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Zoznam skratiek

ADAPT - A Direct Aspiration First Pass Technique
ACM - arteria cerebri media

AHA - American Heart Association

ARTS - Aspiration-Retriever Technique for Stroke
ASA - American Stroke Association

ASPECTS - Alberta Stroke Programme Early CT Score
BASICS - Basilar Artery International Cooperation Registry Study
BGC - balloon-guide catheter

BMI - body-mass index

CAS - karoticky stenting

CBF - cerebral blood flow

CBV - cerebral blood volume

CEA - karoticka endarterektémia

Cl - confidence interval

CMP - cievna mozgova prihoda

CT - pocitacova tomografia

CTAG - angiografia pomocou pocitacovej tomografie
DSA - digitalna subtrakéna angiografia

EAN - European Academy of Neurology

ESO - European Stroke Organisation

ESMINT - European Society of Minimally Invasive Neurological Therapy

ESNR - European Society of Neuroradiology



EVL - endovaskularna liecba

FAST - forced arterial suction thrombectomy
H&E - hematoxylin a eozin

IAT — intraarteridlna trombolyza

iCMP - ischemicka cievna mozgova prihoda

LVO - large vessel occlusion

MR - magneticka rezonancia

mRS - modified Rankin scale

MTT - mean transit time

NIHSS - National Institute of Health Scale System
NNT - number needed to treat

OR - odds ratio

RDM — relative dose multiplier

SAVE - Stent-retriever Associated Vacuum-locked Extraction
TICI - Thrombolysis In Cerebral Infarction

TOAST - Trial of Org 10172 in Acute Stroke Treatment
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Commentary

Stroke represents one of the leading causes of death worldwide. Diagnostic
and therapeutic process of patients with acute ischemic stroke has dramatically evolved and
has changed over the past decade. In 2015 several randomised controlled trials showed clear
benefit of endovascular therapy in patients with acute ischemic stroke with large vessel
occlusion in anterior circulation in comparison to standard medical treatment with
intravenous thrombolysis and paradigm shift in the treatment of patients with acute ischemic
stroke has been made and endovascular treatment has become the gold standard of these
patients. This has led to implementation of new guidelines, organisation of stroke care system
wordwide in different countries in order to promote better services and outcomes of patients
with this devastating disease. New dedicated stroke centers have been developed with health
care professionals involved in this health care system from patients” transfer to hospitals,
imaging, thombectomy, immediate and postprocedural care of patients. Despite recent
advances and tremendous amount of research performed in this area, lots of unresolved

guestions and challenges remains to be answered in the future.

The aim of this work is to summarise a review of current knowledge in different topics
of endovascular treatment in patients with acute ischemic stroke and represent author’s own
experience with endovascular therapy with commented author’s publications in different

areas in this topic.



1. Uvod

Celosvetovo patri cievha mozgova prihoda (CMP) medzi jednu z najcastejSich pricin
Umrtia pacientov. Udaje o incidencii CMP v Eurépe su velmi rozdielne a su zaloZené na datach
s odliSnou kvalitou, s najnizSou incidenciou v Taliansku a najvyssou v Chorvatsku a na Ukrajine
(1). CMP ovplyvnuje nielen priamo pacientov, ktori ju prekonali, ale aj rozsiahlu skupinu
pribuznych a ostatnych v okoli a tym celt spoloénost. Spravna a v¢asna diagnostika a liecba
CMP zasadnym sp6sobom zmensuju dlhodobu invaliditu pacientov s CMP a dlhodobo je tato
oblast objektom rozsiahleho vyskumu. Priblizne 70% CMP je ischemického povodu a zvySok
predstavuju hemoragické CMP. Akutna ischemickd CMP (iCMP) vznika najéastejSie na
podklade nedokrvenia pri uzédvere cievy, ktord zasobuje urcitli ¢ast mozgu. Kazdd mindtu
mozog strati v ischemickom povodi viac ako 1,8 miliéna neurénov mozgového parenchymu
(2). Priblizne 24 az 46% pacientov s akutnou iCMP maju uzaver velkej artérie, tzv. ,large vessel
occlusion” (LVO) (3). Intravendzna trombolyza (IVT) pomocou aplikacie alteplazy, tkanivového
aktivatora plazminogénu, bola dlhodobo jedinou dokazanou lieCebnou moZnostou
u pacientov s akutnou iCMP. Po zavedeni IVT do lieCby pacientov s akutnou iCMP, doslo
k postupnému rozvoji aj na poli endovaskularnej liecby (EVL) s cieflom odstranit zrazeninu
z intrakranidlneho rieciska a zlepsit vysledky lieCby pacientov. Vyvoj EVL akutnej iCMP
prekonal viacero milnikov, ¢i uz negativne vysledky endovaskuldrnych studii v roku 2013
a najma pozitivne vysledky randomizovanych studii s pouzitim mechanickej trombektomie
v rokoch 2015 a 2018, ktoré zmenili dlhodobo zauZivané Standardy v lie¢be pacientov
s akutnou iCMP. To viedlo celosvetovo k zmene organizacie ako aj pristupu ku zdravotnej
starostlivosti o pacientov s akdtnou iCMP, ktord je komplexna, od prednemocniéného
manazmentu pacientov s véasnym rozpoznanim priznakov CMP pacientom alebo jeho okolim
s rychlym transportom pacienta do nemocnice systémom zachrannej starostlivosti, cez
nemocniény manazment pacienta s adekvatnou zobrazovacou diagnostikou, vhodnou liecbou
pacienta a naslednou starostlivostou az po ponemocni¢ny manazment pacienta s vhodnou
rehabilitdciou po liecbe. Napriek neustdlemu pokroku, pocetnym vedeckym pracam
a aktualitdm stale zostava v oblasti EVL akutnej iCMP viacero ¢asto diskutovanych otazok.

Zaraduju sa medzi ne otdzky ako napriklad vyuZitie zobrazovania pri selekcii pacienta na



trombektédmiu, technické aspekty realizacie trombektdmie, vyuZitie typu anestézy v priebehu
EVL, otazka vyuzitia EVL u pacientov s nizkym NIHSS, rieSenie tandemovych uzaverov, EVL
u pacientov v zadnej cirkulacii alebo pri rekurentnych uzadveroch, rieSenie M2 uzaverov alebo
radiacnej ddavky pri trombektédmiach. V niektorych tychto oblastiach boli realizované

publikdcie autora a aj im sa venuje tato habilitacna praca.



2. Vyvoj a vysledky endovaskularnej liecby akutnej iCMP

Endovaskularna lie¢ba pacientov s akutnou iCMP sa dlhodobo vyvijala. Z historického
hladiska sa medzi prvé armamentdarium vyuzivané na mechanicku trombektdmiu pri extrakcii
zrazenin z intrakranidlneho rieciska pouzivali MERCI katétre (Stryker, Michigan, USA) a prvy
aspiracny systém od Penumbry (Penumbra, Alameda, USA). Histéria EVL akatnej iCMP vsak
nebola spojend len s pouzitim zariadeni na extrakciu zrazenin z intrakranidlneho rieciska, ale
primarne so selektivnou aplikaciou trombolytika do miesta uzaveru pomocou intraarteridlnej
trombolyzy (IAT). Prvou randomizovanou Studiou vo fadze Il bola studia PROACT so 46
pacientami, ktori boli randomizovani medzi IAT podanim 6 mg rekombinantnej pro-urokinazy
versus placebo u pacientov s uzaverom proximalnych Usekov arteria cerebri media (ACM)
v ¢asovom okne do 6 hodin s vy$sim stupfiom rekanalizacie u pacientov s IAT v porovnani
s placebom (57,7% versus 14,3%, p = 0,017), avSak s vySSou ale nie signifikantne mierou
symptomatickej hemoragie (4). Nasledovali viaceré studie s cielom preukazat benefit EVL
pomocou mechanickej trombektdmie (5; 6). V roku 2013 vsak vysledky 3 randomizovanych
kontrolovanych stuadii, IMS Il (Interventional Management of Stroke IIl), SYNTHESIS (Intra-
arterial versus Systemic Thrombolysis for Acute Ischemic Stroke) a MR RESCUE (Mechanical
retrieval and Recanalization of Stroke Clots Using Embolectomy) nepreukdzali superioritu
endovaskuldrnej lieCby oproti IVT (7; 8; 9). Z hladiska starostlivosti o pacientov s akitnou iCMP
bol prelomovy rok 2015, ked' 5 velkych randomizovanych kontrolovanych studii, MR-CLEAN
(Multicenter Randomized Trial of Endovascular Treatment for Acute Ischemic Stroke), ESCAPE
(Randomized Assessment of Rapid Endovascular Treatment of Ischemic Stroke), SWIFT PRIME
(Stent-Retriever Thrombectomy after Intravenous t-PA vs. t-PA Alone in Stroke), EXTEND-IA
(Endovascular Therapy for Ischemic Stroke with Perfusion-lmaging Selection), REVASCAT
(Randomized Trial of Revascularization with Solitaire FR Device versus Best Medical Therapy
in the Treatment of Acute Stroke Due to Anterior Circulation Large Vessel Occlusion Presenting
within Eight Hours of Symptom Onset), ukazalo jasny benefit v lieCbe pacientov s akutnou
iCMP a LVO pomocou mechanickej trombektdmie v porovnani so Standardnou liecbou (10; 11;
12; 13; 14). Tieto vysledky viedli v roku 2015 k vytvoreniu konsenzu a v roku 2016 k publikacii

nového konsenzu European Stroke Organisation (ESO) v spoluprdci s European Society of



Minimally Invasive Neurological Therapy (ESMINT), European Society of Neuroradiology
(ESNR), European Academy of Neurology (EAN), ako aj vytvoreniu odporucani American Heart
Association (AHA) a American Stroke Association (ASA) a mechanickd trombektémia sa stala
prvoliniovou metddou liecby u pacientov s akutnou iCMP s LVO v prednej cirkuldcii (15; 16).
Dalsim velkym medznikom na poli EVL bol rok 2018, kedy pozitivne vysledky publikacii dvoch
randomizovanych kontrolovanych studii o EVL v rozSirenom ¢asovom okne od 6 do 24 hodin
DEFUSE lll (Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke 3) a DAWN
(DWI or CTP Assessment with Clinical Mismatch in the Triage of Wake-Up and Late Presenting
Strokes Undergoing Neurointervention with Trevo), zmenili dovtedy zauZivani dogmu
o vyuziti EVL v prednej cikuldcii len u pacientov v ¢asovom okne do 6 hodin aj na jej vyuZite u
vybranych pacientov v asovom okne od 6 do 24 hodin (17; 18). Tieto vysledky viedli tiez

k updatu pévodnych odporucani ESO/ESMINT/ESNR/EAN ako aj AHA/ASA odporucani (19; 20).

Vysledky z 5 randomizovanych kontrolovanych Stadii z roku 2015 boli analyzované
v HERMES metaanalyze, ktore]j vysledkom pri analyze 1287 lie¢enych pacientov (634 ako EVL
a 653 ako kontrola) bolo, Ze EVL viedla k signifikantnému zniZeniu invalidity po 90 drioch
v porovnani s kontrolnou skupinou (adjusted common odds ratio (OR) 2,49, 95% Cl 1,76 aZ
3,53; p<0,0001). NNT (number needed to treat), ¢iZze pocet pacientov, ktori musia byt lieceni,
aby doslo k zniZeniu invalidity o 1 stuperi na mRS (modified Rankin scale) $kdle, bol stanoveny
na 2,6, so 72% uspesnostou rekanalizacie pri EVL na urovni TICI (Thrombolysis in Cerebral
Infraction) 2b/3 a s mierou symptomatického intrakranidlneho krvacania 4,4%. Zaverom
HERMES metaanalyzy bolo, Ze EVL je benefitom u vacsiny pacientov s akdtnou iCMP s LVO
v prednej cirkulacii bez ohladu na charakteristiku alebo geograficku lokalizaciu uzaveru s tym,
Ze tieto vysledky budu mat vplyv na Strukturalizaciu starostlivosti na zabezpecnie vcasnej
liecby pacientov s akitnou CMP na podklade LVO (21). Tieto vysledky a zmeny
v odporucaniach celosvetovo viedli k zasadnej zmene organizdcie zdravotnej starostlivosti o
pacientov s akutnou iCMP a vytvoreniu odporucani v jednotlivych krajinach pre manazment
pacientov s tamto ochorenim. V Ceskej republike st aktudlne platné Doporudeni pro
mechanickou trombektomii akutniho mozkového infarktu — verze 2019 a starostlivost
o pacientov s cerebrovaskularnym ochorenim je organizovana podla vestnika Ministerstva
zdravotnictva Ceskej republiky z roku 2010 (22; 23). Na Slovensku je starostlivost o pacientov

s akdtnou CMP realizovand a organizovana formou Odborného usmernenia Ministerstva
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zdravotnictva Slovenskej republiky o organizacnych a lie¢ebnych postupoch prostrednictvom
pouzivania mobilnej aplikacie u pacientov s akitnym infarktom myokardu s elevaciou ST na
EKG a s nahlou cievhou mozgovou prihodou a odborného usmernenia Ministerstva
zdravotnictva Slovenskej republiky pre starostlivost o pacientov s nahlou cievnou mozgovou

prihodou v hyperakdtnom $tadiu z roku 2018 (24; 25).

Otazka, ¢i su klinické vysledky pri pouZiti mechanickej trombektomie v beinej
kazdodennej liecbe rovnaké alebo podobné vysledkom randomizovanych kontrolovanych
studii, resp. v HERMES metaanalyze, bola sledovana vo viacerych pracach (26; 27; 28; 29; 30;
31). V rozsiahlom Trevo registri v datach zo 76 centier z 12 krajin bol dobry vysledok s mRS 0-
2 dosiahnuty u 55,3% pacientov (28). V studii Deb-Chatter;ji et al. liecili 264 konsekutivnych
pacientov v rokoch 2015 aZ 2017 a zistili, Ze mRS 0-2 bolo dosiahnuté u 26,2% pacientov a zly
vysledok mRS 5-6 u 49,2% pacientov s mortalitou 29,2% pacientov, pricom len 33,2% liecenych
pacientov by splnilo prisne inklizne kritérida z randomizovanych kontrolovanych stadii, resp.
pri aplikovani AHA/ASA kritérii pre selekciu pacientov by len 35,4% pacientov splnilo tieto
kritérid a 64,6% pacientov by nesplnilo aspor jedno z tychto AHA/ASA kritérii. Vysledky v tejto
skupine pacientov z redlnej praxe boli horsie ako tie z randomizovanych studii ale s podobnou
Uspesnostou rekanalizacie, symptomatického intrakranidlneho krvacania ako aj prediktormi
vysledku (27). Podobné vysledky boli dosiahnuté aj v praci Wollenweber et al., ktorej cielom
bolo stanovit ,real-world” mieru reperfuzie a funkéného vysledku pri EVL. Do studie bolo
zaradenych 25 pracovisk v Nemecku v obdobi od juna 2015 do aprila 2018 s liecbou 2265
pacientov s LVO v prednej cirkulacii a 303 pacientov s LVO v zadnej cirkulcii. IVT bola podana
u 56%, uspesna reperfuzia bola dosiahnuta u 83% pacientov, pricom po 3 mesiacoch bol
dosiahnuty dobry vysledok u 37% pacientov pri mortalite 29%, bez rozdielu vysledkov medzi
pacientami s LVO v prednej alebo v zadnej cirkulacii (29). Podobne v REVASK registri
v Nemecku u 961 pacientov bolo po 3 mesiacoch 38% pacientov s mRS 0-2 v prednej cirkulacii
s mortalitou 33,7% (30). V podobnej studii Volny et al. bolo cieflom prace porovnat data
z trombektémie v celej Ceskej republike za rok 2016 s datami z HERMES metaanalyzy. Do
Studie bolo zahrnutych 1053 mechanickych trombektémii a vysledky boli podobné s HERMES
metanalyzou z pohladu bezpecnosti, Ucinnosti ako aj logistiky s dobrym klinickym efektom
48% po 3 mesiacoch v porovnani so 46% v HERMES metanalyze (26). Z technického hladiska

bola napriek dobrym klinickym vysledkom zistend velka variabilita medzi jednotlivymi
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centrami vykondvajucimi trombektémie v niektorych kldcovych casovych intervaloch (32).
V dalsej praci Krajickova et al. sledovali uc¢innost a bezpecnost trombektdmie v kazdodennej
praxi u 110 pacientov v okne do 6 hodin, 6-8 hodin a v neznamom ¢asovom okne, pricom po
3 mesiacoch bol dobry klinicky vysledok mRS 0-2 dosiahnuty v celej skupine u 55,5% pacientov,
v Case do 6 hodin u 55,4%, v ¢ase od 6 do 8 hodin u 45,5% a pri nezndmom ¢ase vzniku u 62,5%

pacientov (31).

Vysledky nasich Uvodnych skidsenosti z beznej kazdodennej klinickej praxe s EVL pacientov
s akutnou iICMP a LVO boli publikované v ramci BATTS (Bratislava-Trnava Thrombectomy
Study) studie, resp. BATT registra v obdobi od maja 2013 do juna 2016 v publikacii Haring et
al. (33). Vysledky BATTS studie ukazali, ze dobry klinicky efekt mRS 0-2 bol pritomny u 41%
pacientov, s mortalitou 36%, s Uspesnou TICI2b/3 rekanalizaciou u 78% pacientov, v subore
pacientov lieCenych endovaskuldrne v porovnani s kontrolnou skupinou doslo k takmer 10 %
poklesu mortality a takmer 14 % viac pacientov bolo funkéne nezavislych 3 mesiace po EVL.
V ramci BATT registra bol zo 120 pacientov pritomny dobry klinicky efekt po 3 mesiacoch mRS
0-2 u 31% s mortalitou 38%, Uspesna rekanalizacia TICI 2b/3 bola u 73% pacientov (33).

Ako bolo v Uvode spomenuté, existuju viaceré diskutované otazky v problematike EVL
akutnej iCMP a jednou z nich je napriklad otazka podania alebo nepodania tzv. bridging IVT
pred samotnou mechanickou trombektémiou. Existuju odporcovia podania bridging IVT, ktori
tvrdia, Ze podanie IVT mo6Ze spdsobit fragmentaciu zrazeniny s distalnou embolizaciou alebo
moZze zvysit priepustnost hematoencefalickej bariéry s rizikom krvacania. Naopak zastancovia
podania bridging IVT tvrdia, Ze podanie IVT umoziuje rekanalizdciu zrazeniny eSte pred
trombektémiou s moznostou vynechania trombektémie, Ze kombinovana liecba je Ucinnejsia
alebo Ze podanie IVT modzZe napriklad znizit pravdepodobnost infarktu v novej predtym
nepostihnutej oblasti. Suc¢asné odporucania jasne definuju, Zze mechanicka trombektémia by
nemala zabranit podaniu IVT a IVT by nemala oneskorit mechanickd trombektdmiu, resp. ze
pacienti vhodni na podanie IVT by ju mali dostat, aj ked sa uvaZzuje nad mechanickou
trombektémiou (19; 20). Snahu odpovedat na otazku podania alebo nepodania IVT pred
mechanickou trombektémiou riesila randomizovana studia DIRECT-MT. V 41 akademickych
centrach v Cine bolo skriningovanych 1586 pacientov, do $tudie bolo zahrnutych 656

pacientov, pricom 327 podstupilo mechanickd trombektémiu samostatne a 329 kombinaciu
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mechanickej trombektdmie s IVT. Trombektédmia samostatne nebola inferiorna kombinovanej
stratégii (adjusted common OR, 1,07; 95% Cl, 0,81 aZ 1,40; p = 0,04 pre neinferioritu), ale bola
spojend s nizSim percentom pacientov s Uspesnou reperfuziou pred trombektémiou (2,4%
versus 7,0%) a celkovou uspesnou reperfuziou (79,4% versus 84,5%). Mortalita po 90 drioch
bola 17,7% v trombektomickej skupine a 18,8% v skupine s kombinovanou liecbou (34).
Vysledky metaanalyzy Mistry et al. vysledkov z 3553 pacientov podporili sucasny stav
evidencie v prospech podania IVT pred trombektémiou (35). Rovnako aj neddvna metanalyza
35 studii ukazala, Ze kombinovana IVT s EVL je spojenad s lepsim funkénym vysledkom a nizSou

mortalitou v porovnani s samostatnou EVL (36).
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3. Zobrazovanie pred endovaskularnou liecbou akutnej iCMP

Zobrazovanie pred EVL akutnej iCMP hra doélezitu ulohu z viacerych hfadisk, ¢i uz pri
stanoveni ischemickych zmien, jadra infarktu, pri identifikovani miesta uzaveru velkej cievy,
pri pldanovani samotnej EVL alebo pri selekcii pacientov na EVL. Prehlad jednotlivych
zobrazovacich moznosti u pacientov s akutnou iCMP sme popisali v publikacii Harsany et al.

(37).

Standardom pri zobrazovani pred EVL akutnej iCMP je nativne vy$etrenie pocitacovou
tomografiou (CT). Na nativnom CT vySetreni sa na kvantifikaciu ischemickych zmien v
mozgovom parenchyme vyuZziva tzv. ASPECTS (Alberta Stroke Programme Early CT Score)
skére. Cim vyssia je hodnota ASPECTS, tym men$i je rozsah akltnej ischémie s mensim
jadrom. Velka vacdsina randomizovanych studii lieCila pacientov s vysokym ASPECTS s
medianom 9, ¢o bolo aj preukdzané v HERMES metaanalyze (21). Podla sucasnych odporucani
by mali byt pomocou EVL lieCeni pacienti v casovom okne do 6 hodin bez dékazu velkého
infarktu s ASPECTS 2= 6 na nativnom CT alebo objemom jadra infaktu £ 70 mL (19; 20). Otazkou
je lie¢ba pacientov s velkym jadrom infarktu pri vodnom zobrazovani s nizkym ASPECTS < 6.
HERMES metaanalyza odhalila, Ze pacienti s nizkym ASPECTS 0-5 mali tendenciu priaznivu k
intervenénému vykonu (common OR, 1,24; 95% Cl, 0,62 az 2,49). Druhda metaanalyza
realizovana HERMES spolupracovnikmi ukazala, Ze pacienti s ASPECTS 3-5 mali signifikantny
benefit z mechanickej trombektdmie (common OR, 2,00; 95% Cl, 1,16 aZ 3,46), avsak pri
stratifikacii podla ASPECTS 0-4 bol v skupine s mechanickou trombektémiou najdeny vyssi
vyskyt symptomatického intrakranialneho krvacania (common OR, 3,94; P interakcia = 0,025)
(38). Odpoved na to, ¢i pacienti s velkym jadrom infarktu s ASPECTS<6 pri Uvodnom
zobrazovani by mali podstlupit EVL, by mohli dat viaceré v sucasnosti prebiehajlce
randomizované studie TENSION, TESLA a LASTE studia In extremis (39; 40; 41). V studii
TENSION sa hodnoti U¢innost a bezpeénost mechanickej trombektémie v porovnani
s medikamentdznou lie€bou u pacientov s uzaverom terminalnej ACl alebo M1 segmentu ACM
a ASPECTS na CT alebo MR 3-5 a naSe pracovisko je aktivnym ucastnikom studie TENSION.
V studii TESLA by mala byt stanovena efektivita mechanickej trombektdmie proti
medikamentdznej lieCbe u pacientov vo veku od 18 do 85 rokov s akutnou iCMP s uzaverom
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terminalnej ACI alebo M1 segmentu ACM, ASPECTS na CT 2-5 a priznakmi trvajucimi do 24
hodin. Do LASTE Studie zase budu zaradeni pacienti s ASPECTS < 5 na nativnom CT alebo DWI
MR vySetreni a u pacientov = 80 rokov s 3 < ASPECTS < 5 rovnako na nativnom CT alebo DWI-

MRI.

Okrem nativneho CT vySetrenia je pred EVL nevyhnutné realizovat angiografické
vySetrenie pocitacovou tomografiou (CT AG) extrakranidlneho a intrakranialneho rieciska od
aortdlneho oblika po vertex. CTAG ndm umoznuje presnu identifikaciu miesta uzaveru,
hodnotenie disekcie, aterosklerotického postihnutia s vizualizdciou stendzy, kolateralneho
rieCiska a zaroven pomaha podla anatémie extrakranidlneho a intrakranidlneho rieciska
pri samotnom planovani EVL. CTAG je mozZné u pacientov vyuZivat bud vo forme klasickej
jednofazovej angiografie alebo pomocou tzv. multifazickej angiografie, pri ktorej sa vySetrenie
realizuje v 3 krokoch, kde po Standardnom CTAG hlavy a krku nasleduju 2 oneskorené fazy
intrakranidlneho rieciska, vendzna a neskord vendzna faza (42). Otazka vyuZitia jednofazovej
CT AG versus multifazickej CT AG u pacientov s uzdverom intrakranidlneho rieciska bola
analyzovana napriklad v praci Volny et al., kde 20 jednofazovych CTAG a 20 multifazickych
CTAG s M2 uzavermi hodnotilo 10 radiolégov a 10 neurolégov zaslepenych ku klinickym datam
pacientov a zaverom ich prace bolo, Ze vyuzitie multifazickej CTAG predstavuje benefit pri
detekcii zrazeniny u menej skisenych lekarov (43). V nasej praxi pouzivame u pacientov pred
mechanickou trombektémiou multifazicki CT AG, medzi jej vyhody patri napriklad moznost
hodnotenia karotickych T uzaverov, ktoré mozu imitovat uzaver celej ACl, aj v oneskorenych
fazach, rovnako vyuZitie aj pri inych diskrétnych distalnych uzaveroch, ktoré mézu byt
prehliadnutelné na jednofazovej CTAG, medzi nevyhody patri zase vysSsia radia¢na zataz, Co je
mozné ovplyvnit detailnym nastavenim pristroja s cielom zachovania adekvatnej kvality

vySetrenia (Obr. 1).
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Obrazok 1. Multifazicka CT angiografia. 67 ro¢ny pacient s uzaverom M1 ACM vlavo. Zdroj:

Archiv autora.

Medzi dalSie moznosti zobrazovania vyuzivané pred EVL akutnej iCMP patri zobrazenie
jadra infarktu a penumbry pomocou perfuzneho zobrazovania pomocou CT alebo MR
perfuzie. Pri perfuznom CT vySetreni sa hodnotia viaceré parametre, ktoré ndm umoznuju
diferencidciu jadra infarktu od penumbry ako mean transit time (MTT), time to maximum
(Tmax), cerebral blood volume (CBV) a cerebral blood flow (CBF). V roku 2015 v niektorych
randomizovanych studidch (SWIFT PRIME a EXTEND IA) vyuzivali na selekciu pacientov pred
EVL analyzu CT perfuzie pomocou automatizovaného softvéru na baze umelej inteligencie
RAPID (IschemaView, Kalifornia, USA). Vyuzitie tejto metodiky bolo skimané v praci Vanicek
et al., ktora podporila klinicki vyuZitelnost automatickej analyzy CT perfuzie v kazdodennej
klinickej praxi (44). V roku 2018 navyse, ako sme vyssie spominali, doslo v lie¢be pacientov
s akutnou iCMP k dalSiemu vyznamnému pokroku a k zmene paradigmy lie¢by s dérazom na
perfuzne zobrazovanie, pretoze vysledky randomizovanych studii DEFUSE Il a DAWN Studie
preukdzali benefit EVL u vybranych pacientov v predi?enom ¢asovom okne od 6 hodin a7 do
24 hodin (17; 18). Tieto studie vsak zaradovali len pacientov s malym objemom jadra infarktu
v DAWN studii 7,6 mL (3—8 mL) a pri DEFUSE 3 studii 9,4 mL (2,3-25,6 mL) a obe tieto prace
takisto vyuzivali na selekciu pacientov softvér RAPID. Otazkou preto je, ¢i by EVL bola
benefitom aj u pacientov v rozSirenom ¢asovom okne s vac¢sim objemom jadra infarktu ako
bol definovany v tychto Studidch. Na nasom pracovisku vyuzivame perfluzne zobrazovanie
pomocou CT perfuzie u pacientov v rozsirenom c¢asovom okne, resp. s nezndmym casom
vzniku, pricom na hodnotenie pomeru jadra infarktu a penumbry sa pouzivaju na jednej strane

komeréné automatické softvéry od firiem GE a Siemens, ktoré s sucastou CT pristrojov ako
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aj automaticky softvér e-Stroke suite (Brainomix, Oxford, Velkd Britania), ktory umoznuje

okrem hodnotenia pomeru jadra infarktu a penumbry aj pomoc v hodnoteni ASPECTS skére,

v identifikacii miesta uzaveru alebo stavu kolateralneho rieciska (Obr. 2).
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Obrazok 2. Wake up stroke. 78 ro¢ny pacient s wake-up strokom s CTAG nélezom uzaveru

M1 ACM vpravo s rozsiahlou zénou penumbry na perfiznom CT s predizenym TMax i CBF

a zachovanym CBV. Zdroj: Archiv autora.
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4. Technika endovaskularnej lieCby akutnej iCMP

Samotna EVL u pacientov s akdtnou iCMP a LVO je z velkej vacsiny realizovana po
kanylacii femordalnej artérie, sondovani a zavedeni podporného katétra do blizkosti
postihnutej cievy v extrakranialnom rieCisku. Vo vynimoc¢nych pripadoch, ked' nie je mozné
vzhladom na anatomické pomery sondovat, resp. zaviest podporny katéter do karotického
alebo vertebralneho rieciska alebo sa dostat k miestu uzaveru, je mozné vyuzit transradialny,
transbrachidlny alebo iné alternativne pristupy. Khanna et al. v skupine 15 pacientov pri vyuZziti
transradidlneho pristupu realizovali trombektémiu u vsetkych pacientov, s TICI 2b/3
rekanalizdciou u 87% pacientov (45). V stuadii Tsuji et al. pri transbrachidlnom pristupe bola
Uspesna revaskularizacia dosiahnutd v 4 z 5 lieCenych pacientov a tento pristup bol hodnoteny
ako bezpecéna alternativa pri zlyhani transfemordlneho pristupu (46). Na naSom pracovisku sa
v pripade zlyhania transfemordlneho pristupu vyuZiva pristup transbrachidlny aj ked
percentualne zastUpenie tohto pristupu je naozaj minimalne. U pacientov s akutnou CMP
a LVO v zadnej cirkulacii pri nepriaznivych anatomickych pomeroch, ked uz na zdklade CT
angiografického vysetrenia je jasné, ze transfemoralny pristup by bol ovela zdihavejsi alebo
nebol vébec technicky mozny, vyuZivame vynimocéne uz primarne namiesto transfemoralneho
pristupu tiez transbrachidlny pristup. V pripade zlyhania aj tychto alternativnych moznosti
prichddza do Uvahy este priama direktna punkcia karotickej alebo vertebralnej artérie. Roche
et al. vyuZili priamy karoticky pristup u 11 pacientov, pricom tento pristup bol Uspesny u 10
pacientov a neuspesny u jedného pacienta (47). Z nasich skusenosti je priamy karoticky pristup
technicky mozZny, extrémne zriedkavy, vyuZivame pri tomto pristupe ultrazvukovu navigaciu,
medzi najvacsie limitacie, resp. rizika tohto pristupu by sme mohli zaradit ,kratky krk“, resp.
obezitu pacientov a riziko vzniku karotickej disekcie, resp. hematdému na krku. V literature je
popisana aj moznost vertebralneho pristupu pomocou ultrazvukom navigovanych punkcii V3
segmentu vertebralnych artérii pri mechanickej trombektémii (48; 49). V nasej beznej klinickej

praxi sme pristup punkciou vertebralnej artérie doposial nevyuzili.

Podporny katéter zavedeny v priebehu EVL do spolo¢nej karotickej alebo do vnutornej
karotickej artérie moze byt bud bez pritomnosti baléna alebo s jeho pouzitim — tzv. balloon-
guide catheter (BGC). Otdzka pouzitia alebo nepouzitia BGC patri jednu z klasickych
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diskutovanych tém pri technike samotnej EVL. Zastancovia pouZitia BGC argumentuju
vysledkami studii in vitro, kde bolo ukdzané, Ze pouzitie BGC v porovnani s klasickymi
podpornymi katétrami bez baléna znizuje riziko distdlnej embolizacie a zvysuje efekt obratenia
prietoku (50). V studii Mokin et al. pouZitie BGC v porovnani s klasickymi podpornymi
katétrami signifikantne zniZilo vyskyt embolizacie v novych oblastiach (51). Na nasom
pracovisku pouzivame podporny katéter bez baléna Neuron 088 Max (Penumbra, Alameda,
USA) najma pre jeho vyraznu flexibilitu s moZnostou dostat sa cez Castokrat extrémne

tortudzne extrakranidlne karotické riecisko.

V sucasnosti v principe mdéZeme rozdelit techniky na realizdciu mechanickej
trombektédmie na 3 druhy: pouzitie stent-retrieverov, pouzitie aspiracnej trombektdmie

a kombindcia tychto metodik.

Principom mechanickej trombektémie pomocou stent-retrievera je rekanalizacia
miesta intrakranidlneho uzdveru za pouzitia mikrokatétra s mikrovodiéom, umiestnenie
mikrokatétra za miesto uzaveru s otvorenim stent-retrievera cez miesto uzaveru na niekolko
minut, pocas ktorych dojde k prerezaniu zrazeniny cez oka stent-retrievera a ndasledne k
extrakcii stent-retrievera so zrazeninou. V beznej praxi pouzivame vacésinou 0,021 alebo 0,027
mikrokatétre a 0,014 mikrovodice. V priebehu poslednych rokov doslo k vyznamnému
rozsireniu portfdlia r6znych druhov stent-retrieverov na mechanickud trombektdmiu s cieflom
dosiahnut lepSie mechanické vlastnosti a manipulaciu pri trombektémii (Tabulka 1). VSetky
vysSie spomenuté randomizované kontrolované studie v roku 2015, na zaklade ktorych doslo
k zdsadnej zmene v lie€be pacientov s akudtnou iCMP a LVO, boli realizované za pouzitia
stentretrieverov a tie boli tiez odporucané ako prvoliniovd metéda mechanickej
trombektémie (15; 16). Vo vSetkych tychto pracach boli publikovany vysoky stupen Uspesne;j
TICI 2b/3 rekanalizacie od 59% do 88% ako aj zlepsenia klinického stavu pacienta s dobrym
vyslednym funkénym stavom mRS 0-2 po 3 mesiacoch od lie¢by u 33% az 71% pacientov (10;

11;12; 13; 14).
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Tabulka 1. Stent-retrievery pre mechanickd trombektémiu

Vyrobca Stent-retriever
Stryker Trevo

Phenox pREset
Medtronic Solitaire
Microvention Eric

Micrus ReVive™
Neuravi Embotrap

Balt Catch

Rapid medical Tigertriever
Acandis Aperio

Pri aspira¢nej trombektémii sa zase zavedie aspiracny katéter k proximalnej Casti
intrakranidlneho uzdveru a nasledne bud pomocou manudlnej aspiracie striekackou alebo
pomocou vakuovej pumpy, ktora je pripojena ku konci katétra sa realizuje aspiracia, o moze
mat za nasledok bud odstranenie trombu nasatim do striekacky alebo pumpy a jeho
odstranenie z rieiska alebo jeho nasatie a prilepenie na koniec katétra s naslednou extrakciou
zo systému po vytiahnuti katétra cez podporny katéter z tela pacienta. V sucasnosti su
dostupné viaceré druhy vakuovych pump vyuZivanych pri aspiraénej trombektdmii.
Nikoubashman et al. v in vitro Studii sledujicej objemovy prietok v priebehu aspiracie
s pouzitim 60 ml Vaclock striekacky (Merit Medical Systems, USA), aspiracnej pumpy Pump
MAX (Penumbra, Alameda, USA) ako aj pumpy Medela Dominant Flex, 60-mL VaclLok vakuova
striekacka a pumpa Medela dosiahli konstantny a vysoky pravdepodobne dostato¢ny prietok
na obratenie prietoku v priebehu trombektémie s 8F sheathom alebo BGC zavedenym v ACI
(52). V zasade bolo pouzitie aspiracnej trombektémie v intrakranialnom riecisku dlhodobo

reprezentované katétrami a systémom Penumbra a bola popisana pri aspiraénej trombektémii
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najprv technika FAST (Foced-suction Aspiration Thrombectomy) a nasledne technika ADAPT
(A Direct Aspiration First Pass Technique) (53; 54). Pri ADAPT technike sa katéter dostane ku
proximdlnemu koncu uzaveru a jej vyhodou je napriklad, Ze nevyzaduje prechod mikrokatétra
cez miesto uzaveru do distalneho intrakranidlneho rieciska, ¢im potencidlne méze znizit riziko
distdlnej embolizacie. V priebehu poslednych rokov doslo k rozvoju aspiraénych technoldgii aj
u inych vyrobcov inStrumentaria na mechanickid trombektémiu s vyvojom dalSich katétrov pre
aspiracnd trombektdmiu s réznymi diametrami ako aj designom katétrom s ciefom zabezpecit

dostupnost, rozne vnutorné diametre katétrov, ich flexibilitu a aspiracnu kapacitu (Tabulka 2).

Tabulka 2. Katétre pre aspira¢nu trombektémiu pri EVL akutnej iCMP

Vyrobca Katéter

Penumbra 3 MAX, 4 MAX, 5 MAX, ACE 60, ACE 64, ACE 68, JET 7, JETD
Stryker Catalyst 6, Catalyst 7, AXS Vecta 71

Medtronic React 68, ARC

Microvention Sofia, Sofia Plus

Vzhladom na to, Ze vSetky randomizované Studie v roku 2015 vyuZivali na mechanicku
trombektdmiu stent-retrievery a aspiracnd trombektémia nebola zahrnutd ako primarna
technika v naslednych odporucaniach, otaznou bola rovnocennost oboch metodik a boli
realizované viaceré $tudie na ich porovnanie (55; 56). Studia ASTER (Contact Aspiration vs
Stent Retriever for Successful Recanalization) bola prva randomizovana kontrolovana studia
porovnavajuca pouzitie stent-retrieverov versus aspiracnej trombektémie ako prvoliniovej
stratégie v 8 komprehenzivnych cerebrovaskularnych centrach vo Francizsku. 381 pacientov
bolo randomizovanych a vysledky ukazali podobnu Uéinnost pri pouZiti stent-retrieverov ako
aj aspiracnej trombektémie, pricom nebol pritomny signifikantny rozdiel medzi skupinami
v miere revaskularizacie (aspiracia 85,4% versus stent-retriever 83,1%, p = 0,53) ani v miere
dobrého funkéného vysledku mRS 0-2 po 3 mesiacoch (aspiracia 45,3% versus stent-retriever
50%, p = 0,38) (55). Druhou randomizovanou multicentrickou Studiou porovnavajicou obe

techniky bola studia COMPASS (Aspiration thrombectomy versus stent retriever
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thrombectomy as first-line approach for large vessel occlusion), pricom v tejto praci bolo na
15 pracoviskdch randomizovanych 270 pacientov a vysledky ukazali po 90 drioch non-
inferioritu funkcénych vysledkov pacientov lieCenych pomocou prvoliniovej aspiracnej
trombektémie v porovnani s prvoliniovou trombektémiou pomocou stent-retrieverov. Pri
porovnani tychto dvoch lieCebnych stratégii prvoliniova aspiracia (ADAPT) viedla k vyssej
uspesnej revaskularizacii na zaverec¢nej angiografii v porovnani so stent-retrieverami, kde bol
pouzity ako stent-retriever Solitaire (82,3% versus 68,9%, p = 0,022), avsSak castejsie bola
pouzitd zdchranna lieCba inou metodikou v skupine pacientov lie¢enych aspirdciou (38,7%
versus Solitaire 13,3%, p < 0,001) (56). Praca Bernsen et al. ukazala pri porovnani aspiracie

a stent-retrieverov v dennej praxi podobné vysledky (57).

V pripade kombinovanej EVL moéZeme vyuZivat rézne techniky. Primarne bola
vyuZivana ako kombinovana technika Solumbra odvodena z firemnych ndzvov mikrokatétra
Solitaire a aspiracného katétra Penumbra, pri ktorej sa aspiracny katéter zavedie ku zrazenine,
cez zrazeninu sa zavedie stent-retriever a nasledne sa stent-retriever vtiahne pri paralelnej
aspirdcii do aspirac¢ného katétra. Variaciou Solumbry je tzv. ARTS (Aspiration (catheter)-
(stent) Retriever Technique for Stroke) technika, pri ktorej sa stent-retriever nevtiahne cely
do aspiracného katétra ale len jeho kratka proximalna ¢ast, pokial nepride k vzniku rezistencie
a nasledne sa zariadenia spolu extrahuju, pricom je paralelne nafuknuty balénovy podporny
katéter (58). Dalsiu kombinovanu techniku pri trombektémii predstavuje napriklad SAVE
(stent retriever assisted vacuum-locked extraction) technika (59). V prdci Prochazka et al.
porovnavali 5 technik mechanickej trombektémie u 500 pacientov, pricom ADAPT technika
bola vyuzitd u 100 pacientov, stent-retriever ako prvoliniovy pristup u 196 pacientov,
Solumbra technika u 64 pacientov, mechanickd trombektémia s implantdciou stentu u 81
pacientov a kombinovany pristup u 59 pacientov. Vysledkom préace bolo, Zze ADAPT a stent-
retriever ako prvoliniovy pristup viedli k signifikantne lepSim vysledkom v porovnani
s ostatnymi technikami (60). V kazdodennej praxi pri EVL pacientov s akutnou iCMP vyuzZivame
na nasom pracovisku ako prvoliniovid metédu lieéby aspiracnu trombektédmiu, v pripade

neuspechu vyuzivame kombinovanu techniku.

22



5. Anestézia v priebehu endovaskularnej liecby akutnej iCMP

Daldiu tému, pri ktorej sa rozchadzaju nazory odbornikov venujucich sa mechanickej
trombektémii, predstavuje vyuZitie typu anestézy v priebehu endovaskularneho zdkroku.
Existuju dva pristupy, ¢i uz vyuzitie celkovej anestézy alebo seddcie. Medzi mozné vyhody
vyuZzitia celkovej anestézy sa zaraduju napriklad mensia bolestivost pri vykone, mensie riziko
aspirdcie alebo nizsie riziko pohybov pacienta v priebehu endovaskuldrneho vykonu. Na
druhej strane nevyhodou celkovej anestézy by mohla byt hypotenzia s potenciondlnym
znizenim prekrvenia mozgu a zhorSenim klinického vysledku pacienta. Vyhodou sedacie je
zase napriklad kratsi ¢as pri realizacii vykonu. V priebehu poslednych rokov boli realizované 3
randomizované kontrolované studie, SIESTA (Sedation vs Intubation for Endovascular Stroke
Treatment), GOLIATH (General or Local Anaesthesia in Intra-arterial Therapy) a ANSTROKE
(Sedation Versus General Anaesthesia for Endovascular Therapy in Acute Stroke), ktoré mali
za ciel preskimat vplyv typu anestézie na neurologické vysledky pri EVL (61; 62; 63). Tieto 3
studie mali odlisné primarne ciele ako zmena v NIHSS po 24 hodindch, mRS po 3 mesiacoch,
rast infarktu po 48—72 hodinach a neukdzali rozdiely v tychto primarnych ciefoch. Nedavno
bola publikovana metaanalyza tychto 3 randomizovanych studii, kde bolo ukazané, Ze celkova
anestéza v priebehu EVL bola spojena s vyssou Sancou funkénej nezavislosti (OR 1,87, 95% ClI
1,15 a7 3,03, 1>’=17%) ako aj Uspes$nejsej rekanalizécie (1,94, 95% Cl 1,13 aZ 3,3) v porovnani so
sedaciou. Primarnym cielom metaanalyzy bola funkéna nezavislost po 90 drioch mRS 0-2 u 368
pacientov, nebol zisteny Ziadny rozdiel v imrtnosti, symptomatickej intrakranialnej hemoragii,
komplikacii anestézy, dizke pobytu na jednotke intenzivnej starostlivosti, pneumdnii
a komplikaciach EVL (64). V sucasnosti prebieha v USA Studia SEGA (Sedation versus general
anaesthesia for endovascular therapy in acute ischaemic stroke), ktora by mohla pridat nové
data k tejto téme. Ide o multicentrickd Studiu a jej cielom je randomizacia pacientov so
zatiatkom priznakov do 16 hodin na seddciu ako kontrolnd skupinu s velmi prisne
kontrolovanym krvnym tlakom versus celkova anestézia s primarnym cieflom mRS po 90 drioch

a cielovou vzorkou 216 pacientov (65).
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6. Zadna cirkulacia a endovaskularna liecba

Daldou nie jasne zodpovedanou otazkou je vyuzitie EVL u pacientov s LVO v zadnej
cirkulacii. Aj ked' vyssie spominané randomizované Studie potvrdili Gcinnost EVL v prednej
cirkulacii, v zadnej cirkulacii neboli doteraz publikované vysledky randomizovanych
kontrolovanych studii, ktoré by potvrdili benefit mechanickej trombektdmie oproti najlepsej
medikamentdznej liecbe. Podla sucasnych odporiaéani AHA/ASA i ESO/ESMINT mechanicka
trombektémia v zadnej cirkulacii méze byt rozumna u selektovanej skupiny pacientov — Ilb
odporucania, resp. je silné odporucanie pre terapeuticky postup pomocou IVT s EVL (19; 20).
V zadnej cirkulacii sa pri mechanickej trombektomii najcastejSie stretdvame s uzdverom
v oblasti bazildrnej artérie (Obr. 3). Pacienti s uzdverom bazilarnej artérie maju zli progndézu
s vysokou mortalitou. V prospektivnom observacnom registri BASICS (Basilar Artery
International Cooperation Registry Study) z 592 pacientov malo 68% pacientov zly klinicky
vysledok mRS 4 alebo 5 alebo smrt po 1 mesiaci (66). Tato studia nepreukdzala nadradenost
EVL, preto bola vytvorena randomizovana studia BASICS (67). Tento rok boli na webinari
,Large clinical trials” v rdmci ESO-WSO (World stroke organisation) v maji zverejnené vysledky
tejto BASICS Studie, ktord analyzovala pacientov s uzaverom bazilarnej artérie, ktori boli
randomizovani bud na EVL alebo Standardnui medikamentdznu liecbu. Aj ked' data este nie su
v Case pisania tejto prace publikované, vysledky prekvapivo nepreukazali predpokladanu
redukciu rizika v prospech EVL, kedZe sa predpokladalo, Ze redukcia rizika v prospech EVL bude
16% a bola nakoniec len 6,6%. Jednou z najvacSich doteraz dostupnych publikovanych prac
o EVL pacientov s uzdverom v zadnej cirkulacii bola nerandomizovana kohortnd Studia
BASILAR, jednalo sa o prospektivny register konsekutivnych pacientov s akdtnym uzaverom
bazilarnej artérie v éasovom okne do 24 hodin v 47 komprehenzivnych stroke centrach v Cine
od janudra 2014 do maja 2019, pricom pacienti boli rozdeleni do skupin bud' so Standardnou
medikamentdznou liecbou (182 pacientov) alebo Standardnou medikamentéznou lie¢bou plus
EVL (647 pacientov). Po 90 drioch boli funkéné vysledky pretrvavajuco zlepsené v prospech
EVL (adjusted common OR, 3,08 [95% Cl, 2,09 az 4,55]; p<0,001), EVL bola spojena so
signifikantne vy$Sou mierou lepsieho mRS 3 a menej (aOR, 4,70 [95% Cl, 2,53 az 8,75];
p < 0,001) a nizSou mortalitou (aOR, 2,93 [95% Cl, 1,95 az 4,40]; p < 0,001) napriek zvySenému
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symptomatickému intrakranialnemu krvdacaniu (45 zo 636 pacientov [7,1%] versus 1 zo 182

pacientov [0,5%]; p < 0,001) (68).

Obrazok 3. Okluzia bazildrnej artérie. 62 rocny pacient s uzdverom bazildrnej artérie pred (A)

a po endovaskularnej liecbe (B). Zdroj: Archiv autora.
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7. Endovaskularna lieCba u pacientov s tandemovym uzaverom

Casto diskutovanui tému z pohladu technického prevedenia endovaskularneho vykonu
predstavuje rieSenie pacientov s tandemovou léziou. Za tandemovu léziu sa pokladd
kombinacia su¢asného LVO a zavainej stendzy alebo uzaveru ipsilateralnej proximalnej ACI
(Obr. 3). Existuje niekolko moZnych pristupov pri mechanickej trombektémii u tychto
pacientov, ako napriklad implantacia stentu do symptomatickej stendzy, realizacia len
angioplastiky alebo ponechanie danej stenézy bez akéhokolvek endovaskuldarneho zdsahu
v akutnej faze s realizdciou bud' karotickej endarterektdmie (CEA) alebo karotického stentingu
(CAS) v odlozenej faze, pricom kazdy z pristupov ma svoje vyhody a nevyhody. Otazku
predstavuje takisto, ¢i ma byt najskor rieSend extrakranialna lézia a nasledne intrakranidlny
uzaver alebo naopak, resp. ¢i ma byt napriklad v pripade implantacie stentu karoticky stent
implantovany esSte pred trombektdmiou alebo po nej. Implantacia karotickeho stentingu
v pripade pacientov, ktori nie si dlhodobo na antiagregacnej lieCbe, moze viest k trombotizacii
a uzaveru stentu. Na druhej strane potreba podania antiagregacnej lieCby v akutnej faze
zvySuje riziko intrakranidlneho krvacania, rovnako aj podanie bridging IVT pred EVL
predstavuje problém z hladiska okamZzitého podania antiagregacnej lie¢by. V sucasnosti
neexistuje jasna evidencia dékazov na presvedcivu odpoved na vsetky tieto otazky. Wilson et
al. v metaanalyze 33 studii nezistili Ziadny Statisticky signifikantny rozdiel vo vysledkoch pri
porovnani medzi intrakranialnym alebo extrakranidlnym pristupom ako prvym pristupom ako

aj pri porovnani stentingu a samotnej angioplastiky (69).
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Obrazok 4. Tandemovy uzaver. 74 ro¢nd pacientka s tandemovym uzdverom lavostrannej ACI
a M1 ACM s angioplastikou a po mechanickej trombektémii s implantaciou stentu do ACI.

Zdroj: Archiv autora

Predpoklada sa, Ze priblizne 15% CMP vznika ako ndsledok aterosklerdzy karotickej artérie
(70). Existuju dlhodobé kontroverzie tykajuce sa vyuZzitia CAS alebo CEA u pacientov so
symptomatickou alebo asymptomatickou stenézou karotickej artérie. V neddvnej metanalyze
22 studii zahrnajucich 9753 ucastnikov u pacientov so symptomatickou stenézou karotidy pri
CAS v porovnani s CEA bolo vysSie riziko periprocedurdineho Uumrtia alebo CMP (primarny
bezpecnostny ciel; OR 1,70, 95% Cl 1,31 az 2,19; p < 0,0001, 12 = 5%; 10 studii, 5396 ucastnikov
s vysokou istotou evidencie) a periproceduralneho umrtia, CMP alebo infarktu myokardu (OR
1,43,95% Cl 1,14 az 1,80; p = 0,002, 1> = 0%; 6 Studii, 4861 Ucastnikov, vysoka istota evidencie).
V porovnani s CEA bol CAS spojeny s nizsSim rizikom infarktu myokardu (OR 0,47, 95% Cl 0,24
az 0,94; p = 0,03, 1> = 0%), ochrnutia hlavového nervu (OR 0,09, 95% Cl 0,06 az 0,16; p <
0,00001, I> = 0%) a hematému v mieste pristupu (OR 0,32, 95% CI 0,15 az 0,68; p = 0,003, I =
27%). Kombinacia periproceduralneho imrtia alebo CMP alebo ipsilaterdlnej CMP v priebehu
sledovania bol v prospech CEA (OR 1,51, 95% Cl 1,24 a7 1,85; p < 0,0001, 12 = 0%,; 8 $tudii, 5080
ucastnikov, vysoka istota evidencie). U pacientov s asymptomatickou stenézou karotidy nebol
signifikantny vzostup periprocedurdlneho Umrtia alebo CMP pri CAS v porovnani s CEA (OR
1,72, 95% Cl 1,00 az 2,97; p = 0,05, 1> = 0%; 7 studii, 3378 ucastnikov; priemernd istota

evidencie). Riziko periprocedurdlneho umrtia alebo CMP alebo ipsilateralnej CMP v priebehu
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sledovania sa nelisilo signifikantne medzi CAS a CEA (OR 1,27,95% C1 0,87 a7 1,84; p=0,22, I

= 0%; 6 studii, 3315 ucastnikov; priemerna istota evidencie) (71).

V problematike karotického stentingu, nie sice v oblasti akutneho rieSenia v priebehu
mechanickej trombektémie, sme publikovali pracu zaoberajucou sa vyuZitim karotického
stentingu u osemdesiatnikov v centre s vysokym poctom vykonov Madaric et al. (72). Cieflom
prace bolo analyza vcasnych a strednodobych vysledkov u pacientov lie¢enych pomocou
CAS v porovnani s mladSou vekovou skupinou. V naSom subore pacientov starsich viac ako 80
rokov, u ktorych bola symptomatickd alebo asymptomatickd stendza ACl rieSena
endovaskuldrne pomocou CAS, bolo 286 konsekutivnych pacientov (vek 69 + 9 rokov
s priemerom stendzy 83 + 9%), 236 pacientov bolo mladsich ako 80 rokov (67 + 7 rokov) a 53
pacientov starSich ako 80 rokov (83 + 3 rokov). Hodnoteny bol vyskyt neurologickych
komplikacii, infarktu myokardu a celkovej mortality po CAS v 30-driovom a Sestmesacnom
sledovani. Vyskyt CMP/mortality v 30-driovom, respektive Sestmesacnom sledovani boli 1,7 %
(5 pacienti) a 5,2 % (15 pacienti). Nebol vyznamny rozdiel vo vyskyte CMP/mortality po 30-
dnrioch [3,9 % versus 1,3 %, OR 1,03 (0,97 az 1,09)], podobne ako po Siestich mesiacoch medzi
skupinami [7,8 % versus 4,6 %, OR 1,03 (0,95 az 1,13)]. Aj ked bol pritomny trend k vy$siemu
vyskytu neziaducich ucéinkov po CAS u osemdesiatnikov, nase vysledky nepodporili vylicenie
lieCby pomocou CAS v tejto vekovej skupine v centrach s vysokym poctom pacientov lieCenych

pomocou CAS.
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8. Endovaskularna liecba u pacientov s M2 uzavermi

Napriek tomu, Ze EVL sa stala zlatym Standardom lieCby u pacientov s akdtnou CMP
a uzadverom M1 ACM a/alebo ACI, dalsou dlhodobo diskutovanou otazkou bolo rieSenie M2
uzaverov. EVL mdzZe byt v tomto pripade totiZz spojend s vyssim rizikom periproceduralnych
komplikaci vzhladom na mensi priemer cievy a dlhsiu vzdialenost ku miestu uzaveru (73).
Ukazalo sa tiez, Ze podanie IVT pri distdlnych uzdveroch je spojené s vysSim percentom
rekanalizacie v porovnani's proximalnymi uzavermi (74). Podla AHA/ASA odporucani moze byt
EVL realizovana u dokladne vybranych pacientov s M2 uzdverom v ¢asovom okne do 6 hodin
s vyuZitim stent-retrieverov, avSak benefity zostavaju neisté (llb odporucanie) (20). Panel
expertov (11 z 11 hlasov) zase v ESO/ESMINT odporucaniach hovori, Ze pacienti s M2 uzavermi
splnili inkldzne kritérid vo vacsine randomizovanych $tudii a preto je pri nich mechanicka

trombektdmia rozumna (19).

Vyuzitiu trombektdmie u pacientov s M2 uzavermi sme sa venovali v publikacii Harsany et
al. (75). Praca pozostavala z retrospektivnej analyzy 82 pacientov s akutnou CMP v obdobi od
marca 2016 do juna 2019 a ciefom bolo posudit bezpecnost a ucinnost aspiracnej
trombektémie ako prvoliniovej metddy lieCby u pacientov s M2 uzavermi a porovnat vysledky
u pacientov s roznymi typmi M2 uzaverov. Typy endovaskularne rieSenych M2 uzaverov boli
nasledovné: dominantna M2 vetva 51%, kodominantna M2 vetva 44% a nedominantna vetva
5%, uzaver na lavej strane u 58,5% a vpravo u 41,5% pacientov. V celej skupine bol priemerny
vek pacientov v skupine pacientov 71,9 + 13,4 rokov, 47,6% boli muzi a median NIHSS skére
pri prijati bol 11,11 + 5,14. Priemerné ASPECTS na nativnom CT pri prijati bolo 9,22 + 1,24; 50%
pacientov dostalo pred EVL IVT. Priemerny ¢as od zaciatku priznakov do zaciatku EVL bol
262,76 + 109,35 minut a priemerny ¢as od punkcie k rekanalizacii bol 27,22 + 15,81 minut.
Priemerny pocet pasov v priebehu jednej trombektémie bol 2,06 + 1,18. Uspesnd rekanalizacia
TICI skére 2b/3 bola dosiahnutd u 91,5% pacientov. Aspiracna trombektémia bola vyuZita u
72,5% pacientov, u 27,5% pacientov bola liecba realizovana kombindciou aspiracnej
trombektédmie so stent-retrieverom. Symptomaticka intrakranidlna hemoragia bola pritomna
u 6,1% pacientov. Medzi jednotlivymi M2 skupinami nebol zisteny rozdiel v NIHSS pri prijati (p
=0,523). U 80,49% pacientov doslo k znizeniu NIHSS skére 7 dni po EVL (z 11,11 + 5,14 na 6,32
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+8,12) (p <0,001). Na 3 mesacnej kontrole nebol zisteny signifikantny rozdiel vdobrom a zlom
vysledku medzi pacientami s uzdverom dominantnej, kodominantnej alebo nedominantne;j
M2 vetvy (p = 0,662). Po 3 mesiacoch bolo 50% zo vietkych pacientov v dobrom klinickom
stave mRS 0-2. Pacienti so zlym vysledkom mRS 3-6 mali signifikantne vyssi vek (p < 0,001),
viac symptomatickych intrakranidlnych krvacani po trombektdmii (p = 0,05), vysSie NIHSS pri
prijati (p < 0,001), ¢astejSie diabetes mellitus (p = 0,022) a takisto hypertenziu (p = 0,013). V
multivariacnej ordinalnej logistickej regresnej analyze nizky vek (OR 0,932, 95% Cl 0,878 az
0,988) a nizke NIHSS pri prijati (OR 0,893, 95% Cl 0,805 az 0,991) boli nezavislymi prediktormi
dobrého klinického vysledku.

Okrem tejto nasSej prace niekolko Studii skimalo vysledky pacientov, ktori boli
endovaskuldrne lie¢eni pre uzdver M2 segmentov ACM. V metaanalyze M2 uzaverov
realizovanej autormi Chen et al. boli pritomné excelentné vysledky u 40% a dobré vysledky u
62% pacientov po 3 mesiacoch (76). V metaanalyze autorov Saber et al. funkéna nezavislost
mRs 0—2 bola u 59% pacientov (77). V HERMES metaanalyze bolo analyzovanych 130 pacientov
s M2 uzavermi, s mTICI skdre 2b/3 u 59,2% pacientov a lepsim klinickym vysledkom u
endovaskuldrne lie¢enych pacientov v porovnani s kontrolnou skupinou (58,2% versus 39,7%,
p = 0,03) (78). V nasej praci sme dobry klinicky vysledok po 3 mesiacoch pozorovali u 50%
pacientov. Porovnanie vysledkov pacientov lie¢enych pre M1 a M2 uzaver bolo realizované v
niekolkych studiach. V metaanalyze autorov Saber et al. nebol preukazany signifikantny
rozdiel v TICI rekanalizaciii a mortalite medzi M1 a M2 uzavermi; funkény vysledok bol lepsi
napriek vyssej miere symptomatickych krvacani pravdepodobne koli nizSiemu NIHSS skore pri
prijati (77). Navia et al. zistili, Ze medzi pacientami s M1 a M2 uzdvermi bola porovnatelna
dobra reperfizia mTICI skdre 2b/3 (93% versus 92%, p = 1,00), funkéna nezavislost (57% versus
70%, p = 0,18), symptomatické intrakranidlne krvacanie (1,6% versus 2,7%, p = 0,55), zavazné
vedlajsie Ucinky spojené so zariadenim, resp. zakrokom po 30 diioch (4,0% versus 8,1%, p =
0,39) ako aj mortalita po 90 dnioch (6,6% versus 2,7%, p = 0,69) (79). V nasSej praci sme

neporovnavali vysledky medzi pacientami s M1 a M2 uzavermi.

Dalsiu otazku v lie¢be pacientov s M2 uzdvermi predstavuje, ¢i rozli$ovat pri lie¢be uzaver
dominantnej alebo nedominantnej M2 vetvy. V studii Compagne et al. nenasli evidenciu toho,

Ze pacienti bud's uzaverom dominantnej alebo nedominantnej M2 vetvy by mali byt vyradeni
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z EVL (80). V HERMES metaanalyze bola EVL najviac efektivna u pacientov s proximalnym M2
uzdverom (n = 116, adjusted OR 2,68, 95% Cl 1,13 az 6,37) a u pacientov s dominantnym M2
uzdverom (n = 73, adjusted OR 4,08, 95% Cl 1,08 az 15,48) (78). Vysledky nasej studie,
pravdepodobne sice aj na podklade malej vzorky pacientov s analyzou nizkej sily a bez
pritomnosti kontrolnej skupiny, neukdazali rozdiel v klinickom vysledku po EVL medzi uzavermi
dominantnych, kodominantnych alebo nedominantnych M2 vetiev. Tieto vysledky spolu s
naSimi vysledkami o podobnej distribucii NIHSS medzi uzdvermi dominantych,
kodominantnych a nedominantnych M2 vetiev pred EVL podporuju tedriu, Ze kaliber M2 vetvy
by nemal byt faktor, na zaklade ktorého by mali byt pacienti vyradeni z mechanickej

trombektémie.

Pri. M2 uzdveroch bola vadSina prac zamerand na pouZitie stent-retrieverov. V
multicentrickom registri skimajucom M2 uzdvery, pouzitie novej generdcie aspiracnych
katétrov viedlo k podobnym vysledkom ako pri pouZiti stent-retrieverov (81). V ASTER studii v
analyze subskupiny M2 uzaverov boli dosiahnuté podobné vysledky pri porovnani aspiracie a
stent-retrieverov bez signifikantného rozdielu s mierou rekanalizdcie 87,5%, mierou
symptomatického intrakranidlneho krvacania 5% a funkénou nezvislostou po 3 mesiacoch u
52,6% pacientov (82). Nase vysledky su porovnatelné, s TICI 2b/3 rekanalizaciou u 91,5%
pacientov, symptomatickym intrakranidlnym krvacanim u 6,1% pacientov a dobrym funkénym
vysledkom po 3 mesiacoch u 50% pacientov. Miera symptomatického intrakranidlneho
krvacania, ktoré predstavuje jednu z hlavnych obav pri endovaskularnej liecbe M2 uzaverov,
6,1% v nasej Studii, bola nizsia ako napriklad 10% vyskyt publikovany v metaanalyze Saber et

al. (77).
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9. Radiacna davka pri endovaskularnej lieCbe akutnej iCMP

Narastajuci pocet mechanickych trombektémii vedie na jednej strane k zachrane a
zlepSeniu kvality obrovskej skupiny pacientov, na druhej strane k zvySeniu radiacnej davky
pacientov a personalu vykonavajuceho neurointervencéné zakroky. Niekolko studii analyzovalo
radia¢né data pacientov z EVL akutnej CMP (83; 84; 85; 86; 87; 88; 89). Avsak Studie o datach
pre persondl v priebehu mechanickej trombektdmie neboli dostupné.

Problematiku radia¢nej dadvky pacienta a operatéra v priebehu EVL akutnej iCMP sme
rieSili v publikacii Klepanec at al. (90). V obdobi od oktébra 2017 do januara 2019 boli
prospektivne zbierané radiacné data pacientov a operatérov z dozimetrie v redlnom c¢ase zo
vsetkych realizovanych konsekutivnych trombektdmii. U kazdého pacienta podstupujuceho
trombektdmiu boli zbierané néasledovné data: celkovd DAP (dose area product) (Gy cm?),
kumulativna air kerma (mGy), fluoroskopickd DAP (Gy cm?), fluoroskopickd davka (mGy),
fluoroskopicky ¢as (min), akviziénd DAP (Gy cm?), akviziénd davka (mGy), akviziény ¢as
(sekundy) a pocet obrazkov v priebehu DSA. Kazda trombektédmia bola vykonana bud’ jednym
alebo druhym hlavnym operatérom a obaja boli vybaveni v priebehu vykonu dozimetrickym
systémom v redlnom ¢ase RaySafe i3 (Unfors RaySafe AB, Svédsko), ktory bol pripojeny na
vonkajsiu Cast olovenej zastery na vrecko v lavej ¢asti hrudnika.

Celkovo bolo v priebehu Studie lieCenych a zaradenych do studie 179 pacientov. Stredny
vek pacientov bol 70,4 £ 13,2 rokov, 53,1% boli muzi. Pre kazdu trombektémiu, priemerna
strednd celkova DAP bola 26,5 + 16,9 Gy cm?, kumulativna air kerma bola 199,0 + 148,1 mGy
a fluroskopicky ¢as bola 9,7 + 6,4 minut. V dozimetrii v redlnom ¢&ase bola priemerna davka
neurointervencionalistu pre trombektémiu 7,7+7,4 uSv. Vyska (p = 0,018), vaha (p = 0,004),
body mass index (p = 0,015), ¢as od punkcie k rekanalizacii (p < 0,001), fluoroskopicky ¢as (p <
0,001), pocet pasov (p < 0,001), uspesSnda TICI 2b/3 rekanalizacia (p = 0,034)
a poutzitie aspiracnej trombektémie (p < 0,001) boli nezdvislé faktory ovplyviiujuce celkovu
DAP, zatial ¢o uvodné NIHSS (p = 0,043), ¢as od punkcie do rekanalizacie (p = 0,003),
fluoroskopicky ¢as (p = 0,009) a pocet pasov (p = 0,009) boli faktory ovplyviiujice davku

operatéra.
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Na zaklade vysledkov nasej Studie boli stanovené nové nizsie lokdlne davkové referencné
urovne pre mechanickd trombektémiu v porovnani s predchddzajldcimi pracami. Hassan a
Amelot analyzovali radiacné ddata pacientov u 755 neurointervenénych vykonov na
biplandrnom angiografickom systéme, z ¢oho bolo 73 mechanickych trombektémii, stredna
celkovd DAP bola 91 Gy cm?, kumulativna air kerma bola 0,807 Gy a subskupine bola davka
110 Gy cm? pre DAP, 1,020 Gy pre kumulativnu air kermu, 30 minut pre fluoroskopicky ¢as a
460 pre snimky na DSA (87). Acton et al. analyzovali data pri 246 neurointervencnych
vykonoch, z nich bolo 10 trombolyz/trombektémii pri iCMP a strednd DAP bola 91 Gy cm? (86).
V dalSej praci zaoberajucou sa davkami pri trombektémii bola na monoplanarnom
angiografickom systéme celkovd DAP 170 Gy cm? a kerma 0,96 Gy, zatial ¢o na biplandrnom
angiografickom systéme celkovd DAP 140 Gy cm? a kerma 0,97 Gy (85). V nadej $tudii celkova
DAP bola 27 Gy cm?, kumulativna air kerma 0,20 Gy a pocet obrazkov 126, ¢o su davky
vyznamne nizSie v porovnani s ostatnymi pracami (85; 87; 86; 89; 83). K tomuto vysledku
mohlo viest niekolko faktorov. Prvym faktorom bol pravdepodobne signifikantne kratsi
fluoroskopicky €as pri trombektémii: 10 minat v nasej Studii versus od 27 do 42 minut v
predchadzajucich Studiach (84; 83; 87; 88). Procedurdlne ¢asy boli nizSie napriek faktu, ze v
priebehu Studie boli do nej zaradeni vsetci konsekutivni pacienti a takisto pacienti s iCMP v
zadnej cirkulacii ako aj pacienti s nutnostou implantacie karotického stentu alebo
angioplastiky v priebehu mechanickej trombektémie. Napriklad v kontraste, Weyland et al.
zaradili do svojej prace len pacientov s iCMP v prednej cirkulacii (89). Druhym faktorom by
mohlo byt pouZitie monoplanarneho systému s moznostou upravit vysku stola a nevyuZitie
biplanarneho systému, ¢o by mohlo zvysit davku. To je v sulade s pracou Sadick et al., kde
pouZzitie biplanarneho systému viedlo k signifikantne vyssej davke (181,4 £ 121,0 Gy cm2) ako
pri monoplandrnom systéme (133,6 £ 92,8 Gy cm2) pri korondrnych intervencidch (91). Tretim
faktorom mohla byt skisenost operatéra, pre zaciatkom stadie bolo na naSsom pracovisku
vykonanych viac ako 100 trombektomii za rok, kedZe nedavno bolo ukazané, Ze skisenost
ovplyviiuje dizku vykonu, fluoroskopicky ¢as a radiaént expoziciu v priebehu mechanickej
trombektédmie v prednej cirkuldcii (88). Daldou pri¢&inou mohli byt vysoky stupefi Uspesnej TICI
2b/3 rekanalizacie 96,1%, nizky pocet pasov 1,8 na trombektémiu a pouzitie aspiracnej
trombektédmie v 81,5% pripadov. Zaroven sme v nasej praci stanovili zo 75-teho percentilu

lokdlne davkové referenéné Urovne pre EVL akitnej iCMP, ktoré boli stanovené na 34 Gy cm?
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pre celkovu DAP, 0,242 Gy pre kumulativnu air kermu, 12 minut pre fluoroskopicky ¢as a 132
pre pocet obrazkov. Guenego et al. v ich multicentrickej Stadii s vyuZitim biplanarneho
angiografického systému navrhli dosiahnutelné dévky pre DAP 148 Gy cm?a 0,73 Gy pre kermu
(83). V inej studii Farah et al. stanovili davkové referencné urovne pre celkovi DAP 162 Gy
cm?, kumulativnu air kermu 0,854 Gy a pocet obrazkov 559 (84).

Zvysujlca sa komplexnost a rozsirené pouZitie intervencénej fluoroskopie viedlo k zvyseniu
davok pacientov a pripadnych obav z davok persondlu (92). Dozimetria v redlnom case
umoznuje spatnu vazbu a zvySuje povedomie o radia¢nej bezpecnosti pre personal, ktory
vykondava intervencie pod skiskopickou kontrolou (93). Medzi dalSie vyhody dozimetrie v
redlnom case patria napriklad podrobnd informdacia o pracovnych davkach v priebehu
vykonov, moznost porovnavat pracovné davky medzi réznymi druhmi personalu v priebehu
vykonu ako aj koreldcia davok personalu s geometriou a radiografickymi faktormi vyuzivanymi
v priebehu vykonov (94). Pri periférnych endovaskuldrnych intervenénych vykonoch hodnotilo
dozimetriu v redlnom case niekolko studii (95; 96). Heilmaier et al. kombinovane pouzili
monitorovaci systém pre ddvku pacienta a pracovny dozimetricky system v redlnom ¢ase pri
19 rozlicnych typoch interveninych vykonov pod skiaskopickou kontrolou so strednou
akumulovanou davkou na jeden intervencny vykon 4,6 uSv (95). Sailer et al. zistili, Ze davka
prvého operatéra je rozlicnd pri r6znych vykonoch, najvacsia pri aortalnych zakrokoch 33,4
resp. pri perkutdnnej gastrostémii 1,6 uSv (96). Pri intervencidch na mozgu, jedinu analyzu
hodnotiacu dozimetriu v redlnom case realizovali Sailer et al., pricom stredna davka pre
prvého operatéra pri intervencidch na mozgu, ktoré neboli presne Specifikované, bola 3,2 uSv
(96). V nasej praci bola priemernd davka prvého operatéra na jednu trombektémiu 7,7 uSv.
Tieto data o davke neurointervencionalistu na jednu trombektémiu mézu sluzit ako Standard
pre ostatné centrd hodnotiace davku operatérov vykonavajucich ¢oraz viac trombektomii.
Stdle vsak existuje priestor na zlepSenie davky pre prvého operatéra. Idealne by mal personal
v priebehu realizacie DSA opustit angiosalu a DSA by sa mala vykonat z kontrolného ovladaca
alebo by mala byt maximalizovand vzdialenost medzi ochrannym olovenym krytim s
personalom a zdrojom ziarenia vzdy, ked je to mozné (93). V nasSej beznej praxi v priebehu
trombektédmie a rovnako aj v priebehu Studie, sa vyuzivaju pri kazdej trombektomii na pravej

strane pacienta jednak ochranny oloveny sklenny §tit zaveseny na strope ako aj ochranny
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oloveny zaves na boku stola. Avsak, DSA akvizicie boli realizované v angio sale, aby nedoslo k
predlZovaniu ¢asu do rekanalizacie pri ochode zo saly s vykonanim DSA mimo angio sdly, ¢o
prispelo k zvySeniu davky pre operatéra.

Zaroven sme v nasej praci skumali faktory, ktoré ovplyviiuju na jednej strane celkovi DAP
a na druhej strane davku operatéra pri trombektémii. Farah et al. sledoval faktory spojené s
davkou pacienta pri mechanickej trombektémii a zistili, Ze kli¢ovymi parametrami
ovplyvnujucimi davku pacienta boli pohlavie (relative dose multiplier (RDM) 1,31; 95% ClI 1,12
az 1,45), pocet pasov (RDM 1,22 na pas; 95% Cl 1,10 az 1,22) a uspech zakroku (RDM 0,52,
95% Cl 0,55 az 0,80) (84). Guenego et al. zistili, Ze tri premenné boli nezdvisle spojené so
zvySenou DAP, kermou a objemom podaného kontrastu, a to disekcia karotidy ako pri¢ina LVO
(207 Gy cm? versus 148 pre inud pri¢inu CMP, p < 0,0001), tandemovy uzéaver (239 Gy,cm?
versus 148 pre iny typ uzaveru, p < 0,0001) alebo potreba stentingu a/alebo angioplastiky (271
Gy cm? versus 137 bez angioplastiky alebo stentingu, p < 0,0001); zarover pouZzitie stent-
retrieveru a celkovd anestéza boli spojené s vy$Sou davkou pri univariacnej, ale nie pri
multivariacnej analyze (85). V nasej praci sme zistili, Ze na jednej strane nizSia vaha, nizsia
vyska, nizSie BMI, kratsi ¢as od punkcie do rekanalizacie, kratsi fluroskopicky ¢as, Uspesna TICI
2b/3 rekanalizacia a poufZitie aspiracnej trombektdmie boli spojené s nizSou davkou pre
pacienta a na druhej strane vyssie ivodné NIHSS, dIhsi ¢as od punkcie do rekanalizacie a dlhsi
fluoroskopicky ¢as boli spojené s vysSou davkou pre operatéra.

Pri intervencnych radiologickych zdkrokoch predstavuje kriticky organ pre operatéra o¢na
SoSovka, kde prahova hodnota je 20 mSv za rok v aktudlnych smernicach European directive
2013/59/Euratom (97). V nasej praci sme nemerali pocas trombektdmiu davku na SoSovku. Na
druhej strane kritickym organom pre pacienta pri intervenénych radiologickych zakrokoch je
koZa. Prahova hodnota kumulativne] air kermy v referenénom bode je > 5Gy a v najvyssej
merane] hrotovej davke na koZi > 3Gy. Barenfanger et al. ukazali, Ze u 6% z 50 pacientov, bola
prekro¢end prahova ddvka pre kozu pocas trombektéomie pri CMP (88). V nasej studii nebola
prahova davka pre kumulativnu air kermu dosiahnutd ani u jedného pacienta a vsetky

trombektédmie boli realizované s hodnotou kumulativnej air kermy pod 1Gy.
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10. Endovaskularna liecba u pacientov s rekurentnym LVO

V malom percente pripadov (od 3% do 9%), sa mbZe v priebehu 48 hodin po Uspesnej
mechanickej trombektémii vyskytnut reuzaver cielovej tepny, Co je spojené s chabymi
vyslednym stavom (98; 99). U pacientov, ktori prezili dvodnd CMP, kumulativne riziko
rekurencie CMP je v priebehu 5 rokov priblizne 25% (100). Aj ked opakovana trombolyticka
liecba mdze byt bezpecdna a ucinna u vybranych pacientov s rekurentnou iCMP, riziko liecby
predstavuje intrakranidlne krvacanie a trombolyza je kontraindikovand u pacientov
s predchadzajucou CMP v poslednych 3 mesiacoch. Zatial, ¢o sa mechanickd trombektdmia
stala Standardom starostlivosti v lieCbe pacientov s akutnou iCMP a LVO, liecebné moznosti

pre pacientov s rekurentnou iCMP s rekurentnym LVO su limitované.

Téme EVL u pacientov s rekurentnym LVO sme sa venovali v publikacii Klepanec at al. (101).
V obdobi od mdja 2013 a augusta 2018 boli retrospektivne analyzované data vsetkych
mechanickych trombektémii pre akutnu iCMP s LVO. Vybrani pacienti boli pacienti
s rekurentnou LVO lieceni trombektdmiou. Etioldgia CMP bola klasifikovana s pouZzitim TOAST
(Trial of Org 10172 in Acute Stroke Treatment) klasifikdcie (102). Boli analyzované data
tykajuce sa endovaskuldrneho vykonu vratane miesta arteridlneho uzaveru, techniky
endovaskuldrnej liecby, poétu pasov, angiografickych snimkov pocas trombektdmie, ¢asovy
interval medzi procedirami, ¢as od vzniku po prichod do nemocnice, periprocedurdine
komplikacie a vysledny stav pacientov po 90 drioch. Pacienti lie€eni pre rekurentnid LVO boli
porovnani so skupinou pacientov lieCenych pomocou jednej mechanickej trombektdmie bez

rekurentnej LVO v obdobi od decembra 2015 do decembra 2016.

V priebehu obdobia Studie 7 pacientov (3 muzi a 4 Zeny) zo 474 pacientov podstupili
opakovanu mechanickd trombektomiu pre rekurentny LVO (1,5%). Stredny vek pacientov bol
64,4 (+7,9) rokov. Miesta LVO pri prvej aj druhej CMP boli ACI, MCA a AB. Zo 7 pacientov malo
rekurentny LVO v tom istom teritériu 6 pacientov (86%), zatial Co jeden pacient mal
rekurentny LVO v inom teritériu. Ziadny z pacientov nemal viac ako jeden rekurentny LVO.
Stredny ¢as medzi opakovanymi trombektdmiami bol 47+48 (4-139) hodin. Median NIHSS bol
12 (5-24) pred prvou CMP, 6 (3-12) pod prvom vykone, 20 (3-34) pred druhym vykonom a 5
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(2-25) pri prepusteni. Stredny cas od zaciatku po prichod pacienta do nemocnice u pacientov
s rekurentnym LVO lie¢enymi endovaskularne bol 242 + 184 (60-605) minut. Uspe$na TICI 2b/3
rekanalizdcia bola dosiahnutd u 86% pacientov pri liecbe rekurentného LVO. U jedného
pacienta sa rozvinula parenchymova hemoragia typu 2 po druhej trombektémii. Dobry klinicky
vysledok mRS 0-2 bol pritomny u 28,6% pacientov, zatial ¢o mRS 3—6 bolo u 71,4% pacientov.
Aspiracna trombektédmia bola u pacientov s rekurentnym LVO realizovand u 85,7% pacientov
a kombinovana lie¢ba s aspiracnou trombektdmiou a stent-retrieverom u 14,3% pacientov.
Etioldgia LVO bola kardioembdlia u 71,4%, dalej ateroskleréza u 14,3% a CMP inej priciny
(vaskulitida) u 14,3% pacientov podla klasifikdcie TOAST. Ziadny z pacientov nebral peroralnu
antikoaguldciu v case prvej CMP. Pri porovnani pacientov lieCenych pre rekurentny LVO
a pacientov s jednou trombektdmiou boli dosiahnuté podobné vysledky, pacienti s LVO
v zadnej cirkulacii mali vysSiu pravdepodobnost opakovanej trombektémie (p < 0,05)
a rovnako aj pacienti s dlhsim ¢asom od vzniku priznakov po prichod do nemocnice mali vys$siu

pravdepodobnost opakovanej trombektémie (p < 0,001).

V tomto subore pripadov sme analyzovali mechanickd trombektémiu u pacientov
s rekurentnym LVO, ktorych ddta su limitované. Existuje niekolko sérii pripadov ohladne
rieSenia rekurentnych LVO (103; 104; 105; 106; 107; 99; 98). Bouslama zistil incidenciu
rekurentného LVO 2% s medidnom medzi prvym a druhym vykonom 18 dni (103). Podobne aj
v praci Weber et al. bola incidencia rekurentnej LVO 1,4%, avSak medidn medzi
trombektémiami bol 147 dni (107). lkenberg et al. mali incidenciu 1,5% a mali 5 pacientov
s rekurentnou trombektdémiou v priebehu 24 hodin a 14 pacientov (60,9%) v priebehu 2
tyzdniov (13). Mosimann et al. zaznamenal incidenciu v€asného reuzaveru v priebehu 48 hodin
2,3% u pacientov po Uspesnej trombektdmii a Marto et al. zistil mieru v€asnej reoklizie do 24
hodin 6,6% (98) (99). V studii Bhogal et al. mali len 4 pacienti rekurentnd CMP v priebehu
prvych 7 dni a medidnom medzi CMP 71 dni (104). Pirson et al. zistili v ich velkej ndrodnej
kohorte pacientov, Ze 0,7% pacientov podstupilo rekurentnd trombektdmiu s medianom ¢asu
medzi trombektémiami 78 dni (106). V nasom subore bola incidencia rekurentného LVO
lieceného trombektdmiou 1,5%, vsetky tieto reuzavery sy vyskytli v ¢ase od 4 do 139 hodin po

uvodnom vykone.
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Informdacie o vyslednom klinickom stave pacientov po opakovanej trombektémii su
limitované. Bouslama et al. nezistil rozdiel medzi vysledkami pacientov s rekurentnou a jednou
trombektémiou (103). Na rozdiel od toho, Mosimann ukazal, Ze pacienti s véasnou reokltziou
mali horsi vysledok v porovnani s pacientami s pretrvdvajucou rekanalizaciou po prvej
trombektédmii a Ze 3 pacienti s véasnym reuzaverom lieCenymi opakovanou trombektémiou
neukazali po vykone klinické zlepSenie (99). Weber et. al. zistili, Ze 49% pacientov malo po
opakovanej mechanickej trombektdmii pri prespusteni NIHSS 0 alebo 1 (107). V préci Bhogal
et al. malo 9 pacientov (36%) dobry klinicky vysledok mRS 0-2 90 po opakovanej trombektomii
(104). Podobne aj Pirson et al. zistili, Ze 44% pacientov malo dobry vysledok mRS 0-2 po vykone
(106). V nasej praci, aj ked bol pocet pacientov velmi maly, 29% pacientov po opakovanej
trombektédmii pre véasny rekurentny LVO v skorom obdobi od 4 do 139 hodin po Uvodnom

vykone malo dobry klinicky vysledok po 3 mesiacoch.

U pacientov s CMP v predchdadzajucich 3 mesiacoch by nemala byt IVT podan3, co je
zalozené hlavne na predpoklade zvySeného rizika krvacania. Avsak, v jednej sérii pripadov
s opakovanou IVT, 19 z 7537 pacientov dostalo opakovanu IVT pre véasnu rekurentnd CMP
v poslednych 3 mesiacoch (108). V dalSej sérii 2% z 13 007 pacientov dostalo IVT pre
rekurentnd CMP do 3 mesiacov (109). Teoreticky mbze mechanickd trombektémia viest
k poSkodeniu cievnej steny s vyssim rizikom reokllzie alebo poruseniu hematoencefalickej
bariéry s rizikom krvacania. Aj endovaskuldrna technika s pouZitim aspiracie aj s pouzitim
stent-retrievera viedla k akdtnemu poskodeniu cievnej steny pri analyze poskodenia
extrakranialnych cievnych stien u prasiat (110). V nasej sérii, 5 zo 7 pacientov liecenych
pomocou trombektémie pre rekurentny LVO dostalo pred prvou EVL IVT a nikto z pacientov
nedostal IVT po rekurentnom LVO pre opakovanou trombektémiou, u jedného pacienta

vznikla intrakranialnou hemoragia po opakovanej trombektédmii.

Etioldgia CMP ovplyviiuje progndzu, vysledok a manazment pacientov s akutnou CMP.
TOAST klasifikdcia uddva 5 subtypov ischemickej CMP (102). V studii Weber et al.
kardioembolicka etioldgia bola priCinou Uvodnej a rekurentnej CMP u 43% pacientov;
Mosimann et al. zistil kardiomebolicku pri¢inu 18,8% pacientov s v€asnym reuzdverom (99)
(107). Bhogal et al. zistili, Ze 86,5% pacientov kardioembolicky zdroj (104). lkenberg et al.

popisali, Ze u 69,6% pacientov bola pricina prvej a rekurentnej CMP predpokladana ako
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rovnaka, vacsinou kardioembolickej alebo nezndmej priciny (105). Podobne Pirson et al. zistili,
Ze 67% pacientov podstupujucich rekurentnu trombektémiu mali kardioembolickd pri¢inu
CMP (106). V nasom subore, 5 to 7 pacientov s rekurentnym LVO malo kardioembolicku
pricinu CMP v skorom obdobi menej ako dva dni po prvej CMP. Z klinického hladiska,
u pacientov s fibrilaciou predsieni, véasna efektivna antikoagulacia by mohla byt prevenciou
vzniku vcasného rekurentného symptomatického uzdveru. Avsak, aj ked' riziko vcasnej
rekurentnej CMP je vysoké v tejto skupine pacientov, véasnd perordlna antikoagulacia je
podozrivd zo zvySenia rizika moZnej intrakranidlnej hemordgie vratane hemoragickej
transformdcie jadra infarktu a rozhodnutie, kedy zacat antiakoagula¢nu lie¢bu u pacientov
s nevalvuldrnou fibrilaciou predsieni patri medzi dlhodobé, casté a nevyriesené klinické vyzvy

(111).

Otazka pripadného prediktora mozneého véasného reuzaveru u pacientov s akitnou CMP
nie je zodpovedana. Mosimann et al. identifikoval 4 faktory, ktoré su spojené v ¢asnym
reuzdverom v priebehu 48 hodin: zvySeny pocet trombocytov > 220 g/L, nezachyteny
rezidudlny trombus alebo stendza na angiografii po tormbektémii, M2 uzaver ako miesto
uvodného uzaveru na CMP nejasnej priciny (99). V studii Marto et al., reokluzia v priebehu 24
hodin po Uspesnej trombektdmii bola nezdvisle asociovand s predlieCenim sa statinmi,
miestom uzaveru, viac komplexnymi vykonmi, aterosklerotickou pri¢inou a rezidudlnym
trombom alebo stendze po rekanalizacii (98). V nasej praci bola séria pacientov prili§ mald na

predikciu nezavislych faktorov, ktoré by boli spojené vyskytom rekurentnej LVO.
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11. Endovaskularna liecba u pacientov s nizkym NIHSS

U pacientov s akdtnou iCMP s LVO a NIHSS>6 by podla odporucani mala byt realizovana
mechanicka trombektdmia (19; 20). Otazkou je vyuZitie EVL u pacientov s nizkym NIHSS<6,
kedZe by mala existovat rovnovaha medzi potencionalnym rizikom realizacie trombektémie a
moznou invaliditou pacienta v pripade zhorsenia jeho neurologického stavu. V odporucaniach
ESO—ESMINT vacsina expertov (9 z 11) navrhla, Ze u pacientov nizkym NIHSS (0-5), ktori nie
sU kandidati na uréenu randomizovanu kontrolovanu studiu, mechanickd trombektémia
v nadvaznosti na IVT (alebo samostatne, ak je IVT kontraindikovana) méze byt rozumna, ak
pacient v Uvode ma zjavny blokujuci deficit (t.j. zdvainy motoricky deficit, afaziu alebo
hemianopsiu) alebo ak sa klinické priznaky zhorsia napriek IVT (19). Doposial nie su vysledky
randomizovanych klinickych studii, ktoré by porovnali u pacientov s nizkym NIHSS najlepSiu
medikamentdznu liecbu s EVL. Niekolko prac a metaanalyz analyzovalo vysledky pacientov s
nizkym NIHSS < 6, ktori boli lie¢eni pomocou mechanickej trombektomie (112; 113; 114; 115;
116). Pri systematickom review 5 Studii sa zistilo, Ze mechanickd trombektémia s IVT viedla
k lepSim vysledkom po 90 drioch (113). V dalSej metaanalyze a multicentrickej studii, ktora
hodnotila vysledky lie¢by pacientov s nizkym NIHSS pomocou EVL versus nejlepsia
medikamentézna liecba Goyal et al. zistili, Ze miera asymptomatického intrakranialneho
krvacania bola nizsia u pacientov s medikamentéznou liecbou (4,6% vs 17,5%; p = 0,002),
zatial ¢o zlepSenie po 3 mesiacoch bolo nizSie v skupine pacientov lieCenych pomocou EVL
(77,4% vs 88,5%; p = 0,02) (114). Dalsia praca porovnavajica dané pristupy zistila, Ze
mechanicka trombektdmia sa javila byt spojena s lepSou zmenou NIHSS pri prepusteni ako aj
vySSou mierou nezavislosti pri prepusteni ako aj pri dlhodobom sledovani (115). Na druhej
strane, analyza retrospektivnej multicentrickej kohortnej Studie Sarraj et al. nezistila zlepSenie
vo funkénom vysledku, ale zistila vysSiu mieru symptomatického intrakranidlneho krvacania
pri endovaskularnom rieseni pacientov s nizkym NIHSS (116). Bezpeénost predstavuje hlavnu
obavu pri realizacii trombektdmie u pacientov s nizkym NIHSS. V analyze 75 pacientovs LVO a
nizkym NIHSS, u ktorych bola realizovana EVL Goldhoorn zistili, Ze 4% pacientov mali

symptomatické intrakranidlne krvdcanie, vacsina (75%) mali dobry vysledok a 6% pacientov
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zomrelo (117). Praca Wolman et al. ukazala, Ze EVL m6Ze mat v porovnani s medikamentdznou

lieCbou nepriaznivy pomer riziko-benefit (118).

V kontexte uvedenych skutocCnosti sme realizovali analyzu so zhodnotenim nasich
skdsenosti s trombektémiou u pacientov s NIHSS<6 na podklade LVO. Vysledky tejto prace
eSte nie su publikované a praca je v sucasnosti na hodnoteni na prijatie. V obdobi od januara
2014 do decembra 2019 sme identifikovali 27 pacientov s NIHSS<6, ktori boli lie¢eni pomocou
trombektdmie, 19 (70,4%) v prednej cirkuldcii a 8 (29,6%) v zadnej cirkulacii. Priemerny vek
pacientov bol 69,8 + 12,3 rokov a 40,7 boli muzi. U 13 pacientov (48,1%) bola podand bridging
IVT. 25 pacientov (92,6%) podstupilo ADAPT techniku ako prvoliniovt lie¢bu. Uspednd TICI
2b/3 bola dosiahnuta u 25 pacientov (92,6%). Nenastali Ziadne periproceduralne komplikacie
v mieste pristupu alebo v mieste zakroku. Po 3 mesiacoch, 21 pacientov (77,8%) malo dobry
klinicky vysledok mRS 0-2 a 18 pacientov (66,7%) malo excelentny vysledok mRS 0-1.
U jedného pacienta (3,7%) bola pritomna symptomaticka intrakranialna hemordgia a 2
pacienti (7,4%) zomreli. U pacientov s CMP v prednej cirkulacii, 9 pacientov (33,3%) mali
uzdaver M2 ACM, 6 pacientov (22,2%) mali uzaver M1 ACM a 3 pacienti (11,1%) mali
tandemovy uzaver a 1 pacient (3,7%) mal T uzaver karotidy. V zadnej cirkulacii malo CMP 8
pacientov (29,6%), uzavretu bazildrnu artériu mali 3 pacienti (11,1%) a 5 pacienti (18,5%) mali
uzaver v povodi ACP. Periprocedurdlny stenting bol realizovany u 2 pacientov (7,4%).

Priemerny pocet pasov na vykon bol 1,4 + 0,6, 13 pacientov (48,1%) dostalo bridging IVT.
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12. Histoldgia zrazenin pri akutnej iCMP

Pokroky v EVL ako aj snaha pochopit spravanie sa zrazenin vo vztahu k roznym castiam
endovaskularneho vykonu a poznat vysledky EVL podla zloZenia trombu viedli k zacatiu
realizdcie odberu zrazenin v priebehu EVL s histologickou analyzou ich zloZenia (Obr. 5).
Histologické zmeny z Cerstvych zrazenin ziskanych pri trombektémii ukdzali, Ze zrazeniny aj
arteridlneho aj kardidlneho pévodu ukazuju zmieSany charakter Cervenej aj bielej zlozky, avsak
s dominanciou erytrocytov v zrazenindch arteridlneho p6évodu, zaroven zrazeniny s vysokym
podielom leukocytov boli viac spojené s organizovanymi zrazeninami kardialneho pévodu
(119). Okrem krvnych elementov su dalSou stcastou zrazenin extrahovanych pri trombektomii
tzv. NET (neutrofilny extracelularny trap), ¢o su webové Struktury vidkien DNA, ktoré su

aktivne zahrnuté v procese trombdzy pomocou interakcie s erytrocytmi, trombocytmi,

fibrinogénom alebo von Willebrandovym faktorom (120).

Obrazok 5. Rézne zrazeniny extrahované v priebehu mechanickej trombektédmie. Zdroj:

Archiv autora

V tejto oblasti su realizované viaceré vyskumy ako korelacia zloZenia zrazeniny
a zobrazovania pri CMP resp. podania trombolyzy a mechanickej trombektdmie, dalej
koreldcia medzi zloZzenim zrazeniny a etiolégiou CMP a analyza zrazenin s cielom rozvoja
novych trombolytik, resp. novych zariadeni pre trombektémiu pre zlepSenie vyvoja

reperfuznej lieCby. V préci Brinjikji et al. pri review korelacie zobrazovania a histopatolégie
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zrazenin s etiolégiou a vysledkami mechanickej trombektémie bol priznak hyperdenznej
artérie spojeny so zrazeninami bohatymi na erytrocty a zlepSenim rekanalizacie, avSak nebolo
zistené spojenie medzi histopatologickou charakteristikou zrazeniny a etiolégiou CMP
a angiografickym vysledkom (121). Niekolko studii skimalo aj vztah medzi zloZenim zrazeniny
a efektivitou trombektémie. Otdzkou je totiz, ¢i uréity typ zrazeniny nie je jednoduchsie
extrahovat pomocou rozdielnej techniky EVL, ¢i uZ stent-retrieveru alebo aspiracie alebo
kombinovanej lie¢by. Zrazeniny s vysokym podielom erytrocytov boli spojené s mensim
poctom pasov a kratsim ¢asom vykonu ako aj Uspesnostou rekanalizacie a zrazeniny bohaté
na fibrin s malym poctom erytrocytov boli spojené s dlhsim priebehom trombektémie a so
sekundarnou embolizéciou (122; 123; 124). V dalSej praci pri analyze zloZenia extrahovanych
zrazenin v priebehu jednotlivych pasov zistili, Ze ¢ast zrazenin s dominanciou erytrocytov bola
lahko extrahovanad, zatial ¢o ¢ast s dominanciou fibrinu bola rezistentnd na trombektémiu

(125).

Na nasom pracovisku realizujeme histopatologickd analyzu extrahovanych zrazenin pri
mechanickej trombektémii od augusta 2017 (Obr. 6 a 7). Zrazeniny extrahované pri EVL su
fixované v 10% roztoku pufrovaného formalinu a ndsledne Standardne spracované a zaliate
do parafinu. Z parafinovych blockov sa narezd 4-5 um hrubé rezy a nasledne zafarbia
hematoxylinom a eozinom (H&E). Po digitalizacii celkovej plochy zrazeniny zachytenej na
histologickom reze tkaniva nafotenim sa prevedie kvantitativna analyza zloZenia zrazeniny
a tym sa urci podiel jednotlivych zloziek (fibrin+trombocytova zlozka, erytrocytova zlozka,
leukocytova zloZzka) voci celkovej ploche zrazeniny, dalSie paralelné rezy tkaniva zrazeniny sa
pouZiju na imunohistochemické farbenie na znazornenie von Willebrandovho faktora, ktorého
obsah v zrazenine sa stanovi taktiez kvantitativnou morfometrickou analyzou z celkovej plochy
zrazeniny (Obr. 6). Vysledky doposial neboli publikované, prebieha zbieranie dat z dalSich
trombektdmii, z prvych 138 ziskanych zrazenin v obdobi od augusta 2017 do jula 2018 sme
realizovali analyzu (126; 127). Cieflom prace bude analyza vztahov medzi zloZzenim zrazenin,
podanim trombolyzy, etiolégiou CMP, charakteristikami uzaveru pri zobrazovani na nativhom
CT a CTAG vysetreni ako aj technickymi charakteristikami endovaskuldarneho vykonu

a vyslednym stavom pacientov.
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Obrazok 6. Histopatologicka analyza zrazeniny. Zakladné histologické zlozky zrazeniny,
cervené krvinky (hviezdicka), trombocyty+fibrin (hlavicka Sipky) a leukocyty (Sipky), farbenie
H&E, zvacSenie 200x (A). Krvna zrazenina s prevahou erytrocytov (Cervena farba), na povrchu
s tenkou vrstvou fibrinu s trombocytmi (fialova farba), farbenie Malloryho pomocou kyseliny
fosfowolframovej a hematoxylinu, zvaésenie 100x (B). Krvna zrazenina s prevahou fibrin-
trombocytove] zlozky (fialova farba) a malym mnoistvom erytrocytov (Cervend farba),
farbenie MFH, zvacSenie 100x (C). Imunohistochemické farbenie zndzornujuce obsah von
Willebrandovho faktora (hneda farba), farbenie diaminobenzidin, zvaésenie 100x (D). Zdroj:

archiv Dr. Janegovej
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13. Zaver

Tato habilitacnd prdca poskytuje prehlfad o viacerych diskutovanych oblastiach
v problematike EVL pacientov s akitnou iCMP s LVO ako aj s praktickymi skisenostami autora
a s jeho vyskumom v tejto oblasti. Vo viacerych nasich pracach sme sa snazili prispiet k
evidencii dékazov v tejto problematike a v zhode s odbornou svetovou literatirou potvrdit
prinos tejto metodiky v liecbe Sirokého spektra pacientov s tymto ochorenim. Napriek tomu,
Ze EVL pacientov s akutnou iCMP a LVO prekonala v poslednej dekdade vyznamné zmeny
s velkym pokrokom, v buducnosti nas ¢akaju viaceré vyzvy s cielom zlepSenia a zabezpecenia
optimalnej starostlivosti o pacientov s akutnou iCMP na vSetkych dUrovniach, medzi ktoré
nevyhnutne patri aj zabezpecenie adekvatneho tréningu lekdrov realizujucich endovaskuldrne

intervencéné zakroky.

45



14. Literatura

1. Bryndziar T, Sedova P, Mikulik R. Incidence cévni mozkové pfihody v Evropé — systematicka
review. Cesk Slov Neurol N 2017;113(2):180-189.

2. Saver JL. Time is brain—quantified. Stroke 2006;37:263-266.

3. Rennert RC, Wali AR, Steinberg JA, Santiago-Dieppa DR, Olson SE, Pannell JS, et al.
Epidemiology, Natural History, and Clinical Presentation of Large Vessel Ischemic Stroke.
Neurosurgery 2019;85(suppl_1):54-S8.

4. del Zoppo GJ, Higashida RT, Furlan AJ, Pessin MS, Rowley HA, Gent M. PROACT: a phase Il
randomized trial of recombinant pro-urokinase by direct arterial delivery in acute middle
cerebral artery stroke. PROACT investigators. Prolyse in acute cerebral Thromboembolism.
Stroke 1998;29(1):4-11.

5. Smith WS, Sung G, Starkman S, Saver JL, Kidwell CS, Gobin YP, et al. Safety and efficacy of
mechanical embolectomy in acute ischemic stroke: results of the MERCI trial. Stroke
2006;36:1432-1438.

6. Investigators, Penumbra Pivotal Stroke Trial. The penumbra pivotal stroke trial: safety and
effectiveness of a new generation of mechanical devices for clot removal in intracranial large
vessel occlusive disease. Stroke 2009;40(8):2761-2768.

7. Broderick JP, Palesch YY, Demchuk AM, Yeatts SD, Khatri P, Hill MD, et al. Endovascular
therapy after intravenous t-PA versus t-PA alone for stroke. N Engl J Med 2013;268(10):893-
903.

8. Ciccone A, Valvassori L, Nichelatti M, Sgoifo A, Ponzio M, Sterzi R, et al. Endovascular
treatment of acute ischemic stroke. N Engl ) Med 2013;368(10):904-913.

9. Kidwell CS, Jahan R, Gornbein J, Alger JR, Nenov V, Ajani Z, et al. A trial of imaging selection
and endovascular treatment for ischemic stroke. N Engl J Med 2013;368(10):914-923.

10. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, et al. A
randomized trial of intraarterial treatment for acute ischemic stroke. N Engl J Med 2015;372:

11-20.

46



11. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al. Randomized
assessment of rapid endovascular treatment of ischemic stroke. N Engl J Med 2015;372:1019-
1030.

12. Saver JL, Goyal M, Bonafe A, Diener HC, Levy El, Pereira VM, et al. Stent-retriever
thrombectomy after intravenous t-PA vs. t-PA alone in stroke. N Engl J Med 2015;372:2285-
2295.

13. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al. Endovascular
therapy for ischemic stroke with perfusion-imaging selection. N Engl J Med 2015;372:1009-
1018.

14. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al. Thrombectomy
within 8 hours after symptom onset in ischemic stroke. N Engl ) Med 2015;372:2296-2306.
15. Wahlgren N, Moreira T, Michel P, Steiner T, Jansen O, Cognard C, et al. Mechanical
thrombectomy in acute ischemic stroke: consensus statement by ESO-Karolinska Stroke
Update 2014/2015, supported by ESO, ESMINT, ESNR and EAN. Int J Stroke 2016;11:134-147.
16. Powers WJ, Derdeyn CP, Biller J, Coffey CS, Hoh BL, Jauch EC, et al. 2015 American Heart
Association/American Stroke Association Focused Update of the 2013 Guidelines for the Early
Management of Patients With Acute Ischemic Stroke Regarding Endovascular Treatment.
Stroke 2016;46:3020-3035.

17. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al.
Thrombectomy for stroke at 6 to 16 hours with selection by perfusion imaging. N Engl J Med
2018;378:708-718.

18. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. Thrombectomy
6 to 24 hours after stroke with a mismatch between deficit and infarct. N Engl J Med
2018;378:11-21.

19. Turc G, Bhogal P, Fischer U, Khatri P, Lobotesis K, Mazighi M, et al. European Stroke
Organisation (ESO) - European Society for Minimally Invasive Neurological Therapy (ESMINT)
Guidelines on Mechanical Thrombectomy in Acute Ischemic Stroke. J Neurointerv Surg
2019;11(6):535-538.

20. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et al. 2018

guidelines for the early management of patients with acute ischemic stroke: a guideline for

47



healthcare professionals from the American Heart Association/American Stroke Association.
Stroke 2018;49(3):e46—e110.

21. Goyal M, Menon BK, van Zwam WH, Dippel DWJ, Mitchell JP, Demchuk AM, et al.
Endovascular thrombectomy after large-vessel ischaemic stroke: A meta-analysis of individual
patient data from five randomised trials. Lancet 2016;387:1723-1731.

22. Safidk D, Mikulik R, Tomek A, Bar M, Herzig R, Neumann J, et al. Doporuceni pro
mechanickou trombektomii akutniho mozkového infarktu - verze 2019. Ceskd a slovenskd
neurologie a neurochirurgie 2019;82/115(6):700-705.

23. Véstnik MZ CR. Pé&e o pacienty s cerebrovaskuldrnim onemocnénim v Ceské republice.
2010, s. 2-13.

24. Odborné usmernenie Ministerstva zdravotnictva Slovenskej republiky o organizacnych a
liecebnych postupoch prostrednictvom pouzivania mobilnej aplikacie u pacientov s akitnym
infarktom myokardu s elevaciou ST na EKG a s nahlou cievhou mozgovou prihodou.
2018;66(48-50):262-268.

25. Odborné usmernenie Ministerstva zdravotnictva Slovenskej republiky pre starostlivost o
pacientov s ndhlou cievnou mozgovou prihodou v hyperakitnom s$tadiu. 2018;66(48-50):269-
276.

26. Volny O, Krajina A, Belaskova S, Bar M, Cimflova P, Herzig R, et al. Mechanical
thrombectomy performs similarly in real world practice: a 2016 nationwide study from the
Czech Republic. J Neurointerv Surg 2018;10(8):741-745.

27. Deb-Chatterji M, Pinnschmidt H, Flottmann F, Leischner H, Alegiani A, Brekenfeld C, et al.
Stroke patients treated by thrombectomy in real life differ from cohorts of the clinical trials: a
prospective observational study. BMC Neurol 2020;20:81.

28. Binning MJ, Bartolini B, Baxter B, Budzik R, English J, Gupta R, et al. Trevo 2000: Results of
a Large Real-World Registry for Stent Retriever for Acute Ischemic Stroke. J Am Heart Assoc
2018;7(24):e010867.

29. Wollenweber FA, Tiedt S, Alegiani A, Alber B, Bangard C, Berrouschot J, et al. Functional
Outcome Following Stroke Thrombectomy in Clinical Practice. Stroke 2019;50(9):2500-2506.

30. Weber R, Minnerup J, Nordmeyer H, Eyding J, Krogias C, Hadisurya J, et al. Thrombectomy

in posterior circulation stroke: differences in procedures and outcome compared to anterior

48



circulation stroke in the prospective multicentre REVASK registry. Eur J Neurol 2019;26(2):299-
305.

31. Krajickova D, Krajina A, Herzig R, Lojik M, Chovanec V, Raupach J, et al. Mechanical
recanalization in ischemic anterior circulation stroke within an 8-hour time window: a real-
world experience. Diagn Interv Radiol 2017;23(6):465-471.

32. Kécher M, Sanak D, Zapletalova J, Cihlar F, Czerny D, Cerniket D, et al. Mechanical
Thrombectomy for Acute Ischemic Stroke in Czech Republic: Technical Results from the Year
2016. Cardiovasc Intervent Radiol 2018;41(12):1901-1908.

33. Haring J, Krastev G, Vulev |, Klepanec A, Mako M, Kucharik M, et al. Vysledky BATTS registra
mechanickych trombektémii akuatnej ischemickej cievnej mozgovej prihody. Kardiol prax
2016;14(3):104-111.

34. Yang P, Zhang Y, Zhang L, Zhang Y, Treurniet KM, Chen W, et al. Endovascular
Thrombectomy with or without Intravenous Alteplase in Acute Stroke. N Engl J Med
2020;382:1981-1993.

35. Mistry EA, Mistry AM, Nakawah MO, Chitale RV, James RF, Volpi JJ, et al. Mechanical
thrombectomy outcomes with and without intravenous thrombolysis in stroke patients: a
meta-analysis. Stroke 2017;48:2450-2456.

36. Vidale S, Romoli M, Consoli D, Agostoni EC. Bridging Versus Direct Mechanical
Thrombectomy in Acute Ischemic Stroke: A Subgroup Pooled Meta-Analysis for Time of
Intervention, Eligibility, and Study Design. Cerebrovasc Dis 2020;49(2):223-232.

37. Harsany J, Hoferica M, Rusina M, Haring J, Mako M, Krastev G, Klepanec A. Zobrazovanie
u pacientov s akutnou ischemickou cievnou mozgovou prihodou. Slov radiol 2020;27(1-2):61-
69.

38. Roman LS, Menon BK, Blasco J, Hernandez-Pérez M, Davalos A3, Majoie CBLM, et al.
Imaging features and safety and efficacy of endovascular stroke treatment: a meta-analysis of
individual patient-level data. Lancet Neurol 2018;17:895-904.

39. Bendszus M, Bonekamp S, Berge E, Boutitie F, Brouwer P, Gizewski E, et al. A randomized
controlled trial to test efficacy and safety of thrombectomy in stroke with extended lesion and
extended time window. Int J Stroke 2019;14(1):87-93.

40. Clinicaltrials.gov. The TESLA trial: thrombectomy for emergent salvage of large anterior

circulation ischemic stroke (TESLA).

49



41. Clinicaltrials.gov. Large Stroke Therapy Evaluation (LASTE).

42. Menon BK, d'Esterre CD, Qazi EM, Mohammed Almekhlafi, Hahn L, Demchuk AM, Goyal
M. Menon BK, d'Esterre CD, Qazi EM, Qazi EM, Almekhlafi M, Hahn L, et al. Multiphase CT
Angiography: A New Tool for the Imaging Triage of Patients with Acute Ischemic Stroke.
Radiology 2015;275(2):510-520.

43.Volny O, Cimflova P, Kadlecova P, Vanek P, Vanicek J, Menon BK, et al. Single-Phase Versus
Multiphase CT Angiography in Middle Cerebral Artery Clot Detection-Benefits for Less
Experienced Radiologists and Neurologists. J Stroke Cerebrovasc Dis 2017;26(1):19-24.

44. Vanicek J, Cimflova P, Bulik M, Jarkovsky J, Prelecova V, Szeder V, et al. Single-Centre
Experience with Patients Selection for Mechanical Thrombectomy Based on Automated
Computed Tomography Perfusion Analysis-A Comparison with Computed TomographyCT
Perfusion Thrombectomy Trials. J Stroke Cerebrovasc Dis 2019;28(4):1085-1092.

45. Khanna O, Mouchtouris N, Sweid A, Chalouhi N, Ghosh R, Al Saiegh F, et al. Transradial
approach for acute stroke intervention: technical procedure and clinical outcomes. Stroke
Vasc Neurol 2020;5(1):103-106.

46. Tsuji Y, Miki T, Kakita H, Sato K, Yoshida T, Shimizu F. Mechanical Thrombectomy for Large
Vessel Occlusion via the Transbrachial Approach: Case Series. Neurointervention
2020;15(2):89-95.

47. Roche A, Griffin E, Looby S, Brennan P, O'Hare A, Thornton J, et al. Direct carotid puncture
for endovascular thrombectomy in acute ischemic stroke. J Neurointerv Surg 2019;11(7):647-
652.

48. Desai JA, Almekhlafi MA, Hill MD, Goyal M, Eesa M. Ultrasound guided V3 segment
vertebral artery direct percutaneous puncture for basilar artery mechanical thrombectomy in
acute stroke: a technical report. J Neurointerv Surg 2014;6:e18.

49. O'Reilly ST, Rennie I, Mclimoyle J, Smyth G. Direct puncture of the V3 segment of the
vertebral artery in acute basilar artery stroke: an alternative approach in desperate
circumstances. BMJ Case Rep 2019;12(8):e231335.

50. Chueh JY, Kithn AL, Puri AS, Wilson SD, Wakhloo AK, Gounis MJ. Reduction in distal emboli
with proximal flow control during mechanical thrombectomy: a quantitative in vitro study.

Stroke 2013;44:1396-1401.

50



51. Mokin M, lonita CN, Nagesh SV, Rudin S, Levy El, Siddiqui AH. Primary stentriever versus
combined stentriever plus aspiration thrombectomy approaches: in vitro stroke model
comparison. J Neurointerv Surg 2015;7:453-457.

52. Nikoubashman O, Wischer D, Hennemann HM, Biisen M, Brockmann C, Wiesmann M.
Under Pressure: Comparison of Aspiration Techniques for Endovascular Mechanical
Thrombectomy. Am J Neuroradiol 2018;39(5):905-909.

53. Turk AS, Spiotta A, Frei D, Mocco J, Baxter B, Fiorella D, et al. Initial clinical experience with
the ADAPT technique: a direct aspiration first pass technique for stroke thrombectomy. J
Neurointerv Surg 2014;6:231-237.

54. Kang DH, Hwang YH, Kim YS, Park J, Kwon O, Jung C. Direct thrombus retrieval using the
reperfusion catheter of the penumbra system: Forced-suction thrombectomy in acute
ischemic stroke. Am J Neuroradiol 2011;32:283-287.

55. Lapergue B, Blanc R, Gory B, Labreuche J, Duhamel A, Marnat G, et al. Effect of
endovascular contact aspiration vs stent retriever on revascularization in patients with acute
ischemic stroke and large vessel occlusion: the ASTER randomized clinical trial. JAMA
2017;318:443-452.

56. Turk AS 3rd, Siddiqui A, Fifi JT, De Leacy RA, Fiorella DJ, Gu E, et al. Aspiration
thrombectomy versus stent retriever thrombectomy as first-line approach for large vessel
occlusion (COMPASS): a multicentre, randomised, open label, blinded outcome, non-
inferiority trial. Lancet 2019;393:998-1008.

57. Bernsen MLE, Goldhoorn RB, van Oostenbrugge RJ, van Zwam WH, Uyttenboogaart M,
Roos YBWEM, et al. Equal performance of aspiration and stent retriever thrombectomy in
daily stroke treatment. J Neurointerv Surg 2019;11(7):631-636.

58. Massari F, Henninger N, Lozano JD, Patel A, Kuhn AL, Howk M, et. al. ARTS (Aspiration-
Retriever Technique for Stroke): Initial clinical experience. Interv Neuroradiol 2016;22(3):325-
332.

59. Maus V, Behme D, Kabbasch C, Borggrefe J, Tsogkas |, Nikoubashman O, et al. Maximizing
First-Pass Complete Reperfusion with SAVE. Clin Neuroradiol 2018;28(3):327-338.

60. Prochazka V, Jonszta T, Czerny D, Krajca J, Roubec M, Hurtikova E, et al. Comparison of

Mechanical Thrombectomy with Contact Aspiration, Stent Retriever, and Combined

51



Procedures in Patients with Large-Vessel Occlusion in Acute Ischemic Stroke. Med Sci Monit
2018;24:9342-9353.

61. Schonenberger S, Uhlmann L, Hacke W, Schieber S, Mundiyanapurath S, Purrucker JC, et
al. Effect of conscious sedation vs general anesthesia on early neurological improvement
among patients with ischemic stroke undergoing endovascular thrombectomy: a randomized
clinical trial. JAMA 2016;316(19):1986—1996.

62. Lowhagen Henden P, Rentzos A, Karlsson JE, Rosengren L, Leiram B, et al. General
anesthesia versus conscious sedation for endovascular treatment of acute ischemic stroke:
the AnStroke trial (anesthesia during stroke). Stroke 2017;48(6):1601-1607.

63. Simonsen CZ, Yoo AJ, Sorensen LH, Juul N, Johnsen SP, Andersen G, et al. Effect of general
anesthesia and conscious sedation during endovascular therapy on infarct growth and clinical
outcomes in acute ischemic stroke: a randomized clinical trial. JAMA Neurol 2018;75(4):470-
477.

64. Zhang Y, Jia L, Fang F, Ma L, Cai B, Faramand A. General Anesthesia Versus Conscious
Sedation for Intracranial Mechanical Thrombectomy: A Systematic Review and Meta-analysis
of Randomized Clinical Trials. Journal of the American Heart Association 2019;12(8):e011754.
65. Clinicaltrials.gov. SEdation Versus General Anesthesia for Endovascular Therapy in Acute
Ischemic Stroke (SEGA).

66. Schonewille WJ, Wijman CA, Michel P, Rueckert CM, Weimar C, Mattle HP, et al. Treatment
and outcomes of acute basilar artery occlusion in the Basilar Artery International Cooperation
Study (BASICS): a prospective registry study. Lancet Neurol 2009;8(8):724—730.

67.van der Hoeven EJ, Schonewille WJ, Vos JA, Algra A, Audebert HJ, Berge E, et al. The Basilar
Artery International Cooperation Study (BASICS): study protocol for a randomised controlled
trial. Trials 2013;14:200.

68. Group, Writing Group for the BASILAR. Assessment of Endovascular Treatment for Acute
Basilar Artery Occlusion via a Nationwide Prospective Registry. JAMA Neurol 2020;77(5):561—
573.

69. Wilson MP, Murad MH, Krings T, Pereira VM, O'Kelly C, Rempel J, et al. Management of
tandem occlusions in acute ischemic stroke — intracranial versus extracranial first and
extracranial stenting versus angioplasty alone: a systematic review and meta-analysis. J

Neurointerv Surg 2018;10(8):721-728.

52



70. Chaturvedi S, Bruno A, Feasby T, Holloway R, Benavente O, Cohen SN, et al. Carotid
Endarterectomy--An Evidence-Based Review: Therapeutics and Technology Assessment
Subcommittee of the American Academy of Neurology. Carotid endarterectomy—an evidence
based review: report of the Therapeutics and Technology Assessment Subcommittee.
Neurology 2005;65(6):794-801.

71. Muller MD, Lyrer P, Brown MM, Bonati LH. Carotid artery stenting versus endarterectomy
for treatment of carotid artery stenosis. Cochrane Database of Systematic Reviews 2020;2:
1465-1858.

72. Madaric J, Vulev |, Klepanec A, Urlandova T, Balazs T, Hladikova D, et al. Carotid artery
stenting in octogenarians in high volume centre. Cardiology lett 2013;22(2)109-114.

73. Coutinho JM, Liebeskind DS, Slater LA, Nogueira RG, Baxter BW, Levy El, et al. Mechanical
thrombectomy for isolated M2 occlusions: a post hoc analysis of the STAR, SWIFT, and SWIFT
PRIME studies. Am J Neuroradiol 2016;37(4):667-672.

74. del Zoppo GJ, Poeck K, Pessin MS, Wolpert SM, Furlan AJ, Ferbert A, et al. Recombinant
tissue plasminogen activator in acute thrombotic and embolic stroke. Ann Neurol
1992;32(1):78-86.

75. Harsany J, Haring J, Hoferica M, Mako M, Janega P, Krastev G, Klepanec A. Aspiration
thrombectomy as the first-line treatment of M2 occlusions. Interv Neuroradiol
2020;26(4):383-388.

76. Chen CJ, Wang C, Buell TJ, Ding D, Raper DM, Ironside N, et al. Endovascular mechanical
thrombectomy for acute middle cerebral artery M2 segment occlusion: a systematic review.
World Neurosurg 2017;107:684-691.

77. Saber H, Narayanan S, Palla M, Saver JL, Nogueira RG, Yoo AJ, et al. Mechanical
thrombectomy for acute ischemic stroke with occlusion of the M2 segment of the middle
cerebral artery: a meta-analysis. J Neurointerv Surg 2018;10(7):620-624.

78. Menon BK, Hill MD, Davalos A, Roos BWEMY, Campbell BCV, Dippel DWJ, et al. Efficacy of
endovascular thrombectomy in patients with M2 segment middle cerebral artery occlusions:
meta-analysis of data from the HERMES Collaboration. J Neurointerv Surg 2019;11(11):1065—
1069.

79. Navia P, Schramm P, Fiehler J, on behalf of the PROMISE study investigators. ADAPT

technique in ischemic stroke treatment of M2 middle cerebral artery occlusions in comparison

53



to M1 occlusions: post hoc analysis of the PROMISE study. Interv Neuroradiol 2020;26(2):178-
186.

80. Compagne K, van der Sluijs PM, van denWijngaard P, Roozenbeek B, Mulder JHLM2,van
Zwam, WH et al. Endovascular treatment: the role of dominant caliber M2 segment occlusion
in ischemic stroke. Stroke 2019;50(2):419-427.

81. Atchaneeyasakul K, Malik AM, Yavagal, DR, Haussen DC, Jadhav AP, Bouslama M, et al.
Thrombectomy outcomes in acute ischemic stroke due to middle cerebral artery M2 occlusion
with stent retriever versus aspiration: a multicenter experience. Intervent Neurol 2019;8:180-
186.

82. Gory B, Lapergue B, Blanc R, Labreuche J, Machaa MB, Duhamel A, et al. Contact aspiration
versus stent retriever in patients with acute ischemic stroke with M2 occlusion in the ASTER
randomized trial (Contact aspiration versus stent retriever for successful revascularization).
Stroke 2018;49(2):461-464.

83. Guenego A, Mosimann PJ, Pereira VM, Nicholson P, Zuber K, Lotterie JA, et al. Proposed
achievable levels of dose and impact of dose-reduction systems for thrombectomy in acute
ischemic stroke: an international, multicentric, retrospective study in 1096 patients. Eur Radiol
2019;29(7):3506—-3515.

84. Farah J, Rouchaud A, Henry T, Regen C, Mihalea C, Moret J, et al. Dose reference levels and
clinical determinants in stroke neuroradiology interventions. Eur Radiol 2020;29(2):645-653.
85. Guenego A, Mosimann PJ, Wintermark M, heit JJ, Zuber K, Dobrocky T, et al. Safety and
efectiveness of neurothrombectomy on single compared to biplane angiography systems.
Scientific Reports 2020;10:4470.

86. Acton H, James K, Kavanagh RG, O’Tuathaigh C, Moloney D, Wyse G, et al. Monitoring
neurointerventional radiation doses using dose-tracking software: implications for the
establishment of local diagnostic reference levels. Eur Radiol 2018;28(9):3669-3675.

87. Hassan AS, Amelot S. Radiation exposure during neurointerventional procedures in
modern biplane angiographic systems: a single-site experience. Interv Neurol 2017;6(3-
4):105-116.

88. Barenfdnger F, Block A, Rohde S. Investigation of Radiation Exposure of Patients with Acute

Ischemic Stroke during Mechanical Thrombectomy. Rofo 2019;191(12):1099-1106.

54



89. Weyland CS, Hemmerich F, Moéhlenbruch MA, Bendszus M, Pfaff JAR. Radiation exposure
and fluoroscopy time in mechanical thrombectomy of anterior circulation ischemic stroke
depending on the interventionalist's experience-a retrospective single center experience. Eur
Radiol 2020;30(3):1564-1570.

90. Klepanec A, Salat D, Harsany J, Hoferica M, Krastev G, Haring J, et al. Neurointerventionalist
and Patient Radiation Doses in Endovascular Treatment of Acute Ischemic Stroke. Cardiovasc
Intervent Radiol 2020;43(4):604-612.

91. Sadick V, Reed W, Collins L, Sadick N, Heard R, Robinson J. Impact of biplane versus single-
plane imaging on radiation dose, contrast load and procedural time in coronary angioplasty.
Br J Radiol 2010;83(989):379-384.

92. Meisinger QC, Stahl CM, Andre MP, Kinney TB, Newton IG. Radiation protection for the
fluoroscopy operator and staff. Am J Roentgenol 2016;207(4):745-754.

93. Sailer AM, Vergoossen L, Paulis L, Van Zwam WH, Das M, Wildberger JE, et al. Personalized
feedback on staff dose in fluoroscopy-guided interventions: a new era in radiation dose
monitoring. Cardiovasc Intervent Radiol 2017;40(11):1756-1762.

94. Vano E, Fernandez JM, Sanchez R. Occupational dosimetry in real time. Benefits for
interventional radiology. Radiation measurements 2011;46(11):1262-1265.

95. Heilmaier C, Kara L, Zuber N, Berthold C, Weishaupt D. Combined use of a patient dose
monitoring system and a real-time occupational dose monitoring system for fluoroscopically
guided interventions. J Vasc Interv Radiol 2016;27(4):584-592.

96. Sailer AM, Paulis L, Vergoossen L, Kovac AO, Wijnhoven G, Schurink GWH, et al. Real-time
patient and staff radiation dose monitoring in IR practise. Cardiovasc Intervent Radiol
2017;40(3):421-429.

97. European Society of Radiology (ESR). Summary of the European Directive
2013/59/Euratom: essentials for health professionals in radiology. Insights Imaging
2015;6(4):411-417.

98. Marto JP, Strambo D, Hajdu SD, Eskandari A, Nannoni S, Sirimarco G, et al. Twenty-four-
hour reocclusion after successful mechanical thrombectomy: associated factors and long-term

prognosis. Stroke 2019;50(10):2960-2963.

55



99. Mosimann PJ, Kaesmacher J, Gautschi D, Bellwald S, Panos L, Piechowiak E, et al. Predictors
of unexpected early reocclusion after successful mechanical thrombectomy in acute ischemic
stroke patients. Stroke 2018;49(11):2643-2651.

100. Mohan KM, Wolfe CD, Rudd AG, Heuschmann PU, Kolominsky-Rabas PL, Grieve AP. Risk
and cumulative risk of stroke recurrence: a systematic review and meta-analysis. Stroke
2011;42(5):1489-1494.

101. Klepanec A, Harsany J, Haring J, Mako M, Hoferica M, Rusina M, Cisar J, Krastev G.
Endovascular treatment of acute ischemic stroke in patients with recurrent intracranial large
vessel occlusion. Interv Neuroradiol 2020;26(4):376-382.

102. Adams HP, Jr., Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al. Classification
of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. TOAST.
Trial of Org 10172 in Acute Stroke Treatment. Stroke 1993:24(1):35-41.

103. Bouslama M, Haussen DC, Rebello LC, Grossberg JA, Frankel MR, Nogueira RG. Repeated
Mechanical Thrombectomy in Recurrent Large Vessel Occlusion Acute Ischemic Stroke. Interv
Neurol 2017;6(1-2):1-7.

104. Bhogal P, AlIMatter M, Hellstern V., Aguilar Pérez M, Ganslandt O, Bazner H, et al.
Mechanical thrombectomy for recurrent large vessel occlusion. J Clin Neurosci 2019;66:107-
112.

105. Ikenberg B, Rosler J, Seifert CL, Wunderlich S, Kaesmacher J, Zimmer C, et al. Etiology of
recurrent large vessel occlusions treated with repeated thrombectomy. Interv Neuroradiol
2019;26(2):195-204.

106. Pirson FAV, van Oostenbrugge RJ, van Zwam WH, Remmers MJM, Dippel DWIJ, van Es
ACGM, et al. Repeated Endovascular Thrombectomy in Patients With Acute Ischemic Stroke:
Results From a Nationwide Multicenter Database. Stroke 2020;51(2):526-532.

107. Weber R, Stracke P, Chapot R. Time Point, Etiology, and Short-Term Outcome of Repeated
Mechanical Thrombectomy Due to Recurrent Large Vessel Occlusion. Front Neurol
2019;10:204.

108. Kahles T, Mono ML, Heldner MR, Baumgartner RW, Sarikaya H, Luft A, et al. Repeated
intravenous thrombolysis for early recurrent stroke: challenging the exclusion criteria. Stroke

2016;47(8):2133-2135.

56



109. Karlinski M, Kobayashi A, Czlonkowska A, Mikulik R, Vaclavik D, Brozman M, et al.
Intravenous Thrombolysis for Stroke Recurring Within 3 Months From the Previous Event.
Stroke 2015;46(11):3184-3189.

110. Peschillo S, Diana F, Berge J, Missori P. A comparison of acute vascular damage caused by
ADAPT versus a stent retriever device after thrombectomy in acute ischemic stroke: a
histological and ultrastructural study in an animal model. J Neurointerv Surg 2017;9(8):743-
749.

111. Seiffge DJ, Werring DJ, Paciaroni M, Dawson J, Warach S, Milling TJ, et al. Timing of
anticoagulation after recent ischaemic stroke in patients with atrial fibrillation. Lancet Neurol
2019;18(1):117-126.

112. Nagel S, Bouslama M, Krause LU, Kipper C, Messer M, Petersen M, et al. Mechanical
thrombectomy in patients with milder strokes and large vessel occlusions. A multicenter
matched analysis. Stroke 2018;49(10):2391-2397.

113. Griessenauer JC, Medin C, Maingard J, Chandra RV, Ng W, Brooks DM, et al. Endovascular
Mechanical Thrombectomy in Large-Vessel Occlusion Ischemic Stroke Presenting with Low
National Institutes of Health Stroke Scale: Systematic Review and Meta-Analysis. World
Neurosurg 2018;110:263-269.

114. Goyal N, Tsivgoulis G, Malhotra K, Ishfag MF, Pandhi A, Frohler MT, et al. Medical
management vs mechanical thrombectomy for mild strokes: an international multicenter
study and systematic review and meta-analysis. JAMA Neurol 2019;77(1):16-24.

115. Haussen DC, Lima FO, Bouslama M, Grossberg JA, Silva GS, Lev MH, et al. Thrombectomy
versus medical management for large vessel occlusion strokes with minimal symptoms: an
analysis from STOPStroke and GESTOR cohorts. J Neurointerv Surg 2018;10(4):325-329.

116. Sarraj A, Hassan A, Savitz SI, Grotta JC, Cai C, Parsha KN, et al. Endovascular
thrombectomy for mild strokes: how low should we go? A multicenter cohort study. Stroke
2018;49(10):2398-2405.

117. Goldhoorn RB, Mulder MJHL, Jansen IGV, van Zwam WH, Staals J, van der Lugt A, et al.
Safety and outcome of endovascular treatment for minor ischemic stroke: results from the
multicenter clinical registry of endovascular treatment of acute ischemic stroke in the

Netherlands. J Stroke Cerebrovasc Dis 2019;28(3):542-549.

57



118. Wolman DN, Marcellus DG, Lansberg MG, Albers G, Guenego A, Marks MP, et al.
Endovascular versus medical therapy for large-vessel anterior occlusive stroke presenting with
mild symptomes. Int J Stroke 2020;15(3):324-331.

119. Heo JH, Nam HS, Kim YD, Choi JK, Kim BM, Kim DJ, et al. Pathophysiologic and Therapeutic
Perspectives Based on Thrombus Histology in Stroke. J Stroke 2020;22(1):64-75.

120. Laridan E, Martinod K, De Meyer SF. Neutrophil extracellular traps in arterial and venous
thrombosis. Semin Thromb Hemost 2019;45(1):86—-93.

121. Brinjikji W, Duffy S, Burrows A, , Hacke W, Liebeskind D, Majoie CBLM, et al. Correlation
of imaging and histopathology of thrombi in acute ischemic stroke with etiology and outcome:
a systematic review. J Neurointerv Surg 2017;9(6):529-534.

122. Maekawa K, Shibata M, Nakajima H, Mizutani A, Kitano Y, Seguchi M, et al. Erythrocyte-
rich thrombus is associated with reduced number of maneuvers and procedure time in
patients with acute ischemic stroke undergoing mechanical thrombectomy. Cerebrovasc Dis
Extra 2018;8(1):39-49.

123. Shin JW, Jeong HS, Kwon HJ, Song KS, Kim J. High red blood cell composition in clots is
associated with successful recanalization during intra-arterial thrombectomy. PLoS One
2018;13(5):e0197492.

124. Sporns PB, Hanning U, Schwindt W, Velasco A, Buerke B, Cnyrim C, et al. Ischemic stroke:
histological thrombus composition and pre-interventional ct attenuation are associated with
intervention time and rate of secondary embolism. Cerebrovasc Dis 2017;44(5-6):344—-350.
125. Duffy S, McCarthy R, Farrell M, Thomas S, Brennan P, Power S, et al. Per-pass analysis of
thrombus composition in patients with acute ischemic stroke undergoing mechanical
thrombectomy. Stroke 2019;50(5):1156—-1163.

126. Mako M, Krastev G, Haring J, Klepanec A, HarSany J, Cisar J, et al. Vztah
histopatologického zloZenia trombu a etioldgie ischemickej NCMP. Cesk Slov Neurol N
2019;82(115), Suppl 2.

127. Haring J, Krastev G, Klepanec A, Mako M, Harsany J, Janega P, et al. Trombolyza a zloZenie
trombu — koreldcia medzi histopatologickym zloZzenim trombu a CT nalezmi. Cesk Slov Neurol

N 2019;82(115), Suppl 2.

58



15. Zoznam priloh

Priloha 1

Harsany J, Haring J, Hoferica M, Mako M, Janega P, Krastev G, Klepanec A. Aspiration
thrombectomy as the first-line treatment of M2 occlusions. Interventional Neuroradiology
[online]. 2020, 159101992092567.

Priloha 2

Klepanec A, Harsany J, Haring J, Mako M, Hoferica M, Rusina M, Cisar J, Krastev G.
Endovascular treatment of acute ischemic stroke in patients with recurrent intracranial large
vessel occlusion. Interventional Neuroradiology [online]. 2020, 1591019920911532.

Priloha 3

Klepanec A, Salat D, Harsany J, Hoferica M, Krastev G, Haring J, Mako M, Janega P, Janosikova
L, Lehotska V. Neurointerventionalist and Patient Radiation Doses in Endovascular Treatment
of Acute Ischemic Stroke. Cardiovascular and Interventional Radiology. 2020, 43(4), 604—612.
Priloha 4

Haring J, Krastev G, Vulev |, Klepanec A, Mako M, Kucharik M, Bazik R, Balazs T, Harsany J,
Lackovi¢ R, Moko3ova, Zajitkovad |, Beriova L., Stevkova Z, Kovacsova Z, Dosekovd P, Cisar J,
Cabukovd M, Vomastova M. Vysledky BATTS registra mechanickych trombektémii akdtnej
ischemickej cievnej mozgovej prihody. Kardioldgia pre prax. 2016, 14(3), 104-111.

Priloha 5

Harsany J, Hoferica M, Rusina M, Haring J, Mako M, Krastev G, Klepanec A. Zobrazovanie u
pacientov s akutnou ischemickou cievnou mozgovou prihodou. Slovenskd radiolégia. 2020,
27(1-2), 61-69.

Priloha 6

Madaric J, Vulev |, Klepanec A, Urlandova T, Balazs T, Hladikova D, Bazik R, Margitfalviova J,
Liska B. Carotid artery stenting in octogenarians in high volume centre. Cardiology Letters.

2013, 22(2), 109-114.

59



M) Check for updates

INTERVENTIONAL
MURORADIOLOGY

Interventional Neuroradiol ogy
2020, Vol. 26(4) 383-388

(@ The Authoris) 2020

Article reuse guidelines:
sagepub.com/ jo urnals-pemissions
DOl: 10.1177/15910199209 25678
joumals.sagepub.comihomeline

®SAGE

Original Article

Aspiration thrombectomy as the first-line
treatment of M2 occlusions
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Abstract

Purpose: The aim of the present study was (i) to evaluate the safety and efficacy of aspiration thrombectomy in patients with
M2 occlusions and (i) to compare outcome of treatment of occlusion of different M2 segments.

Materials and methods: Between March 2016 and |une 2019, 82 patients with acute ischemic stroke and isolated M2
occlusions were treated in cerebrovascular stroke center with aspiration thrombectomy as the first-line treatment.
Functional outcomes of patients with different types of M2 occlusions were statistically compared. Multivariable logistic
regression analysis was performed to determine the factors associated with good clinical outcome.

Results: The mean age was 71.9 £ 13.4 years, 47.6% were men. Aspiration thrombectomy alone was utilized in 72.5% of
patients, with 27.5% of patients being treated with a combination of aspiration thrombectomy and stent retriever. At the
three-month follow-up, there was no statistically significant difference in functional outcome between different types of M2
occlusions (p=0.662), however in the underpowered analysis because of the small sample size of patients, with good
clinical outcome mRS 0-2 in 50% of all treated patients. Symptomatic intracranial hemorrhage was found in 6.1% of
patients. Lower age (OR 0.932, 95% Cl 0.878-0.988) and lower NIHS5 score upon admission (OR 0.893, 95% Cl 0.805-0.991)
were independent predictors of good clinical outcome.

Conclusion: Aspiration thrombectomy appeared to be a safe and effective first-line treatment option for patients with M2
occlusion, being the first-line option for almost three-quarters of patients.
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Acute ischemic stroke, endovascular therapy, aspiration thrombectomy, M2 occlusions

Received 17 |anuary 2020; revised 14 April 2020; accepted 17 April 2020

Introduction unclear (ITb recommendations).* The aim of the pre-

Endovascular treatment (EVT) has become the
golden standard for the treatment of patients with
acute ischemic stroke and large vessel occlusion of
the M1 middle cerebral artery (MCA) and/or the
internal carotid artery (ICA). In distal occlusions,
endovascular procedures can be more challenging
and are associated with a higher risk of periproce-
dural complications as a result of a smaller vessel
diameter and a longer path to the occlusion.
Intravenous thrombolysis administration has been
shown to be associated with a higher increase in the
percentage of recanalization for distal occlusions in
comparison with proximal occlusions.®* In spite of
the fact favorable results have been obtained in sev-
eral studies, the optimal management of patients with
M2 occlusion remains a matter of debate. The 2018
AHA/ASA guidelines recommend that in properly
selected patients with M2 occlusion within 6 h after
symptom onset, EVT with the use of stent retrievers
can be performed; however, the benefits remain

sent study was to analyze the safety and efficacy of
EVT of M2 occlusions with aspiration thrombectomy
as the first-line treatment and compare outcomes of
patients with occlusion of different M2 segments.

Materials and methods

A single-center, retrospective analysis of patients who
underwent EVT for M2 occlusions in our cerebrovas-
cular stroke center between March 2016 and June
2019 was performed. The following clinical criteria
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upon admission were used for inclusion of patients
for endovascular therapy: basehne National
Institutes of Health Stroke Scale score (NIHSS) =6
or in patients with NIHSS < 6 and chimically relevant
neurological deficit in eloquent area (aphasia, hemi-
anopsia, ete.). Only patients with isolated M2 occlu-
sion were included. Patients with tandem ICA and
M2 occlusion, patients with combined M 1/M2 occlu-
sion were not included. Several MCA branching pat-
terns have been described in the literature.""™ We
divided M2 according to anatomical defimtion of
MCA segments." M2 branches were branches distal
to the distal end of horizontal part of M1 segment.
M2 branch was considered dominant if the
diameter was larger or if the perfusion was greater
than 50% of the MCA termtory. If M2 branches
were symmetric or supplying both 50% of MCA ter-
ritory, they  were considered codominant.
Classification of M2 branches into segments was per-
formed according to computed tomography (CT)
angiography and digital subtraction angiography by
two neurointerventionalists.

All patients underwent nonenhanced CT and CT
anglography of extracranial and intracranial vascula-
ture before procedure. In a selected group of patients
(patients with unknown symptom onset, wake-up
stroke. or stroke onset 6-24 h before EVT), perfusion
CT was performed. If eligble for bridging intrave-
nous thrombolysis, patients received IVT and were
then treated with EVT.

EVT was performed under local anesthesia or con-
scious sedation. In all patients, the transfemoral
approach was followed with a guiding catheter
(NeuronMax 088, Penumbra), which was advanced
into the ICA. The site of occlusion was reached
with an aspiration catheter (4 MAX, ACE 60, or
ACE 64, Penumbra), and aspiration thrombectomy
was performed utilizing the ADAPT technique. If
aspiration thrombectomy alone failed after two
attempts to retrieve the clot, a combination of aspi-
ration thrombectomy with stent retriever thrombec-
tomy (Preset, Trevo, or Solitaire) was utilized. At 24
h after the procedure, control nonenhanced CT or
magnetic resonance imaging (MRI) was performed.

Patients’ data, 1.e. sex, age, comorbidities, and
NIHSS score upon admission and after seven days
after procedure, were collected. The ASPECTS score
upon admission was evaluated by nonenhanced CT
with automated software for ASPECTS score evalua-
tion (eASPECTS) (Brainomix). Several procedural
and technical characteristics were evaluated, including
intravenous thrombolysis administration, time from
symptom onset to start of EVT, time from puncture
to recanalization, and recanalization success, which
was defined as a Thrombolysis In  Cerebral
Infarction (TICT) score of 2b/3. Hemorrhagic compli-
cations were evaluated by control nonenhanced CT
according to the ECASS 111 criteria.” Functional out-
come was evaluated at seven days and at three months

after EVT by the modified Rankin scale (mRs). Good
clinical outcome was defined as mRs (-2, bad clinical
outcome as mRS 3-6.

Statistical analysis

Results were evaluated statistically with Graph Pad
Prism statistical software, version 8.3 (San Diego,
CA, USA) and SPSS 26.0 statistical package (IBM
SPSS. Chicago, 1L, USA). The Shapiro-Wilk test
was used to verify the normal distribution of the ana-
lvzed data. Unpaired t-test in case of parametric
(onset-to-groin time and NIHSS score upon admis-
sion) and independent-sample Mann-Whitney U test
mn case of non-parametric continuous variables were
used to analyse the differences between two patient
groups. The differences between categorical variables
were analysed by Fisher’s exact test. Pearson’s y” test
was used to analyse the differences between function-
al outcome after endovascular treatment and the site
of occlusion of different M2 segments. Multifactorial
ordinal logistic regression with proportional odds was
run to determine the effect of independent factors for
association with good outcome of patients. p-Values
less or equal to 0.05 were considered to indicate sig-
nificant differences.

Results

Basic demographic, clinical, and imaging data are
summarized i Table 1. A total of 82 consecutive
patients with M2 occlusion who underwent EVT ful-
filled the study criteria. The different types of M2
occlusion were distributed as follows: dominant M2
branch 51%. codominant M2 branch 44%. and non-
dominant branch 35%. left side was occluded in
58.5%, right side in 41.5% of patients. In the whole
study group, the mean age was 71.9+13.4 vears,
47.6% were men, and the median NIHSS score
upon admission was 11.11 £514. The mean
ASPECTS score upon admission, as determined by
nonenhanced CT, was 9.22 +1.24; 50% of patients
received intravenous thrombolysis before EVT. The
mean time from symptom onset to start of EVT
was 262.76 = 109.35min, and the mean time from
puncture to recanalization was 27.22+15.81 min.
The mean number of passes during one EVT was
206+ 1.18. Successful recanalization (a TICI score
of 2b/3) was achieved i 91.5% of the patients.
Aspiration thrombectomy alone was sufficient in
72.5% of patients, and in the remaining 27.5% of
patients, a combination of aspiration thrombectomy
with stent retriever thrombectomy was utilized.
Symptomatic intracramial hemorrhage was found in
6.1% of patients. No other complications regarding
the endovascular procedure were found. No statistical
difference was found in NIHSS score upon admission
between different M2 segments occlusion groups
(p=0.523) (Figure 1). In 80.49% of patients, the
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Table 1. Demographic, clinical, and procedural data of patients.
Good outcome Bad outcome Statistical
All patients {mRs 0-2) {mRS 3-6) difference®
Number of patients a2 51 51
Age 7194134 66.8 4+ 15.7 77482 <0.001
Male 47.6% 53.7% 41.5% 0.377
Hypertension 84.1% 73.2% 95.1% 0.013
CAD 48.8% 43.9% 53.7% 0.508
Atrial fibrillation 45.1% 41.5% 48.8% 0.657
Diabetes mellitus 37.8% 24.4% 51.2% 0.022
Dyslipoproteinemia 59.8% 53.7% 65.9% 0.368
Pre-event mRs 0.22 +0.7 0.15 +0.57 0.29+0.81 0.293
Administration of iv tPA 50% 46.3% 53.7% 0.659
Onset-to-grein time (min) 262.76 + 109.35 282.97 4+ 120.72 245.84 + 97.29 0.165
Groin-to-recanalization time (min) 27.22 1581 25.76£12.63 28.68 1185 0.749
Number of passes (mean + 5D) 2.06 +1.18 24112 2.1241.25 0.747
ASPECTS score upon admission 9.22 +1.24 9.2+121 9.24+1.28 0.711
TICI score of 2b/3 after EVT 91.5% 92.7% 90.2% 1.000
NIHSS score upon admission 11.11 +5.14 9.63 £ LLT 12.59 +5.38 0.008
NIHSS score at day 7 6.32 +8.12 2.85+3.17 9.88 4 9.96 <0.001
mRs at day 7 2.46 +1.85 1374122 3.56+1.72 <0.001
mRs at three months 2.76+2.39 0.68 +£0.79 4,83+ 1.47 <0.001
sICH 6.1% 0% 12.2% 0.05
M2 segments occlusion
Dominant 51.2% 56.1% 46.3% 0.662
Codominant 43.9% 39% 48.8%
Nondominant 4.9% 5.9% 4.9%
Side of M2 occlusion
Right 41.5% 36.6% 46.3% 0.502
Left 58.5% 63.4% 53.7%

sICH: symptomatic intracranial hemorrhage; NIHSS: National Institute of Health Scale System; mRs: modified Rankin scale; CAD: coronary artery disease;
TICI: Thrombolysis In Cerebral Infarct score; iv tPA: intravenous tissue plasminogen activator; SD: standard d eviation.

*Statistical test used is described in Methods section.
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Figure 1. NIHSS before thrombectomy in different M2 segments.

NIHSS score had decreased seven days after
EVT (from 11.11+5.14 to 6.32+8.12) (p<0.001)
(Figure 2). At the three-month follow-up, no statisti-
cally significant difference in good and bad outcome
was observed between patients with dominant,
codominant, or nondominant M2 occlusion
(p=0.662), with good clinical outcome mRS (-2
in 50% of all study patients after endovascular
treatment of M2 occlusion. Patients with bad clinical
outcome mRS 36 had significantly higher
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Figure 2. The relationship between NIHSS before thrombectomy
and NIHS5 7 days after thrombectomy.
NIHSS: National Institutes of Health Stroke Scale score.

age (p<0.001), more sICH after thrombectomy
(p= 0.05), higher NIHSS upon admission (p< 0.001),
more often diabetes mellitus (p=0.022), and also
hypertension (p=0.013) (Table 1). However, in multi-
variable ordinal logistic regression analysis, lower
age (OR 0.932, 95% CI 0.878-00988) and lower
NIHSS score upon admission (OR 0.893, 95% CI

62



Interventional Neuroradiology 26(&)

Table 2. Results of the multivariable ordinal logistic regression
analysis (proportional odds model) for association with good
outcome (mRs 0-2) of patients.

Wald #*

p OR OR 95% CI
Age 0.018 0.932 0.878-0.988
Hypertension 0.334 0.411  0.067-2.500
Diabetes mellitus 0.085 0398  0.140-1.134
NIHSS score upon admission  0.033 0.893  0.805-0.991

MNIHSS: National Institute of Health Scale System; OR: odds ratio; Cl:
confidence interval.

0.805-0.991) were independent predictors of good clin-
ical outcome at three months’ follow-up (Table 2).

Discussion

Despite the fact that several papers have reported
favorable results, prognosis and i1deal management
of patients with distal occlusions in the anterior circu-
lation of the brain remain a matter of debate. Several
studies have investigated the outcomes of patients
treated for M2 occlusions. In the meta-analysis of
M2 occlusions conducted by Chen et al., excellent
and good outcomes at the three-month follow-up
were observed in 40% and 62% of patients, respec-
tively.'" In the meta-analysis of Saber et al., functional
independence (mRs 0-2) was observed m 59% of
patients.” In the HERMES meta-analysis, 130 patients
with M2 occlusion were analyzed, with modified TICI
(mTICI) scores of 2b/3 in 59.2% of patients and better
chinical outcome in patients treated with EVT com-
pared with the control group (58.2% ws. 39.7% of
patients, p=0.03)."" In our study, good functional
outcome (mRs (-2) after three months was achieved
in 50% of patients treated for M2 occlusions.

QOutcomes of patients with M2 and M1 occlusions
have been compared in several studies. The meta-
analysis of Saber et al. did not reveal a significant dif-
ference n recanalization (TICI score) and mortality
between patients with M1 or M2 occlusions; despite
the more symptomatic mtracranial hemorrhages,
functional outcome was better, probably due to
lower NIHSS scores upon admission.® Navia et al.
found that good postprocedure reperfusion (an
mTICI score of 2b/3) (93% vs. 92%, p = 1L.00), func-
tional independence (57% vs. 70%, p = 0.18), symp-
tomatic intracranial hemorrhage (1.6% wvs. 2.7%,
p=10.55), device- or procedure-related serious adverse
events at 30 days (4.0% vs. 8.1%, p=0.39), and mor-
tality at 90 days (6.6% vs. 2.7%, p=0.69) were com-
parable between patients with M1 and M2
occlusions.'” In the present study, we did not compare
results of endovascular treatments for M1 and M2
occlusions.

The guestion of how to treat patients with domi-
nant or nondominant branch M2 occlusions remains
unresolved. In the study of Compagne et al., no

evidence was found that patients with either a domi-
nant or a nondominant M2 occlusion should be rou-
tinely excluded from EVT." In a study of de Castro
Afonso et al., 27 patients (90%) had a dominant M2
branch and all were occluded.” In the HERMES
meta-analysis, endovascular therapy was most effec-
tive in patients with proximal M2 segment MCA
occlusions (n= 116, adjusted OR 2.68, 95%CI 1.13
to 6.37) and in patients with dominant M2 segment
MCA occlusions (n =73, adjusted OR 4.08, 95% CI
1.08 to 15.48)." The results of our study, likely
because of the small sample size of patients with the
underpowered analysis, showed no difference in clin-
ical outcome between endovascular treatment of
dominant, codominant, or nondominant M2 branch
occlusions. These results together with our findings
from similar NIHSS distribution between dominant,
codominant, and nondominant occluded M2
branches before EVT support the theory, that
patients with M2 branch occlusion should not be dis-
couraged from endovascular therapy according to
caliber of M2 branch.

The optimal EVT for clot retrieval remains a
matter of debate. Most studies analyang EVT in
M2 occlusions were performed with mechanical
thrombectomy with stent retriever. Data regarding
aspiration thrombectomy are limited. Several studies
have compared aspiration thrombectomy with stent
retriever thrombectomy and obtained comparable
results."*"7'® In a multicenter trial studying M2
occlusions, utiization of a newer-generation pump
aspiration catheter resulted in outcomes similar to
those obtained with a stent retriever, but worse out-
comes were observed with the manual aspiration tech-
nique.'® In the Contact Aspiration vs. Stent Retriever
for Successful Revasculanization (ASTER) trial, in
the subgroup analysis with M2 occlusions, authors
found no statistically significant differences between
stent retriever thrombectomy and aspiration throm-
bectomy, with a recanalization rate of 87.3%, an
sICH rate of 5%, and a functional independence
rate of 52.6% at the three-month follow-up."” In the
present study, we have only emploved aspiration
thrombectomy (with the ADAPT technique) in
72.5% of patients to retrieve the clot; in the remaining
27.5% of patients, after failure of aspiration alone, a
combination of aspiration thrombectomy with stent
retriever thrombectomy was utiized. Successful
recanalization (a TICI score of 2b/3) was achieved
in 91.5% of patients. The mean procedure time
from puncture to recanalization in our study was
27min, which is shorter than in other studies, where
it ranged from 29 to 64 min."""* We hypothesize this is
because in the majority of cases, we only employed
aspiration thrombectomy. These results are in con-
cordance with the COMPASS study, which compared
stent retriever thrombectomy and aspiration throm-
bectomy and found significantly shorter procedure
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times in the aspiration thrombectomy group (22 min)
than in the stent retriever group (33 min)."

Post endovascular therapy symptomatic intracrani-
alhemorrhage remains the major concern of M2 occlu-
sion treatment. In the meta-analysis by Saber et al.,
the rate of post endovascular therapy symptomatic
intracranial hemorrhage was 10% % In another meta-
analysis, symptomatic intracranial hemorrhage was
observed in 5% of patients.'” In our study, the rate
of symptomatic intracranial hemorrhage was 6.1%.

Recanalization rates following IVT for distal
occlusions have been reported to be higher than for
proxmal occlusions.” However, the successful recan-
alization rate with only tissue plasminogen activator
administration has been shown to be only 6%."" In a
study by Sarraj et al., the rate of good outcomes was
higher for endovascular therapy (62.8%) than for
medicinal management alone (35.4%)°" In our
study, 50% of patients received IVT before EVT.
and none of those patients achieved complete recan-
alization (a TICI score of 2b/3) after IVT before EVT.
However, we did not analyse patients who only
received IVT for M2 occlusion treatment and did
not undergo thrombectomy due to clinical improve-
ment after [VT.

Limitations of the study

We wish to mention several limitations of the study:
(1) the retrospective, single-center design, (1) the lack
of a control group, and (iii) the small sample size of
patients in the M2 subgroups.

Conclusion

In conclusion, our results showed that aspiration
thrombectomy appeared to be a safe and effective
first-line treatment option for patients with M2 occlu-
sion. In more than one-gquarter of thrombectomies, a
combination of aspiration thrombectomy and stent
retriever thrombectomy had to be utilized. No differ-
ence in functional outcome between dominant,
codominant, and nondominant M2 branch occlusion
was observed; however given the small sample size of
patients, these results will need to be verified on a
larger sample size of patients.
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Abstract

Purpose To evaloate the patient and the neurointerven-
tionalist radiation dose levels during endovascular treat-
ment of acute ischemic stroke, and to analyze factors
affecting doses.

Materials and Methods From October 2017 to January
2019, we prospectively collected patient radiation data and
neurcinterventionalist data from real-time dosimetry from
all consecutive thrombectomies. Multivariate analysis was
performed to analyze patient total dose area product (DAP)
and neurointerventionalist dose variability in terms of
clinical characteristics and the technical parameters of
thrombectomies. Local dose reference levels (RL) were
derived as the 75th percentile of the patient dose
distributions.

Results A total of 179 patients were treated during the
study period and included in this smdy. Local dose RL for
thrombectomy was derived for total DAP to 34 Gy em”,
cumulative air kerma of 242 mGy and fluoroscopy time of

12 min. The mean neurointerventionalist dose for
thrombectomy was 7.7 £ 7.4 nSv. Height (P = (0.018),
weight (P =0.004), body mass index (P =0.015),
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puncture to recanalisation (P < 0.001), fluoro  time
(P < 0.001), number of passes (P < 0.001), thrombolysis
in cerebral infarction 2b/3 recanalisation (P = (0.034) and
aspiration thrombectomy (P < 0.001) were independent
factors affecting patient total DAP, whereas baseline
National Institutes of Health Stroke Scale (P = 0.043),
puncture to recanalisation (P = (0.003), ﬁuorcmopy time
(P = 0.009) and number of passes (P = 0.009) were factors
affecting the neurointerventionalist dose.

Conclusion New reference patient doses lower than those
in previously published studies were defined. However, the
operator’s doses were higher than those in the only avail-
able study reporting on operator’s dose during cerebral
interventions.

Keywords Ischemic stroke - Endovascular therapy -
Radiation protection - Patient dose - Staft dose

Introduction

In 2015, several randomized controlled trials demonstrated
that endovascular treatment of acute ischemic stroke with
large vessel occlusion in anterior circulation with
mechanical thrombectomy i1s more beneficial than intra-
venous thrombolysis [1]. Since then, endovascular treat-
ment of patients with acute ischemic stroke with large
vessel intracranial occlusion has become the gold standard
for the treatment of these patients [2]. The number of
endovascular procedures for acute ischemic stroke per-
formed worldwide is therefore increasing each year, thus,
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increasing exposure for patients and staft performing these
neurolnterventional procedures.

Several studies have analyzed patient radiation data
tfrom endovascular therapy for acute ischemic stroke [ 3-5].
However, studies presenting data on statt dose during
endovascular therapy for acute ischemic stroke are not
available. Several methods and techniques have been
established for monitoring of staft doses in terms of whole
body, extremity or eye lens exposures. Individual real-time
radiation dosimeters with central in-room visual display
can provide real-time radiation dose feedback [6].
Knowledge of the neurointerventionalist doses can help in
optimizing staff radiation protection during mechanical
thrombectomies for acute ischemic stroke. In the present
study, we investigated data from patients receiving
endovascular procedures for acute ischemic stroke and the
real-time dosimetry data of peurointerventionalists per-
forming endovascular procedures for acute Ischemic
stroke; we then analyzed factors affecting patient and
neurointerventionalist doses and defined local dose refer-
ence levels for patients during thrombectomy.

Materials and Methods

From October 2017 to January 2019, we prospectively
collected radiation data from all consecutive endovascular
thrombectomies for acute ischemic stroke with large vessel
occlusion, performed in a comprehensive stroke center and
then conducted a retrospective analysis. All neurointer-
ventional stroke procedures were performed on an Innova
IGS 540 (GE HealthCare, Buc, France) single-plane
anglography system. Both protective celling-mounted lead
glass and an operating side table lead shielding drape were
used on the patient’s right side during all endovascular
procedures. Patients were treated under local anesthesia or
conscious sedation. The endovascular procedures were
performed with mechanical thrombectomy with aspiration
thrombectomy, a stent-retriever or a combined technique.
During fluoroscopy, the settings were set for 7.5 frames per
second (fps), and digital subtraction angiography (DSA)
was performed with variable frame rates (4 fps in the first
5 s of the cine, 2 in the second 5 s of the cine and 1 in the
last 5s of the cine). All data from endovascular
thrombectomies from angiography system were recorded
with a dose quality control system (Institute of Radiation
Protection), a software system developed for auto-collec-
tion of radiation dose data of patients from different X-ray
modalities. The collected data included total DAP
(Gy cm?), cumulative air kerma {(mGy), fluoroscopy DAP
(Gy cm?), fluoroscopy  dose (mGy), fluoroscopy time
{min), acquisition DAP (Gy cmz}. acquisition dose (mGy),
acquisition time (s) and the number of images during DSA

for each patient undergoing mechanical thrombectomy.
The acquisition dose (mGy) was defined as the total
accumulated dose for the patient at a reference point during
DSA with acquisition time defining the time during DSA.

Each mechanical thrombectomy was performed with
either Neurointerventionalist 1 or Neurointerventionalist 2
as the first operator. Each newrointerventionalist was
equipped during thrombectomies with a RaySafe i3 (Un-
tors RaySafe AB., Sweden) real-time dosimetry system
attached on the outside of the apron at the left breast
pocket. The real-time dosimetry Interventionalist dose per
procedure (uSv) from each endovascular thrombectomy
was retrospectively exported from the system, and data
between operators were analyvzed and statistically
compared.

For each procedure, several clinical and endovascular
procedure factors including patient age, sex, helght,
welght, body mass index (BMI), baseline National Insti-
tutes of Health Stroke Scale (NIHSS), use of intravenous
thrombolysis (IVT) before endovascular therapy, fluo-
roscopy duration (min), puncture to recanalisation time
(min), thrombolysis in cerebral infarction (TICI) recanali-
sation score, the endovascular technique wused for
thrombectomy (aspiration, stent-retriever or combination
of aspiration with stent-retriever) and the site of arterial
occlusion were also analyzed. The puncture to recanalisa-
tion time was defined as the time from groin puncture to the
time of the last DSA with either successful or incomplete
recanalisation. Some physical characteristics of the opera-
tors (body height) were taken into consideration.

Local dose reference levels (RL) were derived as the
75th percentile of the patient dose distributions.

Statistical Analysis

Patient data were tabulated, and basic descriptive charac-
teristics were summarized with the mean, standard devia-
tion and median for continuous variables and frequency
(percentage) for categorical variables. The Shapiro—Wilk
test was used to verify the normal distribution of analyzed
data. Independent-sample nonparametric Mann—Whitney
L/ test and Kruskal-Wallis test were used to analyze the
ditferences between two patient groups depending on the
newrointerventionalist. Linear correlation and linear
regression analyses were performed to determine factors
associated with total DAP and the neurointerventionalist
dose for continuous variables, and the nonparametric
Mann—Whitney [ test was used to determine factors
associated with total DAP and the neurointerventionalist
dose for categorical variables. All P values presented are
two-sided, and P less than or equal to (.05 were considered
to indicate significant differences. Statistical analyses were
performed in GraphPad Prism version 8.2 software
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(GraphPad Software, La Jolla, California) and the SPSS
26.0 statistical package (IBM SPSS, Inc, rel. 2019, Chi-
cago, Illinois).

Results

A total of 179 patients were treated in the study period and
included in this study. The mean age of patients was
70.4 £ 13.2 years with 53.1% males (Table 1). The mean
baseline NIHSS was 143 & 6.6, 52.5% of patients
received intravenous thrombolysis before thrombectomy,
and successful TICI 2b/3 recanalisation was achieved In
96.1% of patients. 87.2% patients had large vessel occlu-
sion in anterior circulation with 70.9% of middle cerebral
artery occlusions. Aspiration thrombectomy was used in
81.5% of patients with the mean number of passes of
1.8 = 1.2 and the mean puncture to recanalisation time
23.6 £ 155 min.

For all procedures, the mean total DAP was
265 £ 169 Gy cm?®, the cumulative air kerma was
199.0 + 148.1 mGy and the fluoroscopy time
9.7 £ 6.4 min (Table 2).

In real-time dosimetry, the mean dose for a neurointer-
ventionalist performing stroke treatment Was
7.7 = 7.4 pSv per case. The mean dose for Neurointer-
ventionalist 1 was 9.8 £+ 7.2 pSv, and that for Neuroint-
erventionalist 2 53 &£ 6.8 uSv. There was a
statistically significant difference between operator doses,
with a lower dose tor the second operator (P = 0.001). A

Was

Wwas

comparison of total DAP, cumulative air kerma, fluo-
roscopy times and number of images did not indicate any
statistically significant differences between neurointerven-
tionalists, whereas a statistically significant increase was
found in acquisition doses in procedures performed by the
second neurointerventionalist (P = 0.007).

Local dose reference levels for thrombectomy were
derived for total DAP to 34 Gy cm?, cumulative air kerma
of 242 mGy, fluoroscopy time of 12 min and number of
images of 132 for patients.

In multivariate analysis, a lower height (P = 0.018),
lower weight (P = 0.004), lower BMI (P = (0.015), shorter
puncture to recanalisation (7 < 0.001), shorter fluoro time
(P = 0.001) and fewer passes (P = 0.001) were associated
with lower total DAP in all procedures (Table 3, Fig. 1) as
were successtul (TICI 2b/3) recanalisation (P < (0.001) and
use of aspiration thrombectomy (P < 0.001) (Table 4).
Lower NIHSS (P = 0.043), shorter puncture to recanali-
sation (P = 0.003), shorter fluoro time (P = 0.009) and
number of passes (P = (0.009) were assoclated with lower
neurointerventionalist dose in all procedures in multivari-
ate analysis (Table 3, Fig. 2).

Discussion

The present study investicated the neurointerventionalist
and patient radiation doses during endovascular treatment
of acute ischemic stroke with large vessel occlusion. The
main findings can be summarized as follows: (1) new lower

Table 1 Information and demographics of the patients and endovascular procedures included in the study

All patients Neurointerventionalist 1 Neuarointerventionalist 2 P =005
179 pts 96 pts 83 pts
Age (years) T04 £ 13.2(73) T2+ 121 604 + 142 ns
(74) (72)
Male sex 53.1% 52.1% 54.2% ns
Baseline NIHSS 143 = 6.6 14.6 = 7.00 140 = 62 ns
(14) (14) (14)
Puncture to recanalisation (min) 236 £ 155 26.5+ 152 203 £+ 152 0.0004
(20) (24) (16)
Number of passes 18+12 1.8+ 1.1 1.7+13 ns
(1 (1) (1y
Intravenous thrombolysis (IVT) 52.5% 53.1% 51.8% ns
TICT 2b/3 recanalisation 96.1% 96.9% 952% ns
Aspiration thrombectomy B81.5% B4.4% T83% ns
Anterior circulation B7.2% BR.5% 85.5% ns
MCA 70.9% 69.8% T23% ns

BMT body mass index, MCA middle cerebral artery, /VT intravenous thrombolysis, TICT thrombaolysis in cerebral infarction, NIHSS National

Institutes of Health Stroke Scale. Mean = SD {median)
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Tabhle 2 Information about patient and neurointerventionalist doses during endovascular treatment of acute ischemic stroke
All patients Neurointerventionalist 1 Neurointerventionalist 2 P < 005
179 pts 96 pts &3 pts
Total DAP (Gy cm?) 265+ 169 (21.9; 34.1) 269 £ 13.9(25.2; 354) 26.0£ 199(19.0;295) ns
Cumulative air kerma (mGy ) 1990 + 148.1 (157.5; 169.7 £ 922 (154.6; 2320 £+ 188.6 (163.7; ns
242.1) 2327 286.8)
Fluoroscopy DAP (Gy em’) 153+ 121 (11.5; 197 160 £ 10.8(13.0; 21.9) 144+ 13.4 (9.9; 16.0) ns
Fluoroscopy dose (mGy) 1144 £ 96.5 (B4.6; 10045 £ 66.9 (83.2; 130.5 £ 120.6 (R9.0; ns
139.1) 141.3) 135.9)
Acquisition DAP (Gy cm?) 11.2 £ 7.3 (88; 13.9) 109 = 6.1 (9.1; 13.8) 116 = 85 (87, 149) ns
Acquisition dose (mGy) 846 £ 67.6 (67.1; 105.2) 693 £ 43.6 (57.7; 98.6) 1024 = 843 (73.5; 0.0007
133.1)
Acquisition time (s) 36.8 £ 194 (33.0; 46.0) 368 £ 17.7 (34.0; 4500 37.5 £ 21.3 (32.0; 5000 ns
Number of images 1306 £ 145.1 (89.0; 137.8 £ 158.7 (90.0; 12223 £ 1280 (89.0; ns
132.0) 128.8) 135.0)
Fluoro time (min) 97 = 6479124 99 + 6.3 (8.7:13.0) 9.6 = 6.6 (7.5:10.6) ns
Meurointerventionalist's dose per one procedure 7.7 £ 7.4 (5.0; 10.0) 08 £ 72 (80 12.0) 536803050 < 0.001
(uSv)
DAP dose area product. Mean £ SD (median: 75th percentile)
T"’hk 3 The Iiru:.a.r cnnclqim Total DAP Meurointerventionalist dose
and linear regression analysis of
total DAP and Pearson » R~ P = 0.05 Pearson r R P =005
neurointerventionalist dose for
dll patients Age — 003691 0.001 ns 0005747 = 0001 ns
Height (cm) 01878 0035 0018 0.07575 0006 ns
Weight (kg) 02255  0.051 0.004 — 0009470 = 0001 ns
BMI 01941 0038 0015 = 006600 0.0  ns
Baseline NIHSS 01262 0016 ns 0.1512 0023 0.043
Puncture to recanalisation (min) 06438 04145 <0001 0.2190 0048 0.003
Fluoro time (min) 07803 06080 = 0.001 0.1931 0037 0.009
Number of passes 03227 011 <0001 0.1944 0038 0.009

DAP dose area product, BMT body mass index, NIHSS National Institutes of Health Stroke Scale

patient local reference dose levels for endovascular therapy
ot acute ischemic stroke were defined; (2) patient height,
weight and BMI, and puncture to recanalisation, fluoro
time, TICI 2b/3 recanalisation, number of passes and
aspiration thrombectomy affected total DAP: (3) neuroin-
terventionalist dose was affected by baseline NIHSS,
puncture to recanalisation, fluoroscopy time and number of
passes.

Endovascular therapy for acute ischemic stroke with
mechanical thrombectomy In patients with large vessel
occlusion has become the gold standard for treatment:
consequently, mechanical thrombectomy procedures per-
tformed worldwide have markedly increased in recent
years. This increase has led to greater doses not only to
patients, but also to staff performing thrombectomies.
Hassan and Amelot [7] have analyzed radiation data in 755

neurointerventional procedures performed on a biplane
angiography system; among 73 mechanical thrombec-
tomies, the mean total DAP was 91 Gy cm?, the cumula-
tive air kerma was (0.807 Gy, and reference levels for the
subgroup were 110 Gy em® for DAP, 1.020 Gy for
cumulative air kerma, 30 min for fluoroscopy time and 460
DSA frames. Acton et al. [8] analyzed data in 246 neu-
rointerventional procedures, among 10 stroke thromboly-
sis/thrombectomy procedures the mean DAP was
91 Gy cm?. In another study Investigating radiation doses
during thrombectomy procedures conducted by Guenego
et al. [9]. the mean total DAP was 170 Gy cm”, and the
kerma was (.96 Gy. In our study, we found a mean total
DAP of 27 Gy cm®, cumulative air kerma of 0.20 Gy and
number of images of 126. Our doses were significantly
lower than those in the other studies [4. 7, 9-11]. Several
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Total DAP Neurvinterventionalist dose

Mean + 5D P =005 Mean + 5D P =005
Intravenous thrombaolysis (IVT) 269 + 17.2 versus 25.7 £ 16.7 ns 83 + 8.1 versus 7.1 £+ 6.6 ns
TICT 23 recanalisation 36.9 + 15.1 versus 259 + 169 0.034 1.7 £ 11.9 versus 7.5 =+ 7.1 ns
Aspiration thrombectomy 37.8 £ 189 versus 23.6 £ 153 = 0.001 94 £ 9.8 versus 7.3 £ 6.7 ns
Anterior circulation 31.1 £ 194 versus 25.6 = 16.5 ns 9.4 +9.7 versus 7.4 + 6.9 ns

DAP dose area product, TTCI thrombaolysis in cerebral infarction

tactors could have led to this scenario. The first factor is
possibly the significantly shorter Huoroscopy time of the
thrombectomy: 10 min in our study versus 27—42 min in

@ Springer

the previous studies [4, 7,9, 11]. Our procedure times were
shorter despite our including all consecutive patients dur-
ing the study period and also including patients with
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Fig. 2 The linear correlation analysis of neurointerventionalist dose for all patients

posterior circulation strokes and patients receiving carotid
artery stenting or balloon angioplasty. In contrast, in the
study by Weyland et al. [10], only patients with anterior
circulation ischemic stroke were included. The second
tactor is the use of a single-plane angiography system with
the ability to adjust the table height in single-plane system
and not the use of the biplane mode for acquisition which
may Increase the dose. This is in concordance with findings
from a study by Sadick et al. [12], in which biplane
imaging delivered a significantly greater radiation dose
(1814 = 121.0 Gy sz) than single-plane Imaging
(1336 = 92.8 Gy cm?) in coronary angioplasty proce-
dures. The third factor is the experience of operators:

herein, more than 100 thrombectomies had been performed
by each neurointerventionalist before the start of our study,
as experience has recently been shown to influence pro-
cedure time, fluoroscopy time and radiation exposure
during mechanical thrombectomy in the anterior circula-
tion [11]. Another reason may be the high recanalisation
success rate with 96.1% of TICI 2b/3 recanalisation, the
low number of passes of 1.8 per thrombectomy and use of
aspiration thrombectomy in 81.5% of thrombectomies. In
the COMPASS study, the time to achieve TICI 2b/3
recanalisation with aspiration thrombectomy was signifi-
cantly shorter (22 min) than with stent-retriever (33 min)
[13].
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The increasing complexity and widespread use of
interventional fluoroscopy has led to increasing patient
doses and concern over staft doses [14]. Real-time
dosimetry personalizes dose feedback and increases radi-
ation awareness and safety, and it can be provided to staff
mvolved In fluoroscopy-guided interventions [I3]. In
addition to the educational value of the real-time dosimetry
system, other benefits have been identified, such as the
detailed information on occupational dose rate during the
procedures; the possibility of comparing occupational
doses received among different staff during the procedures;
and the capability of correlating occupational and patient
doses, and correlating staft doses, geometry and radio-
graphic factors used during the procedures [16]. In
peripheral interventions, several studies have evaluated
real-time dosimetry doses for endovascular interventions.
Heilmaier et al. [17] have combined the use of a patient
dose monitoring system and a real-time occupational dose
monitoring system for 19 different types of fluoroscopi-
cally guided interventions, reporting a mean accumulated
dose per intervention 4.6 pSv. Salier et al. [18] have found
that the first operator dose varied among procedures, with
the highest dose for aortic and visceral procedures being
33.4 pSv and 29.9 pSv, respectively, and the lowest dose
for AV fistula maintenance and percutaneous gastrostomy
being 1.9 pSv and L6 pSv, respectively. In cerebral
interventions, the only available study evaluating real-time
dosimetry was done by Sailer et al. [ 18], in which the mean
first operator dose 1n cerebral interventions, which were not
exactly specified, was 3.2 pSv. In our study, a mean first
operator dose was 7.7 pSv per stroke thrombectomy. These
data on newrointerventionalist dose per procedure may
serve as a standard for other centers evaluating the radia-
tion doses of peurointerventionalists performing increasing
numbers of endovascular stroke thrombectomies. However,
there is still some room for first operator dose improve-
ment. Ideally, staft should leave the angiosuite and DSA
should be performed from the control room or shield and
the distance to the X-ray source should be maximized
whenever possible [15]. In our practise during thrombec-
tomy and also during the study period, both protective
celling-mounted lead glass and an operating side table lead
shielding drape were used on the patient’s right side during
all endovascular procedures. However, DSA acquisitions
were performed in the angiosuite to avoid prolonging the
time to recanalisation during thrombectomy by leaving the
angiosuite and performing the DSA muns outside the
angiosuite, thus increasing the first operator dose.

Moreover, the 75th percentile local reference dose levels
for stroke thrombectomies in our study were 34 Gy cm® for
total DAP, 0.24 Gy for cumulative air kerma, 12 min for
fluoroscopy time and 132 for the number of images. Gue-
nego et al. [3], in a nulticenter study using a biplane
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angiography table, have proposed achievable levels of
148 Gy cm® and 0.73 Gy. In another study, Farah et al. [4]
have reported dose reference levels of total DAP of
162 Gy cm”, cumulative air kerma of 0.854 Gy and num-
ber of images of 559.

We also Investigated factors affecting total DAP, as well
as neurointerventionalist doses In all thrombectomy pro-
cedures. Farah et al. [4] have investigated factors associ-
ated with patient doses during mechanical thrombectomies
and demonstrated that sex (relative dose multiplier (RDM)
1.31; 95% CI 1.12-1.45), number of passages (RDM 1.22
per passage: 95% CI 1.10-1.22) and procedure success
(RDM 052, 95% CI 0.55-0.80) are key parameters
atfecting patient doses. Guenego et al. [9] have found that
general anesthesia is associated with higher DAP and
kerma. In our study, we tound that lower height, lower
weight, lower BMI, shorter time of puncture to recanali-
sation, shorter fluoro time, successtul TICI 2b/3 recanali-
sation and use of aspiration thrombectomy were assoclated
with lower patient doses. Higher baseline NIHSS, longer
puncture to recanalisation and longer fluoro time were
assoclated with higher doses for neurointerventionalists In
our study.

Of note, we compared nenrointerventionalists perform-
ing stroke interventions on the basis of different aspects.
We found a statistically significant lower dose for Neu-
rointerventionalist 2, despite the absence of significant
ditferences In Huoroscopy times, successful recanalisa-
tions, total DAP values and cumulative air kerma values
for both operators, and the significantly shorter time to
recanalisation for the second neurointerventionalist. Sev-
eral factors may have influenced the differences in personal
neurointerventionalist doses: higher height of the second
neurointerventionalist with 198 cm versus 178 cm with a
higher dosimeter position with longer distance from the
patient, differences in table height during the procedure
and slight differences in the usage of ceiling shielding. In
the study by Faroux et al. [19], increasing table height
significantly decreased operator radiation exposure, and a
53% reduction was observed during coronary invasive
procedures when the table height was 1126 mm or higher.
Factors such as table height are usually adjusted according
to the operator’s experience and comfort; however, pre-
sumably, the higher the operator, the higher the table will
be positioned.

The critical organ of the operator during interventional
procedures is the eve lens with respect to the threshold dose
of 20 mSv per annum in the current European directive
2013/59%/Euratom [20]. However, the yearly ocular lens
dose, particularly for interventionialists handling complex
interventions, could cross the permitted yearly limit set by
the new Euratom directive [21]. In our study, we did not
measure the eyve lens dose during mechanical
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thrombectomy procedures. In contrast, the critical organ of
the patient is the skin. The threshold dose for a cumulative
air kerma at the reference point is = 5 Gy and that for the
measured peak skin dose 1s = 3 Gy. Birenfiinger et al. [11]
have reported that in 6% of 50 patients, the threshold tor
skin dose was exceeded during stroke thrombectomies. In
our study, the threshold dose for a cumulative air kerma
was never reached during any stroke thrombectomy and all
procedures were performed with cumulative air kerma
below 1 Gy.

Limitations of the Study

This study has several limitations. First, this was a single
center design Involving a relatively small number of
patients and operators. Second, the study analyzed only
real-time dosimetry of first operator neurointerventionalist
statf; other data for individuals including nurses or radi-
ology technicians performing the procedure would also be
beneficial. Third, the neurointerventionalists did not have
experience with the real-time dosimetry system before the
start of the study, and the data of real-time dosimetry were
not provided until the end of the study; therefore, a larger
statt dose reduction might be possible after the study data
are made available. Another limitation of the study is that it
represents ‘‘single point measurement” for evaluation of
the operator dose.

Conclusion

In conclusion, the current study performed complex anal-
ysis of patient and neurointerventionalist radiation doses
during endovascular stroke treatment. New patient refer-
ence doses lower than those in previously published studies
were defined. However, the operator doses were higher
than those in the only available study reporting on operator
dose during cerebral interventions. Patient and statt dose
monitoring plays an important role in the optimization of
radiation protection during neurointerventional stroke
procedures.
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Abstract

Background: Data on the treatment with recurrent mechanical thrombectomy of patients with acute ischemic stroke
with recurrent large vessel occlusion are limited. We report our experience with recurrent mechanical thrombectomy for
recurrent large vessel occlusion.

Methods: During the period between May 2013 and August 2018, data on patients with recurrent large vessel occlusion were
collected. Baseline clinical characteristics, recanalization technique, recanalization rates and clinical outcomes of patients
with recurrent large vessel occlusion treated with mechanical thrombectomy were analyzed. Patients with recurrent large
vessel occlusion treated with mechanical thrombectomy were compared with patients who underwent single mechanical
thrombectomy.

Results: During the study period, 7 of 474 patients (1.5%) were treated with mechanical thrombectomy for recurrent large
vessel occlusion. The mean age of these patients was 64.4 (£7.9) years, and the mean time interval between thrombec-
tomies was 47 (£48) h. The median baseline National Institutes of Health Stroke Scale (NIHSS) was 12 (range 5-24) before
the first and 20 (range 3-34) before the second procedure; the mean NIHSS at discharge was 5 (range 2-25). Good clinical
outcome after repeated mechanical thrombectomy defined as modified Rankin scale of 0-2 was achieved in 29% of patients
at three months of follow-up.

Conclusions: Repeat mechanical thrombectomy is a rare procedure, but appears to be a feasible, safe and effective
treatment option in patients with acute ischemic stroke and early recurrent large vessel occlusion.
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Aspiration thrombectomy, endovascular procedures, recurrent stroke, ischemic stroke, large vessel occlusion
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Introduction

patients with recurrent stroke remain limited, as

In recent years, endovascular treatment with mechan-
ical thrombectomy in combination with intravenous
thrombolysis has become the gold standard for patients
with acute ischemic stroke (AIS) and large vessel occlu-
sion (LVO) in the anterior circulation. In rare cases
(between 3% and 9%), re-occlusion of the target
vessel can occur within 48 h of successful mechanical
thrombectomy (MT) and is associated with poor out-
comes.>® More generally, of patients who have
survived an initial stroke, the cumulative risk of
stroke recurrence is near 25% within five years.’
Although repeated thrombolytic therapy can be safe
and effective for selected patients with recurrent AIS,
treatment risks include intracranial hemorrhage and are
contraindicated in patients with a prior stroke within
the last three months. While MT has become a stan-
dard-of-care for treating LVOs, treatment options for

repeated MT for recurrent LVO is rare. Data regarding
the outcome of patients treated with repeated MT for
recurrent LVQ are also limited, and only a few series
and several case reports have been published to
date.™ These reports vary in the interval of re-throm-
bectomy, from early recurrence (<1 day) up to over a
year,3911-14

In the present study, we report our experience with
the endovascular treatment of patients with recurrent
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LVO, including three cases of target vessel re-occlusion.
Our goal was to investigate the clinical and radiological
outcomes of patients treated with re-thrombectomy.

Methods

We retrospectively reviewed data from all mechanical
thrombectomies for AIS with mtracramal LVO per-
formed in a stroke center from May 2013 to August
2018. Selected patients included those with recurrent
LVO in the anterior or posterior circulation treated
with repeated MT. Recurrent LVO was defined as a
recurrent thromboembolic occlusion following the ini-
tial procedure confirmed via CT angiography in
patients with documented clinical worsening after first
thrombectomy. Patients in which the recurrent embol-
ism occluded a different site were not excluded.

Stroke severity was scored using the National
Institute of Health Stroke Scale (NIHSS) upon admis-
sion, following recurrent stroke and at discharge. All
patients received non-enhanced computed tomography
(CT) and CT angiography imaging before the first or
recurrent MT.

All patients were treated under local anesthesia or con-
scious sedation. After the procedure, control CT or mag-
netic resonance imaging (MRI) was performed 24 h after
MT. Patient demographics, cardiovascular nsk factors
(hypertension, hyperlipidenia, diabetes mellitus, coronary
artery disease), values of hemoglobin, fibrinogen, plate-
lets, glycemia, and systolic and diastolic blood pressure
were collected before the imitial procedure. Medications
administered prior to the first stroke, including antipla-
telets or anticoagulants, were reviewed. Stroke etiology
was classified using the TOAST (Tnal of Org 10172
in Acute Stroke Treatment) classification. All endovas-
cular procedures were performed by at least one experi-
enced interventional radiologist.

Data on endovascular procedures including artery
occlusion sites, endovascular treatment methods,
number of passes, angiographic runs during endovas-
cular procedures, time interval between the procedures,
onset-to-door time, periprocedural complications, and
patient outcome after 90 days of follow-up were ana-
lyzed. Successful endovascular recanalization was
defined as Thrombolysis in Cerebral Infarction (TICI)
score of 2b or 3. Good clinical outcome was defined
using the modified Rankmn Scale (mRS) 0-2 at 90
days. All angiograms of patients with recurrent LVO
were evaluated for irregularities, vasospasms and inti-
mal lesions. Patients treated for recurrent LVO were
compared to a group of all patients consecutively trea-
ted with a single MT from December 2015 to December
2016. The study was approved by the local institution
ethics committee.

Statistical analysis

Continuous variables were reported as mean + SD or
median (IQR), as appropriate; categorical variables

were reported as proportions. P-values were calculated
using Fisher's exact test for categorical variables, the
Mann-Whitney U test (Wilcoxon rank-sum test) for
non-normally distributed continuous varables and
Welch's i-test for normally distnibuted continuous
variables.

Results

During the study period, 7 (3 females and 4 males) of
474 patients underwent repeat MT for recurrent LVO
(1.5%). Mean patient age was 64.4 (£7.9) years. LVO
locations for both first and second stokes included the
internal carotid artery (ICA), the middle cerebral artery
(MCA) and the basilar artery (BA). Of the seven
patients with recurrent LVO, six (86%) patients had
recurrent LVO in the same vascular territory, while
one patient had recurrent LVO in another vascular ter-
ritory (Figure 1, Table 1). None of the patients had
more than one recurrent LVO.

The mean time between repeat thrombectomies in
our study group was 47+ 48 (range 4-139) h. The
median baseline National Institutes of Health Stroke
Scale (NIHSS) was 12 (range 5-24) before the first pro-
cedure, 6 (range 3-12) after the first procedure,
20 (range 3-34) before the second procedure. and
3 (range 2-235) at discharge following the second MT.

Mean onset-to-door time in patients with recurrent
LVO treated endovascularly was 2424184 (range
60-605) min. Successful TICI 2b/3 recanalization
after the first procedure was achieved in 100% of
patients, and in 86% of patients treated with repeat
MT after recurrent LVO. None of the patients with
recurrent LVO had tandem occlusions, and no patient
received an extracramially or intracramally implanted
stent during or after MT (Table 2). No vessel wall irre-
gularties, spasms or intimal flaps on angiograms were
found after evaluation.

No access site complications were observed follow-
ing the endovascular procedure, nor were re-occlusions
observed during any procedure. One patient (14.3%)
developed parenchymal hematoma type 2 after repeat
MT. Good chnical outcomes (mRS 0-2) after re-throm-
bectomy were achieved in 28.6% of patients, while
71.4% of patients achieved mRS 3-6. Aspiration
thrombectomy alone for recurrent LVO was performed
in 85.7% of patients and combination treatment with
aspiration thrombectomy and stent-retriever was per-
formed in 14.3% of patients (Table 2).

The etiology of recurrent LVO was cardioembolic in
71.4%, followed by atherosclerosis in 14.3%, and
stroke of other determined etiology (vasculitis) in
14.3% of patients using the TOAST classification.
None of the patients with recurrent LVO received
oral anticoagulation at the time of first stroke. Patient
demographics, pre stroke mRS, site of vessel occlusion
in the first and recurrent LVO, the NIHSS before and
after the first and second procedure, TOAST classifica-
tion, TICI recanalization grade after the first and
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Figure 1. Digital subtraction angiography of a 52-year-old patient with basilar artery occlusion before and after first thrombectomy
(a,b) and with recurrent intracranial large vessel occlusion in left M2 MCA 30 h after first procedure before and after endovascular

treatment (c.d).

recurrent thrombectomy, time interval between the pro-
cedures, endovascular technique and patient outcome
at 90 days are summarized in Table 1.

Comparisons between patients treated with repeat
MT for recurrent LVO and patients with single
thrombectomy are shown in Table 2. Patients who
underwent repeat MT had similar outcomes to those
treated with single thrombectomy; however, patients
with a posterior circulation stroke were associated
with a higher probability of repeat MT (P <0.05)
(Table 2), and patients with a longer onset-to-door
time were also associated with a higher probability of
repeat MT (P <0.001; Table 2).

Discussion

In this consecutive case series, we report on the safety
and efficacy of repeat MT, a rarely used procedure for
recurrent LVO. All but one patient treated with re-
thrombectomy in this series achieved reperfusion rates
of TICI 2b-3, and no vessel denudation or perforation
was observed. Periprocedural complication rates were
low (Table 1) and only one patient developed a type 2
parenchymal hematoma. When compared with patients

undergoing single MT (Table 2), the number of patients
achieving a functional outcome of mRS 0-2 after
repeated MT was not significantly different.

In 2015, several randomized controlled trials showed
the clear clinical benefit of MT over medical therapy
alone, in the treatment of patients with AIS and LVO in
the proximal anterior circulation." However, data
regarding the incidence and outcome of endovascular
treatment in patients with AIS and recurrent LVO are
scarce. To the best of our knowledge, there are five
series of 15, 23, 25, 27 and 35 patients (Table 3) and
several case reports regarding endovascular treatment
of recurrent LVO.>'# In the available series to date,
Bouslama et al.” found that the incidence of recurrent
LVO was 2% with the median time interval between the
first and last procedure of recurrent LVO being 18 days.
Similarly, Weber et al.'’ found the incidence of recur-
rent LVO as 1.4%; however, the mean time interval
between the first and second MT was 147 days.
Ikenberg et al.'® had 1.5% incidence, found 5 patients
(21.7%) with recurrent thrombectomy within 24 h and
14 patients (60.9%) within two weeks. Mosimann et al.
noted that the incidence of early reocclusion after 48 h
was 2.3% in patients after successful thrombectomy
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Table 1. Demographics, site of vessel occlusion in the first and recurrent LVO, the NIHSS before and after the first and second procedure, TICI recanalization grade after the first and subsequent

thrombectomy, time interval between the procedures and patient outcome at 90 days.

Vessel

NIHSS

TICI

occlusion

NIHSS Time NIHSS

TICI

NIHSS

Pre

mRS

after the after the

MT

in the second

after the  between  before the
MT (h) stroke

after the
first MT

Vessel occlusion

before the

stroke
mRs

90 days

second MT  second MT

technigue

first MT second MT

in the first stroke

Sex TOAST  first MT

Age

Case

AT

BA

15
25

BA

CE

Male
Male

0
0

62

25

o

AT+SR
AT

Carotid T
BA

3 12

ICA and M1 MCA

BA

18
11
22

0E

61

34
20
14

ATS
CE
CE
CE
CE

Female

71

AT

M1 MCA
M2 MCA
M2 MCA
M1 MCA

139
30

12

M2 MCA
BA

Female
Male

71

AT

52
58
76

AT

M1 MCA
M1 MCA

12

Female
Male

21

AT

21

48

24

NIHSS: Mational Institutes of Health Stroke Scale; MT: mechanical thrombectomy; AT: aspiration thrombectomy; SR: stent-retriever; MCA: middle cerebral artery; BA: basilar artery; mRS: modified Rankin scale; ICA: internal

carotid artery; TICI: thrombolysis in cerebral infarction; CE: cardioembolic; OE: other determined etiology; ATS: atherosclerosis; TOAST: trial of org 10072 in acute stroke treatment.

and Marto et al. found that the incidence of early reoc-
clusion after 24h was 6.6%.> In the study of Bhogal
et al.,'? only four patients had recurrent stroke in the
first 7 days with the median time interval between
strokes being 71 days. Pirson et al.'" found in their
large nationwide cohort of patients that 0.7% of
patients underwent recurrent thrombectomy with 78
days median time interval between thrombectomies.
In our single center case series, the incidence of recur-
rent LVO treated with recurrent thrombectomy was
1.5%; however, all of them occurring in the early
period between 4 and 139 h follow the imitial procedure.

Two main endovascular strategies during endovas-
cular treatment of AIS with LVO are used. The first
option is MT with stent-retrievers, and the other is
revascularization by aspiration thrombectomy. The
optimum first-line endovascular thrombectomy tech-
nique for LVO is still a matter of debate. In a recent
systematic review and meta-analysis of comparative
studies on stent retriever-first and aspiration-first
thrombectomy, both endovascular strategies were asso-
ciated with comparable final reperfusion rates and
functional outcomes. Stent-retriever thrombectomy
was superior in achieving reperfusion as a stand-alone
first-line technique, with lower use of rescue devices but
a longer groin-to-reperfusion time.'” Bouslama et al.”
used stent-retriever alone for recurrent thrombectomy
m 9 of 15 patients, thromboaspiration alone m 2
patients and combined stent-retriever and thromboas-
piration in 4 patients. Bhogal et al. used stent-retrievers
for recurrent thrombectomy in all patients and Chiti
et al. treated patients with recurrent basilar artery
occlusion first with mechanical and phammacological
thrombolysis, and then with stenting.® Meza et al.
and Fandler et al. utilized the stent-retrievers in the
first and in repeat endovascular procedures.” In the
study of Ikenberg et al.,"* Solumbra technique was uti-
lized in 73.9% of repeat thrombectomies. In our study,
aspiration thrombectomy alone was performed in six
patients for recurrent thrombectomy (86%) with TICI
3 recanalization and combination treatment with aspir-
ation thrombectomy and stent-retriever was pedformed
i one patient (14%). To the best of our knowledge,
this is the largest series of patients treated with aspir-
ation thrombectomy for recurrent LVO.

Data regarding patient outcome after repeat endo-
vascular thrombectomy are limited. Bouslama et al.”
found no difference in outcome between patients trea-
ted with repeat thrombectomy and those treated with
single thrombectomy. In contrast, Mosimann et al.®
showed that patients with early reocclusion without
repeat thrombectomy had a worse clinical outcome
compared to patients with sustained recanalization
after first thrombectomy, and that three patients with
early reocclusion treated with repeat thrombectomy
showed no clinical improvement. Weber et al.'" found
that 49% of patients had a NIHSS score 0 or 1 at dis-
charge after repeat MT. Bhogal et al.'? found nine
patients (36%) with good clinical outcome mRS (-2
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Table 2. Comparison between patients treated with repeated thrombectomy for recurrent LVO and patients who

underwent single thrombectomy.

Recurrent LVD MT Single MT
Parameter (n=7pts) (n=199 pts) P value
Age Bb.b+7.9 69.94+12.4 0.116
Sex, male 57% 50% 1.000
Hypertension 57% 79% 0.190
Hyperlipidemia 43% 60% 0.446
Diabetes mellitus 29% 30% 1.000
CAD 14% 47% 0.127
Hemoglobin, g/l 119.4+ 18.7 121.1+18.0 0.567
Previous stroke/TIA 29% 12% 0.238
Fibrinogen, g/l 269+ 0.46 2934+ 1.04 0.400
Glycemia, mmol/| 82421 8.2+3.0 0.445
Systolic BP before procedure, mm Hg 141.3+17.4 151.6 +£21.3 0.176
Diastolic BP before procedure, mm Hg 76.3 6.4 82.0+ 114 0.159
Platelets, 10%/1 284.7 +189.9 228.7+67.2 0.499
TOAST (atherosclerosis) 14% 37% 0.417
TOAST (cardioembalic) 71% 54% 0.452
Thrombolysis with tPA 71% 76% 1.000
Admission NIHSS 12 15 0.934
Referral transfer 57% 41% 0.454
Anterior circulation 57% 89% 0.047
Posterior circulation 43% 11% 0.047
Onset-to-door time (min) 242 £ 184 71617 0.005
Previous medication before first stroke
Acetylsalicylic acid 29% 29% 1.000
Clopidogrel 29% 10% 0.179
DAPT 14% 5% 0.343
Warfarin 0% 6% 1.000
NOAC 0% 4% 1.000
Statin 29% 22% 0.665
Endovascular procedure
More than one pass 33% 20% 1.000
Aspiration thrombectomy 86% B4% 0.591
Combined treatment 14% 15% 0.590
Stent-retriever 0% 1% 1.000
TICI 2b-3 100% 84% 0.591
mRS 0-2 29% 32% 1.000
mRS 3-6 71% 68% 1.000

LVO: large vessel occlusion; TICI: thrombolysis in cerebral infarction; DAPT: dual antiplatelet therapy; mRS: modified Rankin scale;
NOAC: novel oral anticoagulants; BP: blood pressure; CAD: coronary artery disease; TIA: transient ischemic attack; NIHSS: National
Institutes of Health Stroke Scale; MT: mechanical thrombectomy; TOAST: trial of org 10172 in acute stroke treatment.

at 90 days after repeat thrombectomy. Similarly, Pirson
et al.'* found 44% of patients with good clinical out-
come mRS 0-2. In our series, despite the small number
of patients, 29% of patients treated with repeat MT for
early recurrent LVO in the early period between 4 and
139 h after immitial procedure had good chnical outcome
after three months, comparable to outcomes from our
group of single MT patients.

Intravenous thrombolysis (IVT) is now contraindi-
cated mn patients with stroke within the previous three

months, which i1s mainly based on the hypothesis of
increased bleeding risk. However, in the largest case
series on repeat IVT in early recurrent stroke within
the previous three months, 19 of 7537 patients received
repeat IVT for early recurrent stroke.'® In another
series of repeat thrombolysis for ischemic stroke, 7 of
437 patients (1.6%) received repeat thrombolysis."’
Theoretically, MT can lead to vessel wall damage
with an increased risk of reocclusion or disruption
of the hematoencephalic barrier with the risk of
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Table 3. List of studies with repeat thrombectomy for recurrent LVO.

Number of patients with interval

Number of TOAST between thrombectomies mRS 0-2
Study patients cardioembolic within two days at three months
Bouslama et al.® 15 66% 4 (27%) 9 (60%)
Weber et al."* 35 43% 7 (20%) NA
(59% mRS 0-1
at discharge)
Bhogal et al.' 25 86.5% 2 (8%) 9 (36%)
lkenberg et al."* 23 52% NA(S within 24 h) NA
Pirson et al.'* 27 67% 2 (7%) 12 (44%)

TOAST: trial of org 10172 in acute stroke treatment; mRS: modified Rankin scale; NA: not available.

hemorrhage. Both endovascular strategies of aspiration
thrombectomy and stent-retriever led to acute damage
to vessel walls in an analysis of damage to swine extra-
cranial arterial walls.'® In our case series, five of seven
patients treated with repeat MT (72%) received IVT
prior to first endovascular therapy and none of the
patients received repeat IVT after recurrent LVO
before repeat MT, and all our patients received MT
and one symptomatic intracranial hemorrhage after
repeat MT occurred.

The prognosis, outcome and management of
patients with AIS are influenced by the etiology of
ischemic stroke. The TOAST classification denotes
five subtypes of ischemic stroke.'” In the study of
Weber et al., a cardioembolic cause was found to
cause the initial and recurrent LVO in 43% of patients;
Mosimann et al. found cardioembolic origin in 18.8%
of patients with early reocclusion.™'" Bhogal et al."”
found that 86.5% of the strokes were deemed as
being cardicembolic in nature. Ikenberg et al.'?
reported 69.6% of patients, where the etiology of the
first stroke and 1ts recurrence was considered as likely
being the same, mostly of cardioembolic or unknown
origin. Similarly Pirson et al'® found that 67% of
patients receiving recurrent MT had cardioembolic
source of stroke. In our senes, five out of seven of
patients with recurrent LVO had cardioembolic
cause of stroke occurring in the early period less
than two days after first stroke. In a clinical point of
view, in patients suffering from atrial fibrillation,
the early effective anticoagulation treatment could
be the prevention of this early recurrent symptomatic
LVO. However, although the risk of early recurrent
ischemic stroke 1s high m this population, early
oral anticoagulation 1s suspected to increase the risk
of potentially harmful intracramial hemorrhage,
including hemorrhagic transformation of the mfarct
and deciding when to initiate oral anticoagulation
in patients with non-valvular atrial fibrillation is a
longstanding, and unresolved clinical
challenge. ™

Predictors influencing potential eardy reocclusion in
patients with AIS are not well known. Mosimann et al *

common,

identified four factors associated with early reocclusion
after 48h: elevated platelet count on admission
=220g/L, missed residual thrombus or stenosis on
angiography after thrombectomy, M2 occlusion as the
initial occlusion site and stroke of undetermined cause.
In the study of Marto et al.” reocclusion within
24 h of successful MT was independently associated
with statin pretreatment, occlusion site, more complex
procedures, atherosclerotic cause, and residual throm-
bus or stenosis after recanalization. In our series,
the group of patients with recurrent LVO was too
small to predict independent factors associated with
recurrent LVO.

There are several limitations in the current investi-
gation. First, the very small number of patients and
retrospective design of the investigation are clear limi-
tations. Second, the number of patients with recurrent
LVO might have been higher, as we did not routinely
perform control CTA or MRA studies in all patients
after MT during the study period, and the recurrent
endovascular procedure was performed in patients
with documented climical worsening and CT angiog-
raphy confirmed the recurrent LVO consistent with
the new onset of symptoms. Third, there 1s a potential
selection bias due to selecting the control group of
patients receiving single MT not during the entire
study period but only during one vear of the study.

Conclusion

The present study showed that repeated MT appears
to be a safe and effective treatment option for early
recurrent LVO and should not be withhold according
to the current data. Data from patients who under-
went repeated thrombectomy showed good clinical
outcomes that were comparable to single thrombec-
tomy outcomes. Endovascular therapy, including
aspiration-only procedures, should be considered in
patients with AIS and recurrent LVO after previous
MT. Due to the rarity of this procedure, larger
studies or registries collecting data from repeated endo-
vascular procedures following recurrent LVO are
necessary.
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Vysledky BATTS registra mechanickych trombektomii akutnej ischemickej
cievnej mozgovej prihody

Jozef Haring, Georgi Krastev, lvan Vulev, Andrej Klepanec, Miroslav Mako, Martin Kucharik,
Rastislav Bazik, Tibor Balazs, Jan Harsany, Rastislav Lackovic, Lucia MokoZova, lvana Zajickova,
Lubica Berfiova, Zuzana Stevkova, Zofia Kovacsova, Petra Dosekova, Juraj Cisar,

Martina Cabukova, Maria Vomastova

Uvod: Rychla a efektivna revaskularizacia je taZisko lie¢by ischemickej cievnej mozgovej prihody. A% donedavna bo-
la intravendzna trombolyza jedinou osvedcenou terapeutickou modalitou. Na zaklade publikovanych klinickych stodii
poukazujicich na benefit endovaskularnej liecby akitnej ischemickej cievnej mozgovej prihody v pripade proximalnej
oklizie magistralnej cievy v prednej cirkulacii, sa tato liecba stala novym liecebnym standardom od februara 2015.
Ciel: Prezentacia vysledkov implementacie endovaskularnej liecby v Cerebrovaskularnom centre Fakultnej nemocni-
cev Trnave,

Metody: Vyuzitim databazy BATTS (Bratislava — Trnava Thrombectomy study, ,BATTS" ) registra a vysledkov stidie
BATT statisticky spracovat klinicky a radiologicky vysledny stav pacientov liecenych endovaskularnou liecbou v obdo-
bi od maja 2013 do juna 2016.

Vysledky:V sledovanom obdobi bolo liecenych celkovo 142 pacientov endovaskularnou liechou. V ramci BATTS registra
sme analyzovali 120 pacientov, ktori mali ukonéené trojmesacné sledovacie obdobie od endovaskularnej lieéby. Uspes-
narekanalizacia (TICl 2b-3) bola dosiahnuta u 73 % pacientov a v dobrom klinickom stave (mRs 0-2) bolo 31 % pacientov.
Zaver: Analyza nasho suboru poukazuje na to, Ze z endovaskularnej liecby profituju pacienti s proximalnym vzaverom
tepny v prednej cirkulacii do 6 hodin, co je dokumentované vyslednym klinickym stavom (mRs 0-2) po troch mesiacoch
a jednoznacnym prognosticky vyznamnym parametrom dobrého funkéného stavu pacienta, co je najkratsi as od vzni-
ku ICMP po rekanalizaciu uzavretej tepny.

Klucove slova: ischemicka cievna mozgova prihoda, systémova trombolyza, endovaskularna liecba, mechanicka trom-
bektomia, logistika, rekanalizacia artérie, funkény stav pacienta

Outcomes of the BATTS registry of mechanical thrombectomy in acute ischemic stroke

Introduction: rapid and effective revascularization is the mainstay of treatment of ischemic stroke. Until recently, intra-
venous thrombolysis used to be the only proven therapeutic modality. Based on the published clinical trials that point
to the benefits of endovascular treatment of acute ischemic stroke in the case of proximal arterial occlusion in the an-
terior circulation, this treatment has become a new acute ischemic stroke treatment standard since February 2015.
Objective: Presentation of the outcomes of the endovascular treatment implementation at the Cerebrovascular Cen-
tre of Trnava University Hospital.

Methods: Use the BATTS registry database and the BATTS (Bratislava-Trnava Thrombectomy Study) results to statis-
tically process the clinical and radiological outcomes of patients treated with endovascular therapy in the period from
May 2013 to June 2016.

Results: A total of 142 patients were treated with endovascular therapy during the reporting period. Within the BATTS
registry 120 patients were analysed with complete 3 months follow up after endovascular treatment. Successful reca-
nalization (TICI 2b-3) was achieved in 73% of patients, and 31% of patients were in a good clinical condition (mRs 0-2).
Conclusion: analysis of our set points to the benefits of endovascular therapy for the patients with proximal arterial oc-
clusion within 6 hours, which is documented by clinical outcome (mRs 0-2), similarly as disclosed in the context of ma-
jor clinical trials, and an unambiguous prognostically significant parameter of patients” good functional condition is the
shortest possible time from ischemic stroke formation until occluded artery recanalization.

Keywords: ischemic stroke, systemic thrombolysis, endovascular treatment, mechanical thrombectomy, logistics, ar-
tery recanalization, patient’s functional condition

Kardiol. Prax 2016; 14 (3): 104-111

Uvod

Do roku 2014 bola systémova trombolyza pomocou rekom-
binantného tkanivového aktivatora plazminogénu (rtPA) es-
te stale jedinou terapiou ischemickej cievnej mozgovej prihody
(ICMP) vychadzajicou z mediciny zalozenej na dokazoch (trie-
da 1, droven dékazov A)*. Hlavnou limitaciou intravendznej

trombolyzy prilCMP je ¢as od vzniku priznakov po podanie trom-
bolytika (tzv. ,onset-to-needle time"). Kym pri podani trombo-
lytika do 90 mindt od vzniku ICMP stadi liecit cca 4,5 pacienta,
aby bol jeden pacient funkéne nezavisly po 3 mesiacoch (kvan-
tifikované modifikovanou Rankinovou Skalou 0-1, mR3), pri lied-
be v intervale 90-180 minut od vzniku uZ treba liecit 9 pacientov,

104 Kardiolégia pre prax
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a v intervale 180-270 minUt treba liedit aZ 14 pacientov pre do-
siahnutie funkénej nezdvislosti u 1 pacienta™. Dal3imi limitujd-
cimi faktormi Uspesnosti systémovej trombolyzy su lokalizacia,
zloZenie a dlzka trombu. Uspednost rekanalizicie po systérmo-
vej trombaolyze u proximalnych trombaoy, t.j. trombov lokalizova-
nych v mieste odstupu vetiev Willisovho okruhu, resp. trombov
dlhgich ako 8 mm, sa pohybuje vintervale 0 az 25 %454, Tieto limi-
tacie sa snaZili prekonat investigatori 3 klinickych endovaskular-
nych studii, ktorych vysledky boli publikované v roku 2013, a to:
IMS 1l (Interventional Management of Stroke 11}, SYNTHESIS
(Intra-arterial versus Systemic Thrombolysis for Acute Ischemic
Stroke)® a MR RESCUE (Magnetic Resonance and Recanaliza-
tion of Stroke Clots Using Embolectomy)™. Bohuzial, tieto Stodie
nepriniesli pozitivne vysledky a pretrvdvala neistota, & ma en-
daovaskularna liecba ICMP perspektivu. Prelom v nepriaznivom
trende endovaskularnej lie¢by nastal v januari 2015, ked bola
publikovana prva pozitivna Stidia endovaskularnej liecby ICMP
pomocou stent-retrieveru. Tato potvrdila U¢innost a bezped-
nost lie¢by do & hodin od vzniku ICMP s verifikovanou proximal-
nou intrakranialnou okluziou v prednej cirkulacii (MR-CLEAN)®.
Nasledne boli v tom istom roku publikované dalsie 4 endovas-
kularne studie s pozitivinymi vysledkami: ESCAPE (Randomized
Assessment of Rapid Endovascular Treatment of Ischemic Stro-
ke), SWIFT PRIME (Stent-Retriever Thrombectomy after Intrave-
nous t-PA vs. t-PA Alone in Stroke), EXTEND-IA (Endovascular
Therapy for Ischemic Stroke with Perfusion-Imaging Selection),
REVASCAT (Thrombectomy within 8 Hours after Symptom On-
set in Ischemic Stroke)® %3, Na zaklade uvedenych vysledkov
bolo vo februari 2015 publikované odponicanie European Stro-
ke Organisation (ESO) v spolupraci so spolocnostami European
Society of Minimally Invasive Neurological Therapy (ESMINT)
a European Saciety of Neuroradiology (ESNR) pre prax, v tom
zmysle, Ze ,mechanicka trombektdmia sa odpordca u pacientov
s ICMP do 6 hodin od vzniku symptomov s verifikovanym uza-
verom velkej artérie v prednej cirkulacii® (trieda 1, Groven A},

BATTS, BATTS register

Do roku 2013 chybali pozitivne vysledky endovaskularnej liec-
by ICMP. V podmienkach Fakultnej nemocnice v Trnave nebolo
mozné vroku 2013 zrealizovat vyskum v oblasti endovaskularnej
lietby, najma z hladiska personalneho zabezpecenia endovas-
kuldrnych vykonov. Preto po vzajomnej komunikacii s Klinikou
diagnostickej a intervenénej radioldgie Narodného Ustavu srdco-
vocievnych choréb v Bratislave (KDIR NUSCH a.s.) a Neurologic-
kym eddelenim FN Trnava vznikla tudia BATTS (Bratislava - Tr-
nava Thrombectomy Study), <o je vysledok kooperacie tychto
dvoch pracovisk, schvalenej prislusnymi intstitucionalnymi au-
toritami a lokalnou etickou komisiou. Stidia bola monocentric-
ka prospektivna u vybranych pacientov, ktori spliali inkldzne kri-
téria. Selekcia pacientov vhodnych do BATTS bola realizovana
cestou Neurologického oddelenia v Trnave, endovaskularna lie¢-
ba bola v kompetencii KDIR NUSCH a.s., za pritomnosti neurol-
ga (v Uvede konzilidrneho z Fakultnej nemacnice v Trnave, neskér
kmeriového v ramci KDIR NUSCH a.s.). Nasledna starostlivost
o pacienta prebiehala na Intenzivnej cerebralnej jednotke Neu-
rologického oddelenia Fakultnej nemocnice Trnava. Za vhodnych
sa povaZzovali pacienti starsi ako 18 rokov bez horného limitu ve-
ku. Realizacia endovaskularnej liecby bola do 6 hodin v pripade
ICMP v prednej cirkulacii, do 9 hodin v pripade ICMP v zadnej cir-
kulacii, s radiologicky verifikovanym uzaverom distalnej arteria

carotis interna (ACl), T-oklUzie (arteria carotis interna + arteria
cerebri media + arteria cerebri anterior , ACI+ACM+ACA"), okli-
zie M1 a M2 Useku arteria cerebri media (ACM), arterie basila-
ris (AB) na poditacovej tomografove] angiografii (CTA). Zavaz-
nost neurologického postihnutia bola kvantifikovana pomocou
National Institute of Health Stroke Scale (NIHSS), hraniéna hod-
nota bola stanovend na 8 a viac bodev. V pripade neznameho ¢a-
su vzniku ICMP alebo pri tzv. ICMP v spanku (,wake-up stroke"),
bola doplnena perfizna poditacova tomografia (CTP) a na zakla-
de individudlneho posidenia velkosti zobrazenej penumbry a is-
chemického jadra v prednej cirkulacii sa vyberali pacienti, vhodni
na endovaskularnu liecbu. Vylucovacie kritéria boli obdobné ake
v pripade systémovej trombolyzy. Prehlad zaradovacich a vyra-
dovacich kritérii je uvedeny v tabulke 1. Za Uéelom zabezpede-
nia konzistentnosti sledovanych parametrov endovaskuldrnej
terapie boli aplikované praktické odporicania pre endovasku-
larnu terapiu™, uvedené v tabulke 2. Pre potrebu vyhodnote-
nia Uspednosti liecby boli sledované klicové parametre prevzaté
z uvedenych odporidani, zamerané na spravnu selekciu pacien-
tov pre endovaskularnu terapiu (EVT), logistiku, ¢asové para-
metre endovaskularneho vykonu, radiologicky vysledok (t.j. do-
siahnutie uspeinej rekanalizacie ciefovej artérie kvantifikované
pomocou Thrombolysis In Cerebral Infarction ,TICI" skédre), da-
lej postprocedurdlnym CT alebo MRI (zabrazenie magnetickou
rezonanciou) nalezom zameranym na vyskyt symptomatické-
ha intrakranidlneho krvacania podla ECASS Il definicie (ECASS
Il = Thrombelysis with Alteplase 3 to 4.5 Hours after Acute Is-
chemic Stroke), a koneéne funkénym stavom pacienta 3 mesia-
ce od liecby, kvantifikovanym modifikovanou Rankinovou ska-
lou (mR3). Ake komparator bol zadefinovany subor 18 pacientoy,
ktori boli lieceni konzervativne systémovou trombolyzou v roku
2012, vstandardnej davke 0,9 mg/kg (max. 90 mg rtPA), 10 % vo
forme bolusu a nésledne 90% davky formou 60 mindtovej intra-
vendznej inflzie. Tito pacienti mali siasne verifikovany proxi-
malny arteridlny uzaver vetvy Willisovho okruhu na CTA.

Vysledky studie BATT

0Od maja 2013 do maja 2015 bolo do 3tudie BATT zarade-
nych 36 pacientov. Dvadsatstyri pacientov malo kombinovani
lie¢bu (systémowvi trombolyzu spolu s mechanickou trombek-
témiou), desiati pacienti mali endovaskularnu lie¢bu v ddsledku

Tabulka 1. Inklizne a exklizne kritérid pre BATTS

Zaradovacie kritéria
Vek nad 18 rokov
Do 9 hedin od vzniku ICMP + CTA | Ischémia vadSia ako 1/3 povadia ACM
Warfarin { INR nad 1,7)

NOAK = koagulaéné testy nad homnd hrani-
cu normy (APTT pre xabany a INR pre da-
bigatran)

Vylu€ujice kritéria

Krvacanie na CT

MNezndmy £as vzniku CTA + CTP

MIH55 B aviac

T-oklizia, tandemova oklizia
ACI+ACM, M1 a M2 Usek ACM,
AB, dizka trombu nad 7mm
podla CT

(ICMP = ischemickd cievna mozgovd prihoda; CTA= poditadovd tomogra-
fowd angiografia; CTP = perfizna politalovd tomografia; NIHSS = Natio-
nal Institute of Health Stroke Scale; rtPA = rekombinantny tkanivovy ak-
tivdtor plazminogénu; T-okldzia = uzdver ACI+ACM+ACA; ACA = arteria
cerebri anterior; ACM = arteria cerebri media; ACI = arteria carotis interna;
AB = arteria basilaris; CT = poditalovd tomografia; INR = international nor-
malised ratio; NOAK = nové antikoagulancid

Gravidita alebo jej predpoklad
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Tabulka 2. Praktické odporicania pre endovaskuldrnu terapiu 2013

Kategdria | Kritérid merania

Indikécie intraarterialne] liecby

= 90% pacientov lie€enych intraarterialnou liecbou by malo spinit vstupné kritérid institlcie (indikacie | kontraindikacie).

Zberdat

100 % pacientov pozadovalo zaradenie priebeznych a vyslednych ddajov do nérodnej databazy, Stidie alebo registra.

Kliéové casové intervaly

Od prijatia k zobrazovacim metddam

Najmenej B0% pacientov s akitnou mozgovou prihodou, ktori boli vyhodnoteni ako vhodni kandidéti pre revaskularizaciu,
by malo absolvovat CT alebo MR vySetrenie bez kontrastnej ltky do 25 mindt od prichodu, uskutoénenie a vyhodnotenie
vySetrenia do 45 minit od prichodu.

PouZitie CT/ MR (plati pre centrd,
ktoré disponuji MR) ako zobrazovacej
metddy prvej valby

V centrach, kde intituéné protokoly poZadujl neinvazivne vaskulame a parenchymaine zobrazenie (CT angiografiu/ perfi-
ziv alebo MR zobrazenie | angiografiu) pred intervenciou, by malo podstipit tieto vySetrenia = 0% vietkych pacientov po-
tencialne vhodnych pre endovaskulamu lieébu.

Od prijatia k punkcil

=75 % pacientov liefenych endovaskulamou lie€bou by malo mat uskutoénend punkciu za menej ako 2 hodiny od prijatia.

Casové okno od punkcie do zadiatku
revaskularizacie

U = 50 % pacientov by malo byt splnené éasové okno do 45 minit od punkcie do zaiatku lyticke] inflizie alebo preého zave-
denia mechanického nastroja v ciefovej cieve.

Casové okno od punkcie do

= 50 % pacientov s TIMI stuperi 2 alebo TICI stupefi 2a by malo mat uskutoénend revaskularizaciu do 90 mindt od arterial-

revaskularizacie nej punkcie.

Vystupové merania

Rekanalizacia [ reperfizia oblasti zrazeniny.

= 60 % pacientov s TIMI stupefi 2 alebo TICI stupedi 2/3 by malo mat na konei zdkroku uskutoénend rekanalizaciu vietkych

Postprocedurélne CT/ MR

= 90 % pacientov by malo mat CT alebo MR scan mozgu do 36 hodin od ukonéenia zakroku.

SICH

100 % pripadov so 5ICH sa preskimava pre wyukové 0¢ely; SICH by sa malo vyvindt u menej ne 12% lie¢enych pacientov.

Klinické wysledky ckdre 0.2

Najmenej 30 % pacientov s mozgovou prihodou lieéenych endovaskulamymi metédami by malo za 90 dni dosiahnut mRE

Umrtie do 72 hodin od liefby

100 % Umirti do 72 hodin od ukonéenia zdkroku sa preskimava.

mRS = modified Rankin Scale = modifikovand Rankinova Skala (mRS); NIHSS = National Institute of Health Stroke Scale = iktovd Skdla amerického Nd-
rodného Ustavu zdravia; SICH = symptomatic intracerebral hemorrhage = symptomatické intracerebrdlne (malo by to byt “intrakranidlne” podla oficidinej
definicie) krvdcanie; TIMI = thrombolysis in myocardial infarction = trombolyza pri infarkte myokardu; TICI = thrombolysis in cerebral infarction = trombo-
lyza pri mozgovom infarkte; tPA = tissue plasminogen activator = tkanivovy aktivitor plazminogénu

presiahnutia éasového intervalu pre systémovy trombolyzu, dva-
ja pacienti podstUpili kombinovand lie¢bu —intravendznu + intra-
arterialnu trombolyzu. Vekovy rozptyl pacientov bol 34 az B2 ro-
kov, priemerny vek bol 68 rokov. Priemerné NIHSS 15,4 bodu
(5 - 25 bodov). V sibore bolo 21 muZov a 15 Zien. Vyskyt vasku-
larnej patoldgie je uvedeny v tabulke 3. Dominovali kompletné
uzavery proximalnej vetvy Willisovho okruhu (TICI 0), tabulka 4.
Priemerna davka rtPA, logistika, casové intervaly endovasku-
l&rnej lieéby (EVT) a dosiahnuta rekanalizacia si uvedené v ta-
bulke 5, kontrolné CT nalezy po trombektdmii s v tabulke 6.

Tabulka 3. CT a CTA ndlezy na vstupnom vySetreni

CTA
T okluzia: 2 pacienti (5,5%)

CT: negativne 21 pacientov |
akiitna ischémia 2 pacienti
priznak denznej ACM 13
pacienti

Tandemova oklizia ACl + ACM: 3 pacienti (8%)

MLACM: 21 pacientov (58%)
M2 ACM: 6 pacientov (16%6)
AB: 1 pacient (2,7%)

TICI 0 3% pacientowv (94,4 %)

V dobrom funkénom stave (mR$ 0-2) po 3 mesiacoch od liecby
bolo 14 pacientov (41 %), v zlom funkénom stave (mRs 3-5) bo-
lo 8 pacientov (24 %4) a 12 pacientov (36 %) zomrelo (MRS 6). Ne-
zaznamenali sme Ziadne Umrtie do 72 hodin od lie¢by. Uspeina
rekanalizacia (TICI 2b-3) bola dosiahnuta u 29 pacientov (78 %).
Porovnanie klinického stavu pacientov lie¢enych endovaskularne
sreferenénym siborom je uvedeny v grafe 1.V sibore pacientov
lie¢enych endovaskuldrne doslo ku takmer 10 % poklesu morta-
lity a takmer 14 % pacientov bolo funkéne nezavislych 3 mesiace
po endovaskularne;j liecbe.

Tabulka 5. Logisitka a dosiahnutd rekanalizdcia po EVT.

Dévka rtPA:

Doortoimage:

Door to needle:

Doorto puncture:

Puncture to start of revascularisation:

73,9mg
24 mindt (3-73)
58 mindt (15-122)
169 minUt (38-425)
22 miniit (5-87)
48 minut (10-111)

Puncture to revascularisation:

TICI3: 23 pacientav (64%)
TICI 22 : 1 pacient (2,7%6) TICI 2b: 6 pacientov (17%)
TICI1: 1 pacient (2,7%) TICI 2a: 4 pacienti (1136)
TiaL: 1 pacient (3%4)
Tabulka 4. Thrombolysis In Cerebral Infarction (TICI} skdre Tici0: 2 pacient (6%)

micl |
0 Ziadna reperfizia

minimalne pomalé plnenie za vzaverom so slabou perfiziou
distalnych vetiev
2a | plnenie menej ako polovice vaskulameho teritdria
2b | plnenie viac ako polovice vaskularneho teritdria
3 pina rekanalizacia vaskularneho teritéria

door to image = das od prichodu do nemocnice po CT vySetrenie; door to
needle = fas od prichodu do nemocnice po podanie trombolyzy; door to
puncture = fas od prichodu do nemocnice po napichnutie slabiny; punctu-
re to start of revascularisation = {as od napichnutia slabiny po prechod
cielovou artériou; puncture to revascularisation = {as od napichnutia sla-
biny po dosiahnutie rekanalizdcie uzavretej artérie, Casowé parametre sU
uvedené ako medidn, v zdtvorke je minimdlna a maximdlna hodnota
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Tabulka 6. CT a CTA ndlezy u pacientov po EVT

CT do 24 hodin po EVT | CTA do 24 hodin po EVT (n=19 pacientov)

Negativne : 2 pacienti Perzistujiica oklizia M1 : 3 pacienti

Tabulka 7. Vstupné charakteristiky siboru

Zakladné charakteristiky s0boru (n = 120)

Priemermny vek: 66 rokov (min. 22 - max.88)

Akitna ischémia: 3& pacientov | Stendzafoklizia M2: 3 pacienti

Medidn NIHSS 16 (min. 5 —max_ 34)

Hityp I: & pacienti Oklizia ACP: 1 pacient Pohlavie: 55% M
Hityp 2: 7 pacientov Rekanalizacia ACM: 10 pacientov Priemerny TK: 152/83
SAH: & pacienti Oklizia ICA: 2 pacienti Arteridina hypertenzia: 98 pacientov (82%)

SICH: 0 pacientav

Fibrilacia predsieni: 50 pacientov (42%)

HI = hemoragickd infarzdcia; SAH = subarachnoiddlna hemordgia,
SICH = symptomatickd intrakranidina hemordgia, ACP = arteria cerebri po-
steriar)

Graf 1. Porovnanie klinického stavu pacientov lielenych endovaskuldrne
s referenénym suborom v % mR3.
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BATTS register

Predstavuje pokracovanie databazy vytvorenej studiou BATT,
vzhladom k tomu, Ze od roku 2015 je endovaskulama terapia
standardom pri liecbe ICMP s uzaverom velkej tepny™ a sicas-
ne od januara 2015 sa stala dostupnou aj v pdsobnosti Radiolo-
gickej kliniky FN Trnava, od oktébra toho istého roku je tato lied-
ba poskytovana 24 hodin denne 7 dni v tyZdniv ramci FN Trnava.
Za sledované obdobie od marca 2013 do juna 2016 bolo celkove
v ramci registra BATT liecenych 142 pacientov s ICMP endovas-
kularnou liecbou. Endovaskularna liecba bola realizovana tak na
Klinike diagnostickej a intervenénej radioldgie NUSCH a.s. (KDIR
NUSCH a.s.), ako aj na Radiolegickej klinike FN Trnava. Komplet-
né Udaje vratane kontroly klinického stavu po 3 mesiacoch boli
u 120 pacientov v ¢ase spracovania Udajov k marcu 2016. 51 pa-
cientov (43 %) bolo referovanych zinych spolupracujicich neuro-
logickych oddeleni a klinik (Komarno, Trendin, Dunajska Streda,
Zilina, Ziar nad Hronom, Nové Zamky, PovaZskd Bystrica, Skali-
ca, Partizénske). 91 pacientov (76 %) malo kombinovanu lie¢bu
systémovou trombolyzou a endovaskularnu liecbu. 29 pacientov
(24 %) malo endovaskularnu lie¢bu ICMP z dévodov presiahnutia
¢asového okna pre systémovy trombolyzu, resp. spliali iné ex-
klizne kritérium pre podanie rtPA. Styrom pacientom (3 %) bola
podana kombinovana intravendzna a intraarterialna trombolyza
pre nemoznost zaviest indtrumentarium do miesta oklizie. Z3-
kladné demografické Udaje a rizikovy profil pacientov so uvede-

Diabetes mellitus: 35 pacientov (29%)

Pacienti uZivajici antiagregancia: 50 (42%)

Pacienti uzivajici warfarin: 3 (2,5 %) z toho INR pod 1,7 (100%)
Pacienti ufivajici NOAK: 3 (2,5%)

Tabulka 8. Rddiologické ndlezy na vstupnom CT mozgu a CT angiografii
Megativne: 45 pacientov (38%) Oklizia M1 ACM: 63 pacientov (53%)
Akiitna ischémia: 11 pacientov (1334) | T- oklizia: 19 pacientov (1636)

Véasné znamky ischémie: Tandemaova oklizia ACI+ACM:
7 pacientov (6%) 16 pacientov (13%)
Oklizia M2 ACM: 14 pacientov (1195}

Priznak denznej ACM: 58 pacientov
(48%6)

Priznak denznej AB: 2 pacienti (2%)
Priznak denznej ACP: 1 pacient (1%¢)

Oklizia AB: & pacienti (3%)

Oklizia ACP: 2 pacienti (2%}
Oklizia ACI: 2 pacienti (235)

ACM = arteria cerebri media; ACl = arteria carotis interna; AB = arteria ba-
silaris; ACP = arteria cerebri posterior

Tabulka 9. Logisitka endovaskuldrnej terapie

Endovaskularna liecba | Cas (median)
Doar to puncture (n = 106) 171 min. (38 = &25)
Puncture to first pass (n = 115) 20 min. (5 =90)

40 min. (10 - 145)
153 min. (30 -410)
222 min. (B85 -475)
262 min. (60 - B00)
306 min. (35-835)

Puncture to revascularisation (n = 115)
Picture to puncture (n= 103)

Door to recanalisation (n= 103)

Onset to puncture (n = 106)

Onset to recanalisation (n = 105)

n = polet pacientov s dostupnym sledovanym parametrom; door to pun-
cture = das od prichody do nemocnice po napichnutie slabiny; puncture
to first pass = fas od napichnutia slabiny po prechod cielovou artériou;
puncture to revascularisation = ¢as od napichnutia slabiny po dosiahnu-
tie rekanalizdcie; picture to puncture = fas od CT zobrazenia po napich-
nutie slabiny; door to recanalisation = éas od prichodu do nemocnice po
dosiahnutie rekanalizdcie; onset to puncture = fas od vzniku ICMP po na-
pichnutie slabiny, onset to recanalisation = ¢as od vzniku ICMP po do-
siahnutie rekanalizdcie

Tabulka 10. Radiologické ndlezy po endovaskuldrej liecbe

CT do 24 hodin (n =118)

né v tabulke 7, vstupné radiologické ndlezy CT a CT angiografie  _Akitnaischémia 36 pacientov (31%)
siv tabulke 8. 115 pacientom (95 %) bol po&as selektivnej DSA Akitna expanzivna ischémia 41 pacientov (35%)
verifikovany kompletny uzéver ciefovej artérie (TICI 0), zhod- ~ Megatime 14 paciemtov (17%)
ne dvaja pacienti mali TICI 1 a TICI 2b (2 %) a jeden pacient mal Hemoragickd infarzdcia typ 1 (HI) 9 pacientov (B3t)
TICI 2a (1 %). Priemernadavka rtPA, ktoré bola podana 91 pacien- Hemeoragicka infarzécia typ 2 (HI) 15 pacierttoy (21%)
tom bola 72 mg (min. 6,3 — max. 90). Parametre ,door-to-ima- SL'b_amd"”O-'dél"e lf”"é‘:a‘"ie _ SPa‘-"_!”w_”fm}
ge" boli dostupné u 101 pacientov, median bol 17 min(t (0-146), Vzdia le":" pam'"Ctho'w hematém (PHr) 2 pacient (2%)
medién ,door-to-needle" dostupny u 78 pacientov bol 55 minUt. Pare“':h"'mwf_hemamm t""f’ 2 {?H:' — 5 pacientov {4%)
Logistika v rdmci endovaskularnej liecby je uvedena v tabulke 9. MRi da 26 hodin [n = 2k skiitns ischérmi
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Kontrolné CT nélezy (pripadne MRI nalezy) po endovaskularnej
liecbe v intervale 6 — 24 hodin s0 uvedené v tabulke 10. Kon-
trolna CT angiografia bola zrealizovana v 65 pacientov, z toho
21 pacientov (32 %) malo perzistujicu okliziu, rekanalizacia ar-
térie bola potvrdend u 44 pacientov (68 %). Uspesna rekanaliza-
cia po endovaskularnej terapii kvantifikovana pomocou TICI 2b-
3 skore bola dosiahnuta u 73 % pacientov, graf 2a, 2b. Pacienti
v klinicky dobrom funkénom stave meranym pomocou modifi-
kovanej Rankinovej skaly (mR3 0-2) tri mesiace od EVT predsta-
vovali 31 %, graf 3a, 3b. Klinicky stav pacientov 7 dni od EVT je
uvedeny v grafe 3c. Z celkového poctu 120 pacientov bol pres-
ne zadefinovany ¢as od vzniku ICMP po dosiahnutie rekanaliza-
cie okludovanej tepny u 105 pacientov (u zvysnych 15 pacientov
tento Udaj chybal, alebo ilo o ICMP s neznamym casom vzniku).
Z tychto malo 29 pacientov ¢as rekanalizacie presahujici 6 hodin
od vzniku ICMP. Zamerali sme sa na porovnanie radiologického
a klinického stavu pacientov po EVT do 6 hodin a nad 6 hodin od
vzniku ICMP po dosiahnutie rekanalizacie. Data sme porovnali
pomocou parového t-testu. Vysledky so uvedené v grafe 4a, &b,
5a, 5b, zistené rozdiely neboli Statisticky signifikantné (p=0,33).
Porovnanie miesta vykonania EVT tiez nepreukazalo Statisticky
signifikantny rozdiel medzi pracoviskami (p= 0,24, resp. 0,58),
graf 6a, 6b, 7a, 7b.

DalSej subanalyze celého siboru v sledovanom obdobi sme
podrobili pacientov, ktori boli referovani z inych neurologic-
kych pracovisk. Celkovo islo o 51 pacientov, ¢o predstavovalo
43 % z celkového poctu. Ich priemerny vek bol 64 rokov (25-83),
median NIHSS bol 15 (5-23), priemerna davka rtPA bola 74 mg
(40-90). Parametre logistiky si uvedené v tabulke 11 a vysled-
ny klinicky a radiologicky status pacientov je uvedeny v gra-
fe 8a, 8b. Obdobne nebol dosiahnuty Statisticky signifikantny
rozdiel v klinickom stave tejto subpopulacie pacientov po 3 me-
siacoch od EVT porovnanim s celkovym suborom.

Graf 2a. Polet pacientov podla dosiahnutého TIC! skdre

Diskusia

V &tudii BATT sme zistili 10 % pokles mortality a 14 % vzostup
dobrého funkéného stavu pacientov po 3 mesiacoch od endo-
vaskularnej liecby resp. kombinovanej systémovej trombolyzy
a EVT, porovnanim so samotnou systémovou trombolyzou. Za-
definované parametre v ramci praktickych odporicani pre endo-
vaskularnu liecbu z roku 2013 v $tOdii BATT boli naplnené. Aviak,
hlavnou limitaciou v liecbe tak systémovou trombolyzou ako aj
endovaskularnou liecbou ostava ¢as od prichodu do nemocnice

Graf 3a. Pocet pacientov 3 mesiace po EVT podla dosiahnutého mRS skdre
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Graf 3b. Percentudlne rozdelenie pacientov podla dosiahnutého skdre
mR%, 3 mesiace po EVT
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Graf 3c. Percentudlne rozdelenie pacientov podla dosiahnutého skdre
mR3, 7 dni po EVT
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&0 Graf 4a, 4b. Percento dosiahnutej rekanalizdcie a klinického stavu pacien-
tov po 3 mesiacoch od EVT liefenych do 360 minut od vzniku ICMP (n = 76)
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Graf 5a, 5b. Percento dosiahnutej rekanalizdcie a klinického stavu pa-
cientov po 3 mesiacoch od EVT liedenych nad 360 mindt od vzniku ICMP
(n=29)
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Graf 7a, 7b. Percento dosiahnutej rekanalizdcie a klinického stavu pacien-
tov po 3 mesiacoch od EVT lielenych na Radiologickef kiinike FN Trnava
(n = 64)
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Graf 8a, 8b. Percento dosiahnutej rekanalizdcie a klinického stavu pacien-
tov po 3 mesiacoch od EVT z referujicich pracovisk (n = 51)

Graf 6a, 6b. Percento dosiahnutej rekanalizdcie a klinického stavu pacien-
tov po 3 mesiacoch od EVT liefenych na KDIR NUSCH a.s. (n = 56)
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po podanie trombolytika, resp. realizécie endovaskularneho vy-
konu (v texte ,door-to-needle" a ,door-to-puncture"). Tyka sa to
tak nasho pracoviska, ako aj ostatnych pracovisk, ktoré referova-
li pacientov k endovaskularnej terapii. V $tidii BATT islo o trans-
port pacientov po indikacii na EVT z FN Trnava na NUSCH a.s.
v Bratislave (cca 48 km), Co bolo hlavnym determinujicim para-
metrom prediZenia ¢asu ,door-to-puncture”, Dalsim faktorom,
ktory sa pri analyze sOboru pacientov po EVT ukazal ako prob-
lematicky, je éas ,door-to-image" (¢as od prichodu do prvej ne-
mocnice po realizéciu CT vySetrenia). Tento cas je do znacnej
miery ovplyvneny geografickym usporiadanim oddeleni, ako si
centralny prijern, urgentny prijern, resp. neurologickd ambulan-
cia pre akdtnych pacientov a polohou CT pracoviska v nemocni-
ci. Odporiéany €as od prichodu do nemocnice po realizaciu CT
wysetrenia mozgu by nemal presiahnut 25 minit™. V rédmci re-
gistra BATT bol median ,door-te-image™ 17 minut, median ,do-
or-to-needle" 55 min(t. Podla posledného odporiéania z Ceskej
republiky s cieforn minimalizacie éasovych strat v manaZmente
pacientas ICMP je povaZované za optimum dosiahnutie ¢asu zdr-
Zania v iktovomn centre maximalne do 45 mindt™ v sivislosti so
sekundarnym transportom pacienta s ICMP do komplexného ce-
rebrovaskuldrneho centra, za (¢elom EVT. Na doplnenie, na Slo-
vensku stale nie je zrealizovana koncepcia a certifikacia iktovych
centier a kemplexnych cerebrovaskularnych centier. Casové indi-
katory kvality neurointervenénych vykonov boli do znaénej mie-
ry ovplyvnené tymto zdrzanim v primérnych centrach, o sa tyka
¢asu od prichodu do nemocnice po vpich slabiny (door-to-punc-
ture), v nasom pripade bol median171 mindt(min 38 - max 425).

el 8a Sledované parametre intervenéného vykonu predstavuji tiez cas

" M =re3l od vpichu do slabiny po rozvinutie stentu v cielovej artérii (pun-

:x; cture-to-first pass), v nadem subore bol medidn 20 mindt (pod-

o 20% A 507 0% 100% [a odporiéani nema presiahnut 30 mindt™), a koneéne cas od

wpichu po dosiahnutie rekanalizacie cievy (puncture-to-revascu-

mR 3m -...R:T; larisation) bol 40 mindt, v Studii ESCAPE 30 mindt, EXTEND-IA

3 M wemiza| %3 mindt, REVASCAT 59 mindt (uvedena hodnota je medidn)™.

} } ! } } | ameis Parametre od vzniku ICMP po punkciu slabiny, resp. dosiahnutia

= = = = = o rekanalizdcie predstavujy 262 minit, resp. 306 mint (median).
32016 Kardiclégia pre prax 109
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Tabulka 11. Logistika subpopuldcie pacientov z referujicich pracowisk

Logistika | Cas (median)
Dioor to image (n = 32) 13 min (0- 115)
Door to needle {n = 33) 53 min. (12 - 180)
Door to puncture (n = 39) 209 min. (57 -397)
Puncture to first pass (n =49) 20 min. {5 -90)
Puncture to revascularisation (n = 43) 38 min. (10 - 115)

Onset to puncture (n=47) 290 min. (154 - £95)
264 min. (91 - £05)

325 min. (170 - 457)

Door to recanalisation (n = 37)

Onset to recanalisation (n = 45)

n = podet pacientov s dostupnym sledovanym parametrom; door to pun-
cture = das od prichodu do nemocnice po napichnutie slabiny; puncture
to first pass = fas od napichnutia slabiny po prechod cielovou artériou;
puncture to revascularisation = as od napichnutia slabiny pe dosiahnu-
tie rekanalizdcie; door to recanalisation = {as od prichodu do nemocni-
ce po dosiahnutie rekanalizdcie; onset to puncture = das od vzniku ICMP
po napichnutie slabiny; onset to recanalisation = ¢as od vznikw ICMP po
dosiahnutie rekanalizdcie; door to image = ¢as od prichodu do nemocnice
po CT vydetrenie; door to needle = fas od prichodu do nemocnice po po-
danie rtPA)

Tabulka 12. ,Top kritérid" pre endovaskuldrmu liecbu

Modifikovana Rankinova Skala {(mRE) 0-1 pred vznikom ICMP
Systémova trombolyza podana do 4.5 hodiny od vzniku syptémov
Symptomaticka oklizia M1 ACM

ek 18 rokov aviac

(MIHSS) skidre =6

(ASPECT) skére =6

Punkcia slabiny do 6 hodin od vniku symptémov

ASPECT = Alberta stroke programe early CT; ACM = arteria cerebri media;
NIHSS = national Institute of Health Stroke Scale

V studii REVASCAT bol median ¢asu od vzniku ICMP po punkeiu
triesla 269 minut, v MR CLEAN 260 mindt, ¢as od vzniku ICMP
po rekanalizaciu okludovanej artérie bol v MR CLEAN 332 minut
a REVASCAT 355 minUt®®, Z uvedenych parametrov vyplyva, ze
aj napriek zdrzaniu pacientov v primarnych centrach je edukacia
zachrannych zloziek v prednemocnicnej starostlivosti o pacien-
ta s ICMP na dobrej Urovni, €o sa tyka priority transportu, a sa-
mozrejme interveéné radiologické vykony spliaju zadefinované
indikatory kvality. Z tohto aspektu boli sledované fasy porovna-
telné so spominanymi intervenénymi Studiami. V nasom sibo-
re 120 pacientov bola Uspesna rekanalizacia TICI 2b-3 dosiahnu-
ta u 73 % pacientov, na porovnanie v studii REVASCAT to bolo
66 % avESCAPE 72 %™, Problematicky zostava klinicky stav pa-
cientov po 3 mesiacoch, hodnoteny modifikovanou Rankinovou
skalou (mR%). Za dobry klinicky stav pacienta sa povazuje skore
0-2, o predstavuje funkénd nezavislost pacienta. V nasom pri-
pade bolo uvedené skére dosiahnuté u 31 % pacientov. Na po-
rovnanie v §t0dii MR CLEAN bolo mRS 0-2 dosiahnuté u 32 % pa-
cientov, v stidii REVASCAT u &4 % pacientov™™. Slabinou nasho
suboru pacientov je vysoka mortalita (38%po 3 mesiacoch), kym
v &tidii MR CLEAN bola 9% a v REVASCAT 18 %74, Na porovna-
nie, 7-driova mortalita predstavovala 20 %, ¢o poukazuje na sku-

tocnost, Ze nasledna starostlivost o pacientov s ICMP zlyhava po
prepusteni, resp. preloZeni pacienta na iné pracoviska alebo do
socialnych indtitdcii.

Druhy faktor, ktory ovplyviiuje mortalitu, je nedodrzanie
tzv. top kritérii pre endovaskularnu liecbu v nasom sibore (ta-
bulka 12). Je dokazané, ze mortalita je signifikantne nizsia u pa-
cientov splfiajicich tieto kritéri4, a to na Urovni 26 % porovnanim
so 45 % mortalitou v ostatnych pacientov (p=0,044), kym dob-
ry klinicky stav (mRS =2) po 3 mesiacoch bol podabny na Grovni
46 % v skupine, ktoré splfiala ,top kritéria” verzus 33 9% v skupi-
ne nesplfiajuce] top kritérid (p=0,158)"\. Z tohto pohladu treba
zadefinovat okrem klinickych aj radiologickeé kritéria pre selekciu
pacientov vhodnych na EVT, ateda identifikovat pacientov, ktori
by z tejto lie¢by mali najvacsi benefit. Jednym so selekénych kri-
térii je ASPECT skdre (Alberta Stroke Programe Early CT), kto-
ré umazriuje vyhodnotit véasné znamky ischémie na vstupnom
nekontrastnom CT vySetreni mozgu. Bolo potvrdené klinicky-
mi Studiami, Ze ASPECT skare predikuje vysledny klinicky stav
pacienta po systémovej trombelyze, alebo po EVT™®. Vyber pa-
cientov s ASPECTS 6-10 alebo 7-10 preukazal benefit EVT v kli-
nickych studiach ESCAPE, SWIFT PRIME, REVASCAT®®. Bolo do-
kazané, Ze leptomeningeaine kolateraly zohravajl klicovd rolu
priudrziavanitoku krviv mozgu distalne od miesta oklizie™®. Pa-
cienti s dobrymi kolaterdlami zobrazenymi na vstupnej CT angio-
grafii maju vaciiu pravdepodobnost dosiahnutia dobrého vysled-
ného klinického stavu, pokial'sd efektivne lieceni, kym pacientiso
slabym kolateralnym rieciskomn a so skorymi ischemickymi zme-
nami na vstupnom vy3etreni z endovaskularnej terapie neprofi-
tuju™™, Signifikantné zvy3senie rizika intracerebralnej hemoragie
(aZ 25 %) sa pozorovalo v pacientov so slabymi pidlnymi kolate-
ralami po dosiahnuti rekanalizacie. Dobry stav kolaterélneha rie-
ciska vyhodnoteného na vstupnom CT angiografickom wy3etreni,
bal signifikantne asociovany s malym inicialnym jadrom infark-
tu, spomalenim zvdcSovania infarktu a lepsim funkénym stavom
pacienta™®. Uvedené radiologické parametre v nasom sibore ne-
bali vyhodnocované.

Data mediciny zaloZenej na dékazoch potvrdzujl jednoznad-
ny benefit endovaskularnej liecby ICMP v pripade proximalneho
uzaveru artérie Willisovho okruhu. V nasich podmienkach je ne-
wyhnutné zlepsitlogistiku pacientov na vnitronemocniénej irov-
ni, s ciefom minimalizovat ¢asové straty od prichedu pacienta do
nemocnice aZ po efektivnu liecbu, a tym vytvorit predpoklad pre
zvySovanie poctu Uspesne liecenych pacientov s ICMP, ktori bu-
di v dobrom funkénom stave.
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Zobrazovanie u pacientov s akutnou ischemickou cievnou

mozgovou prihodou

Abstrakt

Zobrazovacie modality hrajn kIuéova alohu v diagnostike
a manazmente pacientov s akiinou ischemickou cievnou
mozgovou prihodou. V roku 2018 na zaklade pozitivinych
vysledkov dvoch publikicii o benefite endovaskulirne;
mechanicke; trombektomie v selektovane) skupiny pacien-
tov s akutnou ischemickou CMP v rozéirenom asovom
okne do 24 hodin od vzniku priznakov, deilo k zmene
paradigmu z _time window™ na _tissue window™. Cielom
tohto ¢lanku je poskyinut’ prehlad o sucasnych jednothi-
vych zobrazovacich moznostiach u pacientov s akutnou
1schemickou cievnou mozgovou prihodou.

Klacoveé slova: CT — CT angiografia — CT perfuzia — MR

Abstract

Imaging modalities play key role in diagnostic process
and management of patients with acute 1schemic stroke. In
2018 after positive results of two publications about bene-
fit of endovascular mechanical thrombectomy 1n selected
group of patients with acute 1schenuc stroke i extended
time window up to 24 hours after symptom onset, the pa-
radigm shift from _time window™ to, tissue window™ has
been made. The purpose of this article 1s to give an over-
view of current diagnostic imaging trends in patients with
acute 1schemic stroke.

Kev words: CT — CT angiography — CT perfusion — MR

Uvod

Diagnostika a zobrazovacie modality pomocou poéitado-
vej tomografie (CT) a magnetickej rezonancie (MR) hraju
klucovi ulohu v manazmente pacientov s akiitnou ische-
mickou cievnou mozgovou prihodou (1CMP) (Tabulka 1).
Kazdu minitu mozog strati viac ako 1.8 miliona neurénov
mozgoveho parenchymu v ischemickom povodi (1). Pri-
blizne 25 — 35 % pacientov s cievnou meozgovou prihodou
maji uzaver velkej artérie, tzv.  large vessel occlusion™
(LWVO) (2). Prave u skupiny pacientov s LVO v prednej cir-
kulacii sa endovaskulima reperfiizna terapia pomecou me-
chanickej trombektomie stala zlatym Standardom liecby.
Zobrazovacie postupy a $tandardy sa vyvijali roky. aviak

v poslednom ¢ase prilo k niekolkym zasadnym zmenam.
WV roku 2018 sa po publikovani 2 velkych stadii (DEFU-
SE 3 a DAWN) posunulo ¢asové okno pre endovaskularnu
liecébu (EVL) u selektovanych pacientov az do 24hodin od
vzniku neurologickej symptomatiky. A prave selekciu pa-
cientov v tomto neskorom ¢asovom okne nam umoZziuu
tzv. ..pokrocilé zobrazovacie techniley™.

Tab. 1. Porovnanie CT a MEI pni diagnostike aknamej iCMP

CT MEI

Detekcia hemoragii + ++ (T2/SWT)
Angiografia + (lepiie + (bez podania

rozlifenie) kontrasmej latky — TOF)
Rychlost a dostupnoest’ + -
Radiicia - +
Posidenie patologickych - +
stavov v zadnej jame
Detekeia malych lézii - +{(DWD
Rozlifenie - +
stroke mimics™

Uloha neurozobrazovania v manazmente pacienta
s akiatnou iCMP

1. Whicenie inych patologickych stavov

V prvom rade neurozobrazovacie metody musia vylaéit
1 patologickn pricinu spdsobujicu neurologicky deficit,
najmi intrakranidlnu hemoragiv respektive expanzivau lo-
ziskovu lézin. Na odliSenie hemoragickych zmien sa po-
uziva nativne CT mozgu, alebo T2 -gradient -echo MRI
sekvencie s vysokou senzitivitou (3).

2. Zobrazenie intrakranidlneho a extrakranidlneho
rieéiska

Zohrava klucovi ulohu v potvrdeni miesta okluzie ciev-
neho systému (LVO), stave kolateralneho rie¢iska, stave
vertebrobazilarneho a karotického riefiska (stenozy, disek-
cie), demarkovani anatomickych vaniacii Pri CT angiogra-
fickom vysetreni (CTAG) resp. MR angiografickom vyiet-
reni (MRAG) je nevyhnutné zobrazenie cievneho systému
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od aortilneho oblika az po vertex (4) Intervenénému
neuroradiologovi pomaha v planovani zakroku (vyber
mitrumentaria, volba cievneho pristupu). Vyhodou MEI
vySetrenia je moZnost’ zobrazit' cievny systém bez podama
kontrastne) latky.

3. Rozlisenie jadra infarktu a penumbry

Na ziklade CT perfiuzneho vySetrema (CTP) resp. pecial-
nych MRI sekvencii (DWIL T2 vazené sekvencie, FLAIR.
ADC mapy) vieme odlifit’ jadro mfarktu, kde doslo k irre-
verzibilnym zmenam s bunkovymi nekrézami, a hypoper-
fundovaného mozgového parenchymu penumbry, ktoré je
eite zachranitelné pn adekvitne) a rychley terapn.

4. Rozne

Vyuzitim FLATR sekvencii alebo sledovanim sytenia pa-
renchymu po podani gadolima vieme predpovedat’ he-
moragickd transformicm v 1schemickom mozgovom
parenchyme (5.6). Buduce trendy sa tykaji novych MRI
sekvencii. Nedavne $tudie preukizali opodstatnema vyu-
#itia tzv. _arterial spin labeling perfusion MR (ASL), kto-
ré nam kvantifikuje CBF mapy bez pouzitia kontrastngho
meédia (7).

Nativne CT mozgu

Nativoe CT mozgu je zakladnym vysetrenim u vietkvch
pacientov s podozrenim na akiatnu iICMP (8.9) najmi pre
rychlost wvySetremsa, [Pahka dostupnost. nizke naklady
a vysokni senzitivitu na rozpoznante akiine) hemoragie
(10.11.12). pripadne vylu¢eme mvch stavov, ktoré maji
podobné priznaky, tzv. _stroke mimics™ ako su napr. ex-
panzivne intrakranialne procesy alebo abscesy.

Na nativnom CT mozgu mézeme rozpoznat skoré
mmamky akutne; iICMP, akymi su dediferenciacia Sedej
a bielej hmoty na podklade cytotoxického edému, hypo-
denzné zény hypoxického mozgovéhe parenchymu, tzv.
nsular nibbon sign™, slabsiu diferenciaciv nucleus len-
tiformus, alebo ..dens artery sign” (ak sa jedna o trombus
v M1 segmente ACM) resp. , dot sign™ (ak sa jedna o trom-
bus v M2 segmente ACM). Posledné uvedené . dens signs™
wviak fasto chybaji na nativnom CT, ich senzitivita je po-
meme nizka (52 %) (13) a mézu sa zle mierpretovat’ pri
zavaine) ateroskleroze Mé#u wiak sluzit ako negativny
prognosticky faktor na rozpustenie trombu po intravendz-
nom podani trombolytika (14.15.16.17).

WVznik hyvpodenzaych zon mozgovéhe parenchvmu sa
vysvetluje vznikom cytotoxického edému, voda prestupu-
je do buniek a kazdym 1 % zvyieného objemu vody v bun-
kach klesa denzita o 2.6 HU (18).

Napriek vy$éie uvedenvm znakom, senzitivita nativne-
ho CT pre akutnu 1CMP je pomerne nizka a vzrasta s pre-
dlzupicim sa Easovym intervalom od vzmku 1CMP Do 3
hodin je senzitivita menej ako 20%. do 24hod. senzitivita
narastana 57— 71 % (19.20.21). Najrozéirenejsia metodika

na kvantifikaciu 1schemickych zmien v mozgovom paren-
chyme z nativneho CT je tzv. Alberta Stroke Programme
Early CT Score (ASPECTS). Hodnotenie sa vyuziva iba
pri okluzn ACM a rozdelwe sa do 10 teriténi — nuclens
caudatus. nucleus lentiformis. insula. capsula intema a 6
kortikalnych oblasti (M1-M6). Cim je vysledné skore niz-
ite (kazdému tenitoriu je priradeny 1 bod, maximalny pocet
je 10b), tym je 1schémia viésia a postihuje viaceré oblast
(Obr. 1).

CTAG extrakraniilneho a intrakranialneho rieciska

Dalsim krokom v diagnostike pacientov s akitnou 1CMP
je realizacia CTAG vysetrema hlavy a krku, teda extra-
kraniilneho a intrakraniilneho meciska. CTAG je mo-
dalita, ktora ma vysokn senzitivitu na rozpoznanie LVO
—takmer 100 % a hra délezita ilohu v manazmente pacien-
tov (22,23,24). Viaceré stidie dokdzali, ze pacienti s LVO
maji nizke % rekanalizacie po podani iba intravenozne;
trombolyticke; lieéby a pr1 splneni kriténi by mali podsti-
pit’ endovaskularne rieSente (23).

Ako sme uz vyiiie spomenuli, je dblezité realizovar
CTAG vysetrenie od aortalneho oblika a zachytit' tak aj
privodné mozgové cievy, aby sme neprehliadli zivainé
stavy ako napr. kriticka stendza odstupu ACT, T uzdver, di-
sekcie, anatomické varmacie a podobne.

Na zvyienie senzitivity pri detekcii okluzie zobrazené-
ho rieéiska sa vyuziva d'aliie softvérové spracovanie dat,
ktorych vysledkom je maximum intenstiy projection (MIP)
alebo volume rendening technique (VRT).

Na posudenie rozsahu mirakranialneho trombu v pred-
nej cirkulacii sa vyuziva tzv. _clot burden score“(CBS)
(Obr. 2). Hodnoti sa z CTAG skenov na zaklade pritomnos-
t1, respektive vypadku opacifikiacie (26). Normailne skére
bez pritomnosti intrakranialneho trombu v predne; cirkula-
cii je 10b. Cim je skore nizdie, tym je trombus objemnej3i
a je spojeny s mziim % rekanalizicie po podani rtPA a so
zvyienim nizikom hemoragickych komplikacii (27).

Multifazické CTAG

Ay ked endovaskulama lieé¢ba ukdzala lepéi benefit pre
pacienta v porovoani s klasickou mitravendznou trombo-
Iyzou, vysledny funkény stav pacienta (outcome) zavisi od
viacerych faktorov, medzi ktoré s zarad'uje napriklad stav
kolaterilneho rieéiska. Dobre vyvinuté kolateraly, vigs-
nou cez pialne anastomozy. su spojené s mziim objemom
jadra ischémie, menej asto u tychto pacientov dochadza
Ik zvaEZovaniu sa ischemického loZiska, maji predizené te-
rapeutické okno a vicSimon aj mensi neurologicky deficit.
Naopak, pacient: so slabym kolateralnvm obehom maja
ovela ziavaznejéin prognozu a vyii mortalitu (28 — 33).
Multifazické CTAG je novou metodikou, ktora sa za-
meriava na hodnoteme kolateralneho neéiska (34). Reali-
zuje sa v 3 krokoch. Po Standardnom CTAG hlavy a krku
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nasleduyi 2 oneskorené fazy mtrakranialneho rie¢iska, ve-
nozna a neskora venozna faza (Obr. 3, Tabulka 2). Pocas
vyhodnocovama sa porovnava postihnuta strana s kontra-
lateralnou stranou a hodnoti sa stav kolaterdlneho rie¢iska

(35).

Tab. 1. Stroke protokol na CT pracovisku Radiologicke) klimky FN
Tmava

. CTAG infra CTAG
Mativne .. . CT
cT a exfrakranial- | oneskorene iz
O | nehorieicka | Szy perhma
Sp8acb  yMkilne | helikilne axislne axilne
skenovania
Rozsah 0d \'-EITE)CIJ Od oblika od \"emexu 0d viemex:u
& . po bazu po bizu po biz
skenovania lebky a0ty po vertex lebky lebky
Zadiatok . Cmeskorenie | Thned po
Bolus trackin,
skenovania o o o 8sek podani k.l
Podanie
kontrastne) Hie 70 ml Mie 45 ml
latky
Rotatny cas | 0.6 sek 0.5 sek 0.5 sek 0.5 sek
Sika
.
detektora 80 mm 160mm 120 mm
Hribka rezu | 1,25 mum 0,625 mm 0,625 pom 5 mm
Nowse index | 54 69 6.9 8
120kV,
. N 120kV, 80-370 | 120KV, 80- S0EV.150-
Klma :J:“S T ma 370 mA 300mA

Boli vytvorené viaceré skorovacie systémy na posi-
dente stavu kolateralneho niefiska, najpouzivanejiie su
Miteff systém. Mass systém a modifikovany Tan systém
(36,37.38). Najjednoduchéi a v klinickej praxi najviac vy-
uzivany je modifikovany Tanov systém, ktory rozlifuje 1ba
medzi dobrymi kolaterdlami a slabymi kolateralami. ak je
vizualizovate[nych meney ako 50 % povodia ACM (39).
Vo velkej $tudn ESCAPE sa na zaklade hodnotemia stavu
kolateralneho rie¢iska z multifizického CTAG rozhodova-
li, é1 pacient podstipi (dobré kolateraly) alebo nepodstupi
(slabé kolateraly) endovaskulamu lie¢bu (40).

CT perfuzia
3. krokom v diagnostike u selektivne vybranvch pacien-

tov s akitnou 1ICMP je CT perfuzne vyietrenie mozgového
parenchymu. Jeho realizicia me je indikovani u vietkych

pacientov s akutnou 1CMP, ale 1de o vySetremie u pacien-
tov s nezniamou &éasovou anamnézou vzniku neurologicke)
symptomatiky, pacientov s . wake-up stroke™, a vzhl'adom
na publikované vysledky poslednvch $mdii DAWN a DE-
FUSE 3 aj pacienti v neskorom ¢asovom okne od 6 do
24 hodin od vzniku priznakov akatney 1CMP. A; DAWN
a) DEFUSE 3 stiadie preukazali signifikantny benefit EVL
do 16 — 24 hodin od vzniku priznakov pomocou selekeie
patientov na zaklade klmicko-zobrazovacieho mismatch,
é1ze tazky deficit a malé jadro). na zaklade pokroéilych
zobrazovacich technik. Median NTHSS (National Institutes
of Health Stroke Scale) skore bolo 17 (13 — 21) a 16 (10
— 20), pri¢om median jadra infarktu bol 7.6 (2 - 18) a 9.4
(2,3 — 25.6) ml (41.42). CT perfuzia hra klucowva ulohu
v rozliSeni penumbrv od jadra mfarktu. V okoli jadra sa
nachadza penumbra, hypoperfundované tkamvo, ktoré je
potencionalne zachranitelné (43). V parenchyme penum-
bry dochadza k ohigému. aviak pri véasne) rekanalizici sa
toto tkanivo moze vratit' do normilneho stavu a funkcie.

Délezité je pred planovanou reperfiiznou terapiou
(intravenozna trombolyza alebo endovaskulamy zakrok.
pripadne ich kombinacia) posudit’ pomer jadra mfarktu
k penumbre (tzv. musmatch) a vvhodnotit' riziko reper-
fuznej terapie. Pri velkom jadre infarktu a malom objeme
penumbry. benefit z reperfizne; terapie neprevyiuje nziko
zakroku (44-49).

Parametre, ktoré sa vyuzivaji pri diferenciicii jadra
a penumbry s mean transit time (MTT). time to maxmmum
(Tmax), cerebral blood volume (CBV) a cerebral blood
flow (CBF). V tkanive penumbry znizeny CBF spuita
autoregulaéné mechamzmy, ktoré udrzujn CBV normal-
ny alebo Tahko zvySeny sprevadzany predizenym MTT.
WV jadre nekrozy tieto autoregulacné mechamzmy vz ne-
funguyi a dochiadza k znizeniu aj CBV (Tabulka 3).

Tab. 3. Hodnotenie parametrov pri CT perfiizie mozgu

Penumhbra | Jadro infarkim Teddova
pozachvatdva
paréza
MTT Predizeny Predizeny Predizeny
CBF Znizeny Inizeny Nomma
CBV Noma Inizeny Noma

Neexistuyii jednoznacne stanovené kriténa pre hodnoty
vyiiie spomenutych parametrov na definiciu jadra infarktu
a penumbry. V starSich $tadiach (50,51) bola 1schémia za-
definovana. ak CBF bol mensi ako 10 — 12 ml/100 g/min.
Obe imidie DAWN a DEFUSE 3 definovali jadro infarktu,
ak hodnota CBF bola menéia ako 30 % v porovnani s nor-
malnym tkanivom. V DEFUSE 3 penumbra bola definova-
na, ak Tmax bol dlhii ako 6 sekund. Ak hodnoty objemu
jadra boli menéie ako 70 ml a mismaich ratio (penumbra/
jadro) bolo viEiie ako 1,8, pacienti boli indikovani na re-
perfuzou terapiu (41.42).
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Magneticka rezonancia (MR)

Zlaty $tandard na zobrazenie drobnych mfarktov a akuitne;
ischémie predstavujun DWI sekvencie na magnetickej rezo-
nancii (MR) s charakteristickym vyvojom ischémie v ¢ase
(Tabulka 4). Konvenéné MR sekvencie (T1W a T2W)
vicimou zobrazia infarkt a7 po 6 hodinach. Naproti tomu,
detekeia skorych 1schémii na DWI ma vysoki senzitivitu,
v priebehu prvych 3 hodin od vzniku symptomatiky 73 —
92 %, do 6 hodin takmer 100 %. Tento fakt predstavuje
najdélezitejim vyhodu MR vyietrenia v porovnani s kom-
plexnou CT diagnostikou, a mnohé svetové pracoviski
preferuju neurozobrazovanie u pacientov s akatnou 1CMP
metddou MR.

Tahb. 4. Vyvoj ME. cbrazu v ase.

Akntne Subakutne Chronické
tadinm tadinm Stidium
(0-Tdni) (1-3 tyzdme) (>3 tyzdne)
ADC mapy | Maximalna Psendonomma- Hyperintenzivny
redukela signalu | lizacia (7.-13. signal
1.az 4. deft dedi), po 2 tyz-
diioch je oblast’
hyperintenzivna
DWI Oblasf ohranice- | Pretrvava Hypointenzivny
sekvencie | ného hypeninte- | hyperintenzivny | signdl
zivneho signalu | signal

Okrem dolezitey DWI sekvencie, by nemali chybat
v protokole T2 vazené sekvencie, FLAIR, SWI, T GRE.
na diagnostikovanie hemoragii mikrohemoragii a mych
..stroke mumics™ (Obr. 5, 6).

DWI-FLAIR mismatch méze poméct k uréenm casu
vzniku 1CMP. FLAIR sekvencie zobrazia 1CMP az po 6
— 12 hodinach, pokial 1ézia je hyperintezivna na DWL
ale nie na FLAIR sekvenciach. da sa usudzovat, Ze 1CMP
vznikla pred 4.5 resp. 6 hod. (52). T¥ GRE a SWI sekven-
cie su vysoko senzitivne na detekcin trombu ( susceptibili-
ty vessel sign™), ktory nasledne méze byt Iahko identifiko-
vatel'ny a vyhodnoteny (velkost, zlozenie) (52).

Na zhodnotenie stavu cievaneho systému su 3 moZnosti
realizacie MR angiografie (MRA), bez pouzitia kontrastne;
latky metodou time of flight (TOF) alebo phase-contrast
MRA (PC MRA). metéda CE MEA s podanim 1v. kon-
trastne; latky. V _.stroke protokole™ sa najviac vyuziva zo-
brazenie intrakranidlneho rieiska metddou TOF (Obr. 7).
Nevvhodou tejto metodiky je nadhodnocovanie zavarnosti
a dizky stenézy. z toho rezultujiice aj horiie hodnotenie
distalneho a kolaterilneho rieéiska. Daliou limiticiou je
absencia zobrazema vicse) casti extrakramalneho nieciska.

Metodika PC MRA sa vyuziva na diagnostikovanie
1CMP znadkave, aviak je velmu citliva na zobrazenie
trombézy intrakrantdlnych vendznych splavov, ktora méze
imitovat prejavy 1CMP. Aplikiaciou kontrastney latky na
podklade gadolinia pri CE MRA sa skrati éas vySetrenia
a moze sa zobrazit' aj extrakranialne riecisko, preto sa tato

metodika — preferuje pn podozreni na diseker alebo okli-
ziu karotického a vertebrobazilameho riefiska (53).

Pre skratenie asu vySetremia. Neal et al. prezentoval
v roku 2014 6-mimitovy protokol na kompexnu diagnosti-
ku pacienta s 1CMEP, ktory pozostava z nasledujicich sek-
vencii: DWL, EPI-FLATIR, EPI-GRE, CE MRA a dynamic
susceptibility contrast perfusion (54). Difizne/perfuzne
MRI je vel'mi senzitivne v deteken jadra infarktu a perfiaz-
neho mismatch.

Ako naznaéuyi posledné smidie. déleziti ulohu v neu-
rozobrazovani pacientov s akuitnou iCMP a ich naslednou
selekeiou na EVL moZzno budi zohravat automatické sof-
tvéry s umelou inteligencion s mo#nostou automatického
prepoéitama jadra infarkiu, objemu penumbry, nusmatch,
detekcion stavu kolateral atd’. Tieto automatické softvéry
nenahradia radiolégov vyhodnocujyacich CT/CT AG alebo
ME/MRAG vysetrenia, ale mézu napomécet v samotnom
vvhodnocovani zobrazovacich wyietreni. Prikladom ta-
kéhoto druhu seftvéru je RAPID sofivér (1SchemaView).
ktory bol wvyuzity v stardich $mdiach (SWIFT-PRIME
a EXTEND-IA), ale predovietkym v DAWN a DEFUSE
3. Pacienti, ktorych tento automaticky softvér vyhodnotil
ako vhodnych na podstipemie EVL, mali najlepéi klinicky
outcome, aky sa kedy v itudiach dosiahol Podobny sys-
tém s umelou inteligenciou predstavuje napriklad softvér
E-stroke suite (Bramnomix), ktory umoziiuje napriklad au-
tomatické hodnotenie ASPECTS skore na nativnom CT
vySetreni. hodnotenie kolaterilneho riefiska ako aj mies-
ta uzavern na CT angiografickom vydetreni alebo objemmu
penumbry/jadra infarktu na perfiznom CT/MR vysetreni
(Obr. 8).

Laver

Zaverom méoZeme skonStatovat. Ze benefit endovaskulir-
nej reperfuzne) liechy je jasne stanoveny u vhodne vybra-
nych pacientov s akitnou 1schemickou cievnou mozgovou
prihodou s klasickou dizkou trvania priznakov do 6 hodin
ako aj v predizenem &asovom okne od 6 do 24 hodin. U pa-
cientov v éasovom okne do 6 hodin je zo zobrazovacich
modalit idealne vyuzitie jednoduchého protokolu s reali-
zaciou nativneho CT wydetrenia s CT angiografion extra-
kraniilneho neéiska od aortalneho oblika po vertex alebo
MR s MR angiografickym vy3etrenim. V pripade predize-
ného éasového okna od 6 do 24 hodin sa odporéa vyuzitie
pokroéilych perfiznyech zobrazovacich technik s identifi-
kaciou vhodnej skupiny pacientov, ktori benefituja z endo-
vaskulimne) lie¢by.
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Obrazova priloha

Obr. 1. ASPECTS 8b, znamky akutnej ischémie v oblasti M1/2.
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Obr. 2. Okluzia M1 segmentu ACM vlavo, clot burden score 6b, s chabym kolateralnym obehom.

Obr. 3. Multifizicka CT angiografia s 3 fazami vySetrenia.
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Obr. 7. Okhizia homej vetvy
M2 ACM vpravo na TOF
sekvenciach.
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{ Brainomix

¢ Brainomix

Obr. 8. E-stroke suite s hodnotenim eASPECTS, kolaterdlneho rie¢iska a CT perfizie
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Karoticky stenting u osemdesiatnikov v centre s vysokym poctom vykonov

Madaric J', Vulev I, Klepanec A%, Urlandova T!, Balazs T?, Hladikova D', Bazik R?, Margitfalviova J',
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Madaric J, Vulev |, Klepanec A, Urlandova T, Balazs T, Hladikova D, Bazik R, Margitfalviova J, Liska B. Carotid
artery stenting in octogenarians in high volume centre. Cardiology Lett. 2013;22(2):109-114

Abstract. Background: There is conflicting data about the risk of stroke and death among elderly patients
(pts) undergoing carotid artery stenting (CAS). Accordingly, the aim of our study was to analyze early and
mid-term results of CAS performed in a high-volume centre in octegenarians when compared to the younger
population.

Methods: The 53 consecutive CAS pts of = 80 years of age (mean age 83+3 years, group A) and 236 consecu-
tive CAS pts <80 years of age (mean age 6747 years, group B) were treated in the high-volume centre with
extensive CAS experience. The 30-day and 6-month follow-up data including neurological complications,
myocardial infarction (MI) and all-cause mortality after CAS procedure were evaluated. 98% of procedures
were performed under distal filter protection.

Results: Technical success of procedure was 99% (286 pts, 51 group A, 235 group B). There was no in-hospital
mortality or 30-day Ml in the overall group of pts. The 30-day and 6-month major stroke/mortality rate was
1.7% (5 pts), and 5.2% (15 pts), respectively. There was no significant difference in 30-day major stroke/
mortality rate [3.9% vs 1.3%, OR 1.03 (0.97-1.09)], nor in &-month follow-up results [7.8% vs 4.6%, OR 1.03
(0.95-1.13}] in groups A and B.

Conclusion: Carotid artery stenting performed in the high-volume centre is associated with acceptable low
30-day as well as 6-month morbidity/mortality rate regardless of age. Though there is a trend towards
the higher frequency of adverse events in the elderly population, our results do not support exclusion of
octogenarians from CAS in a high-volume centre. Fig. 1, Tab. 4, Ref. 18, Online full text (Free, PDF) www.
cardiology.sk

Key werds: carotid artery stenting — octogenarians - stroke — atherosclerosis — high-volume centre

Madari¢ J, Vulev |, Klepanec A, Urlandova T, Balazs T, Hladikova D, Bazik R, Margitfalviova J, Liska B. Karoticky
stenting u osemdesiatnikov v centre s vysokym podtom vykenov. Cardiology Lett. 2013;22(1):109-114
Abstrakt. Uvod: Existujd rozdielne Gdaje o riziku mozgovej prihody a smrti u stariich pacientov (pac)
absolvujicich karoticky stenting (CAS). Cielom 3tudie bolo analyzovat skoré a strednodobé vysledky CAS
realizovanych v centre s vysokym poctom vykonov u pacientov vo veku = 80 rokov v porovnani s mladiou
populaciou.

Metady: Patdesiattri nasledujucich pacientov absolvujicich CAS vo veku = 80 rokov (vek 83 £ 3 rokov, sku-
pina A) a 236 nasledujlcich pacientov po CAS mladiich ako 80 rokov (vek 67 = 7 rokov, skupina B) bolo
lie€enych v centre s vysokym poétom vykonov a skisenostami s CAS. Hodnoteny bol vyskyt neurologickych
komplikacii, infarktu myokardu a celkovej mortality po CAS v 30-dhovom a Sestmesacnom sledovani. Distalna
emboloprotekcia bola pouZitad v 98 % vykonov.
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Vyisledky: Technicky Uspech vykonu bol 99 % (286 pacientov, 51 skupina A, 235 skupina B). Nezaznamenali
sme umrtie pocas hospitalizacie, alebo IM v 30-diiovom sledovani. Viyskyt mozgovej prihody/mortalita
v 30-dfiovom, respektive Sestmesaénom sledovani boli 1,7 % (5 pac) a 5,2 % (15 pac). Nebaol vyznamny roz-
diel vo vyskyte CMP/mortality po 30-dhoch [3,9 % vs 1,3 %, OR 1,03 (0,97 - 1,09)], podobne ako po Siestich
mesiacoch v skupine A verzus B [7,8 % vs 4,6 %, OR 1,03 (0,95 - 1,13)].

Zdver: Karoticky stenting realizovany v centre s vysokym poctom CAS vykonov je spojeny s akceptovatelne
nizkou maorbiditou a mortalitou po 30-dnoch, respektive po Siestich mesiacoch bez zretela na vek pacientov.
Hoci existuje trend zvyieného vyskytu komplikicii u stariej populacie, nade vysledky nepodporuju vyligenis
pacientov starich ako 80 rokov z CAS indikacie v centrach so skisenostami s ich realizaciou. Obr. 1, Tab. 4,

Lit. 18, Online full text (Free, PDF) www.cardiology.sk

Kliacové slova: karoticky stenting — osemdesiatnici - mozgova prihoda - ateroskleréza - vysoko-objemové

centrd

Carotid artery stenting (CAS) has been shown as an alternative
to carotid endarterectomy for the treatment of carotid stenosis,
mainly in surgically high-risk patients (1-3). However, the choice
of revascularization technique for elderly patients with carotid
stenosis is not certain. There is conflicting data about the risk
of stroke and death among elderly patients undergoing CAS.
A stroke and death rate of 12% was reported in elderly patients
during the lead-in phase of CREST ({Carotid Revascularization
Endarterectomy versus Stent) Trial (4). Also, according to
the final CREST results, the selection of patients for CAS or
CEA may require attention to age, with older patients having
a better outcome with carotid endarterectomy (CEA) (3). On
the contrary, recent studies suggest that CAS can be performed
in octogenarians with low complication rates between 2% and
3% (5, 6). Importantly, the number of procedures realized by
the operator and by the vascular centre was described as the
key factor for CAS safety. In the Pro-CAS registry the authors
have shown that operators who had performed fewer than 15
CAS procedures had a markedly higher stroke/death rate when
compared with operators who had performed well beyond 15
CAS procedures (7).

Accordingly, the aim of the study was to evaluate the
impact of age on the complication rate after CAS in the
high-volume cardiovascular centre.

Methods
Patients

The 286 patients (age 69+9 years, mean diameter stenosis
83+9%) treated by CAS in a single centre were collected.
Patients with either symptomatic =50% diameter stenosis, or
asymptomatic =70% diameter stenosis according to colour-
duplex ultrasound, CT angiography or digital subtraction
angiography were considered as candidates for revascula-
rization. Diameter stenosis was determined according to
NASCET criteria (8). Symptomatic patients had suffered
a stroke or a transient ischemic attack (TIA) within the
previous & months.
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To minimize periprocedural hemodynamic complicati-
ons, the antihypertensive medication was not administered
in the morning before CAS procedure if the systolic blood
pressure did not exceed 180 mmHg. All patients were pre-
treated by aspirin and clopidogrel, and were discharged on
dual antiplatelet therapy with aspirin and clopidogrel for 3
months after CAS. In patients treated with anticoagulation
therapy, the combination of anticoagulation medication with
clopidogrel was administered. All patients without relevant
contraindication were discharged on statin therapy.

Interventional procedure

Patients underwent carotid artery stenting in the angiography
interventional suite. The CAS procedure was performed according
to standard centre protocol. 98% of procedures were performed
under distal embolic protection device with filter. Choice of stent
was at the discretion of the intervention list (tapered stents,
open versus closed cell designed stents). After stent deployment,
postdilatation was performed in all procedures to achieve optimal
struts apposition. Digital subtraction angiography was performed
before and after the procedure (Figure). All CAS procedures

Flgure Digital subtraction anglography of critical ulcerated
Internal carotid artery stenosls
A - before CAS, B - after CAS, CAS - carotid stenting
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Table 1 Baseline characteristics

All patients Group A Group B P
(n=286) =80 years <80 years Group A vs B
(n=51) (n=235)

Ape (years) 69 £ 9(50-89) B3 £ 12 (80-89) 67+ 7 (50-79) <0.0001
Sex (males) 200 (70%) 38 (75%) 162 (69%) 0.50
Symptomatic stenosis 87 (30%) 19 (37%) 68 (29%) 024
Bilateral stenosis 52 (18%) 9(18%) 43 (18%) 1.00
Diameter stenosis (%) 8319 (55-95) 8418 82+9 091
Coronary artery disease 45 (16%) 11 (22%) 3 (14%) 021
Arterial hypertension 260 (91%) 45 (83%) 215 (92%) 043
Dyslipidemia 232 (81%) 42 (82%) 190 (80%) 1.0
Diabetes mellitus 126 (44%) 25 (49%) 101 (43%) 0.44
Smoking 106 (37%) 14 (27%) 92 (39%) 0.15
BMI 20+5 2644 3245 0.43

BMI - body mass index

were undertaken by one of two experienced operators with
more than 300 CAS procedures performed.

Follow-up

The 30-day and 6-month follow-up data including neuro-
logical complications: myocardial infarction (MI) and all-cause
mortality were evaluated. All neurological evens were evaluated
by an independent neurologist. Outcomes of patients =80 years
of age (n=51, group A) and <B0 years (n=235, group B) were
analyzed. Major stroke was defined as a new neurological deficit
persisting longer than 24 hours. Minor stroke was defined as
a new neurological deficit that resolved completely within 24
hours. The primary end point was defined as combination of
any 30-day death or major stroke.

Statistical analysis

Data evaluation was performed using a statistical software
package SPSS 13.0 (SPSS Inc., Chicago, IL, USA). Discrete
variables are presented as counts and percentages. Continuous

Table2 Overall group (n=286), 30-day and 6-month results after
CAS

30-day 6-month
Major stroke 4 (1.4%) 8(2.8%)
Minor stroke 2(0.7%) 2(0.7%)
Mortality 1(0.3%) 7 (24%)
Myocardial infarction ] 4(1.4%)
Major stroke/mortality 5(1.7%) 15(5.2%)
Hyperperfusion sy. 2(0.7%) -
Retroperitoneal bleeding 2(0.7%) -
Postcathet. pseodoaneurysm 4 (1.4%) -

(CAS - carotid stenting

variables are presented as mean values + SD. Gaussian distri-
butions of data were tested by the Kolmogorov-Smirnov test.
The frequencies of categorical variables were compared using
Fisher's exact test. Mean values for continuous parameters
were compared using the Student f test and Mann-Whitney
test, used as appropriately. For all analyses, a p value <0.05
was considered statistically significant.

Results

The baseline characteristics of patients are given in Table 1.
The technical success of procedure was 99% (286 patients).
The cause of technical failure of CAS in the remaining 3
patients was unfavourable anatomy, with hostile aortic arch
and extreme tortuosity of supraaortic vessels.

About 1/3 of patients had relevant central neurologi-
cal symptomatology in the 6 months period before CAS
procedure. In about 20% of patients the bilateral CAS was
performed. There was no in-hospital mortality or 30-day MI
in the overall group of patients. The 30-day and 6-month
major stroke/mortality rate was 1.7% (5 patients), and 5.2%
(15 patients), respectively (Table 2). There was no significant
difference at 30-day or at 6-month follow-up results in group
A compared to group B, though there is a strong trend to-
wards high incidence of complication in octogenarians (Table
3). Despite the strong trend, there was also no significant
difference in evaluated adverse events between symptomatic
and asymptomatic subjects (Table 4).

Discussion

The present study investigated the clinical results of caro-
tid artery stenting carried out in the high-volume centre in

m
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Table 3 Major stroke/mortality after CAS: <80 years patlents versus octogenarians

Follow-up Group A (=80y) Group A (<80y) OR (95%CI) P
n=51 n=235

30-day 3.9% (2 pts) 1.3% (3 pts) 3.16 (0.51-19.4) 022

6-month 7.8% (4 pts) 4.6% (11 pts) 2.2 (0.67-7.28) 025

CAS - carotid stenting

Table4 Major stroke/mortality after CAS: symptomatic versus asymptomatic patients

Symptomatic n=87 Asymptomatic OR (95%CI) P
n=199
30-day 3.4% (3 pts) 1% (2 pts) 3.5 (0.58-21.4) 0.17
&-month B% (7 pis) 4% (8 pts) 2.0 (0.75-5.35)

CAS - carotid stenting

patients =80 years of age. The main findings can be summa-
rized as follows: 1) CAS realized in the high-volume centre
by experienced operators is linked with acceptable 30-day
as well as 6-month morbidity/mortality rate, regardless of
the age of the patients; 2) despite the trend towards higher
complication rate, there was no significant difference in 30-
day or 6-month results of symptomatic patients undergoing
carotid stenting, when compared to asymptomatic.

CAS in octogenarians

Several studies have shown increasing age as an important
predictor of complications associated with CAS. The lead-in
phase of The Carotid Revascularization Endarterectomy Versus
Stent Trial (CREST) demonstrated that octogenarians had
a markedly elevated 30-day periprocedural stroke or death
rate of 12.1%, compared to 3.2% in non-octogenarians (4).
Similarly, the German ALKK CAS registry has shown that
in-hospital stroke or death rates increase significantly with
older age (5.5% in octogenarians versus 3.2% in non-octoge-
narians, p=0.03) (9). Also in the CAPTURE 2 trial patients
age =80 years have higher 30-day rates of death and stroke
than younger patients, due primarily to age-related anatomic
changes (4.5% versus 3.0%). However, these challenges do
not rule out the CAS procedure if careful patient selection
is applied. Though in the overall CAPTURE 2 trial age was
a predictor of periprocedural death and stroke, it was not
a predictor of periprocedural stroke outcomes within the
subgroup of patients =80 years old. It is possible that lesion
characteristics associated with aging (eg, increased tortuosity
and calcification of the arch and supra-arch vessels) are of
crucial importance in risk stratification of adverse outcomes
(10, 11). Similarly, the Vitek group has shown that CAS can
be performed safely in anatomically suitable elderly patients
with low adverse event rates (30-day stroke/death rate of
3.3%), and that CAS should remain a revascularization option
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in appropriately selected elderly patients (8). This group has
also reported that 85% of their elderly patients selected for
CAS survived for 2 years and more than 75% survived for
3 years after the CAS procedure (12). In concordance, based
on the recent experiences of Leipzig centre the anatomical
conditions and octogenarian age were associated with an
increased rate of neurologically adverse events during the
CAS procedure (13). In summary, it is not clear whether the
age-related results are due to age per se, or whether the effect
of advanced age is confounded by other factors that might
affect CAS outcomes (14). These factors include unfavourable
anatomy with hostile aortic arch, calcification of the aortic
arch and carotid arteries, tortuosity of supraaortic vessels, as
well as more pronounced atherosclerotic disease.

Symptomatic versus asymptomatic patients

Data comparing results of CAS in symptomatic and
asymptomatic patients are scarce. In the CREST Trial the rate
of stroke or death among symptomatic patients after CAS was
6.0%, compared to 2.5% in the asymptomatic group. Prespe-
cified analyses did not show a modification of the treatment
effect by symptomatic status comparing the CAS and CEA
procedures (p=0.84), (3). In the comparison of Colombo et al.,
the 30-day major adverse event rate of symptomatic patients
undergoing CAS was 6.7% (11/163) versus 2.1% (7/237) in
the asymptomatic group (p=0.02) (15). In our study, despite
the trend towards the higher complication rate, there was no
significant difference in 30-day or 6-month results of symp-
tomatic patients compared to asymptomatic.

Importantly, the benefit of carotid revascularization in the
asymptomatic elderly population remains questionable, because
in asymptomatic subject the longer postoperative survival is
required to achieve the benefit of procedure. Despite the un-
certainties, CAS as well as CEA are increasingly performed in
this patient group as a result of population ageing.

102



Need for embolic protection devices

The use of an embolic protection device was described
as an important factor influencing the outcomes of CAS
procedure. The subanalysis of the ALKK registry showed that
patients treated with EPD (668 of 1483 patients) had a lower
rate of ipsilateral stroke (1.7% versus 4.1%, p=0.007) and
a lower rate of all non-fatal strokes and deaths (2.1% versus
4.9%, p=0.004) during hospital stay compared to patients
treated without EPD (9). In our study, the distal protection
filter device was used in 98% of cases with 30-day major
stroke/mortality rate of 2.2%. Similarly, in the multicentre
registry with the use of proximal endovascular occlusion
cerebral protection device in 198 octogenerians, the overall
30-day combined stroke/death rate was 2.5% (16).

The role of the high-volume centre and the operator’s
experience

A major criticism of randomized clinical trials comparing
CAS and CEA focused on the incomplete learning curve of
interventionists, with the learning curve strongly influencing
the results of CAS. The disappointing results of CAS in the
EVA-3S study are frequently explained by the low experience
of operators, with 85% of interventionists performing <50 cases
in total (17). Furthermore, registries like ProCAS have revea-
led that experience was an independent predictor of outcome,
with a significant difference in performance for those who had
performed 50 cases compared to 150 cases, and between those
who had performed <150 and those who had performed =150
cases (7). In the prospectively multicentre CAPTURE 2 study
the most important determinant of perioperative CAS outcomes
was both site and operator CAS volume. A threshold of 72 cases
was found to be necessary for consistently achieving a death
and stroke rate below 3% (10). In a recent observational study
using administrative data on fee-for-service Medicare beneficia-
ries aged 65 years or older undergoing carotid stenting, 24 701
procedures were performed by 2339 operators. Among older
patients undergoing carotid stenting, lower annual operator
volume and early experience were associated with increased
30-day mortality (18). Importantly, in our study, all procedures
were performed by two intervention lists, with experience of
=300 CAS procedures, which could have had a crucial influence
on overall results, especially in octogenarians.

Limitations

The relatively small number of elderly patients in the B
group could be considered the limitation of the study. It is
likely that, with the increase number of patients, the difference
between octogenarians and the group of younger patients in
the main outcome could have reached statistical significance.
Similarly, the low number of primary end-points events in
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the follow-up period do not let us realize statistically relevant
multivariate analysis of predictors linked to major adverse events
after CAS procedure. Therefore, the findings of the present
study need to be confirmed in larger, prospectively designed,
cohorts undertaken entirely in high-volume centres.

Conclusions

Carotid artery stenting procedure realized in high-volume
centres is linked with acceptable 30-day, as well as 6-month
mortality/morbidity rates, regardless of the age of patients.
Despite the trend of increase frequency of complications, an
age over 80 years is not a contraindication for CAS procedu-
re. Operators experiences and individual careful selection of
patients are crucial for further decrease of the adverse events
after CAS, especially in elderly patients.
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