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CT angiografie znazorfiujici tortudzni pistél odstupuijici z dilatovaného
kmene ACS a ustici do sinus coronarius. (Komorova Z, Novak M, Seménka
J, Feitové V, Némec P, Spinarova L. Levopravy zkrat u dospélé Zeny mezi
levou korondrni tepnou a korondrnim sinem zplsobeny gigantickou fistuli.
Kazuistika, str. 550-554).
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Plvodni sdéleni | Original research article

Implantace bezesvodového stimulatoru (LP)
Micra — zkusenosti jednoho centra

(Implantation of leadless pacemaker (LP) Micra - single center experience)

Jan Bocek?, Markéta Segetova?, Jan Benes?, Hanka Wiinschova?,
Kamil Sedlacek®, Véra Lanska¢, Josef Kautzner?
Klinika kardiologie, Institut klinické a experimentalni mediciny, Praha

b1, interni kardioangiologicka klinika, Lékarska fakulta Univerzity Karlovy a Fakultni nemocnice Hradec Kréalové, Hradec Kralové
©Oddéleni datovych analyz, statistik a umélé inteligence, Institut klinické a experimentélni mediciny, Praha

INFORMACE O CLANKU SOUHRN

Historie ¢lanku: Uvod: Po celou historii kardiostimulace je fesen problém nejslabsiho ¢lanku stimulaéni soustavy - elektric-
Vlozen do systému: 28. 7. 2022 kych svodud (pozn. v Cestiné se nespravné nazyva svod elektrodou, pfitom elektroda je pouze na samém
Prepracovan: 22. 9. 2022 konci vodice, ktery spojuje implantovany pristroj s myokardem). Stimula¢ni svody mély historicky problé-
Pfijat: 27. 9 2022 my s izolaci nebo zevnim potahem, dalsim problémem je moZznost nalomeni nebo zlomeni spiraly svodu.'?
Dostupny online: 5. 6. 2023 Nezanedbatelnym problémem jsou i infekce stimula¢nich systémi.34 Ve snaze odstranit tyto problémy byl

rozpracovan koncept tzv. leadless nebo bezesvodové stimulace srdce, kdy je miniaturni kardiostimulator
implantovén ptimo do dutiny pravé komory a fixa¢ni mechanismus zajistuje kontakt elektrody s myokardem
a zabezpecuje stabilitu.>® Ze dvou systémd, které byly testovany a uvedeny na trh, se zatim v klinické praxi
rutinné pouzivé pouze systém Micra (Medtronic, Inc.). Implantace se provadi pres femoralni zilu dlouhym,
fiditelnym zavadécem.

Cil: Zhodnotit vysledky implantaci LP Micra (Medtronic, Inc.) v IKEM mezi 30. 3. 2017 a 12. 11. 2021.

Soubor a metodika: Soubor tvofi 60 pacientt, kterym byl implantovan LP (primérny vék v dobé implantace
73,7 roku, smérodatna odchylka [SD] + 9,9 roku; Zeny tvorily 33,3 %). Byly hodnoceny implanta¢ni paramet-
ry, jako jsou implantacni a skiaskopicky cas, ddvka rtg zareni a vyskyt komplikaci. Dale byly sledovany stimu-
lacni parametry pfi implantaci, za mésic a rok po implantaci. Data implantacniho vykonu byla analyzovana
Spearmanovym testem a bivariacni analyzou. Stimulac¢ni parametry jsme analyzovali Friedmanovym testem.
Vysledky: Doba implantacniho vykonu se ve sledovaném obdobi nezménila (primér 63,5 min, SD = 27,5
min, p = -0,0575, p = 0,6624). Vyznamny pokles jsme ale zaznamenali ve skiaskopickém case (pramér 4,1
min, SD * 3,6 min; p =-0,4817, p < 0,0001) a v davce rtg zareni (primér 1 396,8 pGy/m?, SD + 3 248,6 pGy/m?
0 =-0,6454, p < 0,0001). U poslednich 40 pacientt byla v 37 pfipadech implantace pfistroje Uspésna ihned
napoprvé a u tfi pacientd vyzadovala pouze jedno premisténi.

Stimulacni parametry (impedance, senzing a stimula¢ni prah) zistaly v pfiznivych hodnotach po mésici i po
roce od implantace LP Micra.

Celkem byly zaznamenany tfi zadvazné komplikace vykonu (5 %), a to vsechny v pribéhu prvnich 20 vykonu.
U poslednich 40 implantaci jsme nezaznamenali Zddnou vaznou komplikaci.

Do jednoho roku od implantace LP Micra zemrelo 13 (21,7 %) pacient(. Pfi¢inna souvislost imrti s implantaci
LP Micra nebyla prokazana ani v jednom piipadé.

Zavér: Implantace bezesvodového stimulatoru Micra je bezpecnd. Doba vykonu se s pribyvajicimi zkuse-
nostmi vyznamné nezkratila, ale klesl skiaskopicky ¢as i davka rtg zareni. Stimulacni parametry zGstdvaji
pFiznivé i rok po implantaci. Umrtnost do roka od implantace je pomérné vysoka, ale nesouvisi s implantaéni
procedurou.
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Bezesvodovy kardiostimulator
Kardiostimulator

Micra
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ABSTRACT

Introduction: Since beginning of cardiac pacing, implanters have been facing problems related to the
weakest part of pacing system - pacing leads. Historically, there were problems with lead insulation or
coating; another problem is lead or fixating helix fracture."? Infection of cardiac implantable electronic
devices (CIEDs) is also a significant issue.>* As a reaction to these challenges, the concept of leadless pacing
was developed. In this stimulation modality, miniature pacemaker is implanted directly into cavity of right

Adresa pro korespondenci: MUDr. Jan Bocek, Klinika kardiologie, Institut klinické a experimentalni mediciny, Videriska 1958/9, 142 00 Praha 4,
e-mail: bokj@ikem.cz
DOI: 10.33678/cor.2022.104

Tento ¢lanek prosim citujte takto: Bocek J, Segetova M, Benes J, et al. Implantace bezesvodového stimulatoru (LP) Micra — zkuSenosti jednoho centra. Cor Vasa 2023;65:447-453.



448

Implantace LP Micra — nase zkusSenosti

Keywords:
Leadless pacemaker
Micra

ventricle, with fixation mechanism providing both stability and good electrode-myocardium contact.>® Origi-
nally, there were two systems designed, but only Micra (Medtronic, Inc.) is nowadays commercially available
in the Czech Republic. Implantation is performed through femoral vein with long, steerable introducer.
Objective: To evaluate outcomes of implantation procedure of LP Micra (Medtronic, Inc.) in Institute of Clini-
cal and Experimental Medicine, Prague, between 30th of March 2017 and 12th of November 2021.
Methods: We implanted LP in 60 patients (mean age at implantation 73.7 years, SD +9.9; 33.3% of patients
were women). Parameters of implantation procedure, such as implantation and fluoroscopy time, dose of x-
-ray radiation and occurrence of complications were evaluated. Stimulation parameters during implantation
and after one month and one year were recorded. Implantation procedure data were analyzed by Spear-
man'’s test and bivariate analysis. Friedman’s test was used for stimulation parameters analysis.

Results: Implantation procedure duration didn’t change significantly (mean 63.5 min, SD £27.5 min; Spear-
man's p = -0.0575, p = 0.6624), but a significant decrease was observed in fluoroscopy time (mean 4.1 min,
SD +3.6 min; p =-0.4817, p <0.0001) and x-ray dose (mean 1 396.8 uGy/m?, SD %3 248.6 pGy/m? p = -0.6454,
p <0.0001). During last 40 procedures, in 37 cases pacemaker implantation was successful in the first attempt
and in three cases only one reposition of device was necessary.

Stimulation parameters (impedance, sensing, and pacing threshold) remained favorable after one month
and one year after implant procedure.

In total, 3 serious complications of procedure were observed (5%), all of them during the first 20 implanta-
tions. In last 40 cases no serious complication was recorded.

In the first year after LP Micra implantation 13 (21.7%) patients died. Causal relation of any of deaths and
implantation procedure wasn’t demonstrated.

Conclusion: Implantation of leadless pacemaker Micra is safe. With increasing experience, procedure dura-
tion didn't change, but fluoroscopy time and x-ray radiation dose decreased. Stimulation parameters are
favorable even after one year since implantation. Mortality in the first year after implantation is relatively

Pacemaker high, but is not related to the procedure.

Uvod

Jiz od doby implantace prvnich kardiostimulator( se za-
kladni koncept srdecni stimulace prakticky nezménil:
generator proudu je umistén v podkozi mimo krevni fe-
Cisté a srdce je stimulovano pomoci transvenézné zave-
denych elektrickych svodu (pozn. v cestiné se nespravné
nazyva svod elektrodou, pritom elektroda je pouze na
samém konci vodice, ktery spojuje implantovany pfistroj
s myokardem). Historicky se pravé stimula¢ni svody uka-
zaly jako nejslabsi ¢lanek celé soustavy. Mély problémy
s izolaci nebo zevnim potahem, dalsi komplikaci je moz-
nost nalomeni nebo zlomeni spiraly svodu.'? Jinou castou
komplikaci je infekce kapsy konvené¢niho kardiostimula-
toru, kterd maze prostupovat podél svodu do krevniho
proudu. Nezavisle na infekci kapsy mize dojit k infekéni
endokarditidé stimula¢niho systému.3*

Ve snaze odstranit tyto problémy byl rozpracovan kon-
cept tzv. leadless stimulace srdce (leadless pacemaker, LP),
kdy je miniaturni kardiostimulator implantovan pfimo
do dutiny pravé komory a fixa¢ni mechanismus zajistuje
kontakt elektrody s myokardem a zabezpecuje stabilitu.>¢
Doslovny cesky preklad znamend bezesvodovy, protoze
u klasické kardiostimulace se nazyva v angli¢tiné vodic
propojujici pfistroj s elektrodou na konci lead, cesky svod.
V ceské terminologii se tento vodi¢ ponékud nespravné,
le¢ tradicné oznacuje jako elektroda. Elektroda je pfi-
tom pouze na konci vodice ve formé bipolu. Vratime-li se
k terminu leadless, néktefi se snazi jej prelozit jako bez-
dratovy. Jini navrhuji bezelektrodovy. Problémem je, Ze
LP stimulator samoziejmé elektrodu ma, jinak by nemohl
stimulovat. Oznacovat elektricky vodic ve formé dvou od-
izolovanych spiral s elastickym izola¢nim zevnim krytem
jako drat neni také pfesné. Anglicky termin svod se zda

vystizny, protoze svadi jednim smérem signdly a opacnym
elektrické impulsy mezi pfistrojem a elektrodami na kon-
ci. Bud tedy zménime ceskou terminologii, nebo bude
lepsi oznacovat nové pfistroje ndzvem ,leadless”. My se
prikldnime k prvni moznosti, protoze podle nds cesky pre-
klad slova ,lead” existuje a je vystizny.

Ze dvou systému, které byly testovany a uvedeny na
trh, se zatim v klinické praxi pouZiva pouze systém Micra
(Medtronic, Inc.). Tento stimuldtor umoznuje jednoduti-
novou pravokomorovou stimulaci, dle typu pfistroje bud’
v rezimu VVI, nebo VDD. Implantace se provadi pres fe-
moralni zilu dlouhym, fiditelnym zavadécem. Platné gui-
delines doporucuji zvazit jeho uziti pfedevsim u dvou sku-
pin pacientd. Prvni jsou pacienti s limitovanym vendznim
pfistupem a na druhém misté se jednd o pacienty s vyso-
kym rizikem infekce kapsy (jiz prodélana infekce stimu-
la¢niho systému, hemodialyza etc.).”

Cilem této prace je zhodnotit implantace LP Micra
v IKEM mezi 30. 3. 2017 a 12. 11. 2021. Na jedné strané
hodnotime data implanta¢niho vykonu, ddle sledujeme
stimulacni parametry po mésici a po roce od implantace.
V neposledni fadé hodnotime komplikace a umrtnost bé-
hem prvniho roku po implantaci.

Soubor a metodika

Jedna se o retrospektivni monocetrickou studii. Do nase-
ho souboru bylo zafazeno 60 konsekutivnich pacientd,
ktefi splfiovali indikaci k jednodutinové pravokomorové
stimulaci a kterym byl v nasem centru mezi 30. 3. 2017
a12.11. 2021 implantovan bezesvodovy kardiostimulator
MICRA firmy Medtronic. Z tohoto poctu bylo 40 (66,6 %)
muzl a 20 (33,3 %) Zen. Prdmérny vék v dobé implantace
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byl 73,7 roku (SD = 9,9 roku), vékovy median pak 72 let.
Indika¢ni spektrum ukazuje tabulka 1. Kardialni i nekar-
didlni komorbidity jsou uvedeny v tabulce 2.

Vykony provadéli dva operatéfi v poméru 21 a 39
konsekutivnich implantaci. Jeden implantujici mél velmi
dobré zkusenosti s implantacemi konvencnich pfistrojd,
druhy mél navic zkusenosti s interven¢nimi vykony a kate-
triza¢nimi ablacemi. Pfi implantaci je punktovana femo-
ralni Zila, zaveden 8F dilatator a pfes néj dlouhy dratény
tuhy vodi¢ do horni duté zily (Amplatz Extra-Stiff, Cook
Medical LLC). Postupné je dilatovan otvor v Zile az na 20
F. Poté je po vodici zaveden zavadéci systém Micra o pra-
méru 22 F do oblasti vusténi dolni duté Zily do pravé siné.
Nasledné je zaveden pres pouzdro zavadéce samotny kar-
diostimulator, ktery je fixovan vldknem na fiditelném za-
vadécim katétru (obr. 1 a 2). Po zavedeni do dutiny pravé
komory je katétr pritlacen do kontaktu s tkani v oblasti
septa, resp. midsepta a je proveden nastfik kontrastni |at-
ky k posouzeni polohy a kontaktu (obr. 3 a 4). Nasledné
je pomoci posunovaciho mechanismu vysunuto nitinolové
fixacni zafizeni, které pronikne do myokardu a fixuje diky
zpétnému ohybu fixacnich elementl pfistroj (obr. 5). Po
zkousce tahem za kotvici vldkno jsou zméreny parametry

Tabulka 1 - Indikace k implantaci

Indikace Pocet Procento
AVB lIl. stupné 24 40,0
Bradykardie 21 35,0

SSS 6 10,0
Rate control 5 83
Ostatni 4 6,7

AVB - atrioventrikularni blokada; SSS - syndrom chorého sinu (sick
sinus syndrome).

Tabulka 2 - Pfidruzena onemocnéni

Pfidruzena onemocnéni Pocet Procento
Fibrilace sini 47 78,3
Chronicka renalni insuficience 30 50
ICHS 27 45
Diabetes mellitus 22 36,7
Aktivni infekt pfi implantaci 19 31,7
Plicni hypertenze 18 30
Hemodialyza 17 28,3
Imunosuprese 16 26,7
Transplantace ledviny/jater 15 25
Infekce CIED 12 20
EF <40 % 8 13
CHOPN 8 13
TAVI 3 5

CIED - srdecni implantabilni elektronické zarizeni (cardiac im-
plantable electronic device); EF - ejekéni frakce; ICHS — ischemicka
choroba srde¢ni; CHOPN - chronicka obstrukéni plicni nemoc; TAVI
- transkatétrova implantace aortalni chlopné.

stimulace a v pfipadé, Ze splfiuji kritéria, je pfistroj od-
poutan stazenim vldkna. Ndasledné se odstrani zavadéci
systém i pouzdro a nalozi se osmickovy steh na punk¢ni
kanal tak, aby byla zajisténa hemostaza.

Obr. 1 - Sheath systému Micra. Spicka dilatatoru (dole vlevo) pie-
sahuje vlastni sheath, aby bylo umoznéno jeho bezpecné zavedeni.
V bazalni ¢asti sheathu (dole vpravo) je kromé pracovniho i propla-
chovy kanal s trojcestnym kohoutem. Publikovano diky laskavosti
Ing. Katefiny Novotné, Medtronic Czechia s.r.o.

Obr. 2 - Kardiostimulator Micra a jeho zavadéci katétr. Vlastni kar-
diostimulator (vyfez vpravo nahore) se nachazi v rozsirené ¢asti na
$picce katétru (nahofe vlevo). Na rukojeti najdeme tlacitko slouzici
k uvolnéni stimulatoru z katétru (1) a dalsi, které ovlada zahnuti
katétru (2). Kotvici vlakno Ize uzamknout zvlastnim mechanismem
(3). Konec kotviciho vlakna je pfichycen na kolicku (4), ktery brani
nedmysinému odpoutani kardiostimulatoru. Katétr disponuje pro-
plachovym portem (5). Publikovdno diky laskavosti Ing. Katefiny
Novotné, Medtronic Czechia s.r.o.

Obr. 3 - Kardiostimulator Micra je v zavadécim katétru pfitlaceny
do kontaktu s mezikomorovym septem, AP projekce. Znamkou
dobrého kontaktu s myokardem je charakteristické prohnuti za-
vadéciho katétru (tucna Sipka). Kontakt kardiostimulatoru Micra
s myokardem je také ovéren nastfikem rtg kontrastni latky (tenké
Sipky).
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Obr. 4 - Kardiostimulator Micra je v zavadécim katétru pfitlaceny
do kontaktu s mezikomorovym septem, LAO projekce. Popis viz
obrazek 3.

Obr. 5 - Kardiostimulator Micra je vysunuty ze zavadéciho katétru
a fixovany v myokardu pomoci nitinolovych fixacnich elementd.
V tuto chvili je kardiostimulator Micra stéle fixovan kotvicim vlak-
nem, které bude odpoutdno po zméreni stimulacnich parametrd
a uspésné tahové zkousce.

V pribéhu sledovaného obdobi doslo k vyméné angio-
grafu, ktery je na implanta¢nim séle. Novy angiograf je
od jiného vyrobce a ma modernéjsi nizkodavkovy systém
a dovoluje pouziti malého poctu obraza za sekundu (Al-
phenix INFX-800V, Canon Medical Systems Corporation)
oproti dfive pouzivanému angiografu (Integris Allura 9F,
Phillips Health Systems).

Hodnotili jsme parametry implanta¢niho vykonu: im-
plantacni ¢as od punkce tfisla po uzavér pomoci osmic-
kového stehu, skiaskopicky ¢as a davku rtg zareni. Dale
byly sledovany stimula¢ni parametry (impedance, senzing
a stimulacni prah) pfi implantaci a porovnany s hodno-
tami za mésic a rok po implantaci. Stimula¢ni parametry
po mésici od vykonu jsou k dispozici u 31 pacientl; po
roce jsou data o impedanci, senzingu a stimula¢nim pra-
hu k dispozici u 11, 12, respektive 13 pacientd.

Pocet zavaznych periimplantacnich komplikaci jsme
hodnotili procentudlné vzhledem k poctu vykont. Za-
vaznou periimplantacni komplikaci jsme definovali jako
komplikaci, ktera vznikla v souvislosti s vykonem nebo
do 30 dnl od vykonu a vedla k hospitalizaci, prodlouzeni
hospitalizace nebo k nutnosti neplanovaného invazivni-
ho zakroku.

Nakonec jsme hodnotili Umrtnost v prvnim roce po im-
plantaci LP Micra.

Statisticka analyza: Data implanta¢niho vykonu byla
analyzovdna Spearmanovym koeficientem poradové
korelace a bivaria¢ni analyzou. Zapornd hodnota Spear-
manova p znaci pokles ve sledované veliciné, kladna
hodnota vzestup. Stimula¢ni parametry jsme analyzovali
Friedmanovym testem. Za statisticky vyznamnou jsme ve
vsech pripadech povazovali hodnotu p < 0,05.

Vysledky

Implanta¢ni procedura byla Uspésnd u vsech nasich pa-
cientd (100 %). Doba trvani implanta¢niho vykonu (od
punkce tfisla po uzavér femoralni zily) se ve sledovaném
obdobi vyznamné nezménila (prdmér 63,5 min, SD + 27,5
min; Spearmanovo p = -0,0575, p = 0,6624). Vyznamné
ale klesl skiaskopicky cas (prdmér 4,1 min, SD * 3,6 min;
Sprearmanovo p = -0,4817, p < 0,0001) a podobné vy-
znamny pokles jsme zaznamenali i v ddvce rentgenové-
ho zafeni (pramér 1 396,8 uGy/m?, SD = 3 248,6 uGy/m?
Spearmanovo p = -0,6454, p < 0,0001). Tato zjisténi po-
tvrdila bivaria¢ni analyza, jejiz vysledky ukazuje obrazek
6 a 7.V prlbéhu fijna 2019, tj. asi 840 dni po prvnim vy-
konu, byl na implanta¢nim sale vyménén angiograf, coz
na obrdzcich 6 a 7 vyznacuje Sipka na ose x.

Impedance v kontroldch po mésici a po roce od implan-
tace mirné klesala, ale stale v rozmezi hodnot pfiznivych
pro bezpecnou stimulaci. Senzing se po mésici od implan-
tace zvysil a po roce zUlstal beze zmény proti implantacni
hodnoté. Stimulacni prah zlstal béhem celého sledova-
ného obdobi bez podstatnych zmén. Podrobné stimulaé¢ni
parametry ukazuje tabulka 3 a obrazky 8-10.

Co se tyce komplikaci, je mozno nas soubor rozdélit na
dvé obdobi: prvnich 20 a nasledujicich 40 vykonl. Béhem
prvnich 20 vykont doslo ke tfem zavaznym komplikacim

Tabulka 3 - Vyvoj stimulacnich parametri

Implantace
Median Min.-max. Medién
Impedance (Ohm) 680 400-1 300 610
Senzing (mV) 8,3 3-20 12
Stimul. prah (V) 0,75 0,25-2,75 0,5

Jeden mésic Jeden rok

Min.-max. P Median Min.-max. P

440-1 090 0,00009 560 450-860 0,00005
5-20 < 0,00001 17 5-20 0,00363

0,25-3,63 0,2 0,38 0,38-3,25 0,45
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Obr. 6 - Bivariacni analyza skiaskopického casu. Z grafu je patrny
pokles skiaskopického casu ve sledovaném obdobi. Tu¢na Sipka na
ose x oznacuje vyménu angiografu na implantacnim sale.

Obr. 9 - Vyvoj senzingu v dobé implantace a za mésic a za rok po
implantaci
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Obr. 7 - Bivariacni analyza davky rtg zareni. Z grafu je patrny po-
kles davky rtg zareni ve sledovaném obdobi. Tu¢na Sipka na ose x
oznacuje vyménu angiografu na implantacnim sale.
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Obr. 8 - Vyvoj impedance v dobé implantace a za mésic a za rok po
implantaci

Obr. 10 - Vyvoj stimula¢niho prahu v dobé implantace a za mésic a
za rok po implantaci

(5 % z celkového poctu vykon(). Jednou (1,7 %) se jed-
nalo o zavazné krvaceni z mista vpichu, které vedlo k pre-
ruseni vykonu; implantace byla poté provedena dalsi den
z druhého tfisla. Dale jsme zaznamenali jednu (1,7 %) sr-
decni tamponddu s nutnosti perikardidlni punkce. V jed-
nom pfipadé (1,7 %) doslo po vykonu k dislokaci pFistro-
je v rdmci pravé komory; tento pfistroj byl endovazalné
extrahovan a implantovan byl pfistroj novy.

Béhem poslednich 40 vykond jsme pouze jednou za-
znamenali pfechodnou asystolii pfi implantaci, coz podle
nasich kritérii nesplfiuje definici zavazné komplikace. Bé-
hem téchto 40 vykonu byla v 37 pfipadech (92,5 %) im-
plantace pfistroje Uspésna napoprvé, ve tfrech pripadech
bylo potieba pfistroj jednou premistit.

Do jednoho roku od implantace LP Micra zemfelo
13 (21,7 %) pacientd. Primérnd doba mezi implantaci
a umrtim dosahla 102 dnl (SD + 85 dnU), pramérny veék
v dobé umrti ¢inil 69,7 roku (SD + 14,1 roku). Pouze dva
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pacienti zemfreli v IKEM, a je tedy zndma presnd pricina
jejich umrti — v obou pfipadech se jednalo o refrakterni
septicky Sok u jinak polymorbidnich pacientd. Prvni paci-
ent mél implantovanu mechanickou srde¢ni podporu pro
pokrocilé srde¢ni selhani a privodni kabel se stal zdrojem
infekce. Druhy pacient trpél jaterni cirhézou a selhanim
ledvin, pficemz zdrojem infekce byla pneumonie. Ostatni
pacienti zemfeli mimo IKEM, a tudiz pfesnou pficinu je-
jich amrti nezname. V jednom pfipadé se jednalo o paci-
enta s generalizovanou malignitou, tfi pacienti trpéli mal-
nutrici, jeden pacient mél Fabryho chorobu. Sest pacient(
trpélo koznimi defekty nebo dekubity, jeden pacient mél
osteomyelitidu, dva pacienti byli po transplantaci ledviny
a dva pacienti méli v anamnéze prfedchozi kardialni ope-
raci. Pficinnou souvislost umrti s implantaci LP Micra jsme
neprokazali ani v jednom pfipadé.

Diskuse

Tato prace hodnotila vysledky implantaci bezesvodové-
ho kardiostimulatoru Micra v jednom centru. V nasem
souboru pacientll jsme zaznamenali vysokou Uspésnost
implantacni procedury, coz je ve shodé jak s preklinicky-
mi zkuSenostmi, tak s ndsledné publikovanymi registry
se systémem Micra, kde se ve viech pfipadech Uspésnost
implantace pohybovala nad 99 %.%8° Ve studiich Micra
IDE a Micra Real World Setting udavaji autofi kratsi dobu
vykonu (pramér 34,8 + 24,1 min, resp. median 26 min), ale
v obou pfipadech byla méfena doba od zavedeni zavadé-
¢e po jeho odstranéni (,Introducer in/Introducer out”).%®
Naproti tomu my jsme sledovali celou dobu vykonu od
punkce po uzavér tfisla. Dilatace punkéniho mista a néa-
sledny uzavér zily jsou signifikantnim casovym prispév-
kem. PFi srovnani se zkuSenostmi center z Indie a Polska,
kde byla sledovéna celd doba vykonu, je nas implantacni
¢as podobny nebo kratsi (1,05 + 0,07 h, resp. 82 min)."%"

Na&s skiaskopicky ¢as se jevi kratsi nez udavany autory
preklinické studie se systémem Micra (priimér 8,9 = 16,6
min)® a o néco delsi, nez udavaji kolegové z Indie a Pol-
ska (3,29 = 5,34 min, resp. 3,5 min)."%" Pozorovany po-
kles davky rtg zafeni povazujeme za benefit pro pacienta
i pro oSetfujici personal. Na poklesu obou veli¢in (skiasko-
pického casu a davky rtg zareni) se mlze také podilet in-
stalace modernéjsiho angiografu v prubéhu sledovaného
obdobi. Dle bivaria¢ni analyzy ale pokles téchto velicin
trvd i po vyméné pfristroje, jak ukazuji obrazky 5 a 6. Zkré-
ceni skiaskopického c¢asu a pokles davky rtg zareni v sou-
vislosti s pfibyvajicimi zkuSenostmi navic prokazala jina
studie s LP Micra,'? coz je také ve shodé s nasimi vysledky.

Stabilni stimula¢ni parametry v pribéhu dlouhodobé-
ho sledovani pacientt s LP Micra byly mnohokrat proka-
zany,58°12 3 nase zjisténi tedy nejsou prekvapenim.

Procento komplikaci v naSem souboru je vyssi, nez uda-
vaji preklinickd data ¢i registry s LP Micra.®®° Je ale nutno
podotknout, Ze i ndmi pozorované procento komplikaci
je priznivé;jsi nez u konvencnich srdec¢nich implantabilnich
pfistrojd."? Vzhledem k tomu, Ze jde o interven¢ni vykon,
Ize povazovat za optimalni, aby jej provadél operatér se
zkusenostmi s katetriza¢nimi intervencemi. To dokumen-
tuje i naSe pozorovani.

Studie Micra PAR a Micra IDE®® udavaji méné nez dvé
premisténi pristroje pfiimplantaciv 77,3 %, resp.v 83,8 %
méné nez tfi premisténi. V jiné studii bylo pozorovdno
umisténi LP Micra na prvni pokus v 63 %.'?> Pokud vezme-
me v potaz druhych 40 procedur, pak je nase Uspésnost
v umisténi LP Micra na prvni pokus nadpriimérna.

Pomérné vysokd umrtnost v naSem souboru pacientt
dle naseho nazoru nesouvisi s implantaci LP Micra. Je nut-
no brat v potaz, Ze se jednd prevazné o pacienty vysokého
véku, Casto se Spatnym stavem vyzivy. VSichni pacienti bez
vyjimky byli polymorbidni a méli alespor jednu kontrain-
dikaci k implantaci konven¢niho pacemakeru. Nejcastédji
$lo o vysoké riziko infekce konvenéniho pfistroje nebo
vyCerpany cévni pfistup. Dva z nasich zemrelych pacient(
méli v dobé implantace probihajici sepsi a pfi vzniklé po-
tfebé srdecni stimulace byla implantace LP Micra v pod-
staté jedinou moznosti. Ackoli pfesnou pficinu umrti vét-
siny nasich pacientd nezndme, nebot zemfeli mimo IKEM,
ani v jednom pfipadé jsme neprokdzali souvislost umrti
s implantaci LP Micra.

Zaveéry

Implantace LP Micra je s vyhodou pouzitelnd u poly-
morbidnich pacientd, ktefi potfebuji komorovou stimu-
laci, a konven¢ni stimula¢ni systém je pro né nevhodny
z ddvodu rizika infekce nebo limitovaného vaskularniho
pristupu. Nase data ukazuji, Ze implantac¢ni procedura
je bezpecna. S pfibyvajicimi zkusenostmi implantujicich
lékard dochdzi k poklesu skiaskopického casu a déavky
rentgenového zareni, ackoli celkovd doba vykonu se vy-
znamné nezkracuje. Stimula¢ni parametry zUstdvaji v pfi-
znivych hodnotéch i rok po implantaci. Jednoro¢ni morta-
lita po implantaci LP Micra je pomérné vysoka, coz odrazi
celkovy stav nemocnych, u nichz je v soucasnosti tento
vykon indikovan.
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Cil: Zhodnotit technickou a klinickou Uspésnost implantace stentgraftu do aneurysmatu abdominaini aorty
(AAA) s krékem angulovanym vice nez 60 stupnid.
Metodika: Od roku 2013 do roku 2021 jsme retrospektivné analyzovali vysledky endovaskularni [écby vyduté
subrenalni aorty (EVAR) provedené u pacientl s krckem AAA angulovanym vice nez 60 stuprid. Soubor tvori
27 pacientd s angulaci kr¢ku 65-95 stuprid.
Vysledky: Primérna doba sledovani ¢inila 60 mésicd (8-77 mésict). U vsech nemocnych se podatilo stentgraft
(SG) spravné implantovat stejnym endovaskularnim tymem. Endoleak I. typu byl pfitomny u dvou pacientu.
V prvnim pfipadé jsme endoleak fesili proximalni extenzi, ve druhém pfipadé jsme postupovali konzerva-
tivné vzhledem ke komorbiditdm nemocného. BEhem doby sledovani jsme nezaznamenali Zzaddnou rupturu
vyduté ani umrti v souvislosti s operaci. Kontrolni sonografickd vysetieni provedend s odstupem Sesti mésict
prokazala zmensovéni vaku AAA u 15 (55,5 %) pacientli a u 11 (40,7 %) pacientl bylo prokézano zastaveni
rdstu vaku aneurysmatu.
Zavér: EVAR u kr¢kl angulovanych vice nez 60 stupnil je technicky moznd a Uspésna, ovsem za predpokladu,
Ze délka krcku je dostatecna pro ukotveni SG. Jakmile se jeden nebo vice nepfiznivych faktord vyskytuje sou-
Casné, stoupa riziko proximalniho endoleaku (typ la) a Sance na Uspésnou a trvalou exkluzi vyduté z obéhu
vyrazné klesa.

© 2023, CKS.

ABSTRACT

Aim: To evaluate the technical and clinical success of stent graft implantation in abdominal aortic aneurysm
(AAA) with neck angulated more than 60 degrees.

Methods: We retrospectively analyzed the outcomes of endovascular treatment of subrenal aortic aneurysm
(EVAR) performed from 2013 to 2021 in patients with AAA neck angulation greater than 60 degrees. The
cohort consists of 27 patients with neck angulation of 65-95 degrees.

Results: In all 27 cases the stent graft (SG) was correctly implanted by the same endovascular team. Type
| endoleak was present in 2 patients. In the first case, we managed the endoleak with proximal SG exten-
sion, in the second case, surgery was not indicated due to the patient’s comorbidities. During the follow-up
period, we did not observe any aneurysm rupture or death related to the procedures. Follow-up sonographic
examinations performed 6 months apart showed AAA sac shrinkage in 15 (55.5%) patients and 11 (40.7%)
patients did not show progression of aneurysm sac diameter.

Conclusion: EVAR in necks angulated more than 60 degrees is technically possible and successful, however,
only provided that the neck length of the aneurysm is sufficient to anchor the SG. Once one or more adver-
se factors are present simultaneously, the risk of proximal endoleak (type la) increases and the chance of
successful and permanent exclusion of the aneurysm from the circulation decreases significantly.

Adresa pro korespondenci: MUDr. Khaled EI Samman, Klinika jednodenni chirurgie Palas Athena, Hviezdoslavova 509/25, 149 00 Praha 11,

e-mail: samman@seznam.cz
DOI: 10.33678/cor.2023.017

Tento ¢lanek prosim citujte takto: El Samman K, Sedivy P, PiindiSové H, Snajdrova A. Endovaskularni lé¢ba vyduti biisni aorty s angulovanym krekem. Cor Vasa 2023;65:455-459.
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Uvod

Endovaskularni |é¢ba subrendlni vyduté brisni aorty je
nyni povazovana za metodu volby u starSich a polymor-
bidnich pacientd, kde riziko oteviené chirurgické lécby
presahuje jeji pfinos.’

Hlavni limitaci endovaskularni |é¢by aneurysmatu
(EVAR) je morfologie tepenného recisté, ktera se hodnoti
na zakladé méreni vybranych parametrl podle zobrazo-
vacich vysetfeni, nejcastéji vypocetni tomografie (CT an-
giografie, CTAG). Se soucasné dostupnymi stentgrafty je
anatomicky vhodnych subrendlnich vyduti k EVAR (vzhle-
dem k doporucenym postuplm vyrobcl) asi 60-80 %.?
U zbylych 20-40 % je nejcasté&jsi limitaci této Iécby nevhod-
na anatomie cévniho recisté, napfriklad pfilis kratky a Siroky
proximalni kréek aneurysmatu, vyskyt nasténného trombu
v kréku, vyraznad kalcifikace stény aorty vice nez 50 % obvo-
du, Siroky prmér kréku nebo tortuozita panevnich tepen.?
Avsak nejvyznamnéjsimi parametry ovliviujicimi moZznost

Obr. 1 - Angulace krcku AAA
(&) = dhel mezi podélnou osou
proximalniho kréku a podélnou
osou aneurysmatu

|
I\ JLy

i
endovaskularni [écby z technického hlediska podle vétsiny
autort jsou délka proximalniho kr¢ku a jeho angulace, jde
o tzv. nepfiznivy kréek.* Doporucené anatomické para-
metry krc¢ku vyduté vhodného k EVAR podle dnesnich
kritérii jsou angulace (&) < 60 stupritl, délka (d) > 15 mm
a pramér (p) < 32 mm (obr. 1)."* Nepfiznivy krcek a riziko
endoleaku jsou Achillovou patou EVAR, ale zaroven
i hnacim motorem rozvoje endovaskularni technolo-
gie. Dnesni generace stentgraftll do subrenalni aorty je
flexibilnéjsi, nékteré stentgrafty maji suprarendlni kotveni
nekrytym stentem, jiné maji moznost repozice proximal-
niho hrdla pro presnéjsi subrenalni kotveni. Proto se v
nékterych pripadech, kdy je oteviena operace u pacienta
kontraindikovana z diivodu polymorbidity, stentgraft za-
vadi i do vyduté s vétsim uhlem v kr¢ku. Tyka se to hlavné
situace, kdy je angulace krc¢ku vétsi nez 60 stuprit a délka
rovného krcku > 10 mm, ale < 15 mm. V téchto situacich
(kdy je anatomie kr¢ku nepfiznivd) se viak zvysuje riziko
vzniku endoleaku, i kdyz je vykon proveden zkusenym op-
eratérem. Odhaduje se, Ze az 30 % implantaci stentgraftd
je provedeno mimo doporucené parametry.>®

Material a metodika

Od ledna 2013 do dubna 2021 jsme planované zaved-
li na nasem pracovisti stentgraft (SG) do aneurysmatu
abdominalni aorty (AAA) u 512 pacientt s prdmérnym
vékem 72 let (62-89 let) a pramérnou velikosti AAA
68 mm (57-91 mm). Z celého souboru viech planovanych
zavedenych SG jsme vyhledali a retrospektivné sledovali
vyskyt endoleaku I. typu u kr¢ku s naro¢nou anatomii.
Dvacet sedm pacientt mélo nepfiznivy kréek — proximal-
ni kréek mél angulaci vice nez 60 stupnd (65-95 stupnia)
s difuzni kalcifikaci ve sténé (obr. 2-4). Tito pacienti tvori
sledovany soubor.

VRT COLLECTION

Obr. 2 - Dvojité angulovany kréek vyduté subrenalni aorty. Pfiklad
krcku s anatomii naro¢nou pro EVAR.
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Obr. 3 - Stejny pacient (obr. 2): CTAG po mésici od EVAR ukazuje
pfiznivy nélez.
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Obr. 4 - Dal$i AAA s naro¢nym krckem (angulace 95 stupit), CTAG
po EVAR ukazuje pfiznivy nélez.

Vsichni pacienti v tomto souboru méli velké AAA
nad 72 mm a velmi vysoké riziko pro otevienou chirur-
gickou operaci. Dvacet Ctyfi pacientd mélo vysoky vék
a vyznamné komorbidity, z této podskupiny byla vydut
palpacné citlivd v osmi pfipadech a oteviend chirurgicka
operace byla kontraindikovana anesteziologem v 3esti
pfipadech pro tézkou chronickou obstrukéni plicni ne-
moc. Dale dva pacienti z celého souboru méli bficho za-
jizvené po drivéjsich stfevnich operacich a po ozarovani
a jeden pacient mél v osobni anamnéze prodélanou pan-
kreatitidu s peritonitidou. Otevfend chirurgicka operace
by tedy u vSech pacientd nednosné zvysovala riziko kom-
plikaci vykonu, proto jsme se nad rdmec ,doporucenych
parametrd” rozhodli pro zavedeni SG do AAA. Pred ope-
raci pacienti byli fadné informovéani o vSech moznostech
lécby a eventudlnim mozném riziku kazdé lé¢by. Vsichni
pacienti operacni feSeni AAA chtéli a odmitli otevieny
chirurgicky vykon. Souhlasili s endovaskuldrni lé¢bou
i s tim rizikem, Ze pfi nedspéchu se znovu budou muset
rozhodnout, zda ptjdou na dalsi operacni vykon.

Udaje o morfologii kr¢ku byly ziskany z pfedoperaéniho
méfeni anatomickych pomérd na CTAG pfi planovani
EVAR. Namérené uhly kréku byly v rozmezi 65-95 stuprid,
prméry subrenalniho Useku aorty byly mensi nez 32 mm
a délky subrendlniho kr¢ku byly 15 mm a vice. Peroperacni
pribéh se nelisil od jinych subrenalnich EVAR.

Vysledky

U vSech 27 nemocnych se podafilo stentgraft spravné
implantovat. Morbidita nebyla odlisnd od jinych pla-
novanych stentgraftd v oblasti subrenélni aorty. Zadny
z pacientt v tomto souboru nezemfrel v souvislosti s AAA.
Primérna doba sledovani souboru byla 60 mésicl (8-77
mésicd).

Obr. 5 - Casny endoleak I. typu po implantaci SG

Endoleak I. typu vznikl ve dvou pfipadech. V prvnim
pripadé jsme zjistili casny endoleak I. typu (obr. 5) u pa-
cienta s chronickou rendlniinsuficienci v hemodialyza¢nim
programu a funk¢ni pravou ledvinou s témér nulovou
diurézou.

Na predopera¢nim CT byla aorta tézce kalcifikovana
(tzv. porceldanova aorta) s angulaci krcku 74 stupnid, délka
a pramér kr¢ku byly 19 a 26 mm. Pro ziskani lepsi kot-
vici zény jsme pouzili proximalni extenzi pomoci tubu-
larniho stentgraftu se zamérnym prekrytim nize odstu-
pujici pravé rendlni tepny (vzhledem k atrofii a dysfunkci
ledviny) s pfiznivym nélezem (obr. 6). Po pfekryti pravé
renalni tepny byl pacient nadale bez symptomatologie.

Ve druhém pripadé byla angulace krcku 76 stupnid,
délka a pramér kr¢ku 20 mm a 28 mm. Kréek byl sice
bez vyrazné kalcifikace, ale mél kénicky tvar. Endoleak I.

Vi O "

Obr. 6 - Reseni endoleaku I. typu proximalni extenzi
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typu se objevil po dvou letech od implantace, byl zjistény
nahodné pfi kontrolnim sonografickém vysetfeni. Pro-
ximalni extenze nebyla technicky mozna. Klasicka chirur-
gicka operace vyduté byla kontraindikovana anesteziolo-
gem vzhledem k pfidruzenym onemocnénim a vysokému
opera¢nimu riziku. Z téchto ddvodud jsme zvolili konzer-
vativni postup. Pacient poté prestal chodit na kontroly.

Bé&hem doby sledovani jsme v nasem souboru neza-
znamenali zaddnou rupturu vyduté ani Umrti v souvis-
losti s AAA. Kontrolni ultrazvukova vysetfeni briSni aorty
prokazala zmensovani vaku AAA u 15 (55,5 %) pacientl
a u 11 (40,7 %) pacientl bylo prokdzano zastaveni rdstu
vaku aneurysmatu.

Diskuse

Pomineme-li relativné nové moznosti endovaskularni lé¢-
by AAA fenestrovanymi ¢i vétvicimi se stentgrafty, které
rozsifuji moznosti i pfi limitaci anatomicky nepfiznivym
krékem, stale plati, Ze minimalni délka proximalniho kr¢-
ku by méla byt alespori 15 mm a angulace subrenalni aor-
ty u urcitych SG do 60 stupna.5’

Nedavné studie vSak ukdzaly, Ze i pacienti s anatomicky
suboptimdlnim kréckem mohou mit Uspésné implantovany
SG.% Jsou kazuistiky o Uspésném zavedeni bifurka¢niho SG
do kratsich kr¢kG (10-15 mm).2-"

Dnesni generace stentgraftd predstavuje vhodnou al-
ternativu i u nemocnych, ktefi se dfive zdali byt nevhod-
nymi kandidaty k endovaskularni [é¢bé pro nepfiznivé
anatomické poméry na aorté nebo panevnich tepnach.
SG jsou vybaveny hacky a ostny na jejich proximdlnim
useku pro lepsi ukotveni. Jsou ohebné, aby se prizplsobily
anatomickému tvaru krcéku. Problémy s pristupem pres
sklerotické panevni tepny se staly mensi prekazkou se
zavedenim hydrofilniho povrchu zavadéciho zafizeni
a pouzitim nizkoprofilového SG.%® Rentgen-kontrastni
znacky na zacatku upletu ndm pomahaji vyuzit kazdého
milimetru z krcku vyduté k presnému ukotveni SG
v pozadované pozici. K dispozici jsou i pomocné metody
ke zlepseni tésnosti stentgraftu v oblasti proximalniho
kr¢ku, jako napfiklad implantace stentu Palmaz'? nebo
transmuralni fixace SG pomoci minisroubkd Heli-Fix En-
doAnchor System (Medtronic, Minneapolis, USA)."

Angulace krcku neni jedinym urcujicim faktorem pro
presné ukotveni a dlouhodoby uspéch endovaskularni
lécby. Kvalita krcku ma také velky vliv na proximalni
tésnéni SG. Je zifejmé, Ze pritomnost trombu nebo kal-
cifikace v kréku moze prispét ke Spatnym vysledkdm.
Napfiklad EVAR u pacienta s angulovanym a 15 mm
dlouhym krckem ma vétsi pravdépodobnost Uspésné 1écby
nez EVAR u rovného 15 mm dlouhého krc¢ku s kénickym
tvarem, s pritomnosti trombu ¢i s kalcifikovanou aortalni
sténou. Koénicky tvar krcku, pritomnost trombu a kalcifi-
kace stény pravdépodobnost Uspéchu snizuji.'

I kdyz mnoho kr¢kd s naro¢nou anatomii by bylo
technicky vhodnych k implantaci fenestrovanych nebo
vétvenych SG, ty nejsou zatim rutinné pouzivany na
vsech pracovistich. Navic je znamo, Ze fenestrované SG
maji vétsi pocet komplikaci nez standardni EVAR." Proto
subrendlni EVAR zGstava zlatym standardem pro vétsinu
pacientd s AAA s angulovanym krékem.

Ve stejném obdobi jsme =zavedli v akutni indi-
kaci u symptomatickych pacientd 34 abdomindlnich
stentgraftll, z toho 22 bifurkacnich, 11 aorto-uniiliac-
kych a jeden tubuldrni. Dlvodem pro akutni operaci byly
bolesti zplsobené velikosti vyduté u 16 pacientd, symp-
tomatické aneurysma infekéniho plvodu u deviti osob,
krvaceni u Sesti pacientd, bolestivost zanétlivé neinfek¢ni
vyduté u dvou pacientl a neprava neinfekéni narustajici
vydut u jednoho pacienta. V akutnich indikacich je cilem
vykonu co nejrychlejsi vyfazeni vyduté z krevniho obéhu
a zamezeni rizika ruptury, kterd muze nastat kdykoli.
Taktika vykonu je zamérend na jistotu, Ze prvni zakotveni
téla stentgraftu do proximalniho kr¢ku bude tésnit bez
rizika proximdlniho endoleaku a bez pfipadné potreby re-
pozice nebo daldi proximalni extenze. Abychom predesli
zdrzeni pti kanylaci kontralaterdlni nozky, u vyduti s pro-
stornym vakem volime castéji aorto-uniiliacky stentgraft.
U infekénich vyduti s prevazujicim postizenim jedné
panevni tepny volime aorto-uniiliacky stentgraft zave-
deny opacnou stranou. Pacientdim s anatomicky nevhod-
nym krckem se ve vyse uvedenych indikacich tedy spise
vyhybame. Relativné maly pocet implantaci z indikace
krvacejici AAA je zduavodnény tim, Zze u téchto, casto
obé&hové nestabilnich pacientl indikujeme na nasem
primarné chirurgickém pracovisti spiSe urgentni otevieny
vykon.

Ve shodnou dobu v souboru pacientli s neangulovanym
krckem (n = 485) jsme zaznamenali proximalni endoleak
typu la pouze u tfi pacientt. Ve dvou pfipadech jsme situa-
ci vyresili proximalni extenzi, u jednoho pacienta jsme
vzhledem k celkovému stavu postupovali konzervativné
a endoleak spontanné regredoval.

Zaveér

Implantace stentgraftu u AAA s proximalnim krckem
angulovanym vice nez 60 stupnd je technicky mozna
s dobrym dlouhodobym vysledkem u vhodné zvolenych
pacientld za predpokladu, Ze kvalita kr¢ku je vhodna pro
ukotveni SG. Vyskyt dalsiho nepfiznivého faktoru (krat-
8i kréek nez 15 mm, koénicky tvar kr¢ku, nalez kalcifika-
ce nebo trombu v kr¢ku aneurysmatu) zhorsuje vysledek
EVAR; stoupa riziko vzniku proximalni endoleaku (typ la),
$ance na Uspésné a trvalé vyrazeni vyduté z obéhu vyraz-
né klesa.
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Kontext: Infekéni onemocnéni covid-19 bylo spojeno s vyznamnou morbiditou a mortalitou. Nepostihuje
pfitom pouze dychaci systém, ale byly pozorovény i cetné systémové ucinky jako myokarditida, arytmie
a zilni tromboembolicka nemoc.
Cil studie: Nasim cilem bylo zjistit frekvenci vyskytu rizikovych faktort kardiovaskularnich onemocnéni u pa-
cientd s onemocnénim covid-19 a dopady uvedenych rizikovych faktort na kratkodoby vysledek nemocni¢ni
|écby pacientu s nové diagnostikovanym onemocnénim covid-19.
Materialy a metody: Byla provedena prufezova analytickd studie s 200 pacienty (primérny vék 44,2 + 12,7
roku) s onemocnénim covid-19, prokdzanym PCR testem, pfijatymi na izola¢ni oddéleni rliznych nemocnic
v Egypté. Pacientdm byla odebrana anamnéza a byla provedena fyzikalni vysetfeni a vysetieni srdce. U zafa-
zenych pacientt se hodnotil profil kardiovaskularniho rizika. U vech pacientt byl natocen 12svodovy elekt-
rokardiogram, byly provedeny bézné laboratorni testy a vysetieni hrudniku vypocetni tomografii. Nasledné
byli G¢astnici studie rozdéleni do dvou skupin (A pfeZivii a B zemfeli). Udaje byly analyzovany statistickym
softwarem pro socidlni védy verze 20.0 (SPSS Inc., Chicago, lllinois, USA).
Vysledky: Do studie bylo fazeno 200 pacientli ve véku 20 az 79 let, vétSinou muzl. Ve studii prezilo 181
Ucastnikd (90,5 %; skupina A), 19 pacientt (9,5 %; skupina B) zemfelo. Multivaria¢ni analyza zjistila, ze
vyznamnymi prediktory umrti byly vék nad 60 let, systémova hypertenze, diabetes mellitus, obezita a dys-
lipidemie.
Zavéry: U neprezivsich Ucastnikd studie s onemocnénim covid-19 byly castéji pfitomny systémova hyperten-
ze, diabetes mellitus, obezita a dyslipidemie.

© 2023, CKS.

ABSTRACT

Background: Coronavirus disease (COVID-19) has caused significant morbidity and mortality. COVID-19 is
more than a respiratory illness, it had multiple systemic effects such as myocarditis, arrhythmias, and venous
thromboembolism.

Aim of the study: We aimed to study the frequency of cardiovascular risk factors in patients with COVID-19
and the impact of these risk factors on short-term in-hospital outcome of patients newly discovered with
COVID-19.

Materials and methods: Cross-sectional analytic study conducted in Egypt on 200 patients (mean age of
44.2+12.7 years old) with positive polymerase chain reaction for COVID-19 recruited from different isolation
hospitals. Patients were subjected to history taking, physical examination, and cardiac examination. The
cardiovascular risk profile was studied among the enrolled patients. Twelve-lead electrocardiogram, routine
laboratory tests, and computed tomography chest study were done for all patients. Patients were grouped
into two groups A and B for survivors and non-survivors, respectively. Data were entered using the statistical
package for social sciences, version 20.0 (SPSS Inc., Chicago, Illinois, USA).

Results: The study was conducted on two hundred patients aged 20 to 79 years with male predominance.
The study found that 181 patients (90.5%) survived (Group A) and 19 patients (9.5%) died (Group B). Mul-
tivariate analysis revealed that significant predictors of death were age above 60 years old, systemic hyper-
tension, diabetes mellitus, obesity and dyslipidemia.

Conclusions: Systemic hypertension, diabetes mellitus, obesity, and dyslipidemia were more prevalent in
non-survivor patients with COVID-19.
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Introduction

Coronaviruses which belong to the Corona viridae fa-
mily are characterized by having crown-like spikes on
the outer surface of the virus. These small sized viruses
(65-125 nm in diameter) contain a single-stranded RNA
as a nucleic material whose length ranges from 26 to 32
kbs in length (Fig. 1).

Nucleocapsid protein

et ENVElOPE glycoprotein (E)
RNA

s Spike protein (S)

Membrane
glycoprotein (M)

Lipid bilayer

Fig. 1 - Structure of the human coronavirus causing respiratory syn-
drome.’

At the end of 2019 an outbreak of coronavirus that
killed more than eighteen hundred and infected over
seventy thousand individuals within the first fifty days of
the epidemic happened in Wuhan, China. This virus was
found to be a member of the coronaviruses 3 group. The
Chinese researchers named it as 2019 novel coronavirus
(2019-nCov). The International Committee on Taxonomy
of Viruses called the virus as SARS-CoV-2 and the disease
as COVID-19.4

Coronaviruses family subgroups are alpha (a), beta
(B), gamma (y), and delta (8) coronavirus. Severe acute
respiratory syndrome coronavirus (SARS-CoV), H5N1 in-
fluenza A, HIN1 2009 and Middle East respiratory syn-
drome coronavirus (MERS-CoV) cause acute lung injury
and respiratory distress syndrome which leads to respira-
tory failure.!

Seventeen mutations in the viral genome are found
in the alpha variant. Eight mutations (A69-70 deletion,
A144 deletion, N501Y, A570D, P681H, T716l, S982A, and
D1118H) are in the spike (S) protein. N501Y shows an in-
creased affinity of the spike protein to angiotensin-con-
verting enzyme 2 receptors, which facilitates the viral at-
tachment and the subsequent entry into host cells.?

Compared to other SARS-CoV-2 variants, alpha variant
was associated with increased mortality.® A second wave
of COVID-19 infections was first detected in South Africa
in October 2020 .This wave was caused by Beta variant
with multiple spike mutations.”

In December 2020, Gamma variant was found in Brazil
and was first detected in United States in January 2021.8
Delta variant was initially identified in December 2020
in India and was responsible for the second wave of CO-
VID-19 infections in April 2021 in India. On the 23rd No-
vember 2021, Omicron variant was found in South Africa
after a small increase in the number of cases of COVID-19.°
Omicron caused a 13-fold increase in viral infectivity and

was found to be 2.8 times more infectious than the Delta
variant.' The virus had incubation period ranged from 0
to 24 days, with an average of 5-7 days."

Individuals of any age were susceptible to the infec-
tion. Most of the patients presented with mild to mod-
erate symptoms. It was found that the most common
symptoms were fever, fatigue, dry cough, and upper re-
spiratory tract symptoms. However, one report described
patients with gastrointestinal symptoms in children and
adolescents.?

It was found that the overall case-fatality rate of
COVID-19 was 2.3% with approximately 20% of patients
having developed severe respiratory illness. Moreover,
fever, dry cough, dyspnea, and bilateral pulmonary in-
filtrates on chest imaging were found in patients with
severe disease. Complications of COVID-19 included
respiratory failure, acute myocardial injury, acute kid-
ney injury, liver injury, septic shock, and multiple organ
failure. Moreover, severe symptoms were likely to oc-
cur in the elderly males and in those with underlying
co-morbidities.'* Lymphopenia was frequently found in
COVID-19 patients.™

Chest computed tomography (CT) early findings in pa-
tients with COVID-19 included single or multiple limited
patchy shadows with interstitial changes, located at the
peripheral lung fields just inside the pleura. Moreover,
positive bronchus signs and thickening of the blood ves-
sels could be detected. Ultimately, lesions might progress
to multiple ground glass opacities bilaterally (Fig. 2)."

|

Fig. 2 - Ground glass infiltration with air bronchogram of a patient
with COVID-19."

Real-time reverse transcriptase-polymerase chain reac-
tion (RT-PCR) is a diagnostic test that uses nasal swab, tra-
cheal aspirate or bronchoalveolar lavage specimens. The
preferred method for diagnosis is the collection of upper
respiratory samples using nasopharyngeal and oropha-
ryngeal swabs.'®

Although there might be false positive results due to
swab contamination especially in asymptomatic patients,
it was found that the specificity of the RT-PCR test was
very high. The sensitivity rate was not clear, but was
found to be around 66-80%." Moreover, it was found
that single negative test did not rule out SARS-CoV-2 in-
fection, especially if the nasopharyngeal swab specimen
was taken from highly exposed persons at the beginning
of the infection."”
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SARS-CoV-2 was reported to directly infect the endo-
thelium and possibly the heart which could precipitate
cardiovascular complications. Isolated cases of fulminant
myocarditis or pericarditis were attributed to COVID-19."®

It was found that in diabetic patients, the natural im-
munity is compromised due to elevated blood glucose
levels, so glycosylation of cytokines will affect the func-
tion of cytokines dependent on type | helper T lympho-
cytes. Pulmonary microangiopathy and tissue damage
caused by oxidative stress in hyperglycemia predispose
the patients to COVID-19."

By binding angiotensin-converting enzyme 2 recep-
tors, SARS-CoV-2 could destroy pancreas islet cells. High
blood glucose in patients may decrease immune response
to SARS-CoV-2 and inhibit neutrophil chemotaxis, phago-
cytosis, and intracellular killing, resulting in more drastic
and prolonged disease.?®

SARS-CoV-2 enters cells through angiotensin-convert-
ing enzyme 2 (ACE2) receptors therefore medication with
angiotensin-receptor blockers (ARBs) may be associated
with increased ACE2 expression and susceptibility to CO-
VID-19.7

High prevalence of systemic hypertension among hos-
pitalized COVID-19 patients as well as patients with se-
vere illness were reported.?

Despite these observations, the association between
hypertension and COVID-19 was still unclear. Although,
overrepresentation of systemic hypertension was seen in
patients admitted to hospitals with COVID-19, it was un-
clear whether this association was due to the older age
of these patients, presence of other comorbidities or just
a simple random association.?

It was found that considerable energy was used by
the obese patients to overcome the reduction in chest
wall compliance. Moreover, considerable energy must be
spent to overcome the air flow limitation and the airway
resistance. Taken all together, the respiratory system of
obese subjects can be severely affected by any respiratory
insults like COVID-19.2

It was found that abnormal blood lipids (dyslipidemia)
could affect the outcome of COVID-19 patients. Since
cholesterol is the major neutral lipid of pulmonary surfac-
tant so hypercholesterolemia can disrupt the protective
features of surfactant in alveolar spaces. Moreover, since
cholesterol is a major structural component of immune
cell membranes, elevated cholesterol levels can affect
pulmonary immune responses and exacerbate pulmonary
inflammation response.?

The current study aims to study not only the frequency
of cardiovascular risk factors in patients with COVID- 19
but also the impact of cardiovascular risk factors on the
short-term in-hospital outcome of patients newly discov-
ered with COVID-19.

Patients and methods

This cross-sectional analytic study was carried out at di-
fferent isolation hospitals, Cairo, Egypt during the peri-
od extending from January 2021 to September 2021. The

study protocol was approved by the local ethical commi-
ttee and was given an approval number (142-2021). This
study was carried out on 200 patients above 18 years old
admitted with positive polymerase chain reaction for
COVID-19 with at least one of the cardiovascular risk factors.

Patients were subjected to history taking, physical ex-
amination, and cardiac examination. The cardiovascular
risk profile was studied among the enrolled patients. Sys-
temic hypertension was diagnosed if the systolic blood
pressure was >140 mmHg and diastolic blood pressure
>90 mmHg or if the patient was on antihypertensive
medication.?®

Diabetes mellitus was diagnosed by measuring HbA,_
if equal or more than 6.5%, fasting blood glucose level
equal or more than 126 mg/dl, post prandial blood glu-
cose level equal or more than 200 mg/dl or if the patient
was on antidiabetic medications.?’

Dyslipidemia was diagnosed by measuring low-den-
sity lipoprotein if equal or more than 100 mg/dl, high-
density lipoprotein equal or lower than 40 mg/dl in fe-
males or 50 mg/dl in males, triglycerides level equal or
more 200 mg/dl or if the patient was on lipid lowering
medications.?®

Obesity was diagnosed by measuring body mass index
if more than 30 kg/m? which was obtained by dividing the
patient weight by the square of his height.?®

The short in-hospital course of the enrolled patients
was followed clinically, using standard twelve-lead elec-
trocardiogram, laboratory investigations and by com-
puted tomography chest study. Patients were grouped to
survivors and non-survivors.

The short-term in-hospital course of the patients was
followed regarding the decline in oxygen saturation, the
need for continuous positive airway pressure, and inva-
sive versus non-invasive mechanical ventilation.

Administration of ventilatory support without using
an invasive artificial airway (endotracheal tube or trache-
ostomy tube) was defined as noninvasive ventilation.®

The invasive mechanical ventilation defined as the
use of endotracheal tubes and mechanical ventilators®'
not only protects the airway but also helps suctioning of
respiratory secretions and stabilizes patients with hypox-
emic and hypercapnic respiratory failure.?

Continuous positive airway pressure (CPAP) therapy
utilizes machines designed to deliver a flow of constant
pressure. CPAP can be administered as nasal, nasopharyn-
geal using the nasopharyngeal tube or via face mask.*

Statistical analysis

Data were coded and entered using the statistical pac-
kage for social sciences, version 20.0 (SPSS Inc., Chicago,
Illinois, USA). Quantitative data were expressed as meanx
standard deviation (SD).

Qualitative data were expressed as frequency and per-
centage. Comparison between groups with qualitative
data was done using Chi-square test and Fisher's exact
test instead of Chi-square test only when the expected
count in any cell less than 5.

Multivariate logistic regression analysis: Odds ratios
(OR) with 95% confidence intervals were computed to
assess the overall association between each possible risk
factor and the outcome. The confidence interval was set
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to 95% and the margin of error accepted was set to 5%.
P-value <0.05 was considered statistically significant.

Results

This cross-sectional analytic study was carried out in diffe-
rent isolation hospitals in Cairo, Egypt during the period
extending from January 2021 to September 2021.

The study was done on 200 patients with positive poly-
merase chain reaction for COVID-19 with at least one of
the well-known cardiovascular risk factors, e.g. systemic
hypertension, diabetes mellitus, dyslipidemia, obesity or
smoking. A written consent was taken from all the en-
rolled patients to participate in the study. The enrolled
patients aged from 20 to 79 years old (mean age of
44.3+12.7 years). The study included 181 patients (90.5%)
younger than 60 years and 19 patients (9.5%) older than
60 years. Moreover, 104 patients (52%) were males and
96 patients (48%) were females. The demographic data
of the enrolled patients are demonstrated in Table 1.

One hundred and twenty one patients (60.5%) were
hypertensive, 98 patients (49.0%) were diabetics, 106 pa-
tients (53.0%) were smokers, 54 patients (27.0%) were
obese and 42 patients (21.0%) had dyslipidemias. Table
2 illustrates the cardiovascular risk profile of the enrolled
patients.

The short-term in-hospital course of the patients was
followed. Patients were grouped to survivors and non-
survivors (group A and B, respectively). The study found

Table 1 - Demographic data distribution among patients
with COVID-19

Demographicdata  Number of patients Percentage
(n =200)

Age (years)

<60 years 181 90.5%

>60 years 19 9.5%

Gender

Female 96 48.0%

Male 104 52.0%

that among COVID-19 patients 121 (60.5%) had oxygen
saturation >90% and 79 patients (39.5%) had oxygen
saturation <90% (Fig. 3).

Invasive mechanical ventilation (MV) was required in
54 patients (27%) with COVID-19. Fifty-six patients (28%)
were treated with continuous positive airway pressure
(CPAP) and 180 patients used nasal cannulas and oxygen
masks. Most of the patients who did not survive were
above 60 years old (89.5%) which indicated bad outcome
of elderly COVID-19 patients older than 60 years (Table 3).

Systemic hypertension was more prevalent in non-sur-
vivor group (100%) compared to survivor group (56.4%).
Diabetes mellitus was prevalent in non-survivor group
(100%) compared to survivor group (43.6%) (Fig. 4).

Table 4 illustrates the short-term in-hospital outcome
of the study groups regarding the oxygen saturation, the
need for invasive mechanical ventilation, continuous pos-
itive airway pressure or oxygen therapy.

Table 2 - Cardiovascular risk profile of the enrolled patients

Cardiovascular risk Number Percentage
factors of patients

HTN

No 79 39.5%
Yes 121 60.5%
DM

No 102 51.0%
Yes 98 49.0%
Smoking

No 94 47.0%
Yes 106 53.0%
Obesity

No 146 73.0%
Yes 54 27.0%
Dyslipidemia

No 158 79.0%
Yes 42 21.0%

DM - diabetes mellitus; HTN - systemic hypertension.

50, <90%

39.5%

M No
M Yes

Fig. 3 - Oxygen saturation (SO,) <90% distribution among patients
with COVID-19.

100.0% |

90.0% |
[ Survivor

[ Non-survivor

80.0% |

70.0% |

60.0%
50.0% |
40.0% -
30.0% -
20.0% -

10.0% |

0.0% |

Risk factors

Fig. 4 - The cardiovascular risk factors among the study groups. DM
- diabetes mellitus; HTN - hypertension.
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Table 3 - The demographic data of the study groups

In-hospital outcome

Demographic data Survivor (n = 181) Non-survivor (n = 19) Total P-value
N % N % N %
Age (years)
<60 years 179 98.9% 2 10.5% 181 90.5%
<0.001**
>60 years 2 1.1% 17 89.5% 19 9.5%
Gender
Female 87 48.1% 9 47.4% 96 48.0% e
Male 94 51.9% 10 52.6% 104 52.0%

P-value >0.05 non-significant.
** P.value <0.001 highly significant.

Table 4 - Oxygen saturation, the need for invasive MV, CPAP, and oxygen therapy among the study groups

Outcome
Survivor (n = 181) Non-survivor (n = 19) Total P-value
N % N % N %

S0, <90%
No 121 66.9% 0 0.0% 121 60.5% e
Yes 60 33.1% 19 100.0% 79 39.5%
Invasive MV
Non-invasive MV 146 80.7% 0 0.0% 146 73.0% A
Invasive MV 35 19.3% 19 100.0% 54 27.0%
CPAP
No 125 69.1% 19 100.0% 144 72.0% T
Yes 56 30.9% 0 0.0% 56 28.0%
0, mask & nasal
No 1 0.6% 19 100.0% 20 10.0% P
Yes 180 99.4% 0 0.0% 180 90.0%

* P-value <0.05 significant; ** p-value <0.001 highly significant. CPAP -

0, - oxygen; SO, - oxygen saturation.

80.0% -

70.0% - M Non-invasive MV

[ Invasive MV

60.0%

50.0% |

40.0%

30.0%

20.0%

10.0%

0.0% -

Obesity

Dyslipidemia
Risk factors

Fig. 5 - The cardiovascular risk profile of the invasive and noninva-
sive mechanically ventilated patients. DM - diabetes mellitus; HTN
- systemic hypertension; MV - mechanical ventilation.

continuous positive airway pressure; MV — mechanical ventilation;

Systemic hypertension was found in 74.1% of the inva-
sive MV group patients versus 55.5% of the non-invasive
MV group. Diabetes mellitus was more prevalent in the
invasive mechanically ventilated group versus the non-
invasive group (66.7% versus 42.5%).

Figure 5 presents the cardiovascular risk profile of the
mechanically ventilated patients. Moreover, multivariate
analysis revealed that significant predictors of mortality
were age above 60 years, systemic hypertension, diabe-
tes mellitus and obesity (p-value <0.001, 0.003, 0.002, and
0.038, respectively).

Discussion

This was a cross-sectional analytic study conducted on
200 COVID-19 patients aimed to study the cardiovascu-
lar risk factors and outcomes in COVID-19 hospitalized
patients.

The enrolled patients were admitted with positive
polymerase chain reaction for COVID-19 from different
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isolation hospitals in Egypt with at least one of the risk
factors as hypertension, diabetes mellitus, dyslipidemia,
obesity, and smoking.

The study was conducted on a wide age group ranging
from 20 to 79 years, (mean age of 44.3£12.7 years). There
were 181 patients (90.5%) below 60 years old and 19 pa-
tients (9.5%) above 60 years old. Concordant with other
studies,**> most of the patients were males (56.8%).

A recent prospective cohort study identified risk fac-
tors for in-hospital mortality and major adverse cardio-
vascular events among hospitalized adults with COVID-19
and found that 60.2% were hypertensive, 39.8% were
diabetics and 38.6% had hyperlipidemia.3®

We found that 121 patients (60.5%) were hyperten-
sive; 98 patients (49.0%) were diabetics; 106 patients
(53.0%) were smokers; 54 patients (27.0%) were obese
and 42 patients (21.0%) had dyslipidemias.

It was found that among approximately 9000 patients
hospitalized for COVID-19 in North America, Europe, and
Asia, 30.5% had hyperlipidemia, 26.3% had arterial hyper-
tension, 14.3% had diabetes mellitus, 16.8% were former
smokers, and 5.5% were current smokers.*’ In agreement
with other studies,® we found that among the enrolled
COVID-19 patients, 181 patients (90.5%) survived.

Collard et al.® observed a stronger association be-
tween hypertension, diabetes, dyslipidemia, and mortal-
ity in COVID-19 patients compared with previous studies
on community-acquired pneumonia, despite a similar
prevalence of cardiovascular risk factors risk factor.

Nicholson et al.** reported that, among the 1042 pa-
tients admitted to hospital, 832 (79.8%) were discharged
and 210 (20.2%) died in hospital. The patients in our
study were grouped to survivors and non-survivors. El-
derly patients older than 60 years were more prevalent in
non-survivor group (89.5%) compared to survivor group
(1.1%).

In agreement with Collard et al.,*® we found that sys-
temic hypertension, diabetes mellitus, obesity and dyslip-
idemia were more prevalent in non-survivors compared to
survivors (100% versus 56.4% p-value <0.001, 100% versus
43.6% p-value <0.001, 57.9% versus 23.8% p-value <0.001,
and 47.4% versus 18.2% p-value = 0.003, respectively).

Oxygen dropped below <90% in all the non-survivors
versus 33.1% of the survivors. Invasive MV was needed in
all the non-survivors versus (19.3%) of survivors.

The objectives of the mechanical ventilation are the
maintenance of exchange gas, correction of hypoxemia
and respiratory acidosis, avoid fatigue of the respiratory
muscles and reduce oxygen consumption.

Patel et al.>® aimed to identify risk factors associated
with poor outcomes (invasive mechanical ventilation and
mortality) of COVID-19 hospitalized patients. They found
that COVID-19 patients with coexisting comorbidities
such as cardiovascular disease, cerebrovascular disease,
and chronic liver disease had poor outcomes like death
and the need for invasive mechanical ventilation com-
pared with those without comorbidities. They recom-
mended good medical history taking as this will help in
identification of high-risk patients who are prone to de-
velop adverse outcomes of COVID-19.

Noninvasive ventilation defined as a ventilation modality
that supports breathing by delivering mechanically assisted

breaths without the need for intubation or surgical airway
was found in 146 patients (73%) of the current study.

Invasive MV defined as the delivery of positive pres-
sure to the lungs via an endotracheal or tracheostomy
tube was needed in 27% of our population. Moreover,
oxygen saturation dropped below 90% in all non-survivor
patients versus 33.1% of the survivors.

The current study found that elderly patients older
than 60 years were more prevalent in invasively mechani-
cally ventilated patients versus non-invasive mechanically
ventilated (33.3% versus 0.7%).

A multicenter prospective observational study that en-
rolled 391 patients from fifteen COVID-19 dedicated Ital-
ian intensive care units underwent invasive mechanical
ventilation for COVID-19 pneumonia and found that age,
the Sequential Organ Failure Assessment (SOFA) score at
ICU admission, respiratory system compliance, renal and
cardiovascular complications and late-onset ventilator-as-
sociated pneumonia were independent risk factors for pro-
longed mechanical ventilation in patients with COVID-19.4°

Increasing age was significantly associated with a high-
er duration of MV and intensive care unit mortality and
this is in line with recent literature on COVID-19 patients.*'

The current study found that systemic hypertension,
diabetes mellitus, obesity, and dyslipidemia were more
prevalent in invasive MV compared to noninvasive MV
(74.1% versus 55.5% p-value = 0.017, 66.7% versus 42.5%
p-value = 0.002, 42.6% versus 21.2% p-value = 0.003 and
37% versus 15.1% p-value <0.001, respectively).

Nicholson et al., 202134 reported certain variables that
were associated with the need for mechanical ventilation
in patients with COVID-19. These variables included dia-
betes mellitus (p-value = 0.001), SpO,: FiO, ratio, C-reac-
tive protein and lactate dehydrogenase.

On the other hand, Jewbali et al., 2021 reported that
they could not conclude which cardiovascular risk factors,
cardiovascular diseases or cardiovascular history can pre-
dict hospital admission or mortality in COVID-19 patients
due to a lack of studies on multivariable models taking
age into account.

Concordant with our findings, it was found that obe-
sity is a risk factor of poor outcome of COVID-19. Body
mass index is an important routine procedure that should
be assessed in COVID-19 patients and special attention
should be given to patients with obesity.*

In agreement with other studies,*® continuous positive
air way pressure was used frequently in invasive MV ver-
sus non-invasive MV (64.8% versus 14.4% p <0.001). On
the other hand, oxygen therapy by mask was used fre-
quently in non-invasive MV group (99.3%) compared to
invasive MV group (64.8%) (p-value <0.001).

Conclusion

The accumulation of traditional cardiovascular risk fac-
tors leads to a stepwise increased risk for short-term
mortality in hospitalized COVID-19 patients. Hospitalized
COVID-19 patients with underlying cardiovascular risk
factors appear to be at risk of poor outcome. Further stu-
dies investigating how these risk factors disproportiona-
tely affect COVID-19 patients are needed.
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Implantace stentu do koronarni
tepny

Intravaskularni ultrazvuk
Nechréanény kmen levé véncité tepny
Proximalni levé predni sestupna
vétev

Kontext: Koronarografické vysetifeni ma pro fadné vyhodnoceni lézi na koronarnich tepnach jisté limitace.
Pouziti intravaskularniho ultrazvuku (intravascular ultrasound, IVUS) pfed perkutanni korondrni intervenci
(PCl) mze odhalit vyznamné stendzy, pomaha zvolit vhodny stent a mGze upozornit na mozné komplikace.
Cilem studie bylo hodnotit dusledky pouziti IVUS na klinické a angiograficky potvrzené vysledky revaskula-
rizace nechranéného kmene levé véncité tepny (unprotected left main, ULM) nebo proximalini levé predni
sestupné vétve (left anterior descending, LAD) pomoci stentu pfi ischemické chorobé srdecni (ICHS).
Materialy a metody: Byla provedena prospektivni randomizovana kontrolovana studie s 60 pacienty se
stabilni anginou pectoris nebo s akutnim korondrnim syndromem bez elevaci Useku ST. Koronarografické
vysetreni provedené na katetrizacnim pracovisti egyptského Narodniho Ustavu zdravi odhalilo vyznamné
ischemické postizeni kmene levé véncité tepny nebo proximdini LAD. U pacientl byla indikovana revaskula-
rizace formou PCl. Perkutanni koronérni intervence navigovand koronarnim IVUS byla provedena u 30 pa-
cient (skupina A), zatimco ve skupiné B nebyl pfi PCl korondrni IVUS pouzit. U¢astnici studie byli sledovani
po dobu Sesti mésicu s cilem analyzovat primdrni nebo sekundérni sledované parametry.
Vysledky: Navigace pomoci IVUS byla spojena se statisticky vyznamné vétsim minimalnim prisvitem cév po
implantaci stentu potvrzenym kvantitativni koronarografii (quantitative coronary angiography, QCA) (p =
0,001), vétsim primérem stentu (p = 0,001) a dalsi dilataci (p = 0,02). Srovnani obou skupin prokazalo, Ze na-
vigace pomoci IVUS byla spojena se statisticky vyznamné nizsim vyskytem trombdzy stentu v cilovych Iézich,
nefatdlniho infarktu myokardu ve vztahu k poctu cilovych 1ézi, s nizs$imi pocty revaskulariza¢nich vykond na
cilovych lézich i s nizsimi celkovymi pocty zdvaznych nezadoucich srde¢nich pfihod (major adverse cardiac
events, MACE) béhem 3estimési¢niho sledovani (p = 0,038 pro viechny uvedené parametry).
Zavéry: Provadéni PCl s implantaci stentu do ULM a proximalni LAD, navigované pomoci IVUS, zlepsuje kli-
nicky vysledny stav se statisticky vyznamné nizsim vyskytem MACE do 6 mésic( diky vyznamné nizsimu riziku
revaskularizace cilové léze a trombdzy stentu. U pacientu s ischemickym postizenim ULM nebo proximalni
LAD doporucujeme rutinni pouzivani navigace pomoci IVUS pfi revaskularizaci implantaci stentu.
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Background: Coronary angiography has some limitations in the proper assessment of coronary artery le-
sions. Intravascular ultrasound (IVUS) before percutaneous coronary intervention (PCl) can identify signifi-
cant stenosis, select the appropriate stent and detect complications.

The study aimed to evaluate the impact of intravascular ultrasound on clinical and angiographic outcomes
after revascularization by stenting for patients with unprotected left main (ULM) or proximal left anterior
descending (LAD) coronary artery disease (CAD).

Materials and methods: A prospective randomized controlled study that was carried on sixty patients
presented with stable angina or non-ST elevation acute coronary syndrome. Coronary angiography that was
carried out at cardiac catheterization laboratory at the National Heart Institute in Egypt revealed significant
left main or proximal LAD coronary artery disease. Patients were scheduled for revascularization by PCI.
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Percutaneous coronary intervention guided by coronary IVUS was done in thirty patients (Group A). Whe-
reas, Group B included 30 patients in which PCl was not guided by IVUS. The patients were followed for six
months to detect any primary or secondary endpoints.

Results: IVUS guidance was associated with a significant higher post-stent minimal lumen diameter as
found by quantitative coronary angiography (QCA) (p = 0.001), stent diameter (p = 0.001), and adjunct post-
-dilatation (p = 0.02). By comparing both study groups it was found that IVUS guidance was associated with

Keywords:

Coronary artery stenting
Intravascular ultrasound
Proximal left anterior descending
artery

Unprotected left main coronary
artery

significant lower rates of stent thrombosis in target lesions, non-fatal myocardial infarction related to target
lesions, target lesion revascularization and all cause major adverse cardiac events (MACE) within 6 months
of follow-up (p-value 0.038, for all).

Conclusions: IVUS guided PCI during ULM and proximal LAD coronary artery stenting improves clinical out-
come with significant lower rates of MACE at 6 months which is due to significant lower risk of target lesion
revascularization and stent thrombosis. We recommended routine use of IVUS during revascularization by
stenting in cases of ULM or proximal LAD CAD.

Introduction

Contrast angiography is the most important imaging me-
thod used to diagnose and guide therapy for coronary
artery disease (CAD). Recently, intravascular ultrasound
(IVUS) evolved as important adjunctive to coronary an-
giography in diagnosis and management of CAD. IVUS
was developed not only for informative and geometrical
imaging of atherosclerotic plaque but also for detailed
study of histology, morphology, and pathology of CAD.'-*

The images of IVUS systems are produced by perfor-
ming a series of pulse sequences or vectors in which an
acoustic pulse is emitted and the subsequent reflections
from the tissue are detected.* Properties of the ultrasound
image, such as the resolution, depth of penetration and
attenuation of the acoustic pulse by tissue are dependent
on the geometric and frequency properties of the trans-
ducer. Frequencies used by IVUS catheters ranged from
20 MHz to 40 MHz.#

After the routine administration of heparin and intra-
coronary nitroglycerin, the coronary artery is cannulated
selectively. The operator advances or retracts the imaging
device over the wire, recording images on videotape or
CD for further analysis. Although many centers use a mo-
torized pullback device to withdraw the catheter at a con-
stant speed (between 0.25 and 1 mm/s; most frequently
0.5 mm/s) a single pullback, even when controlled by a
motor, may be insufficient for a complete diagnostic exa-
mination.®

Although it was postulated that IVUS use was limi-
ted by its cost, a recent study in Australia evaluated the
cost-effectiveness of PCl guided by IVUS compared with
angiography-guided PCl in patients undergoing drug-
-eluting stent implantation. The study compared costs,
life-expectancy, and quality-adjusted life years for both
treatment groups.

The study found that cost-effectiveness of IVUS may
be greatest among patients with left main and complex
coronary lesions.®

Moreover, according to the latest guidelines IVUS or
optical coherence tomography (OCT) should be conside-
red in selected patients to improve stent implantation.’

It was found that left main coronary artery disease
(LMCAD) constituted higher prognostic risk as a result of
the large myocardial territory at risk, ranging from 75%
to 100%, depending on the dominance of the left coro-
nary circulation.® Regardless of the symptomatic status or

the associated ischemic burden the current guidelines re-
commended revascularization for all patients with >50%
stenosis of the LMCAD.®

Functional assessment of lesion severity using the co-
ronary pressure-derived fractional flow reserve (FFR) is
the standard of care for patients with intermediate LM
stenosis.™

Many studies demonstrated a survival benefit of coro-
nary artery bypass graft surgery (CABG) in patients with
CAD and LM or three-vessel disease, particularly when
the proximal LAD was involved."

The NOBLE (Nordic-Baltic-British Left Main Revascula-
rization Study) trial compared CABG with percutaneous
coronary intervention (PCl) in 1201 patients with signi-
ficant LM disease and SYNTAX score of 23. At a median
follow-up of 3.1 years, the study found that the primary
endpoint of death, non-procedural myocardial infarction,
stroke and repeat revascularization happened more fre-
quently in the PCl than the CABG group.'™

On the other side, CABG for noncritical LM lesions may
be deleterious because of low graft patency rates and en-
hanced obstruction of bypassed native coronary vessels,
which makes the subsequent PCl of native vessels techni-
cally difficult if needed for relief of symptoms.'

Noninvasive high-risk features suggestive of significant
LM disease are Duke treadmill score <11, stress-induced
sustained ventricular tachyarrhythmia, exercise LV ejecti-
on fraction <35%, large reversible anterior perfusion de-
fect, stress-induced LV dilation or increased lung uptake
in the setting of moderate perfusion defect or large fixed
perfusion defect and echocardiographic wall motion ab-
normality involving more than two segments developing
at a low-dose dobutamine.™

The hemodynamic significance of clinically ambiguous
LM lesions can be obtained invasively by IVUS imaging
or physiologically with pressure wire assessment of FFR.
In the multicenter LITRO study of intermediate LM ste-
nosis between 25% and 60%, postponing revasculariza-
tion of LM lesions with minimal luminal area (MLA) of
>6 mm? was safe and associated with better outcomes at
2 years of follow-up.”™ According to the latest guidelines
IVUS may be considered for the risk stratification of pati-
ents with intermediate LM stenosis.’® In patients with di-
stal LM lesions IVUS can ensure adequate expansion and
apposition of stents after LM PCI (Fig. 1)."7

Although current guidelines continued to recommend
CABG surgery as class | indication for myocardial revascu-
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Fig. 1 - Stent-related complications after stent deployment.”

larization, recent trials and registry studies in LM CAD
support PCl as a reasonable alternative in patients with
less complex LM anatomy.®

The current guidelines are against PCl in patients who
are good candidates for surgical bypass with coexisting
complex multivessel disease defined by high SYNTAX sco-
re 233."° The SYNTAX score is used to grade the complexi-
ty of coronary artery disease.

Comparing double kissing (DK) crush technique with
provisional stenting for LM distal bifurcation lesions, lo-
wer rates of target lesion failure and stent thrombosis
with DK crush technique was found.?®

Proximal LAD coronary artery disease is considered as
a high-risk feature because of the large area of myocar-
dium it supplies. Patients with stable CAD and isolated
proximal LAD disease have similar survival rates whether
treated with CABG or PCl.2"2

A heart team discussion in patients with stable CAD
and proximal LAD disease is recommended by the current
revascularization guidelines and conferred a class | indica-
tion level of evidence A to both percutaneous and surgi-
cal treatment strategies.'

Although PCI can be performed with good results in
proximal LAD CAD, in the presence of complex bifurcati-
on lesions involving a large first diagonal branch, involve-
ment of the distal LM coronary artery, ostial location or
adjacent circumflex ostial disease, CABG should be consi-
dered. The current guidelines recommended revasculari-
zation to improve the prognosis for significant proximal
LAD disease described as any lesion with more than 50
percent stenosis and documented ischemia or fractional
flow reserve <0.80 for angiographic diameter stenoses
<90 percent.?

Heart team approach is recommended to discuss the
options of PCl versus CABG as well as a preference for
CABG if SYNTAX score is above 22 with low surgical risk.?

We aimed to study the clinical and angiographic re-
sults of IVUS guided revascularization in patients with
ULM or proximal LAD coronary artery disease by fo-
llowing the patients after the procedure for 6 months
to detect the occurrence of any major adverse cardiac
events (MACE).

Materials and methods

A prospective study lasted for two years and included sixty
patients presented with stable angina or non-ST elevati-
on acute coronary syndrome. Coronary angiography study
was done for all patients and revealed significant LM or
proximal LAD CAD eligible for revascularization by PCI.

A written consent was taken from all participants. The
study protocol was approved by the local ethics commi-
ttee at the Faculty of Medicine Cairo University and was
performed in accordance with the ethical standards as
laid down in the 1964 Declaration of Helsinki and its later
amendments.

The study included two groups. PCI guided by corona-
ry IVUS was done in thirty patients (Group A). Whereas,
Group B included 30 patients in which PCI was not guided
by IVUS.

The patients with severe left ventricular dysfunction
defined as ejection fraction less than 30%, cardiogenic
shock, ST elevation myocardial infarction, prior CABG and
those who refuse to participate in the study were exclu-
ded.

All patients were subjected to history taking and risk
factor assessment. Diabetes mellitus was defined as fas-
ting blood glucose 2126 mg/dl or a two-hour post glucose
challenge value 2200 mg/dl.>*

Systemic hypertension was diagnosed if the average of
two or more properly measured readings as systolic blo-
od pressure =140 mmHg or diastolic 290 mmHg. Patients
who were taking antihypertensive medications were de-
fined as having hypertension regardless of their observed
blood pressure.?

Dyslipidemia was defined as elevation of cholesterol
level (=200 mg/dl) and triglycerides level (LDL >150 mg/dlI,
HDL <40 mg/dl) or within normal level on statin therapy.?

Body mass index (BMI) was used as a measure of body
fat in adult men and women based on height and weight.
BMI = weight (kg) / height (m)%.#’

General, cardiac examination, twelve leads surface
electrocardiogram and laboratory tests including cardiac
enzymes, kidney function tests and lipid profile were
done for all patients.

Coronary angiography was done to all patients. Fe-
moral sheath was introduced. CAD was defined as the
presence of at least more than 50% stenosis of major co-
ronary arteries (left anterior descending, left circumflex,
or right coronary arteries) or their major branches (diago-
nal, obtuse marginal, posterior descending, or posterior
left ventricular arteries).

Visual assessment of lesions severity: Operators visu-
ally assessed the percent diameter stenosis and determi-
ned their severity. Detected stenosis was viewed in two
orthogonal projections.

Quantitative coronary analysis (QCA) was performed
by validated and automated edge-detection CAAS soft-
ware (Cardiovascular Angiography Analysis System, Pie
Medical Imaging) in all patients in two orthogonal views.
Using the contrast-filled catheter for calibration, measu-
red parameters were calculated as the mean of the values
obtained from the 2 projections in end diastolic images.

Parameters obtained through QCA were defined as
minimal lumen diameter (defined as the smallest dia-
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Fig. 2 - Standard scheme of measurement data.?® PCl - percutaneous coronary intervention.

meter of the lumen), reference diameter (defined as the
average diameter of the lumen assumed without athe-
rosclerotic disease), obstruction length (the QCA software
automatically recognized the two borders between the
normal and diseased vessel by detecting the directional
change in the contour of the coronary artery.?®

Moreover certain formulas were used to study the out-
come of interventional procedure, e.g. acute gaindefined
as post-PCl minimal lumen diameter — baseline minimal lu-
men diameter, late lossdefined as post-PCl minimal lumen
diameter - follow-up minimal lumen diameter (Fig. 2).%8

Patients were randomized into two groups: Group A
(IVUS guided group) which included 30 patients in which
PCl was guided by the IVUS findings in addition to the
standard angiography and Group B (non-IVUS guided
group) which included 30 patients in which PCI was gui-
ded by the angiography findings only.

IVUS technique: Both iLab™ System 1.2 Ultrasound
Imaging System Boston Scientific Corporation-USA and
VOLCANO S5™ System PHILIPS-USA were used. Imaging
was performed using a 40 MHz, 6 F compatible catheters
(ATLANTIS SR Pro) and a 20 MHz, 5 F compatible cathe-
ters (Eagle Eye). Probes were inspected for fractures or
kinks that may affect the image quality. Flushing was
done using heparinized saline for the ATLANTIS SR Pro
catheters. Probes were connected to console and motor
drive unit.

Intracoronary infusion of nitroglycerine to minimize
vasospasm was done and then the rapid exchange IVUS
catheter was introduced in the coronary over a standard
0.014" guide wire. The IVUS catheter was advanced gui-
ded by the fluoroscopy for approximately 10 mm distal

to the anatomical landmark (i.e., side branch) and then
retracted slowly to straighten the catheter shaft.?®

After imaging acquisition the lumen-intima and me-
dia-adventitia interfaces were traced at the point of wor-
st stenosis of the lesion. IVUS analysis was performed by 2
independent observers blinded to the QCA information.
Minimal luminal area was defined as the area bounded
by the luminal border while the maximal luminal diame-
ter was defined as the longest diameter through the cen-
ter point of the lumen (Fig. 3).3°

Other qualitative and quantitative IVUS analyses were
performed. Lumen cross-sectional area (CSA) was quan-
tified by tracing the leading edge of the blood-intima
acoustic interface. The outer vessel border (external elas-

B) Maximal luminal diameter

A) Minimal luminal diameter

Fig. 3 - Minimal and maximal luminal diameter by IVUS.3!
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Fig. 4 - Atheroma-CSA (area in purple) was calculated as the diffe-
rence between EEM-CSA and lumen-CSA.

tic membrane [EEM] CSA) was detected as the interface
between media and adventitia. Atheroma-CSA was cal-
culated as the difference between EEM-CSA and lumen-
-CSA.*2 Plaque burden was defined as atheroma CSA divi-
ded by the EEM CSA (Fig. 4).*

If EEM area increases during atheroma development,
the process is termed positive remodeling. If the EEM dec-
reases, the process is termed negative remodeling.3

Remodeling was assessed by the remodeling index expre-
ssed as lesion site EEM area divided by the reference EEM
area. Positive remodeling was defined as remodeling index
>1.05 and negative remodeling if the index was <0.95.3

Moreover, plaques were classified by IVUS to soft pla-
que with lesion echogenicity less than the surrounding
adventitia, fibrous plaque with intermediate echogenici-
ty between soft plaque and highly echogenic plaques and
calcified plaque which had higher echogenicity than the
adventitia.?

Percutaneous coronary intervention was done accor-
ding to latest guidelines.”” Floppy guide wire was
passed and positioned distally in the diseased vessel.
Single or multiple dilatations were done at the lesion
site .A suitable sized stent was deployed at the lesi-

on site at adequate pressures. Control injections were
done after stenting to assess the Thrombolysis in Myo-
cardial Infarction (TIMI) flow and possible complicati-
ons. Good stent apposition was defined as close con-
tact to prevent blood flow between the strut and the
underlying vessel wall.®

The standard medications were given according to the
patient condition including nitroglycerin, dual anti-pla-
telet therapy (DAPT), anticoagulation, statins, and beta
blockers unless contraindicated. Patients were followed
up for six months to detect any primary or secondary end-
points. Target lesion revascularization was defined as any
repeated intervention (by coronary artery bypass graft or
PCl) performed to treat a stenosis or thrombosis inside
the implanted stent or within the 5mm segments adja-
cent to the stent.™

Statistical analysis was performed using a commercia-
Ily available software program (SPSS 19; SPSS, Chicago, IL,
USA). Qualitative values were presented as number and
percentages. Chi-square test was used to compare cate-
gorical data. For outcome results the hazard ratio, its 95%
confidence interval, and the value of risk reduction were
also calculated. Numerical data were presented at mean
and standard deviation. Independent t test was used for
comparison of numerical data between both groups. The
level of significance was set at p <0.05.

Results

A prospective randomized controlled study that was ca-
rried on sixty patients presented with stable angina or
non-ST elevation acute coronary syndrome. Coronary an-
giography was carried out at cardiac catheterization la-
boratory National Heart Institute, Egypt.

Patients were randomized into two groups, Group A
(IVUS guided group) included 30 patients in which PCI
was guided by the IVUS findings in addition to the stan-
dard angiography and Group B (non-IVUS guided group)
that included 30 patients in which PCl was guided by the
angiography findings only. Table 1 showed the baseline
characteristics of the study groups.

Table 1 - Baseline characteristics of the study groups

IVUS guided
(n=30)
Age (years) 64.6+7.6
Gender Male: 26 (86.7%)
Female: 4 (13.3%)
Hypertension 20 (66.7%)
Diabetes mellitus 11 (36.7%)
Current smoking 15 (50%)
Dyslipidemia 17 (56.7%)
Family history of CAD 5(16.7%)
Renal insufficiency 1(3.3%)
Previous PCl 5(16.7%)

Non-IVUS guided P-value
(n =30)

64.5+7.2 0.958
Male: 23 (76.7%) 0.317
Female: 7 (23.3%)

18 (60.0%) 0.592
13 (43.3%) 0.598
14 (46.7%) 0.796
14 (46.7%) 0.483
8 (26.7%) 0.347
1(3.3%) 1

7 (23.3%) 0.519

Age was expressed as mean + standard deviation. CAD — coronary artery disease; IVUS - intravascular ultrasound; n — number; PCI - percu-

taneous coronary intervention.
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Fig. 5 — A 68-year-old male patient, hypertensive, smoker presented with prolonged typical chest pain. (A) Twelve
lead electrocardiogram of the patient, (B) coronary angiogram showed left main coronary artery disease, intra-
vascular ultrasound guided pre- (C) and post-procedure (D). Procedure was successful with no complications.

Moreover, there was no statistically significant diffe-
rence between both groups regarding the clinical presen-
tations (Table 2).

Table 3 showed the coronary angiographic data of
the study groups including number of diseased vessels,
number of significant lesions, percentage of diameter
stenosis, pre- and post-stent minimal lumen diameter,
stent diameter, stent length, percentage of complete re-
vascularization and medical treatment used during and
after the procedure. IVUS guidance was associated with
a significant higher post-stent minimal lumen diameter
(MLD) by QCA (p = 0.001), stent diameter (p = 0.001) and
adjunct post-dilatation (p = 0.02).

Table 4 showed the IVUS findings in Group A. Fibrotic le-
sion was seen in 100% of patients, while calcific lesions occu-
rred in 30% of patients. Mean minimal lumen area (MLA)

Table 2 - The clinical presentation of the study groups

Group A Group B P-value
(n=30) (n=30)
Stable angina 9 (30%) 10 (33.3%) 0.781
NSTE-ACS 21 (70%) 20 (66.7%) 0.781
Heart failure 2 (6.67%) 2 (6.67%) 1
LVEF (%) 49.4+9.5 52.3+10.5 0.272

LVEF% was expressed as mean + standard deviation. LVEF - left
ventricle ejection fraction; n — number; NSTE-ACS - non-ST elevati-
on acute coronary syndrome.

(mm?) was 3.7+1.1 and mean external elastic membrane
cross section area (EEM CSA) (mm?) was 16.5+5.01. Mean
plaque burden (%) was 12.8+4.4, while mean percent area
stenosis (%) was 64.6+9.1. Positive remodeling occurred in
36.7%, while negative remodeling occurred in 63.3%.
Comparing Group A to Group B, it was found that IVUS
guidance was associated with significant lower rates of stent
thrombosis in target lesions, non-fatal myocardial infarction
related to target lesions, target lesion revascularization and
all cause major adverse cardiac events within 6 months of
follow up (none in Group A versus 13.3% in Group B, p-va-
lue = 0.038 for all). Figure 5 illustrates the angiographic and
IVUS findings of one of the enrolled patients in Group A.

Discussion

IVUS because of its good imaging quality provided impor-
tant information that is supportive to the conventional
coronary angiography regarding lumen and vessel di-
mensions, plaque burden, and composition.3® Moreover,
IVUS identified the lesions in which revascularization can
safely be deferred, guided therapeutic strategy in lesions
requiring PCl and assessed the stent deployment.3®

This study aimed to investigate the impact of IVUS gui-
ded revascularization by stenting for patients with ULM or
LAD coronary artery disease. This study was carried out on
sixty patients admitted with stable angina or non-ST eleva-
tion acute coronary syndrome .The coronary angiography
revealed significant LM or proximal LAD coronary artery
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Table 3 - The angiographic and procedural characteristics in both study groups

Number of diseased vessels

Number of significant lesions

A W N =~ D W N =

Ostial LM lesion

Mid-segment LM lesion

Distal LM lesion

Proximal LAD lesion

Pre-stent minimum lumen diameter by QCA (mm)
Reference lumen diameter by QCA (mm)
Percentage of diameter stenosis by QCA (%)
Length of lesion by QCA (mm)

Post-stent MLD by QCA

Diffuse morphology lesion (without IVUS)
Stent length (mm)

Stent diameter (mm)

Direct stenting

Pre-dilatation

Adjunct post-dilatation

Successful PCI

Unsuccessful PCI

Complete revascularization

Gpllb/llla inhibitor

DAPT in the whole follow-up duration

Group A Group B P-value
(n=30) (n =30)

3(10%) 3(10%) 0.422
14 (46.7%) 10 (33.3%)

13 (43.3%) 15 (50%)

0(0%) 2 (6.7%)

8(26.7%) 9 (30%) 0.750
14 (46.7%) 12 (40%)

8(26.7%) 8(26.7%)

0 (0%) 1(3.3%)

2 (6.7%) 2 (6.7%) 1

4 (13.3%) 1(3.3%) 0.161
10 (33.3%) 5(16.7%) 0.136
29 (96.7%) 30 (100%) 0.313
0.84+0.35 0.68+0.34 0.165
3.17£0.36 3.09+0.37 0.127
73.8+9.85 81.53+10.87 0.359
23.47+8.91 25.5£9.13 0.386
3.65+0.32 3.27£0.33 0.001*
13 (43.3%) 16 (53.3%) 0.438
27.4+9.2 27.4+8.27 1
3.54+0.35 3.27£0.33 0.003*
12 (40%) 12 (40%) 1
18(60%) 18(60%) 1

28 (93.3%) 21 (70%) 0.02*
30 (100%) 30 (100%) 1
0(0%) 0 (0%) 1

23 (76.7%) 18 (60%) 0.165
4 (13.3%) 6 (20%) 0.488
30 (100%) 30 (100%) 1

DAPT - dual antiplatelet therapy; Gplib/llla — glycoprotein lib/llla; IVUS — intravascular ultrasound; LAD - left anterior descending; LM - left main;
MLD - minimal lumen diameter; PCl — percutaneous coronary intervention; QCA - quantitative coronary analysis. * Significant p-value <0.05.

Table 4 - IVUS findings in Group A

Variable Value
Fibrotic lesion (with IVUS) 30 (100%)
Calcific lesion (with IVUS) 9 (30%)
EEM CSA (mm?) 16.55+5.01
MLA (mm?) 3.70+1.14
Plaque burden (%) 12.8x4.5
Percent area stenosis (%) 64.6+9.1
Positive remodeling 11 (36.7%)
Negative remodeling 19 (63.3%)

EEM CSA - external elastic membrane cross section area in mm?;
MLA - mean minimal lumen area in mm?.

disease eligible for PCl. The patients were divided into two
groups according to the IVUS guidance during PCI.
The main finding in this study was that IVUS guidance

significantly decreases incidence of adverse events in pati-
ents undergoing unprotected LM or proximal LAD stenting
compared to conventional angiography guidance alone.

In our study, we found that IVUS guidance was asso-
ciated with a significant 13.3% reduction in incidence of
major adverse cardiac events (MACE) compared to non-
-IVUS guidance within 6 months of follow up (p = 0.038).
This effect was driven by a significant (13.3%) reduction
in incidence of stent thrombosis (p = 0.038) that led to a
significant (13.3%) reduction in incidence of both non-
-fatal myocardial infarction and target vessel revasculari-
zation (p = 0.038).

No cardiac death, in-stent restenosis or new signs of
heart failure occurred in both groups (p-value = 1). As
for the angiographic findings, IVUS guidance was asso-
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ciated with a significant higher post-stent MLD by QCA
(p = 0.001), stent diameter (p = 0.001), and adjunct post-
-dilatation (p = 0.02).

Although our study was limited by small study population,
our results were concordant with the meta-analysis named
Intravascular Ultrasound-Guided Implantation of Drug-Elu-
ting Stents to Improve Outcome, which included 24,849 pa-
tients (11,793 IVUS-guided and 13,056 angiography-guided).

The study found that IVUS-guided PCl was associated
with significantly lower rates of myocardial infarction
(p <0.001), target vessel revascularization (p = 0.01) and
stent thrombosis (p = 0.002). But in addition to our study,
IVUS-guided PCl was also associated with significantly lo-
wer rates of mortality.>’

Moreover, another study found that among patients
requiring long coronary stent implantation, the use of
IVUS-guided everolimus-eluting stent implantation com-
pared with angiography-guided stent implantation resul-
ted in a significantly lower rate of major adverse cardiac
events at one year primarily due to lower risk of target
lesion revascularization.®

On the other side, the MAIN-COMPARE registry which
included patients with LM coronary artery stenosis who
underwent elective stenting under the guidance of IVUS
(756 patients) versus the conventional angiography (219
patients) found that IVUS guidance was significantly asso-
ciated with a lower three-year death incidence compared
to angiography guidance while the risk of myocardial in-
farction or target vessel revascularization was not associ-
ated with the use of IVUS guidance.*®

In the same way, in a pooled analysis of four regis-
tries named Clinical Impact of Intravascular Ultrasound
Guidance in Drug-Eluting Stent Implantation for Unpro-
tected Left Main Coronary Disease in which a total of
1,670 patients were included with 505 patients (30.2%)
underwent drug eluting stent implantation under IVUS
guidance, found that IVUS-guided revascularization was
an independent predictor for MACE in the overall popu-
lation of this study with a lower incidence rate of MACE
in the IVUS group compared to the non-IVUS group (p =
0.04). But in contrast to our study, there was a reduced
incidence of death (p = 0.01) .However, the incidence of
myocardial infarction and target vessel revascularization
was not significantly different between the two groups
(p = 0.4) and (p = 0.7), respectively."”

Reduction in stent thrombosis with IVUS guidance
may be due to a better resolution of IVUS (100 microns)
compared to coronary angiography (150-200 microns), its
ability to identify stent edge dissections and incomplete
stent apposition which cannot be detected by conventio-
nal coronary angiography.*®

Many studies showed a better outcome and a reduc-
tion of MACE with IVUS guided PCI. But the differences
between them were in the effect of IVUS on the different
components of MACE. IVUS evaluations of stent under-
-expansion, incomplete lesion coverage, small stent area,
and large residual plaque have been found to predict
stent thrombosis.®

In our study, the reduction in MACE in the IVUS-gui-
ded group was attributed mainly to the reduction in stent
thrombosis which led to a reduction in non-fatal myocar-
dial infarction and target vessel revascularization.

Another trial showed that the clinical benefit of IVUS-gui-
ded drug eluting stent implantation was due to the post-
-procedural larger minimal lumen diameter and the more
frequent adjunct post-dilation in the IVUS-guided group.®

Same findings were found in our study in which IVUS
guided group showed larger mean post-stent minimal lu-
men diameter (3.65+0.32 versus 3.27+0.33mm in Group B;
p-value: 0.001), higher incidence of adjunct post-dilation
(93.3% versus 70% in Group B; p-value: 0.02) and larger
stents diameter (3.54+0.35 versus 3.27+0.33 mm in Group
B; p-value: 0.003) . Accordingly our study found better
outcome in IVUS guided group due to these findings.

Recent study revealed that pre-stent IVUS assessment
in chronic total occlusion PCl provides important informa-
tion on vessel morphology and size. Angiography-based
stent size prediction for the proximal and distal vessels
was frequently underestimated, IVUS use demonstrated
larger vessel diameter, resulting in a significantly larger
implanted stent diameter.*'

Since our study was limited by a small population we
recommended many multi-center studies with a larger
sample size and a longer period of follow up to investiga-
te the benefit of IVUS guided PCI.

Conclusions

IVUS guidance during unprotected LM and proximal LAD
coronary artery stenting improves clinical outcome with
significant lower rates of MACE at 6 months which is
primarily due to a significant lower risk of target lesion
revascularization and stent thrombosis. The study reco-
mmended routine use of IVUS during stenting of ULM
and proximal LAD coronary artery.
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Kontext: Terminem supraventrikularni tachykardie (SVT) se oznacuje abnormainé rychly srdecni rytmus v dd-
sledku poruchy elektrické aktivity v hornich segmentech srdce. Akutni 1é¢ba détskych pacientd se SVT muze
predstavovat narocny ukol, protoze presny mechanismus vzniku tachykardie ¢asto neni zndm. Volba lécebné
strategie zavisi na projevech a na klinickém stavu pacienta.
Metodologie: Byla provedena systematicka reserse literatury s cilem vyhledat a vybrat zpravy a ¢lanky o ori-
ginalnim vyzkumu na téma farmakologické Iécby SVT u déti a kojencli bez strukturalniho onemocnéni srdce
(v3ichni od prvni hodiny Zivota az do 17 let véku) v souladu s doporu¢enymi postupy PRISMA. Udaje byly
analyzovény s pouzitim softwaru Review Manager version 5.4. Statistickd vyznamnost rozdill se vyjadiovala
hodnotou p a heterogenita’lhomogenita analyzovanych studii indexem I2.
Vysledky: Do prehledu bylo zafazeno 26 studii z celkem plvodné vybranych 65 studii hodnocenych z hle-
diska vhodnosti a splnéni zadanych kritérii. Udaje se tykaly 8 103 pacientC se SVT ze 13 zemi, lé¢enych rliz-
nymi antiarytmiky vcetné adenosinu a dexmedetomidinu v akutnich pfipadech, a poddvanim amiodaronu,
beta-blokatoru, flekainidu, digoxinu a ivabradinu pacienttim slouzicim jako chronické kontroly. Byl nalezen
statisticky vyznamny rozdil mezi pacienty uzivajicimi uvedend léciva a pacienty, ktefi na lécivo reagovali (p
<0,005aI>=72 %).
Zavér: V pediatrii neexistuje lécba SVT prvni nebo druhé linie a Gcinnost |é¢iv se mize mezi jednotlivymi pa-
cienty znacné lisit; pro lécbu je nutno zvazit vSéechny moznosti. Na rozdil od podavani jednotlivych léciv jsou
jejich kombinace ucinnéjsi pfi mensim poctu nezadoucich ucink(. Podle tohoto prehledu zavisi 1écba SVT
u kojencd na anamnéze pacienta; pfitom je tfeba mit na paméti mozné nezadouci ucinky nékterych léciv.
© 2023, CKS.

ABSTRACT

Background: Supraventricular tachycardia (SVT) is an abnormally rapid heart rhythm that results from im-
proper electrical activity in the upper part of the heart. Acute management of children presenting with
SVT may be a challenge, as the exact tachycardia mechanism is often unknown. The strategy for treatment
depends on the presentation and clinical status of the patient.

Methodology: A systematic literature review was conducted to identify and select original research reports
on supraventricular tachycardia management drugs in children and infants with no structural heart disease
(all children from 1 hour to 17 years of age) in accordance with the PRISMA guidelines. Data were analyzed
with Review manager version 5.4. P-value and I?were used to test the significance difference.

Results: 26 studies out of 65 total studies assessed for eligibility were included in the review by fulfilling the
inclusion criteria. There were 8103 patients from 13 countries with SVT who were treated with different
antiarrhythmic drugs including (Adenosine, Dexmedetomidine) as acute management and (Amiodarone,
Beta-Blockers, Flecainide, Digoxin and Ivabradine) as chronic control. There was a significant difference be-
tween the patients who took the drugs and the patients who responded to the drugs, with P-value <0.005
and 2 =72%.
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Keywords: Conclusion: There is not a first line treatment or second line treatment for SVT in pediatrics, and drug effecti-
Adverse effects veness can vary greatly between patients; all choices should be considered during the treatment protocol.
Drugs The combination of drugs, as opposed to a single drug, is more efficient with less side effects in these pa-
Pediatrics tients. According to this review, the management of SVT in infants is highly dependent on the history of the
Supraventricular tachycardia patient and the probable side effects of some treatments that must be avoided.

Treatment

Introduction

Supraventricular tachycardia (SVT) is an abnormally rapid
heart rhythm that results from improper electrical activity
in the upper part of the heart.’

It originates above the ventricles, and frequently (but
not always) presents with a narrow QRS complex; atrial
flutter and atrial fibrillation are conventionally omitted.?

Other names such as paroxysmal (start and stop with-
out warning) atrial tachycardia (PAT) and paroxysmal su-
praventricular tachycardia (PSVT) are sometimes used for
SVT. Wolff-Parkinson-White Syndrome (WPW) is a vari-
ant of SVT, and is the most common form of SVT in young
people.'?

SVT is almost never life-threatening and the outcomes
of treatment are outstanding. SVT causes irregular heart
pounding symptoms, which can lead to chest pain, short-
ness of breath, lightheadedness, and/or fainting. The
episodes can be related to exercise. Even though the SVT
configuration is often present at birth, symptoms can be-
gin at any time.? A 50% risk then exists that the SVT will
recur as an older child.*

SVT may be diagnosed in infants as a result of symp-
toms of congestive heart failure. Babies can tolerate
a very fast heart rate for many hours without showing
any symptoms. If the episode lasts for more than 24-36
hours, the heart muscle tires slowly and pumps with less
and less force.®

During this time, symptoms include inadequate eating,
excessive sleepiness, irritability, diarrhea, fast breathing,
and/or light skin color.®

Acute management of the child presenting with
SVT may be a challenge, as the exact tachycardia
mechanism is often unknown. The strategy for the
treatment depends on the presentation and clinical
status of the patient (hemodynamically stable or un-
stable), which is why SVT is very important and must
be addressed.®

For most babies, the natural history of SVT requires res-
olution of the tachycardia by one year of age. Pharmaco-
logical treatment is usually used to eliminate tachycardia
before spontaneous resolution occurs, but often conven-
tional first-line therapy like digoxin or propranolol does
not lead to SVT control.”

Drugs that are commonly used for SVT in children are
digoxin, propranolol, flecainide, and amiodarone. Al-
though different types of SVT may vary in pathophysiol-
ogy, we use the same medications.

In this review, the aim is to compare the efficacy and
the frequency of drug use in the management of SVT to
find out the most beneficial and the safest drug for treat-
ment.

Methodology

Selection of studies
A systematic literature review was conducted to identify
and select original research reports on supraventricular
tachycardia management drugs in children and infants
(all children from hour to 17 years of age) in accordance
with the PRISMA guidelines.®

The online databases Google Scholar, PubMed, Med-
line, and Cochrane were searched from January 2000 to
June 2020. Keywords used in the search included (Supra-
ventricular tachycardia in children OR Supraventricular
tachycardia in infants OR Supraventricular tachycardia in
pediatric) AND (Treatment of supraventricular tachycar-
dia in infant / Children / Pediatric OR Management of Su-
praventricular tachycardia in infant / Children / Pediatric).
The references of each study were manually checked for
additional relating studies. Only peer-reviewed journal
articles that documented initial investigations, case re-
ports, case series, and clinical trials of the drugs used to
treat SVT in pediatric patients with no structural heart
disease aged from hour to 17 years were included. We
excluded the following: 1) studies involving pediatric
patients with structural heart disease; 2) studies having
inadequate or inaccurate data for extraction; 3) reviews,
book chapters, theses, editorials, letters, and conference
papers; 4) non-English research; 5) animal or in vitro stud-
ies; 6) non-clinical studies, systematic reviews of the lit-
erature, meta-analyses, and research for which only an
abstract is available. We did not deviate from the defined
inclusion criteria and thoroughly evaluated related re-
search, including existing literature reviews, to be sure
that bias was minimized within the systematic review

An analysis of the funnel plot was carried out to deter-
mine the possibility of bias in the publication.

Data extraction

Mean, standard deviation, and sample size were extrac-
ted for each variable. The authors were kindly contacted
to provide numbers if the data were presented in statis-
tics and not in specific values. We excluded any studies
without an electrocardiogram (ECG). The drugs used in
the treatment were extracted with their details of dose,
onset of action, duration, and efficacy.

Analysis
A meta-analysis of comparable data was performed using
version 5.4 of the Review Manager software.

Using the I? statistics, statistical heterogeneity among
studies was assessed. Pronounced heterogeneity was
seen with a p-value <0.05 and an I*-value 250%. A p-value
>0.05 and I <50% indicated no obvious heterogeneity be-
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tween the studies, and the meta-analysis was based on
a fixed effect model.

Generic Inverse Variance data are described as weight-
ed mean differences, and odd ratios (ORs) for dichoto-
my were determined (95% for confidence interval). Eg-
ger's test was conducted to determine the possibility of
a bias in publishing.

Furthermore, a sensitivity analysis was conducted to
determine the reliability of the findings when the study
included low-quality and extremely heterogeneous
studies.

Results

The database search retrieved 490 results as seen in
Figure 1: 475 from Google Scholar, PubMed, Medline,
and Cochrane, and 15 from additional records found
via other sources. Duplicates were removed from the
490 records. Following the removal of duplicates, there
were 263 results to screen. The studies were checked
for eligibility in the title and abstract, leaving 65 re-
cords to be evaluated. Thirty-nine records, however,
were excluded for the following reasons: 1) non-Eng-
lish studies; 2) only abstracts and reviews; 3) incomplete
data or results. Twenty-six publications were chosen for
data extraction.

Table 1 shows the characteristics of individual studies

The ages of the patients in Table 1 are shown in mean
for some studies and median for others. Two studies did
not mention the age data.

Some of the studies depended on gestation age, so we
showed them as weeks (w).

For the years of the studies, some studies take data
for several years behind and analyze them, so those are
shown as a range. Studies that depended on the data of
a single year are shown as a single value.

Table 2 shows the drugs used and studies results.

Figure 2 shows the risk of biases among the studies,
organized as high risk, low risk, and unclear risk.

Table 3 shows the studies that recorded side effects
during drug administration and the number of patients
who experienced them.

Only the studies classified in Table 3 recorded signifi-
cant adverse effects of the administered drugs, while the
other studies did not mention any side effect.

Figure 3 is a forest plot of the dichotomy variables test-
ing the efficacy of the drugs used in each study depend-
ing on the number of patients who received these drugs
with the number of patients who successfully responded
to the drugs.

A p-value 20.05 and 1?°<50% indicated no obvious het-
erogeneity between the studies, and the meta-analysis
was based on a fixed effect model.

There was a significant difference between the pa-
tients who took the drugs and the patients who respond-
ed to the drugs, with p-value <0.005 and I? = 72%.

A comparison between the number of patients who
received the drugs and the number of patients who ex-
perienced adverse effects is clarified in Figures 4 and 5 as
a forest plot and a funnel plot using heterogeneity, with
I2=94% and p-value <0.005.

Table 1 - The characteristics of the included studies

The study Drugs Year
Qureshi Adenosine 2008-2012
Diaz-Parra Adenosine 2014
Dixon Adenosine 2005
Lewis Adenosine 2003-2012
Chu Adenosine, amiodarone, 2015
esmolol, procainamide, beta-
-blocker, digoxin, flecainide
Epcacan Adenosine, amiodarone, 2014-2018
esmolol, procainamide, beta-
-blocker, digoxin, flecainide
Sadoh Adenosine, beta-blockers, digoxin 2018
Burri Amiodarone 2003
Yildirim Amiodarone 2005
Dilber Amiodarone, digoxin 2005-2007
Chang Amiodarone, procainamide 2004-2006
Etheridge Amiodarone, propranolol 2001
Hultin Dexmedetomidine 2018
Sanatani Digoxin and propranolol 2006-2010

Venugopalan Digoxin, amiodarone, adenosine 2000

Country Study design Patients No. Mean age  Ref.
Pakistan Experimental 85 279 m 9
Spain Retrospective 39 3.1y 11
UK Retrospective 23 - 33
USA Retrospective 174 74y 29

cohort
USA Retrospective 2481 34.38 w 18
Turkey Retrospective 46 38.04 w 21
Nigeria Descriptive 29 4m 14
Switzerland Retrospective 23 8d 17
Turkey Case report 1 7 hours 10
Turkey Retrospective 9 15d 22
USA Retrospective 208 34d 19
USA Retrospective 50 Tm 23
Sweden Case report 2 15y 28
Canada and Randomized, 72 11.75d 20
USA double-blind,

multicenter
Oman Case reports 3 6.16 y 32

Continue
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Table 1 - The characteristics of the included studies

The study Drugs Year Country Study design Patients No. Mean age Ref.

Ferlini Flecainide 2004-2006 Italy Retrospective 20 11.5d 24

Hill Flecainide, amiodarone 2006-2015 USA Retrospective 74 46d 27

Price Flecainide, sotalol 2002 USA Retrospective 10 24d 12

Taduri Ivabradine 2019 India Case report 1 15d 13

von Alvensleben  Nadolol 2017 USA Retrospective 20 18d 34

Barton Propranolol 2015 USA Retrospective 287 29d 15

Nicastro Propranolol 2001-2018 Argentina  Observation 107 190 d 25

Bolin Propranolol, digoxin 2004-2015 USA Retrospective 2657 37w 16

Hornik Propranolol, digoxin 1998-2012 USA Retrospective 457 7-9d 31
cohort

Moffett Propranolol, digoxin 2015 USA Retrospective 374 33d 30
cohort

Guerrier Propranolol, digoxin, amiodarone 2003-2013  USA Retrospective 851 - 26

Records identified through Additional records identified
database searching through other sources
(n = 475) (n =15)

\4 Y

Records after duplicates removed

(n =263)
L] Records excluded
Records screened (o=t
(n = 150) *
L] :
. Full-text articles excluded
Full-text articles assessed (n = 39)
for eligibility >
(n = 65) e Only abstracts and reviews
¥ e Not English papers
¢ Incomplete data or results
Studies included in the systematic
review and meta-analysis
(n=26)

Fig. 1 - Flow chart of the study selection process.

Table 2 - The data of the drugs used and their outcomes among studies

The drug Doses Administration Outcomes Ref.
Adenosine 100, 200, 300 Rapid boluses  Mean effective dose was 185.3+81.0 pg/kg with median 9
effective dose of 200 pg/kg (range 75-300 pg/kg)
E Adenosine 112, 118, 249, Rapid boluses  The administration of adenosine in childhood is effective in the 1
% 300 pg/kg cessation of the SVT in 70% to 85% of cases
g Dexmedetomidine 4 pg/kg Intranasal Spontaneous conversions of SVT to sinus rhythm in children 28
§ Adenosine 0.05-0.25 mg/kg  Infusion Overall, adenosine was effective for the successful termination
o 0.1-0.48 mg/kg of SVT: 79% of episodes converted to sinus rhythm after 1 or 2 29
g doses of adenosine
g Adenosine 115 pg/kg Infusion The minimum dose to be effective should be no less than 33
I 100 pg/kg in children and 150 or 200 pg/kg in infancy
Adenosine, beta- - Rapid boluses  Of the 29 children 18 (62.1%) survived and were discharged 14
-blockers, digoxin home while 11 (37.9%) died

Continue
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Table 2 - The data of the drugs used and their outcomes among studies

Administration Outcomes

Chronic control of SVT

The drug
Amiodarone

Flecainide +
sotalol

Ivabradine

Propranolol

Propranolol,
digoxin

Amiodarone

Amiodarone,
procainamide

Digoxin, pro-
pranolol

Adenosine, amio-
darone, flecainide

Amiodarone,
digoxin

Amiodarone,
propranolol

Flecainide

Propranolol

Propranolol,
digoxin, amioda-
rone

Flecainide, amio-
darone

Propranolol,
digoxin

Propranolol,
digoxin

Amiodarone,
adenosine

Nadolol

Doses

10 mg/kg
administered in
1 hour

100 mg/m?day +
175 mg/m?day
(twice daily)

0.05 mg/kg/day

3.6x+1.0 mg/kg/day

12.2+4.6 pg/kg

5 pg/kg/min,
20 pg/kg/min

100-500 p/kg

2.5-30 pg/kg/min

14+5 mg/kg/day
in 2 doses

1 mg/kg

2 mg/kg/day
3+0.5 mg/kg/day

92 mg/m?day,
4.9 mg/kg/day

4 mg/kg/day,
10 pg/kg/day,
divided every
12h

>3 mg/kg/day,
4-12 pg/kg/day

0.1 mg/kg,
3 doses

1 mg/kg/day

Infusion

Infusion

Infusion

Intravenous

Continuous
infusion

Continuous
infusion

Intravenous

Intravenous

Intravenous
Orally

Orally

Orally

Infusion

Infusion

Intravenous

Orally

After 30 minutes, the patient converted to normal sinus rhythm
with a heart rate of 130 beats/min

Generally, normal sinus rhythm was observed by telemetry
within 2 to 5 days, and efficacy was documented by Holter
within 3 days to 90 days (median: 12 days)

It ameliorated the atrial tachycardia and the heart rate was
normalized

Propranolol was successful in controlling arrhythmias
throughout the inpatient stay in 67.3% (n = 193) of patients
overall

After matching, there was 1.7% mortality in the proprano-
lol group versus 6.1% mortality in the digoxin group for all
patients

Intravenous amiodarone is a safe and effective therapy for life-
-threatening incessant tachycardia in infants

Procainamide achieved greater success compared with
amiodarone in the management of recurrent SVT without
statistically significant differences in adverse event frequency

There was no difference in SVT recurrence in infants treated
with digoxin versus propranolol

Higher doses of adenosine (300-500 pg/kg) is very effective.
Amiodarone alone and in combination with flecainide seems
safe and effective, too.

Intravenous amiodarone alone or in combination with digoxin
was found to be safe and effective therapy in controlling
refractory and life-threatening SVT in neonates and small
infants

Amiodarone is an effective and safe therapy for tachycardia
control in infancy

Flecainide is well tolerated and effective as first-line treatment
for paroxysmal SVT in newborns without structural heart disease

Propranolol prevented SVT recurrence in 70% of patients

No difference in patient outcomes with different drugs

Oral flecainide and amiodarone achieved meaningful
arrhythmia control in 81% and 78% of pediatric patients
with recurrent SVT, respectively. Those who failed
amiodarone had encouraging outcomes when changed to
flecainide.

Digoxin or propranolol may have similar efficacy in the
inpatient treatment of infant SVT. The effects of medication
dosing strategies and patient pathophysiology may need to be
considered for antiarrhythmic selection to attain best possible
patient outcomes.

Digoxin was associated with fewer episodes of SVT recurrence
but more frequent hypotension in hospitalized infants relative
to propranolol

Adenosine was effective to suppress the SVT as well as
amiodarone

Nadolol monotherapy can be used successfully in the treatment
of SVT in infants and young children with minimal side effects
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Table 3 - The side effects’ characteristics shown in the studies

The drug Ref.  The side effect No. of patients
Amiodarone 10 Hyperglycemia, pulmonary fibrosis, thyroid dysfunction, and hepatic failure 1
Intravenous amiodarone 17 Electrophysiological side effects necessitating dose reduction comprised of
sinus bradycardia in two patients. Hypotension in one patient resolved after
dose diminution. Neurological side effects consisted of choreatic move- 5
ments in one infant, which resolved over time. Amiodarone administration
was stopped in one patient with elevated liver enzymes.
Amiodarone, procainamide 19 Hypotension, bradycardia, QRS prolongation, and QT prolongation 50
Digoxin, beta-blockers, 18 Hypotension, hyperkalemia, hypoglycemia, elevated liver enzymes, and 669
amiodarone, flecainide, sotalol bradycardia
Amiodarone 23 There were no side effects necessitating drug withdrawal. Acute
hypotension occurred in 2 patients during intravenous amiodarone infusion 2
and resolved with volume administration.
Propranolol 25 Sensory deficit and vomiting, and symptomatic hypoglycemia (blood
glucose below 50 mg/dL) was detected in the context of concurrent viral 2
infections
Flecainide and amiodarone 27 BBB, bradycardia, ventricular dysfunction, inadvertent overdose, 10
hypothyroidism, and leukopenia
Digoxin and propranolol 31 Hypotension was more frequent during exposure to digoxin versus propranolol 457

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

25% 50% 75%

0%

100%

. Low risk of bias

D Unclear risk of bias

.High risk of bias

Fig. 2 - The risk of biases among studies

Discussion

There were 8103 pediatric patients from 13 countries with
SVT who were treated with different antiarrhythmic drugs
including adenosine and dexmedetomidine for acute ma-
nagement and amiodarone, beta-blockers, flecainide, di-
goxin, and ivabradine for chronic control.

SVT in pediatrics can be fatal and acute management
is very important in order to restore normal sinus rhythm,
so selecting the most appropriate drug for the case is es-
sential and time-saving. Proper drug selection should also
reduce the adverse effects that can be produced by the
drugs in certain patients.

The 26 studies that were included in this review de-
pended on data from the registration offices of the hospi-
tals and healthcare centers, as well as observational data
and randomized clinical trials.

Some centers select a first line and second line treat-
ment for SVT in pediatrics, but according to this review

and based on the data extracted from the studies, no ap-
propriate first- or second-line treatment was found; for
example, if we take adenosine, which is commonly used
along with digoxin, as a first line treatment for SVT in pe-
diatrics, it may be tolerated by some infants while also
being useless in many patients.

Some centers used a combination of two or more drugs
to control SVT in pediatrics.

The dosage is a very important factor in the efficacy
of the drugs, and this was shown in almost all the studies
included. Increasing the dose can bring about more prob-
lems to the child, including adverse effects, toxicity, and
heart problems such as bradycardia.

Adverse effects were observed in 8 studies (Table 3) and
they were most commonly associated with amiodarone.

Using the statistical testing results, we found that there
was a strong association between the number of patients
who received the drugs and the number of patients who ex-
perienced adverse effects. There was a significant difference
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Test for overall effect: Z = 46.91 (p <0.00001)

Number of patients Side effects

Study or subgroup Number of patients Efficacy 0Odds ratio 0dds ratio
Events Total Events Total Weight M-H, fixed, 95% Cl M-H, fixed, 95% CI
Alvensleben, 2016 20 20 17 20 6.1% 8.20 (0.40-169.90) *
Barton, 2015 287 287 193 287 4.9% 280.81 (17.33-4549.59) e
Bolin, 2017 2657 2657 1254 2657 3.5% 5946.28 (371.45-95190.41) 4
Burri, 2003 23 23 22 23 6.9% 3.13(0.12-81.00)
Chang, 2010 208 208 205 208 7.2% 7.10 (0.36-138.36) +
Chu, 2015 2848 2848 2790 2848 7.2% 119.43 (7.38-1933.07) e
Dilber, 2010 9 9 7 9 5.5% 6.33 (0.26-152.86) +
Dixon, 2005 23 23 13 23 4.1% 36.56 (1.98-674.36) _—
Diaz-Parra, 2014 39 39 29 39 5.4% 28.12 (1.58-499.34) 2
Epcacan, 2019 46 46 39 46 6.2% 17.66 (0.98-318.99) »
Etheridge, 2000 50 50 50 50 Not estimable
Ferlini, 2008 20 20 20 20 Not estimable
Guerrier, 2016 851 851 313 851 2.7% 2925.25 (182.18-46969.33) 4
Hill, 2019 74 74 59 74 5.8% 38.82 (2.28-662.16) R
Hornik, 2014 457 457 452 457 7.3% 11.12 (0.61-201.72) +
Hultin, 2018 1 1 1 1 Not estimable
Lewis, 2017 174 174 130 174 5.5% 119.01 (7.26-1950.30) _
Moffett, 2014 374 374 274 374 5.4% 274.22 (16.96-4433.75) _
Nicastro, 2019 107 107 105 107 7.2% 5.09 (0.24-107.39) +
Price, 2002 10 10 10 10 Not estimable
Qureshi, 2012 85 85 60 85 5.2% 72.07 (4.30-1206.95) B
Sadoh, 2018 29 29 15 29 3.8% 55.19 (3.08-988.62) —_—*
Sanatani, 2012 72 72 72 72 Not estimable
Taduri A, 2019 1 1 1 1 Not estimable
Venugopalan, 2000 3 3 3 3 Not estimable
Yildirim, 2005 1 1 1 1 Not estimable
Total (95% CI) 8469 8469  100.0% 344.44 (187.28-633.49) 4
Total events 8469 6135 . . . .
Heterogeneity: y*= 60.94, df = 17 (p <0.00001), =72% 0.01 0.1 1 10 100
Test for overall effect: Z = 18.79 (p <0.00001) Favors (experimental) Favors (control)
Fig. 3 - Forest plot of the dichotomy variables.
Number of patients Adverse effects Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% Cl M-H, fixed, 95% CI
Burri, 2003 23 23 5 23 0.7% 4.27 (2.05-8.92)
Chang, 2010 208 208 50 208 6.7% 4.13 (3.25-5.25) -
Chu, 2015 2481 2481 669 2481 89.4% 3.71(3.47-3.95) .
Etheridge, 2000 50 50 2 50 0.3% 20.20 (6.03-67.68)
Hill, 2019 74 74 10 74 1.4% 7.10 (4.05-12.44) -
Hornik, 2014 457 457 6 457 0.9% 70.38 (32.81-151.00) —
Nicastro, 2019 107 107 2 107 0.3% 43.00 (12.63-146.61) —_—
Yildirim, 2005 1 1 1 1 0.2% 1.00 (0.32-3.10) -1
Total (95% CI) 3401 3401 100.0% 4.55 (4.27-4.84) i
Total events 3401 745
Heterogeneity: 2= 116.41, df = 7 (p <0.00001), I2= 94% 0_051 o.l1 ' 1’0 10’0

Fig. 4 - Forest plot of comparison between the number of patients who received the drugs and the number of patients who experienced

side effects.
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Fig. 5 - Funnel plot of the same comparison in Figure 4.

between the number of patients who received the drugs
and the patients who recovered from SVT successfully.

The route of administration has no specific or effective
role in increasing the drugs’ efficacy or effectiveness, and
the dosage was the only factor that controlled the effi-
cacy among the patients (the combination therapy also
played a role, but can be considered a line of treatment
rather than a factor).

Flecainide and digoxin were effective in many cases,
and can be recognized as a first line treatment in emer-
gencies for pediatric patients.

Two unpopular drugs that produced an effective role
in treating SVT in pediatrics included ivabradine and dex-

medetomidine.3*3¢
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Conclusion

SVT is a common manifestation in pediatrics, and should
be treated with less adverse effects. This review presents
the most common drugs used in the treatment of SVT in
children from 2000 to 2020, including their efficacy and
any associated adverse effects.

There is not a first-line treatment or second-line treat-
ment of SVT in pediatrics, since an effective drug can be
ineffective in othes patients; all choices should be consid-
ered during the treatment protocol, keeping in mind that
a combination of drugs is often more efficient and with
less side effects.

According to this review, the management of SVT in
infants is highly dependent on the history of the patient
and the probable side effects of some treatments that
must be avoided.
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Kontext: Pro stratifikaci rizika pacientu se srde¢nim selhanim se zacaly pouzivat hemodynamické parametry.
Srdecni vykon (cardiac power output, CPO) je ukazatelem vykonnosti srdce. Index srdecni sily (cardiac power
index, CPI) vyjadtuje vztah srdecniho vykonu a plochy télesného povrchu. Cilem studie bylo prokézat pro-
gnostickou ulohu klidového CPI u pacientt s pokrocilym chronickym srde¢nim selhanim.
Metody: Do studie byli zafazeni pacienti v pokrocilém stadiu chronického srdecniho selhani, s ejekéni frakci
levé komory < 30 % a ve funknich tfidach Il a IV, u nichZ byla provedena katetrizace pravostrannych i levo-
strannych srdecnich oddilG. Vysetieno bylo celkem 99 pacientd; jedinci, jimz byla implantovéna centrifugalni
pumpa k podpore funkce levé komory (left ventricular assist device, LVAD) nebo u nichZ byla provedena
transplantace srdce (heart transplantation, HTx), byli ze studie vylouceni, aby bylo mozno stanovit délku
preziti bez LVAD a HTx.
Vysledky: Z 99 vySetfenych pacientl byl chirurgicky vykon v souvislosti s LVAD nebo HTx proveden u 43
pacientl. Ze zbyvajicich 56 pacient( jich béhem sledovani s medianem délky 16 mésicti zemfelo 19 (33,9 %).
Hodnota CPI byla spojena s umrtim ze srdec¢nich pficin (0,32 vs. 0,42, p = 0,003). Mezni hodnota CPI z hlediska
mortality byla 0,41 (senzitivita 89,5 % a specificita 56,8 %). Snizena hodnota CPI (< 0,41 W/m?) byla rovnéz
spojena s vysokym tlakem v pravé sini (p = 0,016) a s plicni cévni rezistenci (p = 0,012). Kaplanova-Meierova
analyza preziti prokdazala, Ze dlouhodobé preZiti je statisticky vyznamné kratsi u pacient(i s CPl < 0,41.
Zavér: Klidovy CPI je u pacientl s pokrocilym chronickym srdecnim selhanim spojen s umrtim ze srde¢nich
pricin.

© 2023, CKS.

ABSTRACT

Background: Hemodynamic parameters have recently emerged as tools for risk stratification of heart failure
patients. Cardiac power output (CPO) is an indicator of cardiac performance. Cardiac power index (CPI) is
calculated by indexing CPO to body surface area. The study aimed to demonstrate the prognostic role of
resting CPI in advanced chronic heart failure patients.

Methods: The study included patients with advanced chronic heart failure, ejection fraction below 30%, and
classes Il and IV functional capacity who had had right and left heart catheterization. A total of 99 patients
were enrolled, with those having left ventricular assist device (LVAD) implantation or heart transplantation
(HTx) excluded to determine LVAD- and HTx-free survival.

Results: Of the 99 patients, 43 patients underwent LVAD and HTx surgery. Of the remaining 56 patients, 19
died (33.9%) over a period of 16 months (median). The value of CPI was associated with cardiac mortality
(0.32 vs 0.42, p = 0.003). The cut-off level of CPI for mortality was 0.41 (89.5% sensitivity and 56.8% spe-
cificity). A diminished CPI (<0.41 W/m?) was also associated with high right atrial pressure (p = 0.016) and
pulmonary vascular resistance (p = 0.012). A Kaplan-Meier survival analysis indicated that long-term survival
was significantly reduced in patients with CPI <0.41.

Conclusion: Cardiac power index at rest is associated with cardiac mortality in patients with advanced chro-
nic heart failure.
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Introduction

The heart can be considered a muscular hydraulic pump
that can create both flow and pressure.! Cardiac output
(CO) is the cardiovascular flow through blood vessels and
reflects not just cardiac contractility, but, also, vascular
compliance, intravascular volume and cardiac filling pre-
ssures. The hydraulic function of the heart is identified
by cardiac power. The ability of cardiac pumping can be
represented by cardiac power output (CPO). CPO is the
product of mean arterial pressure (MAP) and CO.2 Resting
CPO is found to be associated with mortality in acute he-
art failure (HF), especially in cardiogenic shock.? Cardiac
power index (CPI) is CPO indexed to body surface area
(BSA). The term advanced chronic HF refers to the progre-
ssive deterioration of HF symptoms with a reduced ejec-
tion fraction and biochemical and clinical signs of heart
failure.* The current study aimed to investigate the effect
of resting cardiac power index on the survival of advan-
ced chronic HF patients.

Methods

Included in our study were 99 patients undergoing right
and left heart catheterization due to advanced chronic
HF between January 2017 and March 2020. The 99 pati-
ents were evaluated by a heart team consisting of a car-
diologist and cardiovascular surgeons. Of this number,
43 patients who had left ventricular assist device (LVAD)
implantation and heart transplantation (HTx) were exclu-
ded from the study. The remaining group included 56 pa-
tients with advanced chronic HF. All patients had left ven-
tricular ejection fraction (LVEF) <30% and were classes IlI
and IV functional capacity. The patients were followed
from catheterization to June 2020. Follow-up duration
was defined as the period from catheterization to either
cardiac death or June 2020 (in survivors). Informed con-
sent was obtained from all patients and the study proto-
col was approved by the Institutional Review Board.

Hemodynamic measurements were performed via
the femoral artery and vein. Mean arterial pressure was
measured using a catheter placed in the ascending aorta.
Another catheter was advanced into the pulmonary ar-
tery until wedge position to measure pulmonary capillary
wedge pressure (PCWP). Pulmonary artery pressure and
right atrial pressure (RAP) were also determined. Cardiac
output was calculated using Fick’s equation.

Cardiac power output [W] was calculated as follows:
CPO = CO x mean arterial pressure x K (K = 0.0022, con-
version factor). Cardiac power index (CPI) was calculated
by dividing CPO by body surface area (BSA). CPI [W/m?] =
CPO [W]/ (BSA [m?]).

Statistical analysis

Statistical analyses were performed using SPSS software
(version 22.0; SPSS Inc., Chicago, IL, USA). The Kolmogo-
rov-Smirnov test was performed to assess normality of
distribution. Continuous variables were indicated as mea-
nxstandard deviation (SD) or median (25-75 percentiles).
An independent t test was used for parametric assumpti-
ons. The Mann-Whitney U test was used for non-para-

metric assumptions. Frequencies and percentages were
defined for categorical data. Comparisons of categorical
variables were conducted using the Pearson chi square or
Fisher's exact test.

A receiver operating characteristic (ROC) curve was
generated for discriminative ability of CPI to predict mor-
tality in advanced patients with chronic HF. Results were
presented as the area under the curve (AUC) and 95%
confidence intervals (Cl). A cut-off level of CPl was de-
termined with sensitivity and specificity. A Kaplan-Meier
survival analysis was also performed to demonstrate the
effect of CPI according to the determined cut-off level.
A p-value less than 0.05 was accepted to indicate statisti-
cal significance.

Results

Of the 56 patients, 19 patients died (33.9%) over a peri-
od of 16 months (median). CPl was associated with car-
diac mortality (0.32 [0.26-0.38] vs 0.42 [0.31 vs 0.52], p =
0.003). In terms of ROC analysis, the cut-off level of CPI
for mortality was 0.41 (89.5% sensitivity and 56.8% speci-
ficity; AUC = 0.745, p = 0.003; 95% CI [0.616-0.875]) (Fig.
1). According to this cut-off level, the study group was
stratified into two groups. No significant difference was
found in baseline clinical and laboratory features (Table
1). Of the catheterization findings, reduced CPI (<0.41W/
m?) was also related with high right atrial pressure (p
= 0.016) and pulmonary vascular resistance (p = 0.012),
apart from cardiac output and index (Table 2). A Kaplan-
Meier survival analysis indicated that long-term survival
was significantly reduced in patients with CPl <0.41 (log
rank p = 0.003) (Fig. 2).

Reduced CPI (<0.41W/m?) was also found to be associ-
ated with high right atrial pressure (RAP) and pulmonary
vascular resistance other than cardiac output and index in
our study. As expected, these markers might be related in
advanced heart failure patients.

ROC curve

0.6

Sensitivity

0.4

0.2

0.0 02 04 0.6 08 10
1 - Specificity

Fig. 1 - ROC analysis of CPI and cardiac mortality.
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Fig. 2 - Kaplan-Meier survival curves for low and high CPI (accord-
ing to cut-off level of 0.41).

Discussion

This study demonstrated that resting CPI was significant-
ly related to cardiac mortality. CPl was associated with
LVAD- and HTx-free survival.

A sub-analysis of the SHOCK study by Fincke et al
shows that CPO has the strongest hemodynamic correla-
tion as a result of cardiogenic shock.? This hemodynamic
parameter is gaining importance as a measure of cardiac
pumping ability. Resting CPO, maximal CPO, and reserve
CPO (maximal CPO - resting CPO) are power outputs of
the heart. As a result of pump malfunction, the maximal
CPO falls with matching decreases in reserve CPO; and,
if severe, this is followed by decreases in resting CPO.5
Lang et al demonstrated that noninvasively recorded
maximal CPO is an independent predictor of outcome.®
The impact of resting CPO on prognosis in chronic HF
was evaluated by Yildiz et al who concluded it was an
independent predictor of adverse outcomes. They en-
rolled 161 patients and indicated that resting CPO below
<0.54 W was associated with worse outcomes.? Another
study, by Grodin et al, evaluated resting CPl with 495
ambulatory patients with advanced HF who had invasive
hemodynamic testing and were followed up for unfa-
vorable outcomes (all-cause mortality, HTx, or left ven-
tricular assist device implantation). CPl was 0.44 W/m?
(interquartile range 0.37, 0.52), there were 117 deaths,
104 HTx and 20 LVAD implantation procedures over
a median of 3.3 years." In our study with 99 patients,
19 patients died, 43 patients underwent LVAD implanta-
tion or HTx procedures over a period of 16 months. The
cut-off CPI value for mortality was 0.41 W/m? with 89.5%
sensitivity and 56.8% specificity.

A diminished resting CPI was linked to frequent indica-
tors of advanced heart failure.” In our study, higher values
of PVR and RAP were found to be associated with CPI be-
low 0.41 W/m?. It is not unexpected that these parameters
are increased secondary to heart failure.

Our study group included patients with LVEF <30%
and classes Il and IV functional capacity. Morimoto et al
showed that, in patients with non-ischemic dilated car-
diomyopathy, less severe systolic dysfunction (EF <45%)
and a functional class Il or Ill, CPl is also effective in pre-
dicting cardiac events. Yet, this prognostic value depends
on the mean arterial pressure.®

We evaluated patients with systolic heart failure.
However, a recently published article by Harada et al
investigated HF with preserved ejection fraction. In the
study, the primary end point was defined as cardiovas-
cular death and hospitalization for heart failure. It was
concluded that other measures of heart performance
were not linked to negative outcomes, although CPO
was.?

Resting CPO and CPI were primarily focused on left
ventricular function. A recent study investigated right
ventricular CPO in advanced HF patients. The authors
concluded that a higher resting RV CPO was an indepen-
dent predictor of adverse clinical endpoints.

Our study has the following limitations: First, it was
a single-center, retrospective study and, as a result, it
was prone to bias. The study enrolled a relatively modest
number of patients. There was no serial measurement of
CPI; it was only done once; hence, changes in CPI values
were not considered. Another interesting point is the def-
inition of CPO. It was stated in an article that CPO should
be calculated as CO x (MAP — RAP) x K (K = 0.0022). The
author emphasized the importance of RAP and suggested
that future studies should include RAP in the calculation
of CPO."" Moreover, B-type natriuretic peptide (BNP) level
was not measured in our study. Lastly, donor availability
and LVAD selection criteria may have caused bias due to
the fact that the study aimed to show LVAD- and HTx-
free survival.

Conclusion

Resting cardiac power index is related to cardiac mortality
in patients with advanced chronic heart failure. A CPI be-
low the 0.41 level is associated with worse survival rates.
CPl is a reliable prognostic indicator and should be used
for risk stratification in advanced heart failure patients.
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Kontext a cil vyzkumu: Nealkoholické ztukovaténi jater (nonalcoholic fatty liver disease, NAFLD) ma zavazné
s NAFLD jsou kardiovaskularni onemocnéni (KVO). Za potencialni mechanismus rozvoje ischemické choroby
srdecni (ICHS) u pacientli s NAFLD Ize povazovat zmény ve sloZeni stfevni mikrobioty. Cilem naseho vyzkumu
bylo zjistit zmény koncentraci hlavnich fylotypu stfevni mikrobioty, kment Bacteroidetes, Firmicutes a Acti-
nobacteria, a kvantifikovat koncentrace kmenG Firmicutes/Bacteroidetes u pacientd s NAFLD a soucasné
s ICHS.
Material a metody: Do studie bylo zafazeno 109 jedinci s NAFLD (25 soucasné s arteridlni hypertenzi [AH]
a 24 soucasné s ICHS). SlozZeni stfrevni mikrobioty bylo hodnoceno metodou gPCR.
Vysledky a zavéry: U obou podskupin, s ICHS a s AH jako komorbiditami, byl pozorovan vyrazny trend ke
zvySovani koncentraci Bacteroidetes (o 37,11 %, resp. 21,30 %) a sniZzovani koncentraci kmene Firmicutes
(0 7,38 %, resp. 7,77 %), pficemz nalezené zmény nedosahovaly statistické vyznamnosti. Ve srovnani s pa-
cienty pouze s NAFLD bylo u nemocnych s NAFLD plus ICHS zaznamenano statisticky vyznamné snizeni
koncentraci kmene Actinobacteria o 41,37 % (p < 0,05). U pacientld s NAFLD plus AH byly koncentrace
kmene Actinobacteria nizsi o 12,35 % (statisticky nevyznamny rozdil). Byly nalezeny zmény ve slozeni stfevni
mikrobioty, konkrétné nizsi koncentrace kmene Actinobacteria u pacientl s ICHS; toto zjisténi si vyzada
dalsi vyzkum.

© 2023, CKS.

ABSTRACT

Background and the research aim: Nonalcoholic fatty liver disease (NAFLD) bears serious economic conse-
quences for the health care system worldwide and Ukraine, in particular. Cardiovascular diseases (CVD) are
the main cause of mortality in NAFLD patients. Changes in the gut microbiota composition can be regarded
as a potential mechanism of CVD in NAFLD patients. The research aim was the investigation changes in
major gut microbiota phylotypes, Bacteroidetes, Firmicutes, and Actinobacteria with quantification of Firmi-
cutes/Bacteroidetes in NAFLD patients with concomitant CVD.

Materials and methods: There were 109 NAFLD subjects (25 with concomitant arterial hypertension [AH]
and 24 with coronary artery disease [CAD]) enrolled. The gut microbiota composition was assessed by qPCR.
Results and conclusions: There was a marked tendency towards an increase in the concentration of Bacte-
roidetes (by 37.11% and 21.30%, respectively) with a decrease in Firmicutes (by 7.38% and 7.77%, respecti-
vely) found in both groups with comorbid CAD and AH with the identified changes not reaching a statistical
significance. A statistically significant decrease in the concentration of Actinobacteria was revealed in pa-
tients with NAFLD with concomitant CAD at 41.37% (p <0.05) as compared with those with an isolated
NAFLD. In patients with concomitant AH, the content of Actinobacteria dropped by 12.35%, which was sta-
tistically insignificant. There were changes found in the intestinal microbiota composition, namely decrease
in Actinobacteria in patients with CAD, which requires further research.
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Introduction

An excessive fat accumulation in hepatocytes with subse-
quent progressive inflammatory and fibrotic changes is
a pathophysiological basis of most common liver patho-
logies such as nonalcoholic fatty liver disease (NAFLD).!
In most cases, NAFLD shows a benign course, remaining
at the stage of nonalcoholic steatosis (NAS). Still, some-
times NAS progresses to a more severe stage, including
nonalcoholic steatohepatitis, cirrhosis, and hepatocellu-
lar carcinoma.? The significance of NAFLD in public health
is substantiated by its multifaceted impact on morbidity
and mortality, as well as economic® and social consequen-
ces associated with a shorter life expectancy and a bur-
den of metabolic complications, including cardiovascular
diseases (CVD).

CVD belong to the leading causes of mortality among
patients with NAFLD."*® A meta-analysis of 16 observa-
tional studies, which included a total of 34,043 NAFLD pa-
tients and 2,600 cardiovascular severe events over an av-
erage period of 6.9 years, showed an increase in the risk
of fatal and/or cardiovascular non-fatal events (OR 1.64,
95% Cl 1.26 to 2.13) which in turn increased as NAFLD
progressed.” An increase in a cardiovascular risk in NAFLD
patients is observable even in patients with a relatively
low body mass index (BMI)>® and persists with an allow-
ance for common risk factors like fatty liver as well as se-
vere fibrosis as independent risk factors for CvD.>°

Both NAFLD and CVD are clinical manifestations of
metabolic syndrome. Moreover, there is a specific NAFLD
contribution to increasing cardiovascular (CV) risks. This
can include common pathogenic mechanisms and risk
factors such as being overweight with adipose tissue dys-
function, insulin resistance as well as impaired insulin sig-
naling, atherogenic dyslipidemia, systemic inflammation,
and altered gut microbiota composition." The underlying
mechanisms of connecting NAFLD to CVD are very com-
plex and simultaneously involve a number of different
pathways that are still not completely understood.>

Whereas the data on the role of intestinal microbiota
in the development of atherosclerosis, hypertension, and
heart failure'>' are abandoned, the research in NAFLD
patients with concomitant CVD is still scarce, and the rela-
tion between the microbial composition and the develop-
ment of cardiovascular pathology in patients within this
category remains unclear."

The research aim was the investigation of the changes
in major gut microbiota phylotypes (Bacteroidetes, Fir-
micutes, and Actinobacteria) with quantification of Fir-
micutes/Bacteroidetes in NAFLD patients with concomi-
tant CVD.

Materials and methods

Subjects and methods

The study was carried out at the Department for the Stu-
dy of Gl Diseases and their Comorbidity with Non-Com-
municable Diseases of the Governmental Institution “L.T.
Malaya National Institute of Therapy of the National
Academy of Medical Sciences of Ukraine” as part of the
research grant from the UEG Working Group for Stool

Banking and Fecal Microbiota Transplantation. The stu-
dy enrolled 60 NAFLD outpatients and 49 NAFLD patients
with concomitant CVD, i.e. 25 subjects with CAD, who re-
presented the main group. The control group consisted
of 20 healthy volunteers.

The study was approved by the Local Ethics Commit-
tee of the Institution (Protocol 04 from April 2019 and 6
from 17 July 2020) as carried out in compliance with the
Law of Ukraine “On Medical Products” (1996); Principles
of ICH GCP (2008); Ordinance of the Ministry of Health of
Ukraine Ne 690 of September 23, 2009, “On Establishment
of the Rules of Clinical Trials and Expert Examination of
Clinical Trial Materials and the Standard Regulations on
the Ethics Committee” with amendments. All patients
signed informed consent for inclusion in the study.

The patients’ examination was conducted in compli-
ance with the recommendations of the European Asso-
ciation for the Study of the Liver (EASL);'® the national
adapted clinical guidelines “Non-alcoholic fatty liver dis-
ease” and “Non-alcoholic steatohepatitis”. All patients
underwent an interview to determine secondary fatty
liver etiologic factors.

Patients with viral hepatitis B and C, hemochromatosis,
autoimmune hepatitis, coeliac disease, and Wilson's dis-
ease were excluded from the study as well as patients
with severe steatohepatitis and cirrhosis. Exclusion crite-
ria were other conditions possibly affecting the composi-
tion of the gut microbiota like bacterial overgrowth syn-
drome, antibiotic or probiotic treatment.

The steatosis degree was evaluated according to the
NAS index, and fibrosis degree according to the METAVIR
scale with the hepatobiliary system ultrasound visualiza-
tion (Soneus P7 ultrasound scanning system) by the wave
attenuation coefficient and shear wave elastometry, re-
spectively. The value of the wave attenuation coefficient
from 1 to 2.2 dB/cm indicated the absence of steatosis,
the value from 2.2 to 2.3 dB/cm - the first degree steato-
sis, from 2.3 to 2.9 dB/cm - the second degree steatosis
and from 2.9 to 3.5 dB/cm - the third degree steatosis. In
turn, the value of the shear wave elastometry coefficient
from 0 to 5.8 kPa indicated the absence of fibrosis, from
5.8 to 7.0 kPa - fibrosis FI, from 7.0 to 9.5 kPa - F II, from
9.5 to 12.5 kPa - F lll, and more than 12.5 kPa was indica-
tive of F IV, or cirrhosis.

The CVD verification, in particular CAD and hyperten-
sion, was performed prior to the enrollment in the study,
in compliance with ESC and ACC/AHA guidelines for the
diagnosis and management of patients with stable coro-
nary artery disease and arterial hypertension.":'® Twenty-
five (22.94%) patients in the main group were diagnosed
as having concomitant arterial hypertension (AH), and 24
(22.02%) patients were diagnosed as those with CAD.

The serum concentration of endotoxin (ET) was de-
termined using the LAL Chromogenic Endpoint Assay kit
(Hycult Biotech, Netherlands) with concentration range
0.01-10 endotoxin units/milliliter (U. ET/mL), sensitivity
0.01 U. ET/mL.

Detection of the gut microbiota phylotypes

The assessment of the major gut microbiota phylotypes
was performed by identifying the total bacterial DNA and
DNA of Bacteroidetes, Firmicutes, and Actinobacteria via
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the real-time quantitative polymerase chain reaction.?
Firstly, freshly collected faeces samples were aliquoted in
sterile containers with the following quick freezing and
storage until extraction at 20 °C. Next, DNA was extracted
from 400 mg of faeces with the use of a Ribo-prep nucleic
acid extraction kit (AmpliSens, Russian Federation). The
DNA concentration in the extracts was measured with the
use of a Qubit 3 fluorometer with a Qubit dsDNA HS Assay
Kits (Thermo Scientific, USA) and rectified it to ~10 ng/pl.
The PCR amplification and HRM analysis were performed
using the real-time PCR product detection system, CFX96
Touch (Bio-Rad, USA). Amplification program included:

- initial stage of denaturation for 5 min at 95 °C - 40
cycles: 15 s at 95 °C, 15sat 61.5 °C, 30 s at 72 °C with
the reading of the fluorescence signal;

—the final stage of elongation — 5 min at 72 °C.

Quantitative composition of the colon microbiota was
determined by the kit “Colonoflor-16” (Alfalab, Russian
Federation) also via the real-time quantitative polymerase
chain reaction with hybridization-fluorescence detection
of results (CFX96Touch, Bio-Rad, USA). The number of mi-
croorganisms and their ratio were calculated using the
kolonoflor_17_10.exe software.

Anthropometric measurements included determina-
tion of the anthropometric indices, i.e. height in metres;
body weight in kilograms with the following quantifica-
tion of the BMI and body composition with the use of
bioimpedancemetry (OMRON BF 511, Japan, registration
number Ne 20180102074). The distribution of adipose tis-
sue was assessed by measuring the waist (WC) and hips
(HQ) circumferences and a quotient WC/HC. All patients
were evaluated for their liver function, carbohydrate
metabolism and lipid metabolism. Liver function was as-
sessed by measuring the alanine and asparagine transam-

inases, alkaline phosphatase, and gamma-glutamyl trans-
ferase (automatic biochemical analyzer “HumaStar 200",
registration number Ne 21150707005, Germany). Carbo-
hydrate metabolism was evaluated through the serum
glucose concentration (automatic biochemical analyzer
“HumaStar 200", registration number Ne21150707005,
Germany), glycosylated hemoglobin (automatic biochem-
ical analyzer photometer “Humalyzer 2000”, registration
number Ne 18300, Germany), insulin (DRG Instruments
GmbH, Germany) followed by a quantitative assessment
of insulin resistance according to the HOMA-IR. Proin-
flammatory state was assessed via measurement serum
C-reactive protein («CRP-BEST», LLC Best Diagnostic,
Ukraine) and tumor necrosis o concentrations («EIA-TNF-
alpha», Cytokine, Russia).

The bacterial overgrowth syndrome was excluded the
hydrogen breath test (gas analyzer Gastro + Gastrolyzer,
Ne 12-8989, UK).

The statistical analysis was performed with the use
the software package ‘STATISTICA 13.1" (Statsoft, USA).
According to the Kolmogorov-Smirnov criterion, the dis-
tribution of all studied parameters was established as
different from normal (Gaussian), and explained using
non-parametric statistical methods for the data process-
ment, hereinafter referred to as Me (LQ; UQ), where Me
is the median, and LQ and UQ are the lower and upper
quartiles, respectively. The dependence of the variables
on the groups was investigated using the Kraskel-Wal-
lace test.

Results

Clinical characteristics
Clinical characteristics of patients are shown in Table 1.

Table 1 - Clinical characteristics of the examined patients

Group 1

Parameter NAFLD patients
N =60

Age, years pacw)

ge,y [37.00; 56.00]
30.63
2
BMI, kg/m [29.20; 36.40]
o 110.00
Waist circumference, cm [102.00; 122.00]
e . 9.22
Total bilirubin, umol/L [8.11; 13.61]
) o 2.94

Direct bilirubin, pmol/L [2.31; 4.10]
25.00

ASAT, U/L [20.00; 37.00]
28.00

AIAT, U/L [20.50; 39.00]
22.00

GGT, UL [12.00; 41.00]

Group 2 Group 3
NAFLD patients with concomi-  NAFLD patients
tant CAD with concomitant AH
N=24 N=25
57.50 60.00
[48.5; 62.50] [49.00; 63.00]
p,,<0.05 p,;<0.05
37.40

35.30

. [31.80; 41.20]
[31.60; 41.45] p, .<0.05
116.00 116.00
[107.50; 123.50] [110.00; 128.00]
9.10 9.20
[8.40; 14.50] [8.1; 11.90]
2.90 2.70
[2.10; 4.75] [2.10; 4.70]
26.5 27.00
[21.00; 33.00] [21.00; 33.00]
25.00 28.00
[21.00; 32.50] [20.00; 41.00]
21.6 21.90
[16.5; 32.5] [14.60; 41.30]

Pokracovani na dalsi strané
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Table 1 - Clinical characteristics of the examined patients (Dokonceni)

Group 1
Parameter NAFLD patients

N =60
Alcaline phosphatase, U/L [1;‘267180(;)0 1720.00]
Total cholesterol, mmol/L ?42855 5.92]
Triglycerides, mmol/L [11.(_3151; 2.24]
VLDL, mmoliL ?6_7594; 1.09]
HDL, mmoliL [11'.2082; 1.48]
LDL, mmol/! [32'(_)225; 3.81]
Glucose, mmol/L ;356()19 5.72]
HbA., % ?5'(.)793; 6:81]
Insulin, pU/mL [1196'(.);1; 24.79]
HOMA-IR ?fgs; 6.18]
CRP, mgL [531; 827
TNF-a, pg/mL ?éflsgg; 7.51]
Bacteroidetes, % [1:;)75 27.48]

61.84

. 3
Firmicutes, % [43.13; 66.12]

' . 5.12
0,

Actinobacteria, % [2.77; 9.81]

16.99
0,

Other, % [10.26; 26.16]
3.85

FIB [1.43; 7.92]

Group 2 Group 3
NAFLD patients with concomi-  NAFLD patients
tant CAD with concomitant AH
N=24 N=25
1490.00 1457.00
[1236.50; 1793.50] [1254.00; 1794.00]
5.42 5.81
[4.92; 6.16] [5.28; 6.45]
1.75 1.87
[1.30; 2.46] [1.08; 2.42]
0.82 0.84
[0.53; 1.06] [0.49; 1.13]
1.18 1.17
[0.93; 1.32] [0.96; 1.34]
3.16 3.54
[2.44; 3.75] [2.54; 4.04]
5.71 5.68
[5.28; 6.30] [5.22; 6.05]
6.07 6.07
[5.79; 7.39] [5.68; 7.24]
19.05 19.04
[16.68; 27.53] [16.94; 24.77]
3.74 4.45
[3.91; 8.73] [4.04;7.19]
8.63 9.06
[6.24; 11.08] [5.96; 10.87]
7.71 7.28
[6.39; 9.03] [6.40; 8.41]
p,,<0.05 p, ;<0.05
22.02 19.48
[7.20; 38.62] [6.94; 27.81]
49.61 49.39
[37.12; 60.98] [37.25; 61.82]
2.99

4.47
[1.63; 5.95] .
p,,<0.05 [2.31;7.62]
20.83 20.85
[7.16; 31.63] [7.86; 35.38]
2.84 2.96
[1.15; 6.5] [1.71; 7.63]

p, ; <0.05 - statistically significant difference between NAFLD patients and with concomitant AH.
p,., <0.05 - statistically significant difference between NAFLD patients and with concomitant CAD.

The patient clinical examination showed an increase
in BMI in all groups, with a statistical significance deter-
mined only in the AH group, in which BMI exceeded this
parameter in CAD and isolated NAFLD patients by 4.82%
and 22.10% (p <0.05), respectively.

All patients displayed no statistically significant chang-
es in liver function, lipid, and carbohydrate metabolism,
which could be explained through the adequate therapy
administered upon the case diagnosis. In particular, the
cholesterol target values during the statin treatment
were achieved in 8 patients (30.00%).

An increase in the concentration of pro-inflammatory
factors was observed in both, AH and CAD, groups. Com-

pared with isolated NAFLD patients, the CRP concentra-
tion proved an increase in CAD patients by 24.89%, and
by 31.11% in AH patients, without reaching any statisti-
cal significance (p = 0.05 and p = 0.06, respectively). How-
ever, similar changes in the TNF-a concentration with an
elevation by 18.79% in CAD patients and by 12.17% in
the AH group proved statistically significant (p <0.05 for
both groups).

Endotoxin and gut microbiota changes

The present study in the gut microbiota composition
showed that, in comparison with isolated NAFLD cases,
both CAD and AH groups developed a marked tendency
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towards changes in the concentration of Bacteroidetes
and Firmicutes, however, without reaching any statistical
significance. On the other hand, a statistically significant
drop in the Actinobacteria concentration was discovered
only in CAD group (by 41.16%, p <0.05) whereas AH pati-
ents displayed an insignificant decrease by 12.70%.

Thus, anthropometric disorders, proinflammatory ab-
normalities, and changes in the gut microbiota composi-
tion were established in NAFLD patients with concomi-
tant CVD, all of which require particular research.

NAFLD patients, i.e. with concomitant CAD, displayed
a significant increase in the level of ET, comparing with
the control, while ET concentration was significantly
higher in comorbid pathology. In NAFLD patients the ET
level correlated with the relative content of Firmicutes
(r = 0.39, p <0.05) and their ratio to Bacteroidetes (r =
0.29, p <0.05) and had an inverse relation with the rela-
tive content of Bacteroidetes (r =-0.42, p <0.01), and was
also significantly (p <0.05) higher in women than in men
and progressively increased with age (r = 0.30, p <0.05).
NAFLD patients with concomitant CAD displayed an in-
verse dependence of the ET level on the relative content
of Bacteroidetes (r = -0.42, p <0.01) and a direct depen-
dence on their ratio to Firmicutes (r = 0.29, p <0.05) which
progressively increased with age (r = 0.30, p <0.05).

Quantitative changes in the intestinal microbiota in
NAFLD patients were characterized by a decrease in Lac-
tobacillus spp. in 85.00% of patients and Bifidobacterium
spp. in 31.67%, Bacteroides thetaiotaomicron (B. the-
taiotaomicron) in 88.00%, Akkermansia muciniphila (A.
muciniphila) in 81.67% and Faecalibacterium prausnitzii
(F. prausnitzii) in 33.33% against the background growth
of gram-negative flora, i.e. Enterobacter spp./Citrobacter
spp. in 45.00%, E. coli in 18.33% and B. fragilis group in
30.00%. At the same time, the levels of Bifidobacterium
spp. (r = 0.37, p <0.05), Bacteroides fragilis group (B. fra-
gilis group) (r = -0.43, p <0.01), Escherichia coli (E. coli)
(r =-0.41, p < 0.01) and total bacterial mass (r = -0.39, p
<0.05) correlated with the level of ET.

NAFLD patients with concomitant CAD showed similar
changes in the intestinal microbiota, but they were pres-
entin a larger number of patients. Thus, a decrease in the
content of Lactobacillus spp. was identified in 83.33% of
patients, Bifidobacterium spp. in 29.17%, B. thetaiotao-
micron in 87.50%, A. muciniphila in 79.17% and F. praus-
nitzii in 33.33%, while there was also an increase in the
gram-negative flora, i.e. Enterobacter spp./Citrobacter
spp. in 45.83% of patients, B. fragilis group in 29.17%,
E. coli in 20.83%. The level of ET had an inverse relation
with the content of B. fragilis group (r =-0.43, p <0.01), E.
coli (r =-0.41, p <0.01) and total bacterial mass (r =-0.39,
p <0.05).

While divided into two groups depending on B. fragilis
group abundance, among NAFLD patients there were five
times more subjects found being with an increased E. coli
(44.44% vs 8.33%, respectively) and almost three times
more subjects with an increase in the B. fragilis group /
F. prausnitzii ratio (94.44% vs 34.50%, respectively) and
twice as many subjects with anaerobic imbalance in the
gut microbiota (83.33% vs 37.50%, respectively). Among
patients with a decreased level of A. muciniphila there
were almost one and a half times more subjects with an in-

creased Enterobacteriacea, compared with among those
without A. muciniphila deficiency (47.37% vs 20.00%, re-
spectively). Patients with increased levels of Enterobacter
spp./Citrobacter spp. displayed the increased E. coli con-
tent five times more often than patients with the nor-
mal range of Enterobacter spp./Citrobacter spp. (36.36%
vs 7.69%, respectively). In turn, among subjects with an
increase in E. coli there were more patients with a signifi-
cant increase in Enterobacteriaceae (81.3% vs 36.8%), the
B. fragilis group (68.8 % vs 20.6%) and anaerobic imbal-
ance in the gut microbiota (75.0% vs 44.1%).

NAFLD patients with concomitant CAD showed an as-
sociation of an increase in B. fragilis group (compared
with the patients with its normal values) with a signifi-
cant increase in E. coli (45.83% vs 8.33%) and the anaero-
bic imbalance in the gut microbiota (83.33% vs 38.33%).
Patients with a decreased level of A. muciniphila (com-
pared with subjects with its normal values) displayed an
increase in the Enterobacteriaceae (44.8% vs 29.4%).

Discussion

The aim of this study was to investigate changes in the
gut microbiota composition in NAFLD and CVD (comorbid
in most cases). As it is known, intestinal microorganisms
form a community, the gut microbiota, a diverse ecosys-
tem within the human body, which combines about 10"
microorganisms.'® The vast majority of gut bacteria fall
in the main five phylotypes, namely Bacteroidetes (56%),
Firmicutes (29%), Actinobacteria (6%) and Proteobacteria
(4%)."° Disturbances in the qualitative and quantitative
composition of gut microbiota contribute to the develop-
ment of various conditions, including NAFLD?' and CVD.?
The nature of the pathogenetic links between gut micro-
biota changes in CVD in NAFLD patients still remains the
subject of scientific research.

Atherosclerosis is the key pathogenetic mechanism of
CVD evolvement and progression.2?> Among the factors of
atherogenesis, gut microorganisms are believed to play
an important if not the leading role.?*2¢ Cui et al. discov-
ered changes in the quantitative composition of the gut
microbiota at the phylotype level, e.g. a decrease in Bac-
teroidetes with a reciprocal increase in Firmicutes.?’” De-
spite the unfavorable results of the meta-analysis of the
antibiotic effectiveness in CAD patients,?® recent evidence
demonstrated that the gut microbiota plays a causal role
in atherosclerosis due to intestinal barrier dysfunction,
endotoxemia, proinflammatory changes, the synthesis of
trimethylamine N-oxide, bile acids and microbial metabo-
lites,?® as well as adipose tissue dysfunction, disorders in
lipid*® and carbohydrate metabolism.?' In addition, micro-
organisms can realize their influence through the synthe-
sis of short-chain fatty acids, butyrate in particular — the
fermentation end products of dietary fiber, which are the
main source of energy for colonocytes that support the
intestinal mucosal barrier.??

However, the results of our study did not identify sig-
nificant changes in Bacteroidetes and Firmicutes, despite
certain visible tendencies. On the contrary, the results of
this study found a statistically significant decrease in the
Actinobacteria concentration. The study of open sources,
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however, shows that Actinobacteria mostly remain be-
yond scientific research.

Contrary to the preliminary data on the increased
amount of Actinobacteria in the structure of atheroscle-
rotic plaque,? the results of the Tampere Sudden Death
Study did not confirm this but showed that despite the
tendency towards reduction in Bifidobacterium spp., the
main representative of Actinobacteria, in CAD patients
there was an inverse relation between the quantity of
these bacteria and the severity of fibrosis, which suggests
a favorable role of Bifidobacterium spp. in the prevention
of coronary atherosclerosis.>* Potential mechanisms that
account for these effects include the ability of Bifidobac-
teria to improve the structural and functional state of the
intestine, which leads to inhibition of bacterial transloca-
tion and endotoxinemia reduction.®®

Changes in lipid metabolism is another phenomenon
associated with gut microbiota. In particular, after 12
weeks of high fat diet in ApoE-/- mice, Li et al. observed
a significant increase in the of quantity of Firmicutes with
a decrease in Actinobacteria, Bacteroidetes, and Verruco-
microbia,* and negative correlation between the phylo-
type of Actinobacteria and the index of hyperlipidemia,
weight gain, relative amount of epididymal fat and liver
weight.®

Other clinical studies showed that the quantity of Ac-
tinobacteria depends on physical activity. In particular,
endurance exercises and/or cardiac exercise significantly
increase the concentration of these microorganisms in
the intestinal content.’’” Conversely, a sedentary lifestyle
is a risk factor for both NAFLD and CAD.3%3%

We can declare, NAFLD patients with concomitant
CAD displayed an association of an increase in B. fragi-
lis group (in contrast to patients with its normal ranges)
with a significant increase in E. coli (44.44% and 8.33%,
respectively) as well as an anaerobic imbalance in gut mi-
crobiota (83.33% and 37.50%, respectively). Patients with
a decreased level of A. muciniphila (in contrast to those
who did not have it) showed an increase in Enterobac-
teriaceae (47.37% and 20.00%, respectively). Similar to
patients with isolated NAFLD, subjects with concomitant
CAD showed a mutually potentiating relation between
increased levels of Enterobacter spp./Citrobacter spp. and
an increase in E. coli and B. fragilis group in connection to
E. coli., which were more prominent in group with comor-
bid course of NAFLD with CAD.

Against the background of the above changes, both
groups displayed an increase in gram-negative flora:
Gamma-proteobacteria and bacteria of the B. fragilis
group, which explains endotoxinemia, since these bacte-
ria are the source of ET. Conversely, both groups showed
the inverse correlation of ET concentration with the lev-
el of Bacteroidetes, E. coli and the total bacterial mass,
which confirms the assumption that a decrease in the
number of the above microorganisms is associated with
their death and, accordingly, subsequent destruction,
which leads to the release of an excess amount of lipo-
polysaccharide from their cells and endotoxinemia. The
observed changes in the intestinal microbiota, i.e. an in-
crease in Bacteroides, Proteobacteria, E. coli against the
background of a decrease in A. muciniphila, agreed with
the data of other studies.®

A detailed analysis of the intestinal microbiome re-
vealed that the overwhelming majority of patients in
both groups displayed an increase in B. fragilis spp. and,
accordingly, an increase in the B. fragilis group / F. praus-
nitzii ratio, which is worth noting given their known
triggering effect on the formation and progression of in-
flammatory processes, while a decrease in F. prausnitzii,
which realizes anti-inflammatory activity. Enrichment of
the gut microbiota with gram-negative flora (Bacteroi-
des fragilis group, Enterobacter spp./Citrobacter spp., E.
coli) had a mutually potentiating character and often oc-
curred against the background of a decrease in the con-
tent of A. muciniphila. At the same time, NAFLD patients
with concomitant CAD, these changes were encountered
in a larger number of patients. Taking into account the
literature data, which show the relation between an in-
crease in Bacteroidetes and Proteobacteria with the risk
of type 2 diabetes mellitus and chronic endotoxinemia,
as well as an increase in Bacteroidetes with systemic low-
grade inflammation,*® the results of this study emphasize
its particular relevance.

Conclusion

NAFLD patients with concomitant CVD, developed signifi-
cant violations of anthropometric parameters and pro-in-
flammatory markers. There were no noticeable changes
in liver function, lipid and carbohydrate metabolism with
all groups of patients, which can be explained through
the appropriate therapeutic measures.

The research in the gut microbiota composition as-
sessed by via the real-time quantitative polymerase chain
reaction showed statistically significant changes in pa-
tients with NAFLD and concomitant CAD, i.e. a decrease
in the concentration of Actinobacteria by 41.37% (p
0.05), compared with the patients with isolated NAFLD.
However, the dynamics of the other phylotypes, Bacte-
roidetes and Firmicutes, were only tendencies.

There was a “metabolic” type of endotoxinemia found
in NAFLD patients, i.e. in patients with concomitant CAD,
which had age-related features. The revealed changes in
the intestinal microbiota were associated with the level of
endotoxinemia, which confirms their role in an increase
in the concentration of ET due to an increase in gram-
negative flora, which is a source of ET, as well as due to
a decrease in F. prausnitzii and A. muciniphila, which con-
tribute to an increase in permeability of intestinal wall.
At the same time, NAFLD with concomitant CAD was as-
sociated with higher levels of endotoxinemia and more
prominent changes in the gut microbiota. These changes
can be caused by malnutrition and reduced physical activ-
ity. All these suggest the potential role of the gut micro-
biota in modulating CAD, and the development of novel
effective technologies, targeting specific bacteria at the
microbiome liver-heart interface, i.e. antibiotics, pro-, eu-
and symbiotic, which justifies further research.
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Kontext a cile: Cilem této studie bylo urcit vliv charakteristik pacienta z hlediska jejich klinického stavu,
Zivotospravy a chovani na zdvaznost onemocnéni podle pohlavi.
Metody: Provedli jsme prirezovou deskriptivni studii.
Vysledky: Pocatecni vzorek zahrnoval 1 219 pacientu pfijatych pro akutni koronarni syndrom (AKS) na kar-
diologické oddéleni fakultni nemocnice v alzirském Oranu. Podle EKG vysetfeni prodélalo 34 % pacient(
infarkt myokardu s elevacemi Useku ST (STEMI) a 66 % infarkt myokardu bez elevaci Gseku ST (NSTEMI).
Primérny vék 413 pacientti se STEMI byl 60,87 + 12,20 roku; tato skupina zahrnovala 324 muz0 prdmérného
véku 59,92 + 11,78 roku a 89 zen primérného véku 64,36 + 13,13 roku (tzn. muzl bylo ve skupiné se STEMI
3,6x vice). Z pacientl se STEMI jich 34,8 % mélo hypertenzi; tato diagnéza byla statisticky vyznamné castéjsi
u Zen nez u muzl (65,6 %, vs. 26,5 %; p < 0,05). Diabetes byl pfitomen u 31,7 % celého vzorku; pfitom byl
Castéjsi u zen nez u muzt (50,6 % vs. 26,5 %; p < 0,05). Ze 413 pacientd se STEMI jich 63,9 % mélo dyslipide-
mii; tato diagndza byla stanovena statisticky vyznamné castéji u muzd nez u zen (76,5 % vs. 13,5 %; p < 0,05);
kurakd mezi muzi bylo 64,5 %. Z 324 pacientt se STEMI byly ve 46,5 % zjistény tfi rizikové faktory, zatimco
z 89 pacientek se STEMI byly ve 34,8 % pfitomny Ctyfi rizikové faktory.
Zavér: Nase vysledky prokazaly vyssi prevalenci AKS v hodnoceném vzorku. U pacientli se STEMI bylo nale-
zeno nékolik rizikovych faktord kardiovaskularnich onemocnéni. Byly pozorovany i rozdily mezi pohlavimi
v projevech AKS a vyskytu rizikovych faktord.
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ABSTRACT

Background and aims: The aim of this study is to determine the role of clinical, lifestyle, and behavioral
characteristics on the severity of the disease according to the gender.

Methods: We conducted a cross-sectional descriptive study.

Results: An initial sample of 1219 patients was admitted for ACS in the cardiology service of Oran-Univer-
sity-Hospital-Center. The electrocardiographic results revealed that 34% of the patients had ST-segment
elevation myocardial infarction (STEMI) while 66% had non-ST-segment elevation myocardial infarction
(NSTEMI). In STEMI patients, the mean age was 60.87+12.20 years. STEMI patients sample included 413 pa-
tients with 324 men with a mean age of 59.92+11.78 years and 89 women with a mean age of 64.36+13.13
years. A male predominance observed with a sex-ratio of 3.6. Among STEMI patients, 34.8% of patients
had hypertension where it was significantly higher in women than in men (65.6% vs 26.5% respectively,
p < 0.05). Diabetes was observed in 31.7% of the whole sample where it was also more common in women
compared to men (50.6% vs 26.5%, respectively, p <0.05). Out of the 413 STEMI patients 63.9% had dysli-
pidemia which was significantly higher in men compared to women (76.5% vs 13.5% respectively, p <0.05),
64.5% of men were current smokers. Out of the 324 STEMI men patients, 46.5% had three risk factors while
in the 89 STEMI women patients, 34.8% had four risk factors.

Conclusion: Our results demonstrated a higher prevalence of ACS among the studied sample. STEMI patients
presented with several cardiovascular risk factors. Sex differences in the ACS presentation and risk factors
was also noticed.
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Background

Cardiovascular diseases represent a major global health pro-
blem, causing one third of the deaths worldwide." Ischemic
heart disease is the most common form of cardiovascular
diseases. Despite major advances in the management of is-
chemic heart disease (IHD), it remains the most important
cause of premature death in the world." According to the
World Health Organization (WHO), IHD accounted for >9
million deaths? and one million deaths were attributable to
cardiovascular disease (CVD) in sub-Saharan Africa alone.?
As well as in Algeria that is facing an epidemiological transi-
tion, characterized by the regression of communicable dise-
ases and the increase in non-communicable diseases where
coronary heart disease was responsible for 29.46% of the
total deaths.? Ischemic heart disease also known as coronary
artery disease (CAD) and atherosclerotic cardiovascular dise-
ase (ACD) manifests clinically as myocardial infarction and
ischemic cardiomyopathy. IHD comprises stable angina and
acute coronary syndrome (ACS) which includes unstable an-
gina (UA) and evolving myocardial infarction (Ml) which is
usually divided into ST-segment elevation myocardial infarc-
tion (STEMI) or new onset left bundlebranch block (LBBB),
and ACS without ST-segment elevation (NSTEMI).

Many risk factors have been associated with the onset
of ACS where 70% of at-risk individuals have multiple risk
factors and only 2-7% of the general population have no
risk factors.* Advanced age, gender, and a family history of
ischemic heart disease have been identified as non-modi-
fiable risk factors whereas dyslipidemia, obesity, diabetes
mellitus (DM), hypertension (HT), smoking, and a seden-
tary lifestyle were characterized as modifiable risk factors.
All these risk factors have been perfectly outlined by the
Framingham Heart Study,® which will contribute to a bet-
ter understanding and management of this pathology.®

Many worldwide observational studies have been pub-
lished on the epidemiology, risk factors and the outcome
of ACS, providing then valuable information that can't
be obtained by clinical trials, however, few studies have
investigated on the prevalence of ACS and its risk factors
in the African continent even less in the Algerian popu-
lation. Thus, the objective of this study is to determine
the epidemiology and risk factors of acute coronary syn-
drome in Algerian patients of the Oran city.

Methods

Population of the study

We conducted a cross sectional descriptive study over
a period of one year from January 1st, 2021 to December
31st, 2021. The study covered all the files of patients hos-
pitalized for ACS at the Cardiology service of the Universi-
ty Hospital Center of Oran, the oldest and grand hospital
of the city. During this period, 1219 patients were admi-
tted for ACS in the service of Cardiology. We included all
patients of both sexes and of all ages, hospitalized for
acute coronary syndrome (ACS) in the study. We excluded
all incomplete records or patients who presented with
traumatic or non-ischemic chest pain from this study.
Data is collected using pre-established forms. All patients
had undergone an electrocardiogram (ECG), a cardiac ul-

trasound and a biological assessment (blood count, crea-
tinine, glycemia, troponin, cholesterol, triglyceride, pro-
thrombin level, activated partial thromboplastin time).

Diagnosis of ACS

The diagnosis of ACS was done according to the Ame-
rican College of Cardiology / American Heart Associati-
on (ACC/AHA) definitions.”® We classified ACS patients
according to the electrocardiographic results as having
ST-segment elevations in the case of the presence of cli-
nical symptoms of myocardial infarction lasting >30 min
with ECG changes of either ST elevation of at least 0.1 mV
in two contiguous precordial leads or two limb leads, or
the presence of a new LBBB. While patients with non-ST
segment elevations were diagnosed as having elevated
troponin | levels as an indicator of myocardial necrosis be-
sides some features of unstable angina as angina usually
lasts for 220 min, onset within one month or angina occu-
rrs within a crescendo pattern, in addition to ST segment
depression 20.5 mm or T inversion >0.3 mV in any two
leads. Moreover, troponin | levels and the MB fraction of
total creatinine phosphokinase (CPK) were measured in
order to confirm myocardial cell death. We excluded all
incomplete records or patients who presented with trau-
matic or non-ischemic chest pain from this study.

Risk factors assessment

We used a standardized questionnaire to record data as
socio-demographic characteristics. Risk factors of each pa-
tient were identified. The identification of dyslipidemia
was based on whether patient uses lipid lowering drugs
or biochemically indicated by total cholesterol >240 mg/
dl, triglycerides >150 mg/dl, low density lipoproteins
(LDL) >130 mg/dl and high-density lipoproteins (HDL) <50
mg/dl, <40 mg/dl for females and males, respectively. Dia-
betes mellitus was defined as either the patient is under
medication or presenting clinical symptoms and having
plasma glucose concentration >200 mg/dl (11.1 mmol/l)
or fasting blood sugar =126 mg/dl (7.0 mmol/l). Hyperten-
sion was also defined as having systolic blood pressure
>140 mmHg and/or diastolic blood pressure >90 mmHg
and/or being on antihypertensive treatment. Moreover,
other risk factors like smoking and hormonal status for
women were assessed.

Statistical analysis

The socio-epidemiological, clinical parameters were recor-
ded and analyzed using SPSS software (Statistical Package
for the Social Sciences, Chicago, IL) Version 26. The para-
meters analyzed were age, sex, medical history, cardio-
vascular risk factors. Continuous variables are expressed
as mean = standard deviation (SD). Categorical data are
summarized using counts and percentages. Baseline cha-
racteristics were compared separately between men and
women using X-squared and independent samples t tests
as appropriate. The significance threshold was p <0.05%.

Results

The patient flow chart is shown in Figure 1. During the
period of study, 1219 patients were admitted for ACS
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ACS patients
(n=1219)

NSTEMI
(n = 806)

Fig. 1 - Study flowchart. ACS - acute coronary syndrome; NSTEMI
- non-ST-segment elevation myocardial infarction; STEMI - ST-seg-
ment elevation myocardial infarction.

Table 1 - Age-sex distribution of the patients

Age (years) Men Women
N=324 N =89
N (%) N (%)
<40 10 (3.1%) 3 (3.4%)
40-49 51 (15.7%) 7 (7.9%)
50-59 100 (30.9%) 25 (28.1%)
60-69 99 (30.6%) 21 (23.6%)
70-79 38 (11.7%) 18 (20.2%)
>80 26 (8%) 15 (16.9%)

in the cardiology service of University-Hospital-Center,
the main hospital of the city and in the West region of
Algeria. According to the electrocardiographic results,
34% of the patients had ST-segment elevation (STEMI)
while 66% had NSTEMI. However, in the present stu-
dy, we were interested only in the patients with ST-
-segment elevation (STEMI). We noticed that patients
with STEMI were more commonly men with a sex-ra-
tio of 3.6. The mean age of the studied sample was
60.87+12.20. This included 324 men with a mean age
of 59.92+11.78 and 89 women with a mean age of
64.36+13.13. Table 1 illustrates the age-sex distribution
of the patients. We noticed that the most represented
age-categories in this sample of males were age groups
between 50-59 years followed by 60-69 years while we
noticed a higher incidence of ACS in women before 65
years (Table 1).

Table 2 illustrates various baseline clinical characteris-
tics of the patients. In the studied sample of STEMI pa-
tients, we noticed that 34.8% of patients had hyperten-
sion where it was significantly higher in women than in
men (65.6% vs 26.5%. respectively, p <0.05).

Additionally, diabetes was observed in 31.7% of the
whole sample where it was also more common in women
compared to men (50.6% vs 26.5%, respectively, p <0.05).
Out of the 413 patients 63.9% had dyslipidemia which was
significantly higher in men compared to women (76.5%
vs 13.5% respectively, p <0.05). Among the 413 sample,
64.5% of men were current smokers while no smoking
status was noticed in women. In this study, we have also

Table 2 - Comparison of the baseline characteristics and risk factors in men and women

Variable All Men Women P-value
N =413 N =324 N =89

Age, m, (years) + SD 60.87+12.20 59.92+11.78 64.36+13.13 0.002*

Sex (m/f) 324/89 324 (78.5%) 89 (21.5%) 0.000*

Cardiovascular risk factors n (%)

Hypertension 144 (34.8%) 86 (26.5%) 58 (65.2%) 0.000*

Diabetes mellitus 131 31.7%) 86 (26.5%) 45 (50.6%) 0.000*

Dyslipidemia 264 (63.9%) 248 (76.5%) 12 (13.5%) 0.000*

Current smoker 209 (50.6%) 209 (64.5%)

Values are expressed as the mean £ SD or n (%).

* p <0.05
Age (years) Men Women
N=324 N =89
N (%) N (%)
Absence of RF 4(1.2%) 1(1.1%)
One RF 34 (10.5%) 7 (7.9%)
Two RF 70 (21.6%) 10 (11.2%)
Three RF 151 (46.6%) 23 (25.8%)
Four RF 58 (17.9%) 31 (34.8%)
>4 RF 7 (2.21%) 17 (19.1%)

RF - risk factor.

checked the hormonal status of female group where al-
most 70 female patients were in menopause (78.5%).

Table 3 illustrates the number of risk factors among
men and women. Out of the 324 male patients, 46.5%
had three risk factors while in the 89 female patients,
34.8% had four risk factors.

Discussion

Coronary artery disease is becoming more frequent due
to the increasing trends of diabetes, smoking, sedentary
lifestyle besides other risk factors. This brief report aimed
to determine the epidemiology and risk factors of acute
coronary syndrome in Algerian patients of the Oran city.
This study was conducted in the most important Univer-
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sity-Hospital of the west of Algeria. During the period of
the study, which has been carried out from the 1st Ja-
nuary 2021 until 31th December 2021, we noticed a high
prevalence of ACS compared to the other cardiovascular
diseases where 1219 patients with ACS were admitted
in the service of cardiology during this period. Among
this sample, the prevalence of patients with NSTEMI was
higher than those with STEMI (66% vs 34%). These fin-
dings are in accordance with the results of the ACCESS
group investigators where 11,731 patients were involved
reporting 46% ACS in developing countries to be STEMI
and 54% to be NSTEMI/UA." The same high proportion
of NSTEMI patients was also reported in Western ACS
populations like the Global Registry of Acute Coronary
Events (GRACE) where 66% of the ACS population was
diagnosed as NSTEMI/UA."" However, other studies sho-
wed higher proportion of STEMI patients compared to
NSTEMI ones. Indeed, it has been reported in Arabian po-
pulations especially in Yemeni patients, where 1761 ACS
patients were enrolled, that 69.8% ACS patients were
diagnosed as NSTEMI and 30.2% as STEML."? In the pre-
sent study, we were only interested in the analysis of the
characteristics of patients with STEMI. The mean age of
this category in our study was relatively similar to that
found in the Maghreb ACCESS study' and it is a decade
younger than the presentation age in developed count-
ries." Furthermore we noticed a male predominance in
STEMI patients compared to women patients (78.5% vs
21.5%). Many worldwide studies have reported the same
findings.'213151® \We also noticed that the mean age for
STEMI in women is significantly higher than in men (p
<0.05) which was also confirmed with age categories.

In fact, it was demonstrated that the onset of car-
diovascular disease in women occurs later than in men?’
which is due to the role of estrogens that regulate lipids,
inflammatory markers, the coagulant system, promoting
a direct vasodilator effect via the o and B receptors in the
vessel walls then. Moreover, in our study, we observed
a higher proportion of classical risk factors of cardiovas-
cular disease such as dyslipidemia where it was diagnosed
in 64% of the STEMI patients and it was significantly dif-
ferent between men and women (76.5% vs 13.5; p <0.05).
Additionally, the percentage of current smokers was very
high in men where almost 50.6% male STEMI patients are
smokers. However, we didn’t find a smoking woman in
our sample. The absence of smoking status in this sample
of women may protect them at least from one risk factor
of CVD. Indeed, it was reported that women had a 25%
increased risk for CAD conferred by cigarette smoking
compared with men.'® This high rate was also reported in
many studies in STEMI male patients such as the Maghreb
ACCESS study (51%),"* CREATE study' (40%) and in Ye-
meni ACS patients (53%)'? besides the 37% in the Gulf
RACE study.?® However, the rate of tobacco smokers was
lower than in our study (28% in the GRACE study). These
discrepancies are explained by insufficient public aware-
ness of the negative impact of smoking on cardiovascular
disease besides the social and economic level of this cat-
egory of patients.

The present report showed also a higher rate of STEMI
patients with diabetes mellitus (DM) and hypertension
(HTN), involving 31.7% of patients with DM and 34.8% of

patients with HTN. We have noticed that there is a signifi-
cant difference between STEMI male patients with HTN
compared to STEMI women with HTN (65.5% vs 26.5%;
p <0.05). It is well known that hypertension (HTN) is an
important cardiovascular risk factor leading to athero-
genesis and to the development of vulnerable plaques
which instability or rupture results in thrombosis and
vessel occlusions. This sex difference is explained by the
hormonal status of this famale sample where almost 70%
are in menopause. In fact, premenopausal women are
protected with endogenous estrogens which maintain
vasodilation and contribute to blood pressure control. It
was reported that women develop hypertension about
a decade after men, becoming more prevalent in elderly
women than elderly men.?' Moreover, the rate of DM
in female STEMI patients was significantly higher com-
pared to male STEMI patients with DM (50.6% vs 26.5%,
p <0.05). Many studies have suggested the sex differences
in presentation of ACS.

In fact, several studies suggest that diabetes is a stron-
ger risk factor of CHD for women than men? which is
confirmed by our findings. Nevertheless, some studies
showed that ACS-related mortality was similar between
men and women in a Chinese cohort of patients with
T2DM.?

In addition, Cabrerizo-Garcia et al.?* reported that ACS-
related mortality could be worse in women than in men
due to their unfavorable baseline characteristics rather
than due to sex difference.

In our study, we have also reported the number of
CVD risk factors among male and female. We have found
that almost two thirds of the population have more than
three risk factors. The accumulation of multiple CVD risk
factors in the same individual is considered as a serious
issue. These findings are confirmed in many studies. In-
deed, The INTERHEART study has described many risk
factors (including eight risk factors: dyslipidemia, smok-
ing, hypertension, DM, abdominal obesity, psychosocial
factors, lack of consumption of fruits, vegetables and of
regular physical activity) and showed their association
with myocardial infarction (p <0.0001)." Similarly, Yang
et al.® reported in their study, where they enrolled a Chi-
nese sample of 46 239 adults, that patients with 1, 2, 3 or
>4 risk factors had an odds ratio of 2.36, 4.24, 4.88, and
7.22 for CVD, respectively.

Conclusion

This important descriptive study has described the main
characteristics of ACS in male and female patients who
were admitted at the service of cardiology of the most
important University-Hospital of the West of Algeria in
the Oran city. We noticed a high prevalence of ACS du-
ring the period of the study. The enrolled patients were
characterized by the presence of several cardiovascular
risk factors like smoking and dyslipidemia. Our results de-
monstrate the need to settle cardiovascular prevention
strategies. Further large-scale studies are required to eva-
luate the role of the studied clinical characteristics on the
severity and prognosis of the ACS patients. To improve
clinical strategies for prevention and treatment, it will be
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a koronarograficky prokazanym rozsahem a zévaznosti ischemické choroby srde¢ni (ICHS), a porovnat dalsi
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Gensiniho skére Metody: Do studie bylo zafazeno celkem 102 osob; z tohoto po¢tu bylo 37 pacient s akutnim koronarnim
Ischemicka choroba srdecni syndromem (AKS), u 41 pacientd byla stanovena diagndza stabilni anginy pectoris (SAP) a 24 jedinct tvofilo
Solubilni ligand CD40 kontrolni skupinu. Pfi pfijmu na koronarni jednotku byly pacientdm s AKS odebrény vzorky periferni Zilni

krve. U pacientd ze skupiny se SAP a u kontrolnich osob se zdravymi koronarnimi tepnami byly vzorky krve
odebrany po koronarografickém vysetieni. U kazdého pacienta bylo vypocitdno Gensiniho skore, kdy se
u kazdé koronarni stendzy urcovalo skére zdvaznosti podle stupné zuzeni a jeho geografického vyznamu.
Vysledky: Primérné hodnoty ligandu sCD40 v séru byly statisticky vyznamné vyssi u pacientl s AKS nez
u kontrol a pacientt se SAP (p < 0,001), pfi¢emz rozdil mezi skupinami kontrol a pacientt se SAP nebyl statis-
ticky vyznamny. Pfi srovnani podskupin s AKS nebyly primérné hodnoty ligandu sCD40 statisticky vyznamné.
U pacientl s AKS ani se SAP nekorelovaly hodnoty ligandu sCD40 v séru s Gensiniho skdre (p > 0,05).
Zavér: Nase studie neprokdzala vztah mezi hodnotami ligandu sCD40 a Gensiniho skére u pacientu s riz-
nymi klinickymi podtypy ICHS. Ve skupiné s AKS byly hodnoty ligandu sCD40 statisticky vyznamné vyssi nez
v ostatnich skupindch, ale v pfipadé podskupin AKS nebyly statisticky vyznamné rozdily nalezeny. Z tohoto
zjisténi |ze vyvozovat, Ze zvysené hodnoty ligandu sCD40 by mohly slouzit jako ukazatel nestabilnich platd
pred rupturou a rozvojem nekrézy myokardu.
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ABSTRACT

Objectives: Previous studies have suggested that atherosclerosis is a chronic inflammatory disease and impli-
cate components of the immune system in atherogenesis. The CD40 and CD40 ligand system regulates mul-
tiple phases of the humoral and cellular immune response. Soluble CD40 (sCD40) ligand especially releases
from activated platelets. Platelets are involved not only in thrombosis, but also in atherosclerotic lesion
formation and restenosis processes. The aim of our study is to evaluate whether there is a relationship be-
tween the level of sCD40 ligand and angiographic extent and severity of coronary artery disease (CAD) and
to compare other cardiovascular risk factors.

Methods: 102 participants were included in our study. Among them, 37 patients constituted acute coronary
syndrome (ACS) group, 41 patients were diagnosed as stable angina pectoris group (SAP), while 24 subjects
served as control group. Peripheral venous blood samples were drawn at the Coronary Care Unit admission
of ACS group patients. From SAP group patients and controls who have normal coronary arteries, blood sam-
ples collected after coronary angiography. The Gensini score was computed for each patient by assigning
the severity score to each coronary stenosis in accordance with the degree of the vessel narrowing and its
geographic importance.
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Soluble CD40 ligand in coronary artery disease

Results: Mean serum sCD40 ligand level was significantly higher in patients with ACS than the controls and
SAP patients (p <0.001), there was no significant difference between SAP and control groups. Mean sCD40
ligand levels were not significantly different, when we compared ACS subgroups. Both in ACS and SAP pa-
tients, serum sCD40 ligand levels were not correlated with Gensini scores (p >0.05).

Conclusion: Our study doesn’t show relation between sCD40 ligand levels and Gensini scores in patients

Keywords:

Coronary artery disease
Gensini score

Soluble CD40 ligand

with different clinical sub-types of CAD. In ACS group sCD40 ligand levels were significantly higher than in
other groups, but there was no significant difference between ACS sub-groups. This finding suggests that
increased sCD40 ligand levels can be used as a marker for determining the unstable plaque before ruptured
and occurring myocardial necrosis.

Introduction

Atherosclerosis is a systemic, chronic inflammatory dise-
ase and the primary cause of the cardiovascular disorders
(CVD). Studies conducted in the last two decades have
shown that inflammation and immune response play a
crucial role in all stages of atherosclerosis, from its onset,
progression and development of complications.'?

C-reactive protein (CRP) is the most studied inflamma-
tion marker and it has been found to be valuable in de-
termining both the risk of CVD in healthy individuals and
recurrent ischemic events, mortality, and the need for re-
vascularization after acute coronary events.? Similarly, so-
luble P selectin (sP-sel) reflecting platelet activation, and
interleukin-6, a proinflammatory cytokine, are also known
to be associated with the development of acute coronary
events.** Since IL-6 and similar cytokines show circadian va-
riation, CRP also increases in acute and chronic inflammato-
ry conditions and can remain elevated for weeks after sur-
gical interventions and trauma, they lose their importance
as inflammatory markers. Recently, the most emphasized
inflammatory marker is CD40/CD40 ligand system.

CDA40 is a member of the tumor necrosis factor (TNF)
receptor family and a cell surface protein synthesized in B
lymphocytes, dendritic cells, monocytes, thymic epithelial
cells, fibroblasts, endothelial cells, smooth muscle cells,
and T lymphocytes. As for CD40 ligand is a protein that
acts by binding to the CD40 receptor, has both a mem-
brane-bound and soluble part. Membrane-bound CD40
ligand is synthesized mainly from CD4+ T lymphocytes,
while soluble CD40 (sCD40) ligand primarily originates
from activated platelets and has prothrombotic and pro-
inflammatory effects that play a role in the pathogenesis
of atherosclerosis and acute coronary syndromes (ACS).58
The relationship between platelet activation and the
severity of CAD has been demonstrated in various stu-
dies.>"® The release of soluble CD40 ligand from activa-
ted platelets raises the hypothesis that there may be a
relationship between the prevalence of coronary artery
disease and sCD40 levels.

The purpose of this study was to investigate the relati-
onship of sCD40 ligand levels with the extent and severity
of CAD and other cardiovascular risk factors in ACS and
stable angina pectoris (SAP).

Methods

Study design and the selection of subjects
102 patients who underwent coronary angiography
(CAG) in Istanbul University Cerrahpasa Medical Faculty

were included in the study. Of these, 37 patients were
followed up with ACSs in the Coronary Care Unit and
divided into three groups as ST-elevation myocardial in-
farction (STEMI), non-ST-elevation myocardial infarction
(NSTEMI), and unstable angina pectoris (USAP) according
to ECG findings and cardiac enzyme levels. Forty one pa-
tients with exertional or stress induced angina pectoris
that did not change the character and severity in the last
two months were included in the SAP group. Twenty-four
patients who were evaluated in cardiology outpatient
clinics with various complaints and underwent CAG and
were found to be normal constituted the control group.

Subjects with a history of myocardial infarction, heart
failure, coronary artery disease and coronary artery re-
vascularization, peripheral artery disease, active infecti-
on, chronic inflammatory disease, collagen tissue disease,
malignancy and who used antiplatelets, anticoagulants,
and statins were excluded from the study.

The study was conducted according to the principles
of the Declaration of Helsinki and the study protocol was
approved by the members of the Local Ethical Commi-
ttee. Detailed written informed consent was obtained
from all participants in advance.

Soluble CD40 ligand measurement

Blood samples for sCD40 ligand measurement were taken
from patients in the ACS group at the time of admissi-
on to the hospital, before anticoagulant, antiaggregant
treatment, and thrombolytic administration; while it
was taken from the SAP patients after CAG, before any
treatment and revascularization, and from the control
group after CAG. 8 ml of blood from peripheral veins was
centrifuged without any delay. Serum samples were sto-
red in a —80 degrees cooler for simultaneous analysis of
all patients. Measurements were made on ELH-CD40L-001
(RayBio human CD40L Elisa Kit) by ELISA method.

Coronary angiography evaluation

Coronary angiography was performed by experienced
invasive cardiologists unaware of the study, using the
standard Judkins technique. The number of involved ve-
ssels was calculated by looking at the presence of lesions
causing =50% stenosis in the coronary arteries. Stenosis
<50% was considered as non-critical coronary artery di-
sease.

Gensini score was calculated by considering the degree
of stenosis in the coronary arteries and its regional sig-
nificance. 25%, 50%, 75%, 90%, 99% and 100% of the
lumen diameter stenosis scores were given as 1, 2, 4, 8,
16 and 32, respectively. The coefficient of significance
was given to the vascular regions in which stenosis was
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detected, according to the functional importance of the
myocardial area it supplies. For the left main coronary ar-
tery (LMCA), this coefficient is x 5; x 2.5 for left anterior
descending artery (LAD) proximal; x 2.5 for proximal cir-
cumflex (Cx) artery; x 1.5 for anterior descending artery
middle segment; x 1 for right coronary artery (RCA), distal
anterior descending artery, first diagonal (D1) branch,
posterolateral (PL) branch, and marginal branches; and x
0.5 for other side branches. For all arterial stenosis, the in-
dividual stenosis scores were multiplied by the functional
significance coefficient and the Gensini score was calcula-
ted by summing the obtained numbers."

Statistical analysis

SPSS (Statistical Package for Social Science) for Windows
16.0 statistical package program was used to evaluate
the data. Data on continuous variables were expressed
as mean = standard deviation. ANOVA, Mann-Whitney U
test, Kruskal-Wallis H test were used to compare nume-
rical variables and Fisher exact test and Chi-square tests
were used to compare categorical variables. Statistically,
p <0.05 was considered significant. Correlation analysis
was performed with Pearson analysis for continuous va-
riables and with Spearman’s correlation for categorical
data. The correlation coefficient (r) was calculated.

Results

Thirty-seven ACS patients (mean age 59.49+11.34 years,
male gender 81%), 41 SAP patients (mean age 58.73+9.83
years, male gender 61%), and 24 individuals without CAD
(mean age 57.71+£10.41, male gender 54.2%) participated
in the study. There was no difference between the groups
in terms of mean age, gender distribution, mean triglyce-
ride levels, the history of HT and DM. Smoking rate and
mean LDL levels were significantly higher in the ACS and
SAP group compared to the control group (p <0.01). Mean
HDL levels were found to be significantly lower in the ACS
group than in the SAP and control groups (p <0.01). The
hsCRP levels were significantly higher in the ACS and SAP
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Fig. 1-Graph showing comparison of sCD40 levels between groups.
ACS - acute coronary syndrome; SAP - stable angina pectoris.

groups than the control group, also significantly higher
in ACS group than in SAP group. Gensini scores were de-
tected significantly higher in the ACS group compared to
the SAP group (Table 1). sCD40 ligand levels were found
to be significantly increased in the ACS group than in the
other groups (p <0.001) (Fig. 1).

Analyses for patients in the ACS group

There were 37 patients in the ACS group. Considering
the ECG findings and cardiac enzyme levels at admission
and follow-up of the patients, 22 patients (59.46%) were
defined as STEMI, 9 patients (24.32%) as NSTEMI, and 6
patients (16.22%) as USAP. The mean admission time of
the patients after symptom onset was 8.6+6.4 hours. The-
re was no statistically significant difference between ACS
sub-groups in terms of demographic and laboratory fin-
dings (Table 2). In about 55% of the patients in the STEMI
group, the lesion was on the anterior wall. When patients
with anterior wall infarction and patients with non-ante-
rior wall were compared, no significant difference was
observed in terms of mean sCD40 ligand and hsCRP levels.
The mean maximum troponin | level was found to be sig-
nificantly higher in patients with anterior wall infarction.
(Table 3).

The mean sCD40 ligand, hsCRP levels, and Gensini sco-
re did not differ significantly between genders, smokers
and non-smokers, with and without DM and HT in ACS
group (p >0.05).

Table 1 - Comparison of baseline clinical features and laboratory findings of the groups

Parameter ACS
(n=37)
Age 59.49+11.34
Male, n (%) 30 (81.1)
Hypertension, n (%) 20 (54.1)
Diabetes mellitus, n (%) 6 (16.1)
Smoking, n (%) 21 (56.8)
HDL (mg/dl) 37.86+14.93
LDL (mg/dl) 142+15.48
Triglycerides (mg/dl) 177+34.7
sCD40L (pg/ml) 1252.30+709.47
HsCRP (mg/L) 18.62+5.77
Gensini score 54.60+39.89

SAP Control P-value
(n=41) (n = 24)
58.73+£9.83 57.71£10.41 NS
25 (61) 13 (54.2) NS
26 (63.4) 16 (66.7) NS
14 (34.1) 4 (16.7) NS
21(51.2) 4(16.7) 0.005
43.95+7.43 46.83+7.16 0.004
141.51£17.48 121.29+£17.78 <0.001
193.66+30.3 183.67+20 NS
462.66+345.25 431.30+262.35 <0.001
15.47+7.15 6.59+2.73 <0.001
37.37+35.97 - 0.014

HDL - high-density lipoprotein; HsCRP - high-sensitive C-reactive protein; LDL - low-density lipoprotein; NS - non-significant.
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Table 2 - Clinical characteristics and laboratory findings of ACS sub-groups
Parameter STEMI NSTEMI USAP

(n=22) (n=9) (n=6) Pvalue
Age 58.22+11,92 63.66+10.01 57.83+11.28 NS
Male, n (%) 18 (81.8) 7(77.8) 5(83.3) NS
Hypertension, n (%) 9 (40.9) 7 (77.8) 8 (66.7) NS
Diabetes mellitus, n (%) 2(9.1) 3(33.3) 1(16.7) NS
Smoking, n (%) 14 (63.6) 4 (44.4) 3 (50) NS
HDL (mg/dl) 38.72£17.9 38.66.£10.3 33.5+7.94 NS
LDL (mg/dl) 142.5+15,51 142.22+16.33 139.83+22.64 NS
Triglycerides (mg/dl) 173.63+37.88 178.55+29.58 187+32.73 NS
sCD40L (pg/ml) 1371.61+846.89 1049.40+445.39 1119.17+369.26 NS
HsCRP (mg/L) 18.04+6.53 19.65+5.28 19.21 +£3.52 NS
Gensini score 54.63+36.83 47.55+26.71 65.08+66.3 NS

HDL - high-density lipoprotein; HsCRP - high-sensitive C-reactive protein; LDL - low-density lipoprotein; NS — non-significant;
NSTEMI - non-ST-elevation myocardial infarction; STEMI - ST-elevation myocardial infarction.

Table 3 - Correlation analyses in the ACS group

ACS group sCD40 ligand HsCRP Gensini score

r P r P r P
Age -0.165 0.328 -0.309 0.062 -0.046 0.786
Hypertension -0.249 0.137 -0.164 0.333 0.102 0.550
Diabetes mellitus -0.027 0.872 -0.059 0.728 0.148 0.283
Smoking 0.051 0.764 0.148 0.381 -0.031 0.857
LDL (mg/dl) -0.008 0.964 0.318 0.055 0.056 0.742
HDL (mg/dl) -0.331 0.034 -0.581 <0.001 -0.402 0.014
TG (mg/dl) 0.276 0.098 0.377 0.021 0.111 0.513
Maximum troponin | level 0.222 0.187 -0.129 0.448 0.016 0.925
HsCRP (mg/L) 0.325 0.050 - - - -
Gensini score 0.208 0.217 0.254 0.130 - -

ACS - acute coronary syndrome; HDL - high-density lipoprotein; HsCRP - high-sensitive C-reactive protein; LDL — low-density lipoprotein;
TG - triglycerides.

Table 4 - Comparison of demographic and clinical features according to median sCD40 ligand value in ACS group
sCD40 ligand <1115 pg/ml >1 115 pg/ml

P-value
n (%) n (%)
Female, n (%) 4 (57.1) 3(42.9) NS
Male, n (%) 15 (50) 15 (50)
Hypertension (+), n (%) 11 (55) 9 (45) NS
(), n (%) 8 (47) 9 (45)
Diabetes mellitus (+), n (%) 3 (50) 3 (50) NS
() n (%) 15 (48.3) 16 (52.7)
Smoking (+), n (%) 10 (47.6) 11 (52.4) NS
(), n (%) 8 (50) 8 (50)
STEMI, n (%) 10 (45.6) 12 (54.4) NS
NSTEMI, n (%) 8 (53.3) 7 (46.7)
Anterior M, n (%) 5(41.7) 7 (58.3) NS
Non-anterior MI, n (%) 5 (50) 5 (50)

NS - non-significant; NSTEMI - non-ST-elevation myocardial infarction; STEMI - ST-elevation myocardial infarction.
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In the correlation analyses, there was no significant
correlation between sCD40 ligand, Gensini score, and
maximum troponin | levels. A weak positive correlation
was observed between sCD40 ligand and hsCRP levels (r
= 0.325, p = 0.05). HDL levels demonstrated a significant
negative correlation with sCD40 ligand, hsCRP levels and
Gensini score (r =-0.331, p = 0.034; r =-0.581, p <0.001; r
=-0.402, p = 0.014, respectively). In addition, there was a
significant positive correlation between hsCRP and trigly-
ceride levels (r = 0.377, p = 0.021) (Table 4). sCD40 ligand,
hsCRP levels, and Gensini score were not significantly co-
rrelated with HT, DM and smoking.

The median value of sCD40 ligand levels of 37 patients
in the ACS group was determined as 1 115 pg/ml. Com-
parisons were made by dividing the patients into two
groups according to whether they were below or above
this value. In the evaluations made according to demo-
graphic features, ACS subgroups, lesion localization; no
statistically significant difference was noted in the groups
(Table 4).

Analyses for patients in the stable

angina pectoris group

Forty-one patients were included in the SAP group. In the ana-
lyses performed in this group, a CD40 ligand levels showed a
significant negative correlation with HDL and a significant po-

sitive correlation with smoking (r =-0.381, p = 0.018; r = 0.359,
p = 0.021, respectively). There was a significant positive corre-
lation between Gensini score and age, a significant negative
correlation between Gensini score and HDL levels (r = 0.389, p
=0.012; r=-0.353, p = 0.024, respectively). No significant corre-
lation was found among other parameters (Table 5).

There was no statistically significant difference in
the mean sCD40L, hsCRP, and Gensini score between
genders and between patients with and without DM in
the SAP group (p >0.05). While no significant differen-
ce was observed between the hsCRP levels and Gensini
scores between smokers and non-smokers, the mean
sCD40 ligand levels were found to be significantly higher
in smokers compared to non-smokers (590.82+358.99 vs
328.09+279.41, p = 0.013).

The median value of the sCD40 ligand levels in patients
with SAP group was 438 pg/ml. Patients below and above
this value were compared in terms of their clinical charac-
teristics and no significant difference was found (Table 6).

Discussion

In our study designed on the basis of the hypothesis that
sCD40 ligand levels, which are considered to be valuable
in ACSs determining the risk of mortality and recurrent

Table 5 - Correlation analyses in the SAP group

SAP group sCD40 ligand HsCRP Gensini score

r P r P r P
Age -0.107 0.506 0.022 0.890 0.389 0.012
Hypertension 0.081 0.613 0.307 0.051 -0.188 0.238
Diabetes mellitus -0.126 0.432 0.013 0.934 -0.178 0.265
Smoking 0.359 0.021 -0.125 0.437 0.212 0.182
LDL (mg/dl) -0.203 0.204 0.176 0.270 0.250 0.114
HDL (mg/dl) -0.381 0.018 0.148 0.357 -0.353 0.024
TG (mg/dl) -0.032 0.841 0.150 0.350 0.008 0.958
HsCRP (mg/L) -0.040 0.803 - -
Gensini score -0.021 0.899 <0.001 0.999 - -

HDL - high-density lipoprotein; HsCRP — high-sensitive C-reactive protein; LDL - low-density lipoprotein; SAP - stable angina pectoris; TG -
triglycerides.

Table 6 - Comparison of the clinical features of the patients in the SAP group according to the median sCD40 ligand value

sCD40 ligand <438 pg/ml >438 pg/ml
(n =20) (n=21) P-value
n (%) n (%)
Female, n (%) 10 (50) 6 (28.6) NS
Male, n (%) 10 (50) 15 (71.4)
Diabetes mellitus (+), n (%) 9 (45) 5(23.8) NS
(=), n (%) 11 (55) 16 (76.2)
Hypertension (+), n (%) 13 (65) 13 (61.9) NS
(=), n (%) 7 (35) 8 (38.1)
Smoking (+), n (%) 7 (35) 14 (66.7) NS
(), n (%) 13 (65) 7 (33.3)

NS - non-significant.
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ischemia, may be associated with the extent and severity
of CAD, serum sCD40 ligand levels did not show a signifi-
cant correlation with Gensini scores in both ACS and SAP
groups.

Determining the fundamental role of inflammation
in the process of atherosclerosis has been a milestone in
understanding the pathogenesis of cardiovascular dise-
ases, developing treatment approaches and identifying
high risk patients.’? Activated platelets have been shown
to be important mediators in the formation and compli-
cation of atherosclerotic plaque.' This reveals the im-
portance of sCD40 ligand, which is known to be mainly
released from activated platelets, in the development of
CAD and acute events. Several studies have shown that
the sCD40 ligand is elevated in acute coronary syndromes
and has prognostic significance.' ¢ Similarly, in our study,
CD40 ligand levels were significantly higher in the ACS
group and it was similar in SAP and control groups. Mea-
nwhile CD40 ligand did not show significant association
with Gensini score. On the contrary, Zhao et al. studied
ACS patients and found a significant positive correlation
between CD40 ligand levels and Gensini score.”” However,
only ACS patients were included in this study, and the di-
fferences between the ACS subgroups and different clini-
cal forms of CAD were not examined. In a study by Fouad
et al., similar to the results in our study, CD40 ligand le-
vel was found to be higher in the ACS group compared
to the control and SAP groups, no significant differen-
ce was observed between the USAP and MI groups and
complexity of culprit lesion and the number of coronary
arteries with significant stenosis (=50%) were not corre-
lated with CD 40 ligand levels.”® In our study, different
from this study, the severity and extent of the coronary
lesions were evaluated with the Gensini score, more par-
ticipants were involved, and a more detailed analysis was
made according to CV risk factors. It is salient that CD
ligand levels were found to be similar to patients with
myocardial necrosis and USAP patients. Because a note-
worthy amount of acute myocardial infarctions develo-
ps from non-significant coronary lesions and about 25%
of sudden cardiac deaths occur in patients who have no
previous symptoms.’2' This reveals the importance of
the characteristics of the plaque rather than the severity
and the extent of the stenosis. In autopsy series, non-ob-
structive unstable plaques that are prone to rupture and
develop acute vascular events are termed as “vulnerable
plaques” and are characterized by a thin fibrous capsule,
rich core lipid content, increased inflammatory activity,
and vascular remodeling.?? In recent years, cardiovascu-
lar research has focused on recognizing high-risk plaque
before it ruptures and causes ACS. Considering that the
current diagnostic and screening methods are not suffi-
cient to identify patients at risk before the acute event,
sCD40 ligand may be a considerable and useful marker at
this point.

In comparisons with CV risk factors, a significant po-
sitive correlation was shown between smoking rate and
sCD40 ligand levels in SAP group. It is known that smo-
king increases CD40 ligand synthesis on monocytes and
CD40 ligand on platelets, and contributes to the infla-
mmatory and thrombotic process by helping platelet-
-monocyte aggregation.?* Since the sCD40 ligand levels

were found to be significantly higher in smokers in our
research, it can be thought that they contributed to this
process not only by an increase in CD40 ligand synthe-
sis on the surface of platelets, but also by causing plate-
let activation. In our evaluations with HDL, low levels of
which are known to be associated with increased CV risk,
a negative correlation was found with mean sCD40 li-
gand levels in both ACS and SAP groups. It is known that
HDL contributes to the preservation of endothelial func-
tions with antioxidant and antiatherogenic properties. It
shows these effects by removing atherogenic lipids from
the endothelium, regulating nitric oxide synthesis and
changing the balance between prostacyclin and throm-
boxane A2 in favor of prostacyclin. HDL also impedes the
activation of platelets by inhibition of platelet activating
factor. This may explain its negative correlation with HDL,
considering that a significant portion of the sCD40 ligand
is released from activated platelets. In conclusion, our stu-
dy could not demonstrate a relationship between sCD40
ligand levels and the angiographic extend and severity of
coronary artery disease in patients with different clinical
presentations. However, the fact that the mean sCD40 li-
gand levels in the USAP group were similar to those of
STEMI and NSTEMI patients, and that there was no sig-
nificant difference between the rates of patients below
and above the median sCD40 ligand value, supports that
sCD40 ligand may be a marker that can be used to detect
unstable plaque before myocardial necrosis develops.

The major limitation of this study is the small num-
ber of patients in the ACS subgroups, although the total
number of patients considered satisfactory. Since our stu-
dy was not a follow-up study, the relationship of CD40
ligand with complications, restenosis, and recurrent car-
diovascular events was not investigated.
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Kontext: Periproceduralni poskozeni myokardu a jeho vyznam pro klinickou praxi u stabilizovanych pa-
cientl je stale predmétem diskuse. Timto tématem se za celé roky zabyvala fada studii s riznymi definicemi,
prahovymi hodnotami a biomarkery. Cilem nasi studie bylo popsat vysledny klinicky stav pacient( s peripro-
cedurélnim poskozenim myokardu pomoci definic nejnovéjsich, 4. doporucenych postupt UDMI.
Metody: Do monocentrické studie bylo retrospektivné zafazeno 238 pacientl po elektivni perkutanni ko-
ronarni intervenci. Pacienti s periproceduralnim poskozenim myokardu byli po vykonu srovnani s pacienty
s normalnimi hodnotami troponinu z hlediska vysledného klinického stavu. Mezi primarni sledované para-
metry patfily amrti, infarkt myokardu, cévni mozkova pfihoda, refrakterni angina pectoris, revaskularizace
cilové léze a hospitalizace pro akutni koronarni syndrom do jednoho roku.
Vysledky: Periproceduralni poskozeni myokardu bylo zjisténo u 67,2 % (n = 160) pacient(. Pocty |ézi a sten-
t0, celkova délka stentd, celkovy primér stentd, stav po dilataci, pocty prekryvajicich se stentd, stenty na
bifurkacich a skore SYNTAX byly statisticky vyznamné vyssi ve skupiné s poskozenim myokardu. Uvedené
sledované parametry se vyskytly u 16 pacientl (11 ve skupiné s poskozenim myokardu a 5 v kontrolni sku-
piné). Béhem sledovani nedoslo k zadnému Umrti. Poproceduralni zvyseni hodnot troponinu nebylo nijak
spojeno se sledovanymi parametry (11 vs. 5; p = 0,56). V Kaplanové-Meierové analyze se krivky sledovanych
parametr( v obou skupinach od sebe nevzdalovaly (log rank test; 95% interval spolehlivosti [Cl], p = 0,71).
Zavéry: Velikost a délka stenu, dilatace po vykonu, prekryvani stentli a implantace stentG do ézi v bifur-
kacich zvysuji riziko poskozeni myokardu. Periproceduralni poskozeni myokardu u stabilni anginy pectoris
nelze pouzit k predikci vysledného stavu pacienta po jednom roce.

© 2023, CKS.

ABSTRACT

Background: Periprocedural myocardial injury and its clinical significance in stable patients are still under dis-
cussion. This subject has been assessed in many studies with different definitions, thresholds, and biomarkers
for years. This study aimed to determine the clinical outcomes of periprocedural myocardial injury based on
latest 4th UDMI guideline definitions.

Methods: 238 patients who underwent elective percutaneous coronary intervention at single center were
retrospectively enrolled. Patients who developed periprocedural myocardial injury were compared with pa-
tients with normal troponin values after the procedure for clinical outcomes. Primary clinical endpoints
were death, M|, stroke, refractory angina, target vessel revascularization and hospitalization due to acute
coronary syndrome at one year.

Results: Periprocedural myocardial injury was observed in 67.2% (n = 160) of patients. Number of lesions
and stents, total stent length, total stent diameter, post-dilatation, overlapping stents, bifurcation stenting
and SYNTAX score were significantly higher in myocardial injury group. Clinical outcomes occurred in 16
patients, 11 of 16 had myocardial injury group, 5 of 16 had control group. No mortality was seen during the
follow-up. Postprocedural troponin elevation was not associated with clinical outcomes (11 vs. 5, p = 0,56).
Kaplan-Meier curve of clinical end points did not show any separation between the curves (Log rank test,
95% Cl, p=0,71).

Conclusion: Stent size and length, post-dilatation, overlapping stents and stenting of bifurcation lesions lead
to increase in myocardial injury. Periprocedural myocardial injury in stable angina does not predict clinical
outcomes at one year.
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Introduction

Percutaneous coronary intervention (PCI) is an effecti-
ve treatment of both stable and unstable angina
pectoris. Despite its efficacy, fatal complications may
occur rarely during PCl, such as acute stent thrombo-
sis, acute plaque rupture, stroke and death." However,
periprocedural myocardial injury and infarction occur
more frequently after PCl.2 Cardiac troponins (T or I)
are specific and sensitive biomarkers for detection of
myocardial injury.® Periprocedural myocardial injury
and infarction with their prognostic value have been
assessed for past two decades. In 2000, periprocedu-
ral myocardial infarction (Type 4a MI) was defined at
first in Universal Definition of Myocardial Infarction
(UDMI) guideline which was published by the joint co-
mmittee of the European Society of Cardiology (ESC)
and the American College of Cardiology (ACC). Peri-
procedural myocardial infarction was termed as an
increase in cardiac troponin of 99th upper reference
limit (URL) after PCI.> UDMI guidelines have been re-
vised in 2007, 2012, and 2018. In 2012 with the third
UDMI, periprocedural myocardial injury and peripro-
cedural myocardial infarction (Type 4a MI) were dis-
tinguished from each other.* Myocardial injury was
defined only by elevation of cardiac troponins abo-
ve five-fold URL.* Type 4a Ml was above the five-fold
cardiac troponin elevation and included angiographic
flow limiting situations, such as dissection, slow flow
or no-reflow, major epicardial artery or side branch
occlusion, distal embolization.? Finally, in 2018, fourth
UDMI has been published and these definitions have
been revised again. According to this guideline, myo-
cardial injury defined by increases of cardiac troponin
values above the 99th URL in patients with normal ba-
seline values.® Beyond these definitions and revisions,
periprocedural myocardial injury and its clinical out-
comes are still under discussion.

Stable angina pectoris is a clinical entity that inclu-
des typical chest pain with stable duration and fre-
quency lasting for two months. Elective PCl can be
performed for treatment, which has a relatively lower
risk for ischemic events than the other clinical condi-
tions. In this study, we aimed to investigate peripro-
cedural myocardial injury after elective PCl in stable
angina pectoris with new definitions based on the
fourth UDMI guideline and its impact of clinical out-
comes at 1-year period.

Materials and methods

Study population

Based on the definitions in the ‘Fourth Universal Defini-
tion of Myocardial Infarction’ guideline published by the
European Society of Cardiology in 2018, 238 patients with
stable coronary artery disease who underwent percuta-
neous coronary intervention between 1st June 2017 and
1st June 2019 in our clinic with baseline troponin T levels
were within normal reference range were retrospectively
included. The demographic characteristics of the patients
were included. Past medical history and comorbidities

such as diabetes, hypertension, hyperlipidemia, prior M,
previous PCl and coronary artery bypass graft (CABG) and
smoking habits were evaluated via electronic registry da-
tabase.

Ethics statement was obtained in our hospital’s Ethics
Committee (date 04/10/2019, No: B08.06, YOK 2.l.U-
.E.50.0.05.00/8).

Biochemical analysis

Troponin T, complete blood count (CBC), blood urea nit-
rogen (BUN), serum creatinine, electrolytes (sodium and
potassium) were measured in all patients before and af-
ter 12 hours (12 h) of procedure. Elecsys Troponin T STAT
3rd Generation (Roche Diagnostics, Germany) was used
for troponin assay. Assay’s 99th percentile upper referen-
ce limit (URL) was 0.014 picogram per milliliter (pg/ml).
The detection of the troponin T value above the upper
reference limit (>0.014 pg/mL) was accepted as myocar-
dial injury.

Angiographic analysis

All patients’ coronary angiograms and angioplasties
were evaluated by expert consultant via hospital’s
electronic registry database. Flow limiting situations
such as dissection, coronary slow-flow, no-reflow, side
branch occlusion-subocclusion during the procedure
had been investigated and noted. Stent types, stent
diameters and stent numbers were also noted. SYNTAX
(Synergy between Percutaneous Coronary Interventi-
on with TAXUS and Cardiac Surgery) score for lesion
complexity was also calculated. In patients who requi-
red multiple interventions only a single procedure was
included.

Clinical outcomes

Patients who developed myocardial injury after the pro-
cedure were compared with patients whose troponin va-
lues remained within the normal reference range after
the procedure for clinical outcomes including death, M,
stroke, refractory angina, target vessel revascularization,
and hospitalization due to acute coronary syndrome at
one year. Clinical outcomes were obtained by telephone
interviews with patients and hospital’s electronic registry
system.

Statistical analysis

SPSS Windows version 23.0 package program was used for
statistical analysis. The conformity of the data to normal
distribution was tested with the Kolmogorov-Smirnov
test. Continuous variables were indicated as median (25—
75 percentiles) and number and % values for categorical
variables are given. In comparison of quantitative data in
two independent groups, Mann-Whitney U test was used
for non-normally distributed properties. Relationships of
two independent variables at categorical measurement
level with each other were tested with Chi-square test.
Logistic regression was used to examine the relationship
of clinical events in patients with demographic, biochemi-
cal, and angiographic variables. The log-rank test and Ka-
plan-Meier curve were used to examine the prognostic
impact of time-to-event data. P-value <0.05 was conside-
red statistically significant.
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Fig. 1 - Kaplan-Meier clinical outcome curves for myocardial in-
jury and control groups (Log rank test, 95% confidence interval,
p =0.71).

Results

Of 259 patients with stable angina pectoris who
underwent elective PCl in our clinic, 12 patients with
postprocedural troponin elevation and 9 patients with
normal postprocedural troponin levels were lost for
clinical outcomes and excluded. Study was completed
with 238 patients. Mean follow up time for clinical
outcomes were 17 months.

In this study, 160 (67.2%) patients had myocardial
injury. 40 (16.8%) of them had >5x URL postprocedur-
al troponin elevation. Based on 4th UDMI guideline,
only 5 (2.1%) patients met criteria for periprocedural
myocardial infarction (Type 4a Ml). 78 (31.8%) patients
with normal postprocedural troponin levels were
included in the control group. Table 1 showed the
baseline demographic characteristics for both groups.

There were no differences between two groups mostly
for demographic characteristics. Biochemical and an-
giographic characteristics were shown in Table 2 and
Table 3. Biochemical parameters did not show any dif-
ferences between two groups. However, angiographic
parameters number of lesions, SYNTAX score, number
of stents, total stent length, total stent diameter were
significantly higher in myocardial injury group. Per-
forming post-dilatation was also significantly higher
in myocardial injury group. Moreover, patients with
overlapping stents and PCl for bifurcation lesions had
higher myocardial injury. Yet, PCI for chronic total oc-
clusion (CTO) had no difference between groups.

Angiographic flow-limiting conditions occurred in
16 patients. One of them occurred in troponin nega-
tive group which had coronary dissection. Six had cor-
onary dissection, six had side-branch occlusion, and
five had side-branch subocclusion, which occurred in
the myocardial injury group. Only 5 patients met the
periprocedural MI criteria based on 4th UDMI guide-
line. There were no association between the flow-lim-
iting conditions and postprocedural myocardial injury
(15vs. 1, p=0.211).

Clinical outcomes had occurred in 16 patients dur-
ing follow-up. Eleven of 16 occurred in myocardial in-
jury group, 5 of 16 occurred in control group. Eight
patients had target vessel revascularization, 2 had
cerebrovascular event, 1 had refractory angina, 5 had
hospitalization due to acute coronary syndrome. No
mortality was seen during follow-ups. Postprocedural
troponin elevation was not associated with clinical
outcomes (11 vs. 5, p = 0.56). The logistic regression
analysis which included post-dilatation, serum hemo-
globin level after 12 h and age as independent vari-
ables, showed significant correlation between serum
hemoglobin levels and clinical outcomes (p = 0.033,
respectively) (Table 4).

Kaplan—-Meier curve of major adverse clinical out-
comes by postprocedural troponin levels (Fig. 1) did
not show any separation between the curves (Log
rank test, 95% Cl, p = 0.71).

Table 1 - Baseline features of the study group

Myocardial injury (n = 160)

Age 64 (55-70)
Male sex, n (%) 121 (75.6%)
Diabetes mellitus, n (%) 61(38.1%)
99 (61.9%)
101 (63.1%)
40 (25%)
46 (28.8%)
92 (57.5%)
20 (12.5%)

Hypertension, n (%)

Dyslipidemia, n (%)

Family history of premature CAD, n (%)
Smoking, n (%)

Previous CAD, n (%)

Prior CABG, n (%)

Prior PCl, n (%) 64 (40%)
Heart failure, n (%) 4 (2.5%)
Chronic kidney disease, n (%) 8 (5%)

Control (n = 78) Overall p-value*

60 (55-66) 0.025
58 (74.4%) >0.05
32 (41%) >0.05
56 (71.8%) >0.05
51 (65.3%) >0.05
16 (20.5%) >0.05
21 (26.9%) >0.05
53 (67.9%) >0.05
8(10.3%) >0.05
35 (44.9%) >0.05
1(1.3%) >0.05
0 0.045
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Table 2 - Comparison of study groups according to biochemical characteristics

Myocardial injury (n = 160)

13.95 (12.7-15)
13.1(11.8-14.3)
232 (193-269.5)

Hemoglobin (g/dL)
Hemoglobin - 12 h (g/dL)
Platelet count (x1000)
Platelet count - 12 h (x100)
Serum creatinine (mg/dL) 0.87 (0.78-1.01)

Serum creatinine - 12 h (mg/dL) 0.89 (0.75-1)

211.5 (175-237.75)

Control (n = 78) Overall p-value*

14.2 (12.7-15) >0.05
13.1(11.87-14) >0.05
229.5 (198-264.5) >0.05
214.5 (180.5-240.75) >0.05
0.85 (0.75-0.98) >0.05
0.89 (0.74-0.98) >0.05

Table 3 - Comparison of study groups according to angiographic characteristics

Myocardial injury (n = 160)

SYNTAX score 9 (5.25-16)
Stent length (mm) 26 (18-44)
Maximal stent diameter (mm) 3.4 (3.1-3.58)
Overlapping 43 (26.9%)
Predilatation 114 (71.7%)
Postdilatation 64 (40%)
Bifurcation lesion 15 (9.3%)
cT0 3(1.6%)

Control (n = 78) Overall p-value

7 (4-12) <0.001
20 (18-30) 0.001
3.175 (2.87-3.5) 0.003
10 (12.8%) 0.014
56 (71.8%) >0.05
19 (24.4%) 0.017
2 (2.56%) <0.05
1(1.28%) >0.05

Table 4 - Logistic regression analysis indicating independent

predictors of clinical endpoints

Variable Beta Standard Significance
error

Age -0.055 0.028 0.053

Hemoglobin 12h  -0.347 0.163 0.033

Troponin T 12 h -0.272 3.259 0.933

Post-dilatation 1.027 0.555 0.064

Discussion

This study aimed to achieve prognostic significance of
myocardial injury which had been developed after per-
cutaneous coronary intervention in stable CAD patients
based on 4th UDMI guideline’s definition and thresholds.
It demonstrated no difference between clinical outcomes
in terms of myocardial injury and study groups. 67.2%
of patients had postprocedural myocardial injury in this
study. If the 3rd Universal Definition of Myocardial Infarc-
tion guidelines’ definitions could be used as myocardial
injury, which included >5x URL troponin elevation after
the procedure, this ratio would be 16.8%. Myocardial in-
jury was detected 5-40% after successful percutaneous
coronary intervention in previous studies.5” These differ-
ences depend on varies among study population, lesion
characteristics, and definitions.

Cardiac biomarkers had been used to detect myone-
crosis in past decades. CK-MB was the first biomarker to
diagnose myocardial injury for elective PCI. Cardiac tropo-
nins (troponin T and ) which detect myocardial injury at
lower concentrations and have high sensitivity and speci-

ficity are used to diagnose myocardial injury and infarc-
tion. We preferred cardiac troponin T for our study be-
cause of its high sensitivity and had diagnostic criteria for
4th UDMI definition. Significant CK-MB elevation after
PCl >3-8x URL had associated with increased in hospital
and long-term outcomes.®®® Mild troponin elevation af-
ter PCl has occurred more often than CK-MB. In patients
with acute coronary syndrome, mild troponin elevation
after PCl was associated with poor clinical outcomes.” In
patients who have stable angina pectoris, myocardial in-
jury after PCl and its clinical impact are controversial.

In a consecutive series of 1 532 patients who under-
went elective PCl for stable angina, Auguadro et al.”
found a significant difference for major adverse cardiac
events for patients with troponin | elevation above than 1
ng/mL after PCl. Troponin | assay’s 99th URL was 1 ng/mL
and as myocardial injury was accepted troponin | eleva-
tion above the 99th URL after PCI. Similarly, Yang et al."?
analyzed 516 patients who underwent elective PCI. In this
study, troponin assay was troponin | and assay’s 99th URL
was 0,01 ng/mL. Definitions of Type 4a myocardial infarc-
tion and injury were based on 3rd UDMI criteria. Type 4a
MI was not associated with increased mortality, however,
each type 4a MI and myocardial injury were associated
with recurrent Ml and death (3%, p = 0.02 and 0.03, re-
spectively).”? In another study, Zeitouni et al.” evaluated
1666 patients who underwent elective PCl for stable an-
gina. Criteria for Type 4a Ml and myocardial injury were
based on the 3rd UDMI guidelines. For detecting myone-
crosis, high sensitive troponin T was used. Assay’s 99th
URL was 14 ng/L. Major adverse cardiac outcomes were
associated with Type 4a MI and myocardial injury at 30
days (5.5% vs. 1.2%, adjusted hazard ratio 3.8; 95% con-
fidence interval (Cl) 1.9-6.9; p <0,001) and at one year
(adjusted hazard ratio 1.7; 95% Cl 1.1-2.6; p = 0,004)."3
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Although these studies found a significant association
between postprocedural troponin elevation and clinical
outcomes, there were also contrary studies which found
no association between myocardial injury and clinical
outcomes in the literature. Christensen et al.2 evaluated
2760 patients for prognostic impact of myocardial infarc-
tion and injury after elective PCl. Based on the 3rd UDMI
definitions for myocardial infarction and injury, troponin
T was chosen for biomarker. Assay’s 99th URL was 14 ng/L.
There was no significant association between Type 4a Ml
and all-cause mortality (HR 0.92; 95% Cl 0.78-1.09; p =
0.35).2 Garcia-Garcia et al."* analyzed 13,452 patients who
underwent elective PCl from 5 stent studies and 1 large
registry. Troponin and CK-MB were used in this study for
myonecrosis, however, assay’s 99th URL and cut-off value
were not defined. Type 4a myocardial infarction criteria
based on the Society for Cardiovascular Angiography and
Interventions (SCAI) definitions, which have defined car-
diac troponin elevation >70x URL after PCl. There was no
significant association between mortality and troponin
elevation >70x URL after PCl (HR 1.62; 95% Cl 0.88-3; p
= 0.11)." Recently, Zhou et al.™ published a study with
1 572 stable patients. Troponin T was used to detect in-
jury and troponin value above than 99th URL after PCl
was defined procedural myocardial infarction. Myocar-
dial infarction after elective PCl was not associated with
all-cause mortality (10 vs. 8, HR 0.97; 95% Cl1 0.38-2.46; p =
0.948)." In favor of aforementioned studies, no relation-
ship with clinical outcomes and postprocedural myocardi-
al injury were also found in our study. Although adverse
clinical events occurred mostly in myocardial injury group
in our study, it did not reach statistical significance. This
could be associated with low lesion complexity, less com-
plex PCl procedures, and infrequent flow-limiting condi-
tions during PCl, and a small study population.

Myocardial injury has occurred due to silent myocardial
cell necrosis, thrombus, micro-embolization, or slow-flow
that could not be captured.’®' Angiography could explain
only 60% to underlying mechanisms of myocardial injury.®
Side branch occlusion and distal embolization were major
causes of myocardial injury.'® Bifurcation stenting, stent
length, number of implanted stents were also associated
with myocardial injury.’*?2' We found that myocardial in-
jury arm had more bifurcation PCl, number of stents and
stent length than control group like aforementioned stud-
ies. Stent length longer than 30 millimeters have predicted
major adverse cardiovascular outcomes independently.”
Beyond these mechanisms myocardial injury could occur
after diagnostic coronary angiography, advanced age (>65
years) and fluoroscopy time had associated with tropo-
nin elevation.?? Thus, clinical decision still relies on cardiac
biomarkers. On the other hand, various definitions and
thresholds, different assays to diagnose myocardial injury
could affect clinical outcomes among studies. Myocardial
injury and its prognosis are still controversial. Further stud-
ies are needed to explain this subject.

Study limitations

There were some limitations about these studies. It had a
retrospective design and patients were included at single

center. Therefore it was liable to bias. Data and clinical
outcomes had gathered from hospital’s electronic regis-
try system. Finally this study had small sample size which
underpowered to detect meaningful differences.

Conclusion

Number of lesions and stents, total stent length and dia-
meter, post-dilatation, overlapping stents and PCl for bi-
furcation lesions were significantly higher in myocardial
injury group. Myocardial injury based on the 4th UDMI
after percutaneous coronary intervention with stable
angina was not associated with death, MI, stroke, target
vessel revascularization, refractory angina and hospitali-
zation due to acute coronary syndrome at one year.
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Zakladni pojmy

Ischemicka cévni mozkova prihoda je zavazny stav zatizeny vysokou mortalitou a znac¢né vysokym rizikem
trvalych funkcnich nésledkl. Lécba akutni ischemické cévni mozkové prihody prodélala v poslednich letech
celou fadu zasadnich zmén - od systémové trombolyzy az po Siroké moznosti mechanické trombektomie.
Studie MR CLEAN, ESCAPE, EXTEND-IA, SWIFT PRIME a dalsi demonstrovaly lepsi vysledky pfi vyuziti mecha-
nické trombektomie k rekanalizaci okluze velkych cév mozku v porovnani s nejlepsi medikamentézni terapii
zahrnujici systémovou trombolyzu, a zésadné tak zménily dosud zavedené paradigma lécby. V soucasné
dobé je k dispozici Siroky vybér endovaskularnich nastrojii pro mechanickou trombektomii a nové jsou ve
vyvoji. Tato préce si klade za cil shrnout souc¢asné moznosti |écby akutni ischemické cévni mozkové pfihody
metodami mechanické trombektomie a nastinit i dalsi aspekty terapie tohoto onemocnéni.

© 2023, CKS.

ABSTRACT

Ischemic stroke is a severe condition with a high mortality and a serious risk of permanent functional dis-
ability. The treatment of acute ischemic stroke has undergone a number of major changes in recent years
- from systemic thrombolysis to the wide range of current mechanical thrombectomy modalities. Studies
such as MR CLEAN, ESCAPE, EXTEND-IA, SWIFT PRIME and others have demonstrated improved outcomes in
patients with large vessel occlusion when mechanical thrombectomy was used compared with best medical
treatment including systemic thrombolysis. These results have completely changed the treatment paradigm.
Currently, a wide variety of endovascular tools are available for mechanical thrombectomy and new ones
are still under development. This paper aims to summarize the current options for the treatment of ischemic
stroke by mechanical thrombectomy and to outline other therapy aspects of this disease.

ti. Skére 10 bodl znaci CT mozku bez ischemickych zmén,

NIHSS - National Institutes of Health Stroke Scale je
standardizované neurologické vysetieni slouzici k popi-
su neurologického deficitu u pacient s cévni mozkovou
pfihodou (CMP) na zakladé 11 proménnych, které hodno-
ti specifické schopnosti pacienta na skale 0-4 bodd, kdy
hodnota 0 nalezi pacientovi s normalni funkci vysetiované
proménné. NIHSS se pohybuje v rozmezi 0 az 42 bodu, kdy
0 znadi zaddné priznaky CMP, 1-4 mensi CMP, 5-15 stredni
CMP a 16-20 bodU stfedni az tézkou CMP a vice nez 21
bodl téZzkou CMP.!

ASPECTS - Alberta Stroke Program Early CT Score je Skala
hodnotici ¢asné znamky ischemie pfi ischemické CMP v po-
vodi arteria cerebri media, jejiz teritorium déli na deset ¢as-

zatimco 0 bodt ukazuje difuzni ischemické postizeni v po-
vodi sledované tepny. K hodnoceni vertebrobazilarnich
ischemickych CMP slouzi skére PC-ASPECTS (the Posterior
Circulation Acute Stroke Prognosis Early CT Score).?

mTICl — Modified Treatment In Cerebral Ischemia Scale je
nastroj posuzujici charakter toku a reperfuze pfi angio-
grafii. 0 znaci zadnou reperfuzi, 1 pomaly tok kontrastni
latky za misto okluze bez pInéni distalnich vétvi, 2a reper-
fuzi méné nez jedné poloviny povodi vySetfované tepny,
2b reperfuzi vice nez jedné poloviny povodi vySetfované
tepny, 3 kompletni reperfuzi celého povodi vysetfované
tepny vcetné distalnich vétvi.> Revidovana verze TICI za-
hrnuje jesté stupen 2¢, kdy je takrka kompletné obnoven
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pritok postizenou oblasti, ale pritok v nékolika distal-
nich kortikalnich tepnach je zpomalen ¢i je pfitomna mala
distdlni embolizace kortikalnich vétvi.*

mRS - modified Rankin Scale je hodnotici nastroj slouzici
k urceni rozsahu funkcnich nasledkd a sobéstacnosti pa-

cienta po prodélané CMP. Rozsah funkéniho omezeni se
pohybuje na skale 1-6 bodu, kdy 0 znaci zddné omezeni
a 6 smrt. Za vyborny vysledek lé¢by se obvykle povazuje
mRS 0-2 b, kdy je pacient plné sobéstacny.®

Uvod

V roce 2019 bylo celosvétoveé registrovano 12,2 milionu pfi-
padud cévni mozkové pFihody, v disledku nemoci bylo ztra-
ceno 143 milionl let Zivota (disability-adjusted life-years,
DALYs) a 6,55 milionu pacientd tomuto onemocnéni pod-
lehlo. Cévni mozkova prihoda predstavuje druhou nejcas-
t&jsi pficinu umrti po ischemické chorobé srdecni a treti
nejcastéjsi pricinu umrti a invalidity dohromady.®

V ceskych nemocnicich bylo v roce 2019 hospitalizo-
vano 32 949 pacientl s diagnézou mozkového infarktu
¢i s cévni mozkovou pFihodou neuréenou jako krvaceni
nebo infarkt. Na tyto diagnézy ten samy rok zemielo
2 692 osob. Prmérny vék hospitalizovanych osob s dia-
gndézou mozkového infarktu na neurologickém oddéleni
byl 72,6 roku a oSetfovaci doba ¢inila v priméru 6,6 dne
(Hospitalizovani v nemocnicich CR 2019, UZIS 2021).

Naklady spojené s lé¢bou CMP predstavuji znacnou
z4téZ pro zdravotnické systémy rozvinutych zemi — [é¢ba
CMP celosvétoveé pohlti pfiblizné 34 % z celkové sumy ur-
Cené pro zdravotnictvi.” Naklady obvykle délime na pfimé
- spojené s prevenci, diagnostikou, |écbou, rehabilitaci,
edukaci apod., a nepfimé — spojené se ztratou produktivi-
ty postizené populace (invalidizace apod.).

Van Eeden ve své studii z roku 2015 udava, Ze pa-
cient s CMP v Nizozemsku prdmérné stravil v nemocnici
7,8 noci, dalsich 11,5 v rehabilita¢nim zafrizeni a mél pri-
mérné 20 konzultaci s rGznymi specialisty (fyzioterapeut,
socidlni pracovnik...). Celkové pramérné naklady za pa-
cienta cinily 29 484 eur — z toho 61 % cinily naklady za
zdravotnickou péci. Naklady za zdravotnickou péci tvofi-
la zejména polozka za fyzioterapii a rehabilitaci, nezdra-
votnické vydaje tvorila placend domaci péce a edukacni
sluzby. Ctyfiasedmdesat procent viech nakladd za pacien-
ta postizeného CMP vznikd v prdbéhu prvniho pul roku
po cévni mozkové pfihodé.2 Celkové pfimé rocni naklady
v Evropské unii spolu s Islandem, Norskem a Svycarskem
v roce 2010 spojené s ischemickou cévni mozkovou pfiho-
dou (iCMP) byly odhadnuty na 26 miliard eur.® Primérné
celoZivotni naklady spojené s iCMP u konkrétniho jedin-
ce (hospitalizace, nasledna péce, rehabilitace apod.) jsou
v USA odhadovéany na 140 048 dolar(." V roce 2008 ¢inily
pfimé naklady spojené s |é¢bou CMP v USA 18,8 miliar-
dy dolart, zatimco nepfimé néaklady dalSich 15,5 miliardy
USD." Dle American Heart Association dojde k narlstu
celkovych, tedy pfimych i nepfimych nakladd spojenych
s CMP az na hranici 240 miliard dolar0 v roce 2030." De-
wilde a spol. uvadéji, ze naklady spojené s lé¢bou CMP
v prvnim roce po pfihodé dosahuji primérné 33 147 dola-
rd a financni zatéz je umeérna rozsahu postizeni danému
Skalou mRS - v rozmezi od 2 921 dolarl u pacientd s mRS
0 po 83 236 dolard u pacientt s mRS 5.3

Pfedchozi vy¢et ekonomickych nakladl l1é¢by CMP zie-
telné demonstruje potfebu novych, efektivnich nastro-

jb v lécbé cévni mozkové prihody, které budou mit vliv
nejen na zdravi pacienta, ale i na zdravotnické rozpocty
jednotlivych zemi.

Tato prehledova prace se zabyvd zejména endovasku-
larni [écbou CMP — mechanickou trombektomii, kterd je
v nejnovéjsich doporucenych postupech American Heart
Association / American Stroke Association z roku 2019
indikovana (tfida doporuceni la) u pacientt s dobou od
vzniku priznakd kratsi Sesti hodin, se zobrazovaci meto-
dou popsanou okluzi velké mozkové tepny v pfednim po-
vodi, ASPECT > 6 (bez rozsahlych ischemickych zmén pfi
CT vysetfeni), NIHSS > 6, mRS pred soucasnou pfihodou
0-1 a vékem > 18 let.™

Historie lécby

Od doby, kdy se lécba cévni mozkové pfihody omezo-
vala na duslednou oSetrfovatelskou péci, dostate¢ny pfi-
jem potravy, omezeni velkych vykyva arteridlniho tlaku,
podavani fenobarbitalu k tlumeni neklidu nemocného,
analgetické terapie a eventualné zahajeni antikoagulac¢-
ni terapie pfi podezieni na kardioemboliza¢ni etiologii
iktu,' uplynula jiz fada let. Zasadni milnik v 1é¢bé ische-
mickych cévnich mozkovych pfihod pfinesla v roce 1995
studie National Institute of Neurological Disorders and
Stroke vyuzivajici systémové podavani rekombinantniho
tkanového aktivatoru plazminogenu (tPA),' které zasad-
né zlepsilo vysledky lécby.

Zacatek vyuzivani endovaskularnich revaskulariza¢nich
technik v terapii iCMP se datuje do konce 80. let minulé-
ho stoleti a souvisel s intraarteridlnim, superselektivnim
podavanim trombolytickych pfipravkl pfimo do krevni
srazeniny, jak demonstrovali Del Zoppo a spol. ve své pi-
lotni studii.’” Vysledky ale nebyly ovéfeny randomizova-
nymi studiemi. Prvni vlastovkou v sérii randomizovanych
klinickych studii byla studie PROACT II,' ktera srovnavala
efekt primého intraarteridlniho podani rekombinantni
pro-urokinazy vuci placebu na vzorku 40 pacientd (uro-
kindza 24, placebo 16 pacientl). V 90dennim sledovani
30,8 % pacientl s intraarteridlnim podanim urokinazy
dosadhlo mRS 0-1 oproti 21,4 % pacienttd ve skupiné s pla-
cebem.

Kromé snahy o farmakologické rozpusténi krevni sra-
Zeniny se zacaly vyuzivat metody mechanického rozru-
$eni trombu, jako je rozruseni krevni srazeniny interven-
¢nim vodi¢em ¢i balonkovou angioplastikou. Dalsi slibnou
metodou bylo vyuziti EKOS MicroLys US mikroinfuzniho
katétru (EKOS Corporation, Bothell, WA), ktery kombino-
val lokdlIni farmakologickou trombolyzu a ultrazvukovou
trombotripsi, ¢i vyuziti endovaskuldrni fotoakustické re-
kanalizace (EPAR; Endovasix Inc., Belmont, CA, USA), pfi
které dochazelo k mechanické disrupci trombu preménou
energie toku fotonu z laseru na akustickou energii."
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Obr. 1 - Vysledky MR CLEAN?

Prvnim nastrojem schvalenym americkym Ufadem pro
kontrolu potravin a Iéciv (FDA) (v roce 2004) k endovasku-
larni lé¢bé ischemickych iktl s okluzi velké intracerebralni
tepny byl vSak az katétr MERCI retriever (Concentric Me-
dical, Mountain View, CA).%

Dalsi rozsifeni terapeutickych moZnosti je spojeno
s uzitim aspira¢niho katétru Penumbra (Penumbra, Inc,
Alameda, CA), ktery FDA schvalil v roce 2008.%'

Vyznamnym milnikem v 1é¢bé ischemické cévni moz-
kové pfihody je vyuziti stent-retrieverd - stentd, které se
v lumen cévy rozvinou pouze na tfi az pét minut, integruji
do sebe krevni srazeninu a nasledné se spolu s katétrem
odstrani. Prvnim stent-retrieverem schvdlenym FDA byl
v roce 2012 Solitaire (Medtronic Neurovascular, Irvine, CA,
USA), ktery se za timto ucelem off-label Gspésné vyuzival
jiz delsi dobu.? Lepsi vysledky pfi uziti Solitaire stent-re-
trieveru v porovnani s retrieverem Merci ovéfila studie
SWIFT,? a urcila tak trend, ktery pretrvava do soucasnosti.

Podobnych zavérd, které prokazuji lepsi rekanaliza¢ni
efekt pri uziti stent-retriever, dosahla i studie srovnava-
jici stent-retriever TREVO (Stryker Neurovascular, Moun-
tain View, CA, USA) s retrieverem Merci.?

Dobré vysledky endovaskuldrni mechanické trombek-
tomie pomoci stent-retrieverd a jejich pozitivni dopad na
funk¢ni nezavislost pacientl po iktu v porovnani s vyluc-
nym pouzitim systémové trombolyzy demonstrovala jiz
celd rada studii jako MR CLEAN? (medidn 90denni mRS
u kohorty mechanické trombektomie 3, u kontrol 4, po-
mér 3anci [OR] 1,67, 95% interval spolehlivosti [CI] 1,2—
2,30, vysledky viz obrazek 1), EXTEND-IA%® (90denni mRS
0-2 u 71 % pacientl lé¢enych mechanickou trombekto-
mii, 40 % u pacientl lé¢enych pouze systémovou trom-
bolyzou, OR 4,2, 95 % ClI 1,4-12), ESCAPE? (90denni mRS
0-2 u 53 % pacientl kohorty mechanické trombektomie,
29,3 % u kontrol, pomér rizik [RR] 1,7, 95% Cl 1,3-2,2),
SWIFT PRIME?® (90denni mRS 0-2 u kohorty mechanické

Modified Rankin Scale Score (90. den)

Bez symptom{i =

= Umrti
.3 .4 .Snebos

m?2

0O m1
Stent-retriever + i.v.
tPA (n = 98)
i.v. tPA
(n=93)
]
0% 20%

I | T 1
40 % 60 % 80 % 100 %

Pacient( (%)

+

Obr. 2 - Vysledky SWIFT PRIME®
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trombektomie spolu se systémovou trombolyzou 60 %,
u samotné trombolyzy 35 %, RR 1,7, 95% CI 1,23-2,33,
vysledky viz obrazek 2), REVASCAT?* (mechanicka trom-
bektomie byla protokolem umoznéna do osmi hodin od
vzniku pfiznakl, 90denni mRS 0-2 u kohorty mechanické
trombektomie 43,7 %, u kontrol 28,2 %, OR 2,1, 95% Cl
1,1-4,0) a v neposledni fadé metaanalyza téchto studif
the HERMES Study?° (mRS 0-2 za 90 dni u kohorty mecha-
nické trombektomie ve 46 % pfipadd, u kontrol ve 26,5 %
pfipadu, OR 2,35, 95% CI 1,85-2,98, viz tabulku 1), coz
vedlo ke zméné zavedené terapeutické praxe a ucinilo
z mechanické trombektomie Ié¢bu CMP podporenou ak-
tudlnimi doporu¢enymi postupy.

Portfolio dostupnych endovaskularnich technik dale
rozsitfilo zavedeni aspiracnich katétrd s velkym vnitfnim
primérem a jejich vyuziti v tzv. Direct Aspiration First Pass
Technique (ADAPT), kdy je katétr umistén do tésné bliz-
kosti trombu, nacez je podtlakem do katétru nasan a spo-
le¢né s katétrem ndsledné i odstranén.?!

Za velmi efektivni zpUasob extrakce krevni srazeniny se
v soucasné dobé povazuje uziti aspirace a stent-retrieveru
béhem jedné intervence, a to bud prechodem z aspirace
ke stent-retrieveru jako ,rescue” metody, ¢i pouziti obou
metod simultanné (tzv. Solumbra Technique).??

Obr. 3 - Uzavér arteria cerebri media a jeji rekanalizace; zdroj: Kar-
diologickéd klinika FNKV

Techniky mechanické trombektomie

Mechanicka trombektomie vyuziva v |é¢bé iCMP nastroje
jako balonkovou angioplastiku, implantaci stentu, stent-
-retrievery a aspiracni katétry s cilem dosahnout uplné
rekanalizace. Ukazka Uspésné mechanické trombektomie
pfi uzavéru arteria cerebri media (ACM) viz obrazek 3.

Stent-retriever

Do oblasti vnitfni karotidy, vétSinou pod bazi lebni, je za-
veden obturaéni vodici katétr (baloon-guiding catheter,
BGQ). Za angiografické kontroly je nasledné systémem in-
tervencni vodi¢ a mikrokatétr proniknuto uzavérem. Na-
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Obr. 4 - Pfiklady stent-retrieveri. Zdroj obrazku 4: G, Sharath &
Nagesh, Chinmay. (2018). Acute Ischemic Stroke: A Review of Ima-
ging, Patient Selection, and Management in the Endovascular Era.
Part II: Patient Selection, Endovascular Thrombectomy, and Postpro-
cedure Management. Journal of Clinical Interventional Radiology
ISVIR. 02. 10.1055/5s-0038-1675882.

Tabulka 1 - Vysledky metaanalyzy HERMES, zdroj: HERMES*

Intervenovana Kontrolni ~ Pomér Relativni riziko ~ Pomér Sanci Adjustované Adjustovany
populace populace cetnosti (95% CI) (95% CI) relativni riziko ~ pomér Sanci
vyskytu (%) (95% CI) (95% C1)
Redukce skore
moRSif]au“a'yza 2,26 (1,67-3,06); 2,49 (1,76-3,53);
posund, = p < 0,0001 p < 0,0001
primarni C||0Vy
ukazatel)
Skére mRS 0-1 26,9 % 12,9 % 140 2,00 (1,54-2,60); 2,49 (1,84-3,35); 2,06 (1,59-2,69); 2,72 (1,99-3,71);
90. den (170/633) (83/645) ' p < 0,0001 p < 0,0001 p <0,0001 p < 0,0001
Skore mRS 0-2 46,0 % 26,5 % 195 1,7 (1,41-2,05);  2,35(1,85-2,98); 1,73 (1,43-2,09); 2,71 (2,07-3,55);
90. den (291/633) (171/645) g p < 0,0001 p < 0,0001 p < 0,0001 p < 0,0001
Skore NIHSS 21,0 % 8,3 % 127 2,47 (1,79-3,41); 2,91 (2,06-4,12); 2,66 (1,92-3,67); 3,77 (2,49-5,71);
0-2ve 24 h (129/615) (52/630) ' p <0,0001 p <0,0001 p < 0,0001 p <0,0001
C;"‘CSI("éeZ’I‘g“;:r"?' 50,2 % 21,2 % 290 2,34 (1,91-2,87); 4,04 (2,75-5,93); 2,34 (1,91-2,87); 4,36 (3,03-6,27);
9 P (309/616) (134/633) g p < 0,0001 p < 0,0001 p < 0,0001 p < 0,0001

ve 24 h
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sleduje kontrolni nastfik z mikrokatétru, ktery verifikuje
jeho intralumindlni uloZeni a zobrazuje povodi za uzaveé-
rem. Nasledné je do mista uzavéru zaveden stent-retriever
tak, aby pokryval pokud mozno celou krevni srazeninu.
Optimalni umisténi stent-retrieveru je vhodné angiogra-
ficky ovéfit. Po 2-3 minutach, kdy by mély vzpéry stentu
proniknout do embolu a zachytit ho, je nafouknut balo-
nek obtura¢niho vodiciho katétru a pfi podtlaku aspiracni
stfikackou, je stent-retriever spolu s embolem extrahovan
z tepny. Uzavérem vnitfni karotidy obtura¢nim katétrem
za soucasné aspirace se otoci tok ve vnitini karotidé, ¢imz
se zvysi pravdépodobnost extrakce embolu a zmensi se
riziko jeho ztraty a embolizace do nepostizeného povodi.
Seznam dostupnych stent-retrieverl ukazuje tabulka 2.
Vybrané stent-retrievery jsou obsahem obrazku 4.

Aspirace

Pfi aspiraci je zaveden dlouhy zavadéc ¢i obturacni vodi-
ci katétr opét do oblasti vnitfni karotidy pod bazi lebni.
Nasledné je zkompletovan systém intervencni vodi¢, mi-
krokatétr a aspiracni katétr. Vodi¢ a mikrokatétr v této
fazi funguji jako navigator, kterym se dostavdme k mistu
uzavéru, a zdroven jako podpora pro soucasné zavadéni
aspirac¢niho katétru. Vodicem a mikrokatétrem pronikne-
me vlastnim uzavérem, ovérime stav povodi za uzdvérem,
aspiracni katétr zavedeme na uroven uzdavéru, nafouk-
neme BGC katétr abychom podpofili Uspésnost aspirace
a zabranili periferni embolizaci a systém napojime na au-
tomatické sani ¢i podtlak vytvofime manudlné aspiracni
stfikackou. Pro Uspésné zachyceni embolu svédci absence

Tabulka 2 - Dostupné stent-retrievery

Stent-retriever Vyrobce

Trevo ProVue, XP ProVue, Baby Trevo  Stryker

Solitaire FR Medtronic

ReVive Codman and Shurtleff
MindFrame Capture Medtronic

Catch Balt Extrusion

pREset Phenox

Aperio Acandis

EmboTrap Il Neuravi

3 D Separator revascularizatin device ~ Penumbra

ERIC (Embolus Retriever
with Interlinked Cages)

Mindframe Capture LP
Golden Retriever
Tigertriever

NeVa

eNVi-SR

ThromBite

RECO FR

Skyflow

Jrecan

MicroVention

Medtronic

Amnis Therapeutics
Rapid Medical
Vesalio

NeuroVasc

Zyloxon TonBridge
Minitech Medical
Skynor medical

Rui Kang Tong

ACE™68
Reperfusion
Catheter

Obr. 5 - Aspiracni katétr ACE68, zdroj: penumbrainc.com

Obr. 6 - Aspiracni pumpa Penumbra ENGINE, zdroj: penumbrainc.com

nasavani krve do systému. Pokud se nam béhem aspirace
obnovi tok krve systémem, je to povétsinou signal uspés-
né aspirace embolu ¢i trombotickych hmot. Pokud se do
dvou minut tok krve v aspira¢nim katétru neobnovuje,
svédci to pro vétsi zachyceny embolus na konci aspiracni-
ho katétru, ktery nelze do systému nasat a aspirac¢ni ka-
tétr je nutné vyjmout. PFi odsdvani je vétSinou aplikovan
konstantni tlak, nékteré prikopnické studie ale naznacu-
ji, Ze uziti stfidavého, tzv. cyklického podtlaku by mohlo
v budoucnu pfinaset lepsi vysledky.** Néktera pracovisté
neuzivaji pfi aspiraci obturacni BGC katétr, ktery vyZzaduje
v tfisle pFistup 8-9 F, ale dlouhy 6F ¢&i 7F zavadéc. Pfi tech-
nicky spravné provedené aspiraci je pravdépodobnost
distalni embolizace minimalni i pfi absenci obtura¢niho
vodiciho katétru, coz je i zkusenost naseho pracovisté. Se-
znam dostupnych aspiracnich katétrd je uveden v tabulce
3, na obrazku 5 a 6 je k vidéni aspiracni systém — podtla-
kova pumpa Penumbra ENGINE a katétr ACE64.
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Tabulka 3 - Dostupné aspiracni katétry

Aspiracni katétr Vyrobce

Penumbra GOMCO Penumbra
Penumbra ACE 3, 4, 5MAX Penumbra
Penumbra ACE 60, 64, 68 Penumbra

Sofia, Sofia plus MicroVention

ARC Medtronic
AXS Catalyst Stryker
Riptide Medtronic

Super Q (neni schvalen FDA) MIVI Neuroscience

Kombinace stent-retrieveru a aspirace

Metoda soucasného vyuzZiti stent-retrieveru a aspira¢niho
katétru, tzv. Solumbra, byla poprvé v literatufe popsana
v |é¢bé iCMP pfi okluzi karotid.** Podstatou je zavedeni
stent-retrieveru skrze aspira¢ni katétr s velkym prdmérem
do srazeniny, rozvinuti stent-retrieveru a jeho nasledna
extrakce do aspira¢niho katétru za soucasné aspirace,
¢imz se snizuje riziko distalni embolizace. Rozvinuti stent-
-retrieveru v intrakranidlnim Fecisti navic umoznuje snad-
néjsi zavedeni aspira¢niho katétru do oblasti uzavéru.

Stent-retriever versus aspirace
krevni srazeniny

Studii srovndvajicich sou¢asné metody mechanické trom-
bektomie je celd fada. Studie the Contact Aspiration vs.
Stent Retriever for Successful Revascularization (ASTER)
randomizovala 381 pacientt s primérnym vékem 69,9
roku s okluzi velké tepny v predni cirkulaci, pfijatych do
nemocnice béhem Sesti hodin od vzniku pfiznak, k pro-
vedeni mechanické trombektomie aspiraci (192 pacientt)
¢i stent-retrieverem (189 pacientt). Primérna NIHSS byla
16,2 bodu a primérny ¢as od za¢atku symptomu po punk-
ci tepny cinil 227 minut. Primarnim vyslednym ukazate-
lem byla Uspé3na revaskularizace hodnocena jako mTICI 2
b/3 a nebyla signifikantné odlisnd mezi jednotlivymi tech-
nikami, signifikantni rozdil nebyl ani v nutnosti ,rescue”
vykonU pfi selhani prvotni metody lé¢by. Primérny pocet
pokust béhem jednoho zakroku byl dva pro obé skupi-
ny. Primérny cas revaskularizace ¢inil 38 minut u aspirace
a 45 minut u stent-retrieveru. Casné zlepseni klinického
stavu, hodnocené poklesem NIHSS 24 h od pfihody, bylo
mezi porovnavanymi skupinami bez signifikantniho roz-
dilu (-4,8 b ve skupiné kontaktni aspirace, -5,2 b ve sku-
piné stent-retriever, p = 0,68), stejné jako sledovani funk-
¢nich nasledkd ve smyslu funkéni nezévislosti (mRS < 2).%°
Subanalyza studie ASTER zaméfend na porovnani obou
metod pfi rekanalizaci izolované okluze M2 segmentu ar-
teria cerebri media (ACM) nepfinesla rozdilné vysledky.®

Bernsen a spol. ve studii z roku 2019 porovnavali pfi-
mou aspiraci versus stent-retriever na vzorku 1 175 pa-
cienta (17,6 % aspirace, 82,4 % stent-retriever). Studie
neprokazala rozdil v klinickém ukazateli funkéniho stavu,
uspésnosti reperfuze ¢i v periproceduralnich komplika-
cich u pacientll s iCMP lécenych jednou z vyse jmenova-

nych metod. Rozdilem byl pouze kratsi ¢as vykonl vyuZzi-
vajicich aspiraci (57 min vs. 70 min).>’

Stejnd hlavni autorka a jeji tym v roce 2021 z dat nizo-
zemského registru MR CLEAN porovnavala efekt aspirace
vs. stent-retrieveru na funkéni vysledky pacientld (mRS)
jako hlavni cilovy ukazatel a Uspésnost reperfuze (mTICI),
Cetnost periprocedurdlnich komplikaci, mortalitu a ¢as do
reperfuze jako druhotné cilové ukazatele v ramci jednot-
livych segment( arteria cerebri media. Ze vzorku 2 282
pacientt (73 % léceno stent-retrieverem, 27 % aspiraci)
mélo 462 okluzi intrakranidlni etadzZe arteria carotis inter-
na (ACI), 1 349 okluzi proximalni ¢asti ACM a 471 okluzi
v distdlnich segmentech ACM. Analyza neprokdzala rozdil
v mRS ¢i periprocedurdlnich komplikacich u pacientt léce-
nych stent-retrieverem ¢i aspiraci s ohledem k lokalizaci
okluze. Angiograficky lepsich vysledkd reperfuze a pra-
mérného casu do dosazeni reperfuze (50 min aspirace vs.
65 min stent-retriever) dosahovala aspirace.®

Qin a spol. ve svém systematickém prehledu a metaa-
nalyze z roku 2018, do které bylo zafazeno devét studii
publikovanych mezi lety 2016 az 2018, ukazal shodné po-
Cty Uspésnych rekanalizaci (mTICI 2b a vice) pfi porovna-
ni aspirace vs. stent-retrieveru, ale lepsi funkéni vysledky
(mRS 0-2) byly pfi uziti aspirace, s kratsim trvanim aspi-
racnich vykonU a s méné periproceduralnimi komplikace-
mi, a to zejména symptomatického nitrolebniho krvaceni
a mensiho poctu embolizaci do nepostizenych cévnich
oblasti.®

Metaanalyza autorl Zhang a spol. z roku 2020, ktera
porovnavala efekt aspirace vs. stent-retrieveru pfi okluzi
proximalnich ¢asti velkych nitrolebnich tepen na vzorku
1 614 pacientl z celkem 13 studii, neprokazala rozdilné
vysledky v reperfuzi (mTICI 2b a 3) ¢i funk¢nich vysledcich
amortalité. Periprocedurdlni komplikace s vyjimkou symp-
tomatického nitrolebniho krvaceni (méné casté u aspira-
ce) byly v obou skupinach bez rozdilu. Pfi vykonech ve
vertebrobazilarnim povodi je metoda aspirace dle autort
0 néco lepsi nez stent-retriever, co se tyce Uspésnosti re-
perfuze.*°

Zatim nejrozsahlejsi metaanalyza Negida a spol. z roku
2021 zahrnujici 30 studii a vzorek 7 868 pacientu ukazala
vy$si mnozstvi Uspésnych rekanalizaci (RR 1,06), komplet-
nich rekanalizaci (RR 1,20), ale castéjsi potfebu vyuziti
Jrescue therapy” (RR 1,81) ve skupiné osob lé¢enych aspi-
raci. Nebyl shledan vyznamny rozdil v mortalité pfi dimisi,
mortalité v 90. den, zméné v NIHSS a zejména ve funk-
¢nich vysledcich [écby (mRS 0-2). Také cetnost periproce-
duralnich komplikaci byla bez signifikantnich rozdil(.#

Pozornost vyzkumnikt se v poslednich letech zaméfila
i na porovnavani stent-retrieverd s kombinovanou techni-
kou stent-retriever + aspirace (Solumbra).

Lapergue a spol. ve studii ASTER2 neshledali signifi-
kantni zlepseni v reperfuzi (mTICI 2¢/3) za vyuziti kom-
binované techniky v porovnani se stent-retrieverem sa-
motnym.* Stejnych vysledk( se dobrala i studie autorl
Mohammaden a spol. z roku 2021, kde autofi popisuji
i shodné funkéni vysledky mRS.*3

Schartz a spol. ve své praci z roku 2022, jeZ porovnava
kombinovanou techniku (Solumbra) se stent-retrieverem,
popisuji Uspésnou revaskularizaci (mTICI 2b/2¢/3) pfi prv-
nim revaskulariza¢nim pokusu u 40,8 % vykonu za vyuziti
kombinované techniky a 32,6 % pfi vyuziti stent-retrie-
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veru. Pfi porovnani vysledné Uspésnosti reperfuze ale ne-
byl shledan vyznamny rozdil (72,8 % Solumbra vs. 70,8 %
stent-retriever samotny), stejné tak porovnani 90denni
funk¢ni nezavislosti (mRS 0-2) neprokazalo zasadni roz-
dily.*

PFimy transport pacienta na katetrizacni sal
a rozsifeni dostupnosti péce

Kromé snahy o dosazeni vyssi technické Uspésnosti endo-
vaskularnich vykonl pfi akutni iCMP jsme svédky snahy
o maximalni zkraceni doby mezi prvnim kontaktem s pa-
cientem a Uspésnou rekanalizaci uzaviené intrakranialni
tepny, kterd ma zasadni vliv na prognézu pacienta podle
hesla ,time is brain”. Z tohoto ddvodu v posledni dobé
narustd pocet klinickych studii testujicich prinos pfimého
transportu pacienta na katetriza¢ni sal, ktery z diagnos-
tického algoritmu vynechavé (u selektované skupiny pa-
cientl s akutni iCMP) standardni diagnostické multi-slice
CT vysetfeni — tzv. direct transport to angiography suite
(DTAS). Tento pristup, ktery ma za cil maximalné urychlit
zprlchodnéni uzavrené intrakranidlni tepny, vsak vyza-
duje specialni vybaveni angiografického pfistroje, jenz
musi disponovat modalitou FDCT (flat-detector computed
tomography), kterd je schopna v akceptovatelné kvalité
detekovat intrakranidlni krvaceni ¢i jiz pfitomnou rozsah-
lou mozkovou maldcii, podobné jako standardni CT.

Observacni studie autorl Psychogios a spol. porovna-
vala v letech 2016-2018 vysledky 230 pacientud ve skupiné
DTAS s 43 pacienty |écenymi standardnim protokolem.
Obstrukce magistralnich tepen mozku byla diagnostiko-
vana pomoci bifazické angiografie FDCT u 166 pacientq,
kterym byla nasledné podana i.v. trombolyza a poté pod-
stoupili mechanickou trombektomii. Cas potfebny k reka-
nalizaci byl ve skupiné DTAS sniZen o 34 minut (68 vs. 102
minut ve standardnim protokolu). Dobrych klinickych vy-
sledk (mRS < 2) bylo ve skupiné DTAS dosazeno u 58 %
pacientt, oproti 33 % ve standardnim protokolu.*

V prospektivni, randomizované klinické studii Requena
a spol. pri uziti protokolu DTAS bylo reportovano zkraceni
intervalu od pfijmu pacienta po zajisténi cévniho pfistupu
0 24 minut (18 vs. 42 minut) a zkraceni ¢asu rekanalizace
0 27 minut (57 vs. 82 minut). Rychlejsi rekanalizace dle au-
torl vedla k vy$Simu poctu pacientl s dobrym klinickym
vysledkem 1écby (90dennim mRS < 2 43,6 % vs. 27,8 %
u pacientl podstupujicich standardni protokol), a to bez
zvyseného poctu komplikaci.*

Metaanalyza osmi studii z roku 2022 porovndvajici
DTAS se standardnim protokolem potvrzuje benefit DTAS
z hlediska rychlejsiho zajisténi cévniho vstupu a casnéjsi
rekanalizace (median zkraceni doby k zajisténi cévniho
pristupu 29 minut a median zkraceni doby rekanalizace
32,1 minuty), ale neprokazuje statisticky vyznamny rozdil
ve vysledném funkénim stavu pacienta (dle mRS). V obou
skupinach nebyl nalezen rozdil v po¢tu symptomatickych
intracerebralnich krvaceni a 90denni mortality.*”

Dulezitym aspektem efektivni |écby CMP je také do-
statecna dostupnost endovaskularni terapie. Studie auto-
rd Sulzenko a spol. z roku 2021 hodnotila vysledky lé¢by
CMP mechanickou trombektomii v rukou intervencnich
kardiologll v uzké spolupraci s neurology a radiology.

Funkéni nezdvislosti (mRS 0-2) bylo pfi 90dennim sledo-
vani dosazeno u 47,9 % pacientd, symptomatické krva-
ceni bylo pozorovano u 5,7 % pacientl. Tyto vysledky se
pfilis nelis$i od metaanalyzy HERMES zahrnuijici data z ran-
domizovanych studii provadénych v neurointervencnich
centrech.®

Otazka podani systémové trombolyzy
pred mechanickou trombektomii

Stale nevyresenou otdzkou je pausdini aplikace systémo-
vé trombolyzy pred vlastnim endovaskuldrnim vykonem
nebo v jeho prubéhu. Pro uziti systémové trombolyzy
svéddi ur¢itd moznost zprlchodnéni tepny pred zapo-
cetim mechanické rekanalizace, jeji jednodussi aplikace
i v predhospitaliza¢ni fazi a mozné rozpusténi nasledné
periferni embolizace po mechanické extrakci. Podani sys-
témové trombolyzy také napomahd mechanické trom-
bektomii a snizuje pocet pokust o rekanalizaci. Z argu-
mentl proti uziti systémové trombolyzy je tfeba zminit
vyssi riziko intrakranialniho krvaceni ¢i krvaceni v misté
cévniho pfistupu a riziko ¢asové prodlevy pred zahajenim
mechanické rekanalizace. Dal$im rizikem je také rozpad
trombu a distdlni embolizace téchto fragmentd, které
¢ini nasledny endovaskularni vykon obtizné&jsim. Popsan
byl i neurotoxicky uc¢inek trombolyzy a jeji negativni vliv
na hematoencefalickou bariéru.*

Studie DIRECT-MT z roku 2020 na 656 pacientech (327
v kohorté mechanické trombektomie a 329 v kohorté
kombinujici systémovou trombolyzu s mechanickou trom-
bektomii) prokazala noninferioritu endovaskularniho vy-
konu bez podani systémové trombolyzy z hlediska distri-
buce pacientd na skale mRS 90. den od vykonu. Autofi
endovaskularniho vykonu (2,4 % vs. 7,0 %) a nizsi celkovy
pocet uspésnych reperfuzi v rdmci izolované endovasku-
larni terapie (79,4 % vs. 86,5 %). Celkova mortalita kohor-
ty kombinujici endovaskularni [é¢bu s podanim systémo-
vé trombolyzy byla statisticky nevyznamné vyssi (18,8 %
vs. 17,7 %).>°

Studie SKIP z roku 2021 zaradila 204 pacientd, z nichz
59,4 % bylo 90. den od vykonu funkéné nezdvislych (mRS
0-2) ve vétvi mechanické trombektomie. Ve skupiné
mechanické trombektomie v kombinaci se systémovou
trombolyzou tohoto cile dosdhlo 57,3 % pacientu. Signi-
fikantni rozdil nebyl v 90denni mortalité (7,9 vs. 8,7 %)
ani v trvani intervalu randomizace - zajisténi cévniho
vstupu (16 vs. 19 minut). Z nezadoucich ucinkl 1é¢by au-
tofi uddvaji vyssi incidenci asymptomatického krvaceni ve
skupiné se systémovou trombolyzou (50,5 vs. 33,7 %), Cet-
nost symptomatického krvaceni byla u obou skupin bez
vyznamného rozdilu.>!

Odlisné vysledky nepfinesla ani studie DEVT, kterd byla
predcasné ukoncena pro dosazeni cilové prahové hodno-
ty pro noninferioritu (-10 %) — 64 pacientl (54,3 %) ve
vétvi samotné mechanické trombektomie dosahlo funk-
¢ni nezavislosti (mRS 0-2) pfi 90dennim sledovani oproti
55 (46.6 %) v kombinované vétvi mechanické trombekto-
mie a systémové trombolyzy.>

Studie MR CLEAN — NO IV z listopadu 2021 na vzor-
ku 539 pacientl s akutni iCMP randomizovanych 1: 1 do
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skupiny samotné endovaskularni 1é¢by (EVT) a EVT po
pfedchozim podani systémové trombolyzy neprokdzala
superioritu a zaroven ani noninferioritu samotné EVT.
Ukazatel mRS 90. den sledovani byl 3 ve skupiné samotné
EVT a 2 u EVT po podani systémové trombolyzy (adjusto-
vané OR posunu v mRS EVT vlci EVT se systémovou trom-
bolyzou ¢inilo 0,84, 95% Cl 0,62-1,15, p = 0,28).>3

Studie autort Fischer a spol. z roku 2022 zkoumala no-
ninferioritu samotné EVT vUci EVT s pfedchozim podanim
systémové trombolyzy u akutni iCMP a zafadila 408 pa-
cientd. Ve skupiné samotné EVT (n = 201) dosahlo funk¢ni
nezavislosti (mRS 0-2) v 90. den sledovani 57 % pacientd,
ve skupiné EVT a systémové trombolyzy (n = 207) 65 %
pacientl (adjustovany rozdil rizika -7,3 %, 95% CI -16,6
az 2,1, jednostranny 95% Cl -15,1 %, ¢imz byla prekroce-
na hranice noninferiority -12 %) - nebyla tak prokazana
noninferiorita samotné EVT.>

Komplikace mechanické trombektomie -
intrakranialni krvaceni

Intrakranialni krvaceni je zdvaznou komplikaci vykonu
a jeho vliv na prognézu pacienta je jiz delsi dobu disku-
tovanym tématem. Zasadni je bezesporu rozsah intrakra-
nidlniho krvaceni. Dle klasifikace European Cooperative
Acute Stroke Study Il (ECASS Il) délime hemoragickou
transformaci na hemoragickou infarzaci typu 1 (HI1
— malé petechie na hranici zény infarktu), typu 2 (HI2 -
splyvajici petechie uvnitf zény infarktu, bez expanzivniho
chovani) a parenchymovy hematom typu 1 (PH1 — krevni
vyron tvori 30 % a méné infarktového loziska, bez vyraz-
ného expanzivniho chovani) a typu 2 (PH2 - vice nez 30 %
spolecné s expanzivnim chovanim).>® V pfipadé, kdy krva-
ceni zhorsi neurologicky stav pacienta (zhor$eni NIHSS o 4
a vice bodu), hovotime o tzv. symptomatickém intrakrani-
alnim krvaceni — obvykle se jedna o krvaceni vétsiho roz-
sahu, a proto nebyl asymptomatickému krvaceni mensiho
rozsahu pfipisovan zasadni vyznam. Studie autort Berger
a spol. poukazuje na fakt, ze ke zhorseni neurologického
stavu pacienta doslo pouze u parenchymového hemato-
mu typu 2°¢ a existuji i prace, které hemoragické infarzaci
pfipisuji pozitivni vliv na prognézu pacienta, nebot ji po-
vazuji za znamku rané reperfuze.”’

Jiné vysledky pfinesla studie autort Van Kranendork
a spol. z roku 2019, ktera shledala asociaci libovolného
rozsahu hemoragické transformace s horsim funkénim
vysledkem pacienta (dle mRS) ve vzorku 478 pacientd.
Mortalita v jednotlivych skupinach ¢inila — HI1 17 %, HI2
28 %, PH1 19 %, PH2 46 % a u skupiny bez hemoragic-
ké transformace cinila mortalita 18 %. Autofi udavaji, ze
zadny z pacientl s vyslednym mRS 0 nemél zobrazovaci
metodou verifikované intrakranidlni krvaceni. PH2 a HI2
byly asociovany s horsim 90dennim mRS, trend pro HI1
a PH1 sméroval numericky také spise k horSimu vysledku,
ale data nebyla statisticky vyznamna.>®

Dulezitou roli pfi vzniku intrakranidlniho krvaceni
témér jisté hraje poskozeni hematoencefalické bariéry
plsobenim metaloproteindz, a to zejména matrixové
metaloproteindzy MMP-9,% jejiz zvysena aktivita je pozo-
rovana v loZisku ischemie a zvySuje se pfi podani systémo-
vé trombolyzy.®° Podani latek tlumicich aktivitu MMP-9,

a tim snizujicich riziko vzniku intrakranidlniho krvaceni
(a obecné neurotoxicity trombolyzy) je nyni pfedmétem
vyzkumu. V experimentdlnich modelech snizuje aktivi-
tu MMP-9, a tim pfrispiva k ochrané hematoencefalické
bariéry cilostazol,®’ nadéjné jsou také inhibitory MMP-9
minocyklin® a BB-94.%% Studie bez randomizace MINOCA
z roku 2013 pozorovala na vzorku 60 pacientd pokles
plazmatické koncentrace MMP-9 pfi souc¢asném podani
trombolyzy a minocyklinu — na daném, velice omezeném
vzorku se pokles projevil v lepSim NIHSS pfi dimisi u pa-
cientd, ktefi byli [é¢eni minocyklinem.5

Péce po mechanické trombektomii

Je tfeba si vSak uvédomit, Ze nejen Uspésna reperfuze
uzaviené tepny rozhoduje o néasledném klinickém pra-
béhu a kone¢ném funkcnim stavu pacienta. Pouze dobre
organizovand iktovd péce, zahrnujici rychlou a kvalitni
diagnostiku, 24 hodin/7 dni v tydnu dostupnou tromboly-
tickou a intervencni léCbu, s naslednou intenzivni [écbou
na jednotce akutni iktové péce s navazujici rehabilitaci
mUze zajistit odpovidajici vysledky u pacientd s akutni
CMP. Systém jednotek akutni iktové intenzivni péce by
mél zabezpecdit predeviim komplexni monitoraci pacienta
s dlrazem na kontrolu krevniho tlaku, zajisténi dychacich
cest, monitoraci vnitfniho prostfedi, prevenci aspirace
a zahajeni ¢asné rehabilitacni a logopedické péce. Dulezi-
tym aspektem péce o nemocné po iCMP je optimalni kon-
trola krevniho tlaku bezprostfedné po Uspésné reperfuzi.
Zvyseny krevni tlak ma az 60 % pacientt s CMP na urgent-
nim pFijmu®® a vysoky systolicky krevni tlak (konkrétné vy-
soka zatéz sTK > 180 mm Hg a vice) je spojen s rizikem
zvétseni parenchymalniho hematomu a s neurologickou
deterioraci (u pacientd s iCMP lokalizovanym supraten-
torialné),® kontrolou krevniho tlaku u pacientt s akutni
CMP se zabyva napfiklad studie BP-TARGET.®’
Dal3im cilem intenzivniho vyzkumu je problematika kon-
troly glykemie (GRASP)® ¢i casna dekompresni kranioto-
mie (DECIMAL).*®

Casna a dlsledna rehabilitatni péce ma dozajista za-
sadni vliv na prognézu pacientd. Diskutovana je prede-
vsim otdzka nacasovani zac¢atku rehabilita¢ni péce. Ar-
gumenty pro ¢asnou rehabilitaci zahrnuji negativni vliv
pobytu na ldzku na muskuloskeletdlni, respira¢ni a imu-
nitni systém,”® vznik komplikaci pfi imobilité’" a kratkou
dobu zvysené neuroplasticity mozku po iktu.”? Opacné
Ize argumentovat potencidlnim poskozenim nervové
tkané snizenim perfuzniho tlaku pfi elevaci hlavy,”® zvy-
Senym krevnim tlakem pfi fyzické aktivité se viemi jeho
dusledky’ a v neposledni fadé také vyssim rizikem urazu
pfi padu. Data z pralomové studie AVERT naznacuji, ze
intenzivni ¢asna rehabilitace zapocata do 24 h po prihodé
mUzZe progndzu pacientl dokonce i zhorsit.”

Metaanalyza deviti studii na vzorku 2 958 pacientd
autorll Langhorne a spol. porovnavala velmi brzkou re-
habilitaci (rehabilitace zapocata co nejdfive, a ne pozdéji
nez 48 h od pocatku priznaku) se standardnim postupem.
Velmi brzka rehabilitace nezvysila pocet pacientd, ktefi
prezili ¢i dosahli dobrych funkénich vysledkd, ale snizila
délku hospitalizace o jeden den (ac¢koli to bylo dle autort
podloZeno nizkou urovni dlikaz).”®
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Studie autorl Wang a spol. z roku 2022 na vzorku 103
pacientd porovndvala brzkou mobilizaci (medidn zac¢atku
rehabilitace 42 h) se standardnim postupem (median za-
¢atku rehabilitace do 101 h) u pacientt po ischemickém
iktu a mechanické trombektomii. U pacienta s brzkou re-
habilitaci ¢inila prdmérna délka pobytu v nemocnici 11
dnd a median celkového trvani rehabilitace 350 minut.
Pacienti se standardnim postupem strdvili v nemocnici
15 dni a median trvani rehabilitace ¢inil 240 minut. Ve
standardnim protokolu po jednom roce sledovani zemrel
jeden pacient, v protokolu brzké rehabilitace nezemfrel
pacient zadny. Zastoupeni pacientd s dobrym funkénim
vysledkem (MRS 0-2) po tfech mésicich bylo vyssi u pro-
tokolu brzké intervence (73,1 vs. 56,9 %), rozdil pretrval
i po jednom roce (82,7 vs. 66 %), vysledky ale nebyly stati-
sticky signifikantni. Trimési¢ni sledovani prokazalo signi-
fikantni rozdil mezi skupinami v nefatalnich komplikacich
(28,8 % v protokolu brzké rehabilitace vs. 56,9 % ve stan-
dardnim protokolu). Signifikantni rozdil byl zaznamenan
také v aktivitdch bézného denniho Zivota (méreno skalou
Barthelové - Bl, hodnoty 0-100, 100 znaci 100% funkéni
nezavislost). BEhem tfimési¢niho sledovani byl median BI
u pacientl v protokolu brzké rehabilitace 100 (median
100 po ro¢nim sledovani), u pacientd ve standardnim pro-
tokolu 87,5 (median 90 po ro¢nim sledovani). Dle autor
brzka rehabilitace nezvysila pravdépodobnost lepsi pro-
gndzy pacientl po mechanické trombektomii, ale snizi-
la riziko vyskytu komplikaci pfi imobilité, zkratila délku
hospitalizace a zlepsila funk¢nost pacientd v aktivitach
denniho Zivota.”

Zaveéer

Ischemicka cévni mozkova prihoda zlstava i ve 21. stoleti
terapeutickym ofiskem, ktery klade extrémni naroky ne-
jen na pacienta a jeho blizké, ale i na cely zdravotnicky
systém a v neposledni fadé také na verejné finance. | pres
znacné pokroky v 1é¢bé, které v posledni dobé predstavu-
je zejména moznost endovaskularnich intervenci, ztstava
stdle mnoho otazek nezodpovézeno. Jasné je, Ze k dosa-
Zeni optimalnich vysledk( 1écby je zasadni dUsledna edu-
kace populace v ¢asném rozpoznani priznakd akutni CMP,
rychlé provedeni diagnostiky, optimalni selekce pacientt
vhodnych k intervencni terapii a bezprostfedni transport
na katetrizacni sal s vyuzitim vsech dostupnych moznosti
reperfuzni terapie. K dosazeni téchto cilt je zcela zasadni
Uzkd mezioborova spoluprace viech zucastnénych medi-
cinskych specializaci.
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Zvysend cévni tuhost je nezavisly rizikovy prediktor kardiovaskularnich onemocnéni. Méreni tohoto paramet-
ru v klinické praxi v soucasnosti zaujima kontroverzni misto. Autofi ¢lanku poskytuji piehled dosavadnich
metod, kterymi mGzeme cévni tuhost, ale i dalsi hemodynamické parametry, jako je centralni aortalni tlak
a augmentacni index, neinvazivné méfit. Clanek soucasné poskytuje pohled na dané parametry v patofyzio-
logickych souvislostech.
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ABSTRACT

Increased arterial stiffness is an independent risk factor for cardiovascular diseases. Measuring this parame-
ter in clinical practice is controversial. Authors of this article bring review of current methods for measuring
this parameter, but also for other haemodynamic parameters such as central aortic blood pressure and aug-
mentation index. We discuss these topics and their pathophysiological context.

Uvod

Tepenny systém ma zasadni roli v patogenezi arterialni
hypertenze. Jednou z dulezitych determinant, které se
na vzniku a trvani arteridlni hypertenze podileji, je cév-
ni tuhost. S vékem dochdzi k pfirozené ztraté elastickych
vlastnosti velkych cév, a tim k poklesu jejich naraznikové
funkce, kterd ma za normalnich okolnosti regulovat na-
razy vypuzené krve z levé komory a prevadét je na konti-
nudlni tok smérem do periferie. Tento pokles nérazni-
kové funkce vede k navySovani centrdlniho systolického
tlaku krve, ke zvySovani afterloadu levé komory, zvysuje
spotiebu kysliku myokardem a vede k hypertrofii, fibroti-

zaci a diastolické dysfunkci levé komory.' Soucasné se zvy-
Suje tlakovd amplituda a z dGvodU nizsiho diastolického
tlaku je snizena perfuze korondrnimi tepnami, coz maze
vést k subendokardialni ischemii, obzvlasté v terénu hy-
pertrofie levé komory. Tuhost cév ovliviiuje mj. cerebralni
a rendlni mikrovaskulaturu, a tak vede ke zvySenému rizi-
ku cévni mozkové prihody (CMP) ¢i selhani ledvin.

Cévni tuhost

Cévni tuhost se zvySuje s vékem; ve viech populacich,
a to i u téch, které maji nizkou prevalenci aterosklerézy,
a v tepnach, kde jsou aterosklerotické platy vzacné.?
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Soucasné moznosti méreni cévni tuhosti

Nejcastéji hodnotime cévni tuhost pomoci méreni rych-
losti Sifeni pulsové viny (pulse wave velocity, PWV) dle
vzorce, kdy vzdalenost méfime mezi arteria carotis a ar-
teria femoralis, coz je nejcastéjsi misto méreni (cfPWV),
a At je rozdil casu, za ktery pulsova vina tuto vzdalenost
urazi. Ackoli PWV muze byt méfena v jakémkoli arterial-
nim segmentu, cfPWV je povaZovana za ,zlaty standard”,
protoze ma nejvétsi patofyziologicky vyznam a klinické
studie byly provadény s timto parametrem. Cim rychleji
se tlakova vina §ifi, tim tuzsi je dand céva. Patologické
hodnoty tedy posuzujeme relativné, pficemz ale hodnoty
nad 10 m/s jsou vzdy patologické. Kazdé zvyseni PWV o 1
m/s vede k zvy3eni celkové mortality o 39 %.

Jak ukazala napfiklad Framinghamska studie, zvysena
PWV je nezavisly rizikovy faktor kardiovaskularnich one-
mocnéni. Po adjustaci na vék, pohlavi, systolicky krevni
tlak, antihypertenzni medikaci, hodnotu cholesterolu,
koureni a pfitomnost diabetu, byla zvysend PWYV asocio-
vana se zvysenym vyskytem prvni kardiovaskuldrni pfiho-
dy (infarkt myokardu, nestabilni angina pectoris, CMP,
srde¢ni selhani) o 48 %.3

Na zvySovani cévni tuhosti se podili nékolik vzajemné
patofyziologicky propojenych strukturalnich zmén. Kalci-
fikace intimy a medie vyrazné navysuji cévni tuhost a jsou
samy o sobé ukazatelem horsi progndzy.

Z dalsich degenerativnich zmén jmenujme dezorgani-
zaci, ztencovani a fragmentaci elastinovych vladken, stou-
pajici obsah kolagenu a zmény extracelularni matrix. Tyto
zmény se podileji na aterosklerotickém procesu.*

Roli v patogenezi cévni tuhosti ma i zanét. Bylo zjisté-
no, Ze pacienti s chronickymi zanétlivymi onemocnénimi,
jako napf. revmatoidni artritidou ¢i vaskulitidami, méli
zvySenou cévni tuhost, kterd byla po nasazeni protizanét-
livé l1écby castecné reverzibilni.

Centralni aortalni tlak a odrazené viny

Pulsova vina se sklada z primarni tlakové viny (generova-
né ejekcni fazi levé komory) a z odrazené tlakové viny.
Odrazené viny vznikaji v mistech bifurkaci, aterosklero-
tickych platd ¢i jinych patologicko-anatomickych struktur
cévniho fecisté; jednotlivé viny se sumuji. Zatimco u mla-
dych lidi spada odrazena vina do diastoly ¢i pozdni sy-
stoly, a nenavysuje tak systolicky tlak v centrdInim recisti,
u starSich jedincl se posouva do casnéjsich fazi systoly,
kde se muUze s primarni vinou sumovat, a navysovat tak
systolicky tlak v centralnim recisti (obr. 1.)

Pulsova vina se lisi v centrdInim a v perifernim recisti. Je
to dano fenoménem amplifikace krevniho tlaku; odraze-
né viny navysuji tlak na periferii, protoze odrazové body
se nachazeji k nim blize nez k centrdInim tepnam, a PWV
je vyssi vzhledem k muskulaturni strukture perifernich te-
pen. Tento rozdil se s vékem zmen3uje pravé promitnutim
odrazenych vIn do systoly v centrdlnim fecisti.

Centrdlni tlak, ktery mdzeme mérit v aorté nebo spo-
le¢nych krkavicich, stoupd spolu se zvysenou cévni tu-
hosti.

Z daného vyplyva, Ze centrdlni aortalni tlak nabyva ji-
nych hodnot nez tlak méfeny manzetou na pazi. Central-
ni aortalni tlak ma vyssi predikci pro odhad kardiovasku-
l[arniho rizika vzhledem k tomu, Ze myokard je vystaven

Y

< (P2)
P2 -P1

— x 100
Pulsovy tlak

Augmentacni index =

Pulsovy tlak
Tlak (mm Hg)

Cas

Obr. 1 - Centralni pulsova vina. Na obrazku vidime dva systolické
peaky; P1 reprezentuje systolicky peak generovany levou komorou,
P2 je vysledny centrélni systolicky tlak tvofeny sumaci P1's odrazenou
vinou v terénu zvysené tepenné tuhosti. Zpracovéno dle citace “.

pravé tlaku v aorté, ktery je nejpresnéjSim parametrem
afterloadu.

Pulsovym tlakem oznacujeme amplitudu mezi systolic-
kym a diastolickym tlakem. Pulsovy tlak v centralnim recisti
se s vékem i pfi patologiich cévni stény zvysuje; jak uby-
va elastickych vldken cévy, klesa pruznikova funkce aorty,
snizuje se tim diastolicky tlak, a systolicky tlak nardsta mj.
rychlejsim ndvratem odrazenych vin. Pokles diastolického
tlaku vede ke sniZzeni prokrveni koronarnich tepen.

Uzce spjaty je centralni pulsovy tlak s postizenim moz-
ku a ledvin, kde je za normalnich okolnosti nizkad cévni
rezistence. Jejich mikrovaskulatura je tedy extrémné citli-
va na velké vykyvy v pulsatilité velkych cév — karotickych
a rendlnich. Vysoky pulsovy tlak predisponuje k renalni
insuficienci, kognitivnim porucham, CMP.#

Augmentacni index

Parametrem, ktery kvantifikuje podil odrazené viny na
celkovém tlaku, je augmentacni index (augmentation in-
dex, Alx), ktery je pomérem rozdilu prvniho a druhého
systolického peaku k pulsovému tlaku.

Vliv antihypertenziv

Jak jiz bylo fe¢eno, centrdini tlak ma vyssi predikci kar-
diovaskuldrnich onemocnéni nez periferni, proto byla
v mnoha studiich presunuta pozornost na ovlivnéni pravé
centrdIniho tlaku a na fakt, Ze nékteré léky ovliviiuji aor-
talni a brachidlni tlak rozli¢né. Vechna antihypertenziva
ovlivAuji cévni tuhost zejména nepfimo, snizenim stredni-
ho krevniho tlaku. Pfedmétem zajmu tedy je, zda nékteré
pripravky mohou ovlivnit cévni tuhost pridatnym mecha-
nismem. Jak bylo prokazano napfiklad v randomizované
prospektivni podstudii CAFE studie ASCOT, kde byli rizi-
kovi hypertonici rozdéleni do dvou skupin, v prvni lé¢ené
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atenololem a/nebo thiazidovym diuretikem, v druhé pak
perindoprilem a/nebo amlodipinem, inhibitor angioten-
zin konvertujiciho enzymu (ACEI) a blokator kalciovych
kanall snizovaly centralni aortalni tlak a pulsovy tlak vice
nez atenolol, i kdyZ vliv na snizeni periferniho krevniho
tlaku méreného na pazi byl stejny, nebyl rozdil v rychlos-
tech Sifeni pulsové viny. Béhem ¢tyfletého sledovani doslo
ke snizeni rizika kardiovaskularnich pfihod.> Vysvétleni je
mozné najit v razném mechanismu ucinku téchto pfiprav-
kU; betablokatory (bez vazodilata¢niho ucinku), které
zpomaluji tepovou frekvenci, tak prodluzuji celkové trva-
ni systoly, a odrazend vina se promita casnéji do systoly.

Ackoli evidence o predikci kardiovaskularniho rizika
pfi zvy$ené cévni tuhosti je presvédcivd, zbyvad zodpové-
dét otazku, zda terapeutické ovlivnéni cévni tuhosti bude
asociovano se snizenim kardiovaskularnich pfihod neza-
visle na normalizaci béZnych rizikovych faktorud. Prozatim
byla tato asociace prokazdna u populace pacientl s ter-
minalnim onemocnénim ledvin, kdy pretrvavani vysoké
PWV i pres |é¢bu bylo provdzeno zhor§enou mortalitou.®

MozZnosti terapeutického ovlivnéni cévni tuhosti zkou-
mala prospektivni studie SPARTE. Celkem 536 rizikovych
hypertonikl rozdélila na dvé vétve; konvencni vétev |é-
cenou standardni terapii a vétev, kterd méla za cil nor-
malizaci PWV za pouziti maximalnich tolerovanych davek
inhibitord systému renin-angiotenzin-aldosteron (RAAS)
a blokatoru kalciovych kanald. Rozdil v primarnim kombi-
novaném cilovém ukazateli (cévni mozkova ¢i koronarni
piihoda) nebyl statisticky vyznamny, nicméné v agresiv-
néji intervenované vétvi doslo k vétsimu poklesu krevniho
tlaku a k pomalej$imu vzristu cévni tuhosti. Studie ne-
méla dostatecnou statistickou silu vzhledem k nizkému
poctu subjektt a k celkové nizkému vyskytu cilovych uka-
zatelU. K prokazani, zda terapeutické intervenovani cévni
tuhosti je asociovano s mortalitou, budou potifeba dalsi
rozsahlejsi prospektivni studie.”

Evropska kardiologicka spole¢nost zakomponovala
méreni PWV do svych doporuceni pro diagnostiku a 1é¢bu
arteridlni hypertenze jiz v roce 2007, nicméné doporuce-
né postupy pro prevenci kardiovaskularnich onemocnéni
uvadeéji, ze a¢ méreni cévni tuhosti slouzi k predikci kar-
diovaskularnich chorob a pomaha v rizikové stratifikaci,
proti SirsSimu zavedeni svéd¢i problematické méreni.®

Prehled dosavadnich metod
méreni cévni tuhosti®

Doposud bylo vyvinuto nékolik pfistrojd, které na rdz-
nych fyzikalnich principech mohou neinvazivné mérit
parametry cévni tuhosti jako PWV, augmentacni index,
centrdlni aortalni tlak.

Piezoelektricky princip

Complior Analyse (Alam Medical, Pariz, Francie)

Vyuziva piezoelektrické senzory umisténé na kazi nad ka-
rotidu a femoralni arterii, méfri cfPWV, kdy méreni nad
tepnami je simultanni. Pfi kvalitnim signdlu se zastavi
snimani a retrospektivné se spocitd PWV jako zpozdéni
mezi jednotlivymi vinami na mérenych arteriich. Zméri se
vzdalenost mezi karotidou a arteria femoralis, ktera se

vynasobi koeficientem 0,8. Méfeni neni zavislé na EKG.
Dulezitym parametrem, ktery Complior také méfi, je cen-
tralni aortalni tlak, ktery je méren pfimo z karotidy.™

Oscilometricky princip

Pfistroje fungujici na oscilometrickém principu méfi obje-
mové pulsace uvnitf arterie pomoci natlakované manze-
ty, at uz na brachidlni, femoralni, ¢i tibidlni arterii.

Arteriograph (TensioMed Ltd., Madarsko)
Zakladem méreni je manzeta napojend na piezoelektric-
ky senzor, ktery méfi pulsové viny na arteria brachialis.
PFistroj méFi Alx, PWV a systolicky a diastolicky tlak. Vy-
uziva suprasystolickou okluzivni metodu (manzeta je po
urcitou, predem definovanou dobu nafouknuta nad hod-
notu systolického tlaku a dojde ke kompletnimu uzavéru
brachialni arterie), manzeta potom snima primarni ampli-
tudu a odraZzenou vinu, odecitd ¢as mezi nimi, kdy zbyva
dopocitat vzdalenost, kterou pulsové vina urazi z aorty do
manzety, kterd je stanovena jako dvojnasobek vzdalenosti
jugulum-symfyza, poté jiz jednoduse dopocita PWV.
Méreni centralniho systolického tlaku je provadéno al-
goritmem vyuzivajicim poméru amplitudy primarni a od-
razené pulsové viny v brachidlni arterii.

VaSera (Fukuda Denshi, Tokio, Japonsko)

Pristroj vyuziva principu CAVI (Cardio-Ankle Vascular In-
dex), ktery je jednim z dalSich ukazatell tuhosti cévni
stény. Od cfPWV se lisi tim, Ze vyuzivad vzdalenosti mezi
pocatkem aorty a kotnikem (haPWV).

VaSera pracuje na oscilometrickém principu, kdy vyu-
Ziva tlakové manzety na viech ¢tyfech koncetinach, dva
EKG svody na hornich kon¢etinadch a dale je nad sternum
nasazen fonokardiogram. Ten funguje jako referencni
bod pro synchronizaci méreni a vypoctu indexu CAVI. Nej-
prve se nafukuji manzety na jedné strané, pak na druhé
strané, méreni pulsové viny je synchronizovdno s druhou
ozvou, rychlost Sifeni pulsové viny, opét vypocet vzdéle-
nost/Cas. Metoda je nezavisla na zméndch krevniho tlaku.

Vicorder (Skidmore Medical, Velka Britanie)

Parametr PWV je méfen pomoci manzety kolem stehna,
kde obemyka femordlni arterii, a manzety kolem krku,
kterd méfi pulsovou vinu na karotidé. Pro stanoveni dal-
Sich parametru aorty, jako je centralni tlak a Alx, je pouzi-
ta manzeta kolem brachialni arterie. ManzZety jsou natla-
kované na 60 mm Hg a pulsové viny jsou méreny po dobu
3 s na pacientovi, ktery je vleze. Cas 3ifeni pulsové viny je
nasledné spocitan pomoci korela¢niho algoritmu.

Tonometricky princip

Princip aplanac¢ni tonometrie je zaloZen na teorému, kte-
ry fikd, Ze pokud dany segment cévy v misté oplostime
sondou o urcitém tlaku, transmurdlni tlak se rovna tlaku
endovaskuldrnimu. Pro validni méfeni je viak vyZzadova-
no, aby se naproti cévé nachazela struktura, proti které se
da céva stisknout (napf. kost, chrupavka, sval).

Aplanacni tonometr, SphygmoCor System

(Atcor Medical, Australie), PulsePen

SphygmoCor a PulsePen jsou konkurenéni pfistroje, které
vyuzivaji piezoelektricky aplana¢ni tonometr. Sphygmo-
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Cor je spolecné s pfistrojem Complior povaZzovan za ,zla-
ty standard” méreni PWV a analyzy pulsové viny. Pulsova
vina se méfi ve dvou dobach, na femoralni arterii a na
karotidé, analyza a vypocet PWV se provede na zakladé
jejich zpozdéni oproti EKG, které slouzi k synchronizaci.
Do vzorce se dosazuje rozdil vzdalenosti jugulum-femo-
ralni arterie a jugulum-karotida. Matematickou funkci je

dopocitana pulsova vina v ascendentni aorté.

SphygmoCor XCEL (Atcor Medical, Australie)

Tento pfistroj je oproti SphygmoCor System nezavisly na
EKG, méfi soucasné pulsovou vinu na arteria femoralis
manzetou a na karotidé aplana¢nim tonometrem.

To umoznuje simultdnni méreni PWV, které Setfi cas.
Od SphygmoCor System se také lisi vzdalenost pro vypo-
cet cfPWV, ktera je ddna rozdilem jugulum-vrchni hrana
manzety a jugulum-karotida. PFistroj samozifejmé prova-
di i analyzu pulsové viny.

Metody zaloZzené na principu ultrazvuku a magnetické
rezonance jsou prozatim pouzivany pouze k experimen-
talnim uceldm, a proto se jim ¢lanek vice nevénuje.

Zavér

Zavérem lze Fict, Ze cévni tuhost je nezavislym rizikovym
prediktorem kardiovaskularniho rizika, jak bylo dokdaza-
no v mnoha studiich. Pfinosna se jevi zejména identifi-
kace rizikovych a vysoce rizikovych pacientd, u kterych
bychom mohli agresivnéji zakrocit pfed tim, nez k rozvoji
cévni tuhosti dojde. Zda bude ovlivnéni jiz zvySené cévni
tuhosti asociovdno i s poklesem mortality, je tfeba dale
ovérit. Prekdzkou nadale zUstdvd problematické méreni
cévni tuhosti v praxi. A¢ bylo vyvinuto nékolik i princi-

pialné odliSnych pfistrojd na méreni rychlosti Sifeni pul-
sové viny, v 3irsi klinické praxi tato zafizeni rozsifena ne-
jsou, at uz je didvodem vyssi pofizovaci cena, Ci sloZitéjsi
obsluha pfistroje kladouci naroky na persondl. Vyvinuti
pristroje, ktery by nemél tyto zasadni limitace, by mohlo
implementovat hodnoceni cévni tuhosti do bézné praxe
preventivni kardiovaskuldrni mediciny.

Literatura

1. LaurentS, Boutouyrie P. Recent Advances in Arterial Stiffness
and Wave Reflection in Human Hypertension. Hypertension
2007;49:1202-1206.

2. Quinn U, Tomlinson LA, Cockcroft JR. Arterial stiffness. JRSM
Cardiovasc Dis 2012;1:cvd.2012.012024.

3. Mitchell GF, Hwang SJ, Vasan RS, et al. Arterial stiffness
and cardiovascular events: the Framingham Heart Study.
Circulation 2010;121:505-511.

4. Laurent S, Cockcroft J. Central aortic blood pressure. 2nd ed.
Carnot, France: Servier, 2015.

5. Williams B, O’'Rourke M. The Conduit Artery Functional
Endpoint (CAFE) study in ASCOT. J Hum Hypertens
2001;15(Suppl 1):569-573.

6. Guerin AP, Blacher J, Pannier B, et al. Impact of aortic stiffness
attenuation on survival of patients in end-stage renal failure.
Circulation 2001;103:987-992.

7. LaurentS, Chatellier G, Azizi M, et al. SPARTE study:
Normalization of arterial stiffness and cardiovascular events
in patients with hypertension at medium to very high risk.
Hypertension 2021;78;983-995.

8. Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC Guidelines
on cardiovascular disease prevention in clinical practice. Eur
Heart J 2021;42:3227-3337.

9. Matera L. Analyza slabych tlakovych pulzaci pfi
suprasystolickém tlaku, Praha, 2015, Diplomova prace
(Ing.), Ceské vysoké uceni technické v Praze, Fakulta
elektrotechnickd, Katedra teorie obvodu, 2017-05-27.

10. Milan A, Zocaro G, Leone D, et al. Current assessment of pulse
wave velocity. J Hypertens 2019;37:1547-1557.



Prehledovy c¢lanek | Review article

Cardiac surgery and the coronavirus disease 2019 pandemic

Morad Yaser Al Mostafa?, Hashim Talib Hashim®, Yazeed Fawwaz Abu Ruman¢,
Irfan Ullahd, Ali Talib Hashime

2 Princess Basma Teaching hospital, Amman, Jordan

b University of Baghdad, College of Medicine, Baghdad, Iraq

¢ Al-Hussein Hospital — Salt Hospital, Jordan

4 Kabir Medical College, Gandhara University, Peshawar, Pakistan
¢ Golestan University of Medical Sciences, Gorgan, Iran

ARTICLE INFO

SOUHRN

Article history:

Submitted: 16. 8. 2022
Accepted: 24. 8. 2022
Available online: 29. 5. 2023

Klicova slova:

Covid-19

Dusledky
Kardiochirurgické vykony
Operace

Pacienti

Pandemie

Keywords:
Cardiovascular surgery
COVID-19

Impact

Pandemic

Patients

Surgery

Onemocnéni covid-19 ma neblahé dusledky jak pro infikované, tak neinfikované jedince. V dobé pandemie
se snizily pocty pacientll podstupujicich kardiochirurgické vykony. Tito pacienti vykazovali vice symptomd,
vykony trvaly déle a byla vyssi nemocni¢ni mortalita. Zatimco vSechny dusledky pandemie dosud nejsou piné
znamy, jedna véc je jistd, musime se pfipravit na moznou dalsi vinu tohoto onemocnéni.
V soucasnosti je budoucnost kardiochirurgie po pandemii nejasna, protoze neustéle pfibyvaji nové dikazy
a poznatky v tomto sméru. Nicméné se |ze z téchto nebyvalych udalosti v novodobé historii poucit a mit je na
paméti pfi planovani zdravotnickych sluzeb do budoucna. Pfi vyhledavani asymptomatickych nebo subklinic-
kych forem infekce bude bezpochyby kli¢ovou ulohu hrat rutinni screening pacientti na pfitomnost infekce
virem SARS-CoV-2. Rovnéz bude nutno uvadét do praxe i jednoznacnd doporuceni, aby bylo mozno znovu
bezpecné provadét chirurgické vykony a soucasné uklidnit pacienty strachujici se o svoji bezpecnost. | kdyz
dalsi pribéh pandemie neni vibec jisty, poznatky z disledk(i onemocnéni covid-19 pro kardiochirurgii jako
takovou nepochybné ovlivni strategii rozvoje tohoto oboru v budoucnu.

© 2023, CKS.

ABSTRACT

COVID-19 is having an impact on both infected and non-infected patients. During the outbreak period,
a smaller number of patients underwent cardiac surgery. These patients experienced more symptoms, had
longer procedures, and had a higher in-hospital mortality rate. While the consequences of the pandemic are
not fully understood, one thing is certain; we must prepare for a possible new outbreak.

Currently, the future of cardiac surgery after the pandemic is unclear as the evidence is still emerging.
However, the lessons learned from these unprecedented times can be taken forward to inform future
service planning. Moving forward, routine screening of patients for SARS-CoV-2 infection will undoubtedly
play a key role in identifying asymptomatic or subclinical infections. Ultimately, clear guidelines should be
implemented to ensure the safe resumption of surgical services, while also reassuring patients concerned
about safety. Although the future trajectory of this pandemic is uncertain, the insights from the impact of
COVID-19 on cardiac surgery will undoubtedly shape the future delivery of cardiac surgery.
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Background

Towards the end of 2019 a new disease emerged in Wu-
han, China, now known as coronavirus disease 2019 (CO-
VID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Approximately 3 months la-
ter, on March 11, 2020, COVID-19 was announced by the
World Health Organization as a global pandemic. As of
May 20, 2020, more than five million people worldwide
were affected by the virus with about 325,000 deaths.
Since the beginning of COVID-19 the world has changed
drastically, and various measures have been taken in an
attempt to “flatten the curve”, some of them having an
unprecedented effect on world health systems.!

The developed world is currently facing what seems
to be a watershed, and no doubt one of the significant
landmarks in the history of medicine. One of the grea-
test challenges of the medical community is the scarcity
of knowledge and experience in facing this virus.

In addition to the typical common viral symptoms or,
in more severe cases, pneumonia and acute respiratory
distress syndrome, COVID-19 also has some important
implications for the cardiovascular system and the ma-
nagement of patients with cardiovascular disease. The
mechanisms of cardiovascular disruption from COVID-19
are likely multifactorial and have not been fully elucida-
ted.?3 It is known that severe infection, especially respi-
ratory infection, can cause systemic changes (e.g., sepsis,
shock, hypoxemia, stress) that affect the cardiovascular
system. One proposed mechanism is an interaction be-
tween the virus, angiotensin-converting enzyme 2 (ACE2)
expression, and the renin-angiotensin-aldosterone sys-
tem (RAAS). The first association between COVID-19 and
the cardiovascular system is the increased risk in patients
with pre-existing cardiovascular disease to develop severe
disease and death.*> Second, complications such as myo-
carditis, acute myocardial infarction, arrhythmias, throm-
boembolic events, and heart failure have been linked to
COVID-19 infection.?

tion, extra-corporeal membrane oxygenation, and conge-
nital heart surgery. Surgeons were forced to balance the
ongoing need of providing urgent and emergent surgical
care with the new realities of limited resources. However,
cardiac surgery is a resource-intensive specialty where ex-
cellence requires multidisciplinary coordination between
cardiology, surgery, anesthesia, critical care, perfusio-
nists, and nursing. Moreover, cardiac surgery patients
transition through different phases of care (preoperative,
operative, intensive care, step-down, and cardiac rehabi-
litation), which creates unique challenges for preventing
disease transmission for patients and their care teams.?
This continued as the need for providing surgical servi-
ces has introduced several unique considerations ranging
from how to prioritize surgery, how to ensure safety for
cardiac surgical teams, and how best to resume elective
operations to ensure the safety of patients. In this regard
the American College of Surgeons (ACS) released reco-
mmendations for surgical management of elective ope-
rations during the COVID-19 pandemic. The ACS scale ca-
tegorized elective procedures into three tiers: Tier 1 (low
acuity), Tier 2 (intermediate acuity), and Tier 3 (high acui-
ty) with subcategories A and B in each tier differentiated
as a healthy or nonhealthy patient, respectively. The scale
was developed for multiple subspecialties, but was less
pertinent to cardiac surgery because the scale was limi-
ted to elective cases and did not account for urgent and
emergency cases.*

At the beginning of the outbreak, Légaré et al., on be-
half of the Canadian Society of Cardiac Surgeons (CSCS),
released a guidance statement to cardiac surgeons.®
They suggested a template for triaging patients based
on the percentage in reduction of services. According
to their suggestion, upon a mild reduction in services
(0-30%), only symptomatic outpatients or those at gre-
ater risk for developing adverse events, should undergo
surgery alongside the urgent cases. Under a >50% re-
duction in services, they suggested operating on urgent
cases only.®

Cardiovascular surgery and COVID-19

Ever since the COVID-19 has become a pandemic,
worldwide efforts are being made to “flatten the curve”.
As a result, cardiac surgeons have been required to sca-
le down their routine practice, resulting in a significant
reduction in the number of cardiac surgeries. While the
number of patients undergoing cardiac surgery declined
during the outbreak period, the rate of surgical mortali-
ty increased. One explanation for this might be delayed
hospital arrival.

The COVID-19 pandemic has transformed cardiac sur-
gical practices. Limitations in intensive care resources
and personal protective equipment have required many
practices throughout the globe to pause elective opera-
tions and now slowly resume operations. However, much
of cardiac surgery is not elective and patients continue to
require surgery on an urgent or emergent basis during
the pandemic.

Additionally, the COVID-19 pandemic has required a ca-
reful analysis of how best to carry out heart transplanta-

Challenges of surgeries

Cardiopulmonary bypass might have a deleterious effect
on COVID-19 patients undergoing cardiac surgery. This
is explained by an increased inflammatory response tri-
ggered by the non-endothelial surfaces of the pump.
COVID-19 infection after cardiac surgery, regardless of
the time of the onset, is a serious condition. The systemic
inflammatory state that follows extracorporeal circulati-
on may mask the typical COVID-19 laboratory findings,
making the diagnosis more difficult. A strict reorganizati-
on of the hospital resources is necessary to safely resume
the cardiac surgical activity.®

Efforts and management

Under the unprecedented pressures of the global
COVID-19 pandemic, there is an urgent requisite for su-
ccessful strategies to safely deliver cardiac surgery. Addi-
tionally, patients with pre-existing cardiovascular dise-
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ase are likely to have comorbidities which are associated
with poorer clinical outcomes in confirmed SARS-CoV-2
cases. Despite this, Yandrapalli et al. have reported the
first case of a successful coronary artery bypass graft
(CABG) operation in a patient with asymptomatic SARS-
-CoV-2 infection, which offers insights into how cardiac
surgery could be adapted to solve the challenges of this
pandemic.’

Elective cardiac surgeries have been delayed owing
to the redistribution of intensive care resources and the
unquantifiable risk of acquiring COVID-19. Likewise, car-
diac surgery services have undergone structural remode-
ling into a centralized system in an attempt to continue
provisions of emergency surgery alongside hospital man-
agement of COVID-19 patients. Two Unsurprisingly, most
cardiac surgery units across the globe have seen a sharp
decline in surgeries as a result, and one cardiac surgery
unit reported an 83% reduction in cardiac index cases be-
tween 23rd March to 4th May 2020.8

Similar models have been used in Europe to manage
healthcare services and increase intensive care capacity.
For example, in the Lombardy region of Italy, 16 out of 20
cardiac surgical units discontinued services and all urgent
cases have been consequently diverted to the remaining
four units for centralized services. Although these measu-
res have been beneficial for supporting the focused ma-
nagement of COVID-19 patients, it is important to reflect
upon the future consequences of delayed elective cardiac
surgery.®

On March 20, 2020, the Royal College of Surgeons
(RCS) published its initial, brief guidance for surgeons
who were working during the COVID-19 pandemic, em-
phasizing the safety of the working force as well as the
maintenance of emergency surgical workforce and capa-
bilities. The detailed guidance came into force on March
26th, 2020 outlining the scope of patient selection and
flow of surgical practice across the United Kingdom. Since
then, the guidelines have been updated four times, lastly
on June 5th, 2020.

The initial guidance involved the cancellation of all
elective operating cases, with a focus on operating on
urgent/emergency and otherwise life-saving procedures.
Patients were categorized into four levels according to
their need for surgery:

e Priority level 1a Emergency — operation needed
within 24 h.

e  Priority level 1b Urgent — operation needed with
72h.

e  Priority level 2 Surgery that can be deferred for up
to 4 weeks.

e  Priority level 3 Surgery that can be delayed for up to
3 months.

e  Priority level 4 Surgery that can be delayed for more
than 3 months.

With the gradual decline in the cases of COVID-19, the
service gradually resumed its activities, slowly reintro-
ducing elective surgery on a phased basis. Elective cases
were prioritized as Red, Amber, Green (RAG rating) with
red been classified as “urgent elective”.

As hospitals become increasingly populated with
suspected or confirmed COVID-19 patients, exposing car-

diac patients to the hospital environment will potentially
increase their risk of nosocomial infection.

There is obviously a balance of risk, as patients with
significant cardiovascular disease have their definitive tre-
atment delayed vs increasing the likelihood of acquiring
a nosocomial COVID-19 infection and its consequences.
The factors resulting in delaying a cardiac surgical proce-
dure are multifold. Blood products are in short supply be-
cause volunteer donation rates are substantially reduced
under the advisory of avoiding close contact. Each cardiac
surgical procedure will necessarily consume increasingly
scarce resources (inpatient space, human resources, per-
sonal protective equipment, etc.) that might delay or pre-
vent treatment of a patient suffering from the sequela of
a COVID-19 infection.

Reducing the number of cardiac surgical procedures
will result in the preservation of valuable resources that
will allow for intensive care unit beds, mechanical ventila-
tors, circuitry for extracorporeal membrane oxygenation,
pharmaceuticals, personal protective equipment, and he-
alth care workers with advanced skills to be used for the
ever-growing numbers of COVID-19 admissions.

Cardiac surgery requires a relatively small dedicated
team of uniquely skilled individuals, including cardiac
operating room scrub and circulators, perfusionists, car-
diac anesthesiologists, and perioperative caregivers.
Using these individuals for potentially nonessential ope-
rations may increase their chances of COVID-19 exposure,
threatening their availability for future more urgent pro-
cedures. Given that the duration of COVID-19 burden in
our hospitals is presently unknown, it is foreseeable that
reduction in cardiac surgery capacity may be impacted
for several months or longer. For patients whose cardiac
surgical procedures are being delayed and in whom alter-
native therapies are not deemed appropriate, programs
are encouraged to develop an orchestrated follow-up
mechanism for regular communication (i.e., 1- to 2-week
intervals) to monitor for progression of symptoms by te-
lephone conference or video conference.

The risk of performing emergency cardiac surgery on
symptomatic COVID-19 positive patients is unknown, but
mortality would be expected to be higher than under
normal circumstances. We also do not know the safe time
to operate on a patient who has recovered from the in-
fection or whether there is a risk for COVID-19 reactivati-
on. Although the risk of exposure and infection in health
care personnel is well documented, the specific risk to car-
diac surgeons is unknown. Obvious sources of exposure
include aerosol from ventilators, respiratory treatments,
chest tube air leaks, and electrocautery. Insufflation used
in endoscopic saphenous vein harvesting also presents an
aerosolization risk. Reoperations are particularly risky be-
cause of the potential for parenchymal lung injury during
sternal re-entry and mediastinal dissection.™

A study was done to evaluate the impact of the CO-
VID-19 pandemic on activity at the cardiothoracic sur-
gical care at the National Cardiothoracic Surgery and
Transplant Centre. A comparison was performed of car-
diac surgery and transplant caseload for the first 4 mon-
ths of 2019 and 2020 using data collected prospectively
on a customized digital database, the study showed that
in March and April 2020, the spread of COVID-19 and the
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resultant focus on its management resulted in a reduc-
tion in cardiothoracic surgery service delivery.>™

Conclusion

COVID-19 is having an impact on both infected and non-
-infected patients. During the outbreak period, a smaller
number of patients underwent cardiac surgery. These pa-
tients experienced more symptoms, had longer procedu-
res, and had a higher in-hospital mortality rate. While the
consequences of the pandemic are not fully understood,
one thing is certain; we must prepare for a possible new
outbreak.

Currently, the future of cardiac surgery after the
pandemic is unclear as the evidence is still emerging.
However, the lessons learned from these unpreceden-
ted times can be taken forward to inform future service
planning. Moving forward, routine screening of patients
for SARS-CoV-2 infection will undoubtedly play a key role
in identifying asymptomatic or subclinical infections. Ul-
timately, clear guidelines should be implemented to en-
sure the safe resumption of surgical services, while also
reassuring patients concerned about safety. Although the
future trajectory of this pandemic is uncertain, the insi-
ghts from the impact of COVID-19 on cardiac surgery will
undoubtedly shape the future delivery of cardiac surgery.
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Peptidy produkované mitochondriemi (mitochondrial-derived peptides, MDPs) jsou kddovany mitochon-
dridlni DNA. Mezi MDP patfi humanin, ribosomalni ribonukleova kyselina typu ¢ (ribosomal ribonucleic acid
type ¢, MOTS-c) a malé humanin-like peptidy 1-6 (SHLP1-6). Ve stresovych situacich MDP podporuji aktivitu
mitochondrii a napomahaji preziti bunék; kromé toho ovliviiuji metabolismus, odpovéd na stres i zanét jak
in vivo, tak in vitro. Vyzkum v posledni dobé prokézal, Zze MDP hraji vyznamnou ulohu v rozvoji kardiovasku-
larnich onemocnéni (KVO). Mezi dalsi mozné faktory patfi ischemie, netspésna reperfuze, fibréza a dysfunk-
ce koronarni mikrocirkulace. Peptidy produkované mitochondriemi mohou slouzit jako markery KVO nebo
se stat cilem lécby KVO. Do této skupiny peptidl patfi humanin, MOTS-c a SHLP. Humanin snizuje oxidacni
stres cestou inhibice aktivity mitochondridlniho komplexu 1. Je prokézano, ze MDP u¢inné pomahaji lécit
metabolické poruchy vcetné diabetu 2. typu. Humanin mize slouZit jako marker aktivity mitochondrii v
|é¢bé KVO nebo primo v 1écbé endotelidlni dysfunkce. Tento prehled se zabyva novymi moznostmi vyuziti
humaninu a jeho biologickym vyznamem v lé¢bé KVO.

ABSTRACT

Mitochondrial-derived peptides (MDPs) are encoded by mitochondrial DNA. MDPs include humanin, riboso-
mal ribonucleic acid type ¢ (MOTS-c), and small humanin-like peptides 1-6 (SHLP1-6). In times of stress, they
support mitochondrial activity and cell survival. MDPs influence cell survival, metabolism, stress response,
and inflammation in vivo and in vitro. Recent research shows MDPs play a significant role in cardiovascular
disease (CVD) development. In addition, possible pathogenic pathways include ischemia, reperfusion da-
mage, fibrosis, and coronary microcirculatory dysfunction. CVD biomarkers or therapy targets, MDPs. This
group of peptides includes humanin, MOTS-c, and SHLPs. Humanin reduces oxidative stress by inhibiting mi-
tochondrial complex 1 activity. MDPs have been shown to help metabolic ilinesses including type 2 diabetes.
Humanin may be utilized as a marker for mitochondrial activity in cardiovascular iliness or as an endothelial
dysfunction treatment. This review will address humanin’s novel roles and its biological relevance in cardio-
vascular diseases.

Introduction

protein homeostasis. Reactive oxygen species (ROS)
formed inside mitochondria provide a challenge to

Mitochondrial malfunction has been linked to ageing
and age-related illnesses, highlighting their role in cell
homeostasis. The mitochondria create peptides that
translocate into the nucleus and interact with deoxyribo-
nucleic acid (DNA). These mitochondrial-derived peptides
(MDPs) regulate metabolism and have been found to
have antioxidative, anti-inflammatory, and antiapoptotic
properties.’?

It is believed that mitochondrial DNA developed
from the bacterial genome to coordinate metabolic
and stress responses. Mitochondria may export and
import peptides; the folding and assembly of fresh-
ly translated polypeptides maintains mitochondrial

the mitochondrial protein-folding environment. An-
terograde and retrograde signaling routes between
mitochondria and nucleus are important in mitochon-
drial activity.>®

The mitochondrial unfolded protein response regu-
lates nuclear genes important in cellular homeostasis.®
Unfolded protein response signaling promotes cell surviv-
al and adaptability to endoplasmic reticulum (ER) stress
when the ER detects it.” Humanin and its variants, for
example, are mtDNA-encoded peptides that have crucial
physiological activities.” We want to elucidate humanin’s
unique functions and biological significance in cardiovas-
cular disorders.
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A summary of the mitochondrial genome

MtDNA is the mitochondrial genome that encodes most
mitochondrial proteins. The mitochondrial genome is an
11-28 kilobase circular molecule with minimal interge-
nomic sections. A substantial non-coding area comprises
regulatory elements for both strands’ transcription start
and termination. mtDNA encodes 37 genes, including 13
polypeptides, two ribosomal RNAs, and 22 transfer RNAs.
Paternal mtDNA is degraded during conception. Mito-
chondrial fusion and fission are required for cell metabo-
lism and mtDNA distribution.®®

Suggested links between mtDNA changes and in-
creased risk of age-related illnesses. Many human illnesses
are associated to mitochondrial malfunction and mtDNA
change.' Non-coding RNAs affect mitochondrial energy
state and gene expression in mitochondrial metabolism."
Mitochondria produce MDPs, which are protective stress-
response peptides.

Among the MDPs there is humanin

Humanin, MOTS-¢, and SHLPs are all MDP peptides. Hu-
manin, the first MDP identified in 2001, was named by
its promise to restore the “humanity” of Alzheimer’s su-
fferers. Humanin was identified while looking for survi-
val factors in an Alzheimer’s patient’s undamaged brain.
The early research ws in cell culture, then in vivo utilizing
pharmacological mimics of Alzheimer’s disease and an
amyloid-beta-precursor protein mutant gene. This inno-
vative idea of retrograde mitochondrial signalling and
mitochondrial gene expression was introduced by the
discovery of humanin, the first short peptide of its sort.
Humanin, originally found as a neuroprotective polypep-
tide, has recently demonstrated benefits in age-related
illnesses.?

A humanin open reading frame inside the 16S ribo-
somal subunit gene encodes humanin.’® Open reading
frames seem to be common in human genomes, and their
encoded peptides may have crucial biological activities.
Over a thousand nuclear-encoded open reading frames
synthesize bioactive peptides.'

Human mtDNA contains just 13 critical electron trans-
port chain components and 24 structural RNAs necessary
for their translation. The mitochondrial genome has few
non-coding nucleotides without introns.” The 13 nucle-
ar-encoded humanin isoforms were termed MTRNR2L1
through MTRNR2L13 after the mitochondrial humanin
MTRNR2 gene. These genes are significantly expressed in
the heart.’ These genes may have a role in the genesis
and physiopathology of heart diseases. Few researches
have looked at how humanin isoform expression is al-
tered.'®

Because humanin is a short peptide, each amino acid
might be mutated individually. Improved chemical char-
acteristics of humanin may be achieved by changing its
molecular structure. Humanin’s potency and biological
functions may be changed by a single amino acid. S14G-
humanin (HNG) carries glycine instead of Ser14. Humanin
analogue HNGF6A has Ser14 glycine and Phe6 alanine.
Amino acids Leu9-Leu11, Pro19-Val20 are essential for

human survival. Humanin-C8P, S7A, and L12A are also
counterparts (humanin antagonist)."”

Humanin mechanisms

MDPs are secretory proteins that engage with external
processes as well as intracellular activities. Humanin in-
creases ERK1/2 phosphorylation through receptor bin-
ding."® ERK1/2 is phosphorylated and detached from its
anchoring proteins during activation, enabling transloca-
tion to different subcellular compartments. Proapoptotic
protein translocation to mitochondria is inhibited by hu-
manin (Fig. 1).1%20

The first humanin receptor, FPRL1, is associated to
neurological illnesses like Alzheimer’s. Humanin stimu-
lates calcium mobilization and ERK1/2 signaling in FPRLI1.
Humanin’s cytoprotective effects are G protein-coupled
receptor dependent.’” The trimeric CNTFR/WSX-1/gp130
complex is linked to the gp130/STAT-3 axis, which is re-
quired for human activity. Then humanin activates STAT-
3, which is essential for neuroprotection.?

Humanin is controlled by IGF-1 and growth hormone.
Humanin and IGF-1 concentrations decline with aging,
while IGF-1 directly reduces humanin concentrations.!
It has been proposed that growth hormone suppresses
MDP levels through IGF-1. The significance of diet and
insulin in regulating the growth hormone/IGF axis was
recently reviewed.?? The hypothalamus contains IGFBP-3,
which suppresses hepatic insulin activity.?

Human aging has lately been thoroughly explored
molecularly. The studied mechanisms include mitochon-
drial dysfunction, ROS production, and soluble mitokines.?*
Stress triggers mitokines like humanin. Humanin con-
centrations decline with aging. A previous study demon-
strated a reduction in humanin concentrations in the hy-
pothalamus, skeletal muscle, and brain with age in mice.?
An analysis of humanin concentrations in plasma from
693 people of varying ages revealed no signs of evolution

Humanin
- 4
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STAT3

ERK 1/2’. j
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Cytoprotection
calcium mobilization
anti-imflammatory

Cytoprotection Metabolism  Inhibition of apoptosis

Fig. 1 - Human cellular actions. Humanin works intra- and extracel-
lularly. The apoptotic proteins Bax and IGFBP-3 interact with huma-
nin to suppress apoptosis. Extracellular humanin regulates survival,
metabolism, and inflammation through two cell-surface receptors:
CNTFR/WSX-1/gp130 (via STAT3) and formyl-peptide receptor-like-1
(FPRL1) (by ERK 1/2 signaling cascade). Phosphorylation.
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Fig. 2 - Humanin: a peptide involved in mitochondrial signaling as a biomarker for impaired fasting

glucose-related oxidative stress.

(from 21 to 113 years). Humanin plasma concentrations are
highest in centenarians. These data support the hypothesis
that humanin is a biological age marker. Humanin and its
homologues may have anti-aging benefits. Both humanin
and MOTS-c boost interleukin-6, interleukin-1, interleu-
kin-8, and interleukin-10 production in senescent cells.?®

Oxidative stress and humanin

Humanin’s antioxidant, anti-inflammatory, and antiapo-
ptotic activities have been researched thoroughly, as well
as its relationship to oxidative stress has been researched.
Oxidative stress is connected to intracellular damage,
including DNA damage. It may cause organ failure and
cell death. Most cellular ROS are assumed to be produ-
ced by mitochondria. Atmospheres utilize oxygen, gene-
rating superoxide. In mitochondria, oxidative phospho-
rylation (OXPHOS) creates ATP. Mitochondria produce
ATP through proton transfer. Managing ATP production
and breakdown is vital to all life. An inner mitochond-
rial membrane protein complex transfers electrons from
NADH to oxygen. The principal electron leakage sites are
I and Ill. RNS and ROS are metabolic by-products that may
be toxic or beneficial.™

Inflammation is thought to be caused by ROS/RNS. Lack
of enzymatic (superoxide dismutases) or non-enzymatic
antioxidant defenses causes it (glutathione). Oxidative
stress causes DNA damage in the nucleus, leading to organ
failure and cell death. Excess glucose and oxidative phos-
phorylation harm mitochondria. Inducing ER stress gener-
ates ROS. Mitochondrial ROS worsen ER stress because they
are connected. Antioxidant humanin treatment decreases
caspase activity and improves glutathione levels.?”28

HNG inhibits mitochondrial complex 1 activity, pre-
venting mitochondrial dysfunction and oxidative stress.
Apoptotic rate and oxidative stress are reduced by hu-
manin in cellular and animal studies. HNG maintains mi-
tochondrial membrane potential and ATP concentrations
via its intracellular antioxidant capabilities. Recent study
has revealed humanin’s anti-apoptotic molecular activity.
Cell death is controlled by the B-cell lymphoma 2 protein

family. BAX, an apoptosis regulator, is required for mito-
chondrial apoptosis. As a result, humanin inhibits cyto-
solic BAX recruitment and oligomerization.?

Humanin and inflammation

MDPs reduce inflammation and oxidative stress in both
vivo and in vitro. An excess of ROS in the cell damages
components and triggers cell death pathways. Free radi-
cal production and/or antioxidant defense are linked to
redox imbalance. An iron redox pair keeps the cell’s re-
dox status within physiological limits. Cell death by oxida-
tive stress has a function in atherosclerosis inflammation.
Pretreatment with humanin reduced ROS and apoptosis
by 50%. Humanin and MOTS-c proteins were recent-
ly examined in advanced chronic renal disease patients
and healthy controls. Humanin levels are associated with
TNF-o. levels in renal disease.3*3' Humanin’s anti-inflam-
matory properties suggest it may help cure hyperglyce-
mia-induced endothelial impairment. TNF-a. and interleu-
kin-1 secretion were reduced by humanin therapy in high
hyperglycemia. These proinflammatory cytokines were
downregulated together with VCAM-1 and E-selectin.3?

Humanin and type 2 diabetes

Diabetes is linked to mitochondrial dysfunction and oxida-
tive stress. Diabetes mellitus type 2 is associated with mito-
chondrial impairment. The disease’s specific processes are
unclear, although evidence is mounting that hyperglyce-
mia-induced oxidative stress induces oxidative stress in seve-
ral organs. Oxidative stress is linked to chronic inflammation
in type 2 diabetics. MDPs may help improve type 2 diabetes.
Hypoglycated hemoglobin and humanin concentrations
decrease in type 2 diabetes (HbA, ). A significant rise in ROS
concentrations may work to attract humanin from various
tissues to damaged sites. Humanin acts as an antioxidant
in these settings, perhaps preserving cell life. Humanin pre-
vents apoptosis in human aortic endothelial cells by redu-
cing ROS generation (Fig. 2).3*3
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Humanin has been shown to affect pancreatic lipid
metabolism and amino acid plasma concentrations. Hu-
manin involvement in several clinical diseases is growing.
For diabetic caused cellular damage, Humanin’s defensive
properties may be unique. Humanin levels may be a type
2 diabetes indicator.*®

Cardiovascular diseases (CVDs)

Humanin is found in cardiomyocytes. During times of
stress, the left ventricle produces more. Aspects of huma-
nin’s cardioprotective activities are presumed extracellu-
lar. Humanin inhibits apoptosis in the vasculature and the
heart. Endocrine glands produce humanin, which is pre-
sent in the endothelium of human blood vessels. Plasma
humanin levels drop with age, perhaps indicating athe-
rosclerosis. Humanin levels in patients with CVD are lower
than in healthy controls. It inhibits endothelial function.
Symptomatic persons have more endogenous humanin
in plaque samples than asymptomatic ones. Somewhere
between cardiovascular and metabolic diseases. Humanin
levels in CVD may be a stress response.337

Humanin preserves endothelial function and reduces
oxidative stress and apoptosis. The aortic endothelium
contains humanin. HNGF6A treatment reduced aortic
plaque apoptosis and nitrotyrosine immunoreactivity.
Changes in heart structure and function accompany un-
derlying illnesses. The aged heart has fibrotic remodel-
ling. Interstitial remodelling seems to deteriorate with
aging. Heart physiology alters cellular, extracellular,
and whole-heart with age. Aging myocyte loss might be
apoptotic or necrotic. Diastolic dysfunction occurs in the
aged heart, and myocardial fibrosis is certainly a factor.®

Exogenous humanin therapy may benefit aged hearts
due to its cytoprotective actions under oxidative stress.
Humanin protects against myocardial ischemia/reper-
fusion damage by reducing cardiac mitochondrial dys-
function and ischemic area. Exogenous HNG reduces
cardiac fibrosis and apoptosis in aged rats. The HNG-
pretreated group had smaller infarcts than the vehicle-
treated group at first, but not afterwards. The endog-
enous humanin concentration decreased after ischemia/
reperfusion, whereas the total humanin concentration
rose (in HNG-treated groups) after ischemia and at the
commencement of reperfusion. It's been reported that
humanin isoform genes may be linked to cardiac prob-
lems. Researchers are looking at hereditary heart disease
risk. Most humanin research has compared the expres-
sion of humanin-like isoform genes between persons.
There is evidence relating humanin-like nuclear isoform
DNA nucleotide variations to coronary heart disease.
The MTRNR2L2 and MTRNR2L8 gene regions have the
most alterations. Isoform gene copy number is changed
in CHD arteries.” No influence of obesity or other meta-
bolic diseases on genetic scores.

Recent studies

Humanin is neuroprotective and cytoprotective in ani-
mals. Humanin overexpression in C. elegans increases

longevity depending on daf-16/Foxo. Like exogenous
humanin therapy, humanin transgenic mice exhibit
improved resistance against harmful insults. Humanin
analogue HNG enhances metabolic healthspan metrics
and lowers inflammatory markers in middle-aged rats
when given twice weekly. Humanin levels normally fall
with age in many species, but not in the naked mole-
-rat, a model of minimal senescence. Also, offspring of
centenarians had higher circulating humanin levels than
age-matched control participants. Humanin levels are
reduced in disorders including Alzheimer’s and MELAS,
which further links humanin to healthspan. These stu-
dies are the first to correlate humanin to greater health
and longevity.*'

Humanin, MOTS-¢, and small humanin-like peptide1-6
(SHLP1-6) are currently known MDPs. They are novel met-
abolic regulators that help sustain mitochondrial func-
tion and cell survival under stress. In vivo and in vitro,
MDPs have been shown to affect cell survival, metabo-
lism, stress response, and inflammation. Recent study has
indicated that MDPs have considerable influence on car-
diovascular disease development (CVD). A new class of
biomarkers or treatment targets for CVD, MDPs.*? Elter-
maa et al. discovered no statistically significant associa-
tions between genetic variants in human nuclear isoform
gene regions and coronary artery disease.'®

Bioactive microproteins, MDPs, influence cellular me-
tabolism. Two humanin and MOTS-c polymorphisms are
linked to cognitive decline and diabetes, indicating a pre-
cise role for MDPs in disease modification. There may be
hundreds more MDPs. MDPs are a novel type of micropro-
teins encoded by short open reading frames. An overview
of MDPs with a biological and therapeutic emphasis.*
Dabravolski et al. focused on current developments in un-
derstanding MDP-cardiovascular risk factor interactions.
MDPs were also studied as new biomarkers and therapeu-
tic targets.*® According to Chai et al.*® reduced humanin is
an independent risk factor for CVD.

Conclusion

Inherent in mitochondria, MDPs are linked to human me-
tabolism and age-related ailments. In vivo, they are essen-
tial for metabolic balance and cell protection. MDPs may
be a potential target for treating cardiovascular illness,
protecting myocardial and endothelial cells, and maintai-
ning cell homeostasis. Because endogenous humanin is
elevated in cardiovascular disease, a serum marker role
for humanin is expected. Atherosclerosis in patients with
endothelial dysfunction may be treated with humanin. It
may be used to treat or prevent age-related illnesses.
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Hypertroficka kardiomyopatie (HKMP) postihuje 0,2 % populace a predstavuje nejcastéjsi formu dédicného
onemocnéni srde¢niho svalu u dospélych. Nejcastéjsi pficinou HKMP jsou zmény v genech kéduijicich protei-
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fi i glykogenéza PRKAG2, stiadavé onemocnéni zpUsobené dédi¢nym defektem y2 regula¢ni podjednotky
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ABSTRACT

Hypertrophic cardiomyopathy (HCM) affects 0.2% of the population and is the most common form of here-
ditary heart muscle disease in adults. The most frequent cause of HCM are changes in the genes encoding
sarcomere proteins. However, up to 10% of patients are affected by another type of systemic genetic dis-
ease that has myocardial hypertrophy as only one of its multi-organ manifestations. Among these diseases
is PRKAG2 glycogenosis, a rare metabolic storage disorder caused by an inherited defect in the y2 regula-
tory subunit of adenosine monophosphate-activated protein kinase (AMPK). In addition to skeletal muscle
myopathy, it causes HCMP with a high risk of malignant ventricular and supraventricular arrhythmias and
several conduction disorders. Thanks to close collaboration of several departments, we diagnosed two fa-
milies with a causative DNA variant in the PRKAG2 gene. On the basis of the presented case studies, we
document highly variable manifestations of PRKAG2 syndrome and thus highlight the pitfalls in its clinical
diagnosis and therapy.
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Uvod

Kardiomyopatie obecné jsou definovany jako struktu-
rélni a funkéni abnormality myokardu srdec¢nich komor,
které nejsou zapfi¢inény onemocnénim korondrnich
tepen nebo abnormalnim plnicim tlakem (napf. pfi ar-
teridIni hypertenzi ¢ chlopennich vadach). Posledni
doporuceni Evropské kardiologické spole¢nosti definu-
ji jednotlivé typy kardiomyopatii dle specifickych funk-
¢nich a morfologickych kritérii a nasledné tyto jednot-
ky déli vzdy do dvou podskupin na zdkladé prikazu di
vylouceni genetického podkladu na familiarni a nefami-
lidrni. Konkrétné diagnéza hypertrofické kardiomyopa-
tie (HKMP) vyZaduje pfitomnost zvysené tloustky myo-
kardu levé komory (= 15 mm, s nékterymi vyjimkami).’
Vétsina zdroju se shoduje na celkové prevalenci HKMP
okolo 1 na 500 dospélych jedincl (0,2 %) a také na fak-
tu, Ze se jednd o jednu z nejcastéjsich pficin nahlé srdec-
ni smrti mladych dospélych.2

Etiologie hypertrofické kardiomyopatie je pestra. Nej-
pocetnéjsi skupina (40-60 % pacientd) je postizena au-
tosomalné dominanté dédi¢nou mutaci gent kédujicich
sarkomerické proteiny (napr. tézké retézce beta-myosi-
nu). U 25-30 % pacientd je etiologie nezndma. Nejmensi
skupinu, 5-10 % dospélych s HKMP, tvofi pacienti posti-
Zeni jinym typem genetického onemocnéni projevujicim
se mimo jiné vznikem HKMP (metabolicka stfadava one-
mocnéni, dédi¢né neuromuskularni poruchy jako napf.
Friedreichova ataxie, jiné chromosomalni abnormali-
ty), pfipadné onemocnénim bez jasné genetické priciny
(napf. amyloiddza z lehkych Fetézcl imunoglobulind [AL
amyloidéza] a wild-type transthyretinovda amyloidéza
[ATTRwt], polékové formy po uzivani anabolickych ste-
roidd ¢i tacrolimu atp.)."

Systémova genetickd onemocnéni, kterd maji jako je-
den ze svych projevu postizeni myokardu hypertrofii, ale

jsou nékterymi zdroji pojmenovavana jako fenokopie

a z vieobecnych textd o HKMP ¢asto vycleriovana. Mlize
za to zejména odlisna patofyziologie, prognéza a ma-
nagement téchto chorob.??® Mezi stfddavd onemocnéni
fazend do této skupiny patfi zejména syndrom PRKAG?2,
Danonova nemoc (X-vazané lyzosomalni onemocnéni
zpusobené mutaci genu LAMP-2) a Fabryho choroba (ly-
zosomalni onemocnéni na podkladé mutace genu alfa-
-GAL).

Syndrom PRKAG2

Pacienti se skupinou klinickych pfiznak( odpovidajicich
syndromu PRKAG2 (dale jen PS) byli pozorovani jiz ve
druhé poloviné 20. stoleti. Nicméné az v roce 2001 byl
skupinou okolo Golloba identifikovan gen, jehoz zmé-
ny vedou k rozvoji tohoto autosomalné dominantniho
onemocnéni.* Dle recentnich pozorovani se jednd o va-
rianty DNA typu zdmény aminokyseliny (typu missense),
mezi nejcastéjsi patfi napfiklad c.905G>A (Arg302GIn)
a c.1463A>T (Asn488lle) (57 %, resp. 21 %).>¢

Gen PRKAG2 kéduje y2 regula¢ni podjednotku pro-
teinkindzy aktivované adenosin monofosfatem (AMPK).
Tato proteinkindza je zodpovédnd za energetickou ho-
meostdzu bunky, jeji funkce je stimulovana mj. vysokymi
koncentracemi adenosin monofosfatu (AMP). Soucasti
molekuly AMPK je katalytickd podjednotka o a dvé re-
gulacni podjednotky (B a vy). y2 regula¢ni podjednotka
(PRKAG2) vaze AMP a podnécuje tak aktivaci o podjed-
notky.” Mutace genu pro PRKAG2, zpUsobujici syndrom
PRKAG2, zfejmé méni strukturu molekuly AMPK, a modi-
fikuje tak aktivitu tohoto enzymu. Vyslednym projevem
na bunécné Urovni je zejména intracelularni akumulace
glykogenu cestou poruseného metabolismu glukézy, pro-
to syndrom PRKAG2 radime mezi stfadava onemocnéni.®
Exprese AMPK je nejvy3si v kardiomyocytech a kosternich
svalech, dale je exprimovana i v mozku, ledvinach, jatrech
a pankreatu.®

Tabulka 1 - Spektrum priznakl pacientii se syndromem PRKAG2°'

Kratky interval PQ

Blokady Tawarovych ramének (Castéji pravého)
Pokrocilé AV blokady

Chronotropni inkompetence, SA blokady

Projevy detekovatelné na EKG

Supraventrikularni tachyarytmie — nejcastéji fibrilace ¢i flutter sini

Znamky hypertrofie LK (nemusi byt pfili§ vyznamna), sekundérni repolarizacni zmény

Preexcitace komor, akcesorni spojky (pfi elektrofyziologickém vysetreni)

Nalezy na zobrazovacich metodach (TTE, CMR)

Hypertrofie levé komory (koncentricka/excentrickd)

Dysfunkce LK (systolicka/diastolicka )

Klinické projevy Palpitace

Synkopa

Nahla srdecni smrt

Bolesti / ztuhlost kosterniho svalstva, snizena tolerance zatéze

Symptomy a zndmky srdec¢niho selhani

Ischemicky iktus

AV - atrioventrikularni; CMR - magneticka rezonance myokardu; LK - leva komora; SA - sinoatridlni; TTE — transtorakalni echokardiografie.
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Cetnost syndromu PRKAG2 v populaci je neznama,
prevalence napfi¢ pacienty s HKMP se v literatufe udé-
va nejcastéji v rozmezi 0,2-1 %.'%"" Zachyt mlzeme zvysit
tehdy, budeme-li po mutaci patrat u pacientt s kombina-
ci HKMP a nékterého z dalSich castych klinickych atributtd
spojenych s timto syndromem.

V roce 2015 analyzovali Porto a spol. 23 observacnich
studii zahrnujicich 193 pacientt s geneticky potvrzenym
syndromem PRKAG2 a sestavili spektrum nejcastéjsich
klinickych projevl tohoto vzacného dédi¢ného onemoc-
néni, které je praimérné diagnostikovano okolo tficatého
roku zivota (tabulka 1).> Prvni, co mize upoutat nasi po-
zornost hned pfi ivodnim setkani s pacientem, jsou EKG
zmény; 68 % vysetfenych pacientld ma kratky interval PQ.
Casté jsou také blokady Tawarovych ramének, ¢asté&ji pra-
vého. Klinicky vyznamné atrioventrikularni (AV) blokady
se ve studované populaci taktéz vyskytovaly casto, coz je
ziejmé dUsledek patologického embryondlniho vyvoje
anulus fibrosus v pfitomnosti hypertrofickych kardiomyo-
cytd naplnénych glykogenem. Déle je pro pacienty se syn-
dromem PRKAG2 typickd chronotropni inkompetence,
sinoatrialni (SA) blokady nebo sinusova bradykardie. Cel-
kové 43 % pacientl ze studovaného souboru podstoupilo
implantaci kardiostimuldtoru. Vysokd voltdz komplext
QRS a sekundarni repolariza¢ni zmény, které byvaji u syn-
dromu PRKAG2 také pozorovany, mohou dokonce pred-
chazet rozvoji hypertrofie myokardu. Ta byla v tomto
souboru pfitomna u 53 % pacientd s potvrzenou mutaci,
na ¢emz lze poukazat na fakt, ze pritomnost HKMP neni
podminkou syndromu PRKAG2, ale pouze jednim z jeho
moznych projevld. Hypertrofie se samoziejmé tykala ze-
jména levé komory, byla ¢asto progredujici®'® a nezfidka
vedla do stadia systolické ¢i diastolické dysfunkce. U casti
pacientd dokonce vedla k obstrukci vytokového traktu i
progresi do dilata¢ni formy. Srdecni selhani bylo uvadéno
u 12 % pacientl z celého souboru. Dalsi typickou jednot-
kou u pacientl se syndromem PRKAG2 je vyskyt supra-
ventrikuldrni tachyarytmie (38 % pacientl), a to zejména
fibrilace nebo flutteru sini. U pacientd, u nichz bylo pro-
vedeno elektrofyziologické vysetieni, byly neztidka pro-
kazany akcesorni spojky. Zda se, Ze komorova preexcitace
u syndromu PRKAG2 je zpUsobovdana bud praveé pridatnou
drdhou, nebo fascikulo-ventrikularni spojkou.> Pokud jde
o extrakardidlni projevy, tak se z podstaty onemocnéni
nabizi zejména myopatie pfi¢né pruhovaného svalu. Ta
je nicméné dokumentovana spiSe zfidka (2-15 %).%"
Vzhledem k tomu, Ze je syndrom PRKAG2 autosomalné
dominantné dédi¢né onemocnéni s nediplnou penetranci,
mUzZeme se setkat i s jedinci, ktefi jsou nositeli mutace, ale
klinicky jsou zcela asymptomaticti. Je jich viéak mensina.®

Co nas z hlediska prognézy zajima nejvice, je vyskyt
nahlé srde¢ni smrti (NSS). A to nejen proto, Ze syndrom
PRKAG2 je nemoc prevazné mladych lidi. V dostupnych
studiich s pocetnéjsi kohortou pacientt se prevalence NSS
pohybuje shodné okolo 8-10 %,>® a to v prdmérném véku
pouze 33,4 roku. Podstatnym faktem je, Ze nebyla pozo-
rovdna korelace vyssiho rizika NSS a vyznamné hypertro-
fie myokardu.®

U diagndzy syndromu PRKAG2 je potieba mit stale na
paméti, ze fenotypy postizenych jedinct se od sebe mo-
hou vyznamné lisit. Prvni manifestaci mdze byt jak nahla
smrt u mladého pacienta s ¢asnou fibrilaci sini bez HKMP,

tak postupné vznikajici HKMP u pacienta ve stfednim
véku s patologickym EKG. Nejcastéji se klinicky syndrom
PRKAG?2 prezentuje ve 3.-5. dekadé.®

Kromé casto napadnych EKG zmén jsou pro diagnézu
syndromu PRKAG2 zdsadni zobrazovaci metody: transto-
rakalni echokardiografie (TTE) a magneticka rezonance
myokardu (CMR). Na CMR byva v ¢asnych fazich nejcastéji
zietelna excentrickd hypertrofie levé komory postihujici
zejména jeji mid-infero-laterdlni ¢ast, v pozdéjsich fazich
je hypertrofie vice difuzni s prevladajicim postizenim sep-
ta. Bohuzel jak u CMR, tak u TTE neexistuje patognomic-
ky nalez, ktery by diagnézu PS potvrdil." Dalsi diagnostic-
kou pomuckou ndm muze byt peclivd rodinnd anamnéza
pacienta a z ni vyvozeny autosomalné dominantni typ dé-
di¢nosti. Jedinou metodou, kterd nam vsak mdze stanovit
definitivni diagnézu syndromu PRKAG2, je molekularné
genetické vysetreni.

Indikace molekularné genetického vysetreni
Indikace k provedeni genetického vysetfeni u pacientd
s HKMP v nasich podminkdach prfehledné shrnuje ¢lanek
Bonaventury a spol.”® V pfitomnosti HKMP u konkrétni-
ho pacienta je vzdy vhodné sestavit peclivou rodinnou
anamnézu, provést kaskadovy rodinny screening (kar-
diologické vysetfeni prvostupriovych pfibuznych proban-
da) a pacienta s velmi pravdépodobné dédi¢nou formou
HKMP odeslat ke klinicko-genetické konzultaci. Genetik
zvazi miru pravdépodobnosti zachytu mutace (zde Ize vy-
uzit napf. Mayo score)' a také profit, ktery by konkrétni
rodina z odhaleni kauzalni mutace méla. Zachyt mutace je
nejvyssi u mladych pacientl s pozitivni rodinnou anamné-
zou (az 50-60 %). U starsich pacientt s onemocnénim dia-
gnostikovanym po 45. roce se jasna pfi¢inna varianta DNA
identifikuje pomoci soucasnych metod pouze ve 30-40 %
pripadu. V posledni dobé se diky novym poznatkdm pa-
nely testovanych gent rozsifuji pravé i o geny zpUsobujici
syndromickou formu HKMP, kam patfi i gen PRKAG2, i
se prechazi na metody vysettujici vdechny zndmé geny az
celou DNA (klinicky exom 4500 — 20 000 genu), které jsou
v CR v soucasné dobé dostupné.’

Zde si vSak opét pfipomerime, Ze pouze u zhruba po-
loviny pacientd s mutaci PRKAG2 se rozvine HKMP, tudiz
Casto nas k indikaci genetického vysetfeni navede pou-
ze naSe pozornost a znalost variability klinického obra-
zu tohoto syndromu. Gen PRKAG2 je mj. soucasti panelu
testovanych gent vyuzivaného u pacientl s pfevodni po-
ruchou v mladém véku, pripadné u rodin s podezienim
na dédi¢nou pficinu dystrofie kosternich svall a jisté je
soucasti exomovych paneld.’

Management syndromu PRKAG2

Samostatné doporucené postupy péce o pacienty s PS
dosud vytvoreny nebyly, proto vychdzime zejména z po-
slednich evropskych doporuceni tykajicich se HKMP
obecné.” Musime mit vak stale na paméti, Ze podsku-
pina syndromickych forem HKMP se od , klasické” formy
v mnohém liS§i a muze nds vzdy prekvapit daldimi vyse
zminovanymi projevy. Z toho dlvodu je nutné po nich
aktivné patrat (napr. pravidelné vysetiovat pacienty EKG
holterovskym monitorovanim / epizodickym zdznamni-
kem /implantovanym smyckovym zaznamnikem, doplnit
elektromyografii kosternich svall atp.). Individualizova-
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ny musi byt také nas pristup k implantaci kardioverteru-
-defibrilatoru (ICD). Jak jsme jiz zminili, prevalence NSS
u pacientd s PS se pohybuje okolo 8-10 %.>¢ Je dostup-
na i ,time-to-event” studie, ktera vypocitava ctyficeti-
letému pacientovi se syndromem PRKAG2 az 20% rizi-
ko NSS.'® Je tedy tfeba zdUraznit, Ze progndza skupiny
pacientl s defektem v metabolismu glykogenu, vcéetné
syndromu PRKAG2, je zavaznéjsi nez u skupiny s HKMP
na podkladé sarkomerické mutace.5'®

K indikaci implantace kardioverteru-defibrilatoru
u pacientl s HKMP byl vytvofen a validovan uznavany
a vyuzivany predikéni model, znamy jako HCM Risk-SCD
score (SCD HCM risk calculator V2 [doc2do.com])."” U pa-
cientd se syndromem PRKAG?2 vsak toto skére pouzivame
pouze jako pomUcku a postupujeme v rozhodovani vzdy
individudlné s védomim, Ze redlné riziko NSS je u této
skupiny vyssi.

Popis pripadu

V pribéhu nékolika poslednich let jsme z Kardiocentra
Krajské nemocnice Liberec odeslali k molekuldrné gene-
tickému vysetieni dvé rodiny, u nichz byla nasledné od-
halena pfi¢innd varianta v genu PRKAG2. Vsichni pacienti
byli vysetfeni v Centru dédi¢nych kardiovaskuldrnich one-
mocnéni (Klinika kardiologie, IKEM, Praha), geneticka
analyza probéhla v Ustavu biologie a Iékafské genetiky
2. LF UK a FN Motol. Celkem jsme zatim v téchto dvou ro-
dindch odhalili devét pacientl s potvrzenou genetickou
pfi¢cinou syndromu PRKAG2, pficemz dalsi ¢lenové se na
testovani chystaji, pfipadné ho odmitli.

Rodina A

Probandem (Ill-4 na obrazku 1) je v této rodiné mlady
muz (ro¢nik 1991), ktery prodélal v roce 2019 mimone-
mocni¢ni zastavu obéhu pfi fotbalovém zapasu. Inicidl-
nim rytmem byla fibrilace komor. Echokardiografické vy-
Setfeni popsalo hypertrofickou kardiomyopatii s dobrou

Obr. 2 - Magneticka rezonance srdce probanda (l1I-4) rodiny A. Vy-
Setfeni popsalo ztenceni stény a pozdni syceni hrotu a apikalnich
segmentt levé komory a koncentrickou hypertrofii jejich midvent-
rikularnich segment.

funkci levé komory, na CMR bylo patrné ztenceni stény
a pozdni syceni hrotu a apikdlnich segmentt levé komory
a koncentrickd hypertrofie jejich midventrikuldrnich seg-
mentl (obr. 2). Vstupni EKG prikladame nize (obr. 3). Pfed
dimisi byl pacientovi v sekundarni prevenci implantovan
jednodutinovy kardioverter-defibrilator. V rdmci rodinné
anamnézy pacient udava nahlou smrt otcova otce (I-2)
v 52 letech a implantaci ICD v primdrni prevenci u otcovy
sestry (II-4) v pfitomnosti hypertrofické kardiomyopatie.
Vzhledem k podezieni na dédi¢nou formu HKMP byl pa-
cient odeslan k molekularné genetickému vysetreni a byl
indikovan screening rodinnych pfislusnikd. Do panelu
testovanych gent byly zahrnuty jak geny pro sarkome-
rické proteiny, tak geny zpUsobujici syndromickou formu
HKMP. U probanda byla nalezena pravdépodobna pficin-
nd varianta DNA v genu PRKAG2. Nalezena DNA varianta
(NM_001304527.1 (PRKAG2):c.13G>T (p.Gly5Trp), klasifi-

RODINA A

—0

3

I-1: nahla smrt v 50 letech (bez bliz3i specifikace)

1-2: nahld smrt v 52 letech (dle rodiny CMP)

1I-2: ro¢. 1971, PRKAG2, HKMP, iRBBB na EKG

1I-3: ro¢. 1971, PRKAG2, HKMP, ICD v prim. preven-
ci, repolarizacni zmény na EKG

1I-4: ro¢. 1964, PRKAG2, HKMP, ICD v prim. preven-
ci, sinusova bradykardie, kratky interval PQ
a repolarizacni zmény na EKG

I1I-3: nezletila, dosud netestovana

1lI-4: roc. 1991, PRKAG2, HKMP, ICD v sekundarni

PRKAG2
negativni

PRKAG2

negativni PRKAG2

PRKAG2

PRKAG2
negativni

PRKAG2
negativni

Il PRKAG2

PRKAG2

prevenci (stp. KPR), arytmicka boufe s nut-
nosti RFA arytmogenniho substratu, IVCD
a repolarizacni zmény na EKG
111-5: ro¢. 1995, PRKAG2, bez HKMP, stp. RFA pro
WPW, implantovéan smyckovy zaznamnik,
kratky interval PQ na EKG
PRKAG2 1ll-6: PRKAG2, bez HKMP, kratky interval PQ na EKG
CMP - cévni mozkova piihoda; FLS - flutter
sini; FS - fibrilace sini; HKMP - hypertroficka
kardiomyopatie; ICD - implantabilni kardioverter-
-defibrilator; iRBBB — nekompletni blokadda
pravého Tawarova raménka;
KPR - kardiopulmondlni resuscitace;
KS - kardiostimulator; LAH - levy pfedni hemiblok;
RBBB - blokada pravého Tawarova raménka;
RFA - radiofrekven¢ni ablace;
WPW - Wolffav-Parkinsonlv-Whitetiv syndrom.

PRKAG2

PRKAG2 S
negativni

Obr. 1 - Rodokmen rodiny A
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Obr. 3 - EKG ¢lena rodiny A, konkrétné probanda (l1I-4), vstupni EKG v den pfijmu do nemocnice
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1 2
Il | |
1 2
n PRKAG2 . PRKAG2
1 2 3 4

I-1: n&hla smrt pied 50. rokem (bez blizsi specifikace)

1I-1: implantace KS ve 45 letech, nahla smrt v 50 letech (bez blizsi specifikace)
vV PRKAG2 11I-2: ro¢. 1974, PRKAG2, bez HKMP, ICD v prim. prevenci, stp. RFA pro FS + FLS, RBBB a kratky interval PQ na EKG

11I-3: ro¢. 1979, nedostavil se ke genetickému testovani
1II-4: roc. 1976, PRKAG2, HKMP, ICD v prim. prevenci, stp. RFA pro FLS, ST pfi elektrofyziologickém vy3etieni, RBBB + LAH na EKG
IV-1: ro¢. 1997, PRKAG2, bez HKMP, ICD v prim. prevenci, stp. RFA pro FS, RBBB a kratky interval PQ na EKG

CMP - cévni mozkova piihoda; FLS - flutter sini; FS - fibrilace sini; HKMP - hypertroficka kardiomyopatie; ICD - implantabilni
kardioverter-defibrilator; KPR - kardiopulmonalni resuscitace; KS - kardiostimulator; LAH - levy pfedni hemiblok; RBBB - blokada
pravého Tawarova raménka; RFA - radiofrekvencni ablace; ST - siflova tachykardie; WPW - WolffGv-Parkinsontiv-WhiteGv syndrom.

Obr. 4 - Rodokmen rodiny B

kace 4, dle ACMG: PP1, PM2, PP3) je velmi vzacna a dosud
neni popsdna v mezindrodnich databazich. Na kauzalitu
této varianty usuzujeme na zakladé kosegregace varianty
u postizenych ¢lenl nasi rodiny. Soucasné byla varianta
popsana u dalsich dvou, pravdépodobné nepfibuznych
rodin s HKMP, kde jeji vyskyt souhlasi s postizenim rodin-
nych pfislusnikd. Neni vylouc¢ené, Ze se jedna o variantu
typickou pro ¢eskou populaci ¢i efekt zakladatele. Tento
ndlez mimo jiné zdUraznuje i nutnost co nejvétsi centra-
lizace kardiologické genetické diagnostiky, ktera umoz-
fuje srovnani genetickych variant u co nejvice pacientt
a jejich rodin.

Popsand varianta DNA byla nasledné potvrzena u né-
kolika dalsich ¢lenl této rodiny — u sestry (IlI-5) a otce

probanda (l1-3), u bratra otce probanda (lI-2, dvouvaje¢né
dvojce), u sestry otce probanda (lI-4) a jednoho z jejich
synu (IlI-6). U ného jsou pfitomné patognomické zmény
v klidovém EKG a subjektivni poruchy srde¢niho rytmu,
blizsi vysetfeni jesté neprobéhla. Bratr probandova otce
nese identickou variantu DNA a byla u néj detekovana
hypertrofie levé komory. V soucasnosti je tedy v této ro-
diné zachyceno celkem 3est nosict vySe popsané varianty
DNA.

V nasem kardiocentru je dispenzarizovana i jiz zmi-
novana sestra probanda (IlI-5). Dle dokumentace z jiné-
ho pracovisté v roce 2004 podstoupila radiofrekvencni
ablaci pro Wolffav-Parkinsonlv-Whitedv (WPW) syn-
drom, v roce 2018 byla vy3etfovana pro opakované syn-
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Obr. 5 - EKG matky probanda rodiny B (llI-2). Interval PQ je zkraceny, je pfitomny RBBB. Pacientka ma dle po-

sledni kontroly vysoké procento sifiové stimulace.

kopy, EKG korelat viak nebyl zachycen. Od roku 2019 ma
implantovan smyckovy zaznamnik, ktery je také zatim
bez zachytu arytmie. Na EKG je patrny pouze zkraceny
interval PQ, TTE i CMR nédlezy jsou v normé. Po zvazeni
rizik a pfani pacientky jsme zatim k implantaci ICD nepfi-
stoupili. Pacientka momentalné planuje zaloZeni rodiny
a rozhodla se pro primarni prevenci onemocnéni u jejich
potomkt formou preimplantacni diagnostiky (PID), ktera
je v CR dostupna.

U otce probanda (lI-3) jsme echokardiograficky potvr-
dili HKMP. Na jeho EKG jsou patrné pouze nespecifické
repolariza¢ni zmény. V rdmci primarni prevence mu byl
ve 49 letech implantovan kardioverter-defibrilator, kte-
ry dosud nezachytil zivot ohrozZujici arytmie. Klinicky je
zcela bez obtizi, kromé bolesti dolnich koncetin pfi na-
maze (dovysetfeni pfipadné myopatie kosterniho svalstva
zatim neprobéhlo).

Klinicky stav probanda se od zachytu déle vyvijel. V lis-
topadu 2021 byl pfijat pro arytmickou boufi (tfi epizody
setrvalé komorové tachykardie ukoncené vyboji). V lednu
2022 proto podstoupil v IKEM endokardidlni a soucasné
i epikardialni radiofrekvencni ablaci arytmogenniho sub-
stratu levé komory.

Rodina B

Probandem (IV-1 na obrazku 4) je v této rodiné taktéz
mlady pacient (ro¢nik 1997), ktery ve véku 20 let podstou-
pil elektrickou kardioverzi pfi prvnim zachyceném paro-
xysmu fibrilace sini. Nasledné byl o dva roky pozdéji pfi-
jat k radiofrekvencni izolaci plicnich Zil pro dalsi recidivy.
Echokardiografické vysetfeni bylo s normalnim nalezem.
Zaujal nas vsak pacientdv mlady vék netypicky pro vyskyt
fibrilace sini, patologické EKG (blokada pravého Tawaro-
va raménka [RBBB], kratké PQ) a rodinna anamnéza pa-
cienta. Matka probanda (ll1-2) trpi supraventrikularnimi
arytmiemi (jiz podstoupila radiofrekvencni ablaci kavo-
trikuspidalniho isthmu i izolaci plicnich Zil a opakované
elektrické kardioverze pro rekurence arytmii). Na EKG
ma shodné se synem RBBB a kratké PQ (obr. 5). Echo-
kardiograficky ma popsanou trabekulizaci levé komory
apikalné. CMR morfologii kardiomyopatie nepotvrdila.

Bratr matky dle rodiny podstoupil implantaci defibrilato-
ru v sekundarni prevenci po nahlé zastavé obéhu (NZO).
Sestra matky (l1I-4) na nasem pracovisti v minulosti absol-
vovala elektrofyziologické vysetfeni pro suspektni supra-
ventrikuldrni tachykardii, pfi kterém byla vylouc¢ena dua-
lita AV uzlu i akcesorni spojka. Mat¢ina matka (ll-1) méla
kardiostimulator implantovany ve 45 letech a nasledné
zemrela ndhle v 50 letech a jeji otec (I-1) zemfiel nahlou
smrti pred 50. rokem.

Vzhledem k témto okolnostem byl pacient také ode-
slan k molekuldrné genetickému vysetfeni. Za pomoci sek-
venovani nové generace u néj byla nalezena jista pric¢inna
varianta DNA v genu PRKAG2 (NM_016203.4(PRKAG2):c.
905G>A (p.Arg302Gln)), cozZ je v literature nejcastéji po-
pisovand a nejlépe zdokumentovana genetickd varianta
syndromu PRKAG2 se Sirokym fenotypickym spektrem.
Totoznd mutace byla nasledné potvrzena i u probandovy
matky (IlI-2) a jeji sestry (l1I-4). Bratr matky (llI-3) na gene-
tické vysetieni nedorazil.

Sestfe matky probanda bylo po pozitivhim genetickém
testovani doplnéno jicnové echokardiografické vysetreni,
které odhalilo pfitomnost HKMP. Na EKG jiz byl patrny
RBBB a levy predni hemiblok. V lednu 2020 byla pfijata
pro bézici flutter sini I. typu a podstoupila radiofrek-
vencni ablaci kavotrikuspidalniho isthmu. Nasledné jsme
u této pacientky provedli primoimplantaci ICD v primarni
prevenci NSS. Vzhledem k rizikovému profilu rodiny byl
ICD implantovan probandovi a jeho matce. Matce pro-
banda se klinicky dafi dobfe a je dle posledni kontroly
na antiarytmické medikaci zcela bez obtizi. Proband je
kromé jedné elektrické kardioverze v roce 2021 pro paro-
xysmus fibrilace sini taktéz bez obtizi.

Diskuse

Na prikladu popsanych rodin je velmi dobfe patrné, ze
syndrom PRKAG2 je autosomdlné dominantné dédicné
onemocnéni s velmi pestrym vyjadienim fenotypu. Pa-
cient s potvrzenou pfi¢innou variantou DNA bez jakého-
koliv klinického projevu syndromu PRKAG2 se v nasem
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testovaném souboru nevyskytuje, nicméné i u takovych
pacientd bychom méli byt obezfetni a pravidelné je dis-
penzarizovat, nebot riziko NSS se vyskytuje i u nich. Tento
fakt dokumentuje napt. studie na 90 prokdzanych nosi-
Cich pric¢inné varianty DNA v genu PRKAG2 (median véku
v uvodu studie 33 let), kdy bylo pfi prvnim hodnoceni 26
pacientd zafazeno do skupiny ,nepostiZzeni”, pficemz 5
z nich béhem 3estiletého sledovani zemfelo.®

Syndrom PRKAG2 ukazuje také na opravnénost indika-
ce genetického vysetfeni u jedincl po prezité srdecni za-
stavé, s WPW syndromem v kombinaci s hypertrofii myo-
kardu a pozitivni rodinnou anamnézou, s AV blokadou
vyzadujici implantaci kardiostimuldtoru v mladém véku ¢i
u osob s ndpadné casnou fibrilaci sini se soucasnym vy-
skytem poruch vedeni na EKG. Diky spravné indikované-
mu genetickému vysetfeni v téchto pfipadech muizeme
dospét k detekci vzacnych forem kardiomyopatii spoje-
nych s rizikem malignich arytmii.” Tento fakt Ize dobre
prezentovat i na nasem vysetfovacim postupu u druhé
rodiny, kdy jsme v Uvodu vysetfovani nevédéli o Zzadném
¢lenovi s potvrzenou HKMP a genetické vysetfeni bylo in-
dikovdno pravé na zakladé podezrelé kombinace nékte-
rych z vyse uvedenych pfiznakl v probandoveé rodiné.

Jak z textu vyplyva, v problematice syndromu PRKAG2
je zcela zdsadni vyznam multidisciplindrniho pfistupu. Za-
pojeni klinického genetika je naprosto nezbytnou soucas-
ti diagnostického postupu a dalsiho sledovani pacient(.
Jednim z dulezitych prikladd vyznamu genetického vy-
Setfeni je mj. moznost primarni prevence onemocnéni pfi
vyuziti preimplantacni diagnostiky (viz rodinu A).

Zaveéer

Syndrom PRKAG?2 je dédic¢né stfradavé onemocnéni glyko-
genu, které se projevuje variabilni kombinaci klinickych
jednotek. Mezi nejcastéjsi nalezy u syndromu PRKAG2
fadime hypertrofii myokardu, poruchy elektrického ve-
deni a srde¢niho rytmu (kratky interval PQ, chronotrop-
ni inkompetence, SA a AV prevodni poruchy, supraven-
trikularni arytmie vcéetné fibrilace sini, fibrilace komor)
a nahlou srde¢ni smrt. Potvrzeni diagnézy molekularné
genetickym vySetfenim muze pfinést dulezitou informaci
pro stratifikaci rizika ndhlého umrti u rodinnych pfislusni-
ka. Jelikoz se dle nékterych praci pohybuje riziko nahlého
umrti kolem 8-20 %, jednd se o variantu hypertrofické
kardiomyopatie, kdy ma byt zvdZzena implantace kardio-
verteru-defibrildtoru vyrazné dfive, nez by odpovidalo
klasické indikaci dle rizikového skére Evropské kardiolo-
gické spolecnosti (ESC) pro HKMP.
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Symptomatické neurologické komplikécie sa vyskytuju u 15-30 % pacientov s infekénou endokarditidou. Za-
roven sa u 35-60 % pacientov vyskytuju klinicky nemé mozgové embdlie. Staphylococcus aureus je patogén,
ktory najcastejsie spdsobuje postihnutie nervového systému. Uvddzame pripad 67-ro¢ného muza s infekénou
endokarditidou po stomatologickom vykone, ktory sa prejavil ako spondylodiscitida a mnohopocetna em-
bolizacia do mozgu, vratane mozgového abscesu, ktory si vyziadal neurochirurgickd drenaz. Po 6 tyzdrioch
liecby Sirokospektralnymi antibiotikami a komplexnej podpornej terapii sme pacienta prepustili v uspokoji-
vom somatickom a psychickom stave. Pokracuje priprava pacienta na kardiochirurgicky vykon.
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ABSTRACT

Symptomatic neurological complications occur in 15-30% of patients with infective endocarditis. At the
same time, other clinically silent cerebral embolisms occur in 35-60% of patients. Staphylococcus aureus
is the pathogen that causes nervous system involvement most frequently. We report a case of a 67-year-
-old man with infective endocarditis following a dental procedure that manifested as spondylodiscitis and
multiple brain embolization, including a brain abscess that required drainage. After six weeks of treatment
with broad-spectrum antibiotics and complex supportive therapy, we discharged the patient in a satisfactory

Spondylodiscitis

Introduction

Symptomatic neurological complications occur in 15-30%
of patients with infective endocarditis (IE). At the same
time, clinically silent cerebral embolism occurs in 35-60%
of patients with IE." Neurological complications inclu-
de meningitis, brain abscess, ischemic stroke, and fungal
aneurysm.? Although neurological impairment is the most
common extracardiac manifestation of IE, brain abscesses
are uncommon.? Moreover, the mortality of IE is negative-
ly affected by neurological complications.* Septic emboli-
zation is the most common cause of these complications,
which mainly manifest as neural infections.> Staphyloco-
ccus aureus is the pathogen causing neurological com-
plications most frequently.” We present a case of IE and

mental and somatic condition. The preparation of the patient for cardiac surgery is ongoing.

brain abscess as a non-cardiac complication of IE caused by
multiple septic emboli.

Case report

A 67-year-old man with a previous right-sided nephrecto-
my for renal cancer in 2014 and a previous laminectomy
with the evacuation of a thoracic spine abscess in 2018
was examined in our echocardiography laboratory to as-
sess the severity of a known mitral regurgitation. He was
treated for arterial hypertension and was otherwise in
a favorable biological state. Transesophageal echocar-
diography revealed severe mitral regurgitation based on
the P2 prolapse of the posterior mitral valve leaflet (Fig. 1).
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Fig. 1 - Transesophageal echocardiography - 4-chamber view. The
red arrow shows the prolapse of the P2 mitral leaflet.

Subsequently, the patient was prepared for a surgical
replacement and referred to a dentist to exclude dental
infectious foci. The dentist found a focal infection of one
tooth and treated it by extraction. The patient was given
antibiotic treatment by amoxicillin-clavulanate orally for
48 hours. Shortly afterwards, we admitted the patient to
our hospital for MRI-verified thoracic and lumbar verte-
bral spondylodiscitis (SD) (Fig. 2). The patient complained
of 2-week-long low back pain, chills, general weakness,
and twitching in both lower limbs. At the initial exami-
nation, a qualitative combined disorder of consciousness
was observed, the patient was asleep, confused, with
right-sided facial nerve dysfunction, and a light parapare-
sis of lower limbs was present. Computer tomography
(CT) of the brain did not reveal intracerebral patholo-
gy. However, subsequent magnetic resonance imaging

Fig. 2 - The MR of the spine. The axial projection is shown on the
left side, and the arrow points to the paravertebral abscess. On the
right side, sagittal projection is shown, and the arrow shows an
increased signal in the lumbar vertebra and the surrounding tissue
(due to inflammation).

(MRI) was performed, and this examination confirmed
minor ischemic foci in several vascular territories — a fin-
ding highly indicative of cardioembolic etiology (Fig. 3).
A transesophageal echocardiography documented in-
fective endocarditis of the mitral valve. A small vegeta-
tion (6 mm in length) was present on the anterior leaflet
of the mitral valve. At the same time, a rupture of the
mitral valve's suspension apparatus and a posterior leaf-
let flail led to a severe mitral regurgitation (Figs 4-6). The
patient was transferred to a cardiological intensive care
unit to treat complicated IE. We collected multiple blood
cultures and extended the antimicrobial treatment - in-
travenous vancomycin and gentamicin were added, and
meropenem (which was started as the initial treatment
for SD) was continued. Ear, nose, and throat examination

Fig. 3 - MR imaging of the brain - diffuse weight imaging. Arrows
show hyper signal foci in several vascular territories - a finding
typical for septic embolization.

Fig. 4 - TOE modified 4-chamber view also with LV outflow tract.
The red arrow shows small fluttering vegetation on the anterior
leaflet of the mitral valve. LA - left atrium; LV - left ventricle; RA -
right atrium; RV - right ventricle.
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Fig. 5 - Transesophageal echocardiography 2-chamber view. The
arrow shows the flail of the posterior leaflet of the mitral valve
caused by the rupture of the suspensory apparatus.

Fig. 6 - Transesophageal echocardiography 3-chamber view. The
arrow shows a flail of the posterior leaflet of the mitral valve. Also,
signs of severe mitral regurgitation can be seen.

e MR ET
5.2mm gDi1sST!

Fig. 7 - Transthoracic echocardiography showing semiquantitative
assessment of mitral regurgitation by measurement of the vena
contracta.

and a repeated dental examination excluded focal infec-
tion in the orofacial region. Blood culture samples taken
before and during the hospital stay did not detect any
pathogen. Antibiotic therapy was adjusted according to
therapeutic drug monitoring, with good tolerance and

Fig. 8 - Transthoracic echocardiography showing the use of quan-
titative assessment of mitral regurgitation by proximal isovelocity
surface area (PISA) method.

no additional side effects. Control transthoracic echocar-
diography confirmed the persistence of severe mitral re-
gurgitation (Figs 7 and 8).

A control CT scan of the brain was performed to ex-
clude fungal aneurysms, which were not confirmed, but
a small deposit frontally on the right side was detected.
This focus was highly suspicious of a brain abscess (Fig. 9).
After a comprehensive multidisciplinary evaluation and
consideration of current laboratory markers (decrease of
inflammatory markers to almost negative values and im-
provement of the overall clinical condition), we contin-
ued the antibiotic therapy and performed an MRI scan.
The MRI documented a lesion with a character of an ab-
scess with hemorrhage on the periphery. A neurosurgeon
was consulted, and an indication for aspiration of the ab-
scess lesion was made.

During the procedure, samples were taken for micro-
biological and histological examination. The histology
showed an abscess but without finding any pathogen
(Fig. 10). A control brain MRI revealed the progression of
perifocal edema and bleeding after the procedure (Fig.
11). Another MRI of the spine documented a complete
regression of the inflammatory changes. The multidisci-
plinary team decided to terminate the antibiotic treat-

Fig. 9 - The native CT scan. The arrow on the left picture shows
a typical finding of an abscess. The image on the right is an older CT
scan for comparison, and the arrow shows a small ischemic lesion
in the frontal region.
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Fig. 10 - The
histological finding of
the brain abscess.

Fig. 11 - The control
MRI scan of the brain
after the neurosurgical
intervention. The arrow
shows an increased sig-
nal in the right frontal
area with a surrounding
hemorrhagic rim.

ment. We discharged the patient and scheduled him for
a control MRI of the brain, which confirmed a significant
regression of the lesion frontally to the right later on.
The patient was consulted with a cardiac surgeon for the
persistence of severe mitral regurgitation associated with
signs of heart failure. Based on a comprehensive examina-
tion of the patient, a cardiosurgical procedure on the mi-
tral valve was indicated. To definitively rule out a residual
inflammatory focus, a PET CT scan was performed, which
found no remaining foci of pathologically increased me-
tabolism of glucose.

Discussion

The guidelines of the European Society of Cardiology
(ESC) aimed at IE prophylaxis are based on changes in the
pathophysiological concept of IE. This change in concept
resulted in the restriction of antibiotic prophylaxis to the
highest-risk patients — patients with the highest inciden-
ce of IE and the highest risk of adverse consequences of
IE." Several studies have looked at the incidence of viri-
dans group streptococcal IE (VGS-IE) following guideline
changes in the United States and the United Kingdom im-
plemented in 2007 and 2008. Desimone et al. found no
increase in the incidence of VGS-IE in a localized area of
Minnesota. IE incidence rates (per 100,000 person-years)
during 1999-2002, 2003-2006, 2007-2010, and 2011-2013
were 3.6, 2.7, 0.7, and 1.5, respectively.® According to ESC
guidelines from 2015, our patient was not indicated for
antibiotic prophylaxis during a dental procedure. None-
theless, the dentist indicated amoxicillin-clavulanate as
a short-duration treatment for the purulent infection, as
mentioned earlier. The subsequent sequelae of adverse
events in our patient suggest the need for a more indivi-

dual approach to antibiotic prophylaxis and treatment in
certain situations.

The case report we present deals with a case of IE
complicated by SD and a brain abscess. Early diagnosis of
IE is essential for initiating adequate antibiotic therapy
and identifying patients who may benefit from extend-
ed monitoring of cardiac function and early surgical in-
tervention. Behmanesh et al. performed a retrospective
analysis of the coexistence of IE and SD. Over ten years,
110 out of 255 patients with SD underwent transesopha-
geal echocardiography to detect IE. The IE detection rates
between patients who underwent and did not undergo
echocardiography were 33% and 3%, respectively (p <
0.0001).” Chronic renal failure, heart failure, septic con-
dition on admission, and a preexisting cardiac condition
were significantly associated with coexisting IE.”® Mortal-
ity in patients with IE was significantly higher than in pa-
tients without IE (22% vs. 3%, p = 0.002).” Based on these
data, routine use of transesophageal echocardiography
in some patients with SD could be advocated. Viezens et
al. conducted a database analysis of 328 patients diag-
nosed with spontaneous SD using statistical analysis with
propensity score matching. They found significantly more
positive blood cultures in patients with the coincidence of
IE and SD. The most frequently affected valves were the
aortic and mitral valves. More patients were treated sur-
gically in their patient group, as the study was performed
at a tertiary center where patients to whom a conserva-
tive treatment for SD failed were referred. The coinci-
dence of SD and IE fundamentally affects the duration of
antimicrobial treatment and the length of hospitalization
compared to patients who are only diagnosed with SD.°

IE complicated by a central nervous system event is as-
sociated with a significantly higher mortality. Septic em-
bolism is a significant cause of poor prognosis and relates
to increased IE-related mortality.* Notably, the symptoms
of most neurological complications are evident on admis-
sion or develop during the first days of hospitalization.'

Furthermore, neurological complications of IE are
among the most common ones.? Garcia et al. retrospec-
tively analyzed data from consecutive patients with left-
-sided IE (1345 in total) obtained from 8 centers in Spain.
Of these patients, 340 experienced neurological compli-
cations, 192 patients (14%) had ischemic events, 86 (6%)
had encephalopathy or meningitis, 60 (4%) had hemor-
rhagic complications, and 2 (1%) had brain abscesses.
Their analysis showed that the most common indepen-
dent risk factors for neurological complications were veg-
etation size above 3 cm, mitral valve involvement, Staphy-
lococcus aureus infection, and anticoagulation therapy."
Preceding mitral regurgitation was a predisposing factor
in our patient. Due to the negativity of blood cultures,
we cannot confirm that IE was caused by Staphylococ-
cus aureus as the most common cause of neurological
infections. We also do not know the original size of the
vegetation on the mitral valve as, at the time of the first
transesophageal echocardiography, the patient had al-
ready suffered from an embolic event. Due to the initial
extensive intracerebral involvement (septic embolism in
several vascular territories), we believe that initially, the
vegetation was of larger size. Rodriguez-Montolio et al.
retrospectively analyzed 222 patients treated for IE and
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found a high prevalence of neurological complications
(21%), with ischemic events accounting for 74.5% and
intracerebral hemorrhage for 23.4% of cases.’ Although
neurological complications frequently occur in patients
with infectious endocarditis, bacterial brain abscess is a
rare complication of endocarditis. It affected 1-7% of pa-
tients with IE and was mainly associated with a methicil-
lin-resistant Staphylococcus aureus (MRSA) infection. MRI
usually detects these abscesses as multiple lesions high-
lighting the margin in the gray-white junction, which can
cause significant edema, bleeding, and a mass effect.

Many patients require a combination of drug and
surgical treatment to manage IE successfully. In patients
with neurological complications of IE, the indication for
cardiac surgery remains or is enhanced, and it must be in
balance with perioperative risk and postoperative prog-
nosis. In these cases, one must proceed individually, as
there are no data from randomized studies (in the case
of neurological complications), and cohort studies suf-
fer from bias, which can only be partially compensated
by statistical methods." Early cardiac surgery of a patient
with concomitant SD is conflicting since inflammation in
the spinal region is an infectious focus increasing the risk
of early prosthetic IE.

Conclusion

Summarizing, neurological complications of IE are among
the most common,' and IE complicated by a central ner-
vous system event is associated with significantly higher
mortality.# Early diagnosis of IE is vital for adequate an-
tibiotic therapy. The length and the combination of an-
tibiotic treatment of IE complicated by neurological in-
fection are governed by the recommendations for the
management of IE. An essential issue for consideration
is the passing of antibiotics through the blood-brain bar-
rier. In the case of surgical treatment of IE complicated by
neurological infection, one must proceed individually, as
randomized studies are lacking, and cohort studies suffer
from bias.
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Kazuistika | Case report

Levopravy zkrat u dospélé zeny mezi levou koronarni tepnou
a koronarnim sinem zptsobeny gigantickou fistuli

(Left-right short circuit in an adult woman between the left coronary artery and the sinus
coronarius caused by a giant fistula)

Zuzana Komorova?, Martin Novaka?, Jifi Seménka?, Véra Feitovats,
Petr Némec?¢, Lenka Spinarova?

2 |. interni kardioangiologicka klinika, Lékarska fakulta Masarykovy univerzity a Fakultni nemocnice u sv. Anny v Brné, Brno
b Klinika zobrazovacich metod, Fakultni nemocnice u sv. Anny v Brné, Brno

¢ Mezinarodni centrum klinického vyzkumu, Fakultni nemocnice u sv. Anny v Brné, Brno

4 Klinika kardiovaskularni a transplantacni chirurgie, Lékarska fakulta Masarykovy univerzity, Brno

¢ Centrum kardiovaskuldrni a transplantacni chirurgie, Brno

INFORMACE O CLANKU SOUHRN

Historie ¢lanku: Komunikace mezi koronarnimi tepnami a velkymi tepnami ¢i srde¢nimi dutinami v podobé pistéle je spise
Vlozen do systému: 4. 7. 2022 raritni anomalii vyskytujici se asi v 0,1-1,0 % koronarografovanych pacientd.' Nase kazuistika popisuje 65le-
Pfijat: 7. 7. 2022 tou pacientku, jez byla pfijata na nase pracovisté k doSetfeni echokardiograficky suspektniho levopravého
Dostupny online: 16. 5. 2023 zkratu. Bylo provedeno transezofagedlni echokardiografické vysetfeni s nalezem komunikace mezi kmenem

levé véncité tepny (ACS) a korondrnim sinem. Koronarografické vysetieni a nasledné provedena CT koro-
narografie potvrdila nalez gigantické fistuly mezi kmenem ACS a korondrnim sinem. Vzhledem k rozsahu
zkratu bylo indikovano kardiochirurgické feseni s ligaturou pistéle, bez nutnosti revaskularizace. V dal$im
prabéhu doslo ke zlepseni subjektivniho stavu pacientky, redukci dusnosti a i poklesu plicni hypertenze.
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ABSTRACT

Communication between coronary arteries and large arteries or heart cavities in the form of fistula is a rare
anomaly occurring in about 0.1-1.0% of coronarographed patients. Our case report describes a 65-year-old
patient admitted to our department for suspicious left-right short circuit. Transesophageal echocardiogra-
phy was performed and revealed communication between the left coronary artery trunk and the coronary

Keywords: sinus. Coronary angiography and subsequent CT coronarography confirmed the finding of a gigantic fistula
Coronarography between the ACS strain and the coronary sinus. Due to the extent of the short circuit, cardiac surgery was
Coronary artery fistula (CAF) indicated - fistula ligation was performed, without subsequent revascularization. In the following course,
Echocardiography the patient’s subjective condition improved whereas dyspnea and pulmonary hypertension decreased.
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Uvod

Anomalie véncitych tepen predstavuji Siroké spektrum
raznych variet s incidenci kolem 1 %, jez zahrnuje pato-
logie od atrezie kmene levé koronarni tepny pres odstup
koronarni tepny z opacného Valsalvova sinu az po pfi-
tomnost zkratu ve formé fistuly.? Variety mohou byt jak
zcela asymptomatické a nepredstavujici Zadna zdravotni
rizika pro jejich nositele, tak mohou byt i klinicky zavaz-
né, ovliviujici prognézu pacienta.

Popis pripadu

Zena ve véku 65 let byla pfijata na nase pracovi$té pro
podezfeni na pfitomnost vyznamného levopravého zkra-
tu na zakladé suspektniho echokardiografického nalezu
u ambulantniho kardiologa. V klinickém obraze domino-
vala dlouhodobé progredujici namahova dusnost a spise
atypické bolesti na hrudi (vazané na hluboky nadech).
Anamnesticky udavala kardiologickou dispenzarizaci od
détstvi pro pfitomny srdecni Selest, jinak bez dalsich ko-
morbidit, bez trvalé medikamentdzni terapie. V rodinné
anamnéze byl nalez bez pozoruhodnosti. Pfi pfijmu byly
naméreny normalni hodnoty krevniho tlaku 135/65 mm
Hg, tepova frekvence 85/min, saturace O, 96 %. Na EKG
byl sinusovy rytmus, bez zachytu arytmie, bez pfitomnosti
ischemickych zmén ¢i znamek hypertrofie nebo pretize-
ni. Laboratorni parametry byly v mezich normy. Rentgen
hrudniku zobrazil rozsiteny srdecni stin (kardiotorakalni
index [KTI] = 0,67). Na naSem pracovisti byla provedena
jicnovad echokardiografie, byla vylouc¢ena komunikace
na urovni sifového nebo komorového septa, ale s néle-
zem suspektni pistéle mezi levou koronarni tepnou (ACS)
a korondarnim sinem. Nasledné bylo doplnéno elektivni
koronarografické vysetfeni, kde byla vizualizovana gi-
ganticka pistél (prdmér 18-25 mm) mezi kmenem ACS
a korondrnim sinem. Kolateralizace ramus interventri-

Obr. 1 - Koronarografie levé véncité tepny (ACS), giganticka fistula
mezi kmenem ACS a koronarnim sinem s hemodynamicky vyznam-
nym zkratem

cularis anterior (RIA) a ramus circumflexus (RC) z povodi
arteria coronaria dextra (ACD) svéd¢i pro steal fenomén
v povodi ACS (obr. 1).

Pri echokardiografickém vysetreni srdce ke zhodnoceni
vyznamnosti zkratu byla nalezena nedilatovana hypertro-
ficka leva komora (LK) s normdlni systolickou funkci, pra-
va srdecni komora bez dilatace se zachovanou systolickou
funkci. Chlopenni aparat byl bez vyznamné patologie —
stopové regurgitace na mitralni a pulmonalni chlopni, re-
gurgitace I. stupné na trikuspidalni chlopni se systolickym
vrcholovym gradientem 42 mm Hg. Byla namérena stred-
né tézka plicni hypertenze s odhadem systolického tlaku
v pravé komore 50-55 mm Hg. Echokardiograficky byla
velmi dobfe zndzornéna vinuta fistula s praimérem lumen
nad 10 mm v celém prabéhu. Vychazi z kofene aorty, ob-
taci levou sin, dale prochazi v sulku mezi LK a levou sini
(LS) a konci v oblasti sinus coronarius (CS) do pravé siné
(PS) (obr. 2-4).

Nasledné byla provedena CT angiografie aorty a koro-
ndrnich tepen k upresnéni anatomickych pomért — pistél

Obr. 2 - Echokardiografie, apikalni projekce - ¢tyfdutina, znazorné-
na fistula (modré Sipky). LK - leva komora; LS - leva sin; PK — prava
komora; PS — prava sin.

Obr. 3 - Echokardiografie, parasternalni projekce dlouha osa, zna-
zornéna fistula (modré Sipky). IVS — mezisifiové septum; LK - leva
komora.
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Obr. 4 - Echokardiografie, parasternalni projekce kratka osa, zna-
zornéna fistula (modré Sipky)

Obr. 5 - CT angiografie znazornujici tortudézni pistél odstupujici
z dilatovaného kmene ACS a ustici do sinus coronarius

Obr. 6 - CT angiografie vakovité rozsifené piStéle obtacejici levou
sifi, prochazejici v sulku mezi levou srdecni komorou a levou srde¢-
ni sini

odstupuje z dilatovaného kmene ACS, je vyrazné tortudz-
ni, vakovita a usti do CS (obr. 5-7).

U pacientky bylo s ohledem na rozsah malformace
a symptomy indikovano kardiochirurgické reseni. Kalku-
lované EuroSCORE Il pfed operaci bylo 1 %. Operace pro-

Obr. 7 - CT angiografie zobrazujici gigantickou pistél, ktera kon¢i
v oblasti sinus coronarius do pravé siné.

béhla do jednoho mésice od stanoveni diagnézy. V mi-
motélnim obéhu byla oteviena prava sifh a ozfejmeno
vyusténi pistéle do koronarniho sinu. Tésné pred timto
vyusténim byl na pistél naloZen turniket a méreny prua-
toky (se zatazenym turniketem 50 ml/min, s povolenym
1 000 ml/min). Po dotazeni turniketu nebyly na EKG pa-
trny nové znamky akutni ischemie myokardu ani nova
segmentdrni porucha kinetiky levé komory dle jicnového
echokardiografického vysetfeni. Nasledné byla nalozena
trojitd ligatura na fistulu (obr. 9). V periopera¢nim ob-
dobi byla pacientka hemodynamicky stabilni, paroxysmus
fibrilace sini byl farmakologicky vertovdn amiodaronem.
Pred propusténim bylo provedeno kontrolni echokardio-
grafické vysetreni, kde pritomna trikuspidalni regurgita-
ce dosahovala 1,5°, prava komora byla nezvétsend, ejek-
¢ni frakce a kinetika LK byly v normé.

Obr. 9 - Ligace fistuly
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Obr. 10 - Koronarografie levé véncité tepny po podvazani fistuly

Po osmi meésicich byla provedena kontrolni korona-
rografie a echokardiografie na nasi klinice. Pacientka
uvadéla caste¢né zlepseni ndmahové dusnosti, vymizeni
bolesti na hrudi. Echokardiograficky trvala stfedné vy-
znamna trikuspiddlni regurgitace Il. stupné, gradient na
trikuspidalni chlopni byl 30 mm Hg, pokles systolického
tlaku v PK na 35-40 mm Hg. Na koronarografii pak byla
nalezena trombotizovand distaIni ¢ast atrioventrikularni
(AV) fistule pred vyusténim do CS a vymizeni znamek ko-
ronarniho steal syndromu - povodi RIA, RC a ramus mar-
ginalis sinister (RMS) se pIni jen progradné, heterokolate-
raly z ACD jiz nebyly patrné (obr. 10).

Pfi druhé kontrole 20 mésicl od operace je pacientka
zcela bez potizi, bez dusnosti i bez bolesti na hrudi. Echo-
kardiograficky trva jiz jen lehka trikuspidalni regurgitace,
tlaky v plicnim obé&hu jsou na hranici normy, pravostran-
né oddily bez dilatace. Pacientku jsme predali z kardio-
centra do péce ambulantniho kardiologa.

Diskuse

Koronarni pistél neboli fistula predstavuje vzacnou od-
chylku, ktera se vyskytuje pfiblizné v 0,1-1,0 % koronaro-
grafovanych pripad(.! Pistél je ve vétsiné pripadl vroze-
na, ale mohou se vyskytnout i takové, které byly ziskané
posttraumaticky nebo po chirurgickém zakroku ¢i koro-
narni intervenci.?

Koronarni anomalie (tedy i pistél) se mlze projevo-
vat témito priznaky: angina pectoris v dusledku ischemie
myokardu (na podkladé steal fenoménu), srde¢ni selha-
ni pfi tvorbé zkratu a zatizeni pravé ¢i levé komory, syn-
kopa, arytmie a v neposlednim radé i nahla srde¢ni smrt
(NSS) zejména u mladych sportovc(.*> Fistuly mohou byt
ektaticky rozsifené, udava se, ze asi v 19 % jsou kompli-
kovany aneurysmatem, coz vede k turbulentnimu prou-
déni krve s rizikem vzniku akutniho infarktu myokardu
pfi trombdze aneurysmatu, pfipadné i k riziku ruptury
aneurysmatu.®’

Koronarni pistél je vétSinou diagnostikovana jako ved-
lejsi nalez pri echokardiografickém ¢i koronarografickém
vysetreni. V pripadé velkych hemodynamicky vyznamnych
pistéli lze jiz auskultacné diferencovat Selest — systolicky
nebo diastolicky typicky v mistech, kde pistél vyustuje
do srdecni dutiny, nebo rozstép druhé ozvy pfi pretize-
ni pravostrannych oddild.'V rdmci zobrazovacich metod
Ize vyuzit echokardiografického vysetfeni (jak transto-
rakalni, tak transezofagealni) idedlné s dopplerovskym
zobrazenim tokU krve, dale selektivni koronarografii, CT
angiografii.®

Pistéle véncitych tepen mohou vést k témto kompli-
kacim: infekéni endokarditida, akutni infarkt myokardu,
hemoperikard pfi jejich rupture, srdecni selhani, arytmie
a jiné.>"?

V [écbé korondrnich fistuli se zohledriuje jejich sympto-
mati¢nost, klinickd zavaznost, velikost a anatomie recisté,
vék pacienta, komorbidity."* Lé¢ebny postup je optimali-
zovan v rdmci heart teamu (kardiolog, interven¢ni kardio-
log, kardiochirurg) a probiha na specializovanych pracovi-
stich. Kromé chirurgické operace existuji i transkatétrové
metody uzavéru pistéli, s vyuzitim odpoutatelnych balon-
ka, coill, stentgraftd, pripadné Amplatzerovych okludé-
r0."*"7 Chirurgicka epikardidlni nebo endokardidlni ligace
pistéle predstavuje zakrok v celkové anestezii, se sterno-
tomii nebo torakotomii, nutnosti mimotélniho obéhu,
rizikem krvaceni, delsi rekonvalescenci, v nékterych pfi-
padech s potfebou zaloZeni aortokorondrniho bypassu
(v ptfipadé ischemie myokardu).'®'® Transkatétrové meto-
dy si vyzaduji zkuseny erudovany tym, nejsou vhodné pro
viechny typy pistéli, k jejich komplikacim patfi: disekce,
embolizace materidlu, dislokace s nutnosti chirurgické
operace, vyvolani arytmii a jiné."2°

Zaveér

Koronarni pistéle mohou byt diagnostikovany jako pfici-
na subjektivnich potizi i jako ndhodny nalez. Symptoma-
tické pistéle s nepfiznivym dopadem na hemodynamiku
jsou pak léceny individualné ve spolupraci kardiochirurga
a intervencniho kardiologa.

Prohlaseni autorti o mozném stietu zajmu
Zadny stret zajmu.
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Kompresivni syndrom a. poplitea vznika utlakem vaskuldrnich struktur ve fossa poplitea. Nejcastéji se proje-
vuje klaudikacemi dolnich koncetin. V¢asna diagnostika a [é¢ba mdze zabrénit poskozeni tepny, které se nej-
Castéji projevuje jejim aneurysmatickym rozsitenim s moznou nasedajici trombé6zou a naslednou embolizaci
do bércového fecisté s priznaky akutni koncetinové ischemie.' Tento ¢lanek je prehledem dané problematiky
s kazuistikou.
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ABSTRACT

Popliteal artery entrapment syndrome is caused by external compression of vascular structures in the fossa
poplitea. In most cases it manifests as lower extremity claudication. Early diagnosis and treatment may
prevent artery damage, which would most often lead to aneurysmatic dilatation of the artery with possible
onset of thrombosis and next may lead to embolization into the peripheral arteries, which would manifest
as peripheral artery disease. This article is an overview of this problematics and a case report.

Uvod

Kompresivni syndrom arteria poplitea — popliteal artery
entrapment syndrome (PAES), patfi mezi vzacné pfriciny
ischemické choroby dolnich koncetin. V klinickém obraze
dominuji nej¢astéji lytkové klaudikace pFislusné dolni kon-
Cetiny, nékdy provazené paresteziemi, bledosti a chladem
koncetiny. Typické byva zhorseni obtizi pfi extenzi kolen-
niho kloubu. Onemocnéni se vyskytuje castéji u mladsich
muzdu, sportovcd, s nizkym kardiovaskularnim rizikem a az
v 60 % pfipadd se mlze jednat o oboustranné postizeni.?
Uddvana incidence PAES se pohybuje v rozmezi 0,6-3,5
%."

PAES byl poprvé zaznamendn v roce 1879 studentem
mediciny Stuartem, ktery béhem pitvy popsal vyrazné
aneurysmaticky rozsifenou a. poplitea a jeji anomalni pra-
béh medialné od medialni hlavy musculus gastrocnemius.?

Arteria poplitea fyziologicky probiha mezi hlavami
musculus gastrocnemius. Pfi PAES muUzZe dochazet k utlaku

tepny, Zily nebo nervu v kombinaci ¢i osamocené.' PAES
klasifikujeme celkem na $Sest variant dle typu anatomic-
ké ¢i funkcni odchylky.? Prvni varianta je ddna anomalnim
pribéhem a. poplitea medidlné od medidlni hlavy m. gas-
trocnemius. U druhé varianty je medialni hlava m. gas-
trocnemius vyvinuta laterdlnégji, ¢imz zpusobuje medialni
prabéh a. poplitea. U tfeti varianty je pfitomen fibrézni ¢i
svalovy snopec z medidlniho ¢i laterdlniho kondylu femu-
ru, ktery utlacuje a. poplitea. U ¢tvrté varianty je a. popli-
tea komprimovana m. popliteus. U paté varianty se jedna
o utlak arteria i vena poplitea jakoukoliv z jiz zminénych
anatomickych odchylek. A Sesta varianta je funkéni, neboli
zpUsobena hypertrofii medialni hlavy m. gastrocnemius,
m. soleus ¢i m. plantaris.® Funk¢ni typ je castéjsi u mlad-
Sich, aktivnéjsich pacientd, napf. cyklistd. Kromé klaudika-
ci se Casto projevuje slabosti koncetiny, kfecemi ¢i pocitem
napéti.® Toto déleni je dllezité pro zvoleni spravné lécby.

Pacienta s podezfenim na PAES nejdfiv vysetfujeme
neinvazivnimi metodami. Pfi fyzikalnim vysetfeni muze
byt ndpadné vymizeni perifernich pulsaci pti plantarni
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a dorzalni flexi.? Index kotnik-paze (ankle-brachial index,
ABI) je pozitivni pfi poklesu kotnikovych tlak( o alesporn
20 %.2 U pacientd standardné provadime duplexni sono-
grafii (UZ), kterd ndm muze zobrazit dilataci tepny, jeji
stenézu nebo funkéni stendzu pfi provokacnich mané-
vrech. Ostatni tepny byvaji hladké bez pfitomnosti ate-
rosklerotickych platd." K verifikaci diagnézy a presnému
anatomickému zhodnoceni je naprosto klicové vysetfeni
pomoci vypocetni tomografie (CT), CT angiografie (CTA),
magnetické rezonance (MR), MR angiografie (MRA) a di-
lu¢ni subtrakéni angiografie (DSA).” Tyto metody nam
mohou verifikovat stenézu ¢i uzavér a. poplitea. Magne-
tickd rezonance ndm muze blize popsat anatomii a vztah
tepny s okolnimi strukturami. Béhem téchto zobrazova-
cich vysetfeni vyuzivdme provokacnich testl, které spo-
Civaji v extenzi v kolennim kloubu, plantarni a dorzalni
flexi nohy, kdy vymizi periferni tepenny tok.?

Lécbu volime dle anatomickych a funkénich specifik
daného pacienta. V pripadé akutni koncetinové ischemie
se provadi angiografie tepen s naslednou intervenci i
chirurgickd trombektomie. Po zaléceni akutni trombdzy
¢i perifernich embolizaci se pristupuje k chirurgické de-
kompresi tepny. U varianty 1 a 2 se provadi myotomie
medidlni hlavy m. gastrocnemius s odklonénim tepny fy-
ziologickym smérem. U varianty 3 se provadi myotomie
akcesornich svalovych vldken. U varianty 4 uvolnéni m.
popliteus s dekompresi a. poplitea a u varianty 5 véetné
dekomprese v. poplitea. Pokud je postizena a. poplitea
stendzou ¢i poststenotickou dilataci, provadi se cévni chi-
rurgicka revaskularizace s ndhradou tepny ¢i feSeni po-
moci endovaskuldrnich metod dle anatomickych poméra.

V poslednich letech se objevuje moznost l1écby funkéni
varianty pomoci neinvazivni metody injekce botulinum
toxin A pod ultrazvukovou kontrolou. Injekce botulinem
zrelaxuje hypertrofovany sval m. gastrocnemius a m.
plantaris. U syndromu horni hrudni apertury (thoracic
outlet syndrome, TOS) se pouziva tato metoda k denerva-
ci m. scalenus anterior." V pfipadé, kdy je jiz postiZzena a.
poplitea stendzou ¢i okluzi, byva tato metoda méné efek-
tivni. Pouziva se v nékterych pripadech u funk¢ni varianty
k preklenuti obdobi k chirurgickému feseni.?

Kazuistika

Ctyficetilety pacient, bez pfedchozi interni anamnézy, ne-
kurdk, prichazi do nemocnice pro tfi ¢tvrté roku trvajici
limitujici lytkové klaudikace levé dolni koncetiny (LDK) po
100 m chlze, bez klidovych bolesti, bez pfitomného de-
fektu na koncetiné. Vstupné bylo provedeno ultrazvuko-
vé vysetfeni tepen LDK, kde byly zobrazeny hladké pru-
chodné tepny bez patrnych aterosklerotickych platt do
periferie a. femoralis superficialis. A. poplitea byla v jejim
proximalnim useku priachodnd, stfedni a distalni Usek a.
poplitea byl uzavfen anechogennim trombem. Nad uzé-
vérem byly patrné vyvinuté kolateraly. Maximalni primér
a. poplitea byl v jejim stfednim Useku rozsiten na 10,6 mm
(proximalné 7,5 mm). Pod uzavérem se plnily tfi bércové
tepny monofazickym postokluzivnim tokem, bez patrné
stendzy. Jiz v této fazi vysetfovani vzhledem k nejasné
etiologii trombotického uzavéru a hrani¢ni dilataci a. po-
plitea byla vyslovena suspekce na PAES.

Obr. 1 - Uzavér a. poplitea Obr. 2 - Vodic¢ vedeny skrz uzavér

Obr. 3 - Balonkova angioplas-
tika arterie jako pred intervenci

Obr. 4 - Stejny nalez uzavéru

Déle bylo doplnéno angiografické vysetieni tepen
LDK, kde byl prokdzan 3 cm dlouhy uzavér a. poplitea
1 ¢m nad kloubni stérbinou. Nad uzavérem odstupo-
valy silné kolaterdly plnici bércové recisté. Dale z a.
poplitea odstupovaly tfi bércové tepny bez patrnych
stendz (obr. 1). Vodi¢ snadno pronikl pites uzavér (obr.
2) a byla zahajena selektivni kontinualni trombolytic-
ka terapie. Nasledujici den po 24 hodinach probiha-
jici selektivni trombolyzy byla provedena kontrolni
angiografie, na které byla a. poplitea prichodnd, ale
s tésnou filiformni stenézou. Byla provedena perku-
tanni angioplastika a. poplitea |ékovym balonkem
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(obr. 3), ndlez na a. poplitea po PTA vsak zUstal sta-
cionarni (obr. 4). Béhem angiografie byly provedeny
provokacni manévry. Pfi plantarni flexi zGstaval nélez
beze zmény, pfi dorzdlni flexi dochazelo k uzavéru
rezidualniho tenkého lumen a. poplitea. Po domlu-
vé tymu angiologl a cévnich chirurgl byla vzhledem
k charakteru postiZzeni tepny u pacienta indikovana
cévni chirurgickd ndhrada a. poplitea. Pacient byl ob-
jednan k vykonu v ¢asném terminu.

Diskuse

Neléceny PAES mUlze opakovanymi mikrotraumaty po-
stupné vést k postizeni viech tfi vrstev tepny. Nejdfive
byvad postizena adventicie, poté media, u ¢ehoz muze
dochéazet k poststenotické dilataci az aneurysmatu tepny.
Déle dochazi k postizeni intimy, které muaze vést az ke
vzniku trombézy a distdInim tepennym embolizacim.?

V diferencialni diagnostice u mladych sportovct s bo-
lesti dolni koncetiny po zatézi bychom méli také myslet
na chronicky ndmahovy komparment syndrom, ktery mu-
zeme potvrdit mérenim intrakompartmentového tlaku
v klidu a po zatézi. Dale medidlni tibialni stresovy syn-
drom, ktery se vyskytuje pfevazné u bézcu a projevuje se
bolesti posteromedidlni hrany tibie, kterd pretrvava né-
kolik hodin az dni po zatézi. Dale se mlze jednat o stre-
sovou zlomeninu tibidlni ¢i fibuldrni kosti, ktera se proje-
vuje postupnym zhorSovanim bolesti pfi zatézi a vétsinou
byva bolest lokalizovana. K diagnostice postaci rentge-
nové zobrazeni dané oblasti. V diferencidlni diagnostice
nesmime zapomenout na Utlak nervu, ktery se nejcastéji
projevuje paresteziemi koncetiny.?

Zaveér

PAES je pricina intermitentnich klaudikaci u mladsich pa-
cientl s nizkym rizikem aterosklerézy az ve 40 % pfipa-
du.” V pripadé casné diagnostiky a ¢asné chirurgické lécby
se zlepSuje progndza pacientd.> Mlze se predejit nevrat-
nému postizeni cévy a snizuje se potifeba néaslednych cév-
nich rekonstrukci. K diagnostice vyuzivame neinvazivnich
metod ABI a UZ vysetfeni. K prfesnéjSimu urceni varian-
ty a zvoleni sprdvného lé¢ebného postupu CT/CTA, MR/
MRA, DSA. Pfi spravné lécbé dochazi k vyraznému dstupu
symptomU az u 77 % pacientd.'

Prohlaseni autorti o mozném stretu zajmu
Zadny stret zajmu.
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ABSTRACT

U triasedmdesatiletého muze byla pred ndhradou aortélni chlopné pro tézkou aortalni stenézu indikovana
koronarografie, ktera prokazala abnormalni odstup kmene levé koronarni tepny; kmen odstupoval z pravé-
ho koronérniho Valsalvova sinu a prochazel pred plicnici.
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A 73-year-old man underwent coronary angiography be-
fore aortic valve replacement due to severe aortic steno-
sis showing an abnormal origin of the left main coronary
artery (LMCA). The LMCA arises from the right coronary
sinus of Valsalva and passes anteriorly to the pulmonary
trunk (Fig. 1A).

The patient was asymptomatic and has had only one
episode of syncope caused by aortic stenosis.

The most common anomaly is separate ostium of left
anterior descending artery (LAD) and left circumflex ar-
tery (LCX) in the absence of LMCA (0.6%) followed by an
anomalous right coronary artery (RCA) from the left coro-

A 73-year-old man underwent coronary angiography before aortic valve replacement due to severe aortic
stenosis showing an abnormal origin of the left main coronary artery (LMCA). The LMCA arises from the
right coronary sinus of Valsalva and passes anteriorly to the pulmonary trunk.

nary sinus of Valsalva (0.08%) and LCX originating from
the right coronary sinus of Valsalva (0.08%).

Our case shows a very rare congenital coronary ano-
maly of anomalous origin of the LMCA from independent
ostium of the right coronary sinus of Valsalva (0.008%)
[1]1100 patients (89.3%.

The anomalous origin of the LMCA from the right co-
ronary sinus of Valsalva can be subclassified into 4 types
based on the relationship of the LMCA to the great ve-
ssels: septal, anterior to the pulmonary trunk, intraarterial
(between the pulmonary trunk and the aorta) and retro-
aortic.?
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Fig. 1 - (A) Diagram of anterior anomalous LMCA. (B) Angiography RAO cranial LMCA (white
arrow). (C) Angiography LAO LMCA (white arrow) + RCA (red arrow). (D) Angiography LAO, RCA
(red arrow) + LMCA (white arrow). L - left; LAD - left anterior descending artery; LCX - left circum-
flex artery; LMCA - left main coronary artery; NC - non coronary; R - right, RCA - right coronary

artery.

The LMCA anterior to pulmonary trunk (our case) is ge-
nerally a more benign variant along with the septal type
(Fig. 1A).

Coronary anomalies are identified early in symptoma-
tic cases, whereas in asymptomatic patients they are of-
ten detected accidentally during other diagnostic investi-
gations.

In our case, this coronary study was useful in guiding
a correct surgical strategy for aortic valve replacement.?
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Autofi popisuji pfipad 75leté Zeny vysetfené pro synkopu, se sarkomem endometria v anamnéze. Echokar-
diografické vysetteni pfi pfijmu odhalilo dva Gtvary v srdci (jeden v pravé sini o velikosti 32 x 38 mm, druhy
v levé komore o velikosti 42 x 32 mm), oba mobilni a pUsobici dynamickou prekazku trojcipé chlopné a vy-
tokového traktu levé komory. Anamnéza pacientky vedla nejdfive k podezieni na metastatické Iéze; proto
bylo nutno v rdmci diferencialni diagndzy provést multimodalni vysetfeni kardiovaskularniho systému zob-
razovacimi metodami. Endometridlni stromalni sarkom je vzacny nador délohy predstavujici 0,2-1 % vsech
malignit postihujicich délohu. S endometridlnim stromalnim sarkomem metastazujicim intrakardidlné se Ize
setkat zfidkakdy. Ve vétsiné pfipadd se metastazy 3ifi z pravostrannych srdecnich oddilG; nase kazuistika tak
popisuje vzacny pripad postizeni levé srdecni komory.

© 2023, CKS.

ABSTRACT

The authors expose a case report of a 75-year-old woman admitted due to syncope and history of endo-
metrial sarcoma. Echocardiography at hospital admission revealed two cardiac masses (in the right atrium
[32x38 mm] and the other in the left ventricle [42x32 mm]), both with mobility and causing dynamic obstruc-
tion of the tricuspid valve and left ventricular outflow tract. Metastatic lesions were promptly suspected,
considering the previous history, and an approach based on multimodality cardiovascular imaging was per-
formed for differential diagnosis. Endometrial stromal sarcomas are rare tumors of the uterus corresponding
to 0.2-1% of all uterine malignancies. Intracardiac metastasis from endometrial stromal sarcoma is a rare
finding. The majority of reported metastasis is to the right side of the heart, being this case report a rare
case of left chamber involvement.

Introduction

denied chest pain, dyspnea, lower limb edema or previous
episodes of syncope.

Endometrial stromal sarcomas are rare tumors of the ute-
rus corresponding to 0.2% to 1% of all uterine malignan-
cies." Intracardiac metastasis from endometrial stromal
sarcoma is a rare finding and the majority of reported
metastasis are to the right side of the heart with direct
invasion of the inferior vena cava.?

Case description

A 75-year-old woman was admitted to the emergency de-
partment due to tiredness and a history of syncope. She

Relevant past medical history included arterial hyper-
tension, dyslipidemia, and a history of high-grade endo-
metrial stromal sarcoma, treated with total hysterectomy
and adjuvant chemotherapy one year earlier. Since then,
the patient has been considered in remission. Chronic
medication consisted of atorvastatin and lisinopril. The
patient denied alcohol, drugs, or tobacco abuse.

Physical examination revealed tachycardia (105 b.p.m),
normal blood pressure, normal cardiopulmonary ausculta-
tion, and no signs of hypoperfusion or hypervolemia.

Transthoracic echocardiography was performed at ad-
mission, revealing two cardiac masses, one in the right
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Fig. 1 - Transthoracic echocardiography revealed two cardiac masses (white arrows): right atrium
(32x38 mm) and left ventricle (42x32 mm), both with mobility and causing dynamic obstruction of
the tricuspid valve and left ventricular outflow tract (A). Contrast echocardiography revealed hyper-
enhancement of these masses with contrast (B, white arrows).

Fig. 2 - Cardiovascular magnetic resonance with first-pass perfusion and late gadolinium enhance-
ment demonstrating two irregular masses, showing evidence of scarce perfusion and heterogenous

contrast enhancement (A, B).

atrium (32x38 mm) and the other in the left ventricle
(42x32 mm), both with mobility and causing dynamic ob-
struction of the tricuspid valve and left ventricular out-
flow tract, respectively (Fig. 1A). Contrast echocardiogra-
phy revealed hyper-enhancement of these masses with
contrast, raising the suspicion of vascularization (Fig. 1B).

Cardiovascular magnetic resonance with first-pass per-
fusion and late gadolinium enhancement demonstrated
two irregular masses, showing evidence of scarce per-
fusion and heterogenous contrast enhancement, more
compatible with neoplasm, raising the suspicion of meta-
static masses, having in mind the previous history (Figs 2A
and 2B).

Contrast-enhanced CT revealed two hypodense and ir-
regular cardiac masses, one on the right atrium (45x40
mm) and the other on the left ventricle (45x28 mm), in
close relation with the interventricular septum, with mild
and progressive contrast enhancement in late sequence
acquisitions, suggesting cardiac neoplasm.

No signs of local relapse of the endometrial sarcoma
or extracardiac masses were found. Positron emission
tomography (PET) using fluorodeoxyglucose (18F-FDG)
revealed that these two cardiac masses were hypermeta-
bolic, with anatomic and functional characteristics sug-
gestive of active secondary lesions (Fig. 3B).

Fig. 3 - Contrast-enhanced CT revealing two hypodense and ir-
regular cardiac masses, one on the right atrium (45x40 mm) and
the other on the left ventricle (45x28 mm), in close relation with
the interventricular septum, with mild and progressive contrast
enhancement in late sequence acquisitions (A). Positron emission
tomography (PET) using fluorodeoxyglucose (18F-FDG) revealing
two hypermetabolic cardiac masses (B).
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The case was presented to the cardiac surgery team,
but the invasive intervention was denied due to high risk
of complications. Posteriorly, the patient was referred
to cardiac biopsy for histologic characterization. Before
the procedure, however, the patient suffered cardiopul-
monary arrest and died 40 days after hospital admission.
Permission for an autopsy was not granted at the time
of death. Final diagnosis was a presumptive diagnosis of
cardiac metastasis of endometrial stromal sarcoma.

Conclusion

This case report presents a multifocal cardiac metastasis,
with involvement of left cardiac chambers. Cardiac me-
tastasis of uterine sarcoma cancer with antemortem dia-
gnosis is an extremely rare finding.? Cardiac metastasis
from this rare neoplasm usually occurs in the right cham-
bers, with few reports in the literature of left chambers
involvement.? A treatment strategy for this situation has

not been standardized thus far, and the prognosis is
dreadful.>* Although multimodality imaging can help in
mass characterization, histological diagnosis is needed to
initiate specific treatment. Standardizing the approach
for the treatment of cardiac masses and creating proto-
cols between healthcare facilities can lead to a more effi-
cient diagnosis and earlier treatment.
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SOUHRN

Sinoatrialni blokdda je stav charakterizovany zpomalenym (nebo pferusovanym) prenosem vzruch( ze sino-
atridlniho uzlu do sini." Dysfunkce sinoatridlniho uzlu vede potencidlné k sinusové zéstavé, bradykardii az
asystolii, synkopé a srdecni zastavé. Za téchto podminek je nezbytna implantace doc¢asného nebo trvalého
kardiostimulatoru. Ke vzniku sinoatridlni blokady dochazi z nejrtznéjsich pfricin, ¢astéji je disledkem hyper-
tonie vagu, zmén v koncentracich iontd nebo myokarditidy, pfipadné blokdda vznikd z iatrogennich pfi-
¢in.° Popisujeme pfipad 60letého muze s Guillainovym-Barrého syndromem, jemuz bylo nutno implantovat
kardiostimulator pro sinoatrialni blokadu Il.-lIl. stupné a symptomatické pauzy v délce 2,8 s.

© 2023, CKS.

ABSTRACT

Sino-atrial node block is a condition characterized by a slowed (or interrupted) electrical impulse transmis-
sion from the sino-atrial node to the atrium." The sino-atrial dysfunction potentially leads to sinusal arrest,
bradycardia up to asystole, syncope and cardiac arrest. In such situations, a temporary or permanent pace-
maker implantation is necessary. Different causes may be responsible for sinus atrial block, more frequently
vagal hypertone, ions alterations, myocarditis and iatrogenic causes.”® We report the case of a sixty-year-old
man with Guillain-Barré syndrome who required pacemaker implantation for Il to Ill degree sino-atrial block

Sino-atrial block

Introduction

Guillain-Barré syndrome (GBS) is an autoimmune-media-
ted, inflammatory, demyelinating, peripheral polyneuro-
pathy which affects motor, sensitive and autonomic ner-
ves. Typically, symptoms include a symmetric, ingravescent
weakness starting from the lower limbs which worsen to
flabby paralysis with proximal nerves involvement. Up to
10% of patients with GBS require intensive care manage-
ment and mechanical respiratory support as consequence
of diaphragm and respiratory muscles paralysis with respi-
ratory failure.'®'2 Cardiovascular involvement is extremely
rare, but cases of hemodynamic instability and bradyarr-
hythmias have been described.

Despite symptoms severity, majority of patients with
GBS have full recovery in a period variable from weeks
to months.'*" According to the European federation
of Neurological Societies and Peripheral Nerve Society

and symptomatic pauses lasting 2.8 s.

Guidelines, different GBS types are distinguishable on
the base of nerves involved, recovery time and typical
features: Acute inflammatory demyelinating polyra-
diculoneuropathy (AIDP), Miller Fisher syndrome (MFS),
acute motor axonal neuropathy (AMAN), acute motor-
sensory axonal neuropathy (AMSAN), Bickerstaff en-
cephalopathy, and acute autonomic neuropathy (AAN).
The latter is probably the most rare and affects both
the sympathetic and parasympathetic nervous system
inducing orthostatic hypotension, anhidrosis, reduced
salivation, and lacrimation. Cardiovascular involvement
is common among patients with AAN, frequently with
sinusal or atrial tachycardia, ventricular tachycardia
or sinusal / atrio-ventricular block to asystole, in these
latter cases giants T wave, ST alteration and presence
of U wave are common features at electrocardiogram
(ECG)."*28 This GBS form is burdened by a slow, and fre-
quently not full, recovery.” An infection with excessive
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Fig. 1 - ECGs at admission (A, B). (A) SAB II. degree type 1 (progres-
sive PP interval shortening followed by a pause; (B) SAB Il. degree
type 2 (3 : 1) (constant PP interval with pause lasting double of the
preceding PP interval). In both A and B aspecific ST alteration and
U wave, frequent features in bradycardia secondary to GBS, are
observable.

immune response and antibodies cross-reaction against
self-antigens, specifically gangliosides present on the
Schwann cells, is usually the trigger of GBS."'"> Interest-
ingly, lactose-containing gangliosides are also present
in cardiac conduction system. This may in part explain
cardiovascular involvement in GBS, however, autonom-
ical dysregulation, consisting in overactivity of either
sympathetic or parasympathetic system, seems to have
the most important role in cardiovascular dysfunction
among these patients.''®2* Therapy for GBS consists of
intravenous immunoglobulin administration and symp-

tomatic therapy, with intesive care support if necessary.
Although, conduction disturbances may persist in up to
50% despite immunoglobulin therapy. In this scenario
a pacemaker (PM) implant may be the only solution.?

Case report

A sixty-year-old man was sent to our hospital emergen-
cy room because of worsening weakness and dizziness
which had begun two weeks before. He had history of
coronary artery disease (CAD) (previous elective surgical
revascularization with triple coronary artery bypass) in
annual monitoring using stress echocardiography. Single
episode of psoriasis at a young age and GBS, for which
he dismitted therapy on his own and dropped out follow
up two years before. He underwent ultrasound Doppler
evaluation for suspected venous insufficiency a few mon-
ths earlier.?% The first resting ECG showed an extremely
low heart rate, 32 bpm, due to the second degree type
| sino-atrial block (SAB) (Luciani-Wencheback) determi-
ning pauses up to 2.8 s; aspecific ST alteration and U wave
were also present. Successive ECGs showed an alternance
between SAB second degree type | and type Il (Mobitz),
the latter with a 3 : 1 conduction pattern.

Hemodynamics were stable (blood pressure 112/75
mmHg) and there were no signs of respiratory failure
(peripheral oxygen saturation was 97% without oxygen
support and his respiratory rate was 16 acts per min).

Blood chemistries were normal, including high-sensi-
tive T troponin, thyroid and renal function, and showed
no electrolytes alteration (Na* 136 mEqg/L, K* 3.7 mEq/L,
Mg 0.99 mEqg/L and Ca* 9 mg/dL).

Then he was admitted to our cardiology unit to
further investigate SAB origin. Once in our departe-
ment, any drug possibly interfering with SA node was
stopped, in particular nebivolol was dismitted but with-
out improvement on SAB. Transthoracic echocardiogra-
phy was performed enlightening normal function and
dimension of both left and right ventricle (ejection

Fig. 2 - ECG after bicameral pacemaker implant, with 100% atrial paced.
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fraction 55%, TAPSE 23 mm) without significative val-
vular disease.?”:8

Putting together all the piece in the box, after colle-
gial discussion with neurologists, an “ad adiuvantibus”
diagnosis of SAB secondary to GBS flare-up was then
hypothesized. Patient underwent permanent bicameral
PM implant few days later and immunoglobulin therapy
was restarted according to neurological indication. One
month follow-up showed 100% paced atrial beats, con-
firming the importance of a permanent atrial pacing de-
spite immunoglobulin therapy.

Discussion

Several causes may determine SAB: increased vagal tone,
myocarditis, drugs (beta-blockers, calcium-blockers, pro-
cainamide, digoxin), acute or chronic myocardial infarc-
tion.*** However, despite very rare, SAB GBS-related ca-
ses have been described as well in literature. According to
our opinion, patient poor compliance to GBS therapy led
to a syndrome flare up with cardiac involvement.*24

Conclusion

GBS is a potential, albeit extremely rare cause of SAB.
Dysfunction in GBS is usually reversible, however, impro-
vement may require up to months and, especially in AAN
GBS cases, sometimes may not be present irrespective to
therapy, resulting in a permanent damage. In light of this
consideration, a permanent PM implant may be the co-
rrect answer in patients with GBS and conduction systems
disorders.
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Prof. MUDr. Vladimir Stanék, CSc., FESC,

slavi 90. narozeniny

Profesor Stanék spolu se svym nastupcem na Klinice kardiologie
IKEM v Praze, profesorem Kautznerem

Koncem cervna tohoto roku oslavi 90. narozeniny jeden
z opravdovych nestord ceskoslovenské a pozdéji ceské
kardiologie, profesor MUDr. Vladimir Stanék, CSc. Jsem
moc rad, Ze jsem byl pozadan o sepsani tohoto oslavné-
ho ¢lanku, nebot mé s panem profesorem poji zvlastni
pouto. Diky jeho laskavému souhlasu jsem byl po névratu
z Anglie v roce 1996 pfijat na Kliniku kardiologie IKEM do
arytmologického tymu a o pét let pozdéji jsem po ném
prevzal vedeni tohoto pracovisté. Jsem potésen, Ze pan
profesor na klinice zlstal zaméstnan na ¢astecny uvazek
az dosud a Ze se udrzuje v obdivuhodné kondici. O pro-
fesoru Stankovi bylo v minulych letech u pfrilezitosti jeho
narozenin napsano mnoho, a proto jsem se rozhod| nyni
pojmout tento ukol jinak. Sel jsem si s panem profesorem
popovidat o jeho Zivoté a prostfednictvim tohoto rozho-
voru charakterizovat jeho osobnost a zdUraznit dalezité
mezniky jeho Zivota.

Povidame si v pracovné pana profesora a mné prijde,
Ze déldm rozhovor s cerstvym sedmdesatnikem. Neda mi
nez zahdjit nase povidani dotazem na recept na takovou
dlouhodovékost. Pan profesor odpovida nejprve, Ze to je
tim, Ze se snazi byt stale aktivni, ¢te, piSe a zajima se o vie
okolo. Pridava viak to, Ze mél zfejmé Stésti na dobré geny.
Maminka se dozila 99 let a pfitom nedodrzovala Zadnou
specidlni dietu a jedla to, co ji chutnalo. Ptal jsem se sa-
moziejmé na vztah pana profesora k sportu. Za mlada
hraval hokej, plaval a dosti sportoval. V pozdéjsich letech
se moc sportu nevénoval, mél nadvahu, a dokonce dosti
koufil. K mému prekvapeni to byly az dvé krabi¢ky cigaret
denné. Zhruba ve 40 letech vsak prestal, nebot jeho otec
zemrel v mladém véku na nasledky koureni. Dokumen-
tuje tak na sobé nazorné, Ze neni nikdy pozdé koureni
prerusit. Na rozumném piti vina jsme se oba shodli, Ze to
nemUze zasadné Skodit zdravi. Také pohyb povazujeme

oba za zdravi prospésny a pan profesor chodi pravidelné
na dlouhé prochdazky, pokud jej nelimituji bolesti zad.

MUj dalsi dotaz byl na to, co se mu podle jeho nazoru
v zivoté povedlo a na co muze byt hrdy. Hodné si ceni
ptijeti do Ustavu pro choroby obéhu krevniho v roce
1964. Pracoval tehdy na internich oddélenich nemocnic
v Caslavi a Nymburce jako fadovy sekundaF a dosel k za-
véru, Ze chce délat zajimavéjsi praci. Zacal proto studovat
zahranicni literaturu, coz nebylo tehdy tak jednoduché
jako dnes. Musel si chodit pUjcovat casopisy do knihov-
ny a snazil se rozsifovat svoje znalosti sebevzdéldvanim.
PFi konkursu tak byl na rozdil od dalSich vrstevnik{ velmi
dobre pfipraven a byl pfijat. Nakonec mu bylo fe¢eno, ze
bude délat kardiologii.

Dal$im vyznamnym meznikem bylo stipendium v Bir-
minghamu. Do Anglie cestoval v dobé okupace v roce
1968 slozité pres Rakousko spolu s dalsim stipendistou
Jurajem Fabianem. Mél sice letenku, ale letadla nelé-
tala, a proto cestovali na hranice autem a poté museli
Cekat rfadu dni na vyfizeni tranzitnich viz k cesté vla-
kem. Pobyt v Anglii mu pfinesl fadu novych poznatk
a predevsim se dobfe naucil anglicky. Ptal jsem se, zda
nechtél zlstat v emigraci. Samozfejmé, Zze o tom vazné
uvazoval. Pfipomerime, Ze to bylo obdobi po okupaci
Ceskoslovenska. Po zvazeni viech davodu pro a proti se
nakonec rozhodl navratit do Prahy. Po navratu se stal
vedoucim kardiopulmonalni skupiny v nové konstituo-
vaném IKEM. Tehdejsi Il. interni vyzkumnou zakladnu
vedl profesor Jifi Widimsky. Profesor Stanék mél ideu
provadét koronarografie u pacientd s akutnim in-
farktem myokardu. V Anglii se koronarografie naucil
a chtél zjistit, jaké nalezy budou v cévach pfi infarktu
myokardu a co by se s tim dalo délat. Tyto aktivity mu
viak byly tehdej$im vedenim IKEM zakdazany, a tak ko-
rondrni angiografie a intervence provadéli v IKEM az
do konce 90. let interven¢ni radiologové. To bylo tak
velké zklamani, ze zvazoval dokonce odchod z tohoto
pracovisté. Koncem 70. let se stal vedoucim koronar-
ni jednotky a tam alespon prispél k ¢asnému zavede-
ni trombolyzy v 1é¢bé akutniho infarktu myokardu. Po
bouflivém roce 1989 se stal profesor Stanék séfem II.
interni vyzkumné zdkladny, kterou prejmenoval na Kli-
niku kardiologie. Byl kratce i feditelem IKEM, kde pro-
vedl pomérné razantni zmény vedoucich jednotlivych
pracovist. V 90. letech podpofil vyznamné pouziti koro-
narni angioplastiky u akutnich koronarnich syndromu.
Tato metoda se od roku 1995 stala na Klinice kardiolo-
gie IKEM rutinni [é¢bou srde¢niho infarktu, a pfedbéh-
la tak vyvoj ve staté i ve svété. Cely program prevzali
od intervencnich radiologl intervencni kardiologové.
Podobné pfrispél profesor Stanék k rozvoji intervencni
arytmologie. Koncem 90. let podpofil ndkup moderni-
ho vybaveni pro katetriza¢ni ablace a pocet vykon( i je-
jich spektrum zacaly vyrazné narUstat.
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DalSim ocenénim se stalo pro profesora Stanka zvoleni
predsedou porevolu¢ni Ceské kardiologické spole¢nosti
jeji clenskou zakladnou. Pfimé volby byly novum a ve vol-
bach dosahl rekordniho poctu kladnych hlast. Ve dvou
volebnich obdobich tak mohl ovliviiovat rozvoj kardiolo-
gie u nas a soucasné se vénovat ¢asopisu Cor et Vasa. Ten
byl v minulosti financovdn dotacemi z ministerstva a vy-
chazel v anglictiné a rustiné. V roce 1990 vsak financovani
ustalo a bylo nutno hledat nové cesty. To se podafilo, Cor
et Vasa se stala oficialnim ¢asopisem Ceské kardiologické
spolecnosti a profesor Stanék séfredaktorem tohoto ca-
sopisu. Tehdejsi vydavatel dokonce Ceské kardiologické
spolecnosti platil penize za to, Ze muze Casopis vydavat.

Za své celozivotni dilo v oboru kardiologie ziskal pro-
fesor Stanék v roce 2008 zlatou Libenského medaili Ceské
kardiologické spolecnosti, kterd se zpocatku udélovala
v Podébradech.

Vzhledem k tomu, Ze profesor Stanék mél moznost sle-
dovat rozvoj kardiologie a celé mediciny po dlouhd léta,
zeptal jsem se ho na to, co podle néj Ize povaZovat za nej-
vyznamnéjsi mezniky. Urcité to byl rozvoj intervencni kar-
diologie a kardiochirurgie, kdy se po ére operaci chlopni
rozsitily metody revaskularizacnich operaci a postupné je
zacaly vytlacovat metody perkutannich intervenci. Zejmé-
na rozvoj interven¢ni |é¢by akutniho infarktu myokardu
zménil osud nemocnych k nepoznani. Pfichod echokar-
diografie a bouflivy rozvoj této technologie umoznil
Casnou a presnou diagnostiku kardiovaskularnich one-
mocnéni. V kardiologii Ize podle néj éru pred objevenim
echokardiografie a po jejim objeveni pfirovnat k oboru
neurologie pfed zavedenim CT a MR a po jejich zave-
deni. Dale pan profesor vyzdvihl i rozvoj katetriza¢nich
ablaci a implantace pfistrojd, jako jsou kardiostimulatory
a defibrildtory. Na pocatku 90. let se zdalo nemyslitelné,
Ze by bylo mozno financovat takové programy, jako je
prevence nahlé srdecni smrti, prostfednictvim implanta-
ce kardioverteru-defibrildtoru. Podobné obdivuhodné
jsou v posledni dobé mimokoronarni chlopenni interven-
ce jako katetrizac¢ni implantace aortalni chlopné (TAVI).
V neposledni fadé zminil zmény ve farmakoterapii srdec-

nich onemocnéni. Kardiologie byla prvnim oborem, kde
se zacaly systematicky vyuzivat poznatky z velkych ran-
domizovanych studii a medicina zaloZzena na dukazech.
Radikalné se zménila Iécba arteridlni hypertenze a prede-
vsim srdecniho selhani. Pokrok neustédle pokracuje a pan
profesor jej neustdle sleduje a neprestdva jim byt fasci-
novan.

Nakonec jsem se zeptal, co by chtél vzkdzat dnednim
mladym lékarlm, ktefiv oboru kardiologie zac¢inaji. Odvé-
til mi s usmévem, ze by méli byt radi, Ze jsou mladi, a méli
by naplno pracovat. Nejvétsiho vykonu je ¢lovék schopen
pravé v mladém véku a nemél by toto obdobi promarnit.
Jako priklad uvedl, Ze velkd vétsina svétovych objevu byla
ucinéna védci, kterym bylo okolo 30-40 let. Einstein pfisel
se specialni teorii relativity v 26 letech a o 10 let pozdé;ji
formuloval obecnou teorii relativity. Andreasi Grunzigovi
bylo 38 let, kdyz provedl prvni koronarni angioplastiku.
Einthovenovi bylo 43 let, kdyz sestrojil prvni elektrokar-
diograf. Témto objevim pfitom predchazela léta pilné
prace.

Nase prijemné povidani jsme zakoncili tvahami o tom,
za jakych podminek muze ¢lovék v néjakém oboru vynik-
nout a zanechat za sebou viditelnou stopu. Shodli jsme se
na tom, Ze je potfeba, aby se v urcitou dobu seslo néko-
lik predpokladdi. Kromé urcitych vrozenych vloh, které je
potfeba rozpoznat, je to i moznost je ddle rozvijet v pro-
stfedi, které je vedeno nékym, kdo tento rozvoj podpo-
ruje. Casto k tomu muze pfispét ndhoda. Prosté byt ve
spravnou dobu na spravném misté. Na prikladu profesora
Starka je jasné, Ze IKEM takovym mistem je. Pan profesor
proto preje mladsim a mladym koleglm, aby nas neopus-
til tento genius loci.

Dovoluji si poprat panu profesorovi Starikovi jménem
vsech pracovniku Kliniky kardiologie a Kardiocentra IKEM
k jeho vyznamnému Zivotnimu jubileu hodné zdravi a aby
zlstal i naddle tak aktivni, jak jej dosud zname.

Prof. MUDr. Josef Kautzner, CSc.,
prednosta Kardiocentra
a Kliniky kardiologie IKEM v Praze
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Vyznamné zivotni jubileum
prof. MUDr. Vladimira Starka, CSc., FESC

Profesor Stanék na Vyroénim sjezdu CKS v roce 2017, kde mu byla
udélena cena za celozivotni pfinos kardiologii.

Vazeny Vladimire,

pripojuji se kratkou vzpominkou k tém, ktefi Ti blahopreji
k Tvym 90. narozeninam. V laudaci pana profesora MUDr.
Josefa Kautznera, CSc., jsou uvedena vsechna vyznamna
data Tvého Zivota, sepsan je i souhrn Tvé stdle nekoncici
profesionalni kariéry, ve které ses zaradil mezi velikany
Ceskoslovenské i ceské kardiologie.

Jiz pred deseti lety jsem se vyznal z obdivu a respektu
k Tvé osobnosti, kdy jsem jiZ jako mlady kardiolog k Tobé
nejprve vzhlizel pFi prvnich ucastech na kongresech Ces-
koslovenské kardiologické spole¢nosti ve Zliné. Mél jsi
vZdy krasné, srozumitelné prednasky, pratelsky jsi disku-
toval a mél jsi vzdy pochopeni pro méné vyspélé, kterym

Jsi ochotné preddval své zkusenosti. Pozdéji jsem mél to
Stésti, Ze jsem Té poznal blize a osobné: setkavali jsme se
na redakcnich radach casopisu Cor et Vasa, jehoZ jsi byl
séfredaktorem od roku 1992 aZ do roku 2008. Nikdy ne-
zapomenu na to, jak jsi setkani redakcni rady ridil — vyso-
ce odborné, avsak s noblesou Tobé vlastni, se snahou o to,
aby obsah casopisu prinasel ceskym kardiologm co nejvi-
ce z celé kardiologie. KdyZ jsem se pak shodou okolnosti
stal Tvym néastupcem v této funkci, predaval jsi mi ochot-
né a nezistné své zkusenosti i nadéle tak, aby casopis jiZ
Ceské kardiologické spole¢nosti déle zlepsoval uroven,
kterou jsi Ty tak vysoko pozved!. Dadle jsme se setkavali
na sjezdech Ceské kardiologické spolecnosti, kde byly Tvé
prednasky vZdy prinosem pro dalsi vzdélavani pro celou
generaci mladsich kardiologt. Rad také vzpominam na
nase setkavani v brdskych lesich, kde jsem Té potkaval na
Tvych dlouhych prochdzkéach, kdy v prirodé ziejmé cerpas
stale neutuchajici energii. Posledni monografii Kardiolo-
gie v praxi jsi vydal v roce 2014 a opét byla jen dokladem
Tvého skvélého prehledu celé kardiologie.

Na zavér budu opakovat vzpominku z predchozi lau-
dace, protoZe si myslim, Ze by méla byt znama také Tvoje
jedna vasen — rychlad auta. Jesté jako mladému kardiolo-
govi jsi mi nabidl na sjezdu Ceskoslovenské kardiologické
spolecnosti v Brné, Ze mé odvezes po skonceni sjezdu do
Prahy. A tak jsem Té poznal jako vytecného ridice, ktery
ma rad rychlost — poprvé v Zivoté jsem jel po brnénské
délnici, tehdy jesté z casti betonové, rychlosti pres 200
km/h. V klidu a bezpecné, provoz jesté nebyl tak hroz-
ny jako nyni, prfesto nezapominam dodnes, jak jsem byl
prekvapen, Ze Vladimir Stanék, ten klidny, pratelsky, az
nevinné pusobici pan docent, ujizdi vSem, ktefi ten den
do Prahy po dalnici jeli!

Mily Vladimire, preji Ti moc, atjsi zdrav, at'si uzivas déle
krds prirody i kardiologie, kterou mas tolik rad! Srdecné
a s diky za vybor CKS a za viechny ¢eské kardiology!

Prof. MUDr. Michael Aschermann, DrSc., FESC, FACC
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Zemiel MUDr. Pavel Jebavy, CSc.

Dne 31. 3. 2023 zemfel ve véku osmdesati let jeden z pru-
kopnikl ceské a cCeskoslovenské invazivni a intervencni
kardiologie MUDr. Pavel Jebavy, CSc.

MUDr. Pavel Jebavy, CSc., pfedeviim vynikl v proble-
matice srde¢nich vad a jako prvni zacal u nas provadét
perkutanni mitrdlni valvuloplastiky, mél u nas nejvétsi po-
Cet téchto vykonu - ale byl i jednim z prvnich, kdo zacal
implantovat koronarni stenty.

Pavel Jebavy se narodil 7. 7. 1942 v Praze, byl dvakrat
Zenaty, naposled Zil s manzelkou Helenou, mél dceru
Pavlu, vnoucata Lucii, Luka3e, Lauru, Maxmilidna a Elisku
a pravnuka Elliota.

Pavel Jebavy maturoval v roce 1959 na Stredni vse-
obecné vzdélavaci skole v Praze 5 a promoval na tehde;jsi
Fakulté vSseobecného |ékarstvi v Praze (dnesni 1. Iékarska
fakulta) Univerzity Karlovy v Praze v roce 1965. Po pro-
moci pracoval na internim oddéleni v Horazdovicich a od
roku 1967 na oddéleni infek¢nich zloutenek v Motole.
Rozhodl se pro kardiologii a 1. 9. 1967 nastoupil do Usta-
vu pro choroby obéhu krevniho v Praze Kr¢i k prof. MUDr.
Janu Brodovi, DrSc., a primafi MUDr. Karlu Bergmannovi
(pozdéjsi Il. interni vyzkumna zakladna IKEM), zde praco-
val v rdmci kardiopulmonalni skupiny a zacal katetrizovat
spolu s MUDr. Jaromirem Resslem, zabyval se predevsim
diagnostikou a patofyziologii srde¢nich vad a plicniho
obéhu. Bylo to dlouho pfed nastupem echokardiografie,
studovali i reakci malého obé&hu na fyziologickou zatéz,
ale i na zatéz srde¢ni vadou levého srdce. Vysledky svych
vyzkumU v té dobé publikoval v ¢asopisech British Heart
Journal, American Heart Journal, Respiration, Japane-
se Heart Journal a samoziejmé v fadé Ceskych casopist
(napriklad: Jebavy P, Runczik I, Oppelt A, et al. Regional
pulmonary function in patients with mitral stenosis in
relation to haemodynamic data. Br Heart J 1970;32:330-
336. doi: 10.1136/hrt.32.3.330. PMID: 5420077; Jebavy F,

Hurych J, Bergmann K, Wolf J. Haemodynamic changes
during paroxysmal tachycardia in a patient with Wolff-
-Parkinson-White syndrome. Br Heart J 1971,33:157-160.
doi: 10.1136/hrt.33.1.157. PMID: 5100359, Jebavy P, Ress/
J, Fabian J, Jandova R. Comparison of pressure in lesser
circulation with left ventricular filling pressure in patients
with ischemic heart disease. Jon Heart J 1976;17:706-716.
doi: 10.1536/ihj.17.706. PMID: 1011363, Jebavy B Hurych
J, Widimsky J. Relations of pulmonary diffusing capacity
to ventilation and haemodynamics in healthy subjects.
Respiration 1977;34:152-161. doi: 10.1159/0007193809.
PMID: 897367, Jebavy R Koudelkovd E, Henzlovd M.
Unloading effects of prazosin in patients with chronic
aortic requrgitation. Am Heart J 1983;105:567-574. doi:
10.1016/0002-8703(83)90479-9. PMID: 6837412, Jebavy
P Kasalicky J, Beranek I. Quantitative evaluation of val-
vular regurgitation by 133Xenon infusion. Jon Heart J
1983,24:31-39. doi: 10.1536/ihj.24.31. PMID: 6343665),
fadu dalSich publikaci v prednich svétovych casopisech
mél i jako spoluautor s profesorem Vladimirem Starikem,
profesorem Jifim Widimskym, MUDr. Jaromirem Resslem
a s dalSimi osobnostmi ceské kardiologie.

Slozil atestaci z vnitfniho lékarstvi 1. stupné, v roce
1972 atestaci z vnitfniho Iékafstvi 2. stupné a v roce 1981
atestaci z kardiologie. V roce 1972 obhdjil kandidatskou
disertacni praci na téma Vliv mitrdIni stenézy na nékteré
plicni funkce, stal se kandidatem lékarskych véd a svoji
disertacni praci vydal knizné v Thomayerové sbirce v na-
kladatelstvi Avicenum. Z IKEM pfesel do Ustavu fyzio-
logickych regulaci Ceské akademie véd a zde s dalSimi
spolupracovniky 1. 7. 1993 zalozil privatni katetriza¢ni
pracovisté Kardiologie na Bulovce, s.r.o.

V roce 1990 odletél za vlastni prostfedky do Japonska
za kardiochirurgem Kanjim Inouem, seznamil se prakticky
s jeho metodou dilatace mitraini chlopné, pfivezl si Inoue-
ho katétry a jako prvni v tehdejsim Ceskoslovensku pro-

MUDr. Pavel Jebavy, CSc., (tfeti zprava) spolu se (zleva) profesorem
Starikkem, MUDr. Gebauerovou a MUDr. Hordkem blahopfeji profe-
soru Fejfarovi k narozeninam.
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MUDr. Pavel Jebavy, CSc., na katetrizacnim séle

vedl 21. 3. 1990 perkutdnni transvenézni balonkovou mi-
tralni valvuloplastiku podle Inoueho.

MUDr. Pavel Jebavy, CSc., nasledné perkutanni balon-
kovou mitrdlni valvuloplastiku zaved| a rutinné provadél
na svém pracovisti, celkem vice nez 500 vykon(, posledni
23. 4. 2014. Usporadal nékolik workshopl mitrdIni valvu-
loplastiky a v této metodé vyskolil fadu ¢eskych a sloven-
skych intervencnich kardiologu.

Paméatna byla jeho diskuse o postaveni mitralni val-
vuloplastiky a o tom, zda maze nahradit otevienou chi-
rurgickou komisurotomii, s brnénskym kardiochirurgem
prof. MUDr. Janem Cernym, CSc., v sekci Pro a proti na
sjezdu CKS na zacatku devadesatych let.

a

MUDr. Pavel Jebavy, CSc., s profesorem Vladimirem Startkem na
slavnostni vecefi

MUDr. Pavel Jebavy, CSc., byl ¢estnym ¢lenem Ceské
kardiologické spole¢nosti a byl i dlouholetym ¢lenem vy-
boru Pracovni skupiny intervencni kardiologie a ¢lenem
redak¢ni rady Casopisu Intervenéni a akutni kardiologie.

Pavel Jebavy byl vynikajici lyzaf a v mladi se tomuto
sportu vénoval i zavodné, zdvodné i plaval v 1. vykon-
nostni tfidé. Mezi jeho zaliby patfilo uméni a po revoluci
i hodné cestoval.

Ceska kardiologie v kratké dobé ztraci dalsiho vynika-
jiciho odbornika z generace, kterd se vyznamnou mérou
podilela na Uspésich ceské kardiologie, pfedevsim na poli
intervencni kardiologie.

Prof. MUDr. Jan F. Vojacek, DrSc., FESC, FACC

Loucime se s Pavlem Jebavym

Dne 31. 3. 2023 zemfel ve véku osmdesati let jeden z pred-
nich ceskych a ceskoslovenskych invazivnich a interven-
¢nich kardiologt — MUDr. Pavel Jebavy, CSc. Jeho Zivotem
vas provedl prof. Jan Vojacek, dovolim si proto jen kratsi
dovétek za vybor Ceské kardiologické spole¢nosti.

Pavel brzy po promoci nastoupil do Ustavu pro choro-
by obé&hu krevniho v Praze Kr¢i k prof. MUDr. Janu Bro-
dovi, DrSc., a primafi MUDr. Karlu Bergmannovi (pozdé;si
II. interni vyzkumna zakladna IKEM), zde se zacal vénovat
kardiologii, katetrizacim, chlopennim vadam a po stazi
v Japonsku pfinesl do ceské kardiologie metodu valvu-
loplastiky mitralni chlopné, vyznamné pfrispél k jejimu
roziifeni do fady dal3ich center. Z IKEM presel do Ustavu
fyziologickych regulaci Ceské akademie véd, kde v roce

1993 zalozil privatni katetriza¢ni pracovisté Kardiologie
na Bulovce, s.r.o.

MUDr. Pavel Jebavy, CSc. byl ¢estnym ¢lenem Ceské
kardiologické spole¢nosti a byl i dlouholetym ¢lenem vy-
boru Pracovni skupiny intervencni kardiologie a ¢lenem
redakéni rady ¢asopisu Intervenéni a akutni kardiologie.
Zanechal v ceské kardiologii vyznamnou stopu, fadu
mladsSich kolegUl, kterym predaval rad své velké zkuse-
nosti.

Cest jeho pamétce!

Prof. MUDr. Michael Aschermann, DrSc., FESC, FACC,
za vybor Ceské kardiologické spole¢nosti
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Cholesterolovy paradox
Vladimir Stanék

Pfed nékolika lety mne oslovil na kongresu béhem pre-
stavky na kavu jeden kolega: ,Co tomu Fikas, ze lidé s vys-
$im cholesterolem Ziji déle. My jim ordinujeme statiny,
neskodime jim?"” Odpovédél jsem, Ze o tom moc nevim.
Pochopil, Ze o tom nevim vibec nic, a pfipomnél mi, Ze je
o tom spousta dat na internetu. Zastydél jsem se, data na
internetu jsem nasel a vyhledal jsem si k tématu i litera-
turu seriéznéjsi. Skutec¢né, seniofi s vy$sim cholesterolem
umiraji pozdéji. Ale nejen to, pozdéji umiraji i seniofi
s vy$sim BMI a s vy38im krevnim tlakem. U starych je to
vsechno jinak, obrdcend epidemiologie, cholesterolovy
paradox.” Také jsem se ale docetl, Ze je dobfe seniorlim
statiny ordinovat, protoZze to sice neprodluzuje Zivot, ale
snizuje to riziko koronarnich pfihod. Pro¢ital jsem vecer
separatky, popijel vino, ale néjak mi to nedavalo smysl.
Premyslel jsem o stafi, a kdyz jsem mél |dhev témér dopi-
tou, uvédomil jsem si, Ze je to vlastné pfirozené, nem(ize
to byt jinak. Pfi pohledu na populacni data zjistime, Ze
hodnota cholesterolu u ¢lovéka od narozeni stoupa az
do 55-60 let, pak klesa.2 Clovék je na vrcholu té&lesnych sil
kolem 25 let véku, pak pfibyva na vaze a krevni tlak stou-
pa. Kolem 70 let dochdzi opét ke zméné, télesna vaha
klesd a s poklesem hmotnosti klesa i krevni tlak. Pokles
cholesterolu, hmotnosti a krevniho tlaku jsou tedy atri-
buty pokrocilého véku, atributy stafi. A pak je zde sku-
pina lidi, kterym se hmotnost a svalovd hmota ve stari
nemeéni, krevni tlak a cholesterol jim neklesa - co je to za
lidi? Jsou to lidé, ktefi pomalu starnou. Ti, kdo pomalu
starnou, vétsinou pozdéji umiraji. Spokojil jsem se tim,
Ze jsem si alespon pro sebe problém vyresil. V té chvili
bych tomu kolegovi odpovédél, Ze statinem snizime pou-
ze koncentraci cholesterolu, ale Ze ten nelprosny proces
starnuti neovlivnime. Pak mne ale napadlo, Ze jsem si ne-
vysvétlil, pro¢ ti seniofi s nizkou hodnotou cholesterolu
umiraji ¢astéji i z kardiovaskularnich pficin. To je opravdu
paradox. Pfed vice nez 70 lety byla zahajena Framing-
hamska studie. Byla vySetfena skupina 30- az 59letych
muzl a Zzen a v naslednych letech byl sledovan vyskyt
ischemické choroby srdec¢ni (ICHS). Zvysend koncentra-
ce celkového cholesterolu, koufeni cigaret a hypertenze
byly detekovany jako faktory, které zvysuji riziko ICHS.
Vysledky této slavné studie jsou nezpochybnitelné a jsou
zdkladem preventivnich a lécebnych opatfeni. Trochu
méné se cituje to, Ze ve stejnou dobu a ve stejném mésté
bylo zahdjeno dvacetileté obdobné sledovani u osob ve
véku 49-80 let, tedy osob starsich. Vysledky studie byly
publikovany v roce 1977. Vliv cholesterolu na mortalitu
z kardiovaskuldarnich pficin se u starSich nepotvrdil. Z li-
pidl se jako rizikovy faktor ukazala pouze nizsi koncen-
trace HDL cholesterolu.? Celkovy cholesterol se uplatriuje
jako rizikovy faktor pouze u lidi mladych. Vyznam chole-
sterolu jako rizika s vékem postupné slabne, az mizi. Pfed
Sesti lety jsme publikovali studii, ve které jsme srovnali
hodnoty lipidG u 946 muzl a 296 Zen hospitalizovanych

pro akutni srdecni infarkt s hodnotami u 1 400 muzQ
a 1 016 Zen odpovidajiciho véku z popula¢niho vzorku.
Do 56 let véku u muzd a 59 let u zen nebyl mezi pacienty
a kontrolnimi osobami v hodnoté celkového cholestero-
lu rozdil, byly vy3si pouze hodnoty LDL cholesterolu. Od
vyssiho véku byly nalezeny rozdily v tom smyslu, Zze ne-
mocni s infarktem méli hodnotu celkového cholesterolu
paradoxné nizsi nezli stejné stara populace. Hodnota LDL
cholesterolu se nelisila. Vsichni pacienti (muzi i Zeny) ale
méli ve viech vékovych kategoriich v souhlase s druhou
Framinghamskou studii nizsi hodnotu HDL cholesterolu
nezli obecna populace.*

Vyznam celkového cholesterolu jako rizikového fakto-
ru dnes klesa. Pred Sedesati lety byla prdmérna hodno-
ta cholesterolu v nasi zemi 6,7 mmol/l, dnes 5,2 mmol/I.
Kdyby se dnes provadéla ve Framinghamu u mladsich
muzl stejnd studie jako pred sedmdesati lety, tak by se
riziko cholesterolu tak snadno neprokazovalo. Incidence
ICHS ve studii totiz stoupala u 30- az 49letych muzi nad
prumér az od hodnoty 6,24 mmol/l a u 50- az 59letych
muzl teprve od hodnoty 6,76 mmol/I.> Pfed padesati lety
méli mladi s infarktem vyssi hodnotu cholesterolu neZli
obecnd populace a starsi s infarktem stejnou hodnotu
cholesterolu jako obecna populace. Dnes je hodnota cho-
lesterolu posunuta v celé populaci nize. Mladi lidé s in-
farktem myokardu maji hodnotu cholesterolu obdobnou
jako stejné stard obecnd populace a stafi nemocni maji
hodnotu nizsi nezli vékem odpovidajici zdrava populace.

Jiz padesat let vime, Ze koncentrace celkového chole-
sterolu predstavuje u starych jen margindlni riziko morta-
lity z kardiovaskularnich pfi¢in a srde¢niho infarktu a ze
rizikem je u této skupiny jen nizka absolutni hodnota HDL
cholesterolu. Jak si ale mame vysvétlit ten paradox, zZe je
u starych pacientl s infarktem myokardu celkovy chole-
sterol nizsi nezli u stejné staré obecné populace. Lipidy
nejsou jedinym kardiovaskularnim rizikem. NejsilnéjSim
rizikem je vék. S vékem stoupa riziko a s vekem klesa cho-
lesterol. Je ta pozorovana nizsi koncentrace cholesterolu
u lidi s infarktem vyrazem rychlejsiho starnuti a pokroci-
lejSiho biologického véku? Seniofi, ktefi maji nizkou hod-
notu cholesterolu, patfi do skupiny lidi, ktefi rychleji star-
nou, a stari samo o sobé je silnym rizikem pro ICHS. Znovu
mé napada otazka toho kolegy. Neskodime jim? Stéle si
myslim, Ze asi ne. Snizime-li jim statinem cholesterol, tak
proces starnuti neovlivnime a hodnotu HDL cholesterolu,
ktera je rizikem, také neovlivnime. Ale odpovédél bych
tak, Ze si musime pockat na vysledky probihajicich studii
PREVENTION a STAREE, které by mély dat jesté letos de-
finitivni odpovéd.

Prof. Vladimir Stanék, CSc., FESC,
Klinika kardiologie, Institut klinické
a experimentalni mediciny, Praha,
e-mail: vist@ikem.cz
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MUDr. Radkin Honzak, CSc., neni ani kardiolog, ani angio-
log a referovana kniha se netykd kardiologického nebo
angiologického tématu. MUDr. Radkin Honzak, CSc., je
psychiatr, psycholog, vysokoskolsky pedagog a spisova-
tel. To oznaceni spisovatel si plné zaslouzi, vzdyt je auto-
rem 42 knih. Téma této knihy —emoce - je ale tak obecné,
Ze se o né museji zajimat Iékafi viech specializaci. Ono
se tykd nejen jejich pacientd, ale i jich samych. Nesmime
také zapomenout, ze nékteré emoce jsou rizikovymi fak-
tory vzniku a vyvoje ischemické choroby srdecni.

Po predmluvé, kterou napsal Milan Lasica, anotaci
a souhrnu, nésleduji jednotlivé kapitoly v tomto poradi:
Emoce a jak se na né divat (14 s.), Co jsou emoce (32 s.),
Zakladni emoce (8 s.), Strach a uzkost (14 s.), Kralovna
désu (6 s.), Stud (9 s.), Hnév, vztek, agrese (20 s.), Pycha
(2's.), Smutek (8 s.), Bezmoc (4 s.), Udiv (10 s.), Zavist, $ko-
dolibost a pohanéni (4 s.), Zarlivost (4 s.), Odpor nebo
hnus (10s.), Radost (16 s.) a Laska (14 s.). Sezhamem v tex-
tu neodkazované citované literatury (8 s.) a dvousloupco-
vym rejstfikem (6,5 s.) kniha kondi.

O ¢em kniha je? Emoce (z latinského emovere = vzru-
Sovat) jsou psychicky a socidlné konstruované procesy, jez
zahrnuji subjektivni zazitky libosti (sympatie) a nelibos-
ti (averze) provazené fyziologickymi zménami a prozit-
kové, behavioralni a fyzické procesy, kterymi se ¢lovék
vyrovnava se zalezitostmi nebo situacemi, jez povazuje
za osobné vyznamné. Casto se zamériuji za pocity a nala-
dy. Jsou mnohem vic nez jen dusevni stav, ovliviiuji nase
chovani a nase zdravi, hraji velkou roli v emocni inteli-
genci. Ta je definovdna jako schopnost vnimat, ovladat

Radkin Honzak: Emoce od A do P

Praha, Galén, 2020, 195 cislovanych stran.

Vydani prvni, format 125 x 210 mm, ¢ernobily vytisk,
mékka vazba (brozovana).

ISBN: 798-80-7492-492-7.

a vyhodnocovat emoce, i kdyz se emoce obtizné méri.
O emocich se na rozdil od jinych psychickych stava pfilis
nepise. Ackoliv je emoci cela fada, Sest z nich byva vesmés
uvadéno jako zakladni: smutek, Stésti, strach, hnév, pre-
kvapeni a znechuceni. MUDr. Honzak tematicky pojednal
o vsech, vyjma emoce Stésti/nestésti. Ty rada autorl zaby-
vajicich se problematikou emoci (Frijda, Trnka, Levenson,
James, Lange, Cannon, Bard, Singerova aj.) uvadi. Zato
jsem u Zadného autora nenasel ,kralovnu désu”. Ale na-
zory psychologt a psychiatrl, které emoce jsou zakladni,
se u fady autord lisi. Jako zkuseny spisovatel a odbornik
MUDr. Honzak vi nejen, o ¢em psat, ale umi to i zajimavé
napsat (jako by vse bylo jasné a nebyly Zadné problémy).
Proto se text lehce ¢te a bude se i dobfe pamatovat. K od-
leh¢eni problematiky se nebal zaradit do textu i nékolik
anekdot, to ale v jeho textech ani neprekvapi, ani nevadi.
Vlastni text je doplnén fadou tabulek a schémat i nékoli-
ka ilustracemi.

Komu knihu doporucit?

Knihu si urcité prectou se zajmem psychologové, psychia-
tri, adiktologové, Iékarlim jinych specializaci (i kardiolo-
gum a angiologiim) rozsiti informovanost. A urcité v ni
najdou zalibeni ¢tenafi knih MUDr. Radkina Honzaka,
CSc. Mné se libila a poucil jsem se.

Prof. MUDr. Jan Petrasek, DrSc.,

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

Tento titul je v pofadijiz jedendcty v edici Etika a komu-
nikace v mediciné, kterou vydala Ceska lékafska komo-
ra. Jako u predchozich knih této edice jsou jejimi edito-
ry prof. PhDr. et PhDr. Radek Ptacek, Ph.D., MBA, a doc.
MUDr. Petr Bartlnék, CSc. Pfedmluvy napsali byvaly rek-
tor Univerzity Karlovy prof. MUDr. Tomas Zima, DrSc.,
prezident Ceské lékafské komory MUDr. Milan Kubek,
recenzent knihy a oba editofi. K napsani specializo-
vanych kapitol pfizvali 43 spoluautord. Ti odbornici
nékterych oborl mediciny v sérii kapitol pojednava-
ji o problematice duastojnosti v mediciné. Nejsou to
vyhradné lékari, ale i etici, filosofové, prévnici, polito-
logové, pracovnici socidlni péce i duchovni. Ti velkou
pozornost vénovali klasifikaci dUstojnosti a jejimu his-
torickému vyvoji od pohanské antické filozofie pres
renesanci az k soucasnosti a jejimu postupnému zakot-
veni v Ustavach rlznych statG. Ctenafi se dozvédi, co
tento pojem rlznych vyznamd znamena v teorii i praxi,
co je dustojnost lidské hodnoty, dUstojnost zasluh,
dustojnost mravni sily, dlstojnost osobni identity i co
je dlstojnost inherentni a kontingentni. Jak dUstojnost
vznikd, jak se posiluje i kde a jak se nej¢astéji ve zdra-
votnictvi chybuje (a nejsou to jen lékafi, ale vsichni
zdravotnici).

AutorG-lékard je nejvétsi pocet, ale jsou zastoupe-
ny viechny velké obory: primarni péce, preventivni

Radek Ptacek, Petr Barttinék:
Dulstojnost v mediciné

Praha, Grada Publishing a.s., 2022, 400 stran. E-kniha PDF 2,64 MB.
Vydani prvni, format 245 x 175 mm, tuha vazana vazba, cernobily

Coverart: Tereza Bartlrikova.
ISBN: 978-80-271-3411-3.
Cena tisténé knihy: 424 K¢.
Cena E-knihy: 360 K¢.

medicina, intenzivni a urgentni medicina, gynekolo-
gie a porodnictvi, pediatrie, psychiatrie, o¢ni lékarstvi,
stomatologie, estetickd medicina ad. V nékolika kapi-
tolach je detailnéji probrdna problematika ddstojnosti
seniorl. Tak, jak bylo obvyklé u predchozich knih, na
knihu navazovala specializovana konference. Ta z epi-
demiologickych dlvodl probéhla formou online. Obé
tyto formy - kniha i konference - byly zafazeny do ce-
lozivotniho postgradualniho vzdélavani lékara.

Komu knihu doporucit?

z oblasti zdravi a Siteji véd o ¢lovéku. Vsichni Iékafi zde
naleznou konkrétni témata pro klinickou praxi, od-
bornici z jinych nemedicinskych oborl, jako je etika,
pravo, psychologie, ¢asto velmi detailné zpracované
otadzky. Velmi cenné a instruktivni budou nékteré ka-
pitoly zvlasté pro mladé lékare a stfedni zdravotnické
pracovniky.

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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