkytuje dostatecné udaje pro potvrzeni tohoto
modelu.

Role receptoru CD36 v chronickém zanétu

I kdyZ neni zndm mechanismus, kterym CD36 stimuluje
aktivaci toll-like receptort (TLR), je prokazano, ze kom-
plex CD36 — TLR4 — TLR6 aktivuje transkripci nukledrniho
faktoru «B.* Tato aktivace spusti sterilni zanétlivé zmény
makrofagu a jejich stimulaci proteinem 3 vazajicim nuk-
leotid (inflamazomem) a vysvétluje Ucast receptoru CD36
v centrdlnim zanétu.

Na druhou stranu monocyty periferni krve zdravych
jedincd maji intraceluldrné jisty obsah dilezitého proti-
zanétlivého cytokinu IL-10 a jeho produkce je v linearnim
vztahu k expresi CD36 na povrchu monocytt.** To zname-
na, ze receptor CD36 ma vedle dllezité prozanétlivé ak-
tivity soucasné také vliv protizanétlivy. Rada experimen-

talnich modell (pro prehled)?' skutecné ukazuje, Zze CD36
v navaznosti na rdzné ligandy mize mit jak zanétlivy, tak
protizanétlivy vliv. Jeho fyziologickd funkce fagocytovat
oxLDL a dalSich prozanétlivych molekul v urcitém fyzio-
logickém rozmezi a az akcelerace rlstu volnych radikald
vede k proaterogennimu vlivu receptoru CD36.

Zavér

Receptor CD36/FAT hraje dulezitou kardiometabolickou
roli v mnoha organech. Vede ke kumulaci lipidl v jatrech,
ovliviiuje energeticky mechanismus srdce a svald a indu-
kuje prozanétlivou aktivitu tukové tkané. Jeho pfitom-
nost je klicovad v subendotelidlnim prostoru arterii, kde
za fyziologickych okolnosti, pfi nepfitomnosti rizikovych
faktoru aterosklerézy, mize hrat i protektivni antioxi-
dacni roli. Pfi zvyseném kardiovaskularnim riziku a vyssi
nabidce oxLDL je fagocytéza makrofagy prostrednictvim
CD36 pozitivni proces, ktery ale finalné vede k iniciaci
a propagaci aterogenniho procesu, vzniku komplikova-
nych |ézi a klinickym komplikacim.
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Srdecni myxomy jsou nejcastéjsi primarni nadory srdce. Kazuistika popisuje ptipad 46letého muze, ktery byl
vysSetfovan pro progredujici Unavu, ndmahovou dusnost a subfebrilie s elevaci zndmek zanétu. Echokardio-
grafické vysetieni prokazalo pfitomnost tumoru v oblasti levé siné. Pacient podstoupil exstirpaci tumoru,
histologicky byl potvrzen srde¢ni myxom.
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Cardiac myxoma is the most common primary tumour of the heart. We present a case of a 46-year-old man
with a 3-month history of progressive fatigue, exertional dyspnoea, fever, and elevated inflammatory mar-
kers. Echocardiography revealed left atrial tumour. The patient underwent successful surgical resection of

Myxoma

the tumour; the histological study of the mass confirmed the diagnosis of myxoma.

Uvod

Nadorova onemocnéni srdce jsou vzacna. Ackoliv je vét-
$ina primarnich srde¢nich nadorl histologicky benignich,
vSechny nitrosrdecni Utvary mohou byt potencidlné letalni.
Zavazné komplikace mohou vznikat na podkladé arytmii,
nitrosrde¢ni obstrukce nebo periferni embolizace. Velmi
Casto se vsak srdecni nddory projevuji pouze nespecificky-
mi systémovymi pfiznaky a jejich diagnostika je poté velmi
obtizna. Prezentujeme pfipad mladého pacienta se srdec-
nim myxomem, ktery byl nékolik mésic vysetfovan fadou
specialistl pro nespecifické celkové priznaky a elevaci za-
nétlivych parametrd.

Popis pFipadu

Sestactyricetilety, doposud pIné aktivni muz lé¢eny pouze
pro arteridlni hypertenzi byl pfijat na nase pracovisté na
doporuceni ambulantniho kardiologa pro nové zjistény
nitrosrdec¢ni Utvar. V poslednich tfech mésicich pred pfi-
jetim byl vysetfovan pro pozvolna progredujici intoleranci
fyzické zatéze.

V dobé pred pocatkem obtizi prodélal béZzny respiracni
infekt, nasledné zacal pozorovat neobvyklou Unavu a pre-
trvavajici drazdivy kasel. Po ¢tyfech tydnech progredujicich
obtizi navstivil praktického |ékare. Zakladni fyzikdlni vy-
Setfeni bylo s normalnim nalezem, laboratorné byla nale-
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zena lehkd mikrocytarni anémie (hemoglobin [Hb] 129 g/I,
stfedni objem erytrocytd [MCV] 81 fl, stfedni mnozZstvi he-
moglobinu v erytrocytu [MCH] 27,9 pg) a mirnd elevace
C-reaktivniho proteinu (CRP) (28,7 mg/l), ostatni zakladni
biochemické a hematologické parametry byly v mezich
normy. Vysetfeni polymerazovou fetézovou reakci (PCR)
na zakladni respiracni viry bylo negativni, kultivacni vyset-
feni sputa neprokdzalo patologické agens. Stav byl uza-
vien jako protrahovany poinfekéni kasel, byla nasazena
antitusika a doporucen klidovy rezim. Vzhledem k nédlezu
mikrocytdrni anémie byl pacient o nékolik dnti pozdéji na
vlastni Zadost vysetfen hematologem. Koncentrace Zele-
za, vitaminu B, i kyseliny listové v séru byly v normé&, ne-
byly zaznamenany zadné laboratorni zndmky hemolyzy.
Anémie byla vyhodnocena jako reaktivni pfi probihajicim
respira¢nim infektu.

Pro pretrvavajici obtize byl v dalSich dnech proveden
rentgenovy snimek hrudniku a ultrazvuk bficha, oboje
bez patologického nédlezu. Nasledné byly stomatologem
a otorinolaryngologem vylouceny infekéni fokusy v ob-
lasti hlavy a krku. Pro diagnostické rozpaky byla praktic-
kym lékafem zahdjena antibiotickd terapie clarithromy-
cinem. Po sedmi dnech antibiotické terapie vsak nedoslo
ke zlepSeni subjektivnich obtizi pacienta ani k poklesu
laboratornich zndmek zanétu.

V nasledujicim mésici se nové objevuji zvysené teploty,
hore¢ky a zimnice. Nové se téZ rozviji mirnd ndmahova
dusnost. Po tfech mésicich od vzniku prvnich obtizi byl
pacient odeslan praktickym Iékafem na interni ambulan-
ci urgentniho pfijmu. Zde byla zopakovana laboratorni
vysetieni s ndlezem CRP 135 mg/l, sedimentace erytrocy-
ta (FW) 78/116, Hb 124 g/I, ostatni zakladni laboratorni
hodnoty v normé. Pacient byl subfebrilni, ostatni fyzikal-
ni nalez byl fyziologicky. Dale byla popsana fyziologicka
EKG kfivka s chronickou inkompletni blokddou pravého
Tawarova raménka (obr. 1). Nasledujici den byl pacient
vysetifen ambulantnim kardiologem, pfi echokardiografii
byl nalezen objemny Utvar v oblasti levé sing, k dosetrfeni
byl odeslan na nasi kliniku.

Pri prijeti na lazkové oddéleni byl pacient kardio-
pulmondlné stabilni, febrilni, pfi zakladnim fyzikalnim
vysetfeni byl jedinou odchylkou od normy tichy diasto-
licky Selest s maximem na srde¢nim hrotu, Iépe slysi-
telny v poloze na levém boku. Nebyly pfitomny zadné
klinické znamky periferni embolizace. Pacient negoval
bolesti na hrudi, palpitace, presynkopy, synkopy, oto-
ky, nechutenstvi nebo hubnuti. Byly provedeny stan-
dardni laboratorni odbéry a Siroky kultiva¢ni screening
véetné série hemokultur k vylouceni infek¢ni endokar-
ditidy. U pacienta pretrvavala elevace CRP (99,4 mg/l)
bez leukocytdozy Ci elevace prokalcitoninu. Nasledné
bylo provedeno transezofagealni echokardiografické
vysetfeni s ndlezem nehomogenni lalo¢naté tumorézni
hmoty v oblasti levé siné prolabujici do levé komory
s ovalnou stopkou 3-4 mm od aortomitrdlni kontinuity
k lateralnimu aspektu siné&. Utvar byl echokardiografic-
ky obtizné diferencovatelny od predniho cipu mitralni
chlopné, nicméné cip se jevil spise jako volny. Velikost
utvaru namérend pfi jicnové echokardiografii byla 43
x 47 x 39 x 26 mm. Leva sinn byla mirné dilatovana (in-
dex objemu levé siné [LAVi] 35 ml/m?), aparat samotné
mitralni chlopné byl bez patologického nélezu, vyse
popsany utvar zpUsoboval stfedni az vyznamnou mit-
ralni stenézu a malou insuficienci na mitralni chlopni
(obr. 2-5). Vzhledem k velikosti a charakteru utvaru
pfi ultrazvukovém vysetfeni jsme na prvnim misté zva-
Zovali myxom jakozto nejcastéjsi nitrosrdecni tumor.
MoZnost objemné vegetace pfi infekéni endokarditidé
jsme hodnotili jako nepravdépodobnou, antibioticka
terapie nebyla zahajovéana, vysledky vsech hemokultur
byly negativni. Nasledujici den bylo v rdmci stagingu
a diferencidlni diagnostiky tumoru provedeno vyset-
feni trupu vypocetni tomografii (CT), které kromé jiz
zndmého Utvaru nezobrazilo jiné patologické nalezy
(obr. 6). Heart tymem byla indikovana exstirpace tu-
moru. Pfed planovanou operaci byla doplnéna selek-
tivni koronarografie s normalnim nélezem na vénci-
tych tepnéch.

Technician:
Test ind:

Referred by:
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Obr. 1 - EKG pred operaci. Kromé iRBBB
starSiho data je zde patrna bifazicka
vina p trvajici 120 ms jako znamka
dilatace levé siné. iRBBB - neliplna
blokada pravého Tawarova raménka.
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TIS0.4 MI1.3

I. INT Pen

+ Dist 10.5 mm
ist 44.2 mm

91bpm

Obr. 2 - Transtorakalni echokardiogram, parasternalni pro-
jekce v dlouhé ose levé komory. Myxom prolabujici mitralni
chlopni do levé komory na konci diastoly.

CVintervention TIS02 MI06

X8-2t
53Hz

Obr. 3 - Transezofagealni echokardiogram. Nehomogenni la-
lo¢naty utvar v oblasti levé siné.

CV Intervention TIS0.2 MI 0.6
X8-2t
32Hz
12cm

xPlane

Obr. 4 - Transezofagealni echokardiogram. Rozméry utvaru namé-
fené pifi echokardiografii 43 x 47 x 39 x 26 mm.

Operacni vykon byl proveden pfistupem z medidlni
sternotomie, v mimotélnim obéhu, s pouzitim studené
krevni kardioplegie. Po otevieni levé siné byl nalezen la-
lo¢naty Utvar vypliujici témér celou levou sin s kratkou
fibrézni stopkou k aortomitralni kontinuité v misté A2
(obr. 7). Byla provedena enukleace tumoru bez poruse-

CV Intervention TIS02 Mi03
X8-2t 3D Beats 1
10Hz
8.2cm o 170 180
) —

Obr. 5 - Transezofagealni echokardiogram. Srde¢ni myxom
v 3D zobrazeni TrueVue.

Obr. 6 - CT trupu

s podanim kontrastni
latky. Zobrazen tumor
v oblasti levé siné.

ni jeho celistvosti (obr. 8). Pfi perioperacni jicnové echo-
kardiografii po exstirpaci tumoru nebylo patrné ziejmé
reziduum, mitralni chlopen byla zcela kompetentni, me-
zisiniové septum bylo intaktni. Chirurgicky vykon probéhl
bez komplikaci, pacient byl po operaci ¢asné extubovan.
Od tretiho dne po vykonu dochazelo k poklesu CRP opro-
ti hodnotdm pfi prijeti do nemocnice, pacient byl propus-
tén do domaciho osetfovani Sesty pooperacni den.

Veskery odstranény materidl byl odesldan k histolo-
gickému vysetieni. Makroskopicky byl popsan lalo¢naty
stopkaty tumor o velikosti 50 x 40 x 30 mm a hmotnosti
35 g, na fezu vyrazné prokrvaceny. Mikroskopicky byly
zastizeny struktury klasického srde¢niho myxomu tvofici-
ho cetné cystické prostory (obr. 9, 10). Nadorové elemen-
ty zasahovaly do resekéniho okraje stopky. Patologem
byl myxom hodnocen jako vysoce rizikovy stran mozné
embolizace.

Pacientovi bylo doporuceno sledovani ambulantnim
kardiologem a pravidelnd echokardiograficka vysetreni
k ¢asnému zastizeni pfipadné recidivy myxomu.
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Obr. 7 - Perioperacni nélez po otevieni levé siné. Lalo¢naty
tumor vypliujici témér celou sii.

Obr. 9 - Histologicky nalez.
Prehledovy snimek zobrazujici
napadné clenity povrch
myxomu.

Diskuse

Primarni nadory srdce jsou vzacné. Jejich incidence v ne-
selektovanych pitevnich ndlezech se pohybuje v rozme-
zi 0,0017 % az 0,19 %.' Zhruba jedna ctvrtina z téchto
primarnich nadord je maligni, z nichZ nej¢astéjsi jsou sr-
decni sarkomy a lymfomy.2 Z benignich nadoru tvofi vice
nez polovinu srde¢ni myxomy, mezi vzacnéjsi nezhoubné
nadory srdce patfi lipomy, papilarni fibroelastomy a he-
mangiomy.>* U déti je nejcastéjsim primarnim srdecnim
tumorem rhabdomyom.'® Sekunddarni nadory srdce jsou
20-40x castéjsi nez primarni. U muzu i Zen je nejcastéjsi
malignitou sekundarné postihujici srdce karcinom plic.%’

Srdecni myxomy se ve vétsiné pripadd vyskytuji v sr-
decnich sinich, 75 % vSech myxom0 vyrlsta v levé sini,
15-20 % v pravé sini. Jen zfidka jsou postizeny srde¢ni
komory. Nejcastéji se jedna o stopkaté utvary vyrUstajici
z oblasti mezisifiové prepazky a jeji tésné blizkosti. My-
xomy se castéji vyskytuji u Zen, nejvice mezi treti a Ses-
tou dekadou.? U pacientt se srde¢nim myxomem v oblasti
levé siné je popisovdna klasicka trias symptomu, ktera za-
hrnuje znamky nitrosrde¢ni obstrukce (dusnost, arytmie
a synkopy), klinické znamky embolizace do systémového
nebo koronarniho fecisté a nespecifické celkové priznaky
(bolesti svald a kloubd, subfebrilie, horecky, nechuten-
stvi, hubnuti).®

Obr. 10 - Histologicky nalez.
Detail na myxomové buriky,
akcentace jejich vyskytu
v okoli cévnich struktur.

Embolizace vlastnich nadorovych hmot nebo trombu
vznikajicich na povrchu nadord mlze mit zdvazné kli-
nické nasledky. Vzhledem k vyrazné fragilité srdecnich
myxomU je jejich emboligenni potencidl vyrazné vyssi
v porovnani s jinymi nitrosrde¢nimi tumory. Nasledkem
embolizace mUze byt cévni mozkova pfihoda, mezenteri-
alni ischemie, infarkt myokardu nebo akutni koncetinova
ischemie. Vicecetné systémové embolizace mohou napo-
dobovat vaskulitidu nebo infek¢ni endokarditidu, prede-
vSim ve spojeni se systémovymi priznaky typickymi pro
srdecni myxom. Vsechny emboligenni pfihody u mladych
pacientl se sinusovym rytmem by mély vzbudit podezfeni
na mozny nitrosrde¢ni Utvar.® Vzacnou komplikaci srdec-
nich myxomu je vznik aneurysmat na podkladé emboliza-
ce nadorovych hmot. Nejcastéji se jednd o vicecetna fusi-
formni aneurysmata mozkovych tepen, kterd se mohou
prezentovat bolestmi hlavy, vertigem, kfe¢emi nebo jako
cévni mozkova prihoda.™

Subfebrilie a horecky vyskytujici se u pacientl se sr-
decnim myxomem mohou mit rdzny plvod. Méné Castou
pri¢inou je infekce vlastniho nddoru, poté se jedna o ob-
dobu infekéni endokarditidy, ktera je diagnostikovana
na podkladé pozitivity hemokultur nebo z histologické-
ho a kultivaéniho vy3etieni nadoru samotného. Cast&jsi
pri¢inou zvyseni télesné teploty u pacientd s myxomem
je systémovd zanétlivd odpovéd. Ta je spojena se zvyse-
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nou hodnotou interleukinu 6 (IL-6), ktery je produkovan
nadorovymi burikami a je jednim z hlavnich mediatortd
horecky.®>'" Koncentrace IL-6 u pacientt se srde¢nim my-
xomem koreluje se zavaznosti nespecifickych celkovych
pfiznakd a kratce po chirurgickém odstranéni tumoru
klesa. Mezi dalsi imunologické abnormality u pacientl se
srde¢nim myxomem patfi elevace CRP, FW, gamaglobuli-
nU, revmatoidniho faktoru nebo antinuklearnich protila-
tek_11,12

Nejcastéjsi arytmii souvisejici se srde¢nim myxomem je
fibrilace sini, ktera se vyskytuje zhruba u 15 % pacientt
s nadorem lokalizovanym v levé sini. Vyrazné méné casté
jsou komorové arytmie.'* Nalez na EKG u pacientu se sr-
decnim myxomem byva ve vétsiné pripadd nespecificky,
mohou byt pfitomny zndmky dilatace levé siné.™

Vzhledem k nespecifické symptomatologii je diagnos-
tika nitrosrdecnich tumorl zaloZzena na echokardiografic-
kém vysetreni, pfipadné doplnéném o CT ¢i magnetickou
rezonanci (MR). Ve vétsiné pripadl je transtorakalni echo-
kardiografické (TTE) vysetfeni doplriovéano také o transe-
zofagealni vysetfeni (TEE). TEE Iépe umoZiiuje zhodno-
ceni emboligenniho potencidlu tumoru na zakladé jeho
velikosti, tvaru, morfologie a pohyblivosti. TTE a TEE také
umozni zhodnoceni souvislosti myxomu se srde¢nimi
chlopnémi a naplanovani vhodného operac¢niho pfistupu.
Definitivni diagnéza je poté stanovena na zakladé histo-
logického vysetreni."

Pfi podezieni na srde¢ni myxom je vzhledem k riziku
embolizace a vzniku kardiovaskularnich komplikaci vcet-
né rizika nahlé smrti indikovan casny kardiochirurgicky
vykon. Vysledky chirurgické resekce jsou obecné velmi
dobré, opera¢ni mortalita je nizkd. Recidiva myxom byla
popsana ve 2-5 % pfipadd, castéji v pfipadé multicent-
rickych tumord. Dispenzarizace kardiologem a pravidelné
echokardiografické vysetfeni se doporucuje viem pacien-
tdm po chirurgickém odstranéni srde¢niho myxomu.%'21>

Zavér

V nasem sdéleni popisujeme pfipad mladého pacien-
ta s objemnym srde¢nim myxomem, ktery byl tfi mésice
vysetifovan pro neobvyklou Unavu, namahovou dusnost,
subfebrilie a elevaci zanétlivych parametr. Srde¢ni my-
xomy se v nékterych pfipadech projevuji pouze nespeci-
fickymi celkovymi pfiznaky a jejich diagnostika je poté
zdlouhava. Diferencidlné diagnosticky zvazujeme fadu
infekénich onemocnéni vcetné infek¢ni endokarditidy
nebo systémova autoimunitni onemocnéni. V pfipadé
diagnostickych rozpakl je u pacientt s horec¢kou ¢i ele-
vaci zanétlivych parametrd nejasného pavodu zasadni
provedeni echokardiografického vysetieni, které muze

odhalit prfitomnost nitrosrdecniho Utvaru nebo prokazat
infek¢ni endokarditidu.

Prohlaseni autorli o mozném stretu zajmu
Autofi prohlasuji, Ze nemaji stfet zajma.

Financovani
Zadné.

Prohlaseni autorti o etickych aspektech publikace
Sdéleni bylo vypracovano dle etickych standardd v soula-
du s Helsinskou deklaraci.

Informovany souhlas
Pacient vyjadfFil souhlas se zpracovanim dat za védeckovy-
zkumnym ucelem.
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SOUHRN

Ruptura mezikomorového septa (ventricular septal rupture, VSR) predstavuje jednu z moznych mechanic-
kych komplikaci po akutnim infarktu myokardu (AIM). | kdyz se s ni nelze setkat casto, je spojena se zvyse-
nou mortalitou. U vétsiny pacientl |ze pozorovat aktivni klinické projevy, u mensiho procenta z nich vsak
misto toho dochazi k dalSimu tichému rozvoji s nastupem subakutniho srde¢niho selhani (heart failure, HF)
nebo s dekompenzaci. Po stanoveni diagndzy je naprosto nezbytné urychlené zahajit lécbu. Nutna je lécba
farmakologicka (tzn. podavani anti-ischemické medikace véetné IéCiv snizujicich afterload) spolu s definitiv-
ni korekci, bud'intervencni, nebo chirurgickou, protoze neprovedeni korekce VSR vede neodvratné k umrti.
Mnoho rozvojovych zemi nicméné trpi omezenym pfistupem ke zdravotni péci; vysledkem je opozdéna nebo
nedostatecnd lékarska péce. Popisujeme pripad starsi zeny s dekompenzovanym HF v dGsledku ruptury api-
kalniho septa, u niz se v disledku nékolika problémd - nesouvisejicich se zdravotni péci — provédéla pouze
farmakologickd Iécba a ktera uvedené komplikaci nakonec podlehla.

© 2024, CKS.

ABSTRACT

Ventricular septal rupture (VSR) constitutes one of the possible mechanical complications following an acute
myocardial infarction (AMI), even though very infrequent, it bears an elevated high mortality rate. Although
most patients develop florid clinical manifestations, a minority might have a silent evolution, experiencing
a subacute heart failure (HF) onset or decompensation instead. Once identified, prompt treatment is man-
datory. Management, consistent of medical therapy (i.e.; anti-ischemic and afterload reducing medications)
along with definite repair, either through interventional or surgical technique, is necessary, since if uncor-
rected, VSR ultimately leads to death. However, many developing countries face an inadequate healthcare
access, resulting in delayed and impoverished medical attention. We present the case of an elderly woman
with decompensated HF due to an apical VSR, and as a result of several extra-medical issues, only medical
therapy was established, and as feared, she succumbed to the disease.

Learning points

e Every patient diagnosed with heart failure should under-

tive. The presence of a solid healthcare system with uni-
versal access is essential to ensure timely reperfusion and
effective management of affected patients.

go an intense evaluation, ensuring a thorough assess-

ment of the etiology, differential diagnosis, appropriate
imaging tests, and guideline-based medical therapy. This

Introduction

approach aims to enhance both the quality of life and

overall survival.

e Although infrequent, post-myocardial infarction me-
chanical complications still imply a fatal evolution. Thus,
their prompt diagnosis and correction become impera-

Since the reperfusion era (i.e.; thrombolysis and percuta-
neous coronary angiography) post-AMI mechanical com-
plications incidence has constantly declined, from 1-2%
to 0.17-0.31%."? This mortality reduction is partially ex-
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Fig. 1 - (A) Chest roentgenogram shows significant cardiac silhouette enlargement and
bilateral interstitial fluid retention. (B) Twelve leads electrocardiogram reveals sinus
rhythm and right bundle branch block along with expected repolarization alterations.

plained by a more aggressive approach towards risk fac-
tors together with more efficient anti-ischemic strategies
in AMI management. When corrective treatment is neg

Case presentation

A 64-year-old woman, previously diagnosed with arterial
hypertension referred progressive dyspnea, bilateral lo-
wer limb edema, non-productive cough, and a significant
non-painful abdominal circumference enlarging. Physi-

cal examination confirmed symmetrical bilateral edema,
painless ascites, and an outward and slightly left displace-
ment of the apex impulse. Chest X-ray (Fig. 1A) revealed
cardiomegaly and moderate congestion; the electrocar-
diogram (ECG) (Fig. 1B) only showed right bundle branch
block. After establishing HF diagnosis, medical treatment
composed of diuretics, spironolactone, enalapril, and di-
goxin led to clinical improvement, and was latter referred
for outpatient follow-up. An initial transthoracic echo-
cardiogram (TTE) revealed left ventricular (LV) chamber
dilatation, moderate LV dysfunction (ejection fraction of

Fig. 2 - Transthoracic echocardiogram, 4-chamber apical view shows an apical septal bulging secondary to an aneurysmatic formation
(A) along with VSR with a left to right shunt appreciated thanks to aliasing presence (B).
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Fig. 3 - (A) Coronary angiography - anteroposterior cranial view shows multiple non-significant le-
sions in the right coronary artery. (B) Significant and diffuse left anterior descending artery disease.

35%), mild to moderate mitral regurgitation, besides an-
terior, septal, and apical hypokinesis. Therefore, ischemic
cardiomyopathy was considered, with statin and aspirin
prescription, as well as ongoing etiological and thera-
peutic approach. The follow-up was interrupted for eight
months and she visited the emergency department again
due to worsening functional class and marked systemic
venous congestion. Upon evaluation, she had stable vital
signs and bilateral lung crackles, and a harsh holosystolic
murmur grade IlI/VI was noted in the mesocardium. Rou-
tine paraclinical tests did not reveal major abnormalities,
but a new TTE (Fig.. 2A, 2B) showed the presence of an
apical septal aneurysm with 21 mm wide left-to-right
shunt VSR, and a 47.6 mmHg gradient, as well as right
chambers pressure overload. Coronary angiography was
performed, revealing right coronary artery compromi-
se and significant diffuse disease of the left descending
anterior (LAD) coronary artery (Fig. 3A, 3B). Right heart
catheterization (RHC) recorded a mean pulmonary arte-
rial pressure of 40 mmHg. VSR was classified as Type Il
secondary to its association with an aneurysm along an
unknown evolution (the patient never recalled any acute
chest pain). Due to these findings, surgical closure of the
VSR was proposed; however, the patient declined the tre-
atment due to the high costs and perceived surgical risk.
Unfortunately, three months later, the patient passed
away due to decompensated HF.

Discussion

VSR along free wall rupture, aneurysmatic (a severe-
ly scarred and non-mobile portion of the myocardium)
formation and acute mitral regurgitation, are post-AMI
mechanical complications. Risk factors include older age,
female sex, prior stroke, chronic kidney disease and HF,
as well as ST segment elevation AMI, cardiogenic shock
(CS), and longer reperfusion time."? It is well established
that VSR is less likely to occur in patients with previous
diabetes, hypertension, Ml or smoking history."* Usually
it develops in the first three to five days after AMI and
rarely can be presented two weeks later. Apical location

(LAD disease) is the more frequent presentation, up to
70% of cases in opposition with inferolateral (inferior or
lateral infarcts).>* Regardless of location, a left-to-right
shunt appears, leading to myriad of manifestations, ran-
ging from a minimal symptomatic syndrome to a frank
circulatory collapse. Clinical manifestations include con-
gestive HF, hypoperfusion signs along ongoing anterior
or inferior ischemia on the ECG; at least half of patients
will debut with CS."* According to Beckerand and Mant-
gem, VSR can be classified onto three different subtypes,
where Type Il is usually related to concomitant anterior
or inferior aneurysms, associated to older infarcts. Further
classification divides VSR in simple (through-and-throu-
gh defect) or complex (serpiginous trajectory). Diagno-
sis relies on echocardiography assessment, whether 2-D
or through Doppler techniques, other imaging methods
(cardiac magnetic resonance, cardiac tomography and
ventriculography) are quite useful along with RHC. Op-
timal medical therapy in combination with an adequate
reperfusion strategy is mandatory, and reparation/closure
should always be pursued, since if untreated, VSR morta-
lity might reach up to 94% at 30 days' which is similar to
the natural history of VSR itself.> Afterload reduction mi-
ght lead to an increased effective LV stroke volume and
also increases intracoronary perfusion, henceforth the
use of vasodilatory medications along with mechanical
support is necessary. LV assistant devices have not shown
any survival augmentation,? however, their use is genera-
Ily recommended. During the acute phase, is difficult to
distinguish upon bare-eye inspection, viable from necro-
sed myocardium; early surgery (<7 days) mortality reaches
up to 54% and decreases up to 18% if delayed (7 days).
Therefore, emergency surgery is reserved to patients with
CS and refractory pulmonary edema. Percutaneous device
closure may represent a valuable alternative to surgical
repair, with the advantage of immediate shunt reduction
to prevent hemodynamic deterioration and its minima-
Ily invasive nature, with 80-100% success rate, which
depends on CS presence and delaying time. A defect is
considered suitable for percutaneous closure when it has
less than 15 mm diameter, along an anterior and simple
configuration.
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Conclusion

Cardiovascular disease is one of the leading causes of de-
ath worldwide, and mortality due to AMI has fallen sub-
stantially during the last decades. However, in many de-
veloping countries, universal health care access is simply
unreachable. Our case reflects the sorrowful evolution of
many patients in the Americas, and remind us the need to
constantly improve our health politics in order to ensure
a more human and integral medical assistance.
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Kontext: Zatézové vysetieni (exercise stress testing, EST) mUze u jedinct s Wolffovym-Parkinsonovym-Whi-
teovym (WPW) syndromem vést ke stanoveni faleSné pozitivni diagnézy infarktu myokardu (IM).
Kazuistika: Tricetilety pacient mél v anamnéze dva mésice pred vySetifenim palpitace a presynkopdlni stav.
Skére pravdépodobnosti pred vySetienim (pre-test probability, PTP) bylo 1 % a vstupni EKG zdznam vyka-
zoval typické znaky WPW syndromu. Dodatecné byla provedena stratifikace rizika formou EST s pouzitim
Bruceova protokolu. V prekordiélnich svodech byla pfi 4. stupni zatéZe zaznamenana perzistentni komorova
preexcitace (ventricular preexcitation, VPE) s ascendentni 3mm depresi Useku ST, pficemz svod aVR vykazo-
val 3mm elevaci Useku ST.
Zavér: Pro odliseni IM od abnormalni repolarizace u jedincti s WPW syndromem je naprosto zdsadni znalost
primarnich abnormalit ST-T. Pro zjisténi pficiny zmén viny ST-T je nezbytné nejdrive ,identifikace” pacienta
na zakladé klinickych charakteristik a skérovani rizika podle PTP. U pacientd s nizkym rizikem a se zatézi
vyvolanymi zménami Useku ST v kontextu WPW syndromu je nutno uvazovat o fale$né pozitivnim vysledku
vySetieni. Pro odliseni zmén béhem EST v pritomnosti preexcitace je zapotfebi pouzit holisticky pfistup,
pfi némz se berou v tvahu vysledky klinického vysetfeni, skérovani rizika PTP a znalost EKG charakteristik
pacienta.

© 2024, CKS.

ABSTRACT

Background: Exercise stress testing (EST) can cause false-positive diagnoses of myocardial infarction (MI) in
individuals with Wolff-Parkinson-White (WPW) syndrome.

Case: A 30-year-old male had a history of palpitation and near syncope 2 months before examination. The
pre-test probability (PTP) score was 1% and baseline ECG showed typical features of WPW syndrome. Addi-
tionally, risk stratification was performed with EST using the Bruce protocol. Persistent ventricular preexcita-
tion (VPE) with upsloping 3.0 mm ST-segment depression was found in precordial leads at the fourth stage,
while the aVR lead showed a 3.0 mm ST-segment elevation.

Conclusion: Understanding the primary ST-T abnormalities was essential to differentiate MI from abnormal
repolarization in individuals with WPW syndrome. Initial identification based on clinical characteristics and
PTP risk scoring is crucial for distinguishing the cause of ST-T wave changes. Low-risk patients with exercise-
-induced ST changes in the context of WPW syndrome should be considered to have received a false-positive
exercise test result. A holistic method by clinical investigation, PTP risk scoring, and the identification of ECG
characteristics are needed to distinguish the changes during EST in the presence of preexcitation.
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Background

The interpretation of exercise stress testing (EST) in pa-
tients with Wolff-Parkinson-White (WPW) syndrome and
preexcitation is often challenging and shows false-positive
results in the diagnosis of myocardial infarction (Ml). The
abnormal activation sequence through electrocardiogra-
phy (ECG) may mimic the characteristic features of MI.
ST-elevation in aVR during narrow QRS complex tachycar-
dia suggests atrioventricular reentry through an accessory
pathway (AP).2 Conversely, this phenomenon during EST
increases the likelihood of having left main (LM) or ostial
left anterior descending (LAD) stenosis.? This study present-
ed a case of WPW syndrome with ECG changes mimicking
acute MI during EST. The initial identification based on
clinical characteristics and pre-test probability (PTP) scoring
is crucial for distinguishing ST-T wave changes during EST.

Case presentation

A 30-year-old male visited the outward patient clinic
with a history of palpitation and near syncope about two
months before the examination. There were no complaints
of chest pain, dyspnea, or history of smoking. Upon ex-
amination, the patient was conscious, with a regular rest-
ing heart rate of 100 bpm and blood pressure of 120/80
mmHg. There were no abnormalities found in the cardio-
vascular system examination. Other system examinations
were normal and the PTP score showed only a 1% likeli-
hood of having obstructive coronary artery disease (CAD).

Chest X-rays, the whole blood count, and biochemical
markers were normal, while echocardiography showed
normal cardiac function and anatomy. ECG at baseline
(Fig. 1) showed a sinus rhythm with a short PR interval
and delta waves at the QRS complex, a typical feature in
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Fig. 3 - ECG at recovery stage.

The ECG showed a reduction of
ST-segment elevation at the aVR
lead and ST-segment depression at
the precordial leads; VPE was still
persistent.

WPW syndrome. The patient was examined to stratify the
risk of WPW syndrome with exercise stress test (EST) us-
ing the Bruce protocol. ECG during EST showed persistent
ventricular preexcitation (VPE) with an upsloping 3.0 mm
ST-segment depression appearing in precordial leads at
the fourth stage of the test, while the aVR lead showed
a 3.0 mm ST-segment elevation (Fig. 2). EST terminated in
the fourth stage since the patient complained of dizziness.
During the recovery stage, ECG showed a reduction in ST-
segment elevation at the aVR lead and depression at the
precordial leads, while VPE was still persistent (Fig. 3).

To exclude the probability of ischemic cause, CT-angiogra-
phy was performed. The epicardial coronary arteries were nor-
mal as shown in Figure 4. Due to the persistent presence of VPE
during exercise, it was concluded that the patient had a high
risk of WPW syndrome. Consequently, a referral was made to
the electrophysiology (EP) division for further invasive investi-
gation, including EP study and/or catheter ablation.

Discussion

ECG pattern of WPW syndrome occurs due to the pres-
ence of an AP, known as the bundle of Kent, which by-

PHILIPS

passes the connection between the atrial and ventricular
myocardium. In the absence of a documented tachyar-
rhythmia or related symptoms, the ECG features alone
are referred to as the pattern of WPW syndrome. These
features are (i) shortened PR interval (<120 ms) resulting
from bypassing the AV nodal delay, (ii) slurred QRS up-
stroke (delta wave) due to VPE, (iii) prolonged QRS dura-
tion (>120 ms), caused by the sum of normal ventricular
activation and preexcitation through the AP, and (iv) sec-
ondary repolarization changes appearing as ST segment-
T wave discordant to major delta waves.*

EST can stratify the risk of sudden cardiac arrest/death
in patients with WPW syndrome. The persistence of VPE
during EST has a sensitivity of 96%, specificity of 17%, as
well as a positive and negative predictive value of 40%
and 88% in predicting the AP effective refractory peri-
od (APERP) of <250 ms. This shows a high risk of WPW
syndrome, thereby warranting further invasive investiga-
tion.*> ST-segment depression in the presence of delta
waves during EST is generally false positive for ischemia.
In patients with WPW syndrome, ischemic and injury-
induced ST-T waves can be masked and/or mimicked by
secondary ones due to aberrant depolarization and repo-
larization through AP. The depression generally normal-

Fig. 4 - CT angiography shows normal coronary arteries.
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izes after a loss of the delta wave and with the return
of normal ventricular repolarization through AV-node
conduction. When a loss of the delta wave occurs close to
peak exercise, accompanied by complete resolution of ST-
segment depression, further examination is unnecessary
as this confirms false positive results.®

The ECG manifestation of secondary ST-T wave chang-
es due to WPW syndrome can be identified by several
key features. These include ST-T wave deviating in the
opposite direction to the delta wave vector, a positive
correlation between the degree of preexcitation and
ST-T wave changes, as well as a nonhorizontal, nonsym-
metrical T-wave inversion. Previous studies reported that
manifest preexcitation caused 1.0-4.0 mm of ST depres-
sion.”® In this study, EST showed ST-segment depression
in precordial leads and elevation at aVR, potentially mim-
icking acute MI. However, the ECG showed likely fea-
tures of secondary wave changes, and the diagnosis was
confirmed by clinical characteristics, PTP scoring, and CT
angiography with normal coronary results. ST-segment
elevation in aVR during narrow QRS complex tachycardia
suggested AVRT as the possible mechanism. The observed
changes were presumably due to distortion caused by the
retrogradely conducted P-wave.?

Understanding the primary ST-T abnormalities is es-
sential for differentiating acute Ml from abnormal re-
polarization in WPW syndrome. ECG features of primary
ST-T wave changes are as follows: concordant or discor-
dant with the delta wave vector, horizontal depression,
symmetrical T-wave inversion, and ST-T changes in 2 or
more contiguous leads in the presence of clinical ischemic
symptoms.' Initial identification based on clinical charac-
teristics and PTP risk scoring is crucial for distinguishing
the cause of these wave changes. A PTP risk score <15%
shows a low likelihood of CAD and further investigation
is either unnecessary or deffered.® In this study, the pa-
tient had no clinical symptoms related to typical angina
with no associated risk factors. Therefore, low-risk pa-
tients with exercise-induced ST changes in the context of
WPW syndrome should be considered to have received
a false-positive exercise test result.

Conclusion

In conclusion, this case report showed that a high index
of clinical suspicion must be maintained when interpret-
ing ECGs in the preexcitation phase to avoid overlooking
the associated CAD. A holistic method comprising clini-
cal investigation, PTP risk scoring, and the identification
of ECG characteristics is needed to distinguish between
changes during EST in the preexcitation phase. Under-

standing ECG features related to secondary ST-T wave
changes is essential for differentiating between abnor-
mal repolarization in WPW syndrome and acute MI.
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Fibrilace sini (FS) je nejcastéjsi srdecni arytmii u dospélych a pticinou zna¢né morbidity a mortality. Ve srovna-
ni s béZnou populaci zvySuje FS riziko cévnich mozkovych prihod pétindsobné, pricemz zakladem prevence
vzniku cévnich mozkovych ptihod je peroralni antikoagula¢ni l1é¢ba. Aby bylo mozno vyhledéavat pacien-
ty s vysokou pravdépodobnosti vzniku FS, je tfeba zjistit faktory predikujici vznik FS. Popisujeme pfipad
69letého pacienta s asymptomatickou palpitaci, u néhoz 24hodinové holterovské monitorovéni prokazalo
nékolik neprevedenych predcasnych sinovych komplext (non-conducted premature atrial complex, ncPAC)
vedoucich ke vzniku FS.

© 2024, CKS.

ABSTRACT

Atrial fibrillation (AF) is the most common cardiac arrhythmia in adults with substantial morbidity and mor-
tality. AF increases the risk of stroke 5-fold compared to the general population and oral anticoagulant
therapy represents the cornerstone for stroke prevention. Therefore, it is necessary to identify predictive
factors for the onset of AF in order to screen patients with a high probability of AF development. We report
the case of a 69-year-old patient asymptomatic for palpitation with a 24-hour Holter ECG showing several
ncPACs (non-conducted premature atrial complexes) leading to AF onset.

Introduction

Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia in adults.” AF is associated with substan-
tial morbidity and mortality and therefore carries a signi-
ficant burden on patients, societal health and the health
economy." AF increases the risk of stroke 5-fold compared
to the general population and oral anticoagulant therapy
represents the cornerstone for stroke prevention." There-
fore, it is necessary to identify predictive factors for the
onset of AF in order to screen patients with a high proba-
bility of AF development. Frequent premature atrial com-
plexes (PACs) are a well-known electrocardiographic (ECG)
predictor of AF onset, as proven in cohort studies of both

stroke patients and asymptomatic individuals.? Moreover,
in a recent study, non-conducted premature atrial com-
plexes (ncPACs) proved to be a an independent predictor
of AF onset in cryptogenic stroke patients.> We report the
case of a 69-year-old patient asymptomatic for palpitation
with a 24-hour Holter ECG showing several ncPACs lea-
ding to AF onset.

Case report

An asymptomatic 69-year-old male patient was admitted
to the emergency room of our hospital following eviden-
ce of tachycardia on blood pressure measurement with

Address: Rodolfo Caminiti, MD, FISC, Cardiology Unit, Department of Clinical and Experimental Medicine, University of Messina, Messina, Italy,

e-mail: rodolfocaminiti@msn.com
DOI: 10.33678/cor.2024.001

Please cite this article as: Lo Savio A, Vetta G, Parlavecchio A, et al. Non-conducted premature atrial complexes: a silent culprit of atrial fibrillation onset. Cor Vasa 2024;66:84-86.



A. Lo Savio et al.

85

<
uunnn
=

rrnnsn
unnnsn

R LER ]
|

i iRBLERRN iamnnEn: Gy

WWWWWW

Fig. 1 - Atrial fibrillation induction by non-conducted premature atrial complexes. Sinus rhythm interrupted by ncPACs (dot
arrows) and PACs (black arrows) conducted with alternating left bundle branch block and right bundle branch block aberrancy.
The red arrow points to the ncPAC causing the AF onset. AF - atrial fibrillation; ncPACs — non-conducted premature atrial com-

plexes; PACs — premature atrial complexes.
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Fig. 2 - Relationship between time to AF onset, ncPACs rate, and PAC coupling interval.
AF - atrial fibrillation; ncPACs — non-conducted premature atrial complexes; PACs — premature atrial complexes.

automatic home blood pressure monitor (heart rate 170
bpm). The patient suffered from hypertension treated
with telmisartan. There were no other cardiovascular risk
factors. Cardiopulmonary examination showed bilateral
air entry and normal heart sounds. There was no periphe-
ral oedema. Blood tests were normal. A 12-lead ECG was
performed, which showed sinus bradycardia with a heart
rate of 55 bpm and a first-degree atrioventricular block.
Transthoracic echocardiography revealed no significant
organic cardiopathy. The patient underwent a 3-lead 24-
hour Holter ECG monitoring during hospitalization. Hol-
ter ECG showed sinus rhythm interrupted by a single AF
episode, the longest one lasting about 3 hours with an
average frequency of 150 bpm. There were 15489 isola-
ted PACs with 154 ncPAGs. Figure 1 displays the onset of
the AF episode. The Holter ECG tracing shows an initial
sinus rhythm, interrupted by ncPACs and PACs conducted
with alternating left bundle branch block and right bun-
dle branch block aberrancy. In the end, last ncPAC leads
to the AF onset. In the 5 minutes preceding the AF episo-
des compared to the average recording of the remaining

24 hours there was an increased ncPACs burden (45.0% vs
1%) and a reduced average PAC coupling interval (378 ms
vs 441 ms) (Fig. 2). The CHA,DS,-VASc Score was 3 points.
The patient started therapy with Edoxaban 30 mg daily,
Flecainide 100 mg twice a day and Bisoprolol 2.5 mg once
daily. The patient was discharged with an outpatient car-
diology follow-up appointment.

Discussion

NcPACs were defined as PACs not followed by a QRS com-
plex because, due to their shorter coupling interval, the
impulse found the atrioventricular node within the abso-
lute refractory period.

The possible link between the PACs burden at the 24-
hour Holter ECG and AF occurrence was investigated in
several studies.>*> Wallmann and colleagues proved the
association of frequent PACs and AF occurrence in pa-
tients with acute ischaemic stroke and no known history
of AF.4 Indeed, after a mean follow-up of 22.4 months,
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33% of patients with frequent PACs (>70 PACs/day) de-
veloped new AF compared with only 5% of those without
frequent PAGs. In our prospective study in a population
of 112 patients with cryptogenic stroke, we proved that
ncPACs burden > 7 in the 24-hour Holter ECG recordings
was an independent predictor of AF onset at 6-month
follow-up (HR 12.4; 95% Cl 4.8-32.8; p <0.0001).3 Further-
more, ncPACs showed statistically higher diagnostic accu-
racy compared to PACs in predicting AF onset at follow-up
(AUC:0.80 vs 0.67; p = 0.029).2 Thus, in our patient’s Holter
ECG, the number of ncPACs increased closer to AF onset
(Fig. 2). NcPACGs could lead to the AF onset due to the dis-
persion of atrial refractory periods. The ncPACs, occurring
early during a dispersion of refractory period of nearby
atrial cells, results in a slower conduction velocity of the
stimulus that propagates through partially repolarized
cells, allowing the genesis of unidirectional blocks and the
appearance of multiple re-entries, leading to the trigger-
ing and maintenance of AF.5® Our case report highlights
the importance of the presence of ncPACs in the 24-hour
Holter ECG as a predictor and trigger for AF onset.
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Prijat: 8. 5. 2023

Dostupny online: 4. 2. 2024

Jak uvadéji autofi v Uvodu ¢lanku, rok 2022 byl z pohle-
du srde¢niho selhani ,,vzrusujici”. Byly totiz publikovany
vysledky hned nékolika zasadnich praci, které ovlivni bu-
douci doporuceni odbornych spole¢nosti a klinickou praxi
v péci o pacienty se srdec¢nim selhanim.

Vyznamné jsou vysledky studii s glifloziny, kde je nut-
né zminit studii EMPULSE u pacientt s akutnim srdecnim
selhanim a studii DELIVER u pacientl s chronickym srdec-
nim selhanim a ejek¢ni frakci levé komory (EF LK) > 40 %.
Empagliflozin u pacientd s akutnim srde¢nim selhanim
prinesl vyznamny klinicky benefit ve srovnani s placebem,
v€etné snizeni rizika umrti a rehospitalizace. Dapagliflo-
zin u pacientl s EF LK > 40 % vyznamné snizil ve srovnani
s placebem riziko umrti z kardiovaskularnich (KV) pficin
a riziko hospitalizace pro srde¢ni selhani. Spole¢na ana-
lyza studie DAPA-HF (srdecni selhani se snizenou ejek¢ni
frakci, HFrEF) a DELIVER pak ukazala mortalitni benefit
dapagliflozinu: ve srovnani s placebem dapagliflozin sni-
Zil riziko umrti z KV pfic¢in i riziko umrti z jakékoli pficiny.

Dalsi publikované prace zahrnovaly studie zamérené
na funkci ledvin, diurézu a mineraly.

Zklamanim byly vysledky studie SODIUM-HF, ktera ukaza-
la, Ze sniZeni pfijmu soli neni u pacientu se srde¢nim selhanim
spojeno se snizenim klinickych prihod (kombinace hospitali-
zace z KV pficin, navstéva pohotovosti z KV pficin a celkova
mortalita). Pozitivni vysledky naopak pfinesla studie DIA-
MOND s patiromerem u pacientt se srde¢nim selhanim a hy-
perkalemii. Patiromer vyznamné snizil koncentraci drasliku
a umoznil titraci antagonistd mineralokortikoidnich recep-
tord a blokatort systému renin-angiotenzin do cilové davky.

Zajimavé vysledky pfinesla studie ADVOR, kterad se
zabyvala problematikou diuretické rezistence u akutni

dekompenzace chronického srde¢niho selhani. Pridani
parenterdlné poddvaného acetazolamidu ke klickovému
diuretiku bylo spojeno s Uspésnou dekongesci vyznamné
Castéji nez pri podani placeba. Lécba byla bezpecna, bez
zhorseni funkce ledvin, bez zvyseni rizika hypokalemie
nebo hypotenze.

Negativni vysledky pfinesla studie CLOROTIC, ktera
testovala efekt pfidani hydrochlorothiazidu k intravenéz-
nimu furosemidu u pacientld s dekompenzaci srde¢niho
selhdni. Lécba s hydrochlorothiazidem sice vedla k vy-
znamnéjsimu poklesu hmotnosti, nedoslo vsak ke zlep-
Seni symptom0. Naopak doslo k vyznamému vzestupu
koncentrace kreatininu ve srovnani s placebem.

Jedna z dalsich dvou studii se tykala revaskularizace
pomoci perkutdnni koronarni intervence (PCI) u pacien-
t0 s ischemickou kardiomyopatii a druhd rychlé optima-
lizace farmakoterapie u srdecniho selhani. Prekvapuijici
vysledek pfinesla studie REVIVED: PCl u pacientl s EF LK
<35 % a koronarni nemoci s moznosti revaskularizace ne-
byla lepsi nez optimalni farmakoterapie v ovlivnéni rizika
umrti nebo hospitalizace pro srdecni selhani.

Studie STRONG-HF ukazala, Ze ¢asna optimalizace far-
makoterapie rychlou titraci davek Iékd po akutni dekom-
penzaci srde¢niho selhani je spojena s vyznamné nizsim
rizikem Umrti a rehospitalizace pro srde¢ni selhani nez
standardné vedena lécba béhem Sesti mésicl po propus-
téni z nemocnice.
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Zemfrel pan profesor MUDr. Ivan Vanék, DrSc.

Dne 8. 12. 2023 zemfel ve véku 81 let vyborny cévni chi-
rurg, kardiochirurg, transplantacni chirurg, pfednosta Il.
chirurgické kliniky — kardiovaskularni chirurgie 1. LF UK
a VFN v Praze, pan profesor MUDr. lvan Vanék, DrSc.

Pan profesor Ivan Vanék byl zndmy predevsim jako
chirurg, védec inovator, hledajici nové véci, ale byl také
IékafF, pro kterého byl pacient vzdy na prvnim misté, a vy-
borny ucitel, ktery vzdy zdlrazrioval studentdm a mla-
dym lékaram: , Poslouchej pacienta, on ti fikd diagnézu.”

Pan profesor se narodil 26. 6. 1942 v Praze. Na Fakulté
vseobecného lékarstvi, dnesni 1. LF UK promoval v roce
1966. Po promoci nastoupil na chirurgickém oddéleni
Krajské nemocnice v Usti nad Labem a pracoval tam do
roku 1969. Po konkursu v roce 1969 byl pfijat do IKEM,
kde pusobil do roku 1992 na Klinice kardiovaskularni
a transplantacni chirurgie. Kromé plného rozsahu kar-
diovaskuldrni chirurgie absolvoval pétiletou pfipravu na
transplantaci jater a od roku 1980 experimentdlni pfipra-
vu transplantace srdce a nasledné se podilel i na klinic-
ké realizaci transplantaci srdce od roku 1984. Pfipravoval
experimentalni transplantace pankreatu a ndsledné i s ty-
mem proved| prvni transplantaci pankreatu u nas. Podilel
se na vypracovani taktiky a techniky multiorgdnového od-
béru orgdnul pro nasi republiku.

Tématem jeho kandidatské disertacni prace bylo: Pro-
krveni kostni tkané a jeho vyznam pro lé¢eni chronické
osteomyelitidy. Praha: CSAV, 1975. Doktorskou disertaéni
praci obhdjil v roce 1986 na téma: Chirurgickd problema-
tika transplantace slinivky brisni.

Atestaci z oboru chirurgie I. stupné slozZil v roce 1969,
atestacni zkousku z chirurgie Il. stupné absolvoval v roce
1974, dale pak z cévni chirurgie v roce 1984 a kardiochi-
rurgie v roce 1987.

Docentem pro obor chirurgie byl habilitovan v roce
1989 a jmenovan profesorem pro obor chirurgie byl
15.10. 1999.

Na 1. LF UK pfisel v roce 1992, nejprve jako docent a ex-
terni ucitel I. chirurgické kliniky, kde byl souc¢asné vedou-
c¢im oddéleni kardiovaskuldrni chirurgie. Po restruktura-
lizaci Vseobecné fakultni nemocnice v roce 1995, pUsobil
ve funkci primare na Il. chirurgické klinice do roku 1997
a od roku 1998 do roku 2002 byl prednostou Il. chirur-
gické kliniky — kardiovaskularni chirurgie 1. LF UK a VFN
a zadsadnim zpUsobem se zaslouzil o jeji pfestavbu na mo-
derni $pickové kardiovaskularni chirurgické pracovisté.

Po odchodu z ¢ela kliniky se nejprve na 2 roky vratil do
IKEM (2004-2006), poté vedl oddéleni kardiovaskularni
chirurgie 2. LF UK a FN Motol. Od roku 2009 pusobil jako
profesor chirurgické kliniky 3. LF UK. Ve své praxi se za-
méfil na kardiovaskularni a transplantacni chirurgii a pa-
tfi mezi jejich nejuzndvanéjsi predstavitele nejen u nés,
ale i v zahranidi. V roce 1984 se svym tymem jako prvni ve
vychodni Evropé transplantoval slinivku bfisni.

Navstivil fadu svétovych pracovist a absolvoval dlouho-
dobé staze, rocni pobyt v USA v Oschner Hospital, New
Orleans a v Dansku v Kodani. Byl ¢lenem fady odbornych
spole¢nosti, European Society for Organ Transplantation,
European Association for Cardio-Thoracic Surgery, cest-
nym ¢lenem Ceské spole¢nosti kardiovaskularni chirurgie,
¢lenem védecké rady 1. LF UK.

Byl autorem vice nez 500 prednasek doma i v zahrani-
¢i, autorem rady vyukovych film{ a uc¢ebnich textd, auto-
rem tii monografii a péti kapitol v monografiich, podilel
se na 13 vyzkumnych ukolech a grantech.

Na pana profesora Varika si ¢asto vzpomenete, kdo jste
ho znali, i diky jeho osobitému humoru a trefnému po-
jmenovani situaci a feseni problému.

VdzZeny pane profesore,
nikdy na Vs nezapomeneme.
Cest jeho pamétce,
prof. MUDr. Jaroslav Lindner, CSc., FICS,
Il. chirurgicka klinika — kardiovaskularni chirurgie,
1. Iékarska fakulta Univerzity Karlovy

a Vseobecna fakultni nemocnice v Praze,
e-mail: jaroslav.lindner@vfn.cz
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Za prof. MUDr. lvanem Vankem, DrSc. (26. 6. 1942-8. 12. 2023)

Na konci minulého roku zemftel jeden z nejvyznamnéjsich
kardiovaskularnich chirurgl ceské historie prof. MUDr.
Ivan Vanék, DrSc. Ve svém Zivoté udélal mnohé. Byl skvé-
lym operatérem, transplanta¢nim chirurgem, cévnim chi-
rurgem a posléze i kardiochirurgem. Ved| dvé kardiovas-
kularné zamérené kliniky, napsal stovky odbornych textd,
vychoval nékolik dalsich slavnych chirurgt.

Pokud by se ¢lovék spokojil i jen s timto uctyhodnym
vyctem, jisté by to zcela stacilo na dlouhy a naplnény Zzi-
vot kohokoliv, kdo nékdy pfi¢ichl k mediciné. Jenze lvan
Vanék byl a znamenal mnohem vice.

Lamal jsem si hlavu nad tim, jak jeho osobnost nejlépe
charakterizovat pro ty, kterym byl uz genera¢né vzdalen.
A tak trochu také nad tim, co mne vlastné vede k tomu,
abych coby kardiolog napsal vzpominku na kardiovasku-
l[arniho chirurga. Myslim, Ze tim hlavnim dlvodem bylo
jeho charisma.

Pro ty, ktefi se s nim nikdy nepotkali, je tato jeho vlast-
nost obtizné popsatelna. Ivan Vanék byl totiz ¢lovékem,
jemuz podobného jsem nikdy nepotkal. Vzdy energicky,
plny silnych vyrokd, rychlych gest, jednoznacnych nézort
a nekompromisnich rozhodnuti. Byl diskutérem, s nimz
jste se nikdy nechtéli dostat do sporu, protoze jeho ar-
gumentace byla jako lavina, kterd smete vse, co ji stoji
v cesté. A v podobnych situacich nikdy nespekuloval, zda

pravé hovofi s mladym lékafem anebo tifeba s vazenym
akademikem. Vzdy si stal za svym.

Neni tedy divu, Ze Ivan Vanék ve svém profesiondlnim
Zivoté vyvolaval vzdy krajni emoce. Na jeho nékdejsi pfi-
chod na I. chirurgickou kliniku VFN se obcas vzpomina
i po tficeti letech. JenzZe pravé i vtom byla jeho neopako-
vatelnost. Byl stikou v rybniku nejen v IKEM a VFN, ale po
Sedesatce i ve FN Motol, kde jsme spolupracovali nejvice.

Podobna povaha se viak v nasi zemi pfilis neceni. Proto
se domnivam, Ze svym zpUsobem zUstal nedocenén i lvan
Vanék. Jsem presvédcen, Ze ceskou medicinu posunul diky
své energii, pracovitosti a skvélym schopnostem mnohem
vice nez néktefi jeho medidlné slavné;jsi souputnici.

Pokud na nés tedy odnékud z vysky Ivan hledi (patrné
ma na sobé bily plast, pod nim kosili a dziny, v prstech
drzi cigaretu a ve tvafi ma mirné ironicky usmév), pak by
mél slySet, Ze po sobé nechal nejen fadu svych zakd, ale
i obdivovatell. Pocitdm se mezi né. Je to proto, ze prof.
MUDr. lvana Varika, DrSc., povazuji nejen za zcela mimo-
radného lékare, ale predevsim za zdaleka nejcharismatic-
t&jsiho clovéka, s nimz jsem mél tu ¢est pracovat.

Ivane, at je Ti zemé lehka.

Prof. MUDr. Josef Veselka, CSc.
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ERIAIY

bez cenzury

Cena: 270 K¢.

Brozuru s nazvem Debaty bez cenzury 3 vydalo v edi-
ci Postfehy nakladatelstvi Axonite. Je v poradi jiz treti,
predeslé brozury (Debaty bez cenzury 1 a 2) wysly
v minulych letech. Obsahem je prepis debat, které se
uskutecnily v Lékarském domé jako vyraz aktivity Clubu
J. E. Purkyné. Pfedsednictvo Ceské |ékaFské spole¢nosti
Jana Evangelisty Purkyné (Ceska kardiologicka spole¢nost
mezi jeho odborné spolecnosti nepatfi) se tak snazi
rozvijet tradici Clubu J. E. Purkyné. Cilem Clubu J. E. Pur-
kyné neni ani doSkolovani lékard, ani platforma pro
vyhradné medicinskd témata. Organizaci téchto besed
(vybér témat, vybér a pozvani debatujicich odborniku
a vzdy jedna mési¢né&) maji na starosti pfedseda Ceské
lékaFské spole¢nosti prof. MUDr. Stépan Svacina, DrSc.,
a doc. MUDr. Roman Smucler, CSc., ktery obnoveni
purkyrovskych besed Clubu J. E. Purkyné navrhl.

V roce 2023 se konalo devét besed s témito tématy:
1. Zahrani¢ni zdravotnici v Ceské republice, 2. Umél4 in-
teligence v mediciné, 3. Historie a budoucnost plastické
chirurgie, 4. Vyvoj evropské populace v interakci gent
a prostiedi, 5. Zdravotnictvi po Mnichovu — kus ceské his-
torie, 6. Jaké redlné jsou zmény zdravotniho pojisténi,
7. O historii fotografie, 8. Zdravotnické zakony - je jich
hodné, nebo malo?, 9. Ma dnes jesté smyl preventivni po-
dani antibiotik? To jsou témata obsahové ¢asti brozury.
Vlastni text je bohaté ilustrovan barevnymi fotografiemi
Michala Stavinohy, jichz bylo zafazeno celkem 98.

Petra Hatlova, Roman Smucler
a Stépan Svacina: Debaty bez cenzury 3

Praha: Axonite, 2023. Edice Postrehy, 143 stran.

Prvni vydani, format 125 x 200 mm, mékka vazba (brozované),
cernobily text, barevné fotografie.

ISBN: 978-80-88046-37-0.

Prepis elektronickych zaznamt viech besed byl pro-
veden velmi citlivé, tykal se vyhradné jazykové uUpravy,
obsahové nebylo nic ménéno. Byla dodrZzovana zasada
bez cenzury. V rozpravach se béhem téchto deviti besed
vystiidalo celkem 48 diskutujicich. Ti byli z rznych obo-
ra, podle pravé probiraného tématu (organizatofi zdra-
votnictvi, zastupci zdravotnich pojistoven, fotografové,
pravnici, Iékafi ad.). Jejich vybér a pozvani zajistovali pro-
fesor Svacina a docent Smucler. U¢astnil jsem se nékolika
besed. Protoze diskutujici byli vybirani mezi odborniky
prislusnych obord, byla i Uroven besed na vysoké urovni.

Za tento pocin — navazat na purkyniovskou tradici — je
nutné oba organizatory pochvalit. A protoze na besedu
je pozvano vétsinou asi dvacet hostl, umoznilo predsed-
nictvo nepfitomnym zajemcdm sledovat pribéh besed
a klast eventualni otazky pfes webové rozhrani Ceské lé-
karské spolecnosti.

Komu brozuru doporucit?

Protoze diskutovand témata jsou velmi pestra, vzdy se na-
jde nékteré, které upoutd zajem c¢tenare. A nemusi to byt
vzdy lékar.

Prof. MUDr. Jan Petrasek, DrSc.,

Ill. interni klinika, 1. lékarska fakulta Univerzity Karlovy
a Vseobecna fakultni nemocnice v Praze,

e-mail: petrjanv@email.cz
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Martin Polak

Urgentni pfijem
Nejcastéjsi znaky, pfiznaky
anemoci na oddéleni
urgentniho pfijmu

3,, pfepracované a doplnéné vydani

Cena: 1 299 K¢.

Recenzi na prvni vydani tohoto velmi uspésného titulu
pfinesl nas casopis jako Zpravu o knize v roce 2015 (Cor
Vasa 2015;57(2):266). Tenkrat byla mnohem utlejsi, méla
jen 645 stran a mohl jsem o ni napsat, Ze ma tu vyhodu,
ze ,se vejde do kapsy lékarského plasté”. Druhé vydani
v roce 2016 mélo 675 stran. To soucasné, které ma 866
stran, by se uz do kapsy lékafského plasté nebo ha-
leny neveslo. Je vhodné predeslat, ze obé predchozi
vydani byla rychle rozebrdna. Tento uUspéch autor jisté
neocekaval. To bylo pro eventudlni zdjemce vyrazem
kvality i potfebnosti.

Referovana kniha se vénuje problematice, s niz se léka-
fi na oddéleni akutniho pfijmu/emergency setkavaji nej-
Castéji. V téchto situacich je nutné se rozhodnout nejen
rychle, ale i kvalifikované. A pfedevsim k tomu ma tato
monografie slouzit. Obsah je rozdélen do deviti ¢asti:
I. Obecna ¢ast (40 stran), 1. Nejcastéjsi znaky a priznaky
A-Z (188 stran), lll. Nejcastéjsi nemoci a nosologické jed-
notky A-Z (2 strany), IV. Poruchy acidobazické rovnovahy
a vnitiniho prostredi (64 strany), V. Nejcastéjsi otravy na
urgentnim pfijmu (56 stran), VI. Psychiatricky a agresivni
pacient na urgentnim pfijmu (22 stran), VII. Vybrané dia-
gnostické a l[écebné metody pouzivané na urgentnim pfi-
jmu (62 stran). Jako posledni odborné téma je zarazena
kapitola VIII. Speciadlni témata (42 stran). Nasleduji: His-
torie (4 strany), az pfilis rozsahly seznam doporucené li-
teratury (11 stran), pouzité zkratky (9 stran), tfisloupcovy
rejstiik (7 stran). Kratky cesky a anglicky souhrn (1 strana)
knihu ukoncuji. Pfevaznd vétsina textu neni ilustrovéna.
Vyjimku tvori 39 nékolikabarevnych algoritmu v kapitole
IX na stranach 723-767.

Treti vydani knihy ma sice stejny obsah jako vydani
predesla, ale nékteré kapitoly byly prepracovdny a maji
aktualizovany obsah, nékolik kapitol bylo pfidano. Kniha
tak spliuje pozadavek na ,pfepracované vydani“. Sys-
tematiku podtrhuje, Ze hesla jsou psana podle jednotné
sablony: definice, klasifikace, pficiny, klinicky obraz, dia-
gnostika, diferencialni diagnostika, kritéria pro hospitali-

Martin Polak: Urgentni pfijem.

Nejcastéjsi znaky, pfiznaky a nemoci

na oddéleni urgentniho prijmu.

3., prepracované a doplnéné vydani

Praha, Grada Publishing a.s., 2023, 860 stran.

Vydani treti, format 185 x 120 mm, vazana vazba, dvoubarevny vytisk.

ISBN: 978-80-271-6901-6 (pdf).
ISBN: 978-80-271-3506-6 (print).

zaci a kritéria pro propusténi z nemocnice. Na konci textu
nékterych kapitol je odstavec Varovny pfiznak, vytistény
Cervené a oznaceny Cervenym symbolem (obména red
flags anglickych ucebnic). Vlastni text je psan Uspornou
formou - heslovité, ale tak, aby véty neztracely smysl. Né-
kdy obsah reflektuje principy mediciny zalozené na du-
kazech (EBM) a/nebo doporuceni odbornych spole¢nos-
ti (svétovych, evropskych, ceskych). Pro knihu také plati
vyhoda ,textu jednoho autora”, takZe se informace ani
neopakuji, ani si neprotireci.

Od druhého vydani Urgentniho pfijmu se mnohé zmé-
nilo. Vyznamnou roli sehrdla pandemie covidu-19. Nejen
nase, ale globalni zdravotnictvi, vzniklé a organizované,
aby plnilo ulohu , zdravotnictvi klidnych ¢asa”, bylo kon-
frontovadno s problémy, na néz nebylo pfipraveno. Staci
vzpomenout na katastrofalni pribéh pocatku pandemie
v severni Italii. Doslova ze dne na den narostl vyznam epi-
demiologie, hygienické sluzby, farmaceutického pramys-
lu: vznikly nové léky, nové ockovaci latky. Nemocnice byly
nuceny zménit standardni oddéleni v covidova, musely se
zménit znalosti i dovednosti vSech zdravotnikd jak v am-
bulantni, tak v nemocni¢ni péci.

Nepochybuji, Ze i toto tfeti vydani bude Uspésné. Pres-
to upozornéni pro autora: oproti prvnimu vydani ma toto
0 250 stran vic. Dalsi zvétSeni je jiz nezddouci.

Komu knihu doporucit?

Samoziejmé predevsim tém, ktefi pracuji na oddéleni
akutniho pfijmu a emergency. Ale s akutni situaci se
mUze setkat kazdy lékaf. Kniha by neméla chybét na
pfijmovych ambulancich a ve vozech zachranné lékarské
sluzby. Konecné poucit se nékdy muze kazdy.

Prof. MUDr. Jan Petrasek, DrSc.,

Ill. interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecna fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz
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