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Abstrakt

[ 24

komorové tachykardie (KT). Incidence periprocedurdlni CMP je nizkd, ¢ast embolizaci
muze ale probihat asymptomaticky a takové ptithody mohou pfispivat k rozvoji demence a
nasobit riziko pozdéjsi klinicky vyjadiené CMP. Je proto Zadouci zaméfit se na diagnostiku
a prevenci i asymptomatickych mozkovych 1¢ézi. Studie, které se zabyvaly diagnostikou
téchto pifithod u katetrizacni ablace pro fibrilaci sini, prokéazaly, Ze k diagnostice
asymptomatického poskozeni mozku lze vedle zobrazovacich metod vyuzit biomarker
S100B, jehoz vzestup koreluje s mirou poskozeni mozkové tkdné. Prace zabyvajici se
katetrizacni ablaci KT ukazuji riziko vzniku asymptomatického poskozeni mozku az u 50-
70% pacientll. Rizikové faktory, které jsou asociovéany s timto poSkozenim, ale nebyly
podrobné zkoumany. V nasi praci jsme u pacientil, kteti podstupuji katetriza¢ni ablaci KT,
randomizovan¢ srovnavali riziko mozkové embolizace pii pouziti retrogradniho a
transseptalniho piistupu do levé komory a zamé¢fili se také na patofyziologické mechanizmy
rozvoje poSkozeni mozku, rizikové faktory a moznosti jejich prevence. Na poli
katetriza¢nich ablaci doslo v poslednich letech k prudkému rozvoji a nova energie pulzniho
radiofrekvencni energii. V rdmci této prace jsme také ovéfili proveditelnost a bezpe¢nost PF

ablace u pacientii s komorovymi arytmiemi.



Abstract

A stroke is one of the most serious complications of catheter ablation for ventricular
tachycardia. Overall incidence of periprocedural stroke is low, however, some embolisms
may occur asymptomatically/subclinically. According to recent studies, these events may
contribute to the development of dementia and increase the risk of subsequent clinically
manifested stroke. Therefore, it is desirable to focus on the diagnosis and prevention of
asymptomatic brain injury. Previous studies of these events during catheter ablation of atrial
fibrillation have demonstrated the potential use of the biomarker S100B as an alternative to
imaging methods. Other studies have shown that the risk of asymptomatic stroke in patients
undergoing catheter ablation of ventricular tachycardia can reach up to 50-70%, however,
the risk factors have not been thoroughly examined. Based on pathophysiology, the
retrograde approach might be associated with higher risk than the transseptal approach,
however, the evidence is scarce. In our study, we randomized patients undergoing catheter
ablation of ventricular tachycardia to one of the above mentioned access routes to the left
ventricle and analyzed the risk of acute brain embolism. Furthermore, we have focused on
the pathophysiological mechanisms of stroke development, risk factors, and possibilities of
its prevention. Over the past few years, there has been rapid progress in the field of catheter
ablations and pulse field energy was recently introduced. This new energy source appears
to be more efficient, faster, and safer compared to the previously dominant radiofrequency
energy. In this study, we also assessed the feasibility and safety of pulse field ablation in

patients with ventricular arrhythmias.
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Pouzité zkratky:

ABI
ACT
AHA
aPTT
ASCOD

AV
BMI
CADASIL

CARTO
CCS
CENTAURI
CMP
CNS
CT
DOAC
EF
ESC
ESUS
FIS
ICD
ICE

IE
GCV
hsTnT
ICHS
INR
KES
KT
LK

Akutni poSkozeni mozku (acute brain injury)
Activated clotting time

American Heart Association

Activated partial thromboplastin time ratio
Atherosclerosis, Small vessel disease, Cardiac source, Other cause,
Dissection

Atrio-ventrikularni

Body mass index

Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and
Leukoencephalopathy

3D elektroanatomicky mapovaci systém

Causative Classification system for ischemic stroke
Generator pulzniho elektrického pole

Cévni mozkova ptihoda

Centralni nervova soustava

Pocitacova tomografie (computed tomography)
Direct oral anticoagulant

Ejekeni frakce

Europian Society of Cardiology

Embolic Stroke of Undetermined Source

Fibrilace sini

Implantabilni kardioverter defibrilator
Intrakardialni echo

Infek¢éni endokarditida

Velka srdecni zila

Vysoce senzitivni troponin T

Ischemicka choroba srde¢ni

International normalized ratio

Komorové¢ extrasystoly

Komorova tachykardie

Leva komora



LQT
LS
LVOT
MAC
MELAS

MRI
NOAC
PCI

PF

RF
RVOT
TAVI
TIA
TOAST
Uz

Dlouhy QT interval

Leva sin

Vytokovy trakt levé komory

Mitralni anuldrni kalcifikace

Mitochondrial encephalomyopathy, lactic acidosis,
episodes

Magneticka rezoznance

New oral anticoagulants

Perkutanni koronarni intervence

Pulzni elektrické pole

Radiofrekvencni (energie, ablace)

Vytokovy trakt pravé komory

Transkatetrova implantace aortalni chlopné
Tranzitorni ischemicka ataka

Trial of Org. 10172 in Acute Stroke Treatment
Ultrazvuk

and stroke-like



1.Uvod

Komorové¢ arytmie tvoii Siroké spektrum arytmii, od benigni idiopatické komorové ektopie
az po maligni tachykardie s potencionalnim rozvojem hemodynamické alterace a rizikem

nahlé srde¢ni smrti.

Podkladem vzniku komorové tachykardie (KT) je arytmogenni substrat lokalizovany ve
svaloviné komor. Etiologie tohoto substratu mlize byt neznama, naptiklad u idiopatickych
komorovych extrasystol (KES) nebo ziskana béhem zivota, jak je tomu u ischemického
arytmogenniho substratu u pacientli po infarktu myokardu. Specialni skupinu tvofi tzv.
primarni arytmické syndromy. Jednd se o geneticky podminéné onemocnéni s dysfunkci
iontovych kanall, poruSenou depolarizaci a repolarizaci srdecni svaloviny a tim predispozici

ke vzniku arytmii.

Medikament6zni 1écba KT ma pouze omezenou tc¢innost v potla¢eni symptomt a ¢etnosti
epizod arytmii. Naproti tomu katetrizacni ablaci lze arytmogenni substrat modifikovat ¢i
zcela odstranit a tim zabrénit recidivam komorovych arytmii. Za poslednich dvacet let se
katetriza¢ni ablace staly uznavanou metodou terapie KT. I pfesto, ze se jedna o ucinnou
metodu, je jeji provedeni spojeno s rizikem periprocedurdlnich komplikaci. Mezi jednu
z nejzavaznéjSich patfi tromboembolickd cévni mozkova pithoda (CMP). Vedle
manifestnich mozkovych pifihod mutze pii katetrizacnich vykonech dochazet
k subklinickému poskozeni mozku ve formé asymptomatickych (,tichych®) CMP, které¢

mohou vést k poklesu kognitivnich funkci nemocného.

V této praci prezentujeme vysledky randomizované studie, kterd u pacientli podstupujicich
katetriza¢ni ablaci pro KT srovnala riziko vzniku poskozeni mozku u dvou ptistupovych cest
do levé komory srde¢ni (LK). Déle se zaméfujeme se na patofyziologické mechanismy a
rizikové faktory rozvoje CMP a moznosti jejich prevence. V poslednich letech
zaznamenavaji katetriza¢ni abla¢ni metody dynamicky rozvoj, energie pulzniho pole (PF)
potencidlem snizit riziko rozvoje periprocedurdlni cévni mozkové piihody a

asymptomatickych mozkovych embolizaci.
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2. Prehled literatury

2.1. Definice CMP

Cévni mozkova piihoda (iktus) je definovana jako neurologicky deficit vznikly na zékladé
akutniho fokalniho poSkozeni centralniho nervového systému (CNS) pfi poruse perfuse v
pfi¢inu mortality (Feigin et al., 2019), v Ceské republice se jednd o tieti nejcast&jsi pi¢inu
mortality a nejcastéj$i pfi¢inu invalidity. Riziko vzniku CMP je u dospélé populace
odhadované na 25-30% (The GBD 2016 Lifetime Risk of Stroke Collaborators, 2018), jeji

incidence stoupa s vékem.

American Heart Association (AHA) (Sacco et al., 2013) vymezila pojmy infarktu
centralniho nervového systému, ischemické, hemoragické mozkové piihody a tichého CNS
infarktu. O infarktu CNS hovotime v pifipadé¢ fokalniho ischemického poSkozeni tkané
mozku, retiny nebo michy, které je prokdzané zobrazovacimi metodami, ptipadné post-
mortem, nebo pii symptomech perzistujicich nad 24 hodin. Ischemickd CMP je definovana
jako neurologicky deficit vznikly na podkladé CNS infarktu. O hemoragickou CMP se jedna
v pfipad€ netraumatického krvaceni do intracerebralniho nebo subarachnoidéalniho prostoru,
které vznika na podkladé¢ ruptury tepny. Pfiblizné 80 - 85% CMP je zplisobeno ischemii,
kdezto hemoragické CMP vznikaji pouze ve 15-20% ptipadu.

2.2. Patofyziologie a klasifikace ischemicke CMP

Ischemické cévni mozkové piihody jsou heterogenni skupina akutnich neurologickych stavi
(Grau et al., 2001) zpisobené nedostatecnou perfusi okysli¢ené krve v mozkové tkani na
zaklad¢ okluze mozkové tepny. K okluzi tepny miize dojit na podkladé trombozy nebo
embolizace. Etiologie ischemické CMP je rozdilna u riznych vékovych skupin pacientt,

také se lisi mezi jednotlivymi rasami (White et al., 2005) a geografickymi oblastmi.

Na molekularni Grovni dochazi po poklesu krevniho zdsobeni k poruSe homeostazy buiiky,
rozvoji acidozy, zvySeni hladiny intracelularniho kalcia. Dochazi k vyplavovani glutamatu
a aktivaci jeho receptorli v okoli, rozviji se tzv. ,,glutamatova excitotoxicita® podporujici

inlflux kalciovych iontli do buiiky a vyplavovani Na* a K* do extracelularniho prostoru.
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Tvoii se edém a na podkladé osmotického gradientu dochazi k otoku dal§ich bunék a
depolarizaci jejich membran. Uzavird se bludny kruh, aktivuji se protedzy, kinazy, lipazy,
vyplavuji se cytokiny, derivaty kyseliny arachidonové, aktivuje se komplement. Tato
ischemicka kaskada vede k poruse hematoencefalické bariéry s aktivaci glidlnich bun¢k a
infiltraci mista leukocyty. Bé¢hem par minut ischemie dochdzi k nekréze tkané. Ptes
porusenou cytoplasmatickou membranu dojde k vyplaveni bunééného obsahu a neuron ztrati

svou funkci (Woodruff et al., 2011).

K pochopeni patofyziologickych disledki CMP na tkanové urovni je dulezitd znalost
zakladl neuroanatomie. Arteridlni krev je do mozku pfivadéna dvéma pary velkych tepen —
aa. carotides int. a aa. vertebrales. Spojenim aa.vertebrales vznika a. basilaris, ktera se
nasledné vétvi na dvé aa. cerebri posteriores. Aa. carotides se medidlné od processus
clinoideus ant. d€li na dvé konecné vétve — aa. cerebri mediae a aa. cerebri anteriores. Tyto
tepny se na bazi mozku navzajem propojuji a vytvaii circulus arteriosus cerebri (Willistv
okruh, Obrazek 1 (Vrselja et al., 2014). Klinické projevy jsou tak specifické podle mista

ischemie a nekr6zy neuront v daném infarktovém loZisku.

Obrdzek 1: Willisiiv okruh Obrazek 2: Vyznamna stendza a.
(Vrselja et el., 2014). carotis interna l. sin. (Lell et al.,
2007).
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Uzavér mozkové tepny mize vznikat mnoha mechanismy, dominantni roli hraje roli cévni
patologie, hypoperfuze a embolizace. Kazdy z té€chto procesti samostatn¢ mize zpusobit

rozvoj ischemické CMP, ¢asto se ale jedna o jejich kombinaci.

Patologické procesy v cévnim fecisti vytvareji idedlni prostfedi pro vznik trombu, ktery
naslednou obturaci lumen zplisobuje ischemii tkané distdlné¢ od uzavéru. V nékterych
pripadech dochazi k fragmentaci na mensi tromby, jejich embolizaci do periferie tepny a

ischemizaci malych perifernich vétvi, se vznikem tzv. lakunarnich infarkta.

U velkych extrakranidlnich (aa. carotides, aa.vertebrales) a intrakranidlnich tepen (tepny
Willisova okruhu) je zdaleka nejCastéjSi pfi¢inou ischemické CMP aterosklerdza. Na
onemocnéni malych, perforatorovych vétvi vyzivujicich hluboké mozkové struktury se
podili mikroangiopatie (small vessel dissease). V jeji patofyziologii hraje roli tzv.
s naslednou obturaci lumen. Dal§imi pfi¢inami mtizou byt ateroskler6za, cévni malformace,
amyloidéza, vaskulitidy ¢i geneticky podminéné pfiCiny — Fabryho nemoc, MELAS
syndrom (mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes),
CADASIL syndrom (Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts
and Leukoencephalopathy).

Ke globélni hypoperfuzi mozku dochazi nejcastéji pii hypotenzi, vznikajici na podkladé
kardialni etiologie (srde¢ni selhdni, infarkt myokardu, plicni embolie, tamponada srdecni,
srdecni arytmie), ale také pti poklesu napIné cévniho fecisté pti krvaceni. V etiopatogenezi
hypoperfuze se mize podilet i disekce velkych tepen (aorta, karotidy, a. vertebralis), u

mladych pacientii mize byt pti¢inou CMP v 10-25% ptipadi.

Pti embolizaci dochézi k uvolnéni trombu, ¢i jiné struktury (vegetace, vzduch, kalcifikace,
¢asti endotelu, etc.) a jejich zaneseni do tepen zasobujicich mozek. Podle zdroje embolu
muzeme etiologii ischemické CMP rozdélit na makroangiopatickou, kardioembolizacni,
paradoxni embolizaci a v pfipadé nezndmého zdroje tzv. ESUS (Embolic Stroke of

Undetermined Source).

Makroangiopatickd ischemickda CMP vznikd na podkladé aterosklerotického postizeni
velkych tepen zasobujicich mozek. Je definovana okluzi anebo stendézou > 50% a typickymi

symptomy dané¢ho povodi. Nej€astéji byva postizena bifurkace aa. carotides a odstup
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vertebralnich tepen. Jeji incidence nariistd s v€kem a vyskytem kardiovaskularnich
rizikovych faktort — arterialni hypertenze, hyperlipidémie, diabetes mellitus, nikotinizmus,
trombofilni poruchy. V praci A.J. Graue bylo aterosklerotické postizeni velkych tepen
nejcastéjsi pri¢inou ischemické CMP u pacientd ve stfednim veéku (45-70 let, 20.9% z 5017
pacientll v registru) (Grau et al., 2001). Jeji diagnostika stoji na dopplerovské ultrasonografii

a angiografii, vySetfovat by se méla i ascendentni aorta a aortalni oblouk.

Zhruba tietina vSech ischemickych CMP ma kardioemboliza¢ni etiologii a jeji incidence se
dale zvysuje. Nejcastéjsi pric¢inou je fibrilace sini (FIS), kardioembozaéni ikty v souvislosti
s FIS jsou spojeny s dvakrat vy$$im rizikem umrti oproti jinym etiologiim (Kamel & Healey,
2017). Krom¢ manifestnich mrtvic jsou u pacientl s fibrilaci sini stale ¢astéji popisované
asymptomatické mozkové embolizace, Gaita el al. popsali jejich vyskyt u 89-92% pacienti,
a soucasné¢ prokazali korelaci mezi pfitomnosti téchto 1ézi a poklesem kognitivnich funkci
(Gaita et al., 2013). Z dalSich embolizacnich zdroji sem patii trombus v levé sini (Obrdzek
3) a levé komote (Qbrazek 9), kardialni tumory (Qbrazek 4), vegetace, chlopenni nahrady,
srdecni selhani ¢i infarkt myokardu a v neposlednim fadé¢ katetriza¢ni vykony v levé sini a

levé komofre.

Obrdzek 3: Trombus v ousku levé sine. Obrazek 4: Myxom pod mitralni

Z archivu IKEM. chlopni v levé sini. Z archivu IKEM.
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V klinické praxi se k urceni priciny CMP vyuzivaji klasifika¢ni systémy, dosud nej€astéji je
vyuzivana klasifikace TOAST z roku 1993 (Trial of Org 10172 in Acute Stroke Treatment
(Adams et al., 1993) - Tabulka 1). Nov&jSimi systémy jsou CCS (Causative Classification
system for ischemic stroke) z roku 2007 a ASCOD z roku 2013 (A-atherosclerosis, S-small
vessel disease, C-cardiac source, O-other cause, D-dissection (Amarenco et al., 2013)),
vyhodou kterych je méné pacientli s neur¢enou pii¢inou CMP. V piipad¢, Ze se zadna piicina
neprokaze, je ischemickd CMP definovana jako kryptogenni (diagnéza per exclusionem).
Dle epidemiologickych studii je kryptogenni cévni mozkova piihoda uvadéna jako pficina
ischemickych ikth zhruba ve 30-40% ptipadl (Yaghi et al., 2017) a predpoklada se, Ze
vétSina kryptogennich ischemickych CMP ma emboliza¢ni etiologii. Klasifikace ESUS je

vvvvvv

jako synonymum kryptogennich ikt (Kamel & Healey, 2017).

Tabulka 1: TOAST klasifikace ischemickych CMP.

Ateroskleréza Stendza 50% intraextrakranidlni tepny (UZ/CT/MRI)
velkych tepen Léze nad 15mm na CT/MRI
Ptitomnost zdroje s vysokym nebo stfednim rizikem embolizace

Kardioembolizace
Vysokeé riziko: FIS, mech. ndhrada, trombus v LS/LK myxom, IE

Onemocnéni Vznik lakunarnich infarktt

malych tepen Anamnéza hypertenze, hyperlipidemie a diabetu

Vaskulopatie, mikroangiopatie, infekce, hematologické poruchy,
Dalsi priciny systétmova hypoperfuze, tukovéd/vzduchova/nadorovd embolie,

extrakardialni paradoxni embolizace, 1éky, iatrogenni inzult
Kryptogenni Vice jak dvé potencionalni pti¢iny ischemické CMP

ischemicka CMP | Nezji§téna pricina

Zkratky: CMP — cévni mozkova ptihoda; CT — pocitacova tomografie; FIS — fibrilace sini; IE —
infek¢éni endokarditida; MRI — magneticka rezonance; LK — leva komora; LS — leva sin; UZ —

ultrazvukové vySetieni.
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V ptipad¢ symptomi pietrvavajicich po dobu delsi nez 24 hodin mluvime o ,klasické*
ischemické CMP nebo mrtvici, u které dochazi k tvorbé permanentni 1éze mozkové tkané —
infarktového loziska. Pokud symptomy loZiskové poruchy CNS pretrvavaji pouze do 24
hodin a zobrazovaci vysetfeni neprokazali vznik infarktu, definujeme takovou epizodu jako

Tranzitorni Ischemickou Ataku (TIA).
2.3. Asymptomatické poskozeni mozku

Specialnim typem CMP je asymptomaticky (tichy) mozkovy infarkt, ktery je podle AHA
(Sacco et al, 2013) definovan jako infarktova léze CNS dokumentovana pomoci
zobrazovacich nebo neuropatologickych metod, bez anamnézy akutni neurologické
dysfunkce odpovidajici lokalizaci této léze. Prvni takové 1éze byly popsany jiz v roku 1965
(C.M. Fisher) a v poslednich letech se kumuluji data ukazujici na jejich vyznamnost. Jejich
definice je zaloZend na detekci strukturdlniho poSkozeni tkané, dosud ale nebyla jasné
stanovend kritéria pro jednotlivé zobrazovaci modality. Magnetick4 rezonance (MRI) ma
dobrou senzitivitu pro detekci tichych infarktd u 1ézi nad 3mm (Zhu et al., 2011). Léze pod
3mm (malé lakunarni infarkty) nemusi byt MRI detekovatelné, jsou diagnostikované post-
mortem imunohistochemickymi metodami a k verifikaci jejich vyznamnosti bude potieba
dalsich studii (Gupta et al., 2016). Jedna se o diagnozu starSiho veéku, ve vétSiné studi je
primérmy vek pacientl kolem 60 let, Zeny jsou postizeny castéji neZ muzi (Sacco et al.,
2013). Prevalence se pohybuje mezi 8 - 28% a stoupa s pfitomnosti rizikovych faktord az
k 50 procentiim (Vermeer et al., 2007). Mezi rizikové faktory se v riznych pracich fadi vek,
hypertenze, diabetes, aterosklerotické postizeni karotid, ischemicka choroba srde¢ni (ICHS),
renalni insuficience, koufeni a abusus alkoholu (Yatsu & Shaltoni, 2004). Nezavislymi
prediktory klinické CMP jsou ale podle prace z Mayo Clinic jenom hypertenze,
alkoholizmus a velikost 1éze (Raghavan et al., 2021). Shrnuti prevalence tichych infarkt u

nékterych skupin rizikovych pacientii ukazuje Tabulka 2.

Tyto infarkty jsou nazyvany tichymi pro nepfitomnost typické symptomatologie iktovych
syndromil. Jako mozné vysvétleni chybéjici akutni symptomatologie nabizi Raghavan et al.
(2021) anosognézii (Raghavan et al.,, 2021). Pacienti stichymi mrtvicemi méli
predominantné postizenou nedominantni pravou hemisféru. Zcela asymptomatické ale
nejsou, je prokdzana spojitost mezi jejich pfitomnosti a rozvojem kognitivni dysfunkce,

deprese, Parkinsonovy choroby.
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Tabulka 2: Prevalence tichych infarktii u jednotlivych skupin pacientii podle R.L. Sacco

(Sacco et al., 2013)
Typ populace Diagnosticka Prevalence tichého Reference

metoda infarktu (%)
Vseobecna populace Pitva 18 (Shinkawa et al., 1995)
Vseobecna populace MRI 8-28 (Vermeer et al., 2007)
Akutni CMP CT 10 - 33 (Brott et al., 1994)
Akutni CMP MRI 57 (Adachi et al., 2002)
TIA CT 0-35 (Brott et al., 1994)
Asymptomaticka CT 6-28 (Brott et al., 1994)
stenoza karotid
Asymptomaticka MRI 23 (Mathiesen et al., 2004)
sten6za karotid
FIS CT 11-48 (Brott et al., 1994)
FIS MRI 32 (Hara et al., 1995)
ICHS CT 28 (Tanaka et al., 1993)
ICHS MRI 17 - 60 (Vermeer et al., 2007)

CMP - cévni mozkova piihoda; CT - pocitacova tomografie; FIS — Fibrilace sini; ICHS —

ischemicka choroba srde¢ni; MRI - magneticka rezonance; TIA - transientni ischemické ataka.
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Tiché infarkty zdvojnasobuji riziko vzniku demence, jak vaskuldrni, tak u Alzheimerovy
nemoci (u kterych je spojitost pravé s mikrovaskularnim postizenim). Riziko budouci
klinicky vyjadfené CMP stoupd 2 - 4 krat a popisuje se 1 vzestup mortality (Sacco et al.,
2013) (Vermeer et al., 2007).

2.4. Diagnostika ischemické cévni mozkové prihody

Zakladem diagnostiky je analyza klinického obrazu, pro ktery je typicky nahle vznikly
loziskovy neurologicky deficit centralniho ptivodu, odpovidajici povodi postizené mozkové
tepny. K pfesnému stanoveni postizené tepny, rozliSeni hemorrhagie a okluze a urceni
velikosti mozkové 1éze vyuzivame zobrazovaci metody. Pocitacova tomografie (CT) zobrazi
akutni zmény v mozkové tkani, MRI poskytuje citlivéjsi zobrazeni mozkovych struktur a
umoziuje tak presnéj$i posouzeni charakteru 1éze (Qbrdzek 5). Jinou moznosti diagnostiky
CMP jsou biomarkery. Jejich pouZiti zatim neni v Ceské republice soudasti bézné klinické
praxe, pouzivaji se ale v ramci vyzkumu. Mezi nejCastéji métené patii S100B protein, glial
fibrillary acidic protein, BNP a matrix metalloproteinase-9 (Sacco et al., 2013). Soucasti
diagnostiky je 1 patrani po etiologii mrtvice s cilem spravné fokusace 1é¢by a prevenci

budoucich ptihod, dopliuje se komplexni kardiologické vySetteni, ultrazvuk karotid,

biochemické a hematologické vySetfeni.

Obrazek 5: Magneticka rezonance mozku 55-letého muze s fibrilaci sini. FLAIR zobrazeni
mnohocetnych malych hyperintenzivnivh lézi subkortikalne, v obou hemisférach (Gaita et
al., 2013). Bilé sipky ukazuji na léze v levém frontdalnim a temporo-parietalnim laloku (A),

levém frontalnim laloku (B) a pravém frontalnim laloku (C).
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2.4.1. Protein S100B

Biomarker S100B je homodimer patfici do rodiny S100 proteinti se schopnosti vazat
kalcium. Tyto proteiny byli objeveny v Sedesatych létech, pojmenovany podle rozpustnosti
ve 100% roztoku siranu amonného. Primarné je S100B obsazen v neurogliich, s nejvétsi
koncentraci v astrocytech, je ale obsaZzen i1 v dalSich bunkach téla (napf. v adipocytech,
cornealnch bunikach, melanocytech, etc.) (Michetti et al., 2019). Za fyziologického stavu
neprochazi hematoencefalickou bariérou a jeho koncentrace v séru je tak zhruba 100x nizsi
oproti mozkomisnému moku. Pii pfechodu do krve je nasledné eliminovan ledvinami,
s poloCasem eliminace od 30 do 90 minut. Hraje roli jak v intracelularnich procesech, jako
je proliferace, preziti a diferenciace bunék, reguluje kalciovou homeostazi a aktivity
enzymu. Jeho aktivita v extracelularnim prostoru je zéavisla na koncetraci. V nizkych
hladinach podporuje rlst a preziti bunc¢k, zamezuje degeneraci neruonti. Ve vysokych
koncentracich zptisobuje vyplaveni proinflamacnich cytokinli a miize byt neurotoxicky.
Zvysen¢ koncentrace S100B lze detekovat z mozkomisniho moku, krve, slin, moce i vykala.
Jeho patologické koncentrace jsou spojovany hlavné s neurodegenerativnimi onemocnénimi
(Alzheimerova nemoc, Parkinsonova choroba, Amyotrofickd laterdlni sklerdza, etc.) a
traumatickym a cévnim akutnim poSkozenim mozku (ABI). Soucasn¢ ale miize byt
vyplavovan pii obezité, diabetu nebo napt. melanomu (Michetti et al., 2023). Toto Siroké
spektrum nemoci spojenych s jeho zvySenou produkei snizuje jeho specificitu, jeho hladinu
1ze ale spolehlivé vyuzit k moninotaci zdvaznosti ¢i prub¢hu jednotlivych nemoci ¢i akutnich
stavll (Michetti et al., 2021) (Kleissner et al., 2021). Za posledni roky se tento protein stal
uznavanym klinickym parametrem k detekci a hodnoceni ABI (Sramko et al., 2014) (the

Scandinavian Neurotrauma Committee (SNC) et al., 2013)
2.5. Lécba ischemické mozkové prihody

Terapii prvni volby u ischemické CMP je intravenozni trombolyza, pii uzévéru velkych
tepen pak mechanicka trombektomie. K podpiirné terapii patii antitromboticka a
hypolipidemicka 1écba, korekce krevniho tlaku a sekundarni prevence kardiovaskularnich
rizikovych faktorti. Lécba asymptomatické CMP nebyla zatim, i1 ptes jejich klinicky dopad,

standardizovana, aktualné¢ se diskutuje o prevenci a 1écbe rizikovych faktort.
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2.6. CMP spojena s kardiologickymi katetrizacnimi vykony

Zaklady modernich diagnostickych a terapeutickych postupti v kardiologii jsou zalozeny na
metod¢ srdecni katetrizace. Tato invazivni technika je Siroce aplikovana v celé Skéle
kardiologickych disciplin, poskytuje piesné informace o anatomii, hemodynamice a funkci
srdce a cév, a zaroven umoznuje terapeutické intervence. Pro diagnostiku a terapii
ischemické choroby srdec¢ni je kliCova katetrizace koronarnich tepen, ktera umoziuje nejen
zobrazeni koronarniho fecisté pomoci koronarni angiografie, ale také provadéni intervenci,
jako je perkutanni koronarni intervence (PCI). U chlopennich vad slouzi katetrizace k
pfesnému méfeni tlakovych gradient mezi srdecnimi oddily, coz umoziuje kvantifikaci
stupné stenozy Ci insuficience a soucasn¢ umoznuje zavadéni chlopennich ndhrad (napf.
TAVI — transkatetrovd implantace aortalni chlopn¢). V diagnostice plicni hypertenze se
vyuziva pravostranna srdecni katetrizace, kterd poskytuje hemodynamicka data (vCetné¢ tlaku
v plicnici a srde¢niho vydeje), coz je nezbytné pro stanoveni diagndzy plicni hypertenze a
urceni spravné 1éCby tohoto onemocnéni. Endomyokardialni biopsie ma zasadni vyznam v
diagnostice srde¢niho selhdni, myokarditid a je nezbytnym nastrojem pro sledovani rejekce
Stépu po transplantaci srdce. Katetrizacni ablace se stala dominantni metodou pro 1écbu
srdec¢nich arytmii, v€etné FIS a KT. V mnoha pfipadech jde o kurativni metodu, zlepSuje

progndzu pacientil a snizuje potiebu dlouhodobé farmakologické 1éCby.

Kazdy invazivni vykon je spojen s ur€itym rizikem komplikaci. U srdecni katetrizace se za
témér sto let praxe riziko zavaznych komplikaci vyrazné snizilo, soucasn¢ dosahuje méné
nez 5% (Gupta et al., 2013) (Peichl et al., 2014) (Dodek et al., 1983). S technologickym
pokrokem katetrizani techniky, zlepsenim periprocedurdlni péce a vyvojem moderni
farmakoterapie poklesla soucasn¢ i Cetnost periproceduralnich iktd, dle recentnich praci se
uvadi vyskyt pod 1% (Gupta et al., 2013) (Peichl et al., 2014) (Werner et al., 2013) (Cho et

wvewvr

s negativnim dopadem na prognézu a kvalitu zivota pacienti.

Geneze periproceduralni CMP je multifaktoridlni a zahrnuje nékolik mechanismi. Nejvyssi
riziko nesou pacienti s pokroc¢ilym aterosklerotickym postizenim, zejména v oblasti
ascendentni aorty a oblouku. Béhem katetrizacnich vykont, at’ uz diagnostickych nebo

terapeutickych, mize mechanickd manipulace s vodi¢em, sheathem nebo katetrem vést k
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uvolnéni aterosklerotickych plati ¢i trombotickych hmot, s jejich nasledni embolizaci do

mozku a vznikem ischemického loziska CNS (Eggebrecht et al., 2000).

DalSim zdrojem trombi a kalcifikaci jsou mitralni anuldrni kalcifikace (MAC, degenerativni
proces spojeny s ukladanim kalcia v oblasti mitralniho anulu) a degeneraticné zménéna
aortdlni chlopet (Rodriguez et al., 2011). Vysoce rizikové jsou v tomto ohledu TAVI
vykony, u kterych dochazi béhem roztazeni stentu a usazeni bioprotézy k vyznamné disrupci
kalcifikovanych ateroskerotickych platd s jejich embolizaci (Kahlert et al., 2012) (Jimenez
Diaz et al., 2022). Incidence periproceduralni CMP je u TAVI procedur vyssi nez u ostatnich
katetriza¢nich metod, blizi se k5 - 6% (Winter et al., 2020) (Thyregod et al., 2024).
K embolizacim muze dochdzet 1 béhem manipulace vodi¢em ¢i katetrem (Omran et al.,
2003) (Whitman et al., 2017). Specidlni situaci jsou pacienti s infekéni endikarditidou
a pohyblivymi vegetacemi na chlopnich, v takovych ptipadech je provedeni invazivniho

vySetieni spojeno s vysokym rizikem komplikaci.

Diky soucasnym znalostem a dostupnému intrumentariu poklesl pti katetrizaci i vyskyt
vzduchové embolizace (Qbrdazek 6). Incidence se v literature se uvadi 0.1 - 0.3% (Ahmad et
al., 2016). Masivni vzduchova embolie je Zivot ohrozujici komplikaci, ktery mtze vést az
ke kardiogennimu Soku s nutnosti resuscitace. K nasati vzduchu mtize béhem vykonu dojit
nekolika mechanismy - béhem opakovanych vymén katetri nebo pii pfili§ rychlém
odstranéni katetru ze srdce. Dale u vykonl provadénych v hluboké sedaci je riziko
apnoickych pauz s negativnim intrathorakalnim tlakem, kdy mtize dojit k nasavani vzduchu
pfes hemostatickou chlopeni (Shiomi et al., 2023). Rizikové jsou predevSim vykony
v levostrannych srde¢nich dutinach, nicméné u pacientli s defektem septa sini ¢i komor je

nutné zvySené opatrnosti i pii pravostrannych katetrizacich.

Zasadni roli v patofyziologii periporocedurdlni CMP u katetriza¢nich vykond hraje
koagulacni systém. Vznik trombu béhem téchto vykont je vysledkem naruseni rovnovahy
mezi koagulacnimi a fibrinolytickymi mechanismy, pfi¢emz klicovy vyznam v tomto
procesu ma tzv. Virchowova trias: staze krve, hyperkoagula¢ni stav a poSkozeni cévni stény.
Tvorba trombu na sheatu nebo katetru mize zacit jiz pti punkci cévy, kdy dochdzi k aktivaci
endotelu a spusténi koagula¢ni kaskady. Nejenom cévni endotel, ale i endotel endokardu je

obzvlasté citlivy na mikrotraumata, zptisobend manipulaci s katetry, coz ptispiva k dalsi

aktivaci koagulacnich procest.
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Dalsim faktorem je také pfitomnost ciziho materidlu v cévnim fecisti. Pti dlouhé expozici
dochazi k ptretizeni fibrinolytického systému a nasledné tvorb¢é trombti (Dorbala et al., 1998).
Ke kompletici Virchowovy trias pfispiva nizky pritok a stdze krve u pacienti s dysfunkci
LK (Camaj et al., 2022), stejné jako akineza ouSka levé sin€ s minimalni vyprazdnovaci
kapacitou. U mnoha pacientd je jiZ primarné naruSena koagula¢ni rovnovaha ptitomnosti
prozanétlivych stavili, vedoucich k aktivaci proteinid akutni faze, véetné fibrinogenu. Nemala
je také skupina pacientll s primarni hematologickou poruchou a trombofilnimi stavy,

s vys$imi naroky na antikoagulacni terapii béhem katetrizacnich vykonti.

Obrazek 6: Koronarografie po vzduchové embolizaci (Shiomi et al., 2023): A: Prava
koronarni arterie je celd vyplnéna vzduchem. C: Aspirace vzduchu z pravé koronarni tepny.

D: kontrolni angiografie s vymizenim vzduchovych bublin a uprava nalezu.

2.7. Komorové tachykardie

Komorové tachykardie jsou arytmie vychézejici ze svaloviny srdecnich komor nebo
pfevodniho systému. Pfedstavuji Sirokou skupinu arytmii s riznym mechanizmem vzniku a
prognozou. Lze je délit dle riznych kritérii, z elektrokardiografického hlediska na arytmie
nesetrvalé (pod 3 QRS komplexy nebo pod 30 sekund trvéani) a setrvalé (nad 30 sekund
trvani/ KT vyZzadujici intervenci), monomorfni (stejnd morfologie QRS komplexl) a
polymorfni (ménici se morfologie QRS, lze zde zaradit dalSi podskupiny jako
biderekcionalni KT, torsades de pointes, fibrilace komor). Z hlediska recidiv KT se mtze
jednat o incesantni arytmii (pferusitelna pouze na n¢kolik stahti, pokracujici nékolik hodin),

nebo o arytmickou boufi, kdy béhem 24 hodin dochazi k minimdln¢ 3 recidivdm KT

22



vyZzadujicich intervenci. Z klinického hlediska je nejvhodnéjsi rozdéleni na arytmie fokalni
(vznikajici na podklad¢ abnormalni automacie nebo spousténé aktivity) a reentry arytmie.
Zatimco fokalni KT jsou idiopatického charakteru, KT na podklad¢ reentry okruhu se
nejcastéji vyskytuji u pacienttl se strukturalnim onemocnénim srdce (ischemicka, dilatacni,
arytmogenni ¢i hypertrofickd kardiomyopatie). Tyto arytmie maji zdvaznou progndzu a
katetriza¢ni ablace je Casto indikovana jako akutni vykon u pacienti v zdvazném stavu a
vysokym rizikem komplikaci. Specidlni skupinu tvoii KT vznikajici na podklad¢ vrozené
genetické poruchy (LQT syndrom, Brugada syndrom, etc.), u kterych je mechanizmem
vzniku porucha v depolarizaci nebo repolarizaci srde¢ni svaloviny. U tohoto typu KT je
primarni terapii implantace kardioverteru-defibrilatoru (ICD) a medikament6zni 1écba, u

specifickych pacientli 1ze zvazit i katetrizacni ablaci (Zeppenfeld et al., 2022).
2.8. Katetrizacni ablace komorovych tachykardii

U arytmii vychézejicich z LK je moznost ptistupu do této srdecni dutiny retrogradni — pies
aortu, nebo transseptalné, punkci mezisitiového septa a ptfes mitralni chlopen. Vybér
pristupové cesty se odviji od dokumentované¢ KT, s ptedpokladanou lepsi dostupnosti
substratu jednou z pfistupovych cest. Vliv ma také stav arteridlniho a vendzniho feciSté
pacienta a pfitomnost implantovanych mechanickych néhrad srde¢nich chlopni. U KT se
substratem lokalizovanym epikardidln€ (napf. arytmogenni kardiomyopatie) je pfistupovou

cestou punkce perikardu (Cronin et al., 2020).

V ptipad¢ reentry KT u pacientll se strukturdlnim onemocnénim srdce je cilem ablace
nalezeni a ovlivnéni tzv. kritického isthmu reentry okruhu. Muze se jednat o velmi diskrétni
oblast, k jeho spravné lokalizaci se na uvod vykonu provadi elektrofyzilogické vySetieni —
programovana stimulace komor (train nckolika stimulii o stejné frekvenci néasledovany
jednou az tfema stimulama s krat§im vazebnym intervalem). Katetriza¢ni ablace KT se
v soucasné dobé standardné provadéji za pomoci elektroanatomickych mapovacich systémti,
s vytvofenim mapy levé ¢i pravé komory (piipadné obou). Soucasti je voltaZové mapovani
arytmogenniho substratu, identifikace pozdnich potenciall a jizevnaté tkané. U bézici KT
lze vyuzit aktivani mapovani a lokalizovat tak kriticky ishtmus. K ovéteni spravné polohy
katetru slouzi mapovani pomoci entrainmentu, kdy v misté isthmu lze vstoupit do okruhu
arytmie. V pfipad¢ negativni programované stimulace komor, s neindukovatelnou

tachykardii lze vyuzit tzv. pacemapping a identifikovat misto vhodné k ablaci pomoci
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srovnavani morfologie QRS dokumentované arytmie na 12 svodovém EKG s morfologii
stimulovaného QRS v misté predpokladaného isthmu. Strategie ablace se mize lisit dle
velikosti, lokalizace substritu a vyvolatelnosti arytmii, cilem ablace je dosahnout
neinducibility na konci vykonu. K vlastni ablaci KT se nejcastéji vyuziva RF energie, za

pomoci chlazeného abla¢niho katetru (Cronin et al., 2020).
2.8.1. Ablace KT a periproceduralni embolizace

Ackoliv jsou katetrizacni abla¢ni vykony spojeny s nizkym rizikem komplikaci, CMP nadale
zustava jednou z nejobavanégjSich. Pacienti se strukturdlnim postizenim myokardu
indikovani k ablaci KT patii svym rizikovym profilem mezi nejohrozeng;si skupinu stran

rozvoje periproceduralni CMP (Peichl et al., 2014).

Patofyziologicky podklad pro periprocedurdlni embolizaci mozku u katetriza¢nich ablacich
KT je multifaktorialni. Svou roli zde hraje vySe zminéné aterosklerotické postizeni jak aorty,
tak chlopenniho aparatu, kdy béhem manipulace s katetry v levé komote muize dojit
k disrupci aterosklerotickych platt &i kalcifikaci na aortalni a mitralni chlopni. Cast pacienti
indikovanych k témto vykoniim mé implantované chlopenni nahrady, které nesou ptidané

riziko trombdzy a soucasné 1 vegetaci.

Specialni skupinu tvofi pacienti s preexistujicim trombem v levé komoie (Qbrdzek 9),
k bezpecné manipulaci katetrii v oblasti trombu je nutné vyuZziti periproceduralnich

zobrazovacich metod (Peichl et al., 2014) (Peichl et al., 2016).

Riziko vzduchové embolizace se nelisi oproti jinym katetrizaénim vykonim, zvySené
opatrnosti je potieba dbat u transseptalnich punkci (Shiomi et al., 2023) (Ahmad et al., 2016),

které jsou u katetrizacnich ablacich vyuzivany ¢astéji, nez u ostatnich vykonti.

To, co odliSuje katetriza¢ni 1écbu arytmii od ostatnich kardiovaskuldrnich vykont, je vyuziti
RF energie. Aplikaci vysokofrekvencéniho stfidavého proudu dochazi lokalné k termalnimu
efektu a vzniku koagula¢ni nekrdzy, poruSuje se intaktnost endotelu. To nasledné mize vést
k adhezi desticek a lokalizované tvorbé trombu (Zhou et al., 1999). B&€hem aplikace dochazi
také k zahtivani krve kolem ablac¢ni elektrody, a pfi stoupajici teploté se aktivuje koagulacni
kaskada. Nasledkem toho se kolem elektrody vytvafi koagulum. Prekryti elektrody

koagulem vede ke vzristu impedance a pii pokracujici ablaci k prehiivani tkané, az k tzv.
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popu. Pii tomto jevu dochdzi k erupci tkané s uniknutim mnoha vzduchovych bublin
(Santoro et al., 2021) (Qbrazek 7). V praci skupiny A. Natale (Kilicaslan et al., 2006) popsali
vyskyt embolizaci do mozku nésledovanych po objeveni mikrobublin béhem ablace az u
88% pacientd. Po erupci dojde k rozvolnéni a poruSeni architektury kardiomyocyti
(Obrdzek 8), nasledkem ¢eho mulze dojit k perforaci tkdné a vzniku trombu (Held et al.,
2021).

Obrazek 7: Zobrazeni exploze bublin Obrazek 8: Eroze v myokardu vznikla
na ICE béhem ablace v levé komore po “pop-lézi” na zvirecim modelu.
na zvirecim modelu. Z archivu IKEM. Z archivu IKEM.

2.8.2. Asymptomatické poskozeni mozku u katetrizacni ablace KT

Cetnost klinicky vyjadfenych ischemickych CMP se u katetrizaénich ablaci dlouhodobé
udrzuje na hranici 1%. Vedle klinicky manifestnich ptihod se v poslednich letech stale vice
diskutuje o jiz zminénych asymptomatickych ¢i subklinickych embolickych piihodéach.
Jednou z pfistupovych katetrizacnich cest do LK je transseptéalni ptistup. Kilicaslan et al.
popsal jiz vr. 2006 vztah mezi vznikem mikrobublin viditelnych na intrakardidlni
echokardiografii (ICE) béhem RF ablace FIS a vyskytem mikroembolickych signald na
transkranialnim doppleru (Kilicaslan et al., 2006). Druhou moznosti katetrizacniho vstupu
do LK je cesta retrogradni, tepennym fecistém pies aortalni chlopen. V Casopise Lancet

vysla vr. 2003 prace (Omran et al., 2003) hodnotici vyskyt asymptomatickych infarktd u
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pacientl a aortalni sten6zou podstupujicich katetriza¢ni zhodnoceni této chlopenni vady. Ze
101 vySetfenych pacienti mélo 22 prikaz embolizaci na nasledni MRI, pouze 3 nemocni
vSak vyvinuli symptomatickou mozkovou ptihodu. V kontrolni skupiné¢ 51 pacientd, u
kterych se katetrem neprochazelo ptres degenerovanou chlopen, nebyly nalezeny zadné
znamky embolizace do mozku. V mensi praci z jednoho centra v San Franciscu (Whitman
et al., 2017) sledovali na 18 pacientech podstupujicich ablaci pro komorové arytmie vyskyt
tichych infarkt. Z 12 pacienti podstupujicich ablaci v LK se vyskytly tiché¢ embolizace u
70% z nich a to pouze u téch, u kterych byl zvolen retrogradni ptistup do LK.

Tyto data ve spojeni se znalostmi klinického dopadu asymptomatickych mozkovych piihod
(Sacco et al., 2013) (Vermeer et al., 2007) (Raghavan et al., 2021) svéd¢i pro nezbytnost
preventivnich opatieni, véetné adekvatni antikoagulace, podrobné monitorace a predchazeni
embolizacim b&hem ablagnich vykoni. Sramko (Sramko et al., 2014) ve své praci prokazal
spojitost hladiny proteinu S100B po ablaci FIS se vznikem ischemickych 1ézi v CNS a
poukazal tak na mozny potencial pouziti biomarkert pro predikci cévniho poskozeni mozku.

K ovéfeni této hypotézy bude ale potieba dalSich praci.
2.8.3. Prevence mozkove embolizace pri katetrizacni ablaci KT

2.8.3.1. Antikoagulacni terapie

Antikoagula¢ni terapie hraje v prevenci mozkovych embolizaci béhem katetriza¢nich ablaci
v levostrannych srde¢nich oddilech nenahraditelnou roli. Brani vzniku trombt na katetrech
1 v mistech poSkozeni endotelidlni vystelky. V praxi se bézné uziva intraven6zné aplikovany
heparin, s tvodnim bolusem 5 - 10 000 IU. Soucasné jsou heparinizovanym fyziologickym
roztokem proplachované sheathy a ablacni katetr. K monitoraci hladiny antikoagulace je
standardné¢ vyuzivan test ACT (activated clotting time). Béhem katetriza¢ni ablace
v levostrannych srde¢nich oddilech je cilova hodnota ACT 300 - 400s. Jiz prace z r. 2005
(Wazni et al., 2005) prokéazala nutnost adekvatni antikoagulace s cilovym ACT nad 300s pro
prevenci katétrové trombozy a embolizace. Doporucované mira antikoagulace s ACT >300s
pfitom nezvysuje riziko krvaceni. Recentnéj$i metaanalyza (Briceno et al., 2016) toto
potvrzuje, ale zaroven poukazuje na rozdilnou kinetiku heparinu u pacientli chronicky
lécenych warfarinem. U téch je pozadovana hladina ACT dosazend rychleji v porovnani

s témi, ktefi uzivaji pfimé antikoagulancia (Direct Oral Anticoagulants - DOAC).
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DalSim spornym problémem bylo, jak u pacientli podstupujicich katetrizacni vykony fidit
preruseni antikoagula¢ni 1écby. Klinické studie nasledné ukézaly, ze periproceduralné
nepierusend lécba DOAC v porovnéni v 1é¢bou warfarinem je ekvivalentni z hlediska rizika
vzniku mozkovych embolizaci. Nagao et al. (2019) prokazali nizsi vyskyt tichych infarktt
u nepterusované antikoagulac¢ni 1écby DOAC a dle poslednich doporucenych postupti
European Society of Cardiology (ESC) je nepferusovana antikoagulacni 1écba indikovana
v ptipad¢ katetrizac¢ni ablace FIS (Van Gelder et al., 2024). U ablace pro KT lze tento ptistup
také zvazit (Cronin et al., 2020).

2.8.3.2. Intrakardidalni echokardiografie

DalS§i moznosti, kterou lze pouzit k prevenci komplikaci katetrizacnich ablaci je
periproceduralni zobrazeni pomoci ICE. ICE vyuziva ultrazvukovou sondu, ktera se zavadi
katetrizacni cestou vendznim feciStém do pravostrannych oddili. Pomoci ni Ize zobrazit
nejenom jednotlivé srdec¢ni struktury, ale systém také vyuzit k navigaci pohybu katetrti pii
mapovani a monitoraci polohy katetri u pacientli s preexistujicim pfisedlym trombem
(Peichl et al., 2016) (Peichl et al., 2014) (Qbrazek 9), a tim piredchdzet komplikacim véetné
mozkové embolizace (Kautzner & Peichl, 2007). ICE lze také pouzit k bezpe¢nému vedeni
transseptalni punkce pti pristupu do levostrannych srde¢nich oddild. Pti aplikaci RF energie
lze pomoci ultrazvukové sondy monitorovat vznikajici 1ézi a predchazet prehiati tkané s
tvorbou mikrobublin (Santoro et al.,, 2021) (Kilicaslan et al., 2006). Soucasné¢ je na
intrakardidlnim echu dobfe rozeznatelnd distilni elektroda katetru, diky ¢emu lze vcas
detekovat tvorbu koagula (Wazni et al., 2005) (Qbrazek 10). V ptipadé vzduchové
embolizace do koronarni tepny je rychle zobrazitelnéa regionalni porucha kinetiky LK, coz
umoznuje rychlou identifikaci této komplikace (Shiomi et al., 2023). Kromé centralni a
koronarni embolizace je zivot ohrozujici komplikaci tampondda srdecni, v piipadé

progredujiciho vypotku na ICE lze ¢asné zasdhnout a krev odsat.
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Obrazek 9: ICE obraz trombu v levé Obrazek 10: Viajici trombus na sheatu
komore srdecni. Z archivu IKEM. v levé sini (Sipka), zobrazeni na ICE.
Z archivu IKEM.

2.9. Pulzni elektrické pole

Katetrizacni ablace arytmii je neustdle se rozvijejici metoda. Tradicn€ byly k ablaci
vyuzivany termalni zdroje energie jako je radiofrekvencni energie, kryoenergie ¢i laser.
Jejich limitaci je poskozeni okolnich tkani kolem srdce, s potencidlné fatdlnimi

komplikacemi (atrio-esofagidlni pistél, poskozeni nervus frenikus, etc.).

V soucasné dobé dochazi k rozvoji nové abla¢ni technologie — energie pulzniho pole. Tato
netermalni ablacni modalita je zalozena na aplikaci série pulzil elektrického proudu do
myokardidlni tkdn€. Tyto pulzy vytvaii pory v bunééné membrané, nasledkem ¢eho dochazi
k poruSeni homeostazy bunky a jeji programované smrti, apoptéze. V zavislosti na
charakteristikdch pulzu (napftiklad voltaz, vinova délka, frekvence), délce jeho trvani a
frekvenci opakovani mize dochazet pouze k reverzibilnimu poskozeni s moznosti obnoveni
bunééné funkce. Riizné tkané reaguji na rizné¢ PF protokoly, coz umoziuje bezpecné

vytvareni vétsich 1ézi v kardiomyocytech bez poskozeni okolnich struktur.
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Jednim z klicovych rysti PF ablace je jeji schopnost destrukce buné€k, aniz by doslo k
naruseni tkanové architektury a extraceluldrni matrix, coz umoziuje intersticiu zachovat
svou funkci. Dal8i dilezitou charakteristikou PF energie je tzv. zdéna reverzibilniho

poskozeni nachazejici se v okoli trvalg, ireverzibilni 1éze (Verma et al., 2021).

Tato metoda byla piivodné cilena na ablaci FIS, recentné ale dochazi k jejimu rozsifeni i na
komorovy myokard. Jeji proveditelnost a ucinnost v terapii komorovych arytmii byla
ovéfena v preklinickych studiich (Im et al., 2022) (Sandhu et al., 2023), v klinické praxi

zatim chybi velké randomizované studie.

Z potencionalnich komplikaci byli popsany spazmy koronarnich tepen, které mohou nastat
pti aplikaci pulzu v jejich bezprostifedni blizkosti. Tomuto fenoménu lze ptedejit aplikaci
nitroglycerinu. Déle byl zaznamendn vznik mikrobublin, reprezentujicich hydrolyzu a
vyplaveni dusiku zkrve. Jejich maly objem vSak umoziiuje rychlou resorpci, tudiz
nezpusobuji mozkové embolizace, coz se prokazalo i v praci Reddy et al. (2019), kde po PF

ablaci provadéli MRI a u zadného pacienta nebyly detekovany jak manifestni, tak tiché ikty.

Lze tedy shrnout, ze PF ablace maji v porovnani s nejrozsifenéjsi RF ablacni metodou

vvvvvvv

vykonu. Uvedené skutecnosti oteviraji prostor pro dalsi vyzkum.
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3. Cile prace a hypotézy

3.1. Cile prace:

1) Detekovat faktory, které ovliviiuji riziko periproceduralniho poskozeni mozku pii

ablaci komorovych tachykardii.

2)
3)

4)
5)

6)

Sledovani mozkového postizeni pomoci biomarkera.

Randomizované srovndni strategie ptistupové cesty retrogradni vs. transseptalni
s korelaci k patofyziologickym procestim vedoucim k CMP.

Zhodnoceni vlivu vedeni a monitorace antikoagula¢ni 1éCby.

Pouziti intrakardidlniho echa k zobrazeni makroskopickych zmén v srdci, vcetné
moznosti zobrazeni chronické 1 akutné vzniklé trombdzy.

Prozkoumani proveditelnosti a bezpecnosti katetrizacni ablace KT pomoci energie

pulzniho pole

3.2. Hypotézy:

1)

2)
3)

4)
5)

6)

Vek, aterosklerdza, obezita, dysfunkce LK, rendlni insuficience a dalsi rizikové
faktory jsou spojeny s vys$§im rizikem rozvoje mozkové embolizace.

Hladina ACT koreluje s mirou rizika mozkové embolizace.

Protein S100B vyznamné stoupa v piipadé embolizace do mozku, méfeni jeho
hladiny lze vyuzit k diagnostice asymptomatickych periproceduralnich embolizaci.
Retrogradni ptistupova cesta do LK je spojena s vy$sim rizikem embolizace do CNS.
Pomoci intrakardidlni echokardiografie lze ptfedchazet komplikacim, vcetné
embolickych ptihod.

Ablace pulznim polem snizuje riziko komplikaci, véetné¢ vyskytu periproceduralni

CMP.
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4. Studie 1: Impact of access route to the left ventricle on
asymptomatic periprocedural brain injury: the results of a
randomized trial in patients undergoing catheter ablation of

ventricular tachycardia

4.1 Metody

4.1.1. Studijni protokol

Studijni skupinu tvofili pacienti se strukturalnim onemocnénim srdce indikovani ke
katetriza¢ni ablaci pro KT. Néabér probihal od zafi 2013 do biezna 2017. Pacienti byli
randomizovani 1:1 k transseptalnimu nebo retrogradnimu pristupu do LK pomoci adaptivni
randomizace zahrnujici veék, pohlavi, ejekéni frakei (EF) LK a hladinu kreatininu. Pacienti
s mechanickou ndhradou aortalni nebo mitralni chlopné byly vylou€eni pro nemoznost
randomizace piistupu do LK. Soucasné byli vylouceni pacienti s indikaci k epikardidlni
ablaci a pacienti s pfedpokladanym substratem ve vytokovém traktu LK, kdy je automaticky
indikovan retrogradni ptistup. Pacienti s ptedpokladem mozné interference s laboratornimi
odbéry (napf. zavazna renélni insuficience) nebo pfitomnosti jiz pre-existujici mozkove léze

(recentni ablace, KPR) byli také ze studie vylouceni.
4.1.2. Hodnoceni mozkove embolizace

Pfed vykonem byly odebirdny vzorky vendzni krve z periferie, kontrolni nabéry byly
provedeny nasledujici rano. Vzorky byly uchovavané pii -70 °C a analyzovany hromadné,
k analyze jsme vyuZivali komer¢né dostupnou elektrochemickou imunoassay (Elecsys S100
R, Roche Diagnostics, Mannheim, Germany). Pomoci této assaye jsou detektabilni
koncentrace S100B od 5 do 39000 ng/l, s koeficientem variace mezi sériemi a uvniti série
5.6% a 2.3%. Signifikantni poSkozeni mozku po ablaci bylo definované jako zvySeni

koncentrace S100B >30%.
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4.1.3. Periprocedurdlni antikoagulace

U chronicky warfarinizovanych pacientii byl vykon provadén po kratkodobém pieruSeni
warfarinizace, s doCasnym bridgingem nizkomolekuldrnim heparinem, dle doporuceni
tehdejs$i praxe. Maly pocet pacientli bylo antikoagulovanych novymi antikoagulanciemi
(NOAC), u téchto se prerusovala lécba na 24 - 48 hodin pied vykonem, s ohledem na funkci

ledvin. U pacientli s antiagregacni terapii nebyla 1écba pierusovana.

Po zavedeni cévniho pfistupu byla podana “loading” davka nefrakcionovaného heparinu
(10 000 IU), v pripad¢ transseptalniho ptiatupu se podalo 5000 IU pted a 5000 IU po punkci

septa. Dale byl heparin davkovan bolusové k udrzeni ACT v rozmezi 300 — 350 sekund.

ACT bylo méteno pomoci ptistroje Hemochron ACTp (Accriva Diagnostics, San Diego,
CA, USA) v 15 minutovych intervalech do doby dosaZeni cilové hladiny antikoagulace a
nasledné kazdych 15 - 30 minut az do konce vykonu. V ramci studie byla vypocitana stiedni
a minimalni hodnota ACT b&hem vykonu a soucasné stfedni hodnota vztazend na Cas. Po
ukonceni vykonu a vytazeni sheathii bylo u vSech pacienti pokracovano infuzi s
nefrakcionovanym heparinem s cilovym aPTT (activated partial thromboplastin time ratio)
1.5 — 2.5. Nasledujici den po odebrani krve ke stanoveni hladiny S100B byla pacientim
nasazena antiagregacni terapie po dobu minimalné¢ 6 tydnti od vykonu, nebo v piipade

extenzivni ablace v levé komote, antikoagulacni terapie na nésledujici 3 meésice.
4.1.4. Katetrizacni ablace

Vsechny vykony byly provadény v lokdlni anestezii se soucasnou analgosedaci
midazolamem a fentanylem. Vaskularni pfistup byl zavadén bez ultrazvukové navigace.
Mapovani bylo provadéno s flouroskopickou navigaci za pomoci 3D elektroanatomického
mapovaciho systému (CARTO, Biosense Webster, Diamond Bar, CA, USA). Zavedeni ICE
bylo pfi retrogradnim piistupu na rozhodnuti operatéra, v piipadé transseptalniho ptistupu
byl ICE zaveden u vSech pacientd. V ptipad¢, Ze nebyla pfitomna spontanné bézici KT, byla
provedena programovand stimulace komor z pravé komory srde¢ni (ze dvou mist, do tii
extrastimuld). K ablaci byl pouzit chlazeny katetr s 3.5 mm hrotem (Navistar Thermocool,

Biosense Webster).
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Ptistupova cesta do LK (retrogradni vs. transseptalni) byla zvolena na zaklad¢ randomizace.
Transseptalni punkce byla provadéna pod kontrolou intrakardidlnim echem. Substratové
mapovani bylo u vétSiny pacientli provadéno za sinusového rytmu, nebo pii pravokomorové
stimulaci. K mapovani se vyuzival ablac¢ni katetr, bipolarni voltdzova mapa byla vytvarena
sekvencné ,,point-by-point” a do mapy byla oznacena mista s pozdnimi potencidly nebo
abnormalnim vedenim. Ve studii nebyly vyuzivany multipolarni mapovaci katetry. K presné
lokalizaci mista ablace se také vyuzivala stimulace nizkym vydejem z mista pomalého
vedeni a srovnavanim morfologie QRS komplexu s klinickou arytmii. V ptipadé¢
hemodynamicky tolerované nebo incesantni KT se provadélo 3D aktivacni mapovani za
bézici tachykardie s upfesnénim mista ablace entrainmentem. Po oSetfeni klinické arytmie

nasledovalo substratové mapovani a ablace s cilem homogenizace substratu.

Ablace byla provadéna v rezimu kontroly vykonu, s proplachem 30 ml/min. Aplikovana
energie byla mezi 20 - 40W, v zavislosti na lokalizaci a kontaktu katetru. V ptipadé zahiati
katetru nad 43°C nebo pii ndhlém poklesu impedance (>10 - 15%) b&hem ablace, bylo
mnozstvi energie snizeno. U vykonil se zavedenym ICE se béhem aplikace RF energie
kontrolovalo ptipadné piehtati tkan¢ a vznik pop léze. Aplikace v jednom misté trvala
preferenéné do 60 sekund, naslednou stimulaci o 10 mA byl ovéfen non-capture v dané
oblasti. Cilem katetriza¢ni ablace bylo odstranéni vSech inducibilnich monomorfnich KT.
K monitoraci ptipadnych komplikaci vykonu byli pacienti sledovani po dobu minimalné 3

mésicu od ablace.
4.1.5. Statisticka analyza

Spojité proménné byly vyjadreny jako priméry se smérodatnymi odchylkami a porovnany
pomoci t-testu pro nezavislé vzorky nebo Mann-Whitneyho U testu ¢i Wilcoxonova
parového testu, podle potieby. Kategorické proménné byly vyjadieny jako procenta a
porovnany pomoci y? testu nebo Fisherova exaktniho testu. Faktory spojené s vysledkovym
meéfitkem (P <0.20) byly zafazeny do multivariacniho linearniho regresniho modelu a
zkoumany metodou krokového dopiedného vybéru. P-hodnota <0.05 byla povazovéna za
statisticky vyznamnou. VSechny analyzy byly provedeny pomoci softwaru STATISTICA
verze 10 (Statsoft, Inc., Tulsa, USA).
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4.2. Vysledky

Celkovée bylo do studie zatazeno 144 pacienti, ktefi byli randomizovani do 2 skupin po 72
nemocnych. Zakladni charakteristiky a proceduralni data jsou shrnuty v Tabulce 3. Ob¢
skupiny byly srovnatelné ve vSech zdkladnich charakteristikdch, s vyjimkou anamnézy
CMP, kterd se vice vyskytovala u pacientll s transseptalnim pfistupem. U pacientl ve
skupiné s retrogradnim piistupem do LK byla zaznamenana vys$si spotfeba heparinu k

dosazeni cilovych hodnot ACT.

Bazalni hladina proteinu S100B byla srovnatelnd v obou skupinach (67 £ 39 vs. 73 £ 50
ng/L, P = 0.40). Ve skupin¢ s retrogradnim pfistupem do LK nesignifikantné vzrostla po
vykonu (z 67 =39 na 75 £ 77ng/L, P = 0.20) a u pacienti s transseptalnim ptistupem naopak
nesignifikatné poklesla (z 73 + 50 na 63 + 29 ng/L, P = 0.16). Hladiny biomarkeru S100B
po vykonu, u obou skupin, jsou zobrazeny na Grafu 1. Rozdily ve zmén¢ hladiny S100B
byly mezi skupinami (retrogradné vs. transseptaln€) hrani¢né nesignifikantni: 8 £ 67 vs. -10
+ 48 ng/L (P = 0.053) v absolutnich hodnotach a 16 £ 73% vs. 0 + 44% (P = 0.052) v
relativnich hodnotach (Graf 2 a 3). Signifikantni ABI bylo definovano jako poablaéni
vzestup S100B >30%. ABI bylo detekovéano u 19.4% pacientti, ¢astéji u téch s retrogradnim
oproti transseptalnimu piistupu do LK: 19/72 (26.4%) vs. 9/72 (12.5%), P = 0.04.
Symptomatické CMP nebyly detekovany béhem Zadného vykonu ani u zddného z pacient.

Vysledky analyzy linearni regrese jsou uvedené v Tabulce 4. Univariacni analyza ukazala
signifikantni vyskyt ABI pouze u retrogradniho ptistupu do LK. Hranicni asociace (P <0.20)
byla pozorovana u ¢tyt dalsich faktorti: vek, body mass index (BMI), EF LK a délka vykonu.
V multivariacni analyze byly pouze 2 faktory asociované se signifikantnim ABI. Retrogradni
ptistup do komory byl spojen se signifikantn¢ vys§im ABI o 15 £ 6% (P = 0.03) oproti
transseptalnimu a kazdéd dekada Zivota zvysila pocet signifikatnich ABI o celkové 8 + 4%

(P = 0.046).
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Tabulka 3. Zakladni a procedurdlni charakteristiky

Retrogradni  Transseptalni Hodnota
pristup pristup P
Muzi (%) 88.9 91.7 0.57
Vek (roky) 65.9+7.5 66.9 £9.7 0.52
BMI (kg/m2) 29.7+4.6 29.6.+£5.5 0.96
Art. hypertenze (%) 86.1 75.0 0.14
Diabetes (%) 37.5 38.9 1.00
Historie CMP / TIA (%) 4.2 18.1 0.02
ICHS (%) 87.5 91.7 0.59
EF LK (%) 304+£93 29.8+7.4 0.67
CHA2DS2-VASc 40+1.2 43+1.5 0.24
ICD (%) 86.1 94.4 0.16
Fibrilace sini (%) 333 44.4 0.23
Warfarin (%) 37.5 50.0 0.18
NOAC (%) 8.3 4.2 0.49
Antiagregacni terapie (%) 55.6 52.8 0.87
Sérovy kreatinin (umol/1) 112.7+31.7 112.0+30.9  0.89
Radiofrekvenéni Cas (min) 31.8+15.7 30.1+13.3 0.49
Celkova délka vykonu (min) 187 +44 182 +48 0.47
Kardioverze béhem vykonu (n) 0.5+0.8 0.5+£0.9 0.84
Aktivacni mapovani KT (%) 25.0 20.8 0.55
Primérny vykon (W) 28.8+£3.5 299+2.4 0.06
INR pted vykonem 1.22+0.26 1.48 £0.57 0.12
Dévka heparinu (1000 IU) 23.0+6.8 199+6.3 0.006
Primérna hodnota ACT (s) 308 +33 320 +£25 0.05
Minimélni hodnota ACT (s) 239+49 255 +£45 0.04
Primérnéd hodnota ACT vztazend na ¢as (s) 314 +32 326 +23 0.05

Zkratky: ACT — activated clotting time; BMI — body mass index; CMP — cévni mozkova piihoda;
EF LK - ejekéni frakce levé komory; ICD — implantabilni kardioverter-defibrilator; ICHS —
ischemicka choroba srde¢ni; INR - international normalized ratio; KT — komorové tachykardie;

NOAC - New Oral Anticoagulant.
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4.2.1. Akutni ucinnost vykonu

Programovana stimulace komor na zavér vykonu byla provedena u celkové 120 pacientt, z
téchto potlaceni inducibility KT bylo dosazeno v 64% (77 vykont). V retrogradni skupiné
se jednalo o 40 ze 60 vykont (67%) a 37/60 vykonii (62%) ve skuping s transseptalnim
ptistupem (P =0.57). U 24 ze 144 (17%) vykont (12 v kazdé skupin¢) nebyla programovana
stimulace komor provedena viibec, z divodu inicialni neinducibility arytmie. Akutni uspéch

vykonu nebyl asociovan se zménami hladiny proteinu S100B.
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4.2.2. Periproceduradlni komplikace

Celkova mira komplikaci byla 6.3%, bez rozdilu mezi retrogradnim oproti transseptalnimu
piistupu (6.9% vs 5.5%). Jeden pacient v kazdé skupiné m¢l srde¢ni tamponadu. Ve skupiné
s transseptalnim piistupem do LK rozvinul jeden pacient akutni srde¢ni selhani s nutnosti
inotropni podpory. Z punkcnich komplikaci jsme zaznamenali 2 pseudoaneurysmata u
pacientl z retrograni skupiny, v transseptalni skupin¢€ nebylo zadné. Celkové u 3 pacienti
doslo ke vzniku vyznamného hematomu v tfislech s poklesem hemoglobinu >20g/l: 2

pacienti byli z transseptalni skupiny, jeden ze skupiny retrogradni.

Tabulka 4. Ukazatele signifikantniho ABI dle analyzy linedrni rgrese

Univaria¢ni analyza Multivaria¢ni analyza
Coeff SE P Coeff SE P
hodnota hodnota
Vék (roky) 0.71 0.38  0.06 0.75 0.38 0.046
BMI (kg/m?) -1.2 0.7 0.08
EF LK (%) 057 039 0.15
Retrogradni 139 6.5 0.04 14.6 6.5 0.03
piistup do LK (1/0)
Celkovy cas 0.103 0.072 0.16

vykonu (min)

V tabulce jsou uvedeny pouze faktory, které byly univariacné asociované (p <0.20) se
signifikantnim ABI. Zkratky: Coeff = sklon regresni kiivky mezi individudlnim faktorem a
Cetnosti signifikatniho ABI (v procentech), SE = standard error of Coeff.
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4.3. Diskuze

V nasi praci jsme randomizované srovnavali riziko ABI u dvou pfistupovych cest do LK
béhem ablace KT u pacientd se strukturdlnim onemocnénim srdce. K posouzeni
subklinického periproceduralniho poskozeni mozku jsme vyuzivali biomarker S100B.
Signifikantni vzestup hladiny S100B odpovidajici ABI po endokardialni ablaci KT v LK byl
detekovan u pétiny nasich pacientti. Retrogradni ptistup do LK je asociovan s dvojndsobné

vyssi pravdépodobnosti rozvoje ABI.

S ohledem na cil naseho vyzkumu byli ze studie priméarn¢ vylouceni pacienti s lokalizaci KT
v pravé komote srde¢ni. Ddle protokol studie vyloucil pacienty s omezenym piistupem do
LK po implantaci mechanické ndhrady chlopné a také pacienty se substratem lokalizovanym
ve vytokovém traktu LK. Pacienti s pfedpokladem epikardidlniho substratu byli také
vytazeni, z n€kolika diivodu: 1) epikardialni ablace ma nizké riziko embolického substratu,
béhem ablace v perikardu ale mlze dojit k lokalnimu poSkozeni nervli s naslednym
ovlivnénim hladiny S100B (Scherschel et al., 2019). 2) V pfipad¢ nutnosti soucasné
endokardidlni ablace se preferencné voli retrogradni piistupova cesta do LK, a to z divodu
jiz zavedeného arteridlniho vstupu. 3) Epikardialni ablace je vykon provadény v celkové
anestezii, na rozdil od vSech ostatnich vykonti zahrnutych v nasi praci. U Zadného z pacientt

v této studii neprobéhla konverze endokardidlniho vykonu na epikardialni.

4.3.1 Protein S100B

Astroglialni protein S100B hraje za fyziologického stavu roli v proliferaci a dozravani
neurond, ve vysokych koncentracich pak pusobi neurotoxicky. Je vyplavovan béhem 24
hodin po poranéni mozkové tkdn¢ a ma kratky biologicky polocas, tudiz jeho zvySené
hladiny znamenaji aktivni proces s destrukci mozkové tkan¢. Namétena koncentrace S100B
koreluje se zavaznosti neurologického deficitu a velikosti ischemického loziska u CMP
(Elting et al., 2000). V poslednich letech se S100B osvédcil jako spolehlivy ukazatel ABI.
Ve Skandindvskych doporucenych postupech zamétfenych na trauma hlavy je zvySeni
hladiny S100B nad referen¢ni mez ukazatelem poSkozeni mozku, které by mélo vést k
doplnéni CT vySetieni (the Scandinavian Neurotrauma Committee (SNC) et al., 2013).
Testovani jeho hladin je také potad Castéji vyuzivano k identifikaci poskozeni mozku béhem

kardiovaskularnich interven¢nich vykonidi jako jsou TAVI (Reinsfelt et al., 2012),

39



endareterektomie (Falkensammer et al., 2008) ¢i stenting karotid (Mattusch et al., 2011).
V nasem centru jsme také prokazali korelaci mezi hladinami S100B a prikazem mozkovych

1ézi na MRI, u pacientl podstupujicich katetriza¢ni ablaci pro FIS (Sramko et al., 2014).
4.3.2. Akutni poSkozeni mozku

I ptes pokrok v kardialnich interven¢nich vykonech zustavaji subklinické embolizace do
mozku Casto zminovanymi komplikacemi téchto procedur. Incidence stoupa s rizikovosti
pacientli a komplexnosti vykont. U koronarografie je uvadén vyskyt tiché embolizace v 15%
(Biising et al., 2005), provedeni PCI pak mize zvySovat incidenci subklinickych mozkovych
embolizaci na 39 - 59% (Uyanik et al., 2023). Komplexni vykony na srde¢nich chlopnich
dale zvySuji riziko embolizace, u TAVI stoupd incidence az k 84% (Kahlert et al., 2010),
implantace MitraClipu pak muze byt asociovdna s 85% vyskytem novych embolickych 1ézi
na MRI (Blazek et al., 2015).

U pacientd podstupujicich katetrizacni ablaci pro FIS se uvadi vyskyt ABI od 1,7% do 67%,
rozdily ve vyskytu jsou ovlivnény ablacni strategii, vybérem diagnostické metody a také
diagnostickymi kritérii (Herrera Siklody et al., 2011) (Nagy-Balo6 et al., 2013) (Gaita et al.,
2011) (Yu etal., 2020). I ptes relativné vysokou incidenci asymptomatickych embolizaci se
ukazuje, ze vétSina 1ézi postupné vymizi (Deneke et al., 2011). Béhem 6 - 12 mési¢niho
sledovani nebyl u pacientli detekovan rozvoj neurologického deficitu (Herm et al., 2013).
Jiné prace ale naznacuji, ze i asymptomatické 1€ze mohou mit v dlouhodobém horizontu

souvislost s rozvojem neurokognitivnich poruch (Medi et al., 2013) (Puskas et al., 2011).

O ABI béhem ablace KT méame dosud pouze omezené mnozstvi dat. Whitman a kolektiv
(Whitman et al., 2017) se zaméfili na detekci ABI pomoci MRI u pacientii podstupujicich
ablaci pro KT. Nové 1éze na MRI popsali u 7 z 12 (58%) pacientil podstupujicich ablaci v
LK. V nasi praci byl celkovy vyskyt ABI pouze u 19.4% pacientd, a to i pies to, Ze naSe
kohorta byla tvofena pacienty s pokro¢ilym srdecnim onemocnénim, niz§i EF LK a
aplikovali jsme vice ablacnich 1ézi. Je otazné, zda Ize srovnavat vysledky dvou rozdilnych
metod pro detekci mozkové embolizace. Z dalSich faktort, které mohly hrat roli ve vy$$im
zastoupeni ABI v praci od Whitmana, bylo uziti celkové anestezie, pfednostné (v 92%
piipadl) voleny retrogradni ptistup do LK a také delsi celkovy ¢as vykonu (351 =58 vs. 185
+ 46 min). K stanoveni, zda tyto faktory maji skute¢né vliv na rozvoj ABI je potieba dalSich
studii.
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4.3.3. Proceduralni antikoagulace a kardioverze

Ve skupiné s transseptalnim piistupem do LK bylo vedeni antikoagulace mirné intenzivnéjsi,
ale nebyla prokazana signifikantni asociace mezi stfedni a minimalni hladinou ACT béhem
vykonu a rozvojem ABI. Nicmén¢ tizké rozmezi ACT pouZité v protokolu studie (300-350s)

snizuje silu detekce pripadné asociace téchto faktora.

Opakované elektrické kardioverze béhem vykonu by se mohly podilet na trombembolismu
a nasledném rozvoji ABI. Pocet defibrilacnich vyboji v nasi studii se nelisil mezi
jednotlivymi skupinami a neprokazala se souvislost s vzestupem hladiny S100B proteinu.
Nicméné prumérny pocet podanych vybojii byl relativné nizky - u ¢asti pacientt (17%)
nebyla na ivod vykonu zadna KT induciblni a indukovatelné KT byly z vétSiny terminované

pomoci overdrive stimulace.
4.3.4. Retrogradni versus transseptalni pristup do LK

Z patofyziologického hlediska se d& predpokladat n¢kolik mechanizmii zodpovédnych za
vyssi vyskyt ABI u pacienti s retrogradnim piistupem do LK. Nasi kohortu tvofili pacienti
se strukturalnim onemocnénim srdce a zastoupeni pacientl s pokrocilym aterosklerotickym
postizenim bylo majoritni. Tito pacienti maji ¢asto souCasné degenerativné zménénou
aortalni chlopeil a kalcifikace na srdecnich chlopnich jsou asociovany s vysSim rizikem
skrytych mozkovych embolizaci. Jeji degenerace také progreduje s vékem, ¢emu odpovida
1 signifikantn¢ vys$si vyskyt ABI s kazdou dekadou véku. Béhem opakovanych piestupt
katetrem ptes chlopen do LK muze dojit k disrupci ateromt ¢i ¢asti chlopné s naslednou
embolizaci do mozku. Pfi punkeci arterie v periferii mtize také dojit k uvolnéni ¢asti ateromt
nebo endotelu a stejné tak béhem zavadeni katetru pies ateroskleroticky postizenou aortu
(Heeger et al., 2018). I pfes to, ze v dob¢ naboru do studie nebyla standardné vyuzivana
ultrasonograficky vedena kanylace cév, byla incidence punkénich komplikaci velmi nizké a
neprokézali jsme signifikantni rozdil mezi obéma skupinami. Ve skupiné s transseptalnim
pristupem se na vzniku ABI mohlo podilet dfive doporuované periproceduralni pteruseni
chronické orélni antikoagula¢ni 1écby (Mao et al., 2021), dnes se jiz standardné tyto vykony
provad€ji za plné, nepferuSované antikoagulace. K detekci intrakardidlni trombdzy a
prevenci jeji embolizace je s vyhodou zavedeni intakardidlniho echa, specificky u pacientt

s chronickym ptisedlym trombem v LK (Peichl et al., 2016). Pomoci ICE lze také detekovat
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ateroskleroticky postiZzenou aortu a aortalni chlopen, provést bezpecné transseptalni punkci,
vcas detekovat rozvoj perikardidlniho vypotku a ptedejit tak piipadné tamponadé srdecni

(Ren & Marchlinski, 2010). V nasi praci byl ICE pouzit u témet vSech vykonil.

4.3.5. Limitace

NaSe prace ma nékolik limitaci. Jednim z klicovych limith je skutecnost, ze se jedna o
jednocentrickou studii a proto by jeji vysledky mély byt ovéfeny v ramci vétSich
multicentrickych studii, aby byla potvrzena jejich reprodukovatelnost a aplikovatelnost na

Sir$i populaci pacienti.

Dalsi limitaci je absence potvrzeni nalezu na mozku po vzestupu hladiny S100B pomoci
zlatého standardu detekce neurologickych 1ézi — MRI. Pacienti sice nebyli podrobeni
podrobnému neurologickému vySetfeni pted ani po ablaénim vykonu, nicméné u zddného z
nich nebyl zaznamenan prokazatelny neurologicky deficit a majoritni vétSina z nich méla
navic implantovany ICD, ktery pfedstavuje relativni kontraindikaci k provedeni MRI a tedy
limitovanou moznost vyuziti této metody pro detekci periprocedurdlnich mozkovych

embolizaci.

Co se tyce hladin S100B, piivodni odhad vyznamného vzestupu biomarkeru po ablaci byl
stanoveny na zaklad¢ predchozi studie zaméfené na katetrizacni ablaci pro FIS. Tento odhad
vSak piekracoval hodnoty naméfené v nasi studii, v diisledku tohoto rozdilu byla hranice pro
ABI, definovana jako vzestup hladiny S100B >30%, stanovena aZ v ramci post hoc analyzy.
Post-abla¢ni vzorky biomarkeru byly odebirany nasledujici rano po vykonu, u odpolednich
pacientl byl tedy ¢asovy odstup mezi jednotlivymi odbéry hladin biomarkeru kratsi nez 24

hodin, tim mohla byt ovlivnéna pfesnost vyhodnoceni zmén v koncentracich S100B.

Stran peri-proceduralni antikoagulace je limitaci nasi studie sporadické uzivani NOAC v
dobé¢ studie. V soucasné dob¢ je peri-proceduralni uzivani novych antikoagulancii mnohem

roz$itengjsi, coz by také mohlo ovlivnit vysledky studie.
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5. Studie 2: Efficacy and safety of focal pulsed-field ablation

for ventricular arrhythmias: two-centre experience

Katetrizacni ablace je dobie zavedenou lécbou KT. U pacientd s castymi KES muze
eliminace ektopického loziska zlepsit symptomy nebo vést k normalizaci EF LK u pacientt
s arytmii indukovanou kardiomyopatii. U pacientl se strukturdlnim onemocnénim srdce a
setrvalymi KT snizuje katetriza¢ni ablace pocet terapii z ICD, pocet hospitalizaci (Ravi et
al., 2022) a mize zlepSovat prognozu (Della Bella et al., 2022). AZ dosud byl hlavnim
zdrojem energie pouzivanym pro tyto procedury RF proud. AvSak vytvoteni hlubokych 1ézi
pomoci RF ablace mize byt v jizevnatych oblastech omezeno a spojeno s rizikem piehrati
tkang, vzniku par a naslednou embolizaci. Pulzni elektrické pole je novym zdrojem energie,
ktery umoziuje rychlé vytvoreni netermdlnich 1ézi a miize pifekonat né€ktera omezeni RF

energie.
5.1. Metody a dizajn studie

Jednd se o dvoucentrovou prospektivni observacni studii, zaméfenou na ucinnost a
bezpecnost katetrizac¢ni ablace KT pomoci fokalniho PF katetru (generator CENTAURI).
Pacienti byli zafazeni do studie mezi kvétnem 2023 a lednem 2024. V uvodu byli zafazovéni
pacienti s komorovou ektopii z vytokového traktu PK (RVOT) k posouzeni proveditelnosti
PF ablace. Nasledné¢ byla kritéria pro zatazeni roz§ifena o pacienty s KT, u kterych selhala
predchozi RF ablace. Pacienti s arytmiemi vychazejicimi z oblasti atrio-ventrikularniho

(AV) uzlu nebo proximalniho ptfevodniho systému byli ze studie vytazeni.
5.1.1. Katetrizacni ablace

Vykony byly provadény v analgosedaci nebo pod propofolem. Periproceduralni
antikoagulace byla zajiSténa nefrakcionovanym heparinem s cilovym ACT 300-350 sekund.
Volba pfistupové cesty do LK (transseptdlné vs retrogradné) se odvijela od plvodu
komorové arytmie, aktualni hodnoty INR (international normalized ratio), pfitomnosti
periferniho arterialniho onemocnéni a/nebo mechanické nahrady chlopné. Procedury byly
navigovany pomoci mapovaciho systtmu CARTO (Biosense Webster) a soucasné

monitorovany intrakardidlnim echem (AcuNav, Siemens Medical Solutions). K mapovani a
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ablaci byl pouZit katetr ThermoCool SmartTouch™ (Biosense Webster). U pacientll s KES
bylo primarni strategii aktivaéni mapovani, doplnéné pacemappingem. Ablace cilila na
misto nejcasnéjsi aktivity béhem KES. Vykon byl povaZovan za akutn€ UspéSny pii
vymizeni ektopie i pfes zatéz isoprenalinem. U pacientu se strukturalnimi KT byla mapovaci
a ablacni strategie podobnd jako ve studii 1, akutni UspéSnost byla hodnocena

noninducibilitou arytmii.

PF energie byla dodavana prostiednictvim generatoru CENTAURI, 1-3 aplikace do cilového
mista (kazda 25A) s cilem maximalizace velikosti 1éze. Ve skupiné s komorovou ektopii
byly dodatecné aplikace provedeny pouze v piipadé, Ze nebyla ektopie eliminovéna
pocatecnim pulsem. Ve skupiné s KT byly opakované aplikace dodavany na kazdé cilové

misto a indukovatelnost byla hodnocena az po dodani planované sady 1¢zi.

V ptipad¢ aplikace PF energie ve velké srde¢ni Zile (GCV) byla provedena koronarografie
pted a po aplikaci. Pfred PF aplikacemi nebyly profylakticky podavany zadné nitraty. V
jednom z center byly odebirany hladiny vysoce senzitivniho troponinu T (hsTnT) nasledujici

den po ablaci (18-24 hodin).
5.1.2. Sledovani po ablaci

Po vykonu méli pacienti ambulantni kontroly v 3 az 6 mésicnich intervalech. U pacienti
s KES bylo provedeno 24hodinové Holterovské monitorovani, pificemz ablace byla
povazovana za Uspésnou, pokud doslo k vyznamnému poklesu klinického zatizeni KES
(sniZeni na 20 % oproti stavu pfed vykonem). U pacientil se strukturalnimi KT byla recidiva

hodnocena na zaklad¢ klinické anamnézy a kontroly ICD.
5.1.3. Statisticka analyza

Kontinudlni proménné byly vyjadieny jako priméry se standardnimi odchylkami a
porovndvany pomoci Studentova t-testu. Kategorické proménné byly vyjadieny jako
procenta a porovnavany pomoci Fisherova exaktniho testu. P-hodnota <0,05 byla

povazovana za statisticky vyznamnou.
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5.2. Vysledky:

Do studie bylo celkem zatazeno 44 pacientti ve dvou centrech. Celkem 57 % pacienti
absolvovalo v minulosti neuspéSnou RF ablacni proceduru pro komorové arytmie.
Jednadvacet (48%) pacientli mélo ¢etnou komorovou ektopii (primérné 27 + 12% dle 24
hodinového holterovského monitorovani), kterd vychazela z vytokového traktu levé (LVOT)
a pravé komory, posteromedialniho papildrniho svalu a posterobazélni oblasti LK. Dvacet
tf1 (52 %) pacientl mélo strukturalni KT, jak z levé (LVOT, lateralni, spodni a pfedni sténa,
papiléarni sval), tak pravé komory srde¢ni (RVOT, lateralni sténa). Zékladni charakteristiky
pacientll jsou uvedeny v Tabulce 5. Primérna doba vykonu byla 113 + 46 minut a doba
fluoroskopie dosahla 6,9 + 4,3 minuty s radiacni davkou 8521 + 12 393 mGy/cm? (Tabulka
6). Na jednoho pacienta bylo v priiméru aplikovano 16 + 15 PF aplikaci (25 A). PF aplikace
byly dobie tolerovany v analgosedaci a nebyly pozorovany zadné generalizované svalové
kontrakce, které by ovlivnily stabilitu elektroanatomickych map. Aplikace PF energie
nevyvolaly u zadného z pacienti setrvalé KT nebo fibrilaci komor. U deviti pacientt (20 %)

byla pied PF aplikaci neuspésné pouzita RF energie (2 + 7 aplikaci na pacienta).
5.2.1. Aplikace ve velké srdecni Zile

U 11 pacientt (8 ve skupiné s KES a 3 ve skupiné s KT) bylo PF aplikovano v GCV. I ptes
minimalni vzdalenost od korondrni tepny (primérné 5 + 2 mm) nedoslo u Zadného z pacienti
ke spazmu ¢1 ischemizaci v koronarnim povodi a tyto aplikace vedly ucinné k supresi arytmii

(v 63% piipadl doslo k akutnimu potlac¢eni arytmii).
5.2.2. Blokdda prevodniho systému po aplikaci pulzniho pole

Béhem PF aplikace na lateralni stén€ LK se ve 3 ptipadech (7%) vyskytla pfechodna blokada
na urovni prevodniho systému. Jednalo se o kompletni AV blokddu u 1 pacienta a blokadu
levého Tawarova raménka u dvou pacientti, ve vSech piipadech doslo k obnové vedeni do 1
hodiny od vzniku. Tyto nezddouci Uc¢inky byly spojeny s retrogradnim ptistupem do LK,
kdy se elektrody umisténé v proximalni ¢asti katetru, které jsou urceny k jeho zobrazeni
v 3D mapovacim systému, dostali do bezprostiedni blizkosti septa. Béhem PF aplikace byla

na ICE viditelnd emise mikrobublin z téchto elektrod, co naznacuje tnik elektrického proudu
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z téchto elektrod pii PF aplikaci. Tvorb& mikrobublin bylo u dalSich pacientli mozné predejit
prekrytim téchto elektrod sheathem.

Akutni eliminace KES bylo dosazeno u 17 z 21 pacientt (81%) a stejné procento pacientli
bylo zcela bez ektopie i béhem tiiméesi¢niho sledovani. Neindukovatelnost KT byla dosazena
u 19 z 23 pacientt (83 %), primérné doba jejich sledovani po ablaci byla 116 = 75 dni a 12
z 23 (52 %) téchto pacienti ziistalo bez recidiv arytmii (Graf ¢ 4 a 5). U Zadného z pacientl
nebyl dokumentovany iktus ¢i TIA a to jak periproceduralné, tak v dal§im sledovani. U 43%
pacientl byly odebirany hladiny hsTnT pted a po ablaci, vzrostly z 19 £ 12 na 600 £+ 425
ng/L (P <0,001). Narist byl vys$si u pacientd s KT, ale rozdil nebyl statisticky vyznamny
(623 + 446 ng/L vs. 323 £238 ng/L, P =0.22).

Tabulka 5. Zakladni charakteristiky pacientit

VSsichni Pacientis Pacientis Hodnota

pacienti KES KT P

(n=44) (n=21) (n=23)
Muzi (%) 64 47 78 0.06
VeEk (roky) 61+14 56+ 13 63+ 15 0.18
BMI (kg/m2) 31+£5 305 31+5 0.62
Art. hypertenze (%) 73 62 83 0.18
Diabetes (%) 23 19 26 0.72
Strukturalni onemocnéni srdce (%) 55 4 96 <0.001
EF LK (%) 45+ 16 58+9 33+ 10 <0.001
Ptedchozi netspésna RF ablace (%) 57 38 74 <0.01

Zkratky: EF LK — ejekéni frakce levé komory; RF — radiofrekvenéni; KES — komorové extrasystoly;
KT — komorové tachykardie.
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Tabulka 6. Procedurdlni charakteristiky

VSichni Pacienti s Pacienti s Hodota
pacienti KES KT P
(n=44) (n=21) (n=23)
Délka vykonu (min) 113 £ 46 84 +41 139 + 33 <0.001
Fluoroskopicky ¢as (min) 69+43 7+4 7+4 0.77
Fluorospokicka davka 8521+ 12393 8226+ 10657 8791 + 14030 0.88
(mGy/cm?2)
Pocet PF aplikaci (n) 16 +15 7+4 24 + 16 <0.001
Akutni uspéch (%) 82 81 83 1.0
Absence arytmii béhem 66 81 52 0.06

sledovani (%)

Zkratky: PF — energie pulzniho pole; KES — komorové extrasystoly; KT — komorové tachykardie.

Grafé. 4al
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Graf ¢ 6: Kaplan-Meierova kiivka preziti bez setrvalych KT po PF ablaci

Vysledky po PF ablaci pro KT

1.0
— 08r
¥4 i :
=
Q
=
g 0.6 Ll
|-
N
Q
2 04}
=
N
e
a.
02
0 L 1 L 1 1 1 |
0 1 2 3 4 5 6 7

Délka sledovani (mésice)
Pacienti v riziku:

23 18 16 14 13 11 3 1

48



5.3. Diskuze

Ablace KT pomoci PF energie 4 mm bodovym katetrem je bezpecna a proveditelnd s
vysokou akutni u¢innosti. Ve srovnani s RF ablaci KT nabizi PF energie nékolik
potencialnich vyhod. Zaprvé, diky netermédlnimu charakteru PF ablace nedochézi
k vyraznému zahtivani tkdn¢ a tim riziku jejiho prehtati (tzv. ,,popu®). Zadruhé se zda, ze
PF muze Iépe pronikat do jizevnaté tkang, coz je zvlasté dilezité u pacienti s komorovymi
tachykardiemi pii strukturdlnim onemocnéni srdce (Younis et al., 2023) (Im et al., 2022)
(Sandhu et al., 2023). A zatfeti, PF aplikace jsou mnohem kratsi ve srovnani s RF, coz mtize
byt vyhodné stran stability katetru (napt. na papilarnim svalu) (Qiu et al., 2023), a také by

to mohlo piispét ke zkraceni proceduralniho Casu.

Ablace komorovych arytmii vychézejicich ze summitu LK vyzaduje ¢asto provedeni 1éze v
GCV. Ablace pomoci RF energie je zde omezena vysokou impedanci a vzestupem teploty
spazmy praveé koronarni tepny pii PF aplikaci v jeji blizkosti (Reddy et al., 2022) se v nasi
kohort¢ tato komplikace nevyskytla ani u jednoho pacienta. Roli mize hrat jak mensi
velikost abla¢ni elektrody u 4mm katetru (Breskovi¢ et al., 2024), tak vzdalenost viici

koronarni tepné€, nicméné ke komplexnimu posouzeni bude potieba dalSich studii.

Neocekavana blokada pievodniho systému byla pozorovana béhem retrogradni ablace v levé
komote z ditvodu tiniku proudu z proximalnich elektrod zobrazujicich télo abla¢niho katetru
v elektroanatomickém mapovacim systému. Tomuto jevu lze predejit zakrytim a izolaci

téchto elektrod pomoci dlouhého sheathu, poptipad¢ zvolenim transseptalniho ptistupu.

Fokalni PF ablace nebyla na zdklad¢ vzestupu hsTnT spojena s nadmérnym poskozenim
myokardu, nicméné s ohledem na potencidlni rizikovost omrdfeni (stunningu)
myokardialnich bun€k v okoli 1éze u pacientll s dysfunkéni LK je potieba dalSich praci k

ovéteni pripadného hemodynamického dopadu u extenzivnéjSich PF ablaci v levé komote.

I pres ptiznivé akutni vysledky PF ablace v obou skupinich pozorujeme v kratkodobém
sledovani mén¢ uspokojivé vysledky u pacientti s KT. Roli pravdépodobné hraje fokalni
zdroj automacie u KES, zatimco u struktoralnich KT je abla¢ni cil mnohem rozsahlejsi a
potencialné je ulozen hloub¢ji v myokardu. V takovych ptipadech by PF energie nemusela

byt dostatecné ucinnd a mohla by vyzadovat vice pulzli nebo vyssi davky energie. Tato studie
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vSak pfindsi jednu z prvnich rozsahlejSich zkuSenosti s PF ablaci komorovych arytmii,
pficemz hlavnim cilem bylo ovéfeni bezpecnosti. Rozdil v Gc¢innosti PF ablace mezi
skupinami mtze byt také disledkem vybérové odchylky, kdy ve skupiné KT bylo vice

pacientt, kteti v minulosti podstoupili netspésnou RF ablaci.

Na rozdil od RF ablace, kdy vymizeni lokdlnich abnormadlnich elektrogrami bylo
povazovano za spolehlivy end-point, aplikace PF energie vytvaii vétsi zonu reverzibilniho
postizeni (Nakagawa et al., 2024) a akutni 1éze mlize byt vyrazné vétsi nez konecna, trvala
l1éze. Akutni neinducibilita tudiz nemusi byt optimalnim cilem ablace, coz ukazuje i vyssi

pocet recidiv ve skupiné pacientil se setrvalymi KT.

5.3.1. Limitace

Jednou z limitaci této prace je mala velikost kohorty, platnost naSich pozorovani je zapotiebi
overit vétsimi studiemi, na riznych populacich pacienti. Pacienti s arytmiemi, které
vychazely z okoli pfevodniho systému, byli ze studie vylouceni, proto se nelze vyjadfit u
této skupiny o bezpecnosti ¢i ucinnosti PF ablace. A nakonec, pozorovani ucinénd s
pouzivanou kombinaci specifického PF generatoru a abla¢niho katétru nelze extrapolovat na

jiné PF technologie.
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6. Zavery

v v

katetriza¢nich vykonl. Rozvoj ischemické CMP je diky preventivnim opatfenim v dne$ni

dobé sporadicky, relativné Casté ale zlistavaji asymptomatické embolizace.

U pacienti se strukturalnim onemocnénim srdce podstupujicich ablaci pro KT v levé komoie
srde¢ni miize byt ABI detekovano u jedné pétiny z nich. Retrogradni pfistup do LK pfies
aortu je ve srovnani s transseptalnim pfistupem spojen s dvakrat vys§im rizikem rozvoje

poskozeni mozku.

Asymptomatické 1éze detekované pomoci MRI jsou ddvany do souvislosti s naslednym
rozvojem kognitivnich poruch, demence, Parkinsonovy choroby a vys$§im rizikem rozvoje
ischemické CMP. Kromé& MRI Ize k detekci asymptomatického poskozeni mozku pouzit i

biomarker S100B.

Tyto skutecnosti poukazuji na potiebu peclivé selekce pacientli na zdkladé€ jejich rizikovosti
a dikladné periproceduralni monitorace, s cilem minimalizace neurologickych komplikaci

behem katetrizacnich vykona, v¢etné ablace pro KT.

Dosud byla k ablaci KT vyuzivdna témét vylucné RF energie, kterd vytvaii termicke 1€ze
spojené s rizikem tromboembolie. V soucasné dobé dochdzi k rychlému rozvoji nové
rychlejsi a vykazuje vysokou akutni Gi¢innost. Nicmén¢ dostupnd data o ablaci KT pomoci
PF jsou zatim omezend, pifed jejim ploSnym uplatnénim v klinické praxi bude nezbytné

provést rozsahlejsi studie.
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7. Souhrn

Uvod a cile: Komorové arytmie piedstavuji Siroké spektrum arytmii, od benigni
idiopatické komorové ektopie az po maligni komorové tachykardie (KT), které mohou vést
k hemodynamické nestabilit¢ a ndhlé srdecni smrti. Zatimco medikament6zni 1é¢ba KT ma
pouze omezenou ucinnost, katetrizacni ablace umoziuje cilené modifikovat ¢i zcela
eliminovat arytmogenni substrat. Pfestoze se jedna o vysoce ucinnou metodu, jeji provedeni
tromboembolickd cévni mozkové piihoda (CMP). Krom& manifestnich mozkovych piihod
muze béhem katetrizacnich vykonu dojit také k subklinickému poskozeni mozku, ve formé
asymptomatickych (,,tichych®) CMP, které mohou vést ke sniZzeni kognitivnich funkci
pacienta. Cilem nas$i prace bylo identifikovat faktory ovlivitujici riziko periproceduralniho
poskozeni mozku béhem ablace KT, zhodnotit miru mozkového postizeni pomoci
biomarkert, prozkoumat moznosti prevence periproceduralnich ikt a vyhodnotit energii

pulzniho pole (PF) jako alternativu k radiofrekven¢ni (RF) ablaci.

Soubor a metodika: Prvni studie byla randomizovana, s Gi¢asti pacientd se strukturalnim
onemocnénim srdce, indikovanych ke katetrizacni ablaci KT. Pacienti byli do studie
zatazovani v letech 2013 az 2017 a randomizovani v poméru 1:1 k transseptalnimu nebo
retrogradnimu pfistupu do levé komory (LK). Sledovali jsme hladiny biomarkeru S100B
pfed a po zékroku, abychom porovnali akutni poSkozeni mozku (ABI) mezi obéma
skupinami. Druha prace byla prospektivni observacni, zaméfend na ablaci komorovych
arytmii pomoci PF energie, a probihala ve dvou centrech. Pacienti byli zafazovéani v obdobi
od kvétna 2023 do ledna 2024. V pocatecni fazi byli do studie zafazovani pacienti s
komorovymi extrasystolami (KES), pozd&ji byla kritéria rozsifena na pacienty s KT, u
kterych selhala ptfedchozi RF ablace. Hodnotili jsme proveditelnost, bezpecnost a i¢innost

této nové technologie u pacientli s komorovymi arytmiemi.

Vysledky. Do studie 1 bylo zafazeno 144 pacientli (72 v kazdé skuping). Obé skupiny byly
ve vSech zakladnich charakteristikdch srovnatelné s vyjimkou anamnézy CMP, ktera byla
Castéj$i u pacientll s transseptalnim ptfistupem. Signifikantni ABI bylo definovano jako
vzestup S100B >30 % po ablaci. ABI bylo detekovano u 19.4 % pacientd, Castéji u téch s
retrogradnim pfistupem oproti transseptalnimu: 26.4 % vs. 12.5 % (P = 0,04).

Symptomatické CMP nebyly zaznamenany u Zzadného pacienta. Univariatni analyza
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prokézala vyznamnou souvislost mezi ABI a retrogradnim pfistupem, s hrani¢ni asociaci pro
vék, BMI, ejekéni frakei (EF) LK a délku vykonu. V multivariaéni analyze byly
signifikantnimi faktory ABI retrogradni pfistup a vék (kazdéd dekada zvySovala riziko ABI
08 % =4 %, P=0,046). Akutni uc¢innost vykonu byla dosazena v 64 % piipadt, hodnoceno
pomoci neinducibility na konci vykonu. Do studie 2 bylo celkem zatazeno 44 pacientti (21
pacientli s KES a 23 pacientii se strukturdlni KT) ze dvou center. Primérna doba vykonu
byla 113 + 46 minut, na jednoho pacienta bylo v priméru aplikovano 16 + 15 PF aplikaci
(po 25 A). Akutni eliminace KES bylo dosazeno u 17 z 21 pacientii (81%) a stejné procento
pacientt bylo zcela bez ektopie i béhem tfimésicniho sledovani. Neindukovatelnost KT byla
dosazena u 19 z 23 pacientt (83%), béhem sledovani (primérné 116 £+ 75 dni) zistalo 12 z
23 (52%) téchto pacientd bez recidiv arytmii. PF aplikace byly dobfe tolerovany v
analgosedaci, u zadného z pacientll nedoslo k indukci fibrilace komor a nebyly pozorovany
spazmy koronarnich arterii, a to 1 ptes aplikaci v GCV (v priimérné vzdalenosti 5 =2 mm od
koronarni tepny). U Zzadného z pacientl nebyl dokumentovany iktus ¢i TIA a to jak
periprocedurdlné, tak v dalSim sledovani. Ve 3 ptipadech (7%) se vyskytla pfechodna
blokada pievodniho systému, spojena s technickym nedostatkem pouzitého katetru, ktery ale

1ze bezpecné odstranit.

Zaver: Periproceduralni poskozeni mozku je zdvaznou komplikaci katetriza¢ni ablace.
Zatimco ischemickd CMP je diky preventivnim opatfenim vzicna, asymptomatické
embolizace zlstavaji relativné ¢asté a mohou vést ke kognitivnim porucham. Az u 20 %
pacientil se strukturdlnimi KT, ktefi podstupuji ablaci v LK muze byt detekovano ABI.
Retrogradni ptistup je spojen s dvojnasobnym rizikem mozkového poskozeni oproti ptistupu
transseptalnimu. K detekci asymptomatického poskozeni mozku Ize kromé magnetické
rezonance vyuzit biomarker S100B. Dosud byla pro ablaci KT pievazné pouzivana RF
energie, ktera je spojena s rizikem embolizaci. V soucasnosti se za¢ina vyuzivat PF energie,

o 24

dalSich studii.
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8. Summary

Introduction and Objectives: Ventricular arrhythmias include a wide spectrum of
conditions, from benign idiopathic ventricular ectopy to malignant tachycardias that can lead
to hemodynamic instability and an increased risk of sudden cardiac death. Pharmacological
treatment of ventricular tachycardia (VT) shows limited efficacy, while catheter ablation
allows for modification or complete elimination of the arrhythmogenic substrate. Despite its
high efficacy, the procedure carries risks of periprocedural complications, with
thromboembolic stroke being one of the most severe. In addition to manifest cerebrovascular
events, these procedures may also lead to subclinical brain damage or asymptomatic
(“silent”) strokes, which can result in cognitive decline. The aim of our study was to identify
factors influencing the risk of periprocedural brain damage during VT ablation, assess brain
injury using biomarkers, explore preventive measures for periprocedural strokes, and

evaluate pulsed field energy (PF) as an alternative to radiofrequency (RF) ablation.

Materials and Methods: The first study was a randomized trial including patients with
structural heart disease undergoing catheter ablation for VT. Patients were enrolled between
2013 and 2017 and randomized 1:1 to either a transseptal or retrograde approach to the left
ventricle (LV). We measured S100B biomarker levels before and after the procedure to
compare acute brain injury between the two groups. The second study was a prospective
observational study conducted in two centers, focused on PF ablation of ventricular
arrhythmias. Patients were enrolled from May 2023 to January 2024. Initially, patients with
ventricular ectopy (VPC) were included, with later criteria expanded to those with VT who
had failed previous RF ablation. We assessed the feasibility, safety, and efficacy of this new
technology in patients with VPC and structural VT.

Results: In Study 1, 144 patients were included (72 in each group). The groups were
comparable in all baseline characteristics except for a history of stroke, which was more
frequent in the transseptal group. Significant acute brain injury (ABI) was defined as an
S100B increase >30% post-ablation. ABI was detected in 19.4% of patients, more commonly
in those with a retrograde approach compared to transseptal (26.4% vs. 12.5%, P = 0.04).
No symptomatic strokes occurred in any patients. Univariate analysis showed a significant
association between ABI and the retrograde approach, with borderline associations for age,

BMI, LV ejection fraction, and procedure duration. In multivariate analysis, retrograde
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access and age were significant predictors of ABI (each decade of age increased ABI risk by
8% =+ 4%, P = 0.046). Acute procedural success, as measured by non-inducibility, was
achieved in 64% of cases. In Study 2, 44 patients (21 with VPC and 23 with structural VT)
were enrolled across two centers. The mean procedure time was 113 + 46 minutes, and an
average of 16 £ 15 PF applications (of 25 A each) were delivered per patient. Acute
elimination of VPC was achieved in 81% (17/21) of patients, and the same percentage
remained free of ectopy at the three-months follow-up. Non-inducibility of VT was achieved
in 83% (19/23) of patients, and during a follow-up period of 116 = 75 days, 52% (12/23)
remained free from arrhythmia recurrence. PF applications were well tolerated under
conscious sedation, with no ventricular fibrillation induction or coronary artery spasms
observed, even with applications near the great cardiac vein (mean distance was 5 £ 2 mm
from coronary artery). No strokes or transient ischemic attacks were documented either
periprocedurally or during follow-up. Transient conduction system block occurred in 3 cases

(7%), related to technical limitations of the catheter, which can be managed safely.

Conclusion: Periprocedural brain injury is a serious complication of catheter ablation of
VT. While ischemic stroke is rare due to preventive measures, asymptomatic emboli remain
relatively common and may contribute to cognitive decline. Acute brain injury can be
detected in up to 20% of patients with structural VT undergoing LV ablation. The retrograde
approach is associated with double the risk of brain injury compared to the transseptal
approach. In addition to magnetic resonance imaging, the S100B biomarker can be used to
detect asymptomatic brain injury. So far, RF energy has predominantly been used for VT
ablation, but this technology carries embolic risks. PF energy is emerging as a safer and more

effective alternative, but further studies are needed for its broader clinical application.
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Aims

Methods
and results

Catheter ablation of ventricular tachycardia (VT) is an effective treatment in patients with structural heart disease
(SHD) and recurrent arrhythmias. However, the procedure is associated with the risk of complications, including
both manifest and asymptomatic cerebral thromboembolic events. We hypothesized that periprocedural asymp-
tomatic brain injury (ABI) can be reduced by using transseptal instead of the retrograde access route to the left
ventricle (LV)

Consecutive patients undergoing VT ablation for SHD were randomized 1:1 to either retrograde or transseptal LV
access. All patients underwent radiofrequency ablation in conscious sedation with the use of an irrigated tip cathe-
ter. The degree of brain damage was evaluated by serum level of biomarker S100B. Significant ABI was defined as a
post-ablation relative increase of ST00B level >30%. A total of 144 patients (66 £ 9 years; 14 females; 90% coronary
artery disease; LV ejection fraction: 30+8%) were enrolled and 72 were allocated to each study groups.
Symptomatic neurological complication of the procedure was not observed in any subject. A significant ABI was
detected in 19.4% of patients. It was more commonly observed in subjects randomized to retrograde vs. transsep-
tal LV access (26.4% vs. 12.5%, P=0.04). In a multivariate analysis, only retrograde LV access and advanced age
were independent determinants of significant ABI.

Conclusion Significant ABI after ablation of VT in patients with SHD can be detected in one-fifth of subjects. Retrograde access
to LV is associated with a two-fold higher probability of significant ABI.

Keywords Ventricular tachycardia e Catheter ablation ¢ Complications

|ntr0duction proportion of events may be silent. Previous studies have evaluated

Catheter ablation is an effective treatment option for recurrent ven-
tricular tachycardia (VT) in patients with structural heart disease
(SHD). One of the most devastating complications of this procedure
is cerebral thromboembolism. Although the incidence of periproce-
dural stroke associated with VT ablation is low,"* a certain

the occurrence of asymptomatic brain injury (ABI) after catheter ab-
lation of atrial fibrillation®* using diffusion-weighted magnetic reso-
nance imaging (MRI) and/or transcranial measurement of cerebral
microembolic signals.” We have previously shown that assessment of
biomarker S100B may be used as an alternative diagnostic method
for the detection of periprocedural cerebral injury.® In a recent study

* Corresponding author. Fax: +420 261 362 982. E-mail address: bore@ikem.cz
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What'’s new?

® Periprocedural brain injury can be detected in one-fifth of
patients with structural heart disease undergoing ventricular
tachycardia ablation at left ventricular endocardium under
conscious sedation.

Retrograde compared with transseptal left ventricular access
showed a two-fold higher probability of significant brain
damage.

by Whitman et al,” catheter ablation of VT was associated with de-
tectable ABI in 58% of patients. The risk factors responsible for these
events are speculative.

In the current study, we investigated whether the degree of peri-
procedural brain injury in patients with SHD undergoing catheter ab-
lation of VT will differ with respect to the access route to the left
ventricle (LV). Specifically, we hypothesized that ABI can be reduced
using transseptal instead of retrograde LV access.

Methods

Study protocol

Patients referred for radiofrequency (RF) catheter ablation of VT were
recruited in the period between September 2013 and March 2017. The
presence of SHD with presumable LV endocardial arrhythmogenic sub-
strate was the main inclusion criterion. Patients were excluded in case of
a mechanical valve in either a mitral or aortic position that would pre-
clude random assignment of LV access route. We did not enrol patients
scheduled for pericardial access as well as those with suggestive LV out-
flow tract substrate, which would likely require a retrograde access.
Patients with other (non-procedural) conditions that may result in the ce-
rebral lesion (e.g. after cardiopulmonary resuscitation or recent ablation)
or interfere with laboratory diagnostics (significant renal disease) were
also excluded. Eligible patients were assigned to two treatment groups
(retrograde or transseptal LV access) in 1:1 fashion by covariate-adaptive
randomization algorithm considering age, gender, LV ejection fraction,
and serum creatinine level.

Evaluation of brain injury

Peripheral venous blood sampling for assessment of protein S1T00B was
performed immediately before the ablation procedure and in the morn-
ing on the next day. Serum samples were stored at —70°C for batch
analysis by a commercially available electrochemiluminescence immuno-
assay (Elecsys S100 R, Roche Diagnostics, Mannheim, Germany). The test
can detect protein S100B concentrations ranging from 5 to 39,000 ng/L
with inter- and intra-assay coefficient of variation of 5.6% and 2.3%.
Significant ABI was defined as a post-ablation relative increase of S100B
level >30%.

Periprocedural anticoagulation management
In all patients with long-term anticoagulation therapy, the procedure was
performed after temporary interruption of warfarin therapy, which was
bridged by low-molecular-weight heparin. Direct oral anticoagulants
were used only in a minority of patients in the study and if so, the treat-
ment was interrupted 24-48 h prior to the procedure according to the
renal function. In patients on antiplatelet therapy, no changes were made.
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After achieving the vascular access, loading dose of unfractionated hepa-
rin (10,000 IU) was given (in case of transseptal LV access, 50001U prior
and 5000 IU immediately after the puncture). Then, heparin was adminis-
tered by intermittent boluses to maintain the activated clotting time
(ACT) in the range of 300-350s. The ACT was checked by Hemochron
ACT+ (Accriva Diagnostics, San Diego, CA, USA) at 15-min intervals un-
til therapeutic anticoagulation was achieved, and then every 15-30 min
for the duration of the procedure. For purpose of the study, the mean
and minimum ACT during the procedure was calculated. The mean time-
weighted ACT (i.e. more representative index reflecting variable intervals
between ACT sampling) was also computed.

After the ablation procedure and removal of sheaths, all patients re-
ceived an infusion of unfractionated heparin with a target activated partial
thromboplastin time ratio of 1.5-2.5. The next day after venous blood
sampling for the assessment of S100B patients received either antiplatelet
therapy for a minimum of 6weeks or anticoagulation therapy for
3 months in case of an extensive ablation in the LV.

Catheter ablation procedure

The procedure was performed in conscious sedation using midazolam
and alfentanil. Vascular access was achieved without ultrasound guidance.
Mapping and ablation strategy was described elsewhere.” Briefly, if the VT
did not occur spontaneously, the programmed stimulation protocol from
the two right ventricular sites and up to three extrastimuli was applied to
induce clinical VT. The mapping was performed under fluoroscopy guid-
ance and with a three-dimensional electroanatomical mapping system
(CARTO, Biosense Webster, Diamond Bar, CA, USA). The use of intra-
cardiac echocardiography (ICE) was at the discretion of the operator. For
ablation, a 3.5 mm, saline-irrigated tip ablation catheter (Navistar
Thermocool, Biosense Webster) was used.

Left ventricle access (retrograde vs. transseptal) was obtained based
on the randomization. Intracardiac echocardiography was used for the
guidance of transseptal puncture in all cases. Substrate mapping was used
in the majority of cases and was performed during the spontaneous
rhythm and/or during right ventricular pacing. It predominantly consisted
of sequential point-by-point bipolar voltage mapping with ablation cathe-
ter, tagging of late potentials or local abnormal ventricular activity regions,
and pacing from different sites with a minimum output to assess slow ven-
tricular conduction and morphology of the resulting QRS complex. No
multipolar mapping catheter was used in the study. In patients with hae-
modynamically tolerated or incessant VT, three-dimensional activation
mapping was initiated during tachycardia and entrainment manoeuvres
were utilized. Subsequently, substrate mapping/ablation was finalized af-
ter abolition of clinical VT.

Ablation was performed in power control mode with an irrigation
flow of 30 mL/min. Power was set up to 2045 W, depending on location
and catheter contact, and was down-regulated in case of catheter tip tem-
perature rise above 43°C or rapid drop of impedance (>10-15 Q) during
ablation. Whenever ICE was used during the procedure, it was used to
monitor RF delivery and prevent tissue overheating and steam pop.
Radiofrequency current was applied in the majority of cases for a maxi-
mum of 60s per target site. Pacing at 10 mA was used after RF delivery to
verify non-capture at a given site. Catheter ablation was performed to
abolish all inducible monomorphic VTs.

Study follow-up

The dedicated institutional tracking system was used to identify all
complications during the procedure and within the minimum 3-month
follow-up.
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Table I The baseline and procedural characteristics
Retrograde acces: Transseptal access P-value
Male (%) 889 91.7 0.57
Age (years) 659+7.5 66.9+9.7 0.52
BMI (kg/m?) 29.7+46 29.6.+£55 0.96
Hypertension (%) 86.1 75.0 0.14
Diabetes (%) 375 389 1.00
Previous stroke/TIA (%) 42 18.1 0.02
Coronary artery disease (%) 875 91.7 0.59
LVEF (%) 304493 298474 0.67
CHA,DS,-VASc score 40+12 43+15 0.24
ICD (%) 86.1 944 0.16
Atrial fibrillation (%) 333 444 023
Warfarin (%) 375 50.0 0.18
NOAC (%) 83 42 0.49
Antiplatelet therapy (%) 55.6 528 0.87
Serum creatinine (umol/L) 1127317 1120+ 309 0.89
Radiofrequency time (min) 31.8+£157 30.1+£133 0.49
Procedure time (min) 187 +£44 182+48 047
Procedural DC shocks (n) 05+08 05+09 0.84
Activation mapping of VT (%) 25.0 20.8 0.55
Mean power (W) 288+3.5 299+24 0.06
Pre-procedural INR 122+£026 1.48+0.57 0.12
Heparin dose (1000 IU) 230+6.8 19.9+63 0.006
Mean ACT (s) 308+33 320+25 0.05
Minimum ACT (s) 239+49 255+45 0.04
Mean time-weighted ACT (s) 31432 326+23 0.05

ACT, activated clotting time; BMI, body mass index; DC, direct current; ICD, implantable cardioverter-defibrillator; INR, international normalized ratio; LVEF, left ventricular
ejection fraction; NOAC, new oral anticoagulant; TIA, transient ischaemic attack; VT, ventricular tachycardia.

E @ L] L 100 120 140 18
81008 after the procedure (ng/l)

Figure 1 Histogram of absolute levels of S100B after the
procedure.

Statistical analysis
Continuous variables were expressed as means with standard deviations
and compared with t-test for independent samples or Mann—Whitney U
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test or Wilcoxon paired test, as appropriate. Categorical variables were
expressed as percentages and compared with x* test or Fisher’s exact
test. Factors associated with outcome measure (P <0.20) were entered
into a multivariate linear regression model and investigated by a stepwise
forward method. A P-value <0.05 was considered significant. All analyses
were performed using the STATISTICA version 10 software (Statsoft,
Inc., Tulsa, USA).

Results

Altogether 144 patients were enrolled and randomly allocated into
two study groups (72 in each group). Baseline characteristics and
procedural data are shown in Table 1. Both groups were comparable
in baseline characteristics except for the history of a previous cere-
bral ischaemic event that was more common in transseptal LV access
group. In addition, patients in the retrograde LV access group re-
quired more intravenous heparin to achieve target ACT levels.

Level of S100B biomarker at baseline was comparable (67 £ 39 vs.
73+ 50ng/L, P=0.40) in retrograde vs. transseptal LV access group.
It non-significantly increased in patients with retrograde LV access
(from 67 £39 to 75+ 77ng/L, P=0.20) and decreased in patients
with transseptal LV access (from 73+ 50 to 63+29ng/L, P=0.16).
Post-procedure level of S100B for both study groups are displayed in
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Figure 2 Histogram of relative change of S100B after the
procedure.
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Figure 3 Box-whisker plot of relative change of S100B after the
procedure.

Figure 1. Between-group differences in procedure-related change of
S100B level were borderline non-significant: 8 £ 67 vs. —10 £ 48 ng/L
(P=0.053) in absolute units and 16 + 73% vs. 0 + 44% (P = 0.052) rel-
atively for retrograde vs. transseptal LV access, respectively (Figures 2
and 3). The significant ABI defined as a post-ablation relative increase
of S100B level >30% was found in 19.4% of patients. This was ob-
served more often in patients from retrograde vs. transseptal LV ac-
cess group: 19/72 (26.4%) vs. 9/72 (12.5%), P = 0.04. No symptomatic
neurological events were noted during and after the procedure in
any subject.

The results of linear regression analysis are shown in Table 2.
Univariately, only retrograde LV access was associated with signifi-
cant ABI. The association was borderline (P < 0.20) for four other fac-
tors: age, body mass index, LV ejection fraction, and procedure time.
In multivariate analysis, only two factors were independently
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Table 2 Predictors of significant ABI by linear regres-
sion analysis

Multivariate

Univariate

Age (years) 071 038 0.06 0.75 038 0.046
BMI (kg/m?) —12 07 008
LVEF (%) 057 039 0.15
Retrograde LV 139 65 004 146 65 003

access (1/0)
Procedure time 0.103 0.072 0.16

(min)

Table shows only factors that were univariately associated (P <0.20) with signifi-
cant ABI.

ABI, asymptomatic brain injury; BMI, body mass index; Coeff = slope of regres-
sion line between individual factor (unit specified) and the rate of significant ABI
(in percentages); LVEF, left ventricular ejection fraction; LV, left ventricle; SE,
standard error of coefficient.

associated with significant ABI. Patients with retrograde LV access
had the rate of significant ABI higher by absolute 15+ 6% (P=0.03)
compared with patients with transseptal LV access. Each decade of
age increased the rate of significant ABl by absolute 8+4%
(P=0.046).

Acute efficacy of the procedure

In 24/144 (17%) procedures (12 in each study group), the final pro-
grammed ventricular stimulation was not performed due to initial VT
non-inducibility. Programmed ventricular stimulation was applicable
in 120 of the procedures, of which non-inducibility of any VT was
achieved in 77 procedures (64%); 40/60 (67%) and 37/60 (62%) in
the retrograde and transseptal group, respectively (P=0.57). The
acute outcome was not related to S100B change.

Periprocedural complications

The overall rate of complications was 6.3% without the difference be-
tween the retrograde vs. transseptal LV access (6.9% vs. 5.5%). One
patient in each group presented with cardiac tamponade. One pa-
tient in the transseptal LV access group had acute haemodynamic de-
compensation with the need for inotropic support. There were two
pseudoaneurysms in the retrograde group and none in the transsep-
tal group. There were three local haematomas with a drop of haemo-
globin >20g/L; two in transseptal and one in retrograde LV access

group.

Discussion

This randomized clinical trial compared two access routes with the
LV during endocardial VT ablation in patients with SHD. Subclinical
periprocedural brain damage as assessed by the S100B biomarker
was the outcome measure. The main findings can be summarized as
follows: (i) significant ABI after LV endocardial ablation can be
detected in one-fifth of patients and (ii) retrograde access to LV is as-
sociated with a two-fold higher probability of significant ABI.
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Because of the study design and the main objective, only a subset
of VT patients was investigated excluding those with VT targeted in
right ventricle only and those with restricted route to LV substrate
either because of mechanical valves or preferential access like in case
of LV outflow tract tachycardias. Patients scheduled for pericardial
access were also excluded because: (i) epicardial ablation alone has
low embolic potential but may be associated with local neural lesions
resulting in S100B elevation®; (i) concomitant endocardial ablation, if
necessary, is usually performed in a retrograde fashion; and (jii) gen-
eral anaesthesia is used for all patients with planned epicardial abla-
tion unlike all other patients in our cohort. None of enrolled patients
was converted to epicardial ablation during the study procedure.

Brain injury biomarker

The protein S100B is a relatively small protein that belongs to the
family of calcium-binding proteins. It is found predominantly found in
mature astrocytes, but it may be present in other nervous cells. Its es-
calated blood levels suggest a neurological dysfunction and cell death.
Itis released within 24 h after brain injury and its levels correlate with
magnitude of neurological deficit and brain injury in stroke.” Serial
S100B testing has been used for monitoring during various cardiovas-
cular interventions such as carotid endar‘terectomy,10 carotid stent-
ing'" or TAVL'? In our previous study, we evaluated correlation
between serum $100B levels and cerebral lesions by MRI.®

Risk of periprocedural brain injury

Subclinical cerebral microembolism is reported frequently after car-
diac interventional procedures. Coronary angiography has shown the
incidence of 10-15% ischaemic events after procedure,'® and in diag-

'* the number raised to 22%.

nostic aortic valve procedures
Transcatheter aortic valve replacement could be associated with up
to 84% occurrence of new brain embolic lesions."®

In patients undergoing catheter ablation of atrial fibrillation, the
reported rate of ABI ranges between 1.7% and 67%, depending on di-
agnostic criteria, ablation strategy and diagnostic modality.>*'1”
Despite relatively high incidence of ABI, most of the lesions resolve.*
There is no evidence that neurological deficit could evolve during 6—
12 months of follow up418 On the other hand, some studies have
demonstrated that even asymptomatic lesions may have adverse neu-
rocognitive effects.'>°

The rate of ABIl and corresponding risk factors in a patient under-
going VT ablation has been much less studied. In a study by Whitman
et al,” catheter ablation of VT (left-sided procedure) was associated
with detectable ABI by MRl in 7/12 (58%) patients. This is substan-
tially higher rate than that in our study (overall 19.4%) and the differ-
ence is more striking as our patients had mostly advanced heart
disease with low LV ejection fraction and more ablation lesions were
delivered. Obviously, methods for ABI detection in both studies are
clearly not comparable. The major procedural differences between
both studies were retrograde LV access in 92% of patients in a study
by Whitman et al., longer procedure time (351 £ 58 vs. 185 + 46 min)
and usage of general anaesthesia. Whether these additional factors
could impact the ABI should be investigated in future studies.

The same applies to selecting the optimum ACT level.
Anticoagulation was slightly more intensive in transseptal access
group, but we did not observe a significant association between both
mean and minimum ACT during the procedure and the rate of ABI.
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However, ACT range as per protocol was rather narrow (300
3505) which decreased the power to detect any relationship.

Procedural DC shocks may trigger thromboembolic events and
contribute to the development of ABI. Direct current shock count
did not differ between study groups and was not related to S100B
rise. The mean number of shocks was relatively low as most of the in-
duced VTs were terminated by overdrive pacing. In addition, no sus-
tained VT was inducible in substantial proportion of patients (17%) at
the beginning of the procedure.

Transseptal vs. retrograde left ventricle
access
Multiple mechanisms might be responsible for documented higher
rate of ABI associated with retrograde LV access. The cerebral
lesions might be attributed to the disruption of either aortic ather-
oma or debris from the degenerative aortic valves due to multiple
attempts to cross the valve. This is relevant to patients with SHD un-
dergoing VT ablation, in whom vascular/valvular disease is common.
Irrespective of study findings, preferential use of transseptal LV access
facilitates the implementation of the strategy of uninterrupted antico-
agulation, which has further potential to reduce the ABI even lower
than that demonstrated in this study that enrolled earlier cohorts of
patients who all discontinued their oral anticoagulation therapy.
Although retrograde LV access with arterial cannulation may be
associated with a higher risk of vascular complications at the punc-
ture site, no significant difference was observed in our study because
the overall incidence of vascular complications was very low.

Limitations

The study has several limitations. First, it is a single-centre study that
limits the transfer of results into clinical practice. Secondly, detailed
neurological evaluation prior/after the ablation procedure was not a
part of the study design and we did not verify the raise of S100B by
MRI which is considered the gold standard for neural lesion detec-
tion. However, no patient showed neurological deficit after the pro-
cedure and the majority of patients had ICD, which constitutes
relative contraindication to this imaging modality. Thirdly, rate of ‘sig-
nificant’ S100B elevation was much lower than expected based on
our previous study in population of patients after ablation for atrial fi-
brillation so that arbitrary cut-off value of >30% was selected for
post hoc analysis. Fourthly, post-ablation sample of S100B was taken
in the morning on the next day so that the latency was <24 h in small
proportion of afternoon procedures. Finally, direct oral anticoagu-
lants were used only sparsely during the study period. Whether their
more frequent use would change the outcome of current study is
unclear.

Conclusions

Periprocedural brain injury can be detected in one-fifth of patients
with SHD undergoing VT ablation at LV endocardium under con-
scious sedation. Retrograde compared with transseptal LV access
showed a two-fold higher probability of significant brain damage.
Further studies are needed to elucidate clinical significance of asymp-
tomatic elevation of the ST00B marker.
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Aims A pulsed electric field (PF) energy source is a novel potential option for catheter ablation of ventricular arrhythmias (VAs) as
it can create deeper lesions, particularly in scarred tissue. However, very limited data exist on its efficacy and safety. This
prospective observational study reports the initial experience with VA ablation using focal PF.

Methods The study population consisted of 44 patients (16 women, aged 61 + 14years) with either frequent ventricular premature

and results complexes (VPCs, 48%) or scar-related ventricular tachycardia (VT, 52%). Ablation was performed using an irrigated 4 mm
tip catheter and a commercially available PF generator. On average, 16 + 15 PF applications (25 A) were delivered per pa-
tient. Acute success was achieved in 84% of patients as assessed by elimination of VPC or reaching non-inducibility of VT. In
three cases (7%), a transient conduction system block was observed during PF applications remotely from the septum. Root
analysis revealed that this event was caused by current leakage from the proximal shaft electrodes in contact with the basal
interventricular septum. Acute elimination of VPC was achieved in 81% patients and non-inducibility of VT in 83% patients.
At the 3-month follow-up, persistent suppression of the VPC was confirmed on Holter monitoring in 81% patients. In the
VT group, the mean follow-up was 116 + 75 days and a total of 52% patients remained free of any VA.

Conclusion Pulsed electric field catheter ablation of a broad spectrum of VA is feasible with acute high efficacy; however, the short-term
follow-up is less satisfactory for patients with scar-related VT.

* Corresponding author. Tel: +420 26136 5006. E-mail address: petr.peichl@ikem.cz

© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Graphical Abstract

Efficacy and safety of focal pulsed-field ablation for ventricular arrhythmia: two-centre experience

Study design

2 centre study

44 patients with VAs
- 21 with VPCs
- 23 with scar-related VTs

Methods

CARTO + SmértTouch cath

In 3 patients (7%) transient conduction
system damage occurred during PF
applications due to current leakage from
the shaft-visualizing ring electrode in
contact with the septum (arrow)

No spasms of coronary noted artery
despite PF application in the distal
coronary sinus in 11 patients
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VPC group

Safety issues

Outcome
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Keywords

What’s new?

® Ablation of ventricular arrhythmia using pulsed electric field (PF) de-
livered from a solid-tip 4 mm catheter is feasible with a high acute
efficacy; however, despite favourable acute results, the recurrences
are common in the ventricular tachycardia group and acute non-
inducibility may not be the optimal endpoint.

® Compared to radiofrequency energy, focal PF ablation within the

great cardiac vein was not limited by a high impedance or poor

catheter-tip cooling and was not associated with coronary artery

spasm.

Unexpected conduction system block was observed during retro-

grade catheter ablation in the left ventricle due to current leakage

from the proximal, shaft-visualizing electrodes of the ablation

catheter.

Introduction

Catheter ablation (CA) is a well-established treatment of ventricular
arrhythmias (VAs).1 In patients with frequent ventricular premature
complexes (VPCs), eliminating ectopic focus may improve symptoms
or lead to normalization of left ventricular (LV) ejection fraction in
case of arrhythmia-induced cardiomyopathy. In patients with sustained
scar-related ventricular tachycardias (VTs), CA decreases the number
of therapies from the implantable cardioverter-defibrillator (ICD) and
VA-related hospitalizations2 and may improve prognosis.3 Until now,
radiofrequency (RF) current has been the primary energy source em-
ployed for these procedures. However, the creation of deep lesions
by RF ablation might be compromised in scar regions and associated

81
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with the risk of tissue overheating and steam pop.* A pulsed electric
field (PF) is a novel energy source that enables fast creation of non-
thermal lesions and may overcome some of the limitations of RF
energy.

Currently, multiple systems allowing VA ablation by PF are in the
phase of preclinical or early clinical evaluation.”~ The CENTAURI sys-
tem (CardioFocus) is a novel PF generator that enables PF ablation
using different commercially available catheters. The system delivers a
biphasic, monopolar pulsed field at three selectable energy settings
(19, 22, and 25 A) that is synchronized to the R-wave. Its safety and ef-
ficacy were evaluated for ablation of atrial fibrillation.® Anecdotally, this
generator has been used for VA ablation, but so far, data on efficacy and
safety are limited to the case reports and small case series.”"" Our
study aimed to analyse the safety and efficacy of VA ablation using focal
PF delivered by the CENTAURI generator coupled with a contact
force-sensing ablation catheter and a 3D electroanatomical mapping
system in a broad population of patients with frequent VPC or scar-
related VT.

Methods
Study population and study design

This two-centre study included consecutive patients who underwent CA
for VA between May 2023 and January 2024 using the CENTAURI gener-
ator. Initially, patients with VPC from the right ventricular (RV) outflow
tract were included to assess the feasibility of PF ablation. However, after
seven uneventful cases, the inclusion criteria expanded to patients with
other VA that failed previous RF ablation (both during the same or the pre-
vious procedure). The patient was considered non-eligible for PF ablation if
the VA originated from the vicinity of the AV node or proximal conduction
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system. All patients signed informed consent with the procedure. The insti-
tutional Ethics Committee approved the study.

Catheter ablation procedure

The procedures were performed under conscious sedation with fentanyl
and midazolam, or on propofol. After obtaining vascular access, unfractio-
nated heparin was administered as an initial bolus, and further doses were
adjusted to maintain the activated clotting time between 300 and 350 s. The
LV was accessed either transseptally or retrogradely, depending on the VA
origin, the actual INR level, the presence of peripheral arterial disease, and/
or mechanical valve prosthesis. Procedures were navigated using a 3D elec-
troanatomic mapping system (CARTO 3, Biosense Webster) and guided by
intracardiac echocardiography (ICE; AcuNav, Siemens Medical Solutions).
For mapping and ablation, a 3.5 mm irrigated-tip catheter (ThermoCool
SmartTouch™, Biosense Webster) was used. Radiofrequency energy was
delivered by SMARTABLATE (Biosense Webster) set to an output of
3040 W for up to 60 s and titrated to reach an impedance drop of
10-15 Ohms. When PF was used, 25 A applications were delivered using
the CENTAURI generator and repeated at each target site up to three times
to maximize the lesion size. In the VPC group, these additional applications
were delivered, only when the ectopy was eliminated by the initial pulse. In
the VT group, repeated applications were delivered to each targeted site
and inducibility was assessed only after delivering the planned lesion set.

For patients with frequent VPC, activation mapping was used as the pri-
mary mapping strategy, complemented by pacemapping. Catheter ablation
targeted the site of the earliest activity during VPC. The procedure was con-
sidered acutely successful if the clinical VPC was eliminated despite the iso-
proterenol challenge.

For patients with scar-related VT, mapping and ablation strategy was de-
scribed previously.'? Briefly, one quadripolar catheter was inserted into the
right ventricle for pacing. At baseline, programmed ventricular stimulation
from the RV apex was performed at two drive trains (600 and 400 ms)
and up to three extrastimuli. Substrate mapping was performed primarily
during spontaneous rhythm or RV pacing using an integrated approach.
Bipolar voltage maps (the lower threshold of 0.5 mV) were constructed
and fragmented or late potentials were tagged. Zones of slow conduction
were identified by the stimulus-to-QRS onset interval longer than 40 ms.
The paced QRS morphology during sinus rhythm was used to match the
exit sites of induced VTs. Activation and entrainment mapping were used
for well-tolerated VT. The goal of subsequent CA was to abolish all abnor-
mal signals or late potentials, often reaching isolation of the segment of the
scar with no capture. In the case of tolerated VT, CA aimed to terminate
the arrhythmia. The procedure was considered acutely successful when
non-inducibility of any VT was achieved.

Whenever PF was applied within the great cardiac vein, coronary angiog-
raphy was performed before and after the PF energy delivery to rule out
spasms of the coronary arteries. The distance between the tip of ablation
catheter and the coronary artery was measured (contour to contour) at

Table 1 Baseline characteristics

the PF application site. No nitrates were applied prophylactically prior to
PF applications.

In one of the centres, peripheral venous blood samples for the assess-
ment of the serum levels of high-sensitivity troponin T (hsTnT) were ob-
tained the next day (usually 18-24 h after the CA).

Clinical follow-up

Following CA, patients were evaluated in the outpatient clinic in 3-month
intervals. Those with frequent VPC underwent 24-h Holter monitoring
and CA were considered successful if the clinical VPC burden was signifi-
cantly decreased (<20% of the pre-ablation level). Patients with scar-related
VT were seen regularly in 3- or 6-month intervals, and the recurrence of VT
was assessed by clinical history and ICD interrogation.

Statistical analysis

Continuous variables were expressed as means with standard deviations
and compared with Student’s t-test. Categorical variables were expressed
as percentages and compared by Fisher’s exact test. A P < 0.05 was consid-
ered significant.

Results

The population consists of 44 patients recruited in the two centres. A to-
tal of 57% of patients had previously failed RF ablation procedure(s) for
VA. Twenty-one (48%) patients had frequent VPC with a mean burden
of 27 + 12% on a 24-h Holter monitoring. Twenty-three (52%) patients
had scar-related VT. Baseline characteristics are displayed in Table 1.

In the VPC group, ectopy originated from the LV outflow tract, RV
outflow tract, posteromedial LV papillary muscle, and posterobasal LV
region in 52, 33, 10, and 5%, respectively. In the VT group, the ablation
was performed in the lateral LV, LV outflow tract/great cardiac vein, an-
terior LV wall, lateral RV wall, inferior LV wall, LV papillary muscle, and
RV outflow tract in 35, 26, 13, 9, 9, 4, and 4%, respectively.

The mean procedural duration was 113 + 46 min, and the fluoros-
copy time reached 6.9 +4.3 min with a radiation dose of 8521 +
12393 mGy/cm2 (Table 2). On average, 16 + 15 PF applications (25 A)
were delivered per patient. The PFs were well tolerated in analgosedation,
and no generalized muscle contractions that would affect the alignment of
electroanatomical maps were observed. Importantly, PF deliveries did not
induce sustained VT or ventricular fibrillation in any of the patients. In nine
patients (20%), RF delivery was attempted and failed prior PF applications
(2 + 7 applications per patient).

All patients

n=44
Male sex (%) 64
Age (years) 61+14
Body mass index (kg/m?) 315
Diabetes mellitus (%) 23
Arterial hypertension (%) 73
Structural heart disease (%) 55
Mean LV ejection fraction (%) 45+16
Previous unsuccessful RF ablation (%) 57

Patients with VPCs Patients with VT P-value
n=21 n=23
47 78 0.06
56+13 63+15 0.18
305 31+5 0.62
19 26 0.72
62 83 0.18
4 96 <0.001
58+9 33+10 <0.001
38 74 <0.01

LV, left ventricular; RF, radio frequency ablation; VPC, ventricular premature contraction; VT, ventricular tachycardia.
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Table 2 Procedural characteristics and outcome
All patients Patients with VPCs Patients with VT P-value
n=44 n=21 n=23

Procedural duration (min) 113+ 46 84+ 41 139+33 <0.001
Fluoroscopy time (min) 69+43 7+4 7+4 0.77
Fluoroscopy dose (mGy/cm?) 8521+12393 8226 + 10657 8791+ 14030 0.88

PF applications per patient (n) 16+ 15 7+4 24+16 <0.001
Acute success (%) 82 81 83 1.0
Absence of recurrences during follow-up (%) 66 81 52 0.06

PF, pulsed field; VPC, ventricular premature complex; VT, ventricular tachycardia.
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Figure 1 Anillustrative case of ablation in the great cardiac vein in a patient with non-ischaemic cardiomyopathy and scar-related VT from the LV
summit. (A) shows prematurity (—40 ms) and fragmentation during the VPC in the decapolar catheter positioned close to the substrate in the great
cardiac vein (CS 3.4). Note relatively late activation in the ablation catheter positioned on the endocardium of the LV outflow tract. (B) shows the
corresponding pace map with a long stimulus-to-QRS delay. (C) depicts angiography of the left coronary artery position prior to ablation. No spasm
(D) was noted after four PF applications in the great cardiac vein. (E and F) display electroanatomical maps in anteroposterior (E) and modified cranial
view (F). Ao, aorta; ABL, electrograms from ablation catheter; CS, coronary sinus; GCS, great cardiac vein; LV, left ventricular; PF, pulsed field; RV, right

ventricle; VPC, ventricular premature complex.

Pulsed electric field ablation in the great
cardiac vein

In 11 cases (8 and 3 in the VPC and VT groups, respectively), PF energy
was applied in the great cardiac vein up to 2 mm from the coronary ar-
tery (mean distance of 5+ 2 mm). No electrocardiogram changes at-
tributable to ischaemia were noted after the PF applications, and
subsequent coronary angiography did not reveal any abnormality/
spasm in any of these patients (Figure 7). In 7 of 11 patients (63%), PF
ablation led to acute suppression of VA. The mean prematurity during
VPC/VT in patients was higher in those with acutely successful ablation
compared to those where no acute effect was seen (31 £ 8msvs. 18 £ 5 ms,
P=0.08).

&3

Conduction system block during pulsed

electric field applications

Transient conduction system block occurred in three cases (7%) during
PF application on the lateral LV wall remotely from the conduction sys-
tem. It consisted of complete AV block in one and left bundle branch
block in two patients. Conduction blocks resolved in all cases within
1 h. Root analysis revealed that these events occurred during the retro-
grade approach to the LV. In such cases, the proximal shaft-visualizing
electrodes of the ablation catheter were located close to the proximal
portion of the conduction system at the LV aspect of the interventricu-
lar septum (Figure 2). Intracardiac echocardiography monitoring re-
vealed that these unexpected adverse events were accompanied by
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Figure 2 (A) shows the occurrence of complete AV block after PF ablation in a patient with non-ischaemic cardiomyopathy. (B) depicts an electroana-
tomical voltage map. The distance between the site of the application leading to the AV block and the location of His bundle recordings was 4 cm.

(C) displays the fluoroscopic position of the ablation catheter. Note that the location of the proximal ring electrode on the catheter shaft is at the His
bundle area (see text for further explanation). A, amper; AVB, AV block; His, his bundle recording site; LAO, left anterior oblique view; PF, pulsed field.

(o) after PF ablation for VT
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Patients at risk:
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Figure 3 Kaplan—Meier curve of sustained VT-free survival after PF ablation. PF, pulsed field; VT, ventricular tachycardia.

the emission of microbubbles from these electrodes during PF energy Acute elimination of VPC was achieved in 17/21 (81%) patients and
delivery, suggesting the leakage of the current (see Supplementary non-inducibility in 19/23 (83%) patients with VT. At the 3-month
material online, Video S1). Formation of the microbubbles could easily follow-up, persistent suppression of the VPCs was confirmed on
be prevented by covering the shaft electrodes with the sheath. Holter monitoring in 17/21 (81%) patients. The mean VPC burden
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decreased from 27 +12 to 7 +13% (reduction by 73 +51%, P<
0.001). In one patient with ectopy from posteromedial papillary muscle,
acute suppression was achieved; however, the late recurrence of the
same VPC morphology was observed at 3 months. On the other
hand, in one patient who had acutely unsuccessful ablation, VPC disap-
peared during follow-up. In the group of patients with scar-related VT,
the mean follow-up was 116 + 75 days and 12/23 (52%) of patients re-
mained free of any VT (Figure 3).

Myocardial lesion size

Levels of hsTnT were assessed in 43% of patients before and after ablation
and increased from 19 + 12 to 600 + 425 ng/L (P < 0.001). The increase
was higher in patients with VT compared to those with VPC, but the dif-
ference was not significant (623 + 446 ng/L vs. 323 + 238 ng/L, P =0.22).

Discussion

The main findings of this study can be summarized as follows: (i) abla-
tion of VA using PF delivered from a solid-tip 4 mm catheter is feasible
with a high acute efficacy; (ii) despite favourable acute results, the recur-
rences are common in the VT group and acute non-inducibility may not
be the optimal endpoint; (iii) compared to RF energy, focal PF ablation
within the great cardiac vein was not limited by a high impedance or
poor catheter-tip cooling and was not associated with coronary artery
spasm; (iv) unexpected conduction system block was observed during
retrograde CA in the LV due to current leakage from the proximal,
shaft-visualizing electrodes of the ablation catheter; and (v) focal PF ab-
lation was not associated with excessive myocardial damage as assessed
by troponin levels post-ablation.

Compared to RF ablation of VA, PF energy offers several potential
benefits. First, due to the non-thermal nature of PF, tissue overheating
with a risk of steam pop is highly unlikely. Second, several preclinical
studies suggested that PF can penetrate better into the scar tissue,”'>"*
which is particularly important in patients with scar-related VT. Third,
PF applications are much shorter compared to RF and, thus, might be
advantageous in some locations, where the stability of the catheter is
challenging (e.g. on papillary muscle)."® This may also result in more fa-
vourable procedural times.

Acute and short-term follow-up

While the focal PF ablation was quite successful (as assessed by acute sup-
pression of the VPC or VT inducibility) in both groups, the short-term
outcome in patients with VT was far less satisfactory. This may not be sur-
prising, since the nature of VA is quite different in these patient cohorts. In
the case of VPC, localized PF ablation has a higher chance of abolishing the
focal source. On the other hand, the ablation target is far more extensive
in scar-related VT, potentially also located more in-depth of the myocar-
dial wall. In such a scenario, the studied PF energy delivery might not be
effective enough and more pulses and/or higher energy deliveries were
needed. However, this study reports one of the first larger experiences
with PF ablation of VPC/VT that aimed at patients who failed RF ablation
and safety was the primary interest. In addition, the pulse configuration
used by the studied generator might not be ideal for VA ablation and could
be further studied and optimized. Unfortunately, once PF ablation is de-
livered, local electrograms are instantaneously abolished and there is
not much left, how to learn about the quality and durability of the created
lesion. Finally, the explanation for the different efficacy of PF ablation in
both groups might be a selection bias with more patients in the VT group
having already previously unsuccessful RF ablation.

Regarding the assessment of the acute effect of PF ablation in scar-
related VT, a new paradigm shift can be observed. In contrast to RF
ablation, where the abolition of local abnormal electrograms was con-
sidered a reasonable endpoint of the substrate modification, PF delivery
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results in acute disappearance of the local electrograms, which may not
reflect the creation of durable lesions. Acute lesions by PF compared to
RF are known to have a much larger zone of reversible injury.'® This
may also affect inducibility of VA at the end of the procedure. Thus,
acute non-inducibility of VT after PF ablation might not be the optimal
endpoint of the procedure. Whether the use of non-invasive pro-
grammed ventricular stimulation'” performed remotely from the
ablation procedure could better assess the acute effect of ablation
is to be investigated.

Pulsed electric field delivery in the great
cardiac vein

Application of RF energy in the great cardiac vein is often limited by the
high impedance and temperature rise.'® Thus, alternative approaches,
including alcohol venous injection,® and bipolar ablation® have been
proposed. Pulsed electric field may pose another option for VPC origin-
ating in the LV summit, and experimental data have shown that PF is
feasible in this scenario.?" Pulsed electric field ablation in the great car-
diac vein has been also described in a clinical setting.'® Our current ex-
perience supports these observations. Based on clinical observations of
coronary spasms, obtained with multielectrode PF delivery in the vicin-
ity of the right coronary artery,? the safety of PF ablation within the
great cardiac vein is important. In this respect, we performed coronary
angiography before and after PF delivery at a distance up to 2 mm
(mean of 5 mm) to the coronary artery with no spasms noted. We
can speculate that the lack of observed coronary spasms in our cohort
could be due to the catheter design (4 mm tip vs. multispline catheter).
Similarly to our experience, Breskovi¢ et al.* have used a focal PF cath-
eter within the coronary sinus for left-sided accessory pathways, and no
clinically relevant spasms were reported. Nevertheless, our patient co-
hort was very small and the ablation catheter did not touch directly the
coronary artery during any PF application. Thus, more data on the
safety of this approach are still needed.

Conduction system damage during pulsed

electric field applications

The observations of transient conduction system blocks prompted us
to evaluate the root cause of this phenomenon. Our explanation of
these adverse events by leakage of the current through the proximal
shaft-visualizing electrodes of the ablation catheter was confirmed by
information obtained from the CENTAURI manufacturer. Because
the high-voltage pulses are delivered to the tip of the ablation catheter
during PF application, considerably high-voltage pulses are also syn-
chronously delivered to proximal shaft-visualizing electrodes to pre-
vent sparking and shortcutting between the wires within the catheter
shaft. When these electrodes are in close proximity to the conduction
system (such as during the retrograde access to the LV), the PF delivery
may cause a transient conduction block. This explanation is supported
by the preclinical studies that have described the high sensitivity of the
conduction system to PF energy.” Of note, this mechanism is specific
only to the use of the SmartTouch ThermoCool™ catheter. The other
catheters approved for the CENTAURI generator (i.e. TactiCath SE,
Abbott and STABLEPOINT, Boston Scientific) do not have such elec-
trodes on the shaft. But even for the SmartTouch catheter, the inad-
vertent damage of the conduction system could be prevented by
covering and isolating these electrodes with the long sheath or by pre-
ferring the transseptal access to LV, which makes this adverse event
unlikely.

Myocardial damage

Pulsed electric field ablation leads to only moderate myocardial damage
as assessed by troponin post-ablation increase. Studies assessing the
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troponin T dynamics in patients undergoing PF ablation of atrial fibrilla-
tion with a multielectrode catheter have reported much higher values
(up to three times).2*?* Our observation is reassuring, since extensive
myocardial damage in patients with scar-related VT and impaired LV
ejection fraction may result in pump failure. On the other hand, PF
may acutely affect a much larger area and this reversible zone of
stunned ventricular myocardium may cause acute haemodynamic de-
compensation. Further studies are needed to clarify the haemodynamic
risks associated with more extensive PF ablation in the ventricle.

Study limitations

This was a prospective observational study aiming to describe the effi-
cacy and safety of VA ablation by focal PF delivery in a spectrum of dif-
ferent VA. Thus, the small sample size may limit the validity of our
observations, and additional studies with larger patient cohorts are
needed to further explore the specific aspects and risks of focal PF ab-
lation of VA in various patient populations. In addition, patients with ar-
rhythmias in the vicinity of the proximal conduction system were on
purpose not included in this study and no statement regarding safety/
efficacy can be made in this respect. Finally, the observations made
with the studied combination of the specific PF generator and ablation
catheter cannot be extrapolated to other PF ablation technologies.

Conclusions

Initial experience with the focal PF ablation of VA demonstrated high
acute efficacy in ablation of both VPC and scar-related VT. However,
the short-term success rate was more satisfactory in VPC patients,
which reflects the size and complexity of the arrhythmogenic substrate
and uncertainty about the endpoint of PF CA in scar-related VT. Pulsed
electric field ablation was found particularly useful for ablation within
the great cardiac vein.

Supplementary material

Supplementary material is available at Europace online.
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