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1. Uvod, epidemiologie

Cévni mozkové ptihody (CMP) jsou skupinou onemocnéni zatizenou vysokou morbiditou
a mortalitou, ¢imz predstavuji v soucasné dobé velky medicinsky a socioekonomicky

problém.

1.1 Definice

Cévni mozkova piihoda je definovdna jako syndrom charakterizovany rychle se
rozvijejicimi klinickymi zndmkami loZiskové (nebo globalni) poruchy mozkové funkce, se
symptomy trvajicimi déle nez 24 hodin nebo vedoucimi ke smrti, bez jiné zjevné ptic¢iny nez
cévniho piivodu'. Dle mechanismu vzniku se cévni mozkové piihody déli na ischemické
a hemoragické, pti¢emz ty ischemické tvoti 80-85 % vSech CMP. Pti¢inou zbylych 15-20
% CMP je krvaceni, a to bud intracerebralni, subarachnoidealni nebo intraventrikularni’.

Zhruba 0,5 % ptipada na trombdzu Zilnich splavi.

1.2 Epidemiologie CMP

Dle Svétové zdravotnické organizace je cévni mozkova pithoda druhou nejcastéjsi
preventabilni pfi¢inou smrti a hlavni pfi¢inou zadvazné a dlouhodobé invalidity®. Je také
povazovana za druhou nej€ast&jsi pfi€inu demence, vilbec nejcastéjsi pficinu epilepsie ve

stati a za Casty diivod depresivnich stavii *°.

V Ceské republice se incidence cévnich mozkovych piihod v 80. a 90. letech zvy3ovala,
a od roku 2003 zacala setrvale klesat. V roce 2010 byla incidence v§ech CMP 340 na 100 000
obyvatel. Incidence CMP u obou pohlavi vyrazné nartsta s vékem, u osob star§ich 80 let je
75krat vyssi neZ u osob mladSich 49 let. K 85 % CMP dochézi u osob starsich 69 let. Nejnizsi
primérny veék méli pacienti se subarachnoidalnim krvacenim, nejvyS$i pacienti
s ischemickou CMP (iCMP). Ctvrtina iCMP jsou piihody opakované. Riziko recidivy je
nejvyssi v prvnich tydnech po prodélané piihodé, rekurence dosahuje 15 % v prvnim roce
a asi 4 % rocné v letech nésledujicich. Je vyssi u starSich pacientli a po téz§ich ptihodach.
Prevalenci CMP Ize v CR odhadnout podle dat o dispenzarizaci na 1900 / 100 000 obyvatel.

Zhruba tietina téchto pacienttl je zavisla na dal§i zdravotni a socialni pé&i °.



Mortalita cévnich mozkovych ptihod klesla mezi lety 1990 a 2010 ve vyspélych zemich
0 37% a 0 22% v zemich rozvojovych. V roce 2010 byl celosvétovy pomér mezi incidenci
a mortalitou CMP 0,357. Dle dostupnych dat Ustavu zdravotnickych informaci
a statistiky CR (UZIS) je tento klesajici trend patrny i v Cesku, kdy mortalita cévnich nemoci
mozku (dg. 160-69) v roce 2018 ¢inila 75/100 000 obyvatel ve srovnani s mortalitou 110/100
000 v roce 2010 a 223/100 000 v roce 19908, V letech 20032010 se hospitalizaéni fatalita
CMP se snizila ze 14,5 na 11,1 na 100 hospitalizaci; celkova fatalita ze 28,15 na 23,3 na 100
piipadit CMP ©. Dle UZIS bylo v roce 2018 hospitalizovano 28 tisic pacientii s diagnézou

163 (mozkovy infarkt), pfi¢emz prumérna hospitalizace trvala 12 dni.



2. Ischemicka CMP
2.1 Etiologie ischemické CMP

Ischemicka cévni mozkova piithoda je nasledkem celé tady patologickych stavi
a onemocnéni, které se u pacientd Casto kombinuji. V praxi se k uréeni pravdépodobné
priciny pouzivaji klasifikacni systémy, které na zaklad¢ provedenych vySetfeni pomahaji
urcit u daného pacienta pravdépodobnou etiologii iCMP, prognézu a zahajit adekvatni
sekundarni prevenci. V klinické praxi je nejvice rozsifena klasifikace TOAST®, resp.

prepracovana SSS-TOAST klasifikace!’.
Dle TOAST klasifikace jsou pfi¢iny iCMP rozdéleny do 5 podtypti:

1. makroangiopatie (20-45%) - definovana jako okluze nebo sten6za (> 50 % nebo < 50 %
s ulcerovanym platem nebo trombdzou) zplsobend ateroskleré6zou v relevantnich

intrakranidlnich nebo extrakranialnich tepnach;

2. kardioembolismus (25-30%) — prikaz vysoce rizikového zdroje embolizace (fibrilace ¢i
flutter sini, intrakardidlni trombus, chlopenni nédhrada, infek¢ni endokarditida, myxom levé

sing, papilarni fibroelastom, ..);

3. mikroangiopatie (25-30%) - tzn. lakunarni infarkty definované jako jedinad klinicky
odpovidajici akutni ischemie o velikosti mensi nez 20 mm na zobrazovacich metodach

v teritoriu perforatoru a soucasné absence jiné€ vysvétlujici pficiny;
4. dalsi urcena pficina (5%) — vaskulitidy, disekce, vasospazmy, hyperkoagulaéni stavy;

5. kryptogenni ikty (az 30%) — kombinace vice moznych etiologickych faktorti, nekompletni

vySetieni.

Procentualni zastoupeni jednotlivych etiologickych podtypti iCMP se v rtiznych literaturach
li$i. Rozlozeni je zavislé zejména na veku pacientd. U mladSich ptevazuji kryptogenni ikty
ev. TOAST 4, u starSich pacienti dominuji kardioembolizacni ikty zejm. v souvislosti

s pritomnosti fibrilace sini '!.
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Obrazek €.1. Rozlozeni jednotlivych typti iCMP v zavislosti na véku

50 -

TOAST criteria

40 - = (ryptogenic

=== Microangiopathy
e Atherosclerosis

30 - = Additional other causes
= Gardioembolic

20 -
10 -
[-+]
=
g 0 T T T T T ! |
8 20-34 35-44 45-54 55-64 65-74 75-84 > 85
]
(=9
E 50 - b
2 Single etiologies
S 40 - s Atrial fibrillation
- = Dissection
% = Additional other causes
7

30 - Patent foramen ovale
20 - \

20-34 '35-44 ' 45-54' 55-64 65-74 75-84 > 85 '
Age in years

Obrazek a dle TOAST klasifikace. Obrazek b dle konkrétnich pficin.

Zdroj: Schoberl F, Ringleb PA, Wakili R, Poli S, Wollenweber FA, Kellert L. Juvenile Stroke.
Dtsch Arztebl Int. 2017 Aug 7,114 (31-32):527-534.
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2.2 Patofyziologie mozkové ischémie

Az 80% ischemickych CMP vznika uzavérem mozkové tepny na podkladé trombodzy c¢i
embolizace. Vysledkem je pokles perfuzniho tlaku a mozkového pritoku v povodi postizené
tepny, ktery mize byt zpocatku korigovan autoregulacnimi mechanismy. Normalni hodnota
perfuze mozku je 50-60ml krve na 100g tkané za minutu. Progrese poklesu mozkového
pritoku na hodnoty 12-18ml/100g/min vede ke vzniku tzv. ischemického polostinu
(penumbry). Pfi této hodnoté perfize vyhasind informacni funkce neuronti a dochazi ke
klinické manifestaci akutni cévni mozkové piihody dle postizené artérie. Neurony penumbry
zustavaji vitalni minuty az hodiny po okluzi tepny, proto jsou pii v€asné reperfuzi
ischemické zmény reverzibilni. Pii poklesu perfuze mozkové tkdn¢ pod 10ml/100g/min
vzniké tzv. nekrotické jadro a postizeni je ireverzibilni. Odhaduje se, ze kazdou minutou
zanik4 2 miliony neurond. V jadfe podléhd nekroze vice neZ 95 % neuronti. Toto jadro je
obklopeno oblasti ischemického polostinu, kde ma naopak az 95 % neuront nad¢ji na plnou
strukturdlni 1 funkéni upravu. V této potenciondlné vitdlni zon€ jsou buiiky ohrozeny
prolongovanou hypoxii a mohou podlehnout nejen nekrdze, ale zejména programované
bunééné smrti — apoptoze. Cilem 1éc¢by je tedy vcasna rekanalizace uzaviené tepny

a zachrana potencionalné viabilni penumbry!>!3.

Prognosticky pfiznivym faktorem je pfitomnost kolaterdl. Dobie vyvinuté a funkcni
kolateraly mohou doc¢asné nahradit funkci uzaviené tepny, a tim vyrazné zlepsit prognoézu
pacienta pii v€asné reperfuizi. Metaanalyza 23 studii publikovanych mezi lety 2000 az 2015
zabyvajicich se endovaskularni 1é¢bou akutnich ischemickych ikt (celkem zafazeno vice
nez 2 600 pacientl) prokédzala, Ze je dobry kolateradlni stav ptfed lécbou spojen se
signifikantn¢ lep$imi 90ti dennimi klinickymi vysledky, mensi periprocedudlni Cetnosti
symptomatického intracerebralniho krvaceni a mensi tiimésiéni mortalitou'®. Funkénost
a kompenzacni schopnost leptomeningedlnich anastroméz (LMA) jsou ovlivnény
individuélni anatomickou variabilitou, krevnim tlakem (tlakovy gradient retrogradniho toku
mezi cévami postizené a nepostizené oblasti), dynamikou okluze (postupnéd stenotizace
postizené tepny zvysSuje kapacitu LMA) a vékem pacienta (kompenzacni kapacita LMA
s vékem klesd, na druhou stranu ma fada starSich pacientli chronické sten6zy a mohou
profitovat z postupné stenotizace). Rozsah kolateralizace v praxi hodnotime pomoci CT/MR

angiografie, digitalni subtrakéni angiografie (DSA) ¢&i neurosonograficky'>.
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2.3 Priznaky ischemické CMP

Prtabéh akutni iCMP je velmi variabilni — od asymptomatického az po fatalni. Klinicky obraz
akutni iCMP zavisi na lokalizaci postizeného teritoria mozkové tkané v povodi uzaviené
mozkové tepny. Mezi typické ptiznaky patfi hemiparéza, hemihypestezie, hemianopsie,
monokularni porucha vizu, hemiparestesie, afazie, dysartrie, dysfonie, vestibularni
a cerebelarni syndrom a okohybné poruchy. Mén¢ Castym projevem iCMP je izolovana

diplopie, izolovana dysfagie, izolovany tinnitus ¢i porucha sluchu, vertigo anebo zmatenost.

K usnadnéni rozpoznani CMP se v praxi pouziva cela fada prednemocnicnich testd, pficemz
tim nejrozsirengj$im je FAST test (Face — Arm — Speech — Time). Pivodné byl pozitivni
test definovan jako pfitomnost jednoho hlavniho nebo dvou vedlejSich ptiznakl, nyni dle

Ministerstva zdravotnictvi CR staéi piitomnost jednoho klinického piiznaku '°.

Hlavni pfiznak:

- Nahle vznikla hemiparéza event. monoparéza
- Nahle vznikla centralni paréza n.facialis

- Nahle vznikla porucha feci (afazie, dysartrie)

Vedleijsi ptiznak:

- Nahle vznikla porucha védomi
- Kvantitativni — somnolence, sopor, kdma
- Kvalitativni — delirium, amentni stav
- Nahle vzniklé poruchy zraku (vypadky zornych poli na obou oc¢ich, nahla ztrata zraku
na 1 oku, diplopie)
- Nahle vzniklé poruchy rovnovahy s poruchou chiize

- Nahle vznikla porucha Citi na jedné strané téla (hypestesie, anestesie, parestesie)

Pacient s podezienim na uzavér velké mozkové tepny (kandidat mechanické trombektomie)
muze byt identifikovan pomoci testu Face Arm Speech Test Plus (FAST PLUS), ktery
posuzuje pifitomnost t€Zzké hemiparézy a predikuje mozny symptomaticky uzavér velké
mozkové tepny. Test je hodnocen jako pozitivni, pokud horni nebo dolni koncetina po

nastaveni padd na podlozku a nasledné je zaznamenan pouze minimalni nebo Z4dny pohyb
17
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2.4 Diagnostika iCMP

Iktus je emergentni stav. Casna identifikace pacienta s CMP, jeho promptni transport do
Centra vysoce specializované cerebrovaskularni péce (diive Komplexni cerebrovaskuldrni
centrum [KCC]) nebo Centra vysoce specializované péce o pacienty s iktem (dfive Iktové
centrum [IC]) a Casné zahajeni adekvatni terapie rozhoduje nejen o Zivoté pacienta, ale i o
jeho nasledné kvalité. Zde plati pravidlo ,time is brain®. Kazdy pacient s rychle rozvinutymi
klinickymi ptiznaky loziskového postizeni mozku béhem poslednich 24 hodin mé byt
hodnocen jako pacient s moznym akutnim iktem a kandidat rekanaliza¢ni 1¢cby iCMP az do
okamziku, kdy je tato léCba na zakladé¢ anamnestickych, klinickych, zobrazovacich

a laboratornich dat indikovana nebo vyloucena.

Esencialni diagnostika a podpiirna terapie CMP jsou zahajeny jiZ pifi prvnim kontaktu
pacienta se zdravotnickym systémem, coz byva v Cesku nejéastéji zdravotnik Rychlé
zachranné sluzby. Jsou zajistény zakladni Zivotni funkce v¢. jejich monitorace a pacient je
po piedchozim telefonickém avizu transportovan do nejbliz§iho specializovaného

zdravotnického zafizeni.

Cilem vstupniho klinického vySetfeni zkuSenym neurologem je zhodnoceni stavu védomi
a tize neurologického deficitu pomoci NIHSS klasifikace (National Institute od Health
Stroke Scale) (Priloha ¢.1). Pacienti s ischemickymi ikty zpisobenymi uzavérem velké
mozkové tepny ziidkakdy dosahuji NIHSS mensiho nez 10 bodd. Déle se stanovuje mira
sobé&stacnosti pred iktem pomoci modifikované Rankinovy §kéaly (mRS), kdy 0 znamena
plnou sobéstacnost a 5 znamend imobilitu s plnou zavislosti na druhé osobég. Detailnéji je
mRS rozepséana v priloze c¢islo 2. Soucasné probiha laboratorni diagnostika (biochemicky
rozbor, krevni obraz, koagulacni faktory), monitorace zékladnich zivotnich funkci a ev.

korekce jejich patologickych hodnot (krevni tlak, glykémie).

Klinické vySetfeni mize pfedpoveédét typ iktu, ale definitivni diagnéza a rozsah iktu jsou
stanoveny az na zéklad¢ zobrazovaciho vySetfeni, nejcastéji CT. CT vySetieni mozku je
Siroce dostupné, rychlé a ma vysokou senzitivitu k vylouceni intrakranialniho krvéaceni jako
jedné z moZnych pficin probihajici neurologické symptomatiky. Pfitomnost ,,high-density
sign“ v misté¢ velké mozkové tepny na nativnim CT potvrzuje jeji tromboticky uzavér
s vysokou senzitivitou. Nativni CT vySetfeni mozku se vyuZziva také pro zobrazeni casnych
ischemickych zmén, které se klasifikuji pomoci ASPECT skore (Alberta stroke program

early CT)'®. Pfitomnost ¢asnych ischemickych zmén ve vice nez 4 regionech (z celkovych

14



deseti) zvySuje riziko hemoragické transformace a je kontraindikaci k podani trombolyzy.
Soucésti diagnostického protokolu iCMP je i CT/MRI angiografie, kterd az u 60% pacienti
s akutnim iCMP potvrdi uzavér velké mozkové tepny. Vysledek CT/MRI angiografie je
jednim ze vstupnich kritérii pouzivanych ve vSech recentnich studiich, které prokazaly
benefit mechanické trombektomie u pacientd s uzavérem velké mozkové tepny. Pomoci CT
angiografie mizeme také zobrazit kolateralni zasobeni, jehoz pfitomnost sniZzuje rozsah
a rychlost infarzace a zvySuje Sance na piiznivéjsi progndézu daného pacienta. U pacientl
s neznamou dobou vzniku nebo po vice nez 6 hodinadch od vzniku CMP se doporucuje
vramci urCeni léebné strategie zhodnotit Casné ischemické zmeény, resp. pfitomnost
penumbry pomoci CT perfuzniho vysetfeni nebo difuzniho vdzeného MRI mozku, coz se

ale v soucasnosti pro omezenou dostupnost a ¢asovou narocnost danych vysetteni rutinné

neprovadi'®.

Vsechny tyto tikony musi probihat koordinované a nesmi vést k oddaleni rekanaliza¢ni

1écby?.
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2.5 Rekanalizaéni terapie iCMP

Ischemické CMP zpiisobené akutnim uzavérem velkych mozkovych tepen jsou asociované
s té¢Zkou morbiditou a vysokou mortalitou. Zhruba jedna tfetina iCMP je zplisobena
uzavérem arteria cerebri media. Akutni uzavéry vertebrobazilarniho povodi tvoii sice jen
cca 5-6% viech iCMP, ale progndza téchto pacienttl je asto fatalni?'. Casna a kompletni
rekanalizace uzaviené tepny a reperfuze se zachranou penumbry jsou klicovymi faktory pro

pfiznivou prognozu pacienta.

2.5.1 Intravendzni trombolyza

Intraven6zni trombolyza (IVT) je jedinou na ditkazech zalozenou systémovou reperfizni
terapii akutniho ischemické CMP. Na zaklad¢ vysledku studie European Cooperative Acute
Stroke Study III (ECASS 3) z roku 2008 bylo ¢asové okno pro provedeni IVT prodlouzeno
z 3 hodin na 4,5 hodiny od vzniku piiznakii 2>?*. Toto striktni terapeutické okno bylo vice
nez 10 let poklddano za nepiekrolitelnou hranici. Vyjimkou byl akutni uzavér arteria
basilaris, v jehoz ptipadé bylo akceptovano provedeni IVT po 4,5 hod od zacatku ptiznakt
jako Zzivot zachrafujici 1é¢ba®*. V letech 2018 a 2019 byly publikovany multicentrické
randomizované placebem kontrolované klinické studie, které ptinesly dikazy o klinické
ucinnosti a bezpecnosti IVT v 1é¢bé iCMP u vybranych pacientll v casovém okné del§im nez
4,5 hodiny ¢&i u pacientti s nezndmou dobou vzniku 2>%°. Tyto poznatky jsou promitnuty do

aktualnich doporucenich postupi k aplikaci IVT, viz podkapitola 2.5.1.4 Indikace IVT.

2.5.1.1 Trombolytika

V soucasné dobé se k systémové reperfuzni terapii akutnich iCMP pouzivaji dva preparaty

— alteplaza (fibrinolytikum 2. generace) a tenekteplaza (fibrinolytikum 3. generace).

Alteplaza (Actilyse) je doposud nejvice pouZivanym selektivnim trombolytikem. Jedna se
o rekombinantni lidsky tkanovy aktivator plazminogenu (t-PA) s kratkym polocasem
rozpadu (4-6 min), proto je nutné podani formou kontinudlni hodinové infuze s tvodnim

bolusem v celkové davee 0,9mg/kg, maximalné 90mg.
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Tenekteplaza (Metalyse) je geneticky modifikovany t-PA. Jednd se fibrinolytikum
3.generace s vyssi fibrinovou afinitou. Jeho delsi polocas rozpadu (17 + 7 min) umoziiuje

bolusové podavani v doporucené davce 0,25mg/kg, maximalné 25mg.

3031 m4 byt zvazeno podani tenekteplazy jako trombolytikum

Dle soucasnych doporuceni
prvni volby u pacientl s akutni iCMP na podklad¢ okluze velké mozkové tepny, ktefi jsou
indikovani k provedeni mechanické trombektomie a u nichz je indikovana IVT pied
provedenim mechanické trombektomie v ¢asovém okné do 4,5hod od zacatku ptiznaki.
Toto doporuceni vychazi z vysledkt studie Extend-IA TNK, kdy bylo kompletni reperfize
dosazeno u 22% pacientli ve vétvi s tenekteplazou versus u 10% pacientl ve vétvi

alteplazou®?. V ostatnich piipadech je 1é¢bou prvni volby podani alteplazy 3%3!.

2.5.1.2 Vyhody a nevyhody IVT

Vyhodou IVT je jeji Sirokd dostupnost, rychld administrace a nizké cena. Nevyhodami je
uzké terapeutické okno (obecné do 4,5hodin), nizka G¢innost u vétSich trombt, riziko
intracerebralniho ¢i systémového krvaceni a Cetné kontraindikace (postupné se ale tada
z nich stala relativnimi). Udaje o Gspé&$nosti rekanalizace se v literatufe 1isi. Nicméné plati,
kompletni rekanalizace jen u cca &tvrtiny iCMP 3334, U T-uzavéri (terminalni uzavér arteria
carotis interna) je plné rekanalizace pomoci IVT dosaZeno jen v 10% *°, u M1 segmentu

ACM v 20-30% 3%, u M2 segmentu az v 60% *” a u M3 segmentu az v 90% piipadi.

2.5.1.3 Komplikace IVT
Jako nejcastéjs$i komplikace intraven6zni trombolyzy jsou uvadény tyto:

1. MenSi Kkrvaceni v mist¢ vpichu, zdasni, =z gastrointestindlniho traktu ¢i
z urogenitalniho traktu.

2. Symptomatické intrakranidlni krvaceni (sICH). Stanoveni incidence této zdvazné
komplikace je obtizné, jelikoZ existuje cela fada definic sSICH pouzivanych ve studiich
(ECASS 3, NINDS, SITS-MOST, Heidelberg). Obecné je ale sICH definovéano jako
hemoragie prokdzand na CT ¢ MRI mozku asociovand s klinickou deterioraci

celkového stavu (A NIHSS >4 ¢i smrt), pficemzZ tuto hemoragii lze povazovat za pfic¢inu
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zhorSeni klinického stavu. Incidence sICH v souvislosti s podanim IVT se pohybuje
mezi 3-8% piipadt **3% Incidence jakéhokoli intrakranidlniho krvaceni je az 30% 8.

3. Systémové extrakranialni Kkrvaceni. Incidence systémového krvaceni v souvislosti
s podanim IVT se pohybuje dle dostupné literatury kolem 1,5% “%41.

4. Orolingualni angioedém. Incidence této komplikace je 1-5%. Castdji se vyskytuje
u pacientl uzivajicich ACEi a u pacienti s 1ézi frontalniho laloku a operkulo-inzuldrni
oblasti “**. Casto byva postizena jen polovina jazyka (kontralateralné k 1ézi) nebo
pouze ret. Neziidka tento stav kon¢i orotrachedlni intubaci.

5. Méné ¢asté komplikace jsou nevolnost, zvraceni, tiesavka, vzestup teploty, kopfivka,

mirna bolest hlavy, kiece, zmatenost. Lécba je symptomaticka.

2.5.1.4 Indikace IVT
Indikaéni kritéria IVT rozdélit do ¢ty okruht.

1. VEk. Obecné je dolni hranici k podani IVT 18 let. U déti a dospivajicich je jen
omezend klinickd zkuSenost s pouzitim alteplazy v 16bé akutniho iktu **. Podle
konsensualniho odborného stanoviska Cerebrovaskularni sekce Ceské neurologické
spole¢nosti Ceské lékatské spolecnosti J. E. P. Ize IVT alteplazou podat v 16¢bé
akutni iCMP 1 u dospivajicich ve v€ku 16—17 let, pfi¢emZ musi byt dodrzena stejna
vstupni kritéria 1 kontraindikace jako u dospélych pacientl. Je doporuceno
postupovat individualné a vzdy zvazit piinos a rizika u konkrétniho pacienta. IVT
u déti mladSich 16 let je postupem ,,off — label*.

2. Mira sobéstacnosti v predchorobi (mRS) a funkéni neurologicky deficit pii ptijeti
(NIHSS). Pacient s akutnim iCMP indikovany k IVT ma byt v pfedchorobi schopen
samostatné chiize a miize vyzadovat asistenci druhé osoby pii nékterych aktivitach,
tj. odpovidd mRS 0-3. V ptipadech iktd s delSim ¢asovym oknem neZ 4,5hod je
vstupnim kritériem mRS s maximalni hodnotou 2, tj. pacient je pln¢ sobéstacny.
Dolni hranice NIHSS u pacientii indikovanych k IVT je > 2, u hodnot NIHSS 24 se
ma jednat o funkéné vyznamny nebo hendikepujici neurologicky deficit. Pfi prikazu
oligosymptomatického uzavéru velké mozkové tepny se postupuje individualng.

3. Rozsah ischemickych zmén na CT ¢i MRI mozku. Toto kritérium je blize

specifikovano v dal§im bod¢.
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4. Casové okno od vzniku p¥iznaki. Na zakladé vysledkd studii publikovanych
v letech 2018 a 2019 se terapeutické okno pro podani IVT pfi splnéni urcitych kritérii
vyznamné prodlouzilo. V klinické praxi rozliSuje 4 situace.

a. Pfiznaky trvajici méné nez 4,5 hodiny
Pti splnéni tohoto ¢asového okna je IVT podana, pokud je nativni CT mozku
negativni nebo prokazuje Casné ischemické zmény malého az stiedniho
rozsahu, tj. v rozsahu mensim nez tfetina povodi ACM, nebo je hodnota
Alberta Stroke Program Early CT Score (ASPECTS) > 7. Bylo-li vstupné
provedeno MRI mozku, nesmi byt rozsah prokdzané ischemie na difuzi
vazenych sekvencich (DWI) vétsi nez tretina povodi ACM.

b. Wake-up stroke do 4,5hodin od probuzeni, tj. pfiznaky byly pfitomny uz
pfi probuzeni a soucasné od probuzeni neuplynulo vice nez 4,5 hodiny
Pozadavky na vysledek nativniho CT mozku jsou to stejné jako v pripad¢ ikt
s ptiznaky trvajicimi do 4,5hodiny (bod a). Pii provedeni MRI je piidan
k rozsahu postiZzeni jest¢ negativni FLAIR na T2 véazenych sekvencich
(inversion recovery s potladenim signalu likvoru) *°.

c. Trvani pfiznakli mezi 4,5 — 9hodinami pii zndmé dobé¢ vzniku, nebo wake-
up stroke po uplynuti 4,5 - 9hodin od probuzeni, tj. ptiznaky byly pfitomny
pfi probuzeni a trvaji mezi 4,5 aZ 9 h od probuzeni. V tomto ptipadé¢ muliZze
byt IVT provedena jen za zdklad€ prlkazu ischemické penumbry na
multimodalnich zobrazovacich vySetteni (CT perfize, MRI DWI). Nelze-li
tato vySetfeni provést, je podani IVT dovoleno jen u pacientl se
symptomatickou okluzi arteria basilaris verifikovanou CT ¢i MR angiografii
po vylouceni rozsédhl¢ dokonané ischemie mozkového kmene jako zivot
zachrafiujici vykon?>-?3, Detailni zobrazovaci kritéria pro provedeni IVT jsou
uvedena v tabulce €. 1.

d. Neznama doba vzniku. U pacienttl, kde je doba vzniku nejasné nebo tento
udaj nelze ziskat napt. pro afazii, plati stejnd indikacni kritéria jako
v predchazejici  situaci®*?’.  Neni-li v8ak dostupné multimodalni
neurozobrazeni (MRI DWI/PWI nebo CT perfize), miize byt IVT zvaZena
na zdklad¢é provedeni nativniho CT s negativnim ndlezem nebo s nalezem
casnych ischemickych zmén malého az stfedniho rozsahu (< 1/3 povodi

ACM nebo ASPECTS > 7), bez ptitomnosti jasné hypodenzity (doporuceni
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spole¢nosti J. E. P

Tabulka & 1: Zobrazovaci kritéria pro provedeni IVT 303143

Cerebrovaskularni sekce Ceské neurologické spolecnosti Ceské 1¢katské

)45.

04,5 (Wake-up

4,59 (zndma

Doba vzniku | 0-4,5 (zndma | stroke — ptiznaky | doba vzniku nebo | nezndma doba
(hodiny) doba vzniku) trvaji od | pfiznaky trvaji od | vzniku
probuzeni) probuzeni)

Vek >16 >18 >18 218
mRS pied iCMP | 0-3 0-3 0-2 0-2

>) a/nebo | >2 a/nebo | >2 a/nebo | =2 a/nebo
NIHSS vstupné | hendikepujici hendikepujici hendikepujici hendikepujici

deficit deficit deficit a <25 deficit a <25
Rozsah &asnych | Negativni Negativni Negativni Negativni
ischemickych nebo nebo nebo nebo
zmén dle | <1/3 povodi ACM | <1/3 povodi ACM | <1/3 povodi ACM | <1/3 povodi ACM
nativniho CT | nebo nebo nebo nebo
mozku ASPECTS>7 | ASPECTS>7 | ASPECTS>7 | ASPECTS =7
Objem <70ml (regionalni | <70ml (regionalni
ischemického pratok krve | priutok krve
jadra dle CTP mozkem < 30 %) | mozkem < 30 %)
Objem <1/3 povodi ACM | <70ml <70ml
ischemického <1/3 povodi ACM | a a a
jadra dle MRI negativni FLAIR | negativni FLAIR negativni FLAIR
DWI
Pomér penumbry
a ischemického >1,2 > 1.2
jadra
Objem penumbry
dle CTP nebo > 10 ml > 10 ml
MRI DWI

ACM - arteria cerebri media, ASPECTS - Alberta Program Early CT Score, CTP - perfuzni CT,
DWI - difuzné vazené zobrazeni MR, mRS - modified Rankin Scale, NIHSS - National Institute od
Health Stroke Scale
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2.5.1.5 Kontraindikace intravenozni trombolyzy
2.5.1.5.1 Absolutni kontraindikace IVT

Absolutni kontraindikaci podani IVT je aktivni krvaceni, tj. intrakranidlni krvaceni
potvrzené na CT/MRI mozku ¢i jiné vnitini krvaceni. IVT je také kontraindikovana pfi
rozséhlych Casnych ischemickych zménach (= 1/3 povodi ACM nebo ASPECTS < 7) na
nativnim CT mozku, nebo pfi prikazu rozsahlé ischemie na MRI DWI (v rozsahu > 1/3
povodi ACM) s pozitivnim nalezem v sekvencich FLAIR. IVT nesmi byt také podana
u nekontrolovatelné hypertenze nereagujici na adekvatni 1écbu (systolicky krevni tlak nad

185 mmHg nebo diastolicky krevni tlak nad 110 mmHg).

Velkou skupinou kontraindikaci IVT tvoii anamnestick¢é udaje a pfitomna zavazna
onemocnéni jako kraniocerebralni a spindlni poranéni v poslednich 3 mésicich,
intrakranidlni krvaceni v poslednich 6 mésicich, manifestni nebo silné ¢i nebezpecné
krvaceni v poslednich 21 dnech, v¢. krvaceni do hrudniku, gastrointestinalniho nebo
urogenitalniho traktu, zndma hemoragickd diatéza, zndma arterioven6zni malformace
a znam¢é symptomatické aneuryzma, zndmé aneuryzma hrudni aorty, bfiSni aorty nebo
perifernich tepen, intrakranialni nebo intraspinalni operace v poslednich 4 tydnech, arterialni
punkce na nekomprimovatelném misté v poslednich 7 dnech, porod v poslednich 10 dnech
nebo treti trimestr s iminentnim porodem, znama infek¢éni endokarditida, disekce tepen

aortalniho oblouku, intrakranidlni (intraaxidlni) tumor nebo metastatické tumory CNS.

Z laboratornich nalez je IVT kontraindikovana u INR > 1,7 (plati 1 pro pacienty uzivajici

Warfarin), trombocytopenie s hodnotou < 100 000/ul a aPTT nad horni limit laboratofe.

U pacientl uZivajicich pfimad perordlni antikoagulancia lze IVT zahgjit po podani

dostupného antidota po kontrole koagula¢nich parametrii (aPTT, TT)*®.

2.5.1.5.2 Relativni kontraindikace IVT

Dle dostupnych védeckych studii je IVT G€inné a bezpe¢na i u vybranych pacientt s akutnim
iktem s jednou ¢i vice relativnimi kontraindikacemi. Nutno vSak peclivé posuzovat

individudlni rizika a klinicky prospéch.

= NIHSS > 25 bodt a ¢asové okno do 4,5hodiny. Iktus s takto tézkym neurologickym

deficitem je vyznamnym prediktorem horSiho vysledného klinického vysledku a je
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spojen s vyS$im rizikem intrakranidlniho krvaceni. Pomocnymi kritérii k rozhodnuti
o indikaci IVT jsou piedchozi funkéni stav (mRS < 2), vék (< 80 let) a nepfitomnost
zavazné komorbidity (mimo jiné pokrocilé demence nebo onkologického onemocnéni
s predpokladanou dobou preziti < 6 mésicu).

Disabilita s mRS > 4 v ptedchorobi.

Epilepticky zachvat na pocatku rozvoje piiznakii s pietrvavajicim loziskovym
neurologickym deficitem. IVT mé byt provedena, pokud ma loziskovy neurologicky
deficit vztah k akutni mozkové ischemii, zejména pii prikazu symptomatické okluze
intrakranialni tepny nebo pii nalezu ischemie mozku na DWI-MR ¢i pii CT perfuzi,
a neni podezieni na zadvazné poranéni hlavy.

Glykemie < 2,7 mmol/l. Naopak pii hyperglykémii (> 22,2 mmol/l) ma byt pii IVT
soucasné podavan inzulin *°.

Infarkt myokardu (IM) v poslednich 3 mésicich. U pacienta s nedavnym IM Ize IVT
provést v pripad¢ infarktu bez elevace ST (NSTEMI). V ptipad¢ IM s elevaci ST
(STEMI) Ize IVT zvazit pii zohlednéni ¢asového odstupu od IM (> 7 dnu), velikosti
nekrozy, aktudlnich echokardiografickych nélezi a toho, zda byla provedena perkutdnni
koronarni intervence (korondrni angioplastika). U pacienta s akutnim IM mize byt IVT
zvazena v¢. nasledné koronarni angioplastiky.

Lumbalni punkce v poslednich 10 dnech.

Té¢hotenstvi. Dle publikovanych piipadi té¢hotnych Zen nebyla u nich IVT spojena
s vySSim rizikem ICH a uUmrti oproti Zenam, které nebyly téhotné a nemély
kontraindikace pro 1é¢bu IVT. Dle publikovanych dat je riziko abortu souvisejici
s [&€bou IVT < 10 %. Pti zohlednéni miry zdvaznych krvacivych komplikaci a vzhledem
k faktu, Ze rt-PA neprochézi placentou, neni t¢hotenstvi absolutni kontraindikaci 1é€by
IVT. Téhotné zeny schopné dat souhlas s provedenim IVT maji pravo 1é€bu odmitnout
na zaklad¢ informaci, Ze v publikovanych piipadech byla ojedinéle zaznamenana
uterinni krvaceni a timrti plodu.

Intrakranidlni extraaxialni tumor (mimo jiné meningeom, neurinom). IVT miiZze byt
bezpeéné provedena u pacientl s témito tumory.

O¢ni onemocnéni. U pacienta s anamnézou hemoragické retinopatie nebo s jinou
hemoragickou o¢ni komorbiditou mize byt IVT provedena, pokud klinicky prospéch
z 1écby IVT jasné ptrevysuje riziko progrese poruchy visu pii hemoragickych oc¢nich

komplikacich 4.
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2.5.1.6 Management IVT

Jestlize pacient s akutni iCMP po inicidlnich vySetfenich splni patficnd vstupni kritéria
a nema zadnou zavaznou kontraindikaci, musi byt [IVT podana co nejdiive od ptijezdu do

nemocnice - cilova hodnota medianu ,,door-to-needle time* je 20 minut.

Pacient 1éCeny IVT mé byt hospitalizovan na JIP po dobu minimélné¢ 24 hodin. Je
doporuceno pravidelné sledovani klinického stavu pacienta a kontinudlni monitorovani
fyziologickych a vitalnich funkci vcetné stavu védomi pomoci Glasgow Coma Scale
a neurologického deficitu pomoci Skaly NIHSS. Za 22-36 hod od IVT se doporucuje
provedeni kontrolniho CT ¢i MRI mozku. Podavani antitrombotické ¢i antikoagulacni

terapie ma byt zahajeno az dle vysledku zobrazovaciho vySetteni, které vylouci krvéaceni.

Dle soucasnych doporuceni ma byt IVT podana i u pacientd indikovanych k mechanické
trombektomii, pakliZe pacient spliiuje indikacni kritéria a nema kontraindikaci k podani IVT.
Soucasné¢ vsak nemd podani IVT oddalit zahdjeni mechanické trombektomie u pacientli

s potvrzenym symptomatickym uzavérem velké intrakranialni tepny.
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2.5.2. Intraarterialni trombolyza (IAT)

Pouziti intraarteridlni trombolyzy v 1écbé akutni iCMP bylo jiz prakticky opusténo.
V klinické praxi se IAT miize pouzit jako doplitkova metoda k mechanické trombektomii
napt. k 1écb¢ distalni embolizace nebo pii nedostupnosti trombu pro nastroje mechanické

trombektomie. Jako trombolytikum prvni volby je doporucena alteplaza.
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3. Mechanicka trombektomie

3.1 Uvod

Az do roku 2014 byla intravendzni trombolyza jedinou dostupnou reperfuzni terapii. Pistup
k 1écbe iICMP zplisobenych uzavérem velkych mozkovych tepen se radikalné zménil v roce
2015 zverejnénim péti velkych randomizovanych multicentrickych klinickych studii (MR
CLEAN, SWIFT PRIME, EXTEND-IA, ESCAPE, REVASCAT) %3 Na zakladé vysledka
téchto studii je mechanicka trombektomie povazovana na efektivni lécbu iCMP

zptisobenych uzavérem velkych mozkovych tepen®'-.

3.1.1 Vyhody a nevyhody mechanické trombektomie

Vyhodou MT je obecné delsi terapeutické okno a vysoky rekanalizaéni potencial ve srovnani
s monoterapii IVT. Sou€asné je MT jedinou moZnou lécebnou metodou u pacientt, u kterych

je IVT absolutné kontraindikovana nebo kde IVT selhala.

Nevyhodou jsou vysoké naklady a pozadavky na pfistrojové a personalni vybaveni.
Vysledky intervence zéavisi na trénovanosti a zkuSenostech intervenujiciho I¢ékare.
Nevyhodou oproti podani IVT muze byt pozd€jsi zahajeni terapie s ohledem na pfipravu
pacienta. Mohou se vyskytnout komplikace spojené s endovaskuldrnim vykonem (disekce,

perforace, fragmentace trombu s vicecetnou distalni embolizaci).

I pfestoze ma mechanicka trombektomie v 1é€bé akutnich ischemickych ikt zptisobenych
uzavérem velké mozkové tepny doporuceni A dle platnych guidelines, je dostupnost této
terapie velmi omezena. Nedostupnost MT je zplsobena bud’ nedostatkem vySkoleného
zdravotnického  personalu (neurointervenéni  specialisté), anebo nedostatecnou
motivovanosti zajistit nepfetrzitou dostupnost této 1écby (24/7). Podle analyzy dat
randomizovanych studii a narodnich registrii se odhaduje, Ze aZz 16% vSech pacientl
hospitalizovanych s iktem je indikovdno k MT°”. Analyza 1é¢by iCMP napii¢ evropskymi

staty ale zjistila, Ze pouze 1,9% pacienti s iktem bylo mechanickou trombektomii 1é&eno 5.
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3.1.2 Indikace mechanické trombektomie

Mechanicka trombektomie je kli¢ovou reperfuzni terapii u pacientli s akutni ischemickou
cévni mozkovou piihodou na podkladé uzavéru velké mozkové tepny. Soucasna indikacni
kritéria MT vychézi z guidelines vydanych European Stroke Organisation (ESO) z roku
2019°! a guidelines American Heart Association/American Stroke Association z roku
201934, Zakladnim faktorem, ktery ovlivituje indika¢ni kritéria k provedeni MT je asovy
interval od zacatku piiznaki k zahajeni neurointervence. Dle ¢asového okna rozdélujeme

indikacéni kritéria do 2 skupin: 0-6 hodin a 6-24 hodin.

3.1.2.1 Casové okno 0 aZ 6 hodin

U pacientt starSich 18let s premorbidnim mRS 0-1, s NIHSS > 6, s ASPECT skore > 6, piip.
s ischemickym jadrem o objemu < 70ml dle MRI-DWI (to ale neni vyZadovano), je
mechanické trombektomie indikovana u CT angiograficky verifikované okluze ICA a M1
usek ACM (I/A), M2/3 usek ACM (1Ib/B) a ACA, AV, AB, ACP (IIb/C). MT muze byt
prospésna a muze byt zvazena i u pacientti s akutni iCMP na podkladé uzavéru ACI a/nebo
M1 utseku ACM s premorbidnim mRS > 1, ASPECT skére < 6 a NIHSS < 6 (IIb/B).
U pacientii s NIHSS 2-5 miize byt MT zvazena v piipadé, Ze se jedna o funkéné vyznamny

neurologicky deficit (postiZeni motoriky, afizie, hemianopsie) >3,

3.1.2.2 Casové okno 6 a7 24 hodin

U vybranych pacientil s akutnim iCMP v ptedni cirkulaci (uzdvér ACI, ACM, tandemova
okluze ACI a ACM) v casovém okné 6 aZ 24 hodin od zafatku pfiznaki, kteti spliuji
indikaé¢ni kritéria studie DEFUSE 3¢ (Sasové okno 6-16 hodin) ¢i studie DAWN?®® (6-24
hodin), je mechanick4 trombektomie indikovéna s doporuéenim tiidy IA>*. Pro hodnoceni
objemtl ischemického jadra a penumbry je nutné pouzit certifikovany automatizovany

software, ktery umoznuje automaticky vypocet objemu jadra ischemie a penumbry.

Detailni indikac¢ni kritéria mechanické trombektomie jsou uvedena v tabulce €. 2.
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Tabulka €. 2. Indikacni kritéria pro mechanickou trombektomii dle souc¢asnych doporuceni

51,54
Casové okno 0-6 hodin 6-16 hodin | 6-24 hodin
od vzniku pFiznaku DEFUSE-3 | DAWN
Vek >18 let 18-90 let > 18 let
mRS pred iCMP 0-3 <2 <1
NIHSS pfi ptijeti > 2 body > 6 bodi >10 bodti
Rozsah ischemickych | ASPECTS > 6 <1/3 povodi ACM
zmén na CT
CT/ MRI angiografie | uzavér: uzaver: uzaver:
a) ICA a) ICA a) ICA
b) proximalni casti | b) ACM | b) ACM (segment M1)
ACM (segment MI) | (segment
nebo jejiho vétveni | M1)
(M2)
c) AB
Objem ischemického <70 ml
jadra dle CTP
Objem ischemického <80 let + <31 ml;
jadra dle DWI MRI <80 let+31-51 ml + NIHSS >20;
>80 let a velikost infarktu <21
ml.
Objem ischemické >15ml
penumbry
Pomér objemu >1,8
penumbry a jadra

AB - arteria basilaris, ICA - arteria carotis interna, ACM - arteria cerebri media, ASPECTS - Alberta

Program Early CT score, CTP - perfuzni CT, DWI - difuzné vazené zobrazeni MR, mRS - modified
Rankin Scale, NIHSS - National Institute od Health Stroke Scale
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3.1.3 Kontraindikace mechanické trombektomie
3.1.3.1 Absolutni kontraindikace MT

Mechanické trombektomie je absolutné kontraindikovéna ve dvou pfipadech — piitomnost
intrakranidlniho krvaceni anebo jiného onemocnéni mozku zptisobujici akutni neurologicky

deficit (napf. tumor).

3.1.3.2 Relativni kontraindikace MT

Jako relativni kontraindikace MT jsou uvadény: hodnota NIHSS <2, glykémie <2,7mmol/l
nebo >22,2mmol/l, pfedchozi disabilita definovana jako mRS > 3, t€hotenstvi pro riziko
radiaéniho poSkozeni plodu (chybi data) a intrakranidlni tumor (chybi data). U déti
a mladistvych mladSich 18 let chybi randomizované klinické studie, nicméné opakované

publikovana data naznacuji, Ze by tato 1é¢ba mohla byt prospésna i v této vékové kategorii.

3.1.4 Komplikace mechanické trombektomie

Samotna diagnostickd DSA (digitalni subtrakéni angiografie) mé riziko komplikaci ve
smyslu neurologického deficitu velmi nizké, dle literatury 0,1-0,5 %. Komplikace spojené

s interven¢nimi vykony mitizeme rozd¢lit do 3 skupin — centralni, periferni a systémové.
3.1.2.1 Centralni komplikace

Mezi centralni komplikace vznikajici v souvislosti s intervenovanou tepnou fadime jeji
disekei, rupturu vedouci k intrakranidlnimu krvaceni a vasospasmus vyvolany jejim
mechanickym podrazdénim (spiSe u mladsich pacientli, zpravidla odezni po odstranéni
katetru). Behem MT miize také dojit k embolizaci nésténnych trombi ¢i platu do periferie.
Tuto komplikaci lze teSit ad hoc dal$i mechanickou intervenci nebo vyuZitim lokalni
trombolyzy. Dalsi zadvaznou centralni komplikaci je hemoragicka transformace ischémie,
ktera se vyskytuje ptredevsim po reperfizi v terénu rozsahlejsich casnych znamek ischémie.
Tato transformace muze byt klinicky asymptomaticka ¢i symptomaticka v zavislosti na
rozsahu krvaceni (petechie versus hematom). Obdvanou centralni komplikaci u rozsahlejsich
ikth je maligni mozkovy infarkt, kdy je dekompresni kraniektomie Zivot zachrafnujicim

vykonem.

28



3.1.2.2 Periferni komplikace

Mezi periferni komplikace fadime krvaceni v misté vpichu (tfislo), retroperitonedlni
hematom, trombdzu femoralni arterie s eventualni embolizaci do periferie koncetiny,

pseudoaneurysma femoralni artérie nebo vznik arteriovendzniho zkratu.
3.1.2.3 Systémové komplikace

Jako systémové komplikace oznacuje stavy souvisejici s podanim kontrastni latky — akutni

¢1 pozdni anafylaktoidni reakce, kontrastem indukovana nefropatie nebo encefalopatie.
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3.1.5 Mechanicka trombektomie v Ceské republice

Od roku 2013 do roku 2019 pocet pacientii s iICMP 1é¢enych mechanickou trombektomii
v Ceské republice postupné nartstal. Bohuzel pandemie Covid-19 tento p¥iznivy trend
zastavila a pocet vykonli az do roku 2021 stagnoval®®®!. V ramci kontroly a srovnavéni
urovné a uspéSnosti &by jsou periprocedudlni data ze 13 komplexnich cerebrovaskuldrnich

center zaznamenavana do prislusného registru Ceské neurologické spole&nosti.
U vsech MT jsou sledovany, zdokumentovany a vyhodnocovéany tyto parametry °:

1. Uginnost — periprocedualni NIHSS a mRS s odstupem 3 mésicti

2. Bezpecnost — vyskyt komplikaci a mortality

3. Casové intervaly — zaGatek piiznaktl — pijezd do nemocnice — zobrazovaci vysetieni
— punkce tfisla — Cas rekanalizace

4. Délka trvani vlastni intervence

5. Stupen dosazené rekanalizace pomoci skaly TICI

Obrizek ¢&. 2. Poéet mechanickych trombektomii provedenych v CR v letech 2013-
202 160,61
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3.2 Piehled publikovanych studii zabyvajicich se interven¢ni 1é¢bou iCMP

Jiz ve studiich s intraarteridlni trombolyzou byly popsany pozitivni G€inky pouzitych
mikrokatetrti pfi mechanickém rozruseni trombti. V roce 2004 byl Merci™ retriever schvalen
FDA (Food and Drug Administration) jako prvni device pouzitelny pro 1écbu iCMP v USA.
Ve dvou provedenych studiich MERCI®? a Multi-MERCI®? bylo dosaZeno rekanalizace
u48% a 57% pacientt, dobry klinicky vysledek u 28% a 36% pacientl a vyskyt sSICH v 7,8%
a 9,8% ptipadech.

V roce 2009 byla publikovana prospektivni multicentrick4 studie Penumbra Stroke Trial®,
kde bylo pomoci aspira¢niho katetru dosazeno kompletni ¢i parcialni rekanalizace (TIMI 2-
3) u 82% vykont, dobry klinicky vysledek méla ¢tvrtina nemocnych a u 11% pacientt se

vyskytla sICH.

Prvni studie s pouzitim retrahovatelného samoexpandibilniho Solitaire stentu k 1é¢bé iCMP
byla publikovana v roce 2010. Léceno bylo celkem 20 pacientdl, z nichz u 90% bylo
dosazeno uspésné rekanalizace. Dobrého klinického vysledku (mRS < 2) doséhlo 45%

pacientl®.

V roce 2010 zacina také ptiprava projektu PRAGUE-16 s cilem zavedeni pfimé mechanické

trombektomie v 1é¢bé akutnich ikt ve Fakultni nemocnice Kralovské Vinohrady.

V roce 2012 byly publikovany 2 randomizované studie, které potvrdily vysokou technickou
i klinickou efektivitu tzv. stent-retrieveri. Randomizovana studie SWIFT® srovndvala
Solitaire stent-retriever s Merci retrieverem pouZzitych k intervencni 1é€bé 113 pacientil
s ICMP. V této studii byla prok4dzana vyssi technicka efektivita stent-retrieveru (61% versus
24%), lepsi klinicky vysledek (58% versus 33%) 1 vyznamné niz§i mortalita oproti skupiné
s pouzitim Merci retrieveru (17% versus 38%). Druha multicentricka randomizovana studie
TREVO 2% srovnavala Trevo stent-retriever s Merci retriever a také prokazala vyssi
efektivitu a lepsi klinicky efekt stent-retrieveru. V fijnu 2012 byla do studie PRAGUE-16

zafazena prvni pacientka s akutnim iktem lé¢ena mechanickou trombektomii.

V roce 2013 byly publikovany 3 velké randomizované multicentrické studie (IMS III%,
SYNTHESIS®, MR RESCUE”™). Vysledky endovaskularnich intervenci byly
nepiesveédCivé, podportily skepsi k endovaskuldrni terapii a v fadé zemi zastavily slibny
rozvoj endovaskulrnich technik’!. Design studii byl nasledn& podroben velké kritice pro

vyznamné metodologické nedostatky. V rdmci protokolu zobrazovacich metod nemusela byt
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provedena CT angiografie k potvrzeni ¢i vylouceni uzavéru velké mozkové tepny. Navic
v téchto studiich byly pouzity z dnesniho pohledu obsolentni intervencni postupy — ve studii
IMS III byl stent-retriever pouZit jen u 1,5% pacienttl, ve studii SYNTHESIS u 11% pacientii
a ve studii MR RESCUE viibec. Ve studii IMS III bylo 1é¢eno 14% pacienti s rozsahlymi
ischemickych zménami dle CT (ASPECTS 0-4 body). Usp&sna rekanalizace (TICI 2b/3)
byla dosazena jen u poloviny pacient v IMS III a jen u 27% v MR RESCUE. SYNTHESIS

studie dokonce stupen rekanalizace neuvadi viibec.

Pristup k lécbeé akutnich iCMP zplsobenych uzavérem velkych mozkovych tepen se
radikalné¢ zménil v fijnu 2014, kdy byla na Svétovém kongresu o iktech v Istanbulu
prezentovana pielomové studie MR-CLEAN*. Zag¢atkem roku 2015 nasledovaly publikace
dalsich 4 velkych randomizovanych multicentrickych studii, které podpofily novy smér
lé¢by akutnich iCMP (SWIFT PRIME, EXTEND-IA, ESCAPE, REVASCAT) 47 Ve
vSech téchto studiich byl k rekanalizace uzavéru v pfedni mozkové cirkulaci pouzit zejména
Solitaire™ stent retriever, popf. jiny mechanicky extraktor s nebo bez podani systémové
trombolyzy. MR CLEAN byla také jedina studie, kterd dokoncila nabor pacienti dle
puvodniho planu (celkem 500, z toho 233 ve vétvi s MT). VSechny ostatni studie byly po
zvefejnéni vysledkit MR CLEAN piedc¢asné ukoneny, protoze bylo povaZovano za neetické

déle zatazovat pacienty do kontrolni nelé¢ené skupiny.

Ve vSech studiich byl klinicky efekt pacienti 1écenych MT vyrazné lepSi v porovnani
s vysledky pacientl 1éCenych standardni terapii v€. IVT. RovnéZ incidence sICH a tfimési¢ni
mortalita byly nizké a vyznamné se neliSily oproti kontrolni skupiné. Detailni srovnani vSech
studii je uvedeno v tabulce ¢.3. Na zakladé¢ vysledkli téchto studii je mechanicka
trombektomie povazovana na efektivni lécbu iCMP zpusobenych uzavérem velkych

mozkovych tepen’!*,

DalSim vyznamnych posunem v 1é€bé akutnich iCMP byla v roce 2018 publikace studii
DAWN?® a DEFUSE-3°°, které u pitisn& selektovanych pacientli vyznamné rozsifily
terapeutické okno aZ na 24 hodin. Do studie DEFUSE-3 (Endovascular Therapy Following
Imaging Evaluation for Ischemic Stroke-3) byli zafazeni pacienti s akutnim iktem v ¢asovém
okné 6 az 16 hodin na zakladé€ objemu ischemického jadra a penumbry. Po 90 dnech doséhlo
funkéni nezavislosti (mRS 0-2) 45% pacientll ve srovnani s 17% v kontrolni skuping.
U tfetiny pacienti byla zndma doba vzniku. Studie DAWN pouziva tzv. klinicko-
zobrazovaci mismatch, coz v praxi znamena kombinaci tize neurologického deficitu (NIHSS

> 10) a rozsahu ischemickych zmén dle zobrazovaciho vySetfeni (difuzné vazené MRI nebo
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perfuznim CT). Po 90 dnech dosdhlo funkéni nezavislosti (mRS 0-2) 49% pacienti ve

srovnani s 13% v kontrolni skupin€. Jen 12% vSech ikt mé¢lo znamou dobu vzniku.

Tabulka €. 3. Srovnani péti kliCovych studii ispésnosti mechanické trombektomie

MR CLEAN#*® EXTEND -IA*® ESCAPE¥ SWIFT PRIME? REVASCAT?
Celkovy 502; 233 70,35 316; 165 196; 98 206;106
pocet
pacientt;
MT vétev
Veék 65,8 68,6 71 65 65,7
(median)
NIHSS 17 17 16 17 17
(median)
Zobrazovaci | Proximalni uzavér | Okluze ICA ¢i | Proximalni uzavér | Okluze ASPECTS >6 dle
kritéria v pfedni mozkové | MCA, prikaz | v pfedni mozkové | intrakranialni ICA | CT nebo >5 dle
cirkulaci penumbry, cirkulaci, menS$i az | nebo M1 MCA, | MRI DWI

ischemickeé jadro <
70 ml

stfedni ischemické
jédro,
kolateral

pritomnost

mensi az stifedni
ischemickeé jadro

Casové okno

Punkece tfisla do 6

Punkce tfisla do 6

Indikace MT do 12

Do 6 hodin od

Do 8 hodin od

(hodiny) hodin od zacatku | hodin od zacatku | hodin od zacatku | zacatku piiznakd, | zacatku ptiznakt
ptiznaki ptiznakt ptiznakt 90 minut mezi CT
a punkeci tisla
Median 260 (zacatek iktu — | 210 (zacatek iktu — | 134 (zacatek iktu — | 224 (zacatek iktu — | 269 (zacatek iktu —
casovych punkece tiisla) punkce tiisla), 248 | CT), 51 (CT - | punkce tfisla) punkce tfisla), 355
interval (zacatek iktu — | punkce tfisla), 241 (zacatek iktu —
v minutach reperfize) (zacatek iktu — revaskularizace)
reperfize)

Klinické vysledKy (intervencni versus kontrolni skupina)

mRS 0-2 po
90 dnech

32,6% vs. 19,1%

71% vs. 40%

53% vs 29,3%

60% vs. 35%

44% vs. 28%

Symptomati
cké
intrakranialn
i krvaceni

7,7% vs 6,4%

0% vs. 6%

3,6% vs 2,7%

0% vs. 3%

1,9% vs. 1,9%

Mortalita

18,9% vs. 18,4%

9% vs. 20%

10,4% vs 19%

9% vs. 12%

19% vs. 16%

ACM - arteria cerebri media, ASPECTS - Alberta Program Early CT score, DWI - difuzné vazené

zobrazeni MR, ICA — arteria carotis interna, IVT - intravendzni trombolyza, MT — mechanicka

trombektomie, mRS - modified Rankin Scale, NIHSS - National Institute od Health Stroke Scale
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3.3 Klinické vysledky dle 1é¢ebnych strategii akutnich iCMP, metaanalyza HERMES

72

Jiz dfive zminéna metaanalyza HERMES zanalyzovala data celkem 1287 pacientl s akutni
1CMP v ptedni cirkulaci. Pacienti byli randomizovani do 2 vétvi. Do prvni, neurointervenc¢ni
vétve bylo zarazeno celkem 634 pacientl, a do druhé, kontrolni vétve 653 pacientd.
V neurointervencni vétvi bylo 526 pacient (83%) piredléceno intraven6zni trombolyzou,
a zbytek, tj.108 pacientd (17%), byl lé€en piimou MT. V kontrolni skupiné byla u 569
pacientll (87%) administrovdna IVT, a 84 pacientll (13%) bylo 1é¢eno konzervativné, t;.
farmakologicky, ale bez jakékoliv rekanalizacni terapie. Devét pacientl bylo ztraceno ze

tfimési¢niho sledovani.

Ttimésicni klinické vysledky hodnoceny pomoci mRS vSech 4 lécebnych strategii jsou
uvedeny v tabulce ¢.4. Z vysledkll je zifejmé, Ze mechanickd trombektomie s ¢i bez
pfedléceni IVT vyznamné zvySuje Sanci pacientll s akutnim iktem k dosazeni dobrych

klinickych vysledk.

Tabulka ¢&.4. Klinické vysledky dle 1éCebnych strategii akutnich iCMP, metaanalyza
HERMES

Pocet pacientt mRS 0-2 mRS 3-6
Konzervativni 1é¢ba 80 18 (22,3%) 62 (77,7%)
Jen IVT 565 153 (27%) 412 (73%)
MT +1IVT 525 244 (46,5%) 281 (53,5%)
Piima MT 108 47 (43,5%) 61 (56,5%)

IVT - intravenozni trombolyza, MT — mechanicka trombektomie, mRS - modified Rankin Scale
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4. Studie PRAGUE-16

4.1 Zavedeni mechanické trombektomie ve Fakultni nemocnici Kralovské Vinohrady

O zahdjeni neurointervencniho programu 1é€by akutnich ischemickych ikttt ve FNKV bylo
rozhodnuto uz v roce 2010. Do tohoto roku nebyla katetriza¢ni 1écba ikti v nasi nemocnici
dostupna vubec. Lékaii riznych specializaci (neurologové, kardiologové, radiologové
a dalsi) se spojili a pripravili spole¢ny mezioborovy projekt PRAGUE-16, jehoz cilem bylo
vypracovat logistiku akutni intervencni 1é¢by ischemickych CMP a posoudit Gc¢innost
a bezpecnost katetrizacni intervence provadéné intervencnimi kardiology a neuroradiology
v podminkéch pavilonové nemocnice FNKV. Diraz byl kladen zejména na casovy faktor,
tj. maximalni zkraceni ¢asovych prodlev od piijezdu pacienta do FNKV do poskytnuti
adekvatni 1écby. Protokol studie PRAGUE-16 byl schvalen multicentrickou Etickou komisi
FNKYV. Veskeré vykony a lé¢ebné postupy byly a jsou provadény se standardné dostupnymi
a fadné registrovanymi léky 1 materidlem, v projektu se nezkousi zddné nové 1éky ani

materialy.

Prvni pacientka podstoupila MT ve FNKV v fijnu 2012. Tomu piedchazela celd fada kroki
od personalnich zmén (zména vedeni Neurologické kliniky, rozsifeni kardiologického tymu
o atestovaného interven¢niho radiologa) pies pfipravu internich protokold, zaskoleni
zdravotnického personalu aZz po mésicni staz tii klicovych lékaiti ve specializovaném

iktovém centru v Buffalu (USA).

V zati 2013 jsem nastoupila na misto sekundarniho Iékafe a postgradualniho studenta
Kardiologickeé kliniky. V ramci svého doktorandského studia jsem sbirala a vyhodnocovala
data o intervenovanych pacientech, Gcastnila se nékterych intervencnich vykond, internich
seminafi feSitell studie PRAGUE-16, aktivné i1 pasivné se Ucastnila iktovych kongrest
a staZzovala na Neurologické klinice. Soucasné jsem se jako lékat — kardiolog podilela na
optimalizaci farmakoterapie kardiovaskularnich onemocnéni naSich pacientli, organizovala
kardiologické kontroly a pfipadné indikovala dalsi vySetfeni (jicnovou echokardiografii,
vicedenni Holterovskou monitoraci EKG) za Gi¢elem dovySetteni etiologie iktii. Nasim cilem

byla mimo jiné snaha o maximalizaci sekundarni prevence recidivy iktu.
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4.2 Protokoly a jejich vyvoj v ¢ase.

Prvotni 1écebny protokol k intervenéni 1écbé akutnich iCMP ve FNKV byl vypracovan
v prosinci 2012. Zpocatku byla jako primarni rekanalizacni terapie preferovana tzv. direktni

neurointervence, tj. endovaskularni terapie akutnich ikt bez vstupni podani trombolyzy.
Prvotni protokol vychazel z nasledujicich faktl a predpokladi:

1. Studie IMS III srovnavajici IVT vs. IVT s MT byla pied¢asné ukoncena v roce 2012
pro absenci rozdilu mezi obéma skupinami.

2. Ze 7 publikovanych studii zabyvajicich se 1é¢bou iCMP pomoci trombolyzy byly jen
2 pozitivni a 5 jich bylo negativnich.

3. Samotnd mechanickd trombektomie dosahuje vyznamné vysSiho procenta
rekanalizaci (75-90%) ve srovnani s trombolytickou 1écbou (25-50%).

4. DalSim dulezitym faktorem ovlivilujici UspéSnost 1écby je Casnost rekanalizace.
Pokud je IVT uspésSnd, dochdzi k rozpusténi trombu nejdiive za 45 minut po
administraci. Na druhou stranu katetriza¢ni intervence zpravidla vede k rekanalizace
za 30-60 minut od vpichu do tepny.

5. Dalsim faktem, ktery nas vedl k upfednostnéni pfimé MT bez IVT byla zkuSenost
z 1écby akutnich infarktli myokardu, kdy podani IVT nevedlo k lepsim vysledkiim.

Naopak trombolyza pouze zvysila riziko krvacivych komplikaci.

U pfisné selektovanych pacienttl, které postihla akutni iCMP béhem hospitalizace na jednom
z odd¢€leni pavilonu S/ S1 byla zvazovana moznost pacienta rovnou transportovat na
katetrizani sal k diagnostické angiografii bez pfedchoziho CT mozku. Tim se uSettil
vyznamny Cas, ktery by se ztratil transportem pacienta na CT pracoviSté a zpét. Za
predpokladu, Ze se nepodava IVT ¢i jind antikoagulacni 1écba, je riziko komplikaci
diagnostické angiografie malé (0,1-0,5%) a pacient by mél ze zkraceni rekanalizacniho ¢asu
o minimalné¢ 30minut spiSe profitovat. V ptipadé klinické suspekce na intrakranidlni
krvaceni se CT mozku provedlo vzdy (vznik CMP pfi antikoagulacni ¢i trombolytické 1é¢be,

nedavny Uraz hlavy, zndma porucha koagulace apod).

Vstupnimi kritérii bylo klinické podezfeni na nahle vzniklou hemisferdlni CMP (susp.
uzavér ACM) nebo kmenovou CMP (susp. uzavér a. basilaris) do 4 hodin od zacatku
ptiznak (tj. pfedpoklad rekanalizace do 6 hodin), znamy Cas zacatku ptiznakt, premorbidni
mRS 0 a moznost zahajeni diagnostické angiografie do 30 minut od stanoveni suspekce, tj.

okamzitd dostupnost salu a zdravotnického personalu.
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Vylucujicimi kritérii byl vék > 85let, neurologické piiznaky aktualné¢ pfitomné i pred
zac¢atkem soucasnych potizi a vyznamna klinické suspekce na intrakranialni krvaceni, resp.

jeji pritomnost na CT mozku.

Logistické schéma studie PRAGUE-16 je zobrazeno na obrazku €.3. Originalni protokol je

soucasti ptiloh, konkrétné ¢. 4.

Celkem bylo v obdobi fijen 2012 az fijen 2014 zatazeno do projektu 37 pacientli s akutni

1CMP, pficemz 29 z nich podstoupilo pfimou neurointervenci bez podani IVT.
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Obrazek €. 3. Logistické schéma studie PRAGUE-16. Verze z roku 2012.

Susp. hemisferalni ¢i kmenova CMP < 4 hodiny od zacatku ptiznakt
u pac. < 85 let, ktery dosud nemél neurologické ptiznaky a u n¢hoz
neni klinicka suspekce na krvaceni (uraz hlavy, antikoagula¢ni
1é¢ba, znamé poruchy koagulace)

l

Okamzitd informace sluzbukonajiciho neurologa + katetriza¢niho
salu + obou intervencnich l1ékait

!

Transport pacienta na CT nebo pfimo na katetriza¢ni sal, kam
pfichézi neurolog

l

Do 20 (max. do 30) minut je pacient na sale, jsou provedeny krevni
odbéry a je neurologicky vySetfen v¢. NIHSS.

Iktus diagnostikan jinde nez v
pavilonech S/S1

S/S1 a potvrzen neurologem

l l

Ischemicky iktus diagnostikovan v pavilonu

. Okamzité provedeni invazivni angiografie s
CT scan + CT angio p . . glog
ev. Iintervenci

\ 4

Podle vysledku CT indikuje neurolog jeden
z téchto postupii:

- akutni neurointervenci

- trombolyzu iv.

- konzervativni postup
- neurochirurgicky vykon

Kombinaci trombolyzy a intervence FNKV
provadét nebude.
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V iijnu 2014 byly na Svétovém iktovém kongresu v Istanbulu prezentovany vysledky
holandské studie MR CLEAN. Tato studie prokézala, ze pfidani mechanické trombektomie
ke standardni terapii akutnich iCMP (v¢etné IVT, pokud byla indikovana) zdvojnésobi Sanci
takto lécenych pacienti na dosazeni dobrého klinického vysledku s odstupem 3 mésict.
Dalsi obdobna studie ESCAPE byla dokonce ptedfasné ukoncena pro jasné ptiznivejsi
vysledky kombinované 1écby. Vysledky téchto dvou studii a dalSich, co nésledovaly, vedly
k ptepracovani studijniho a Ié¢ebného protokolu PRAGUE-16. Nasim ,,novym‘ cilem bylo
posoudit t¢innost a bezpe¢nost akutni intervenc¢ni Iécby CMP s nebo bez podéani trombolyzy
v podminkdch multioborové spoluprace FNKV a dosazeni jest¢ kratSich sledovanych
¢asovych intervalli oproti citovanym studiim v nasi pavilonové nemocnici. Pokud pacient
splitioval kritéria k podani trombolyzy, muselo tak byt ucinéno bezprosttedné¢ po CT
vySetieni, ale jeji administrace nesméla vést k prodleve zahajeni katetriza¢ni 1écby. VSichni
zucastnéni zdravotniCti pacienti museli vyvinout maximalni uGsili k tomu, aby mezi
ptijezdem pacienta do FNKYV a zahdjenim neurointervence neuplynulo vice nez 60-75 minut.
Vstupni kritéria byla nové upravena jako:

- Nov¢ vzniklé neurologické piiznaky suspektni ze stiedné zdvazné nebo zdvazné
(NIHSS >6) akutni ischemické CMP (pii kontraindikaci trombolytické 1écby mutze
neurolog zvazit indikaci intervence i pti NIHSS v rozmezi 3-5).

- Cas od za&atku p¥iznakt do prvniho CT vysetfeni <8 hodin (asovy limit neplati pro
povodi a. basilaris) nebo vznik CMP béhem spanku (pokud je CT provedeno do
2 hodin po probuzeni — resp. po zjisténi CMP).

- Moznost zadit angiografii do 60 minut po provedeni CT.

- Vek 18— 80 let. U pacientt starSich 80ti let byl pristup individualni a o indikaci k MT
rozhodoval vzdy neurolog s interven¢nim lé¢karem.

Vylucujici kritéria byla stanovena nasledovné:

- Zavazné neurologické piiznaky chronicky pfitomné i pied zaCatkem soucasnych
potiZi.

- Rozsahlé znamky ¢asné ischémie na CT mozku (ASPECTS < 6).

- Suspekce na intrakranidlni krvaceni (vznik CMP pfi antikoagulacni ¢i trombolytické
1é¢bé, nedavny traz hlavy, zndma porucha koagulace apod.) ¢i jeho prikaz na CT.

- Prokazana tézk4 hypoglykémie.

- Te&hotenstvi.
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Pacienti se znamou poruchou koagulace (INR nad 1,7, trombocyty pod 60 tisic) nebyli ze
studie automaticky vylouceni. I pacienti s INR nad 1,7 pii chronické warfarinizaci mohou
dostat akutni iCMP a mechanicka trombektomie je v tomto piipadé jejich jedinou nadéji.
U téchto pacientl byla 1écebnd strategie stanovena individualné dle klinického stavu a CT

nalezu.

I vinovované verzi protokolu platil specidlni diagnosticky a ev. souCasné terapeuticky
pfistup pro pacienty, u kterych byla stanovena suspekce na iCMP béhem hospitalizace
v pavilonech S/S1 FNKV. U pfisn¢ selektovanych pacienti s typickou ptedni
symptomatologii mohla byt provedena primarn¢ diagnostickd angiografie, pokud jeji
zahéjeni bylo mozno do 60 minut od zac¢atku piiznakt. CT mozku by bylo v téchto ptipadech
provedeno az poté. V situaci, kdy nebude podana IVT ¢i jina antikoagula¢ni 1é¢ba, je riziko
diagnostické angiografie malé (0,1-0,5%) a potencialni benefit z ispory minimalné 30 minut
ztracenych transportem pacienta na CT a zpét nesporny. Typickym piikladem z praxe byli

pacienti s periprocedudlnim iktem vzniklym béhem srde¢ni katetrizace.

Sledovanymi vystupy pro zjisténi efektivity 1écby byli: angiograficka GspéSnost rekanalizace
(TICI 2b/3), dynamika neurologického nalezu (ANIHSS za 24 a 72 hodin), mRS 90.den,

mortalita 90.den a CT nalez za 24 hod od intervence.

Sledovanymi vystupy pro zjiSténi bezpecnosti byla incidence symptomatického
intrakranidlniho krvaceni (zvysSeni hodnoty NIHSS o > 4 body) a jiné komplikace

interven¢niho vykonu.

Inovované schéma logistického postupu a periprocedualni farmakoterapie jsou zobrazeny na

obrazku 4. Originalni druhd verze protokolu je soucasti ptiloh, konkrétné €. 5.

Ma ucast na studii PRAGUE-16 byla pteruSena v ¢ervnu 2018, kdy jsem nastoupila na
matefskou dovolenou. Publikace studii DAWN a DEFUSE 3 vedla k dal$i inovaci protokolu
s Upravou vstupnich a vylucujicich kritérii. Behem mého piisobeni ve studii bylo do studie
zatazeno celkem 214 pacientl 1é¢enych MT s nebo bez podani IVT. Vysledky studie byly

publikovany v n€kolika publikacich, viz dale.
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4.3 Faktory ovliviiujici vysledek mechanické trombektomie

Faktory majici vliv na klinicky vysledek MT mtzeme rozdélit do 2 skupin — ovlivnitelné
aneovlivnitelné. Mezi ty neovlivnitelné patii v€k a ptitomnost komorbidit, NIHSS pfi ptijeti
a typ uzavéru, stav kolateral a ASPECTS. Mezi ovlivnitelné faktory patii rekanalizacni Cas
a stupen rekanalizace hodnoceny Skdlou TICI, periprocedudlni krevni tlak, glykémie

a pouziti celkové anestezie versus sedace.

Vék

Vysoky vek predstavuje obecné vyznamny prediktor horsiho klinického vysledku po iktech.
Stars$i pacienti maji celou fadu komorbidit (fibrilace sini, generalizovana ateroskler6za,
renalni insuficience, diabetes, atd.) a jsou ¢asto nachylné&jsi k rozvoji deliria a infekénim
komplikacim (uroinfekce, pneumonie,..). DalSim vyznamnym faktorem spojenym s vékem
je Casta dekondice pacientd pfitomna jiz premorbidné a v kombinaci s poruchami kognice
i omezena compliance pii rehabilitaci. Metaanalyza HERMES? ukazala, Ze ve skuping
pacientd starSich 80 let (celkem 91 pacientll) dosahlo dobrého klinického vysledku jen
29,8% pacientl, ktera podstoupili MT. V tfimésicnim horizontu byla mortalita v této

skupiné 28%.

Na naSem pracovisti jsme od roku 2015 zacali provadét MT +/- IVT 1 u pacientil starSich
80let. O lécebné strategii rozhodoval neurolog s intervenujicim lékafem na zakladé
komplexniho zhodnoceni zdravotniho stavu pacienta a zvaZeni pfinosu versus rizika, které
MT pro pacienta miize znamenat. Z celkového poctu 214 pacientti, jich 26 (12%) bylo
starSich 80 let. Ve skupiné pacientl starSich 80let dosédhlo 7 pacientl (27%) funkc¢ni
nezavislosti (mRS 0-2) a 15 pacientl (57,7%) zemielo béhem 3mési¢niho sledovani. Naopak
ve skupin¢ pacientli do 80let dosédhlo dobrého klinického vysledku 94 pacientd (50,5%)
a zemfelo 53 z nich (28,5%). Nase témét dvojnasobna mortalita ve skupiné 80+ je nejspise

disledkem rozdilné vstupni charakteristiky pacientii v¢. zatfazeni pacientl se zadnimi ikty.

NIHSS pfri prijeti a typ uzavéru

rve

Hodnota NIHSS odrézi tizi neurologického deficitu pfi iCMP. Pacienti s uzavérem velké

Vv v

mozkové tepny, tj. kandidati mechanické trombektomie maji t€z8i vstupni neurologicky
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deficit a jejich NIHSS je zpravidla vys$si nez 10 bodd. V nasi studii dosahovali signifikantné
nejvyssiho NIHSS pfi pfijeti pacienti s iktem ve VB povodi (18,6 £ 12,1), naopak nejnizsi
hodnoty NIHSS méli pacienti s ikty zplisobenymi izolovanou okluzi ¢i tésnou stendézou
vnitini karotické tepny (12,3 £+ 6,5). Tomu odpovidaji 1 90denni klinické vysledky. Pacienti
s izolovanou okluzi/tésnou sten6zou ICA dosahli funkéni nezévislosti (mRS 0-2) ve vice nez
poloving piipadl (55,6%) a 90ti denni mortalita v této skupiné byla 14,8%. Naopak pacienti
s VB uzavérem dosdhli mRS 0-2 ve 27% ptipadii a polovina z nich (50%) béhem 90ti

denniho sledovani zemiela.

Stav kolateral

Pritomnost kolateral je prognosticky ptfiznivym faktorem. Metaanalyza 23 studii
publikovanych mezi lety 2000 az 2015 zabyvajicich se endovaskuldrni 1é€bou akutnich
ischemickych iktt (celkem zatazeno vice nez 2 600 pacientll) prokazala, ze je dobry
kolateralni stav pted léCbou spojen se signifikantné lepSimi klinickymi vysledky
v tfimé&si¢nim sledovani, mensi periprocedualni Cetnosti symptomatického intracerebralniho
krvaceni a mensi tfimési¢ni mortalitou'®. Ve své praci jsem stav kolateralni cirkulace

nehodnotila.

ASPECTS

ASPECT skore hodnoti pfitomnost a rozsah casnych ischemickych zmén na nekontrastnim
CT mozku. Obecné maji pacienti s vy$§im ASPECTS lepsi prognézu a MT ma pii hodnotach
ASPECT > 6 boda doporuceni tiidy IA dle guidelines. Nicméné se ukazalo, Ze 1 pacienti
s niz§im skoére (ASPECTS < 6 bodi), kteti podstoupi MT do 6 hodin od vzniku iktu
v prednim povodi mohou z této 1€cby profitovat (doporuceni tiidy IIb/B). V nasi studii byla
do roku 2018 hodnota ASPECTS < 6 kontraindikaci k provedeni MT.

Rekanalizacni ¢as a stupen rekanalizace

Délka intervalu od zacatku piiznakl k dosaZeni rekanalizace symptomatického uzavéru je
vyznamnym nezavislym prediktorem dobrého klinického vysledku invervenovanych

pacientl. Je proto velmi zddouci, aby byla MT zahajena co nejdiive po potvrzeni okluze
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velké mozkové tepny pomoci CT ¢i MRI. Podani IVT nesmi zdrzet zahijeni
neurointervence. Dle registru STRATIS piedstavuje kazda hodina navic od zacatku ptiznaki
k rekanalizaci pokles $ance k dosazeni dobrého klinického vysledku o 5,5%". Dal§im
vyznamnym prediktorem dobrého klinického vysledku je dosaZzeni stupné rekanalizace 2b/3

ve skéale Thrombolysis in Cerebral Infarction (TICI).

V nasem studijnim vzorku bylo dosazeno uspésné rekanalizace u 163 pacientii (76,2%)
z celkovych 214. Primérny Cas od zacatku iktu do Gspésné rekanalizace byl 232 = 91 min
(ze 163 pacienti byl znamy zacatek u 125 z nich a 38 pacientlh mélo tzv. wake-up iktus).
Primérny ¢as od prvniho kontaktu s neurologem do uspésné rekanalizace byl 151 + 67 min.
Z celkovych 214 vykont bylo 126 (58,9%) vykont provedeno bez podani IVT, tj. ptimou
MT. U téchto pacienti bylo dosazeno rekanalizace pramérné za 135 + 56 min.
U kombinované 1é€by (IVT+MT) bylo dosazeno rekanalizace za 167 £ 74 min od prvniho

kontaktu s neurologem.

Druh anestezie

Mechanickou trombektomii je mozno provadét v sedaci nebo v celkové anestezii (CA),
pficemz obé metody maji své benefity i komplikace. Vyhodou sedace je moznost
periprocedudlni monitorace neurologického stavu a vétsi hemodynamicka stabilita pacienta.
Naopak nevyhodou je riziko vnimani bolesti, agitovanost a nespoluprace pti vykonu, riziko
aspirace a hypoxie *%. Vyhodou CA je naopak ipIné omezeni pohybu pacienta a zajisténi
optimélni ventilace. Naopak nevyhodou je hemodynamicka nestabilita v¢. hypotenzi
indukovaného selhani kolateralniho ob¢hu v postiZzené oblasti, Casova prodleva zahdjeni MT
studie SIESTA neprokazala superioritu ani jedné z metod vii¢i druhé’®. Z dalsich dosud
publikovanych zkuSenosti vSak vyplyva vétsi prospéch z pouziti sedace a CA je proto
doporucovéna pouze v nejnutnégjsich ptipadech 3°77. V praxi se doporucuje pouzit CA
u pacientl s respiracni insuficienci ¢i s rizikem aspirace (bulbarni syndrom), u pacientil
s téZkym deficitem s poruchou védomi (napf. okluze AB) a velmi neklidnych

a nespolupracujicich pacientt’®.

V nasem sledovaném vzorku byla celkové anestezie pouzita v 32 piipadech (15%), zbytek

vykonli byl proveden v analgosedaci. Ukdzalo se, Ze pacienti intervenovani v sedaci
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dosahovali klinicky pfiznivych vysledku tfikrat ¢astéji nez pacienti intervenovani v celkové

anestezii.

Krevni tlak

Monitorace a korekce krevniho tlaku ¢asné po provedeni MT umoziiuje minimalizovat riziko
reperfuzniho poskozeni a $patného klinického vysledku. Dle aktualnich doporudeni’! je
tolerovatelny horni limit krevniho tlaku stanoven na 185/110 mmHg a jeho agresivni snizeni
muze negativné ovlivnit kompenzacni kolateralni cirkulaci. Retrospektivni multicentricka
studie Anadaniho et al.”® zkoumala vliv hodnot TK pfi piijeti a béhem prvnich 24 hodin
na tfimesiénim klinicky vysledek, mortalitu, incidenci sICH a nutnost provedeni
hemikraniektomie. Celkem bylo do studie zahrnuto 1245 pacienti s prednimi ikty lécenych
angiograficky uspéSnou MT. Vysledkem studie bylo zji$téni, Ze pacienti s primérnym
systolickym krevnim tlakem vys$s§im nez 160 mmHg béhem 24hodinové monitorace po MT
méli vyssi riziko vzniku sICH a mensi Sanci k dosazeni mRS 0-2 v tfimési¢nim sledovani.
Vliv hodnot systolického krevniho tlaku béhem prvnich 24 hodin od provedeni MT na

klinicky vysledek potvrdila i studie Cernika et al®

. Ta analyzovala krevni tlaky u 690
pacienti a jejich vliv na vysledné mRS a incidenci sSICH. Prokézala, Ze pacienti s mRS 0-2
v tfim&si¢nim sledovani méli statisticky vyznamné niz§i hodnoty systolick¢ho TK ve
srovnani s pacienty s klinicky horS§im vysledkem (131 versus 140 mmHg, p < 0.0001). Ke
stanoveni optimalniho krevniho tlaku po reperfizi bude potfeba dalSiho vyzkumu

a randomizované kontrolované studie.

Nas cil byl udrzovat periprocedudlni hodnotu systolické¢ho tlaku mezi 110 - 140 mmHg.
Hodnoty systolického krevniho tlaku pfi ptijezdu do nemocnice se mezi skupinami mRS 0-
2 amRS 3-6 nelisily (159 + 29 mmHg a 158 + 28 mmHg). AvSak hodnoty systolického TK
pfi piekladu na jipové lizko byly niz$i u pacientii s dobrym klinickym vysledkem (143 + 21

mmHg) ve srovnani s pacienty s mRS 3-6 v 90tidennim sledovani (151 + 28 mmHg).

Glykémie

Dle aktualné platnych doporu¢eni AHA/ASA z roku 2018 je doporuceno udrzovat v prvnich
24hodinach od vzniku iktu hodnotu glykémie v rozmezi 7,8-10mmol/l. Hyperglykémie

v prvnich 24hodindch od vzniku iktu je prognosticky negativnim faktorem ovlivilujici
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klinicky vysledek. Tuto cilovou hodnotu glykémie potvrdila i metaanalyza studie HERMES
z roku 2019 8!, ktera se zabyvala souvislosti mezi hladinou glukézy a klinickym vysledkem
u 1764 pacientl. Median glykemie u pacienti s 90denni mRS 0-2 byl 6,87 + 3,04 mmol/l,

kdezto u pacientd s horSim vysledkem 7,58 + 4,14 mmol/l. Niz§i hladiny nejsou

cv v

k podani glukozy 316061,
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4.4 Spolec¢né publikace s vysledky studie PRAGUE-16. Spoluautorstvi.

Prvni vysledky studie PRAGUE-16 byly publikovany v roce 2014 v ¢lanku s ndzvem
,Direct catheter-based thrombectomy in acute ischaemic stroke performed collaboratively
by cardiologists, neurologists and radiologists: the single-centre pilot experience (PRAGUE-
16 study)®“. V tomto ¢lanku jsou prezentovany vysledky 1écby 23 pacienti (pramérny vek
64,8, zeny 48 %, primérné NIHSS 17 bodl) hospitalizovanych ve FNKV v obdobi od
10/2012 do 1/2014 s akutni iCMP v pfednim povodi. VSichni tito pacienti splnili vstupni
kritéria prvni verze protokolu studie PRAGUE-16, tj. dokonc¢eni CT mozku do 6 hodin od
vzniku iktu a vylouceni nitrolebniho krvaceni ¢i rozsahlé mozkové ischémie. Primarni
strategii sice bylo provést MT bez ptedchozi administrace IVT, nicmén¢ péti pacientim byla
vstupné podana. Téméer polovina (48%) pacientd dosdhla s odstupem 3 mésicti dobrého
klinického (mRS <2), naopak 5 pacientli (22%) béhem tiimésicniho sledovéani zemfelo.
Primérné mRS vSech pacientil bylo po 90 dnech 3,19 a u prezivsich 2,31. Skupina pacientd,
kteti podstoupili MT do 120 minut od vzniku iktu, méla primérné mRS 1,17. MT byla
angiologicky uspésna (TICI 2b/3) v 19 ptipadech (83%). U 2 pacientii byla hospitalizace
komplikovana vyznamnym intrakranidlnim krvacenim. Prvotni vysledky ukazaly slibnou
roli primérni mechanické trombektomie zejména u pacientli, u kterych byla MT zahdjena do
2 hodin od vzniku iktu. Soucasné tyto vysledky potvrdily proveditelnost neurointervenéni
1é¢by 1 v nasi pavilonové nemocnici a zdiiraznily nutnost zefektivnit logistiku 1é€by s cilem
maximalniho zkraceni casovych intervall. Prvotni vysledky ve sledovanych end-pointech
byly srovnatelné s velkymi randomizovanymi studiemi (IMS III*®, SYNTHESIS®, MR
RESCUE™). Originalni ¢lanek je soucasti piiloh, konkrétné ¢. 6.

V roce 2015 jsme spolu s dal$imi 2 zahrani¢nimi kardiocentry publikovali vysledky pfimé
MT v lécbe akutnich iCMP. Prace vysla v Journal of the American College of Cardiology
pod ndzvem ,,Direct Catheter-Based Thrombectomy for Acute Ischemic Stroke. Outcomes
of Consecutive Patients Treated in Interventional Cardiology Centers in Close Cooperation
With Neurologists®. Zanalyzovali jsme data 84 pacientii lécenych ptimou MT, tj. bez podéani
IVT v obdobi leden 2012 - listopad 2014. Cilem na$i analyzy bylo vyhodnotit klinické
vysledky pacienti pomoci mRS s tfimési¢nim odstupem, kteti byli 1é¢eni jen MT, bez
podani IVT. VSechny mechanické trombektomie byly provedeny na kardiologickych
katetriza¢nich salech v nemocnicich bez dostupného neurointervenéniho programu.
Originalni ¢lanek je ptiloZen jako pfiloha €. 7.
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V roce 2017 byl publikovan dalsi ¢lanek s nazvem ,,Feasibility and safety of direct catheter-
based thrombectomy in the treatment of acute ischaemic stroke. Cooperation among
cardiologists, neurologists and radiologists. Prospective registry PRAGUE-16%. V této
publikaci jsou prezentovany vysledky 1écby akutnich ikt v pfednim i zadnim povodi mezi
fijnem 2012 a zafim 2016. Cilem této subanalyzy bylo vyhodnotit roli ptimé MT v 1écbé
akutnich iCMP a vyhodnotit bezpecnost a proveditelnost MT na pudé zab&hlého
kardiocentra s dostupnou intervencni sluzbou v rezimu 24/7. Z celkovych 115 pacientl jich
84 podstoupilo ptimou MT (bez IVT) a 31 pacientd MT, které piedchazelo podani IVT.
Ptiznivého klinického vysledku (mRS 0-2 po 90 dnech od iktu) bylo dosazeno ve 41%
pripadd. Ptima MT vedla k dosazeni funk¢ni nezavislosti (mRS 0-2) u tfetiny pripadt (36%),
kdezto MT sIVT az v poloviné piipadi (52%). Prognosticky nejlepSim nélezem byl
izolovany uzavér ACM, kdy bylo dosazeno pfiznivého klinického vysledku v 51% u pfimé
MT a 71% u MT s IVT. Pti pouziti piimé MT byla uspésna rekanalizace (TICI flow 2b/3)
dosazena u 69% pacientli, kdezto kombinaci MT s IVT u 81% pacientii. Naopak dle
pfedpokladu byla incidence symptomatického nitrolebniho krvaceni niz§i u ptimé MT
(3,6%) nez u kombinace MT s IVT (6.5%). Protokol studie PRAGUE-16 byl vytvofen
a schvalen multicentrickou Etickou komisi FNKV v roce 2012. Tehdy jsme piedpokladali,
ze by ptima MT bez pouziti IVT mohla dosahnout lepsich klinickych vysledki nez
kombinovana 1écba (MT + IVT). Realita v naSem vzorku vSak byla takova, Ze pacienti
s kombinovanou 1écbou dosahli v absolutnich cislech lepSich klinickych vysledkt. Nutno
vSak poznamenat, zZe nas studijni vzorek pacientii je velmi riznorody, bez vyrazné selekce,
odrazejici béznou klinickou praxi. Srovnavané skupiny (MT versus. MT + IVT) se liSily
v zékladni charakteristice. Vysledkem této dil¢i analyzy je potvrzeni mySlenky, ze MT miize
byt bezpetné provadéna i v Kardiocentru za piedpokladu tUzké spoluprace zkuseného
zdravotnického personalu kardiologické, neurologické a radiologické kliniky. Soucasné je
MT nenahraditelnou 1é¢ebnou rekanaliza¢ni strategii u pacientti, kde je IVT z jakychkoli

divodi kontraindikovéana. Origindlni ¢lanek je ptiloZen jako ptiloha €. 8.

V roce 2021 byla publikovana prace v nazvem ,,Stable Clinical Outcomes When a Stroke
Thrombectomy Program Is Started in an Experienced Cardiology Cath Lab* v Journal of the
American College of Cardiology: Cardiovascular Intervention. Tato prace sleduje a srovnava
meziro¢ni vysledky naSeho iktového programu v obdobi fijen 2012 az listopad 2019. Béhem

této doby podstoupilo MT pro iktus v ptedni i zadni cirkulaci celkem 333 pacientd. Klinické
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vysledky téchto pacientli kvantifikovdny pomoci mRS se mezirocné signifikantné neliSily.
Incidence symptomatického intrakranidlniho krvaceni byla 5,7% a komplikace v podobé¢
periferni embolizace postihla 6 pacientl (1,8%). Originalni ¢lanek je pfiloZen jako ptiloha

¢.9.
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4.5 Pivodni prace

Ma studijni prace vychazela z vySe zminéného registru PRAGUE -16, na jehoz realizaci
jsem mimo jiné aktivné participovala sbérem dat, kardiologickym vySetfovanim pacientt
a sledovanim jejich dlouhodobych osudt. Prace byla vedena jako prospektivni observacni

studie. Celkem bylo do registru zafazeno 214 pacientt od fijna 2012 do ¢ervna 2018.

4.5.1 Cil
Cilem mé subanalyzy bylo sledovat pacienty s akutni cévni mozkovou piihodou 1é¢enou
mechanickou trombektomii ve Fakultni nemocnici Kralovské Vinohrady a porovnat jejich

klinické vysledky v zavislosti na lokalizaci okluze a etiologii iktu.

4.5.2 Statistické zpracovani dat

Vék, BMI a NIHSS skore byly jako spojité proménné popsany prumérem véetné standardni
smérodatné odchylky. VSechny ostatni dichotomické proménné byly vyjadieny poctem
a procentudlnim zastoupenim. Normadlni distribuce spojitych proménnych umoznila jejich
porovnavani mezi jednotlivymi typy uzdvéri mozkovych tepen pomoci jednocestné
ANOVA s Tukeyho testem vicendsobného srovnani. Rozdil ve skére NIHSS pii pfijeti
a propusténi byl hodnocen parovym t-testem. Dale byly pomoci x2 testu staticky
vyhodnoceny dichotomické proménné jednotlivymi typy uzavéri mozkovych tepen.
Vsechny testy byly dvoustranné a hladina vyznamnosti byla stanovena na 0,05. Statistické
analyzy byly provedeny pomoci softwaru Prism 8 (GraphPad Software, Inc., La Jolla,
Kalifornie, USA) a softwaru STATA verze 16 (StatCorp, Lakeway Drive, Texas, USA).
Veskera statistickd analyza byla provedena statistikem se zkuSenosti v biomedicinské

statistice.

4.5.3 Vysledky

4.5.3.1 Zakladni charakteristika sledovaného souboru pacienti

Celkem jsem do svého vyzkumu zatadila 214 pacientd v obdobi fijen 2012 - ¢erven 2018.
Primérny veék zucastnénych byl 67,4 £ 12,2 let. Pacienti s iktem ve vertebrobazilarnim
povodi byli signifikantné starsi (71,9£8,8) neZ pacienti s jinym typem tepenné¢ho uzavéru.
Prevalence nikotinismu, arteridlni hypertenze, diabetu mellitu, dyslipidémie, rendlni
insuficience, anamnézy pacientii (iktu/TIA a ICHS/ICHDK) se signifikantné mezi
jednotlivymi typy tepennych uzéavéra neliSila. Intraven6zni trombolyza jako bridge
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k mechanické trombektomii byla administrovana u 88 pacientt (41,1%). U 32 pacientt byla
neurointervence provadéna v celkové anestezii, pficemz signifikantn¢ castéji byla
indikovana u pacienti s T-uzédvérem a u vertebrobazilarnich iktt (p = 0,031). Detailni

charakteristika pacientl je uvedena v tabulce ¢.5.

4.5.3.2 Uzavér velké mozkové tepny

Cetnost vyskytu jednotlivych typt tepennych zavért nebyla rovnomérna. Devadesat tii
pacientli (43,5%) mélo iktus zplUsobeny uzavérem stfedni mozkové tepny (ACM), 28
pacientl (13,1%) izolovanym uzavérem/tésnou sten6zou vnitini karotické tepny (ICA), 27
pacientd (12,6%) tandemovym uzavérem (kombinace okluze ICA a ACM), 39 pacientl
(18,2%) proximalnim uzaveérem ICA (tzv. T-typ okluze), 26 pacienti (12,1%) uzaveérem ve
vertebrobazilarnim povodi (VB) a jen jeden pacient dostal iktus zplsobeny izolovanou

okluzi predni mozkové tepny (ACA).
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Tabulka ¢&.5. Detailni charakteristika pacienti a etiologie iktu v zavislosti na typu uzavéru

velké mozkové tepny

Celkem Izolovany |Izolovany |Tandemova|T-uzavér, |VB uzavér |p-
n=214 uzavér uzaveér okluze, n =39 n=26 hodnota
ACM ICA, n=27
n=93 n =28

Muzi 115 (53.7%) | 49 (52.7%) |15 (53.6%) |19 (70.4%) |16 (41%) 15 (57.7%) [NS
Vék (roky) 67.4+12.2 |68.7£12.5 62.9+11.1 |65.1+12.8 |66.5+£12.6 |71.948.8 <0.05
Nikotinismus 69 (32.2%) (28 (30.1%) |10 (35.7%) |10 (37%) 11 (28.2%) |9 (34.6%) |NS
BMI (kg/m?) 29.7422.5 |27.6£5.6 26.5+3.9 29.9+5.9 28.448.1 28.344.2 NS
Arterialni 150 (70.1%) | 63 (67.7%) |20 (71.4%) |19 (70.4%) |26 (66.7%) |22 (84.6%) |NS
hypertenze
Diabetes mellitus |53 (24.8%) |18 (19.4%) [11(39.3%) |8 (29.6%) [8(20.5%) |8 (30.8%) |NS
Dyslipidemie 72 (33.6%) |29 (31.2%) |10 (35.7%) |9 (33.3%) |12 (30.8%) |12 (46.2%) |NS
Chronické 50(23.4%) |22 (23.7%) |7 (25%) 5(18.5%) [10(25.6%) [6(23.1%) [NS
onemocnéni ledvin
Iktus/TIA v |39 (18.2%) |20 (21.5%) |6(21.4%) |2 (7.4%) 8(20.5%) |[3(11.5%) |NS
anamnéze
Znama 59 (27.6%) |25 (26.9%) |8 (28.6%) |9(33.3%) |9(23.1%) |[8(30.8%) |NS
ICHS/ischemické
onemocnéni
perifernich tepen
Fibrilace sini —|98 (45.8%) |55(59.1%) |6 (21.4%) |8(29.6%) |20 (51.3%) |9 (34.6%) [<0.001
znama, de novo
Chronicka 101 (47.2%) |51 (54.8%) |10 (35.7%) |11 (40.7%) |18 (46.2%) |10 (38.5%) |NS
antitromboticka
medikace
NIHSS p¥i prijeti | 15.6+6.5 15.245.4 12.3+6.5 16.0+5.3 16.5+4.6 18.6+12.1 [<0.05
IVT predléceni 88 (41.1%) |38 (40.9%) [11(39.3%) |13 (48.1%) |12 (30.8%) |13 (50%) |NS
Celkova anestezie |32 (15%) 8 (8.6%) 4 (14.3%) (2 (7.4%) 10 (25.6%) |8 (30.8%) |<0.05
Etiologie iktu
Aterotrombogenni |69 (32.2%) |13 (14%) 13 (46.4%) (17 (63%) 11 (28.2%) |15 (57.7%) [<0.0001
Kardioembolizace |109 (50.9%) |64 (68.8%) |4 (14.3%) |8(29.6%) |24 (61.5%) |9 (34.6%) |<0.0001
Ostatni 13(6.1%) |1(1.1%) 9(32.1%) |1(3.7%) 1 (2.6%) (0%) <0.0001
Kryptogenni 23 (10.7%) |15 (16.1%) (2 (7.1%) 1 (3.7%) 3(7.7%) 2 (7.7%) NS

BMI - body mass index, ICA — arteria carotis interna, IVT — intravendzni trombolyza, ACM — arteria cerebri

media, NIHSS - National Institutes of Health Stroke Scale, TIA — transientni ischemicka ataka, VB —

vertebrobazilarni arterie
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4.5.3.4 Etiologie iktu

Ve sledovaném vzorku pacientii byla akutni iCMP zptisobena kardioembolizaci u poloviny
znich (50,9%). U tfetiny pacientd (32,2%) byla etiologie iktu uzaviena jako
aterotrombogenni, u 10,7% jako kryptogenni a zbylych 6,1% spadalo do skupiny ,,dalsi
uréena piic¢ina® dle pouzivané TOAST klasifikace’.

Izolovany uzavér ACM a T-typ uzavéru byly signifikantné castéji zpiisobené
kardioembolizaci (68,8% a 61,5%), coz se projevilo i1 CetnéjSim vyskytem fibrilace sini
u téchto pacienti (59,1% a 51,3%). Naopak ikty ve VB povodi, ikty zptisobené tandemovym
uzavérem a izolovanym uzavérem ¢i tésnou sten6zou ICA byly pievazné aterotrombogenni
etiologie (57,7%, 63,0% a 46,4%). Detailni zastoupeni jednotlivych etiologii iktu dle typu
tepenného uzavéru je zobrazeno na obrazku ¢.5.

V nasi studijni skupin€ mélo 51 pacientii v anamnéze fibrilaci ¢i flutter sini, pro kterou byli,
resp. spisSe nebyli adekvatné 1éceni. Jen 20 z nich uzivalo nékterou z forem antikoagulaéni
terapie. Sedmnéct pacientii uzivalo Warfarin, jeden pacient nové peroralni antikoagulancium
a dva pacienti si aplikovali v dobé iktu nizkomolekularni heparin. Pouze 3 z 20
warfarinizovanych pacientl mélo v dob¢€ iktu INR hodnotu v G€inném rozmezi. U 36
pacientil byla fibrilace ¢i flutter sini zjiStény pfi pfijeti anebo béhem hospitalizace. BEhem
naseho tfimési¢niho sledovani jsme nasledné dodiagnostikovali fibrilaci sini u dalSich 11

pacientl a zahdjili u nich lege artis terapii k prevenci recidivy kardioemboliza¢ni piihody.
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Obrazek ¢.5. Etiologie iktu dle typu tepenného uzavéru

Izolovany uzavér ACM byl nejcastéji zpiisobem kardioembolizaci, naopak proximalni ICA

a VB léze byly castéji zpisobené aterotrombozou.

Izolovany uzavér ACM, n =93 T-typ uzavéru, n =39

Izolovany uzavér/tésna
stendza ICA, n =28

" aterotrombogenni

" kardioembolizace

hyperkoagulacni stav)

= kryptogenni

ACM - arteria cerebri media, ICA — arteria carotis interna, VB — vertebrobazilarni artérie
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4.5.3.5 Klinické vysledky

Primarnim sledovanym parametrem studie byla mira sob&stacnosti vyhodnocena 90.den po
iktu. Za klinicky ptiznivy vysledek se povazovalo dosazeni funk¢ni nezavislosti definované
jako mRS 0-2 body. Toho bylo dosazeno u 47,6% intervenovanych pacientti (101 z 212). Ze
zatazenych 214 pacientl jsme ztratili z 90tidenniho sledovani 2 pacienty — zahrani¢ni turisty.
Neurologické nasledky iktu se mezi jednotlivymi typu tepennych uzavéra vyznamné lisily.
Ptiznivych klinickych vysledkti bylo dosazeno signifikantné ¢astéji u pacientl s uzavérem
ACM (56,7%) a s izolovanou okluzi/tésnou stendézou ICA (55,6%) ve srovnani s ostatnimi
typy tepennych uzavért (p = 0,010). Navic pacient bez anamnézy diabetu mellitu mél
dvakrat vétsi Sanci dosdhnout piiznivého klinického vysledku nez diabetik. Dal§im
vyznamnym prognosticky pozitivnim faktorem bylo provedeni neurointervence v sedaci,
kdy tito pacienti dosahovali klinicky pfiznivych vysledka tfikrat castéji nez pacienti
intervenovani v celkové anestezii.

Celkova 90tidenni mortalita sledovaného vzorku pacientt byla 32,1%, pti¢emz signifikantné
nejvyssi byla u pacientd s T-typem uzaveru a VB okluzi (46,2% a 50%, p=0,015). RozloZeni

mRS hodnot dle typu tepenného uzavéru je zobrazeno na obrazku ¢. 6.

Hodnoty NIHSS pfi pfijeti se mezi jednotlivymi typy uzavért vyrazng lisily. Signifikantné
nejvyssSich hodnot NIHSS pfi piijeti dosahovali pacienti s iktem ve vertebrobazilarnim
povodi

(18,6 £ 12,1), na druhou stranu nejnizsi hodnoty NIHSS meéli pacienti s ikty zptisobenymi
1zolovanou okluzi ¢i tésnou stendzou vnitini karotické tepny (12,3 + 6,5). Pokles hodnot
NIHSS urcenych pii piijeti do nemocnice a pii dimisi byl statistiky vyznamny u vSech ikt
vyjma iktll ve vertebrobazilarnim povodi. BohuZel byly tyto dvé hodnoty zkompletované jen

u 121 pacientl. Detaily o dynamice a hodnotach NIHSS jsou zobrazeny v tabulce €. 6.
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Obrazek €.6. Rozlozeni mRS hodnot dle typu tepenného uzavéru

Rozlozeni mRS hodnot dle typu tepenného uzavéru

Izolovany uzavér/ tésna stendza ICA

Izolovany uzavér ACM

Tandemovy uzaveér

VB uzaveér

T-typ uzéveér

EmRSO "mmRS1 "mRS2 "mRS3 EmmRS4 mmRS5 mmRS6

ACM - arteria cerebri media, ICA — arteria carotis interna, mRS — modifikovana Rankinova skéla,

VB — vertebrobazilarni arterie

Tabulka €.6. Dynamika NIHSS hodnoty od pfijmu k dimisi, 121 pacientii

NIHSS pri|14.8£5.6 |14.7£5.5 13.14£6.0 15.9+5.7 16.6+4.3 9.2+6.4 0.0526
prijeti

NIHSS pri|6.9+7.4 |6.4+7.4 5.847.6 7.8+7.1 7.7+7.5 10.449.3 0.6906
dimisi

A NIHSS 7.9£7.0 |[8.3+5.9 7.349.8 8.1+6.3 8.9+7.2 1.249.0 0.0552
p-hodnota (pied | <0.0001 |<0.0001 0.0120 <0.0001 <0.0001 0.7807

a po) *

*) parovy t-test

ACM - arteria cerebri media, ICA — arteria carotis interna, NIHSS — National Institutes of Health Stroke Scale,

VB — vertebrobazilarni arterie
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4.5.3.5 Angiografické vysledky

Celkovée byla rekanalizace tspésna (TICI 2b/3) u 76,2% neurointervenci. Podil Gspésnych
rekanalizaci byl signifikantné vyssi u uzavéru ACM (81,7%), ICA (89,3%) a tandemovych
okluzi (96,3%) ve srovnani s T-typem uzavéru (56,4%) a o kluzi ve VB povodi (50%)
(p <0,001). U 13 pacienti byla nasledna hospitalizace komplikovana symptomatickym
intrakranialnim krvacenim. Cetnost vyskytu této komplikace se nap¥i¢ viemi typy tepennych

uzavéra nelisila. Detailni primérni a sekundarni end-pointy jsou uvedeny v tabulce €.7.

Priklady uspésnych mechanickych trombektomii z katetriza¢niho salu FNKYV jsou pfiloZeny

na obrazcich ¢.7-9.

Jediny pacient s izolovanym uzévérem pfedni mozkové tepny byl padesatilety muz, kutak.
Hodnota NIHSS klesla z 12 pfi pfijeti na 0 pfi dimisi. Findlni pritok postizenou tepnou po
intervenci byl TICI3 a pacient dosahl po 90dnech plného zotaveni (mRS 0), Tento iktus byl

v nejvetsi pravdépodobnosti nasledkem znamého hyperkoagulac¢niho stavu pacienta.

Tabulka €.7. Primarni a sekundarni sledované vysledky

Celkem Izolovany |Isolovany |Tandemovy|T-typ VB uzavér, |p-
n=212 uzaveér uzaveér/ uzaveér, uzavéru, n=26 hodnota
ACM, tésna n=27 n=239
n=92 sten6za
ICA,
n=27
mRS 0-2 po 90101 53 (57.6%) |15 (55.6%) |13 (48.1%) |12 (30.8%) |7 (26.9%) |<0.01
dnech (47.6%)
Mortalita po 90 |68 (32.1%) |24 (26.1%) |4 (14.8%) |[9(33.3%) |18 (46.2%) |13 (50%) <0.05
dnech
Angiograficky |163 76 (81.7%) |25 (89.3%) |26 (96.3%) (22 (56.4%) |13 (50%) <0.0001
uspésna (76.2%)
rekanalizace
(TICI 2b-3, %)
Symptomatické |13 (6.1%) |3 (3.3%) 1 (3.7%) 2 (7.4%) 4(10.3%) [3(11.5%) |[NS
intrakranialni
krvaceni

ACM - arteria cerebri media, ICA — arteria carotis interna, mRS — modifikovana Rankinova Skala VB —

vertebrobazilarni arterie
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Obrazek ¢.8. Typicky angiograficky nalez tandemové okluze (proximalni ICA a ACM).

Zleva do prava: (1) proximalni uzavér ICA, (2) stav po implantaci stentu, (3) uzavér ACM, (4) stav po trombektomii
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4.5.4 Diskuze

Srovnani s registrem TREVO 2000%2. Trevo Retriever Registr je multicentricka
mezinarodni prospektivni studie, ktera do svého registru zatradila 2008 pacientl s akutnim
ischemickym iktem na podkladé riznych typl tepennych uzavéri: ICA (17,8%), ACM
(73,5%), VB povodi (7,1%) a distalni uzavéry (1,6%). Sledovanymi end-pointy byli tsp€sna
revaskularizace (TICI 2b/3), 90denni mRS a mortalita, zhorSeni neurologického stavu za
24hodin a zavazné komplikace spojené s intervenci. V nasi studii pacientt s ikty v pfedni
1 zadni mozkové cirkulaci 1é¢enych mechanickou trombektomii bylo dosazeno ptiznivého
klinického vysledku (mRS <2 za 3 mésice) v 47,6% ptipadi (101 z 212 pacientlt). I ptesto,
ze ve studii Trevo 2000 bylo vice angiograficky uspésnych vykonua (92,8%) nez v té nasi
(76,2%), byly vysledné ptiznivé klinické vysledky (mRS < 2) srovnatelné (55,3% v Trevo
studii versus 47,6% ve studiit PRAGUE-16). Tento rozdil miize byt vysvétlen rozdilnou
¢etnosti jednotlivych typi uzavéra. Zakladni charakteristika pacientti (vék, diabetes mellitus,
fibrilace sini, NIHSS pfi pfijeti) se v obou skupinach vyrazné¢ nelisila. Detailni srovnani je

zobrazeno v tabulce €. 8.

Srovnani s péti randomizovanymi studiemi 2. Metaanalyza 5 randomizovanych studif
zabyvajicich se mechanickou trombektomii v 1é¢bé piednich ikti (MR CLEAN, ESCAPE,
REVASCAT, SWIFT PRIME, and EXTEND IA) ukézala, Ze ptiznivého klinického
vysledku (mRS 0-2 po 90 dnech) dosdhlo 46% pacientd a 71% neurointervenci skoncilo
angiografickym uspéchem. Subanalyza nasi studie s ikty v pfedni cirkulaci (184 pacientil)
ukézala, ze ptiznivého klinického vysledku dosahlo 50,5% pacientd a 79,6% vykoni
skoncilo angiografickych uspéchem. NaSe vysledky jsou srovnatelné s daty expertnich
neurointervencnich center. Mimo jiné i incidence symptomatického intrakranialniho
krvaceni v naSi studii (5,4%) byla srovnatelnd s daty metaanalyzy (4,4%). Zéakladni
charakteristika pacientl se mezi srovnavanymi studiemi vyznamné liila pfitomnosti
fibrilace sini, kterad byla Cast&j$i u pacientli v nasi studii. Detailni srovnani je zobrazeno

v tabulce €. 8.
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Tabulka 8. Srovnani studie PRAGUE-16 s registrem TREVO 2000 a metaanalyzou

Hermes

TREVO 2000 | PRAGUE-16 Hermes PRAGUE-16
Pocet pacientii 2008 212 634 184
Lokalizace iktu Pfedni + zadni | Pfedni + zadni Jen pfedni Jen ptedni
Vék (prumér + SD;

68,3+ 14,4 67,4+12,2 68 69
median)
Diabetes mellitus 23.8% 24.8% 13,0% 24,2%
Fibrilace sini 36,1% 45,8% 33,0% 48,4%
NIHSS pri prijeti (pramér

PH Pyt (p 15,5+6,8 15,6 £ 6,5 17 16

+ SD; median)
mRS 0-2 po 90 dnech 55,3% 47,6% 46,0% 50,5%
Angiograficky uspésna
rekanalizace (TICI 2b-3, 92,8% 76,2% 71,0% 79,6%
%)
Symptomatické

1,7% 6,1% 4,4% 5,4%
intrakranialni krvaceni

NIHSS — National Institutes of Health Stroke Scale, TICI — Thrombolysis in Cerebral Infarction Scale

Klinické vysledky dle typu tepenného uzavéru. Vyrazné castéji bylo dosazeno
ptiznivych klinickych vysledki (mRS < 2 a mortalita za 3 mésice) u pacienti s akutnim
iktem na podkladé izolovaného uzavéru ACM a izolované okluze ¢i tésné stendzy ICA.
U téchto pacientii bylo Castéji dosazeno uUspéSné rekanalizace (81,7%, 89,3%) a krevni
pratok byl primérné obnoven do 4 hodin od =zacatku priznak. Také incidence
symptomatického intrakranidlniho krvéaceni byla v téchto 2 podskupinach nizsi. Lepsi
klinické vysledky mohou byt ovlivnény niz§imi inicialnimi hodnotami NIHSS, coz je i dle
dostupné literatury silny prediktor lepsich dlouhodobych vysledka®***. Naopak nejhorsi
nasledky maji pacienti s ikty na podkladé¢ T-zavéru a ikty ve vertebrobazilarnim povodi.
Jelikoz nelécené VB ikty znamenaji v podstaté skoro jistou smrt, je endovaskularni 1é¢ba
v téchto ptipadech siln¢ doporucovéna jako Zivot zachranujici vykon. Podle metaanalyzy 45
klinickych studii musi byt s touto zivot ohrozujici diagnézou léCeni tfi pacienti, aby se

zabranilo jednomu Gmrti nebo t&zké invalidit&®®

. V nasi studii méli pacienti s T-uzavérem a
VB ikty vyssi inicidlni hodnotu NIHSS, niZsi rekanaliza¢ni GspéSnost a vyssi incidenci
intrakranidlniho krvaceni. Skupina pacienti s VB ikty byla viibec nejstars$i. Podle NASA
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registru (The North American Solitaire Stent Retriever Acute Stroke) jsou vék, typ uzaveéru,
vysoké NIHSS, diabetes, nepodani IVT a vice nez 3 pasdze instrumentariem asociovany

s hor§im 90dennim klinickym vysledkem i pfes vyslednou usp&snou rekanalizaci®®.

Klinické vysledky dle etiologie iktu. Fibrilace sini zvySuje 4-5ti nasobn¢ riziko
ischemického iktu®’. Je znamo, Ze pacienti s kardioembolickymi ikty mivaji horsi prognézu
nez ikty jiné etiologie, at’ je 1é¢ebna strategie jakakoli®®. Obecné byvaji pacienti s fibrilaci
sini stardi s horsi premorbidni kondici. Casto jsou jejich tepenné uzavéry v prognosticky
horsich lokalizacich a infarkt byva rozsahlej$i®. V nasi studijni skupiné byla vice nez
polovina ikt kardioemboliza¢nich (50,9%). VétSina z nich byla zptisobenych znamou nebo
nové zjisténou fibrilaci sini (81,7%). Izolovany uzavér ACM a T-uzavér byly vétSinou
kardioembolizaéni (68,8% a 61,5%), naopak VB ikty, izolovany uzavér/tésna stendza ICA

a tandemové okluze byly hlavné¢ aterotrombogenni etiologie (57,7%, 46,4% a 63%).

Klinické vysledky mechanické trombektomie provadéné na kardiologickém
katetriza¢nim sale. Hlavni limitaci dostupnosti mechanické trombektomie je nedostatek
zkuSenych intervenénich 1ékaii napfic¢ staty a regiony. Proto v n¢kterych oblastech uzce
spolupracuji neurologové s kardiology s cilem zajistit tuto 1écbu co nejvétSimu mnozstvi
pacientd. Prvni publikovand data ukazuji, Ze vysledky pacientli 1écenych zkuSenymi
invazivnimi kardiology jsou srovnatelné s vysledky neurointervenénich specialist’’-?%-4,

NasSe studie prezentuje nejveétSi skupinu konsekutivnich pacientll s akutnim ischemickym

iktem léCenych na kardiologickém katetrizaCnim sale.

4.5.5 Limitace

Hlavni limitaci této studie je jeji single-center design. Na druhou stranu vysledky této prace
odrazi skutecny stav iktové problematiky na naSem pracovisti. Do studie byli zafazeni
vSichni pacienti lé¢eni MT pro ischemicky iktus, nikdo nebyl se studie vyloucen. Nutno také
upozornit, ze tfimési¢ni klinické vysledky nebyly hodnoceny nezavislym neurologem
a mohli podlehnout bias o¢ekavani. Tato studie nesrovnava dvé metody 1écby, ale porovnava

mezi sebou rizné etiologie a lokalizace iktu, které¢ jsou léCeny stejnym zplisobem.
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4.5.6 Zavér

Lokalizace tepenné¢ho uzavéru hraje dilezitou roli v angiografickych a klinickych
vysledcich pacientl s akutnimi ischemickymi ikty lé€enymi mechanickou trombektomii.
Mechanické trombektomie dosahuje vyrazné lepSich klinickych a angiografickych vysledka
u pacientll sizolovanym uzavérem ACM, izolovanym uzdvérem ICA a s tandemovym
uzavérem ve srovnani s pacienty s T-typem uzavéru a ikty v zadnim povodi. Rekanaliza¢ni

technika zadnich ikt a T-uzavért by méla byt dale rozvijena a zdokonalovéna.
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5. Shrnuti zavéru prace

Prospektivni studie PRAGUE-16 zkoumala bezpecnost a efektivitu mechanické
trombektomie v 1écbé akutnich ischemickych iktd. Studie byla zahdjena 3 roky ptredtim, nez
byly zvefejnény vysledky prvnich randomizovanych studii a 3,5 roku pfedtim, nez se tato
1écba dostala do oficidlnich doporuc¢enych postupit odbornych spolecnosti. Za dobu mého
pusobeni ve studijnim tymu bylo do studie zafazeno 214 nemocnych se stiedné velkymi

a velkymi ischemickymi ikty. Z vysledki vyplyvaji tyto zavéry:

1. Mechanicka trombektomie je velmi efektivni 1é¢ebnou metodou, kterda ma vyznamny

1écebny efekt u poloviny pacientl s akutni ischemickou CMP

2. U pétiny pacientt je jeji efekt okamzity — dochazi k velmi rychlé a uplné Upravé jinak

ireverzibiln€ poSkozenych mozkovych funkci.

3. MT ma vyznamny efekt nejen z hlediska akutniho 1é¢ebného efektu, ale zejména efekt
preventivni — dokéze téméf u poloviny takto 1écenych osob piedejit trvalé invalidité nebo

smrti. Pravé ve snizeni dlouhodobé invalidity je nejvétsi preventivni efekt této metody.

4. Vice nez polovina pacientt s ikty na podklad¢ izolovaného uzavéru ACM ¢i izolovaného
uzavéru ICA dosahuje diky MT funkéni nezéavislosti (mRS 0-2). U téchto typti uzaveéra je
dosazeno uspésné rekanalizace (TICI 2b/3) ve vice nez 80% piipadli. Naopak nejhorsi
progndzu maji pacienti s ikty na podkladé T-uzavéru a ikty ve vertebrobazildrnim povodi,
kdy ptiznivych klinickych vysledki dosahuje méné nez tfetina pacientil, a az polovina z nich
v 90ti dennim sledovani umird. Nicméné 1 pifesto je MT zejména u VB iktd Zivot

zachraiiujicim vykonem, jelikoZ neléceny VB iktus znamena v podstaté skoro jistou smrt.

5. V podminkach interdisciplinarni spoluprace neurologtli, kardiologti, radiologti a dalSich
obort v nemocnici pavilonového typu lze docilit stejnych vysledki jakych dosahuji
Spickova zahrani¢ni neuroradiologicka pracovisté — a to, jak pokud jde o funkéni

neurologicky vysledek, tak i pokud jde o vyskyt komplikaci.
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6. Summary

The prospective study PRAGUE-16 investigated the safety and feasibility of mechanical
thrombectomy in the treatment of acute ischemic strokes. The study had been started 3 years
before the results of the first randomized trials were published, and 3.5 years before this
treatment entered the official guidelines. During my time in the study team, 214 patients
with moderate and large ischemic strokes were included in the study. The following

conclusions are based on the results of the study:

1. Mechanical thrombectomy is a very effective treatment method that has a significant

treatment effect in half of patients with acute ischemic stroke

2. The immediate effect is visible in a fifth of patients — there is a very rapid and complete

adjustment of otherwise irreversibly damaged brain functions.

3. MT has a significant effect not only in terms of an acute treatment effect but especially a
preventive effect - it can prevent permanent disability or death in almost half of the people
treated in this way. The method’s greatest preventive effect is precisely in the reduction of

long-term disability.

4. More than half of stroke patients based on isolated ACM occlusion or isolated ICA
occlusion achieve functional independence thanks to MT (mRS 0-2). With these types of
closures, successful recanalization (TICI 2b/3) is achieved in more than 80% of cases. On
the contrary, patients with strokes based on the T-capture and strokes in the vertebrobasilar
basin have the worst prognosis, when less than a third of patients achieve favorable clinical
results, and up to half of them die in the 90-day follow-up. Nevertheless, MT is a life-saving
procedure, especially for VB strokes, since an untreated VB stroke essentially means almost

certain death.

5. In the conditions of interdisciplinary cooperation of neurologists, cardiologists,
radiologists, and other disciplines in a pavilion-type hospital, the same results as those
achieved by top foreign neuroradiology workplaces can be achieved - both in terms of a

functional neurological result and also in terms of the occurrence of complications.
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8. Prilohy

Piiloha 1. NIHSS klasifikace (National Institute od Health Stroke Scale)

National Institute of Health Stroke Scale (NIHSS

Jméno pacienta

Rodné ¢islo

prijem

2h

24h

7 dni / prop

1a. Uroveii védomi

zvolit takovy testovaci impuls,aby obesel
pfipadné pfekazky (orotrach. trauma, jazyk.
bariéra, intubace), testuje se vzdy.

0 - pin& pfi védomi, spolupracujict

1- spavy, po mirné stimulaci poslechne, odpovi
2 - opakovana stimulace k pozomnosti, sopor
3 - koma (reflexni & 2adné odpovéd)

1b. Slovni odpovédi

ptame se na vék pacienta a mésic++
||pogita se pruni a pouze zcela spravn odpovéd,

0 - ob& odpovédi zcela spravné

1 - jedna sprévné, tézka dysarthrie ¢i jina bariéra (OTI)

bez napovédy. 2 - obé 3patné, afazie, koma
1c. Vyhovéni vyzvam 0~ oba ukoly spravné
poZadat o otevfeni a zavfeni o¢i a stisknutia | 1 - jeden ukol spravné
otevieni ické ruky, ukon Ize paci i
predvést. 2 - 34dny spravng, kéma

2. Okulomotorika

testuje se pouze horizontalni pohyb,
pacient s bariérou (slepota, bandaz, trauma) je
testovan reflexnimi pohyby (ne kalorické
testovanil). Testujeme i pac. v komatu.

0 - bez patologie

1 - izol. paresa okohybného nervu, deviace &i
pohledova paresa potlacitelna OC manévry

2 - nepotlatiteina deviace & p paresa

3. Zorné pole

vysetfovat i simultanni pohyb prstd
kviili fenoménu extinkce. Testujeme i u pac.
s poruchou védomi pomoci mrkacino reflexu.

0 - bez postizeni
1 - Eastetna hemianopsie, fenomén extinkce
2 - kompletni hemianopsie

3 — oboustranna hemianopsie (slepota,véetné kortikalni slepoty)

4. Facialni paresa

Cenéni zub, zavfeni ofi, elevace obogi.

0 - symetricky pohyb, bez postiZzeni
1 - lehka paresa (napf. asymetrie NL ryhy)
2 - aplna nebo CasteCna paréza doini vétve (centraini paresa)

3 — kompletni (perif.) paréza uni- ¢i bilateraini, koma

5. a 6. Motorika 0- bez kolisani LHK
1 - kolisani nebo pokles, bez uplného padu na
HKK do 90 st v sedé resp. 45 st. vieze podlozku
DKK do 30 st., kolisani na HKK je tehdy, |2 - urcity pohyb proti gravitaci, neudrzi nad PHK
pokud klesa dfive nez za 10 sekund a na podlozkou

DKK dfive nez za 5 sekund. 3 - pohyb po podioZzce LDK

Testuji se vechny konéetiny, 4 - plegie, bez pohybu, koma (pro v8echny kong.)

9 se udéluje pfi jiném 9 - amputace, ankyldza aj.pfi¢iny patolog.

postizeni kongetiny — vysvatit. nélezu nesouvisejici s pfihodou PDK

7. Ataxie koncetin

testovani prst-nos-prst na HKK a na DKK
pata-koleno.
Nehodnoti se u pac., ktery
. U slepych: HK.
V kématu, pfi plegii atd. se hodnoti 0.

0 - nepfitomna, nebo jen dusledek paresy. Koma.
1- na jedné konceting
2 - pfitomna na vice kongetinach

9 - amputace, ankyl6za aj.

8. Senzitivita

2Zkou$i se ostfej§im pfedmétem, u nespolu-
| |pracujicich algickym podnétem ((nikova reakce,|
grimasa). Koma hodnotime 2.

0 - bez poruchy &iti
1 - lehka a stfedni porucha sense (hypestezie hypalgezie)

2 - tézka porucha sense az anestezie uni, & bilat. Kéma.

9. Reé

testovaci slova: MAMA, PISEK, TRAVA
DEKUJI, ELEKTRINA, FOTBALOVY MIC
Vite jak,Doli na zem,Jsem uz z prace doma.
Popis obrazku.

0 - bez afazie
1 - lehdi faticka porucha, |ze porozumét

2 - téZka faticka porucha
3 - globalni afazie, mutismus, kéma

10. Dysartrie

Pi fatické poru$e hodnotime vyslovnost.
Pfi hodnoceni 9 vysvétlit (napf. OTI).

0 - nepfitomna
1 - seffela fe¢, je mu rozumét
2 - vyrazné setfela vyslovnost, neni rozumeét, mutismus, kéma

9 - intubace, jina bariéra

11. Neglect

Pouzij simultanni stimulaci zraku a sense.
Hodnoti se pouze, pokud pfitomen.

0 - nepfitomen
1- neglektuje 1 kvalitu, anosognoze

2 - neglektuje vice jak 1 kvalitu, kéma.

Celkové NIHSS

Podpis
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Priloha 2. Modifikovana Rankinova skala (mRS)

0 — zadné symptomy

1 — bez zfetelného omezeni, schopen béznych dennich aktivit

2 — lehké omezeni, pacient neni schopen zvladnout vSechny piedchozi v aktivity, je vSak

pln¢€ sobéstacny bez cizi pomoci

3 — stfedn¢ tézka nemohoucnost, pacient vyzaduje pomoc, ale je schopen chiize bez

pomoci

4 — stfedné t€zka az tézka nemohoucnost, pacient je schopen chiize jen s pomoci, neni

schopen bez cizi pomoci zvladnout své télesné potieby

5 —bezmocnost, pacient je inkontinentni, upoutan na lizko a vyzaduje trvalou péci

6 — smrt
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Priloha 3. Informovany souhlas s casti ve studii PRAGUE-16

Informace pro nemocné s mozkovou cévni prihodou ¢i pro pribuzné v situaci, kdy

pacient neni v dusledku mozkové prihody schopen informaci vnimat. Pokud pribuzni

nejsou okamzité k dispozici, misto nich se podepiSe na souhlas indikujici neurolog +

jeden dalsi svédek.

Vézena pani, vdZeny pane,

potize, se kterymi jste piijat do nemocnice, jsou zptsobeny tzv. ischemickou akutni mozkovou
cévni piihodou (tzv. mozkovou mrtvici). Jedna se o jedno z nejzdvaznéjSich onemocnéni viibec

s vysokou umrtnosti a s vysokym vyskytem zdvazné invalidity u téch pacienti, ktefi mrtvici preziji.
Ischemické mozkova mrtvice je zpiisobena nahlym ucpanim mozkové tepny krevni srazeninou.
Cast mozku, ktera nemtize dostavat touto ucpanou tepnou krev rychle odumir. Jedinou nadgji pro

zachramu této ¢asti mozku je obnoveni prichodnosti ucpané tepny.

Tepnu lze zprichodnit dvéma riznymi postupy: (a) tzv. trombolyzou, coz je infuze silného 1éku,
ktery rozpousti krevni srazeniny, nebo (b) tzv. katetrizacni intervenci, coz je mechanické

pros touchnuti ucpaného mista velmi tenkym ohebnym katetrem s miniaturni pavuc¢inovou sitkou
(tzv. stent — retriever) na konci s naslednym vytazenim krevni srazeniny ven z téla. Trombolyza je
starsi a vice rozsifend metoda, protoze je pomérné€ jednoducha. Ma vsak fadu nevyhod: (1) jeji
ucinnost je pouze asi tietinova (tzv. ze u dvou tietin pacientll s mrtvici je podan silny 1ék a tento lek
nedocili pozadovaného efektu — srazeninu nedokaZze rozpustit, (2) pfiblizné u jedné desetiny
pacientti mtize situaci zhorsit vznikem krvaceni. Katetrizacni intervence je novéjsi metoda, ktera
ma vyssi ucinnost (dokdze zprichodnit vice nez tfi ¢tvrtiny ucpanych mozkovych tepen) a nizsi
riziko krvaceni do mozku (pfiblizné o polovinu mensi riziko proti trombolyze). Jeji nevyhodou je
technicka narocnost (pfistroje, Spickoveé vyskoleni 1ékafi) a malé riziko mechanickych komplikaci
(poskozeni cév katetrem). Na $pickovych pracovistich v zahrani¢i a v CR se v poslednich letech
stale vice prosazuje katetriza¢ni 1é¢ba. Tato 1éCba je dnes naprosto samoziejma pii akutnim
srde¢nim infarktu a nyni se v praxi dostava i do 1é€by mozkové mrtvice. Tuto moderni katetriza¢ni
1é¢bu nabizime nyni i Vam. V piipad¢, Ze nejste schopen(schopna) v disledku mrtvice této
informaci porozumét a védomé ji podepsat, dala eticka komise FNKV souhlas k tomu, Ze informaci
za Vas muze podepsat svédek (ptibuzny -pokud Vas doprovazi- nebo svédek z fad zdravotnického

personalu) a neurolog (ktery mrtvici diagnostikoval a intervenci dporucil).

Informaci poskytl katetrizujici 1€kat: ...

...................................................... (jméno, podpis)



Informovany souhlas pacienta:

Byla mi vysvétlena podstata onemocnéni i moznosti 1écby, byl(a) jsem sezndmen(a) s ucinky i
riziky katetriza¢ni intervence a vSemu jsem dobfe porozumél(a). Mél(a) jsem moznost polozit
lékattim otazky a mé otazky mi byly uspokojiveé odpovézeny. Dobrovolné souhlasim s provedenim

katetriza¢ni intervence.

Piijmeni, jméno a podpis PACIENLA: .......viutintint ettt eeaanns
Piijmeni, jméno a podpis sveédka: ...........coeiiiiiiiii
Piijmeni, jméno a podpis NeUurologa: ............cooeiiiiiiiiiii

Datum a ¢as:
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Priloha 4. Protokol studie PRAGUE-16. Verze z roku 2012.

Direktni perkutdnni neurointervence (d-PNI) pfi lé€bé akutnich mozkovych cévnich piihod (akutni
neurointervenéni program FNKV / 3.LF UK)

Ndvrh protokolu pilotniho wzkumného projektu ,,PRAGUE 16"
verze ze dne 27, 12. 2012

Vypracovali: P. Widimsky, 1. Stétkafova, T. Peisker, P. Vaiko, B. KoZnar, F. Bednaf, Z. Mofovska

Cévni mozkové piihody (CMP) s hemisferalnim & kmenovym postiZenim patfi mezi nejzavaingjsl
onemocnéni v mediciné vibec. | pfes velké pokroky v diagnostice a |&Ebé zlistavajl osudy téchto
nemocnych celosvétové velmi smutné: dmrtnost 20-30% (v nejvétéi publikované studii IST-3 byla
mezi 3035 pacienty mortalita 27%) a pfeiiti se zavainou invaliditou 30-40% (ve studii IM5-3 mélo
37% nemocnych zdvainy trvaly neurologicky deficit). Celkové tedy (a to i pfi vEas podané
trombolytické |é¢bé 1) prakticky dvé tfetiny pacientd se zdvainou CMP bud zemfou anebo zdstanou
vainé invalidni. V poslednich letech jistou nadé&ji pro tyto nemocné znamena rozvoj katetrizaéni
(intervenéni) Ié€by. Lékafi riznych specializaci (neurclogie, kardiologie, radiologie a dalsi) se spojili
v Usili zlepéit wysledky 1éEby CMP ve FNKV a pfipravill tento pilotni projekt katetrizaénl intervence
(bez trombolyzy) pro l1&ééeni vhodnych nemocnych.

Navrieny postup vychdazi z nasledujicich faktd a pfedpoklad(:

- Ze sedmi dosud publikovanych studii s trombolytickou |1&€bou akutniho iktu jen dvé byly
pozitivni a pét jich bylo negativnich (neutrdini wysledky nejvétii takové studie jsou uvedeny
vyie)

- Studie srovndvajici trombolyzu vs. trombolyzu + intervenci (IMS-3) byla pfedéasné ukonéena
v roce 2012 pro absenci rozdilu mezi obéma skupinami. Jinak fefeno: kombinace trombolyzy
+ intervence neni lepéi ne? samotnd trombolyza

- Wysledky registrl katetrizaénich intervencl ukazuji velmi vyznamné vyiii procento
rekanalizacl (75-90%) ve srovnani s trombolytickou 1é€bou (25-50%), randomizovan studie
srovndvajicl trombolyzu a katetrizaéni intervenci bez trombolyzy dosud nebyla provedena
(nékolik takowych se v zahraniéi planuje)

- Pro pfiznivy klinicky efekt nenl dileité pouze procento rekanalizaci, ale zejména jejich
véasnost. Z tohoto pohledu poskytuje rychle zahdjend intervence (podle nie navrieného
protokolu) pfiblizné stejny £as do zpriichodnéni tepny jako trombolyza. Trombaolyza rozpusti
trombus pfibliZné za 45 minut po podani (pokud ho vibec rozpusti), katetrizaéni intervence
zpravidla vede k rekanalizaci za 30-60 minut po vpichu do tepny. Pokud tedy mezi obéma
postupy neni éasovy rozdil, pak ma jasnou pfednost katetrizaéni rekanalizace

- Nikdo dosud neprokazal, e poddvani trombolyzy b&hem katetrizaéni rekanalizace zlepiuje
celkové vysledky. Kardiologické zkuienosti u akutnich infarktl naopak ukazuji, Ze vysledky
katetrizanich intervenci jsou lepii, provadé&ji-li se bez trombolyzy (trombolyza pouze zvyiuje
riziko krvacivych komplikaci). Proto planujeme provadét katetrizaéni intervence bez
trombaolyzy (tak to napf. provadi prof. L.IN. Hopkins v jednom z nejvétSich iktovych center
v USA — University of Buffalo nebo prof. A. Abou-Chebl na univerzité v Louisville, USA).



- Tradiéni postup je ten, Ze po zjisténi akutniho iktu se nejprve provede CT mozku a poté se
indikuje ev. katetrizaénl intervence. V podminkach FNKV (nutny pfevoz pacienta sanitou na
CT a znovu zpét na sal) to znamend zdrieni 20-50 minut, coi u rozvijejiciho se ischemického
iktu miZe byt kriticka doba, ktera rozhodne o tom, zda nemocny pfeije a zda pfeiije
s t8ikym nebo s lehkym (pfipadné Zadnym) postiZzenim. Proto navrieny protokol poéita s tim,
%e u selektovanych nemoacnych (napf. téch, u nichi je diagnostikovan iktus v pavilonu S nebo
51 v dobé&, kdy tamni CT neni v provozu a pro néi je tedy dostupna angiografie rychleji ne
CT) prvnim vyietfenim pfi suspekei na ischemicky iktus miZe byt katetrizaéni angiografie a CT
bude provedeno u téchto selektovanych nemocnych ai poté (bud okamiité pokud bude
angiografie negativni nebo sporna anebo s odstupem cca 1-2 hodin, tj. po skonéeni
katetrizaéni intervence). V situaci, kdy nebudeme pouivat ani trombolyzu ani antikoagulaci
tento postup pfinese jen malé (0,1 - 0,5%) riziko diagnostické katetrizace, ale nemél by
ohrozit ani nemocné s pfipadnym intrakranialnim krvdcenim a zejména ma potencial pfispét
k lepiim klinickym wysledkdm Ié€by Gsporou uvedenych 30-60 minut ischemie mozku.
Nemaocni, u kterych je iktus diagnostikovan jinde (ZZS, neurclogie, jiné pavilony FNKV) anebo
u nich lze provést okamiité CT v pavilonu 51 budou podstupovat klasicky diagnosticky
algorytmus (tj. nejprve CT a poté invazivnl angiografie s intervenci).

Vstupni kriteria:

- Klinické podezieni na ndhle vzniklou hemisferaini (susp. uzavér a. cerebri media) nebo
kmenowvou (susp. uzavér a. basilaris) CMP do 4 hodin od zafatku piiznakd (tj. pfedpoklad
rekanalizace do 6 hodin)

- Cas zaddtku pfiznakd je zndm

- Pacient pfed zafatkem soufasnych pfiznakl nemél 2adné neurologické pfiznaky

- Mo#nost zahdjit diagnostickou angiografii do 30 minut od stanoveni suspekce na akutni CMP
(t]. je k dispozici sal | personal)

Vylutujici kritéria:

- Vék nad 85 let

- Meurologické pfiznaky aktudlné pfitomné | pfed zaldtkem soudasnych potiii

- Vyznamna klinickd suspekce na intrakranidini krvaceni (vznik CMP pfi antikoagulaéni €i
trombaolytické l1é¢bé, nedadvny draz hlavy, znama porucha koagulace apod.).

V téchto pfipadech se provede vidy (t]. | pokud je iktus diagnostikovan v pavilonu S £i S1) nejprve
okamiité CT mozku a daléi postup se Fidi wysledkem CT (mdZe byt samoziejmé indikovana i
katetrizaéni intervence)
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Postup:

10.

11.

12.

13.

Klinické podezfeni na ischemickou hemisferdini nebo kmenovou CMP (tj. nahle vznikla
hemipareza & hemiplegie, ndhle vznikld porucha védomi s daliimi neurologickymi priznaky)
vyslovené do 4 hodin od zaddtku pfiznakd vyjadfené |ékafem ZZ5 nebo kterymkoli Iékafem
FNKV u nemocné(ho) splfiujiciho viechna vstupni kriteria pfi absenci viech wyluéujicich
kriterii.

LékaF, ktery prvni wyslovil toto podezieni IHNNED vold vedouciho neurologa sluiby (pager
5696, pii volani ZZ5 tel. €. 722577899) a soucasné nemocného ihned odesild na na CT nebo
(pfi diagnoze iktu v pavilonech S / 51) na katetrizaénl sal Kardiocentra (telefony 3791, 3792
nebo 2701, 2766). Salova sestra ihned vola oba interventni lékafe (radiologa B.K. tel.
732429399 + kardiologa P.W. tel 603435514).

Pacient a neurolog se museji sejit nejpozdéji na CT do 20 minut od stanoveni diagnozy.
Pacient, neurclog i oba intervenéni Iékafi se musi sejit na katetrizaénim sale v pracovni dobé
do 20 minut od zavoldni (v mimopracovni dobé do 30 minut).

Neurolog na CT nebo na katetrizaénim sale pfed zahajenim wykonu vyietfi nemocného a
stanovi NIHSS a rozhodne o daldim postupu (indikuje intervenci).

Angiografie mozkovych tepen.

Pokud angiografie neprokaie jednoznafny tromboticky uzavér mozkové tepny vhodné

k intervenci (a anatomicky odpovidajici pfiznakdm — tj. zpravidla a. cerebri media & a.
basilaris), o dalsim postupu rozhodne neurclog pedle standardnich kriterii. Pokud uzavienou
tepnou je a. carotis i a. vertebralis, miie byt daléi postup konzultovan téf s cévnim
chirurgem £i s neurochirurgem.

Pokud angiografie jednoznaéné prokadie tromboticky uzavér wyie uvedenych intrakranidlnich
tepen, je neprodlené zahdjena katetrizatni intervence sméfujici k rekanalizaci této tepny.
Piiwykonu na sle je pfitomen kardiolog z KI nebo anesteziolog a je-li to nutné, pacient je
mirné analgosedovdn. Celkova anestezie s intubacl se provadi jen ve wyjimetnych pfipadech
(t&Zky neklid s rizikem padu nemocného se stolu apod.).

Po skonéeni intervence je provedeno CT mozku: bud thned (pokud nebylo pfed intervenci)
anebo za 24 hodin.

Krevni odbéry (vitdlni indikace) se provedou bud pfed odjezdem na sal nebo pfimo na sale
(podle toho zda je sal okamiité volny), se zahdjenim wykonu se viak nefekd na jejich
vysledek: KO vE. trombocytd, INR, APTT, biochemie (glykemie, Ma,K,Cl,urea, kreat, CRP,
jaterni testy, troponin). Se zahdjenim katetrizaéniho wvykonu (t]. samotné angiografie) se
nemusi éekat na vysledek INR & APTT, pfed intervenci viak jiZ tento wysledek by mél byt
znam.

Pokud neni provedena katetrizaénl intervence, pacient Je dale v pé€i Neurologické kliniky.
Pokud byla provedena katetrizatni intervence, pacient je do zajisténi plné stability tfisla
(nejméné 3 hodiny po odstranéni komprese & nejméné 6 hodin po katetrizaénim uzdvéru
vpichu do tepny) hospitalizovdn na Kl Kardiologické kliniky.

Kontrolni CT {nativ) se provede pfibliZné za 24 hodin po skonéeni vykonu (mezi 18.-36.
hodinou) cestou na neurologii, pacient se po kontrolnim CT ji nevraci na kardiologii (viz
dale).

Antitromboticka l&€ba. V dobé mezi stanovenim diagnozy a zaddtkem angiografie se #adna
antitromboticka 1&€ba nedava. lakmile angiografie prokaie jednoznaény tromboticky uzavér
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mozkové tepny vhodny k intervenci, poda se 50 j. Heparinu / kg vahy jako bolus iv. V prib&hu
wykonu miZe katetrizujici 1ékaf rozhodnout o pfidani daldich 20 J. Heparinu / kg vahy iv.
(maximalni povolend dévka Heparinu béhem wykonu tedy je 70 |. / kg). Po nasledném CT
mozku je rozhodnuto o dalii antitrombotické medikaci: zpravidla velmi nizkd preventivni
dévka Clexanu + Anopyrin 100 mg, pokud byl do intrakranidlni tepny implantovan stent, pak
misto Clexanu davat Trombex 75 mg denné (bez dvodniho bolusu).

Pacienti se susp. ischemickym iktem, u nich# maze byt invazivni angiografie zahajena do 60
minut od vzniku iktu a ktefi nemaji klinické varovné signaly intrakranialniho krvaceni
{cefalea, nitrolebni hypertenze, hypertenzni krize, recentni kraniotrauma) mohou byt
transportovani pfimo na angiografii (bez vstupniho CT).

Histologie: Extrahované tromby / emboly budou odesilany na histologické vy3etfeni do
Ustavu patologie.

Cilové a maximalni £asové prodlevy:

Cil Maximum

0:00 | —- Vysloveni suspekce na CMP. Telefonicky kontakt neurologa, CT, katetrizaéniho
sdlu, obou interventnich lékaf.

0:15 | 0:30 Neurolog vidi na CT (nebo na katetr. sale) nemocného a potvrdi dg susp
ischemické CMP. Intervenéni kardiolog (ev. radiolog) zkontroluje vstupni a
vylulovacl kriteria. Intervenénl radiolog (ev. kardiolog) souéasné vybere material
pro pfipadnou intervenci.

0:20 | 0:40 Vipich do tepny, zacatek angiografie

0:30 | 0:50 Viysledek angiografie, rozhodnuti o intervenci

0:45 | 2:00 Rekanalizace uzavéru, obnoveni perfuze mozku, konec vykonu

1:00 [ 2:20 Odjezd nemocného na KJ (nebo na CT mozku pokud nebylo pred intervenci)

Pfi nedspé&iném katetrizaénim vykonu trvajicim déle nei 90 minut od vpichu do tepny musi
katetrizujici lékaF zvaiit dalii pokratovani vykonu s ohledem na celkovou délku ischemie mozku
(kromé uzdvéru a. basilaris, kde se o rekanalizaci miiZe pokouset déle). Pokud p#i hemisferdlnim
ischemickém iktu v pribéhu katetrizace jif uplyne vice nei 6 hodin od zadtku ischemie, miie to
byt diivodem k ukonéeni wykonu, protofe pfipadnd pozd&jii rekanalizace jiZ nema valné vyhlidky
na klinicky benefit a miife znamenat wy33i riziko komplikaci.

Kdy lze provést invazivni angiografii jako prvni vyietfeni (pfed CT):

1. Ischemicky iktus vznikly u nemocnych v pavilonech § / 51 v dobé kdy CT v 51 neni okamiité

dostupné.

2. Ischemicky iktus vznikly pfimo na katetrizaénim sdle (pacient je okamiité intervenovan na
tomtéi sdle)

3. Ischemicky iktus zjiftény velmi €asné s monosti zahdjeni angiografie do 60 minut od vzniku
iktu.
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Susp. hemisferdlni &i kmenova CMP < 4 h u pac. < 85 let, ktery dosud
nemél neurologické pfiznaky a u néhoz neni klinicka suspekce na
krvéceni (Graz hlavy, antikoagulacni lééba, znamé poruchy koagulace):
Okamiita informace sluzbukonajiciho neurologa + katetrizaéniho sélu +

obou intervenénich lékafi (BK + PW)

Transport pacienta na CT nebo pfimo na katetrizaéni sal, kam pfichazi
neurolog.

Do 20 (max. do 30) minut je pacient na séle, jsou provedeny krevni
odbéry a je neurologicky vysetien vE. NIHSS.

2
Ischemicky iktus diagnostikovan
v pavilonu 5/31 a potvrzen
neurologem:

Okamiité provedeni invazivni
angiografie s ev. intervenci

Iktus diagnostikén jinde ne v pavilonech S/51:
CT scan + CT angio

Podle vysledku CT indikuje neurolog jeden z
téchto postupii:

- akutni neurointervenci
- trombolyzu iv.
- konzervativni postup
- neurochirurgicky vykon

Kombinaci trombolyzy a intervence FNKV
provadét nebude.
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Priloha 5. Protokol studie PRAGUE-16. Verze z roku 2014.
1

Katetrizaéni trombektomie (catheter-based thrombectomy, CBT) pii lé€bé akutnich mozkowych
cévnich pfihod [akutni neurointervenéni program FNKV / 3.LF UK)

Studie PRAGUE-16.

Verze protokolu €. 2 ze dne 15. 12. 2014

Vyzkumny tym a pracoviité:

Hlavni fesitelé ve FNKV (bez tituld): Petr Widimsky (Kardiologicka klinika, petr.widimsky@fnkv.cz ),
Ivana Stétkafova (Neurologickd klinika, ivana.stetkarova@fnkv.cz )

Spolufesitelé ve FNKV (bez titull): Boris KoZnar (boris.koznari@seznam.cz ), Tomas Peisker
(peisker@fnkv.cz ), Peter Vaiko (pevecko@yahoo.co.uk ), Petr Tousek (tousek@email.cz ), Jifi Knot
(Jirl.knot@fnkv.cz ), Zuzana Motovska (zuzana.motovska@fnkv.cz ), Jana Vavrova

([.vavrovaB87 @gmail.com ).

Preambule:

Veikeré vykony a |ééebné postupy jsou provadény se standardné dostupnymi a Fadné registrovanymi
Iéky | materidlem, v projektu se nezkouii Zadné nové Iéky ani materidly. Rovnéi projekt nevylutuje
#adnou léébu doporuéenou guidelines — tedy ani lé€bu trombolytickou (podrobnosti viz déle). Cilem
projektu je na bazi spoluprace nékolika medicinskych oborl (multioborovy pfistup) rozpracovat
logistiku akutni intervenéni 1&é€by cévnich mozkowych pfihod (CMP) a posoudit iéinnost a bezpetnost
katetrizaéni intervence v podminkach FNKV, kde tato |ééba do roku 2012 nebyla viibec dostupna.
Diraz je kladen zejména na tasowy faktor — maximalni zkraceni éasovych prodlev od pfijezdu
pacienta do FNKV do poskytnuti l&Eby.

Financavani:

MNaklady na interventni wykony a daldi 1é£bu jsou standardné hrazeny ze zdravotniho pojisténi (cestou
FNEW), k wwkonlm se pouZiva vyhradné stadardni CE-registrovany material. Naklady souvisejici se
sbérem a analyzou dat budou hrazeny z wyzkumnych prostiedkd Kardiocentra 3.LF UK a Neurologické
kliniky 3.LF UK.

Zdlvodnéni a cile projektu:

Dlouhodobé nejéastéjiimi pfiginami smrti v rozvinutych zemich jsou kardiovaskularni choroby —
zejména infarkt myokardu (IM) a cévni mozkova pfihoda (CMP). Zatimto lééba IM prosla v uplynulych
15 letech pfevratnymi zménami (diky zavedeni systému Easnych katetrizaénich intervenci se
mortalita IM sniZila z pdvodnich 25-30% na souéasnych 4-7%), 1&¢ba akutnich CMP v tomto sméru
pokulhdva. To je zplsobeno celou Fadou objektivnich faktord (méné alarmujicl akutni pFiznaky u CMP
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zplsobuji, Ze pacienti volaji pomoc pozdé, odumirdni mozkowvych bunék pfi ischemii naopak
postupuje rychleji ne? odumirani ischemického myokardu, anatomie mozkowych tepen je vétiinou
obtiZnéjil pro intervence neili anatomie tepen korondrnich, krvacivé komplikace v mozku jsou
£astéjii a horél, atd.). Lze bez nadsdzky fici, e CMP patfi mezi nejméné uspéiné oblasti mediciny: 90-
denni dmrtnost akutnich CMP (téch, které se indikuji k intervenéni 18Ebé, t). stfedné zdvainych a
zdvainych) je cca 30%, daldich cca 40% téchto nemocnych (pokud nedostali véas reperfuzni 1&Ebu) je
po CMP trvale zavainé invalidnich, odkdzanych na pomoc drubych osob. | nejmodernéjii soudasné
lé€ebné postupy (trombolyza, kombinace trombolyzy s intervenci) mély donedavna (pfibliiné do roku
2011-12) neuspokojivé wysledky: vice nei polovina nemocnych s CMP | pfes tuto 1é€bu zemfela nebo
zlistala invalidnich, riziko intrakranidlniho krvaceni jako komplikace |é€by se pohybovalo mezi 4-13%,
atd.

W roce 2013 byly publikovany tfi studie (IMS-11l, MR-RESCUE, SYNTHESIS) s nepfesvédEivymi vysledky
wendovaskuldrnich intervenci” u akutnich iktd. Tyto studie viak byly designovany piibliing o 7-8 let
dfive - tedy v dobé&, kdy moderni materidly pro katetrizatni trombektomie (tzv. stent-retrievery) jesté
vibec neexistovaly a v téchto studiich byly pouZivdny z dneéniho pohledu obsolentni intervenéni
postupy. Na Svétovém kongresu o iktech v Istanbulu byla 25.10.2014 prezentovana pfelomova
holandska studie MR CLEAN (Dippel DW!I et al.), ktera prokazala, e pfidani moderni katetrizacni
trombektomie ke standardni Ié€bé (vE. pfipadné trombolyzy pokud byla indikovana) zdvojndsobi
oproti standardni 1&€bé (vE. trombolyzy) poéet ,zachranénych” nemaocnych s akutnim iktem — tedy
téch, ktefi po 3 mésicich po iktu jsou plné sobéstaéni. Dalii obdobna studie — kanadska ESCAPE (Hill
MD et al.) - byla dokonce 7.11.2014 pfedéasné ukonfena pro jasné lepii vysledky katetrizaénl 1&€by
oproti standardni 1&Ebé (vE. trombolyzy).

Cilem tohoto projektu tedy je posoudit Uéinnost a bezpeénost akutni intervenéni 1é€by CMP
(katetrizaéni tromboektomil - CBT) v podminkach multioborové spoluprace ve FNKV / 3.LF UK a
docilit kratsich €asi (oproti citovanym studiim) od vstupu pacienta do nemocnice do poskytnuti
lE¢by, coi by mélo vést k lepiim wysledkdim nei v uvedenych studiich.

le zndmou skutefnosti, #e mozkové bufiky pfi akutni ischemii odumirajl velice rychle. Cést mozku

s totalni ischemii podlehne malacii, okolni ablasti se subtotalni ischemii mohou né&jaky Cas pfeiivat
(tzv. penumbra). Proto pfi akutnich CMP hraje £as roli jeité wyznamnéjii nei pfi IM. Standardni 1é€ba
spotivd v tom, fe po stanovenl suspekce na akutni CMP je nemocny pievezen na CT, které mé za cil
pfedeviim wyloudit krvdceni nebo nitrolebni expanzi. Poté je nemocny transportovan na neurologicky
JIP a dostava trombolyzu. Efekt trombaolyzy pfi uzdvérech stiedné velkych a velkych tepen (a. carotis
interna, a. cerebri media) nastava u necelé tfetiny nemocnych a navic se £asové projevi aZ za 30-60
minut po jejim intravenoznim podani. V oficidlnich dokumentech se doporuuje, aby £as diagnoza —
zaldtek trombolyzy byl pfi CMP pod 60 minut, coZ znamend, Ze i v nejlépe fungujicich centrech se
efekt trombolyzy dostavi nejdfive za 90 minut od prvni diagnozy CMP. Obvykly scénaf je tedy takowy,
#e u dvou tfetin nemocnych po podéni trombolyzy zdstane tepna kompletné uzaviena a u jedné
tietiny se tepna zrekanalizuje — aviak pfibliZné za 50-120 minut od piijezdu do nemocnice.

| pfes velké pokroky v diagnostice a |&¢bé zlstavaji osudy téchto nemocnych celosvétové velmi
smutné: v nejvétsi publikované studii IST-3 byla mezi 3035 pacienty mortalita 27%, ve studil IMS-3
mélo 37% pfeiiviich nemocnych nemocnych zdvaZny trvaly neurologicky deficit. | pfi véas podané
trombolytické 1&¢bé tak prakticky dvé tfetiny pacient( se zavainou CMP bud zemfou anebo zdstanou
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vainé invalidni. V poslednich letech jistou nadéji pro tyto nemocné znamena rozvoj katetrizaéni
(intervenéni) 1&Cby. Lékafi rliznych specializaci (neurologie, kardiologie, radiologie a dalii) se spojili
v usili zlepéit wysledky 1ééby CMP ve FMKV a pfipravili tento pilotni projekt katetrizaéni intervence
(bez trombolyzy) pro lééeni vhodnych nemocnych.

Tradiéni postup je ten, Ze po zjisténi akutniho iktu se nejprve provede CT mozku a poté se indikuje
ev. katetrizacni intervence. V podminkdch kdy dojde k iktu na 102ku ve FNKV (nutny pfevoz pacienta
sanitou na CT a znovu 2pét na sal) to znamena zdrieni 20-50 minut, cof u rozvijejiciho se
ischemického iktu mizZe byt kritickd doba, kterd rozhodne o tom, zda nemocny predije a zda pfeiije

5 téikym nebo s lehkym (pfipadné #adnym) postiZenim. Proto navrieny protokol potitd s tim, fe u
piisné selektovanych nemocnych (u nich je diagnostikovén iktus v pavilonu S nebo 51 v dobé, kdy
tamni CT neni okamiité dostupné a pro néi je tedy dostupna angiografie podstatné rychleji nei CT)
prvnim vySetfenim pfi suspekel na ischemicky iktus s typickou pfedni symptomatologii (nové vznikla
hemipareza &i hemiplegie) mlie byt katetrizaéni angiografie a CT bude provedeno u téchto
selektovanych nemocnych a poté (bud okamiité pokud bude angiografie negativni nebo sporna
anebo po skonéenl katetrizaéni intervence). V situaci, kdy nebudeme pouZivat ani trombolyzu ani
antikoagulaci tento postup pfinese jen malé (0,1 — 0,5%) riziko diagnostické katetrizace , ale nemél by
ohrozit ani nemocné s pfipadnym intrakranidlnim krvdcenim a zejména ma potencial pfispét k lepim
klinickym wvysledkdm |é€by dsporou uvedenych 30-60 minut ischemie mozku. Nemocni, u kterych je
iktus diagnostikovan jinde (225, neurologie, jiné pavilony FNKV) anebo u nichi Ize provést okamiité
CT v pavilonu 51 budou podstupovat klasicky diagnosticky algorytmus (tj. nejprve CT a poté invazivni
angiografie s intervenci).

Schema logistického postupu:

758 * Wieraley et fl reipaesa 5 hemipl e, e & dofll] W pribéhu léfby je nutné udriovat syst.TK na hodnotach
® b lin moder byl poaciant aeoocl oy widda v oofd o "
lekaf FNEY ST LRI plibliing 110-140 mmHg.
» Zamkini na e Zisko Nili TK mide nvydit riziko [re-)trombozy.
Wysoky TK mvyluje riziko krvdcen| do lokiska.
Aktivace ' b;uws + saglra, MBS
H * LT lsborgat + rediniog
iktovéhe R ———
Tymu * Feceenlo ekl

* Ei plod jalddom CT e 25italdng saniia na pawiln §
* Hata [+ negle & perfure pobud sepdrF o wice el 3 e
T # inbrrpretpre adelog & merelng © imerveedni Bl
@ Plipaded podini v trombal iy inssdog)
» Indikacs kinterveeci; neraleg
wifner saun s (pac) plibsamy) sowciog)
¥ rtmremnie bl
7 toriry
vt eperiipoia b Lilg: 1 ikl WP 55 anoctusiolag
L ATA [Wardapl & Aamppria) jo e b alem paclantlm o

ke (VS

& Opoddd i trevedobiny [Ti, Atteplesr] rothoduje podie - Ol i kel |yt rad
guidslings reserplag thrad na CT a palud molng || podih tamid ) Spoleénd JIP ABaroig | kerdelog
ek TL v presters kafab i reshoduge el s pr  rehad y
o TLvge Meuro/kardio el S Lt

& Mrperis v katisbo s podied v dives 3080 | /kg ey it ocn
PO | ceriien Beedes 0000 | bt mudlin). P

Pl BETA] TL. NGB T 58 Pl witgr b Mando
ol I sy 1580 |

4 Oopidegrel [Trambax) v diets T3 mg damd |bed baluiowd
cinglny} 3 poclingd e nemacrim, kenim byl implssbowin sheri

Mejéasté]i intervenované tepny: a. cerebri media a proximalni dseky jejich vétvi, a. carotis interna, a.
basilaris.
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Schema vygetieni (flow chart).

Den 1 Den 2 Den 7 Den 30 Den 90 Rok 1
Standardni + + T + + +
klinicka ev.
laboratorni wys.
NIHS5 * + T
mRS + + + +
cr + + (+) ) - :
Sonografie - + - - + _
Angiografie + - - - - -
Echokardiografie | (+) + - - - -
EKG * + - - - -

Vstupni kriteria (viechna musi byt splnéna):

- Nové vzniklé neurologické pfiznaky suspektnl ze stfedné zdavainé nebo zdvainé (NIHSS
=6) akutni ischemické CMP (pfi kantraindikaci trombelytické 1&é€by miZe neurolog zvaiit
indikaci intervence i pfi NIHSS v rozmezi 3-5)

- (as od zatdtku piiznakl do prvniho CT vyietfeni <8 hodin (Easovy limit neplati pro povodi a.
basilaris) nebo vznik CMP b&hem spanku (pokud je CT provedeno do 2 hodin po probuzeni -
resp. po zjisténi CMP).

- Mo#nost zadit angiografii do 60 minut po provedeni CT. V pfipadé akutniho iktu
diagnostikovaného v jiném zdravotnickém zaflzeni mie byt tento das delif (max. 120 minut)
o nutny transport pacienta, ale k vykompenzovani této prodlevy miie byt do studie zafazen
v finé nemocnicl pouze pacient s provedenym CT do 4 hodin od zaédtku pflznakd (o nelze
okceptovat ,,wake-up stroke™ s nutnosti mezinemocniéniho transportu).

- VEk18-80let

Vyluéovaci kriteria (2adné nesmi byt pfitomna):

- VEk nad 80 let

- Zédvainé neurologické pfiznaky chronicky pfitomné i pfed zatdtkem souéasnych potiZi

- Suspekce na intrakranialni krvaceni (vznik CMP pii antikoagulaéni & trombolyticke |6Ebé,
nedavny Uraz hlavy, zndma porucha koagulace apod.) & jeho prikaz na CT.

- Prokdzand téika hypoglykémie

- Téhotenstvi

Zndmé poruchy koagulace (INR nad 1,7, trombocyty pod 60 000) nejsou vylufovacim kriteriem,
nebot mohou nastat situace, fe napf. warfarinizovany nemocny ma INR nad 1,7 a dostane pfesto
ischemicky iktus. Takowy nemocny nemdZe dostat trombolyzu a katetrizaéni tromboektomie pro néj
miZe byt jedinou nad&ji. V takovém pfipadé o provedeni intervence rozhodne podle klinického stavu
a CT nalezu neurolog (intervence indikovana klinicky jako ,ultimum®). Pokud hodnoty INR a
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trombocytl nejsou znamé (vEtiina pacientl pfivaZenych ZZ5S), pacient je do studie zafazen. Pfipadna
porucha zjisténd béhem hospitalizace se odrazi na lé€ebnych postupech, pacient ale zlstdva ve studil.
Zafazeni do studie (zejména aktivace CT a sdlu) nesmi byt zdrieno laboratornim vyetfovanim.

Kontraindikace angiografie / intervence:
- jakékoli krvaceni CNS na vstupnim CT mozku

- plné rozvinuté znamky éasné ischémie na CT mozku

End-pointy pro zjifténi efektivity:

- Uspéinost rekanalizaci (angiograficky)

- Dynamika neurologického nalezu (ANIHSS za 24 a 72 hodin po odpojeni od UPY)
- mRS590. den

- Mortalita 90. den

- CTnalez za 24 hodin

End-pointy pro zjifténi bezpeénosti:

- Symptomatické krvdaceni do CNS [se zhorienim NIHSS o 24)
- liné komplikace intervenéniho wkonu

Periprocedurdini farmakoterapie:

Viz schema na str. 3. Maximalni davka Heparinu podana v pribéhu prvnich & hodin od provedeni CT
tedy smi byt 40 j. / kg vahy. Inhibitery P2Y12 ani nizkomolekuldrni hepariny (LMWH) se v prvnich &
hodindch po CT nepodavajl vibec, pozdéji podle rozhodnuti neurologa.

Ma korekci pfipadné hypertenze |ze pouiit urapidil (Ebrantil®):
Bolus 10 mg / 20 vtefin (tj. 5 ml roztoku z 50 mi stiikalky divkovate - 50 ml stiikatka se 100 mg Ebrantilu
obsahuje 2 mg v kakdém mililitru)
2a 5 minut kontrola TE, pokud neni efekt bolusy lze opakovat v 5 min. intervalech do celkové davky 50 mg (= 25
mil)
- Zatinat |é€bu lze téE rovnou kontinudlng rychlosti 120 mgfhod. ber podani uvodniho belusu s ndslednym sniZenim
dévky (rychlosti infuze) pii poklesu TK

- Udrfovaci kontinudini lé¢ba 2-10 mg/h podle stavu a TK. Maximdlni doporufovand dédvka pro dlouhodobéjsi
poddvani je 30 mg/h.

Pouiiti trombolyzy:

0 podéni trombolyzy rozhoduje podle platnych doporuéenych postupd neurolog. Pokud se rozhodne
trombolyzu podat, musi tak uginit neprodlené po skonéeni CT wyietieni.
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Postup:

Postup stanovuje schema na str. 3 a niZe uvedené rozhodovaci schema ve vztahu k CT vySetieni.

Al wisikld hemiparons O hamiplage (sl
newolphiznaky)

Cars oo gaddithn plipnak <8 hodin
MIHES =5

CT dostiging & =M min. poddi el g giale

s ad ialiti phrskd ds ialdtiu sngiogralie j&

B0 minut
[Tyl ciey: ikbues wanikly w atlabu o kompliceo:
[t wipleiias)
Frrvaivni megiagrafie modkevich beper ¢
P infervencl, pak CT
Cov o smbith s <3 Nod, Co o rolisie rikuckdh 0 bodk ne o zobdthy phen »8 hod.
'
N A . e pletai CT fol ] prokile i
Watived CT wylaiuje krvficeni & Bumaor M?m“mmm Koepletnl CT [l angiografie o parfuse prokidle fi
o podind TL phed plevarem roshodng reurclog) . welkou luchemil o meni penumbr:
(TL wiperasiné - razhodne neunclog)
Anplografle / trombeksomis Kerpervationl pariup

Angeagrafic [ trambektorme

Cilové a maximalni £asové prodlevy:
Klicové fasy a daldi vstupnli informace se zaznamenaivaji do tabulky:

Protokal isch. CMP ve FNKV (245t 1 — Zasy, TK, NIHSS) Cas [ tiselnd hodnota Showni kamentif

Edy byl naposledy pacient viden bez pilenalkd iktu:

Edy a kym bylo wysloveno podedfeni na ikius

Cas preniho konfakiu packenta s persondlem FRIY

Cas prmiho newralogického wietfeni

Vatupni hodnota NIHSS

Prmi iméfend hodnota TE

Cas plijerdu pacients na CT

Cas odjerdu pacients ¢ CT

Cas podani trombolyry [nebo dived nepedint)

Can phijesdu do katlabu (nebo dived neindikowvini
intenene)

Cas raveden| sheathu

Prvni invazivid ervéfem TR

Las prvni rekanalizace
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Viichni zdéastnéni zdravotniéti pracovnici musi vyvinout maximalni dsili o zkraceni viech Easovych
prodlev. Cilové éasy by mély v naprosté vétiiné pfipadd byt takové, aby mezi pfijezdem pacienta do
nemocnice a zatdtkem intervence (zavedeni sheathu do tepny) uplynulo pfibliiné 60-75 minut:

Protokol isch. CMP ve FNKV (East 1 — £asy, TK, NIHSS) Cas / Eiselnd Slovni komentar
hodnota

Kdy byl naposledy pacient vidén bez pfiznakl iktu: Cas 0:00

Kdy a kym bylo vysloveno podezfeni na iktus 1:00 275

Cas prvniho kontaktu pacienta s persondlem FNKV 1:30

Cas prvniho neurologického vyietfeni 1:35

Vstupni hodnota NIHSS

Prvni zméfena hodnota TK

Cas pfijezdu pacienta na CT 1:45
Cas odjezdu pacienta z CT 2:10
Cas podéni trombolyzy (nebo divod nepodéani) 2:00
Cas pfijezdu do katlabu (nebo diivod neindikovani 2:30
intervence)

Cas zavedeni sheathu 2:45

Prvni invazivné zméfeny TK

Cas prvni rekanalizace 3:30

Pfi nedsp&iném katetrizatnim vykonu trvajicim déle nef 90 minut od vpichu do tepny musi
katetrizujici 1ékaF zvaZit dalii pokrafovani vykonu s ohledem na celkovou délku ischemie mozku
(kromé uzavéru a. basilaris, kde se o rekanalizaci miife pokouiet déle).

Kdy lze provést invazivni angiografii jake prvni vyietieni (pied CT):

1. Ischemicky iktus vznikly u nemocnych v pavilonech 5 / 51 v dobé kdy CT v 51 neni okamZité
dostupné a angiografie by mohla byt zahdjena okamiité (lékaf je pfitomen v nemocnici, sal
je volny).

2. Ischemicky iktus vznikly pfimo na katetrizaénim sdle (pacient je okamZité intervenovan na
tomtéE sale)

Farmakoterapie.
Pro spravnou lé¢bu je zdsadni informace o podavané medikaci. Proto souasti protokolu je | tato

tabulka:
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Protokal Isch. CBP
wa FNEV kst 2 ~
Iy

Béhem posl. 7 dnil phed touto phihodeu
(doma 2i ve rdrav.zafizen()

Podand II5

Fodand ve FNKY bihem prynich 24 hodin

Eyselina
a0ety|salicyhovd

Hegarin

Trombolytikum

Warfarin & jing
p.o.antikoagulans

Clopidagre| & jiny
inh.P2¥12

Diuretikm

ALEanhibitor (-pril)

ARE [.s3r1an)

Blokator Ca-kandlu

Jina
antibyperteneidurm

Informovany souhlas.

Informovany souhlas schvaleny Etickou komisi FNKV je pfilohou tohoto protokolu.
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Priloha 6. Direct catheter-based trhombectomy in acute ischaemic stroke
performer collaboratrively by cardiologists, neurologists and radiologists: the SEULE,.E.,?,EE;& N“,E,ﬂl
single-centre pilot experience (PRAGUE — 16 study).

Direct catheter-based thrombectomy in acute ischaemic
stroke performed collaboratively by cardiologists,
neurologists and radiologists: the single-centre pilot
experience (PRAGUE-16 study)

Petr Widimsky'#*, MD, DrSc, FESC, FACC; Boris Koznar', MD; Tomas Peisker®, MD; Peter Vasko?, MD;
Jana Vavrova', MD; Ivana Stetkarova®, MD, PhD

I. Department of Cardiology, University Hospital Kralovske Vinohrady and the Third Faculty of Medicine, Charles University,
Prague, Czech Republic; 2. Department af Newrology, University Hospital Kralovske Vinohrady and the Third Faculty of
Medicine, Charles University, Prague, Czech Republic

Abstract

Aims: To assess the feasibility of direct catheter-based thrombectomy (d-CBT) performed jointly by cardi-

KEYWORDS

e ologists, neurologists and radiologists.
stroke

* direct
thrombectomy

Methods and results: Compuied tomography (CT) was completed within <6 hours from onset of acute
ischaemic stroke and excluded bleeding or developed ischaemia in 23 patients who fulfilled pre-specified
entry criteria. The mean NIHSS was 17 (8-24). Mechanical recanalisation was successful in 19/23 patients
(83%). The mean symptom onset — CT time was 81 min, CT — sheath insertion 47 min, sheath - reperfusion

» reperfusion therapy
* thrombolysis

46 min. Three patients died within 30 days, two others within 90 days (overall three-month mortality 22%).
The mean mRs at 90 days for the entire group was 3.19, among survivors 2.31 and among survivors treated
within <120 minutes 1.17. Favourable functional outcome (mRs <2) was achieved in 48% of patients. Five
patients {22%) had full {mRs=0) or nearly full (mRs=1) neurologic recovery. Seven patients were able to be
discharged from neurology 1CU directly home after a short (<7 days) hospital stay. Two patients had symp-
tomatic intracranial haemorrhage.

Conclusions: Acute stroke treatment by d-CBT jointly by neurclogists, cardiologists and radiologists pro-
vided promising results especially in patients reaching the cathlab within <2 hours from stroke onset.

eponding author: Carndiocenter, Charles University, Ruska 87, 100 00 Prague 10, Czech Republic.

E-mail: petrwidimsiafnfvez
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Introduction

Direct mechanical reperfusion using catheter-based thrombectomy
without thrombolysis (d-CBT) was first used in 2001' and there is,
as yet, no randomised tral completed to date comparing mechani-
cal reperfusion {(without thrombolysis) versus intravenous throm-
bolysis. Thus, the latest official guidelines® do not yet recognise
direct mechanical intervention as the accepted routine therapy for
acute stroke.

While in-hospital mortality of acute myocardial infarction has
been successfully decreased to a current level of 5-8%, mortal-
ity on account of acute stroke has remained almost unchanged.
Thrombolysis has not been associated with reductions in mortal-
ity due to acute ischaemic stroke. After having fully developed ST
elevation myocardial infarction (STEMI) networks in their regions,
many cardiologists worldwide are increasingly interested in acute
stroke treatment. However, the interventional treatment of acute
stroke (unlike acute myocardial infarction) requires effective coop-
eration among several medical specialities. The leading neurologists,
neurosurgeons and neuroradiologists recognise the possibilities of
effective regional STEMI networks (enabling 24/7 service for acute
interventions) and are opening their minds to future cooperation with
cardiologists to improve patient access to this modern therapy.

The current evidence for a non-facilitated (without thromboly-
sis) primary mechanical revascularisation in acute ischaemic stroke
is limited - there are no randomised trials comparing mechani-
cal reperfusion alone versus pharmacologic reperfusion alone. All
published trials are spoiled by combined use of both approaches,
despite the fact that no randomised study has demonstrated the ben-
efit of such a combination over simple intravenous thrombolysis.
Even the published registries of CBT include a mixture of patients
treated with facilitated intervention and with direct mechanical
intervention. A multidisciplinary approach using the existing “fast
track”™ for acute myocardial infarction patients might be beneficial
if' it leads to shortening of unacceptably long time delays between
the first medical contact and catheter intervention. We consider it
absurd that in acute myocardial infarction the recommended time
for door-to-sheath (needle) 15 30 minutes, while in acute siroke
{with a much shorter time window for reperfusion treatment due to
the faster progression of irreversible brain damage) it is 60 or even
90 minutes. Therefore we tested a multidisciplinary (neurology+
radiology+eardiology) approach.

Editorial, see page 778

The aim of this pilot study was to assess the feasibility of d-CBT
performed within a STEMI network in a multidisciplinary setting
{close cooperation among cardiologists, neurologists and radiolo-
gists) in a single centre with no previously existing programme of
acute stroke interventions.

Patients and methods

Patients were eligible if initial computed tomography (CT) dem-
onstrated cerebral artery occlusion within <6 hours from onset of
typical symptoms of an at least moderate (NIHSS =8) acute stroke,
and if invasive angiography could be mitiated after CT without
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delay. Exclusion criteria were: previously known moderate-severe
neurologic symptoms, known coagulation disorders, known severe
hypoglycaemia, intracranial bleeding (including in the history)
and CT evidence of developed large ischaemia. The two co-pri-
mary endpoints of the study were 1) angiographic recanalisation
rate and 2) functional neurologic outcome (mRs) at three months.
Secondary endpoints were ANTHSS (admission—discharge), overall
mortality at 30 and 90 days and symptomatic intracranial bleed-
ing (defined as ANIHSS =4). The 90-day outcomes were assessed
by board certified neurologists who were (as per study design) not
blinded to the treatment.

During the initial study period of 16 months (10/2012 o
1/2014) only 23 patients {out of 540 stroke patients admitted to
this hospital during the same period) fullfilled the entry criteria
(Table 1). The two main reasons for non-inclusion to this pilot
study were smaller stroke size (NIHSS <8) and late (=6 hours)
presentation. The mean age was 64.8 years (range 32-84), 48%
were females, and all patients had an anterior stroke. The mean
admission NIHSS was 17 (range %-24). Two patients suffered
acute stroke while hospitalised for other illnesses in our hospi-
tal and 21 were brought to our hospital by the emergency medi-
cal system (EMS) ambulance. The EMS informed the neurologist
on duty during the transport, brought the patient to the CT room
and the neurclogist usually met the patient on the way to the CT
FOOM.

The primary strategy was to perform direct (primary) mechani-
cal reperfusion (without lytics). Nevertheless, five patients received
thrombolysis prior to mechanical intervention, and the remaining
18 patients received periprocedural heparin (mean dose 2 978 units,
range 30-60 units’kg). The study protocol (specifically including
abandoning of thrombolytics) was approved by the local ethical
committee. The ethical committee recommended that, whenever
written informed consent could not be signed by the patient (due to

Table 1. Patients’ baseline characteristics.

Parameter | Value
Mean age (range) B84.8 (32-84)
Females 48%
Diabetes mellitus 35%
Hypertension 52%
Atherosclerosis in other locations (coronary, 26%
peripheral)
Afrial fibrillation or flutter {any form, any time in the 30%
patient's history)
Interatrial communication (atrial septal defect or 17%
patent foramen ovale)
Prior cerebrovascular events 9%
Symptom onset during the night (between 17%
22:00-06:00)

Patients with sheath insertion within <2 hours from

symptom onset 48%

Patients with CT - sheath time <30 minutes 43%




his'her actual mental status in the acute phase of stroke), it should
be signed either by a close relative (if present) or by the indicating
neurologist (who decided to perform the procedure).

INTERVENTIOMNS AND LOGISTICS
All patients were included based on the decision of a neurologist,
who was present during the entry CT examination (Figure 1).
After CT, patients were transferred to the catheterisation labora-
tory of a tertiary cardiac centre and intervention was performed
jointly by an interventional radiologist (B.K.) and an interven-
tional cardiologist (P.W.) via femoral access. Due to the low
number of suitable patients (mean 1.5 patients per month) we
decided not to involve more interventional specialists in acute
stroke interventions in order to build and keep sufficient prac-
tical experience in those who performed the procedures. This
strategy caused intervention unavailability in only one single
case during the 16-month period, and five interventions were
performed solely by the interventional radiologist (when PW.
was not available). The stent retrievers used were Trevo® (n=13)
(Concentric Medical, Fremont, CA, USA), Solitaire® (n=10)
{ev3, Plymouth, MN, USA), and Penumbra (n=3) (Penumbra
Inc., Alameda, CA, UUSA). In 18 patients a single stent retriever
was used, and in five patients two stent retrievers were used.
In four patients simultaneous carotid intervention was per-
formed with the use of the Wallstent™ { Boston Scentific, Matick,
MA, USA).

Patients were admitted by a neurologist via CT and cath-
lab to a cardiology intensive care unit {ICU) and were trans-
ferred to a neurology 1CU 12-24 hours after the intervention.

Suspected

—EMS
acute stroke ~ Ay hespital physician

- Preliminary info to cathlab

CT-angiography

[=E howrs frem symplem

Direct thrombectomy in acute stroke

The cardiology ICLU was used for the initial hours after interven-
tion for logistical reasons (initial set-up phase of an acute stroke
interventional programme, neurology ICU in another building
within the hospital).

GEMERAL AMAESTHESIA

The default strategy was to perform the intervention without anaes-
thesia/intubation. Intubation was requested by the interventional
radiologist in six patients (26%) due to persisting severe unrest. In
these cases, an anaesthesiologist or an intensivist was called during
the intervention from the cardiology ICU or from the anaesthesiol-
ogy ICU to perform the intubation.

Results

ANGIOGRAPHIC FINDINGS

Medial cerebral artery (MCA) alone was occluded in 13 patients,
internal carotid artery (1CA)*MCA in four patients, ICA+MCA+
anterior cerebral artery (ACA) in three, MCA+ACA intwo and ICA
alone in one patient. The 0.0107 or 0.014" guidewire crossed the
occlusion in 22/23 patients (96%). Mechanical recanalisation was
successful in 19/23 patients (83%) after a mean of three thrombus
retrieval attempts.

TIME DELAYS
The mean time delays (Tahle 2) were: symptom onset — CT &1 min,
CT - arterial sheath insertion 47 min, sheath - reperfusion 46 min.
Patients with symptom onset — cathlab time <2 hours had favour-
able outcome (mRs 0-2) in 55% versus 40% among those with time
delay =2 hours.

— Newrologist+radiobogist
— Inchusion criteria
- Decision for invasive angiography

Invasive angiography

Catheter-based thrombectomy
{andfer carotid 5l-.*nl|n-; when indicabad)

- Imterventional radiologist
- Imterventional cardiologist

6-24 hours stay
in cardiology ICU

Transfer to neurology ICU

Figure 1. The logistics: sequence of actions in each patient with fmvelved physicians " specialisations. CT? computed tomagraphy,

EMS: emergency medical service; ICU: intensive care unit
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Tahle 2. The time delays and functional outcomes.

Interval | Mean (min) | Range (min)

Symptom onset - CT il 38-337
LT - sheath 47 1B-134
Sheath - reperfusion 46 17-75

Total ischaemic time (symptom onset - reperfusion) 211 111-437

Symptom - | Symptom -
Functional outcomes cathlab time | cathlab time
<120 min =120 min
Death or severe disability (mRs =2) at 90 days 5% Bl%
Mean mRs at 90 days (all patients) 282 360
Mean mRs at 90 days (survivers only) L 280
CLINICAL OUTCOMES

Three patients (13%) died within 30 days, and two others within
90 days (overall three-month mortality 23%). The mean mRs at
90 days for the entire group was 3.19, and among survivors it was
231 (Figure 2). Favourable functional outcome (mRs =<2) was
achieved in 48% of patients. Of note, five patients (22%) had full
(mRs=0) or nearly full (mRs=1) neurologic recovery. Seven patients
were discharged from neurology ICU directly home after a short
(=7 days) hospital stay, while 13 patients were transferred to reha-
bilitation units for further treatment. Two patients had symptomatic
intracranial haemorrhage (NIHSS increase =4): one of them received
thrombolysis. One patient had a smaller intracranial haemorrhage.

OUTCOMES OF PATIENTS WITH INTERVENTION
PERFORMED UNMDER GENERAL ANAESTHESIA

The mean age of these six patients was 63 vears (median 72). The
mean admission NIHSS was 18.5 (range 14-24). Four of the six intu-
bated patients died duning the hospital stay, one remained severely
limited {mRs=4) and one (32-year-old female with NIHSS 14 and
with patent foramen ovale) fully recovered within 24 hours (mRs=0).

Discussion

POTENTIAL PRACTICAL IMPLICATIONS OF THIS STUDY
There are two key elements of this study which make it different
from the previously published non-randomised trials: (a) default

mRS at 80 days

0Nl H? H3 Ha Hs Hs
Figure 2. Fincrional outcomes as assessed by the modified Rankin

seale fmits) ar W davs. Green colowr! good functionad outcomes (mis

0. 1, 2); rediviolet colour: poor functional outcomes (mis 3, 4, 3, 6).
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strategy for d-CBT, i.e, not to use thrombaolytics, and (b) involve-
ment of the cardiology catheterisation laboratory and the cardi-
ology team jointly with an experienced newroradiologist in order
to minimise the time delays. In practical terms: 1) the cardiology
nurse (who is present in the cathlab for acute myocardial infarc-
tion patients on the basis of 24/7 service) immediately after a phone
alert initiates the cathlab equipment and prepares the materials for
the procedure. Thus, the patient arrives from CT to a prepared cath-
lab, and 2) the interventional cardiologist may arrive before the
radiologist and can start the procedure with the radiologist joining
him a few minutes later.

TIME DELAYS

The time delays achieved in this study compare favourably with
delays reported in most published studies. However, these delays
could be considered unacceptable, leading one to postulate that an
acceptable aim for the future is to achieve a mean CT - sheath time
of around 30 minutes. Our group has considered modifying radi-
cally the patient flow to mirror the flow in acute myocardial infarc-
tion, i.e., to accept patients with an early (<2 hours from onset)
and typical (hemiparesis’hemiplegia) acute stroke presentation
directly to the cathlab. Such an approach might shorten the delays
to reperfusion by at least 30 minutes. However, after discussions,
the group elected to maintain the current patient flow via CT first.
Future cathlabs equipped with combined CT/flat panel angiography
could facilitate a reconsideration of the patient flow for acute stroke
patients. The critical importance of time was recently reviewed by
Sun et al’.

COMPARISON WITH RECENT LARGE RANDOMISED TRIALS

The results of this pilot sudy compare favourably with the end-
ovascular arms of three recently published major randomised
trials (IMS 11I, MR Rescue, SYNTHESIS)*®, and in particular
(Figure 3): similar 90-day mortality (19-22%, lower mortality in
the SYNTHESIS trial was related to “softer” inclusion criteria

i1

W Mortalty
B Ceathfsevere nuaiidity
[l Mean mRs at 50 days

PRAGLUE- 16 M lll trial

MR Rescue
pilat trial brial

SYNTHESIS

*SYNTHESIS included patients with small strokes (MIHSS =2)
**MR Rescue included patients with NIHSS =6

Figure 3. Comparison of results of this pilot study with the
endovascular tréatment arms of the three largest randomised

trals ™™,



allowing NIHSS =2), similar three-month functional outcomes
{good cutcome with mRs <2 in 41-48%, the mean 90-day mRs
ranging between 2.9 and 3.9). The Interventional Management
of Stroke (IMS 1) tnial* has suspended enrolment due to futil-
ity. A major limitation of the IMS I trial was that patients were
selected on clinical grounds and only 47% had a CT angiogram
{CTA). In a preplanned analysis of the patients with a documented
arterial ocelusion by CTA there was a significant benefit in favour
of facilitated intervention (p=0.01). These trial data on combined
pharmacoinvasive therapy demonstrate that there is no bene-
fit from facilitated intervention (iv thrombolysis followed by ia
thrombolysis+catheter intervention) over iv thrombaolysis alone in
acute stroke.

MODERM STENT RETRIEVERS AND DIRECT CATHETER-
BASED THROMBECTOMY

Evidence from large randomised trials with d-CBT is still lacking
in acute ischaemic stroke. In the last three to five years several
new clot retrieval devices (stent retrievers) have been intro-
duced and received the CE mark for use in European patients.
These devices (e.g., Solitaire or Trevo) could be considered to be
a hybrid between a self-expanding stent and a soft “spider-web-
like™ basket for clot removal, and the risk of complications with
these latest-generation stent retrievers is much smaller, while their
success rates are higher. The published trials on the use of stent
retrievers™! have demonstrated their feasibility and high recana-
lisation rates, but have no relevant implication to the question of
whether reperfusion should be performed by mechanical means
alone, pharmacological means alone or by a combined approach.
The Penumbra pivotal stroke trial” included 125 patients mostly
pretreated by thrombolysis. The Solitaire With the Intention For
Thrombectomy (SWIFT) trial® testing the Solitaire stent retriever
showed its superiority over an older predecessor, but also included
a mixture of patients treated with and without thrombolysis.
The TREVO 2 trial” was similar to SWIFT and tested the Trevo
stent retriever. In a single-centre study™ with the Solitaire stent
retriever 75% of patients received thrombolysis before/during
the intervention. A recent large multicentre retrospective review
included 237 patients with acute anterior circulation ocelusion,
in whom endovascular treatment was initiated =8 hours {mean
15 hours) from the time last seen well. Successful revascularisa-
tion was achieved in 74%. Parenchymal haematoma occurred in
9%. The 90-day mortality rate was 21.5%, and there was an unfa-
vourahle outcome (mRs 3-6) in 55%.

The most recent meta-analysis'? of CBT registries identified 16
eligible published studies. Successful recanalisation was achieved
in 59 1% (Merci), 86.6% (Penumbra) and 92.9% (stent retriev-
ers). Funetional independence (mRs =2) was achieved in 31.53%
{Merci), 36.6% ( Penumbra) and 46.9% (stent retrievers). The three-
month mortality rate was 37.8% in the Merci studies, 20.7% in the
Penumbra studies, and 12.3% in stent retriever studies. This study
demonstrated improved outcomes after CBT when performed with
the latest generation of stent retrievers. A major limitation of this

Direct thrombectomy in acute stroke

and any other meta-analysis or comparison between stroke trials
is the heterogeneity of the stroke patients enrolled and the eriteria
for patient selection. This heterogeneity stems from the multitude
of causes of ischaemic stroke (e.g., atherosclerotic occlusion, car-
dicembolism, spontaneous dissection, etc.) as well as the variable
sizes and locations of thrombi and occlusions. In addition, the sta-
tus of collaterals, the severity of the ischaemic penumbra, and the
size of the ischaemic core pretreatment all have an effect on prog-
nosis and outcomes.

THE USE OF GENERAL ANAESTHESIA

Interventional techniques and periprocedural management are
highly variable. Patients undergoing catheter-based interventions
for acute ischaemic stroke receive either general anaesthesia (GA)
or conscious sedation. GA may delay time to treatment, whereas
consclous sedation may result in patient movement and compro-
mise the safety of the procedure. Analysis of 980 patients who
underwent intervention for acute anterior circulation stroke at 12
stroke centres between 2005 and 2009 found an overall recanali-
sation rate of 68% and symptomatic haemorrhage rate of 9.2%.
GA was used in 44% of patients with no differences in intrac-
ranial haemorrhage rates when compared with the conscious
sedation group. The use of GA was associated with poorer neu-
rologic outcome at 90 days (odds ratio=2.33; 95% CI: 1.63-3.44;
p=<0.0001) and higher mortality (odds ratio=1.68; 953% CL. 1.23-
2.30; p=0.0001) compared with conscious sedation. For example,
it is becoming increasingly more likely that the use of general
anaesthesia has a significant deleterious effect on outcomes and
an increased montality'?9.

INTERNAL CAROTID OCCLUSIONS

A recent study'® demonstrated that even stroke caused by the acute
ocelusion of the internal carotid artery (with only 8-17% recanali-
sation rate and 55% mortality rate when treated by thrombolysis)
can be effectively treated by CBT: successful revascularisation of
the extracranial internal carotid artery with acute stent implanta-
tion was achieved in 95% of patients. Intracranial recanalisation
was achieved in 61% of patients who had simultaneous intracranial
antery occlusion. The mortality rate was 13.6% at 90 days and there
was a favourable outcome {mBRs <2) in 41%.

Study limitations

This study has several important limitations. It is a small single-
centre study. Although our centre has extensive experience in the
routing treatment of all acute myocardial infarction patients with
primary PCI, our centre has no prior experience in interventional
treatment of acute stroke. The interventional radiologist involved
(B.K.) had some experience in acute stroke interventions from his
previous hospital. The absence of a randomised design and thus
the absence of a control group is an obvious limitation. The study
was designed with the expectation of 50-100 acute stroke inter-
ventions per year. The inclusion was lower and impacted on staff
training. This issue 1s commonly faced in most other acute stroke
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centres in Furope — an inclusion of 10-50 acute stroke inter-
ventions per vear is not unusual. The discussion as to why only
a small proportion of acute stroke patients 15 suitable for CBT is
beyond the scope of this paper, but two main reasons should be
mentioned in brief: (a) most stroke patients arrive at the hospital
late (when reperfusion would be rather deleterious), and (b) only
about 30-40% of acute ischaemic stroke patients have a major cer-
ebral artery (e.g., medial cerebral artery, basilar artery or internal
carotid artery) occlusion demonstrated on the CT. Another limita-
tion of our study 1s that we did not systematically measure final
infarct volumes, which may be an interesting surrogate endpoint
for similar small studies and which may have an important impact

on patient outcomes's.

Future improvements

Different reperfusion methods in acute stroke compared to their
use in acute myocardial infarction were described recently in
a comprehensive review written jointly by interventional car-
diologists and interventional neurologists'”. We believe that
d-CBT might be the best currently available treatment for acute
ischaemic stroke, but only if a “military-like” organisation and
“ultra-fast™ patient flow through the system of medical care can
be achieved. There are several options for shortening the delays:
1) the cathlab and the interventional specialist (radiologist,
cardiologist or any other specialist with sufficient experience
with acute vascular interventions in life-threatening situations)
should be alerted as soon as the diagnosis of acute stroke is sus-
pected (before CT scan!) even if this results in a few unneces-
sary alerts (no intervention indicated after CT scan) and a futile
journey to the cathlab;, 2) CT scanner and flat panel angiograph
may be combined in one setting (ideally in the cathlab) to allow
direct patient admission from the EMS ambulance to cathlab as
is routinely done in acute myocardial infarction; and 3) the use
of existing STEMI services may shorten the time delays (staff
are in the hospital, cathlab can be prepared in a few minutes,
cardiology centres have several cathlabs, thus at any time one
can be free and ready immediately, etc.). It is likely that d-CBT
(without thrombolysis) will be a preferred option in future for
those patients with acute ischaemic stroke in whom the inter-
vention can be started almost immediately (e.g., within <30 min-
utes) after CT scan, while the facilitated approach (intravenous
thrombaolysis directly at the CT room followed by CBT) may be
good for situations with longer delays between CT and cathlab
(e.g., transferred patients).

Thus, despite the limited experience (learning curve), the
results of acute stroke treatment by direct catheter-based
thrombectomy jointly by neurologists+cardiologists+radiologists
are comparable to outcomes of patients randomised to endovas-
cular therapy in the largest randomised trials. The latest genera-
tion of stent retrievers is able to recanalise 80-90% of occluded
intracranial arteries — far more as compared to thrombolysis.
However, it is not yet known whether this translates to better
clinical outcomes. Sufficient data on outcomes after d-CBT
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{without thrombolysis) are still missing and trials comparing iv
thrombolysis versus d-CBT are needed.

Impact on daily practice

Direct catheter-based thrombectomy is a promising reperfi-
sion therapy for acute ischaemic stroke if it can be initiated
within less than 45 minutes from CT scan. Collaboration of
cardiologists, neurologists and radiologists offers the opportu-
nity to shorten the time delays and thus to improve patient out-
comes. If cardiology cathlab staff are present 24/7 on-site and
are alerted even before computed tomography is done, the inter-
vention can begin very soon after CT. Patients treated by this
approach within =3 hours had excellent outcomes. The modern
stent retrievers are very effective in achieving high recanalisa-
tion rates. Randomised trials are needed to show whether such
fast-track direct catheter-based thrombectomy is more effective
than intravenous thrombolysis.
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Priloha 7. Direct catheter-based thrombectomy for Acute Ischemic Stroke. Outcomes of
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Letters

Direct Catheter-Based
Thrombectomy for
Acute Ischemic Stroke

CrossMark

Outcomes of Consecutive Patients Treated
in Interventional Cardiology Centers
in Close Cooperation With Neurologists

We sought to evaluate the outcomes of acute stroke
patients, who did not undergo thrombolysis, and who
were treated by direct catheter-based thrombectomy
(CBT) in 3 interventional cardiology centers without
pre-existing onsite programs for neurovascular in-
terventions. Neurologists routinely selected patients
for intervention. Their selection was on the basis of
clinical presentation and computed tomography (CT)
imaging. The decision not to use thrombolysis was on
the basis of the presence of a contraindication or on a
predicted short CT-to-sheath insertion time.

We analyzed the data of 84 consecutive patients
with acute ischemic stroke (National Institutes of
Health Stroke Score [NIHSS] =6) who were treated in
these 3 centers with mechanical thrombectomy
without bridging or intra-arterial use of fibrinolytics
between January 2012 and November 2014. The local
ethical committees of the participating institutions
approved the study.

Good neurological outcome was defined as a
modified Rankin scale (mRS) =2 after 3 months.
Symptomatic intracranial hemorrhage was defined as
intracranial bleeding on CT or magnetic resonance
(MR) imaging with neurological deterioration of =4
NIHSS grades within 7 days. Time points were defined
as follows: stroke onset as the time the patient was
last seen well; CT (MR) as time of initiation of CT (MR)
imaging; arterial puncture as time of sheath insertion;
and recanalization as time of first-documented
Thrombolysis In Cerebral Infarction [TICI] =2a flow
in the respective artery. Baseline clinical character-
istics of the patients are listed in Table 1.

The middle cerebral artery (MCA) was occluded
alone in 46 patients; a combined internal carotid ar-
tery (ICA) lesion and MCA occlusion was found in 27
patients. The ICA was occluded alone in 9 patients,
the vertebral artery was occluded in 1 patient, and the
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basilar artery was occluded in 1 patient. We used the
following stent retriever types: Solitaire (Covidien
ev3) 41 times; Trevo (Stryker Neurovascular) 27 times;
Catch (Balt Extrusion) 6 times; Penumbra (Penumbra)
4 times; BONnet (Phenox) 3 times; Eric (Terumo) 2
times; and pREset (Phenox) 2 times. Simultaneous
carotid stenting was performed in 12 patients: Xact
stent (Abbott Vascular) 8 times, Wallstent (Boston
Scientific) 3 times, Adapt stent (Boston Scientific)
1 time. The median time intervals are shown in
Table 1.

Angiographic success, which was defined as TICI
=2a flow at the end of the procedure, was achieved in
74% of patients. Immediate neurological impro-
vement occurred in 25 patients (30%), and 6 reached
complete neurological recovery (mRS = 0). Twenty-
four patients (29%) were discharged directly home
(no institutional rehabilitation). Good neurological
outcome was achieved in 42% (35 of 84) of patients.
The strongest predictor of good outcome was the time
from stroke onset to an arterial puncture of <180 min;
patients treated within 3 h from stroke onset had a
good outcome in 54%, whereas patients treated after
3 h had a good outcome in only 31% (p = 0.031).

Recently, 3 randomized trials (1-3) demonstrated
the benefits of timely mechanical intervention in
acute stroke. Future guidelines certainly will reflect
these data.

The main observations of this analysis are: 1) acute
stroke interventions performed by interventional
cardiologists may achieve results comparable to those
of neurointerventional centers (e.g., compared with
data in the MR CLEAN (Multicenter Randomized
CLinical trial of Endovascular treatment for Acute
ischemic stroke in the Netherlands) investigation (1);
and 2) direct CBT performed without thrombolytics
quickly after CT imaging may be a viable alternative
to bridging thrombolysis (facilitated CBT) (1,2).
Cardiology centers are able to achieve short CT to
catheter laboratory times, due to their experience
with primary angioplasty services for acute myocar-
dial infarction. The first 5 cases of acute stroke
treatment by interventional cardiologists were pub-
lished in 2008 (4).

It is not certain whether available neuroradiology
services will be able to meet the expanding needs
of the population (facing the fact, that CBT becomes
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TABLE 1 Baseline Characteristics, Time Delays, and Outcomes

Baseline clinical characteristics
Female
Anterior stroke
Age, yrs
Diabetes mellitus
History of hypertension
Clinical evidence of atherosclerosis
Atrial fibrillation (any type, any time)
History of stroke or TIA
Admission NIHSS
Time delays: median values, min (IQR: 25-75)
Stroke onset to CT
CT to sheath insertion
Sheath insertion to recanalization
Stroke onset to sheath insertion
Stroke onset to recanalization
Procedural data
Intubation/general anesthesia use
Heparin dose, units
Angiographic and clinical outcomes
Recanalization rate (TICI 2a/2b/3 flow)

Good neurological outcome at 90 days (MRS =2)

90-day mRS among early presenters

(stroke onset to sheath insertion time <3 h)
90-day mRS among late presenters

(stroke onset to sheath insertion time >3 h)

37 (44)
82 (97)
64.8 +13.8

25 (30)
63 (75)

37 (44)
34 (40)

9 (11)

18.0 + 4.1 (median 18, range 6-27)

90 (55-145)
64 (24-89)
53 (41-70)
165 (95-260)
236 (202-342)

24 (29)
3,570 + 3,800 (median 2500)

62 (74)
35 (42)
3.15 & 2.20 (median 2)*

3.81 + 2.11 (median 4)*

90-day mortality

Symptomatic intracranial hemorrhage at 7 days (%)

27 (32)
12 (14)

Values are n (%) or mean =+ SD, unless otherwise noted. *p = 0.160.
CT = computed tomography; IQR = interquartile range; mRS = modified Rankin scale; NIHSS = National
Institutes of Health Stroke Score; TIA = transient ischemic attack; TIC| = Thrombolysis In Cerebral Infarction.

class IA indication). In contrast, interventional car-
diology services for acute myocardial infarction are
available on a 24/7 basis in almost all European and
North American countries, and are becoming more
available on other continents. Thus, in places where
neuroradiology services are not available, the in-
volvement of interventional cardiologists may be a
reasonable option.

Direct mechanical thrombectomy performed by a
cardiologist may be considered a treatment option for
acute stroke in centers where no neurointerventional
services exist. Cardiology centers are able to achieve
short CT to catheter laboratory times due to their
experience in primary angioplasty for acute myocar-
dial infarction. Outcomes are comparable to endo-
vascular interventions performed in neuroradiology
centers.
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Abstract
Aims: The aim of this study was to evaluate the role of direct catheter-based thrombectomy (d-CBT, with-
out thrombolysis) and the feasibility and safety of d-CBT performed in an interventional cardiology centre.

Methods and results: This single-centre, prospective observational registry based on the pre-specified
protocol included three months of follow-up. The decision to perform acute stroke intervention was made
by a neurologist based on the clinical and imaging findings. Inclusion criteria were moderate-to-severe
acute ischaemic stroke (NIHSS =6), <6 hours from symptom onset, no large ischaemia on the admis-
sion CT scan and CT evidence for an occluded large artery. The primary outcome was functional neuro-
logic recovery (mRS 0-2) at three months. Key secondary outcomes were the angiographic recanalisation
rate and symptomatic intracranial bleeding. A total of 115 consecutive patients (mean age 66 years) were
enrolled during a period of four years: B4 patients underwent d-CBT and 31 patients bridging thrombaoly-
sis with immediate catheter intervention (TL-CBT). The annual number of procedures increased from 13
(initial 12 months) to 41 (last 12 months). Angiographic success (TICI flow 2b-3) was 69% after d-CBT
and 81% after TL-CBT. It was higher in isolated occlusions of the middle cerebral artery (MCA, 74% and
100%) or of the proximal internal carotid artery (1CA, 80% and 100%), while it was lower in combined
ICA+MCA ocelusions (63% and 70%) and in basilar or vertebral ocelusions (57% and 50%). Neurologic
recovery (mRS =2 after 90 days) was achieved in 40% of patients. It was higher (43%) in anterior circu-
lation strokes than in posterior circulation strokes (25%). Direct CBT led to neurologic recovery in 36%,
while in TL-CBT this was 52%. Best clinical outcomes (51% and 71% neurologic recovery rates) were
achieved among patients with isolated MCA occlusion. Any symptomatic intracranial bleeding was present
in 3.6% (d-CBT) and 6.5% (TL-CBT). Vessel perforation or major dissection occurred in 5.2% overall, and
distal embaolisation to other territory in 3.5% of patients.

Conclusions: Direct catheter-based thrombectomy may be considered in patients with contraindications
for thrombolysis or in patients with very short CT-groin puncture times. A randomised trial is needed to
evaluate better the role of direct catheter-based thrombectomy. Acute stroke interventions performed in
close cooperation among cardiologists, neurologists and radiologists are feasible and safe.
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Abbreviations
CT computed tomography

d-CBT  direct catheter-based thrombectomy (without
thrombolysis)

ICA internal carotid antery

MCA  middle cerebral artery

mRS  modified Rankin scale

NIHSS NMational Institutes of Health Stroke Scale

TICI Thrombaolysis In Cerebral Infarction
TL-CBT bridging thrombolysis with immediate catheter

intervention

Introduction

Direct (or primary, i.e, without thrombolysis) percutaneous coro-
nary intervention (PCI) became an established nationwide treat-
ment of acute myocardial infarction with 5T-segment elevation
(STEMI) in 2002 in the Czech Republic'? and in subsequent years
also worldwide™'. This significantly improved the outcomes of
patients with STEML.

Direct catheter-based thrombectomy (d-CBT) in acute ischaemic
stroke is still in its infancy. Endovascular interventions for acute
stroke developed rapidly after the introduction of the newer techno-
logy, Le., stent retrievers’. Since the introduction of stent retriev-
ers, five large randomised trials have collected clear evidence that
endovascular interventions used on top of intravenous (bridging)
thrombolysis significantly improve outcomes of patients with acute
ischaemic stroke™ . Thus, new guidelines for acute ischaemic stroke
recommend bridging thrombolysis followed immediately by CBT
as a class 1A indication for patients with moderate-to-severe ischae-
mic stroke, who fulfil imaging and clinical criteria. Nevertheless, it
remaing unclear whether bridging thrombolysis adds to the benefit
of CBT alone or vice versa. No randomised data exist to compare
direct CBT with CBT performed after bridging thrombaolysis.

Aneven greater question is whether (due to the limited availability
of experienced neuroradiologists) acute stroke interventions could
be performed at experienced interventional cardiology centres. Such
a strategy may facilitate the availability of this modern treatment
to a broad population, but it is not known at what price — whether
the results of such cardiology centres could be comparable with
experienced neurcradiology centres or whether such an approach
may cause higher complication rates and lower success rates.

The aim of this study was to search for answers to both these
questions: the role of direct CBT and the feasibility and safety
of CBT performed in an experienced high-volume interventional
cardiology centre.

Methods

SETTING

Our large tertiary university hospital had no neurcinterventional
programme until 2012 In 2010, the decision was taken to build
such a programme with the close cooperation of cardiologists,
neurclogists and radiologists — the true interdisciplinary approach.
Preparations included staff changes (new chair of neurology,
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interventional neuroradiologist joining full-time interventional
cardiology staff), preparation of local protocols, one-month visit
of the three key staff members to the high-volume comprehen-
sive stroke centre in Buffalo (USA). Furthermore, because new
approaches have been used (neurointerventions at an interven-
tional cardiology department, direct CBT without thrombaolysis),
the study protocol was discussed and approved by the local eth-
ics committee as with any other research protocol. The way inter-
disciplinary cooperation was organised and the route of patients
through the hospital are demonstrated in Figure 1.

STUDY DESIGN

This is a single-centre, prospective observational registry based on
the pre-specified protocol and including a minimal follow-up of
three months. This paper summarises the data after the first four
years. The decision to perform acute stroke intervention was made
by a board-certified neurologist in all patients based on the clinical
and imaging findings.

Inclusion criteria were: moderate to severe acute ischaemic
stroke (NIHSS =6), time interval <6 hours from symptom onset,
no or only small ischaemia visible on the admission CT scan, CT
evidence for an occluded major anery (either CT-angio or dense
artery sign on CT scan) and expected ability to start intervention
within <60 minutes from CT. Exclusion criteria were: previously
known neurologic symptoms (mRS 2-3), known coagulation dis-
orders, known severe hypoglycaemia, intracranial bleeding, CT
evidence of large ischaemia

The primary endpoint was functional neurologic outcome
(mRS) at three months (assessed by board-certified neurologists).
Secondary outcomes were: angiographic recanalisation rate, change
of the National Institutes of Health Stroke Scale score (ANIHSS)
from admission to discharge, symptomatic intracranial bleed-
ing (defined as ANIHSS =4 within 48 hours after intervention).

Endovascular interventions were performed via the femoral
approach in all patients. The carotid artery was engaged first with
a diagnostic catheter, and digital subtraction angiography of the
diseased side was performed. Once intracramial occlusion or erit-
ical flow-limiting stenosis had been confinmed, the carotid artery
{in anterior strokes) was cannulated with a balloon guide catheter.
A 0.010" guidewire (or 0.014” in some patients) was used together
with a microcatheter to cross the occlusive thrombus. Then the
suidewire was replaced by a stent retnever which was deployed
across the thrombus, left in place for three to five minutes and with-
drawn while the carotid artery was temporarily occluded by the
balloon guide, and 50 cc syninge aspiration was carried out simulta-
neously with clot retrieval. If necessary, the procedure was repeated.
In patients with proximal {extracranial) internal carotid occlusion {or
flow-limiting stenosis), carotid stenting was performed (Figure 1)
In five patients, large bore aspiration catheters were used: in two
before, in one after and in two without stent retrievers. Most inter-
ventions were performed by two operators out of the three involved
in this study — one interventional neuroradiologist (B. Koznar),
one interventional angiologist (F. Rohac) and one interventional
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Figure 1. Patient flow through the hospital demonstrating imterdisciplinary cooperation. The neurologist (in green) s responsible for all steps
Sfrom indication througlh to post-interventional patient evaluation 1o rehabilitation. The Cardiology Department and staff (in red) serve only to
perform the intervention and to take care of the patient for the few hours afier the intervention — but even at this stage the newrologist is

evaluating the patient.

cardiologist (P. Widimsky), all three being members of the cardio-
logy staff. This mode of operation was selected in order to facilitate
the staff experience facing the limited procedure volume per year -
especially during the first two years.

ANTITHROMBOTIC TREATMENT

The use of bndging thrombolysis (tPA iv. in guideline-recom-
mended dosage) was left to the discretion of the attending neurolo-
gist. As the study protocol recommended direct CBT, thrombaolysis
was usually used in situations when the immediate start of the
endovascular intervention was less certain (e.g., during nights or
weekends, when the interventionalist had to travel from home
to the hospital). Heparin was only rarely used in thrombolysed
patients and, if used, the dose was just 20-25 Ukg. In d-CBT
patients, a low dose of heparin (25-40 U/kg) was used routinely
during the procedure. All patients received aspinin the next day
after the procedure unless a bleeding complication was detected
on CT. Clopidogrel was added on top of aspirin only in patients
with acute phase carotid stenting.

NEUROLOGIC FOLLOW-UP

All patients were followed by a neurologist prior to, during and
after the procedure. They were also invited for neurologic and car-
diologic control after three months.

Patient baseline charactenistics are shown in Table 1. A total of
115 patients were enrolled during a period of four vears (October
2012 to September 2016). The number of procedures slowly
increased during these four vears: only 13 patients were enrolled
during the first 12 months, 27 patients during the second year,

Table 1. Patient baseline characteristics and time delays.

" Bridging

‘ Direct CBT | rombolysis+CBT
N B4 31
Mean age (years) b67.3 62.6

(range 32-84) (range 37-85)

Femnales (%) 48% 39%
Atrial fibrillation history 38% 29%
Prior stroke or TIA 18% 6%
Diabetes mellitus 29% 3%
Hypertension T 63%
Smoking 29% 45%
Chronic kidney diseaze 20% 13%
MIHSS on admission 17.4+6.0 15.7+7.2
{mean+SD)
Median 18 15
Intubation/artif. ventilation 19% 26%
Anterior circulation stroke | 77 (9) 79;) 25 (80.6%)
(n, %)
Fosterior circulation siroke 7 (8.3%) 6 (19.4%)
(n, %)
Symptom onset-CT time Mean 107+93 min.| Mean 77+26 min.
{median) Median 78 Median 75
CT-groin puncture time Mean 55+54 min. |Mean 117+81 min.
{median) Median 41 Median 103
Symptom onset- . .
recanalisation time Mm’:;}::ggﬁmm. Mea&ij?:ﬁ;glm.
{median)
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34 patients during the third year and 41 patients during the last
12 months. This increase mainly reflects the increased experience
of the local newrologists, who became familiar with the indication
to this procedure and increasingly trusted its results. Unfortunately,
the referrals from the broader (secondary/tertiary) catchment area
still remain very rare.

STATISTICS

Due to the above-mentioned biased decision to use bridging
thrombaolysis, we did not statistically compare direct CBT data
versus bridging thrombolysis. Only the raw data are presented
with basic descriptive statistics.

Results

TIME DELAYS

We carefully measured the time delays and these are listed in
Table 1.

Angiographic outcomes are shown in Table 2. lsolated occlusion
of the middle cerebral artery (MCA, segment M1 or rarely M2) was
found in less than half of the patients (44%). Internal carotid artery
occlusion or flow-limiting stenosis (extra- or intra-cranial segment)
with or without simultaneous MCA occlusion was found in a simi-
lar proportion (44%) (Figure 2). The basilar artery was occluded
in 108 and dominant vertebral artery in 1%. The overall angio-
graphic success rate defined as TICI 2b/3 flow was 72% with dif-
ferences between the occlusion sites (Table 2). While proximal 1CA
lesions were mostly atherosclerotic (only one patient had sponta-
neous carotid dissection without visible atherosclerosis), distal ICA
and MCA lesions were embaolic in all but one patient.

Table 2. Angiographic outcomes.

Bridging

Direct CBT | thrombolysis

+CBT
M B4 31
Periprocedural heparin dose (units,
mean=3D) 2,783+1,265 (1,583+1,177
Tandem (proximal ICA+MCA) or
T-type (terminal ICA bifurcation) 36% 33%
occlusion (%)
Isolated MCA occlusion 50% 29%
|solated proximal ICA occlusion 6% 19%
Basilar or vertebral artery occlusion 8% 19%
Angiographic success overall (TICI
2b-3 flow, %) 6% 8l%
Angiographic success for isolated
MCA occlusion 74% 100%
Angiographic success for tandem or
T-occlusion of ICA 63% 70%
Angiographic success for isolated
proximal ICA lesions = LR
Angiographic success for basilar/
vertebral occlusions e 2
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Figure 2. Severe (NTHES =20 anterior civculation stroke caused by
the tandem lesion: proxinal occlusion of extracrantal internal
carotid artery (1CA) and distal T occlusion of intracranial 1CA
bifircation. A) Anglography prior 1o the intervention showing

a proximal 1CA occlusion fblack arvow). B) TIMI T flow in the 1CA
after gutdewive passage, proximal crivical leston clearly viswalised
hlack arrow). C) Proximal 1CA afier stenting (Wack arvow) and
visualisation of intracrantal * 17" ecclusion (white arrow). D) Final
anglography showing a widely patent stented procimal 1C4 (black
arrow) and normal flow through the 1CA terminus 1o the intracranial
Branches fwhite arrow) afier thrombus removal with a stent retriever:

CLINICAL OUTCOMES

Orverall neurologic recovery (mRS =2 after 90 days) was achieved
in 41% of patients. It was much higher (59%:) in anterior circula-
tion strokes with isolated occlusion of the middle cerebral arery
(MCA) than in posterior (basilar/vertebral artery occlusions) strokes
(25%). Clinical outcomes per treatment (direct CBT and bridging
thrombolysis) are presented in Table 3. As explained above, these
two groups are inherently different, thus no statistical compansons
can be made, but the data show some surprising trends: NIHSS
improvement was faster in the direct CBT group but overall three-
month outcomes are similar as was the risk of symptomatic intrac-
ranial bleeding (defined rigorously as any intracranial bleeding on
imaging with NIHSS impairment of 4 or more).

COMPLICATIONS

The full list of complications is shown in Table 4. The most frequent
complication { intraparenchymal bleeding) was most likely not directly
caused by catheter manipulations (no visible vessel rupture or contrast
extravasation during the procedure), but rather by the fact that the artery
was opened relatively late — and bleeding was reperfusion damage'®.



Table 3. Clinical outcomes in patients treated by direct CET and in
group treated by bridging thrombolysis followed by immediate
intervention.

Bridging
All patients Direct CBT |thrombolysis
+CBT

M 115 a4 31
mRS 0-2 after 20
day (all strokes) 41/103 (40%) | 2B/78 (36%:) | 1325 (52%)
Anterior strokes 3990 (43%) | 2870 (40%) | 11720 (55%)
:‘n‘ff occlusions | 54104 (55%) | 1927 (51%) | &7 71%)
Any symptomatic
intracranial
haemorrhage 5/115(4%) | 3/84 (3.6%) | 2/31 (6.5%)
[NIHSS increase
=4, all strokes)
7-day mortality (all 14/115
S (12.29%) 9/84 (10.7%) |5/31 (16.1%)
90-day mortality
(all strokes) 36/103 (35%) | 30/78 (3B%) | 6/25 (24%)
Anterior strokes 29/97 (30%:) | 25/77 (32%) | 4/20 (20%)
MCA pcclusions only| 1344 (30%) | 1237 (32%) | L7 (14%)

Tahle 4. Periprocedural complications.

_ Bridging
Direct CBT ‘ thrombolysis-+CBT

M 24 31

Vezse| perforation or dissection 3 (3.6%) 3({9.7%)
Symptomatic stent thrombosis 1(1.2%) i}
Carotico-cavernous fistula 1(1.2%) o
Embalism to other territory 2(2.4%) 2 (6.5%)
Small embolism to the same

baritony 11 (13.1%) 4(12.9%)

Discussion

COMPARISON OF OUTCOMES WITH RANDOMISED TRIALS

As pur aim was o achieve a high standard in our performance, we
compared our results with results of the expent neurointerventional
centres from large randomised trials™'®. These seven trials enrolled
864 patients into the interventional arm (bridging thrombolysis
in the majority of these patients) and EE1 patients into the best
medical (including thrombolysis whenever possible) therapy arm.
Neurologic recovery (mRS -2 after three months) was achieved
in 48% of patients treated by intervention versus 30% of patients
treated by best medical therapy including thrombolysis. Our results
(43% mRS -2 at 90 days among all anterior circulation strokes)
did not achieve those of expert neurcinterventional centres, but
are clearly better then best medical therapy results in those trials.
Also, angiographic outcomes (TICI 2b/3 flow 63-100% for vari-
ous subgroups of anterior circulation strokes and 50-57% for pos-
terior circulation strokes) can be compared with data published by
expert neurointerventional centres. Thus, based on these results, the

Direct thrombectomy in acute stroke: PRAGUE-16 registry

involvement of a cardiology department in acute stroke interven-
tions may be beneficial for patients in places where expert neuroint-
erventional radiology or endovascular neurosurgery is not available.

COMPLICATION RATES

Symptomatic intracranial haemorrhage was in the expected range
{4%). Three-month mortality (30% for anterior circulation strokes)
was numerically higher when compared with data from published
randomised trials. This may be explained by the manner of patient
selection (our approach was similar, e.g., to the MR CLEAN trial,
while the EXTENT LA trial was more selective in terms of patient
inclusion), by different baseline characteristics and very likely
also by suboptimal rehabilitation after the acute phase in some
patients transferred from the acute hospital to long-term facilities.
Pernprocedural complication rates (Table 4, Table 5) did not differ
from the published data.

Table 5. Outcomes and complication rates — comparison with
intervention arms of MR-CLEAN and REVASCAT (trials with similar
inclusion criteria - except for posterior stroke exclusion).

PRAGUE-16 | MR-CLEAN | REVASCAT

Stroke location Any Anterior Anterior
Imaging selection CT(-A) CT(-A) |ASPECTS 7-10
Mean age, years 66 i) 66
Mean admizsion NIHSS 17 17 17 (median)
7-day mortality 12% 12% 10%
3-month mortality 35% 19% 18%
mRS =2 at 3 months 40% 33% 44%
Any SICH 4% B% 10%
Periprocedural
complications (all) 1% % —

Mew ischaemia in

other territory As o h%

Vessel dissection or

perforation % A% o
SICH: symplomatic intracranial haemorrhage (for definition see Methads
sectian).

PERIPROCEDURAL HEPARIN USE

There are no data on periprocedural use of heparin in patients treated
by direct intervention (without lytics). However, outside the inter-
ventional setting (with conservative treatment of ischaemic stroke),
heparin is not indicated as it may increase the risk of haemorrhagic
transformation. Thus, we empirically decided to use a very low
dose of heparin in patients who did not receive bridging thromboly-
sis and no heparin in those with thrombolysis. Some neuro-opera-
tors do not even use any heparin during acute stroke interventions.
The best strategy (heparin yes or no, heparin dose) is not known.

DIRECT CATHETER-BASED THROMBECTOMY VERSUS
THROMBECTOMY AFTER BRIDGING THROMBOLYSIS

When the protocol for the PRAGUE-16 study was prepared and
submitted to the local ethics committee (2012), we expected that
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direct CBT would be able to achieve superior outcomes to bridging
thrombolysis followed by immediate CBT. The reality was differ-
ent, and results in patients who received bridging thrombolysis were
numerically better than in patients treated by direct CBT. As men-
tioned above, the baseline characteristics of these two groups are so
different that it is not possible to draw any realistic conclusions: (1)
bridging thrombolysis was used in situations when an immediate
start of the intervention was not feasible (e.g., during the night) and
thus the in-hospital time delay in the lytic group is double compared
to the direct group, and (2) the Iytic group was five years younger.
The two groups are not comparable (inherently different), and any
statistical comparison (even after adjustment) will be misleading,
even more 50 since patient numbers are only moderate. Randomised
trials are needed to compare direct mechanical thrombectomy ver-
sus bridging thrombolysis followed by thrombectomy. Nevertheless,
almost all neuwrointerventional centres nowadays treat suitable
patients with a contraindication for thrombolysis with mechanical
thrombectomy although one study testing this question was prema-
turely terminated’.

REPERFUSION DAMAGE

While in acute MI the reperfusion damage is largely a theoretical
consideration (because almost all AMI patients do benefit clini-
cally from mechanical reperfusion), in acute ischaemic stroke the
clinically apparent reperfusion damage is a real danger, with intra-
parenchymal bleeding seen in up to 10 of patients. This must
be taken into consideration when deciding about an indication for
intervention in acute ischaemic stroke.

ABSENCE OF ANGIOGRAPHICALLY VISIBLE INTRACRANIAL
ATHEROSCLEROSIS

Another interesting difference when compared to acute coronary
occlusion is the fact that intracranial occlusion of a large anery
is almost always caused by an embolus and after thrombectomy
the arteries do not show angiographic signs of atherosclerosis.
Atherosclerotic lesions with in si thrombosis are present typi-
cally only in patients with extracranial occlusions (proximal seg-
ment of the internal carotid artery or of the vertebral artery).

TRAINING OF INTERVENTIONALISTS

The 24/7 availability of endovascular interventions as routine
treatment for emergent large vessel occlusion stroke varies across
European countries: while in a few countries approximately 70-100
acute stroke interventions per million per year are carried out, in
others this number is as low as five per million per year. The esti-
mated need with current indications is 230-300 per million per
year (authors™ own estimate based on unpublished stroke registry
data from the Czech Republic). Thus, it is unclear how to organise
the service in order to offer this effective treatment to the majority
of Furopean citizens. One possible way might be to train experi-
enced interventional cardiologists. There are a few places where
cardiologists already carry out this service'™®, Our centre started

106

this programme by inviting one experienced interventional radi-
ologist (B. Koznar) to join the high-volume interventional cardio-
logy team. One interventional angiologist and one interventional
cardiologist joined him in performing acute stroke interventions
and thus are leamning continuously. This may be an ideal scenario,
but may be difficult to organise in other places. The only possible
solution to this situation is a positive, open multidisciplinary coop-
eration at national or regional level based on the training require-
ments of multiple societies'”.

Study limitations

The main limitation is the lack of randomised comparison. As this
study is a prospective registry and patient allocation to d-CBT or
TL-CBT groups was carried out by the attending neurologist based
on the immediate availability of the intervention, the two groups
cannot be compared directly by standard statistics. However, this
study reflects a real-life scenario as no stroke patients undergoing
intervention were excluded.

Conclusions

Direct catheter-based thrombectomy may be considered in patients
with contraindications for TL or in patients with very short CT-groin
puncture times, but bridging thrombolysis remains an impor-
tant part of the treatment strategy. A randomised trial is needed
to evaluate better the role of direct catheter-based thrombectomy.
Acute stroke interventions performed in close cooperation among
cardiologists, neurologists and radiologists have been proved to be
feasible and safe.

Impact on daily practice

Catheter-based thrombectomy can be performed safely with
good results within a cardiology department when smooth
cooperation with local neurologists and radiologists is estab-
lished and no specialised neuroradiology interventional service
is available. Direct mechanical thrombectomy may be a reason-
able alternative for patients with contraindications to thrombol-
ysis or with very short CT-groin puncture times.
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Abstract

Background: Thrombectomy is an effective treatment for acute ischaemic stroke (AIS).

Aims: The aim of this study was to compare clinical outcomes with intracranial artery ccclusion site among
AlS patients treated in the setting of a cardiology cath lab.

Methods: This was a single-centre, prospective registry of 214 consecutive patients with AlS enrolled
between 2012 and 2018. All thrombectomy procedures were performed in a cardiology cath lab with stent
retrievers or aspiration systems. The functional outcome was assessed by the modified Rankin Scale (mRS)
after three months.

Results: Ninety-three patients {44%:) had middle cerebral artery (MCA) occlusion, 28 patients (13%) had
proximal internal carotid artery (ICA) occlusion, 27 patients (13%) had tandem (ICA+MCA) occlusion,
39 patients (18%;) had terminal ICA (T-type) occlusion, and 26 patients (12%) had vertebrobasilar (VB)
stroke. Favourable clinical outcome (mRS <2) was reached in 58% of MCA occlusions and in 36% of iso-
lated ICA oecclusions, but in only 31% of T-type occlusions and in 27% of VB stroke. Poor clinical outcome
in T-type occlusions and VB strokes was influenced by the lower recanalisation success (mTICI 2b-3 flow)
rates: 56% (T-type) and 50% (VB) compared to 82% in MCA occlusions, 89% in isolated ICA occlusions
and 96% in tandem occlusions.

Conclusions: Catheter-based thrombectomy achieved significantly better clinical results in patients with
isolated MCA oeclusion, isolated 1CA occlusions or tight stenosis and tandem occlusions compared to
patients with T-type occlusion and posterior strokes.
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Clinical success Isokated MCA occlusion
(A3 0-2 after 3 months):
58%
Clinical success Isolated ICA occlusian or tight
(mRS 0-2 after 3 months): stenosis, n=28
7%

u Atherothrombogenic
m Cardisembalic

Determined as other
{dizzection, hypercoagulability)

m Cryphagenic

posterior cireulation have lower chance for clinieal success.

Visual summary. Endovascular intervention of solated MCA or ICA occlusions provides greatest clinical benefit, while interventions in

T-type occlusion Clinical success

(mRS 0-2 after 3 monhs)
N%

Clinical success
(mRS 0-2 after 3 monhs):
4%

Clinical success
(mRS 0-2 atter 3 monkhs)-
7%

Abbreviations

AlS acute ischaemic stroke

BA basilar artery

CBT catheter-based thrombectomy
ICA internal carotid artery

MCA middle cerebral artery
mRS modified Rankin Scale
NIHSS  Nartional Institutes of Health Stroke Scale

pts patients
VB vertebrobasilar
Introduction

According to estimates by the World Health Organization, stroke
is the second leading cause of preventable death worldwide and
the leading cause of serious, long-term disability’. It is also the
second most common cause of dementia, the most frequent cause
of epilepsy in the elderly, and a frequent cause of depression®.
The majority of strokes (87%) are classified as ischaemic, the rest
{13%:) as haemorrhagic®.

Death or severe disability occurs in patients with emergent large
vessel occlusion. Approximately one third of all ischaemic strokes are
caused by middle cerebral artery (MCA) occlusion. Vertebrobasilar
(VB) strokes represent about 3-6% of all ischaemic strokes, but
prognosis may be fatal®. A prompt and complete restoration of blood
flow in the affected artery is the key factor for a favourable neuro-
logical outcome — “time is brain”. Until recently, infravenous tis-
sue plasminogen activator (t-PA) was the only proven treatment for
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large vessel occlusion. However, the landscape of ischaemic stroke
treatment has changed with the publication of five randomised mul-
ticentre controlled clinical trials in 2015, According to these trials,
catheter-based mechanical thrombectomy (CBT) was proven to be
an effective treatment for proximal ocelusions of the major intra-
cranial arteries in acute stroke patients, and became a class 1A indi-
cation®'", Approximately 30% of ischaemic strokes are caused by
large vessel occlusion and should be considered for intervention''.

The aim of this study was to compare clinical outcomes of
patients treated by CBT for acute ischaemic stroke based on intra-
cranial artery occlusion site and stroke aetiology.

Methods

STUDY PATIENTS

This was a single-centre, prospective, observational registry of
consecutive patients (pts) treated by CBT for an acute ischaemic
stroke. A total of 214 consecutive pts (mean age 67.4£12.2, range
21-92 years, male 53.7%) were enrolled between October 2012
and June 2018. The study was based on the pre-specified protocol
approved by the ethics committee and was designed in collabora-
tion among cardiologists, neurologists and radiologists'®. All par-
ticipants (or their legal representatives) provided written informed
consent. On admission, all patients were examined by a neuro-
logist, including basic laboratory screening. Afterwards, a com-
puted tomography (CT) scan with angiography was performed
to confirm large vessel occlusion and to rule out intracranial
haemorrhage. On the basis of a comprehensive examination and



compliance with inclusion criteria, an endovascular intervention
was indicated. Intravenous thrombolytic pretreatment was admin-
istered by a newrologist based on CT sean and coagulation results.
Inclusion criteria were: moderate to severe acute ischaemic stroke
(Mational Institutes of Health Stroke Scale [NIHSS] score =6), time
interval <6 howrs from symptom onset (except for basilar artery
occlusion, where the therapeutic window was not strictly limited
and the treatment strategy was assessed individually) or CT scan
<2 hours from time of “wake-up stroke™ diagnosis, no or only small
ischaemia visible on the admission CT scan, CT evidence for an
occluded major artery (either CT angio or dense artery sign on CT
scan), expected ability to start intervention within <60 minutes from
CT and age =18 years. Exclusion criteria were previously known neu-
rologic symptoms (modified Rankin Scale [mRS) score 2-5), known
severe hypoglycaemia, unmeasurable international normalised ratio
{INR), intracranial bleeding and CT evidence of large ischaemia.

INTERVENTIONS

All interventions were performed in the cardiology cath lab either
by a board-certified interventional radiologist or by a cardio-
logist with a licence for interventional angiology (Czech Medical
Chamber — licence no. FO21), mostly under local anaesthesia. The
decision concermning the revascularisation strategy was made by
the interventionist. In patients with proximal intemal carotid antery
{ICA) occlusion or tight stenosis, the default strategy was carotid
stenting in the acute phase; we did not perform deferred stenting
in this study. The dose of heparin administered was at the opera-
tor's discretion and depended on the patient's physical constitu-
tion, type of procedure and preprocedual INR value. In patients
with an effective INR value or in those who had been demonstra-
bly taking any of the new oral anticoagulants, the heparin dose
was either reduced or not administered at all.

FOLLOW-UP

The success of recanalisation was assessed immediately post pro-
cedure by follow-up angiography. Patients were subsequently
monitored in the intensive care unit in either the Department of
Cardiology or the Department of Neurology. Most cases in our
study group had a control CT scan on day 1 to evaluate infarction
size and possible haemorrhage. Details have been described previ-
ously'. During the remaining hospitalisation, at least 24-hour elec-
trocardiography monitoring, sonography of the carotid arteries and
transthoracic/transoesophageal echocardiography were performed
in all patients to exclude other possible sources of embolisation.
In indicated cases, prolonged ECG monitoring (48 hours, 7 days,
30 days) was carmed out during three-month follow-up. The aetio-
logy of strokes was determined based on the TOAST classification'?.

ANTITHROMBOTIC REGIMEN

After the acute phase the antithrombotic regimen was individual-
ised based on stroke aetiology and stroke severity. In atherothrom-
botic strokes (e.g., ICA lesions), antiplatelet treatment was initiated,
while in cardioembolic or cryptogenic strokes anticoagulation
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treatment was initiated if no contraindication was present. The
onset of these antithrombotic treatments varied between day 2 and
day 14 after stroke onset, based on the extent of final ischaemia
and presence/absence of haemorthagic transformation.

STUDY ENDPOINTS

The primary endpoint was a functional neurologic outcome in three
months assessed by board-certified neurologists. The secondary end-
points were angiographic recanalisation success rate, change of the
NIHSS (ANIHSS) score from admission to discharge and sympto-
matic intracranial bleeding. The degree of dependence after a stroke
was measured using the mRS after three months of follow-up. Two
patients {foreign tourists) were lost during three-month follow-up.
The study registry included patients’ demographic and epidemiolog-
ical data — age, sex, body mass index (BMI), prior stroke/transient
ischaemic attack (TIA), known coronary and peripheral arterial
disease, arterial hypertension, hyperlipidaemia, diabetes mellitus,
chronic kidney injury, current smoking (defined as =1 month prior
to admission), atrial fibrillation (AF; known or de nove identified
either during the hospitalisation or during three-month follow-up)
and chronic antithrombotic therapy; periprocedural data — time
intervals (symptoms onset — door time — CT scan — needle ume [if]
~ groin puncture time — recanalisation time [if]), change of NIHSS
score from admission to discharge and angiographic findings (type
of occluded artery, preprocedural and post-procedural modified
Thrombolysis In Cerebral Infaretion [mTICI] flow).

STATISTICAL AMALYSIS

Age, BMI and scores as continuous variables were described by
a mean including standard deviation. All other variables were
dichotomous, expressed as number and proportion. The normal
distribution of continuous variables enabled their comparison
among occlusion sites using one-way ANOVA with Tukey's multi-
ple comparisons test. The difference in NIHSS score at admission
and discharge was assessed by paired t-test. Furthermore, dichoto-
mous variables among occlusion sites were statistically evaluated
using the ¢* test. All tests were two-tailed, and the level of signifi-
cance was set at (L05. Statistical analyses were performed using
Prism 8 {GraphPad Software, Inc., La Jolla, CA, USA) and Stata
version 16 software (StataCorp, College Station, TX, USA).

Results

BASELINE CHARACTERISTICS

A total of 214 patients were enrolled in the study. Mean age of this
cohort was 67.4+12.2 vears, with VB stroke (71.9+8.8) patients
being significantly older than others. The prevalence of active smok-
ing, hypertension, diabetes mellitus, dyslipidaemia, renal insuffi-
ciency, prior stroke/TIA and known coronary and peripheral artery
disease did not differ significamtly among the occlusion sites.
Intravenous thrombolytic pretreatment was administered in 88 pts
(41.1%). General anaesthesia was used in a total of 32 pts, signi-
ficantly more often in T-tvpe and VB strokes (p=0.031). Details are
presented in Table 1.
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Table 1. Detailed baseline characteristics and stroke aetiology per occlusion site.

Total n=214 'Tliﬁﬂa?ﬁ“ Ii::fll: :I:gn n!i F:;Tn n::.:nt: Cion, | VB occlusion pvalue
n=93 =28 n=27 =39 =26

Male 115(53.7%) | 49 (52.7%) 15 (53.6%) 19 (70.4%) 16 {41%) 15 (57.7%]) NS
Age, years 67 4+12.2 6B7+12.5 62.9+11.1 65.1+128 66.5+£12.6 71.9+8.8 0.047
Smokers 69 (32.2%) 28 (30.1%) 10 (35.7%) 10 (37%) 11 (28.2%]) 9 {34.6%) NS
BMI (kg/im?) 29.7+22.5 27.6+5.6 26.5£3.9 29.9+5.9 28.4+8.1 28.3+4.2 NS
Hypertension 150 (70.1%) | &3 (67.7%) | 20 (71.4%) 19 (70.4%) 26 (66.7%]) 22 (84.6%) NS
Diabetes mellitus 53 (24.8%) 18 (19.4%) 11 (39.3%) B (29.6%) 8 (20.5%) B (30.8%) NS
Dyzlipidaamia 72 {33.6%) 29 (31.2%) 10 (35.7%) Q(33.3%) 12 (30.8%) 12 (46.2%) NS
Chronic kidney disease 50 (23.4%) 22 (23.7%) 7 (25%) 5 (18.5%) 10 (25.6%) 6(23.1%) NS
Prior stroke or TIA 39 (18.2%) 20 (21.5%) 6 (21.4%) 2(7.4%) 8 (20.5%) 3 (11.5%) NS
Known caronary and peripheral | 59 (27.6%) | 25(26.9%) | B(2B.6%) | 9(333%) | 9(23.1%) | B(30.8% | NS
Atrial fibrillation —known, g8 | gg 45.8%) | 55(59.1%) | 6(214%) | B(29.6%) | 20(513%) | 9(34.6% | <0.001
Chronic antithrombotic therapy | 101 (47.2%) | 51 (54.8%) 10(35.7%) | 11 (40.7%) 18 (456.2%) 10 (3B.5%) NS
MIHSS score at admission 15.6+6.5 15.2+54 12.3+6.5 16.0+£5.3 16.5+4.6 18.6+12.1 0.023
IV pretreatment BB (41.1%) 38 (40.9%) 11 (39.3%) 13 (48.1%) 12 (30.8%) 13 (50%) NS
General anaesthesia 32 (15%) 8 (8.6%) 4 (14.3%) 21(7.4%) 10 (25.6%) 8 (30.8%) 0.031
Stroke aetiology
Atherathrombogenic 69 {32.2%) 13 (14%) 13 (46.4%) 17 (63%) 11 (28.2%) 15(57.7%) | <0.001
Cardicembalic 109 (50.9%) | &4 (6B.B%) 4(14.3%) B (29.6%) 24 (61.5%) 9 (34.6%) <0001
Determined as ather 13 (6.1%) 1{1.1%) 9(32.1%) 1 (3.7%) 1{2.6%) 0 {0%) <0001
Cryptogenic 23 (10.7%) 15 (16.1%) 2(7.1%) 1 (3.7%) 3(7.7%) 21(7.7%) NS
BMI: body mass index; |CA: internal carotid artery; IV: intravenous; MCA: middle cerebral artery; NIHSS: Mational Institutes of Health Stroke Scale;
TIA: transient ischaemic attack; VEB: vertebrobasilar artery

OCCLUDED ARTERIES

The distribution of intracranial artery occlusion sites was non-
uniform. Ninety-three pts (43.5%) had MCA occlusion, 28 pts
{13.1%) had isolated ICA occlusion'tight stenosis, 27 pts {12.6%)
had tandem occlusion (ICA+MCA), 39 pts (18.2%) had termi-
nal internal carotid artery (T-type) occlusion, 26 pts (12.1%) had
VB stroke, and one patient had an isolated anterior cerebral artery
(ACA) occlusion.

STROKE AETIOLOGY

The AIS aetiology was assumed to be cardioembolic in 50.9%,
atherothrombogenic in 32.2%, cryptogenic in 10.7% and deter-
mined as other in 6.1% of pts. Isolated MCA occlusion and T-type
strokes were significantly more frequently caused by cardio-
embolism (68.8% and 61.5%), which was also reflected by more
frequent occurrence of AF in these patients (59.1% and 51.3%).
VB strokes, tandem occlusion and isolated ICA occlusion/tight
stenosis strokes were mostly atherothrombogenic (37.7%, 63.0%
and 46.4%). Details are presented in Figure 1.

ANGIOGRAPHIC OUTCOMES

The owverall recanalisation success rate (mTICI 2b-3 flow)
was 76.2%. The proportion of successful recanalisation was
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significantly higher in MCA (81.7%), 1CA (89.3%) and tandem
(96.3%) occlusions compared to T-type (56.4%) and VB (50%)
ocelusions (p=<0.001). A total of 13 patients (6.1%) suffered from
symptomatic intracranial bleeding (defined as ANIHSS =4 within
4% hours after intervention) with uniform distribution among all
ocelusion sites. Detailed primary and secondary endpoints are
shown in Table 2. Examples of thrombectomy procedures per ana-
tomic stroke type are shown in Figure 2-Figure 4. The only patient
with isolated ACA occlusion was a 50-year-old man, smoker. His
NIHSS score decreased from 12 (at admission) to 0 (at discharge).
The recanalisation was successful with final mTICI 3 and the
patient reached full neurclogical recovery (mRS 0) in three-month
follow-up. The stroke aetiology was assumed to be due to known
hypercoagulability.

CLINICAL OUTCOMES

The primary study endpoint was three-month clinical outcome
with a favourable clinical outcome defined as mRS =2, which
was reached in 47.6% (101 of 212 pts). Patients’ clinical out-
comes varied significantly among occlusion sites. A favourable
clinical outcome was achieved significantly more often in MCA
occlusions (56.7%) and isolated ICA occlusions or tight steno-
sis (55.6%) compared to others (p=0.010). In addition, patients
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T-type poclusion

Figure 1. Strake actiology by occlusion site. Isolated MCA occlusion is most frequently coused by cardioembolism, while proximal 1CA and

VB lesions are most frequently coused by atherothrombosis. 1CA. internal caronid artery; MCA: middle cerebral artery; VE. vertebrobasilar

dariery

Table 2. Primary and secondary endpoints.

Isolated ICA

Isolated MCA
occlusion,
n=92

Total n=212

occlusion or
tight stenosis,
n=27

Tandem
oeclusion,
n=27

T-type VB
occlusion, occlusion,
n=39 n=26

pvalue

MRS score 0-2 after 90 days | 101 (47.6%) | 53 (57.6%) | 15(55.6%) | 13(48.1%) | 12(30.8%) | 7(26.9%) | 0.010
Mortality rate in 90 days 68(32.1%) | 24 (26.1%) | 4(14.8%) 0(333%) | 18(462%) | 13(50%) | 0.015
Angiographic success overall

Anglographic success 163 (76.2%) | 76(8L.7%) | 25(89.3%) | 26(96.3%) | 22(56.4%) | 13(50%) | <0.001
Eﬂ‘;ﬂﬁg‘m'c intracranial 13(6.1%) | 3(3.3%) 1(3.7%) 2(74% | 40103% | 3a1s5% | Ns

without diabetes had twice as much chance of achieving a favour-
able clinical outcome as patients with diabetes, and not using
general anaesthesia increased the chance of a favourable clini-
cal outcome almost three times. The overall mortality rate was
32.1% with significantly higher rates in T-type and VB occlusions
(46.2% and 50%, p=0.015). The distribution of mRS score based
on occluded anery site is presented in Figure 5. The distribution
of NIHSS scores at admission was not uniform among ocelu-
sion sites. Patients with VB strokes had the highest NIHSS scores
(18.612.1); on the other hand, patients with isolated ICA ocelu-
sion or tight stenosis had the lowest scores (12.326.3). Comparing
NIHSS scores at admission and discharge based on ocelusion site
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{unfortunately determined in only 121 patients), NIHSS scores
decreased significantly in almost all stroke types except VB
stroke. Details are shown in Table 3.

Discussion

COMPARISON WITH TREVO 2000 REGISTRY™ IN NON-
SELECTED ALL-COMERS

In our study group of patients treated for anterior and posterior
strokes with mechanical thrombectomy for large vessel occlusions,
a favourable clinical outcome (mRS score =2 at three months) was
reached in 47.6% (101 of 212 pts). Despite the fact that the angio-
graphic success rate was higher in the Trevo 2000 study (92.8%)

(]
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Figure 2. Tipical angiographic findings in proximal 1A ecelusion and in MCA occluston. From left to vight! (1) proxcimal 1CA severe stenosis
with intraluntingl thrombis, (2) affer stent implantation, (3) MCA ocelusion, (4) afier thrombectomy.

Figure 3. Tipical angiographic findings in the tandem occlusion (proximal J1CA and MCA occlusion). From leff to rght: (1) proximal 1CA
acclusion, {2} after steat implamtation, (3) MCA ecclusion, (4) after thrombeciomy.

Figure 4. Tipical angiographic findings in ICA T-occlusion and in BA ecclusion. From left to right: (1) terminal I1CA oeclusion (T-type),
{2} after thrombectomy, (3) BA occlusion, (4) after thrombectomy. BA: basilar artery
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Distribution of mRS scores according to occluded ardery

VB occlusion

T-type occlusion

Tandem occlusion

|solated ICA occlusion ! tight stenosis

|solated MCA ooclusion

[ % %

Brrso Brrs1 mRs2 [mRs: I mRS 4

% A% 0% B% s -1 kL E 100

mrss [l mRs 6

Figure 5. Distritution of mRS scores based on occluded artery site. From the fowest clinteal success rates (VB occlusion) to the highest rates

fisolated MOA ocelusion). 1CA: internal carotid artery, MUA: middie cevebral artery; mRS: modified Rankin Scale; VB: vertebrobastlar

artery

Tahle 3. Comparing NIHSS scores at admission and at discharge.

Isolated MCA | Isolated ICA occlusion
or tight stenosis,
n=60 n=15

occlusion,

Tandem T-type VB

occlusion, occlusion, occlusion,
n=20 n=20 n=5

NIHSS score at admission | 14.8£5.6 14.7+5.5 13.1+6.0 15.9+5.7 16.6+4.3 9.216.4 NS
NIHSS score at discharge | 6.9:7.4 6.4+7 .4 5.8+7.6 7.8+7.1 7.7+7.5 10.4+9.3 NS
NIHSS score difference 7.5+7.0 8.3+5.9 7.3+9.8 B.1+6.3 8.9+7.2 1.249.0 NS
pvalue (difference) =0.001 =0.001 0012 <0.001 <0.001 NS -

versus our study (76.2%), the resulting favourable clinical out-
comes (MRS score <2) were comparable (55.3% in Trevo versus
47.6% in PRAGUE-16). This may be explained by the different
distribution of occlusion sites. Patients’ baseline characteristics
(age, diabetes mellitus, AF, NIHSS score at admission) did not
differ in the other compared data. Details are shown in Tahle 4.

Tahle 4. Comparison of PRAGUE-16 data with Trevo 2000 registry
and HERMES meta-analysis.

|Trevo 2000 | PRAGUE-16 | HERMES | PRAGUE-16

Number of patienis 2,008 212 B34 184
Stroke location Anterior + | Anferior + | Anterior Antenar
posterior poskerior anly oaly
Age (mean+30; medizn) BB3+14.4 | B74x122 6B [
Diabetes mellitus 238% 24 B% 13.0% 04.7%
Atrial fibriltation 36.1% 45.B% 33.0% 4BA%
MG candadmbnkon | (pcoq | Emss | 17 16

(mean=30; median)
mRS score 0-2 after 90 days 55.3% 4T6% 46.0% 50.5%

Angiographic success overall
(mTIC] 25-3 flow, %) 028% 76.2% 700% TO.6%

Symptomatic intracranial
bleeding

11L.7% 6.1% 1.4% 5.4%
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COMPARISON WITH FIVE RANDOMISED TRIALS' IN
ANTERIOR STROKE

A previous meta-analysis of five randomised trials (MR CLEAN,
ESCAPE, REVASCAT, SWIFT PRIME, and EXTEND IA) found
favourable clinical outcomes (mRS score 0-2 after 90 days) in
46% of pts and an angiographic success rate of 71% in cases
treated by thrombectomy for anterior stroke. In our study sub-
group with anterior stroke only (184 patients), neurological recov-
ery was achieved in 50.5% of cases and successful recanalisation
in 79.6%, which is consistent with expert neurointerventional cen-
tre data. Furthermore, the risk of symptomatic intracerebral haem-
orrhage in our study (5.4%) was comparable with that reported in
the meta-analysis (4.4%). Baseline characteristics of patients dif-
fered only by the presence of AF, which was more common in our
study. Details are shown in Table 4.

OUTCOMES BASED ON OCCLUSION SITE

The best clinical outcomes (MRS score <2 at three months, mortal-
ity rate) were reached in patients with MCA and isolated 1CA occlu-
sions/tight stenosis. In these patients, the recanalisation success rate
was high {%1.7%, 89.3%) and blood flow was restored in less than
four hours from symptom onset. The incidence of symptomatic
intracranial bleeding was the lowest in these two groups as well.
Better clinical outcome in these patients might also be influenced

Lil2-6aL2/ T'TZ0Z vonuanaiumuny i



|
m
2
=1
:
g
=
B
=
=
~
®
=
g
®
=
=

by lower initial NIHSS scores as a powerful predictor for long-
term outcome'™". T-type occlusion and VB strokes were associated
with the poorest outcomes. Untreated VB strokes are associated
with almost 100% montality. Therefore, endovascular treatment is
strongly recommended, although, according to a meta-analysis of 45
clinical trials, three patiemts with this life-threatening diagnosis have
to be treated to prevent one death or dependency™'*. In our study,
patients with T-type ccclusion or VB strokes had a higher ininal
NIHSS score, lower recanalisation success rate and higher incidence
of intracranial haemorrhage. VB stroke patients were the oldest sub-
group. The North American Solitaire Stent Retriever Acute Stroke
(NASA) registry found that age, occlusion site, high NIHSS score,
diabetes, no t-PA, =3 passes, and use of rescue therapy were assoc-
iated with poor 90-day cutcome despite successful recanalisation'.

OUTCOMES BASED ON STROKE AETIOLOGY

AF is associated with a 4-5 times increased nsk of ischaemic
stroke™. It is known that patients who suffered from cardioembolic
ischaemic stroke tend to have worse outcomes after any (not only
endovascular) treatment compared to patients with other aetiologies
of stroke™. Generally, patients with AF are older, have a worse
functional pre-stroke condition and appear to have different oeclu-
sion locations and larger infarct volumes™. In half of all ischaemic
strokes (50.9%3), stroke aetiology was assumed to be cardioembolic,
mostly due to known or de nove ennfied AF (81.7%). Isolated
MCA occlusion and T-type strokes were caused mostly by cardio-
embolism (68.8% and 61.5%, respectively); VB strokes, isolated
ICA occlusion/ight stenosis and tandem occlusion strokes were
mostly atherothrombogenic (57.7%, 46.4% and 63%, respectively).

QUTCOMES OF STROKE THROMBECTOMY PERFORMED IN
CARDIOLOGY CATH LAES

The main limitation of the widespread use of mechanical
thrombectomy for the treatment of acute ischaemic stroke is
the lack of experienced interventionalists in many countries and
regions. Thus, in some regions, cardiologists in close coopera-
tion with neurologists, offer stroke thrombectomy services. The
first published data provided outcomes comparable to those of
stroke thrombectomy performed by neuroradiologists™**. Our
study presents the largest series of consecutive patients with acute
ischaemic stroke treated in the cardiology cath lab.

Study limitations

The main study limitation is the single-centre design. However,
the consecutive enrolment of all thrombectomy patients treated
in this institution during the study period and the complete three-
month follow-up formed a good base for this analysis, which does
not compare two treatments, but rather several anatomic and aetio-
logic variants of the same disease treated by the same method.

Conclusions

Catheter-based thrombectomy achieved significantly better clini-
cal results in patients with isolated MCA occlusion, isolated 1CA
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occlusions and tandem occlusions compared to patients with
T-type occlusion and posterior strokes.

Impact on daily practice

Stroke aetiology and location of the thrombotic occlusion play
a very important role in the angiographic and clinical outcomes of
acute ischaemic stroke patients treated by thrombectomy. Patients
with posterior circulation strokes and anterior strokes caused by
carotid artery terminus occlusion have worse outcomes, and
techniques for these stroke subtypes should be further refined.
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ABSTRACT

OBJECTIVES This study analyzed the learning curve effect when a new stroke thrombectomy program was initiated in a
cardiac cath lab in close cooperation with neurologists and radiologists.

BACKGROUND Mechanical thrombectomy has proven to be the best treatment option for ischemic stroke patients, but
this method is not widely available.

METHODS An endovascular treatment program for acute ischemic strokes was established in the cardiac cath lab of a
tertiary university hospital in 2012. The decision to perform catheter-based thrombectomy was made by a neurologist
and was based on acute stroke clinical symptoms and computed tomography angiographic findings. Patients with a large
vessel occlusion of either anterior or posterior circulation were enrolled. The primary endpoint was the functional
neurological outcome (Modified Rankin Scale [mRS] score) of the patient at 3 months. A total of 333 patients were
enrolled between October 2012 and December 2019.

RESULTS The clinical (mRS) outcomes did not vary significantly across years 2012 to 2019 (mRS O to 2 was achieved in
47.9% of patients). Symptomatic intracerebral hemorrhage occurred in 19 patients (5.7%). Embolization in a new
vascular territory occurred in 6 patients (1.8%).

CONCLUSIONS When a catheter-based thrombectomy program was initiated in an experienced cardiac cath lab in close
cooperation between cardiologists, neurologists, and radiologists, outcomes were comparable to those of neuroradiology
centers. The desired clinical results were achieved from the onset of the program, without any signs of a learning curve
effect. These findings support the potential role of interventional cardiac cath labs in the treatment of acute stroke in
regions where this therapy is not readily available due to the lack of neurointerventionalists.

(J Am Coll Cardiol Intv 2021;14:785-92) © 2021 by the American College of Cardiology Foundation.

atheter-based thrombectomy (CBT) became
the standard of care for selected stroke pa-
tients with large-vessel occlusion after its
clinical benefit was demonstrated in randomized
controlled trials (1-6). Although the treatment guide-
lines assigned to CBT give it a Class Ia indication (7),

many eligible patients remain untreated, largely due
to lack of neurointerventionalists in many regions
worldwide. The available data suggest that approxi-
mately 10% to 15% of all stroke patients are eligible
for endovascular treatment (EVT) (8). However, this
estimate is most likely conservative because it was
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ABBREVIATIONS
AND ACRONYMS

CBT = catheter-based
thrombectomy

CT = computed tomography
EVT = endovascular treatment
mRS = Modified Rankin Scale

NIHSS = National Institutes of
Health Stroke Scale

TICI = Thrombolysis In Cerebral
Infarction

reported before the publication of 2 random-
ized trials that recommended extending the
time window for CBT (9,10). A survey of Eu-
ropean stroke societies and experts revealed
that only 1.9% of all stroke patients in Europe
undergo mechanical thrombectomy. In abso-
lute numbers, if the estimated incidence of
ischemic stroke in Europe is 1,913,985 cases
per year, then each year, only 36,365 stroke
patients are treated using CBT, whereas
155,033 potential candidates for thrombec-

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 14, NO. 7, 2021
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tomy do not receive the optimal treatment
(11,12).

There are many reasons why so many patients are
not treated according to the current guidelines, but
the most significant may be that there are too few
centers that provide EVT for acute ischemic stroke
outside working hours, that is, 24 h a day, 7 days a
week. One possible solution is to involve trained
interventional cardiologists working in cardiac cath
labs that are experienced in the treatment of acute
myocardial infarction.

SEE PAGE 793

University Hospital Kralovske Vinohrady, a large
tertiary hospital in Prague, serves a population of
almost 1 million inhabitants. It did not have a neu-
rointerventional program until 2012 when a joint
program involving cardiologists, neurologists, and
radiologists was established. The preliminary find-
ings showed that this collaborative program was
feasible and safe (13). In the current study, we
reviewed 7 years of experience in performing CBTs in
an interventional cardiology center in order to
examine the feasibility and safety of this program and
to determine whether our clinical outcomes were
comparable to centers where EVT is performed by
experienced neuroradiologists. The main question of
this analysis was whether there is a learning curve
effect on the angiographic and clinical outcomes.

METHODS

SETTING. An EVT program for acute ischemic strokes
was established in our large tertiary university hos-
pital in 2012. Historically, all peripheral EVTs were
performed by invasive angiologists and cardiologists
in a cardiology clinic; the hospital had no interven-
tional radiology program. All carotid and vertebral
angioplasties were performed by interventional
angiologists and cardiologists, and specialized intra-
cranial neurovascular cases (e.g., aneurysms, atrio-
ventricular malformations) were referred to another

118

TABLE 1 Revascularization Strategies (N = 333)
Stent retriever only 184 (55.4)
Aspiration only 14 (4.2)
Stent retriever + aspiration 23 (6.9)
Carotid/vertebral stent only 36 (10.8)
Balloon angioplasty only 6 (1.8)
Stent retriever + carotid stent 37 (11)
Aspiration + carotid stent 8 (2,4)
Stent retriever + aspiration + carotid stent 3(0.9)
Intracranial stent only 1(0.3)
Stent retriever + PTA 6 (1.8)
Stent retriever + intracranial stent 4(1.2)
Intra-arterial thrombolysis only 5 (1.5)
No device* 6(1.8)
Values are n (%). *No intracranial devices were used due to extremely peripheral
occlusions or an inability to access the vasculature due to tortuous extracranial
arteries.

PTA = percutaneous transluminal angioplasty.

hospital. Given the history of EVTs at Kralovske
Vinohrady Hospital, the new endovascular stroke
treatment program sought to employ an interdisci-
plinary approach involving close cooperation among
cardiologists, neurologists, and radiologists. Changes
were made to the staff, including the addition of 1
experienced interventional radiologist (B.K.)—with
more than 30 mechanical thrombectomies as the lead
operator—who joined the interventional cardiology
team on a full-time basis. The program commenced in
October 2012 after preparation of local protocols, led
by this radiologist as the lead operator. This special-
ized knowledge and experience was shared with 2
interventional cardiologists. The first nonradiology
interventionalist, who joined the program (cardiolo-
gist and angiologist focused on peripheral vascular
interventions) had previous experience with 42 ca-
rotid artery stenting. The second cardiologist (J.S.)
joined the program after having experience with more
than 100 carotid artery stenting procedures. They
performed around 30 mechanical thrombectomies
under close supervision of the interventional radiol-
ogist before they began to perform these procedures
without supervision.

STUDY DESIGN. The study was approved by the local
ethics committee as a feasible and safe observational
registry of consecutive patients with moderate-to-
severe acute ischemic strokes treated in the cardiac
cath lab in the close cooperation of cardiologists,
neurologists, and radiologists. Details have been
previously described (13). The decision to perform
an acute stroke intervention was made by a
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FIGURE 1 Number of Procedures Performed per Year

Number of procedures

2012 2013

2014

2015

2016 2017 2018 2019

Years

board-certified neurologist and based on clinical and
imaging findings.

The inclusion criteria were as follows: acute
ischemic stroke with a National Institutes of Health
Stroke Scale (NIHSS) score =6 (since 2017, NIHSS
score =2 was accepted as the limit, and 18 such pa-
tients are included in the reported group), an interval
of <6 h since symptom onset (in 2018, the interval
was extended to 24 h if a penumbra/core mismatch
was confirmed on perfusion CT, and 51 such patients
are included in the reported group), no or only minor
ischemic changes visible on admission CT (Alberta
Stroke Program Early CT score 5 or more), evidence of

angiography or a dense artery sign), and the ability to
undergo intervention within 60 min after CT. The
exclusion criteria included previously known neuro-
logical symptoms (Modified Rankin Scale [mRS] score
of 3 to 5), a known coagulation disorder, known se-
vere hypoglycemia, intracranial bleeding, and CT
evidence of large ischemia.

Endovascular interventions were performed via
the femoral approach in all patients. The revascular-
ization strategy was at the operator’s discretion
(Table 1). A neurologist monitored the patients before,
during, and after the procedure, and the patients
were invited to undergo neurological and cardiology

an occluded major artery on CT (either CT examinations at 3 months post-procedure or,

TABLE 2 The Baseline Characteristics per Year

2012 2013 2014 2015 2016 2017 2018 2019 Total
Number of procedures 4 15 28 37 44 57 66 82 333
Mean age, yrs 60 + 14.7 64 £14.1 65+9 67 £11.8 68 £ 10,1 69 +13.2 70+£13 72114 69 £12.8
Female 3(75) 7 (47) 12 (43) 14 (38) 21(48) 27 (47) 28 (43) 48 (59) 160 (48)
NIHSS score 15 (11-18) 16 (14-20) 18 (15-19) 18 (15-21) 15 (10-19.5) 12 (9-18) 15 (8-19) 15 (10-20) 16 (10-20)
Time from stroke onset to CT, min ~ 63 (53-73) 67 (50-90) 66 (55-96) 101 (67-138) 89 (63-138) 90 (70-244) 93 (67-229) 80 (65-123) 82 (63-121)
Atrial fibrillation 1(25) 5(33) 17 (61) 16 (43) 18 (41) 22 (39) 33 (51) 23 (28) 135 (40)
Diabetes mellitus 1(25) 6 (40) 7(25) 6 (16) 1 (25) 18 (32) 19 (29) 21 (26) 89 (27)
Arterial hypertension 1(25) 8 (53) 24 (86) 26 (70) 37 (84) 35 (61) 48 (74) 61 (74) 240 (72)
Dyslipidemia 0 (0) 0(0) 2(7) 14 (38) 19 (43) 25 (44) 34 (52) 57 (70) 151 (45)
Previous stroke/TIA 0 (0) 1@ 1(4) 9 (24) 8(18) 12 @21 20 (31) 20 (24) 71(21)
Values are mean =+ SD, n (%), or median (interquartile range).

CT = computed tomography; NIHSS = National Institutes of Health Stroke Scale; TIA = transient ischemic attack.

119



788 Sulzenko et al.
Results of CBT Program in Cardiology Cath Lab

TABLE 3 Endovascular Procedure Characteristics

Time from stroke onset to groin puncture, h:min
Time from hospital arrival to groin puncture, h:min
Time from initial imaging to groin puncture, h:min

Time from groin puncture to achieving a TICI
grade 2b/3 or completion of the procedure, h:min

Time from stroke onset to achieving a TICl 2b/3 or
completion of the procedure, h:min

Patients treated by systemic thrombolysis before endovascular procedure
Angiographic findings

Isolated MCA occlusion

Isolated ICA occlusion, excluding T occlusion

T occlusion

Tandem occlusion, ICA + MCA

Posterior circulation

Other

2:45 (2:09-4:58)
1:25 (1:03-2:29)
1:08 (0:46-1:46)
0:40 (0:27-1:01)

3:20 (2:24-4:46)

142 (42,6)

164 (49.2)
41(12.3)
43 (12.9)

47 (14.1)
36 (10.8)

2(0.6)

Values are median (interquartile range) or n (%).

ICA = internal carotid artery; MCA = middle cerebral artery; TIC| = Thrombolysis In Cerebral Infarction.

alternatively, especially in patients with more severe
disability, 3-month outcome data were obtained via
phone or e-mail communication with the local patient
physician and/or patient relatives.

The primary endpoint of the study was the func-
tional neurological outcome (mRS score) at 3 months.
The secondary outcomes were successful angio-
graphic recanalization, defined as a Thrombolysis In
Cerebral Infarction grade (TICI) grade of 2b/3, symp-
tomatic intracranial bleeding (defined as a worsening
of NIHSS =4 within 48 h after the intervention), and
the rate of peri-procedural embolism in a new
territory.

STATISTICS. Descriptive statistics are used to
describe the patient characteristics. Categorical data
are expressed as absolute and relative frequencies,
and continuous data, except age, are expressed as
median and interquartile range. Age is expressed as
mean =+ SD. A regression analysis was used to assess
changes in the mRS score and TICI grade over the 7-
year period. All statistical tests were performed us-
ing SPSS statistics software version 25 (IBM, Armonk,
New York).

RESULTS

BASELINE CHARACTERISTICS. A total of 333 patients
were enrolled in the registry between October 2012
and December 31, 2019. The annual number of pro-
cedures gradually increased over the study period
(Figure 1). The patient baseline characteristics are
shown in Table 2.

The procedural characteristics including time de-
lays and angiographic findings are shown in Table 3.
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In 36 patients, extracranial internal carotid or verte-
bral artery stenting achieved a TICI grade 2b/3, elim-
inating the need for thrombectomy.

OUTCOMES. The primary outcome (mRS score at
90 days) was assessed in 328 patients (98.5%). We
found no significant differences in the mRS score
across the years 2012, 2013, 2014, 2015, 2016, 2017,
2018, and 2019 (p = 0.374, 95% confidence interval:
42.3% to 49.8%) (Figure 2). A good clinical outcome,
defined as a mRS score at 90 days of 0 to 2, was
achieved in 47.9% of the patients. The mRS score
differed according to the location of the occlusion:
55.4% of the patients with an isolated middle cerebral
artery occlusion achieved a mRS score at 90 days of
0 to 2, whereas only 36,8% of the patients with pos-
terior lesions achieved such a
score (Figure 3).

Successful recanalization, defined as a TICI grade
of 2b/3, was achieved in 79.3% of the patients. The
rate of successful recanalization showed borderline
statistical significance trending for improvement be-
tween the years 2012 and 2019 (p = 0.047, 95% con-
fidence interval: 69.2% to 81.3%) (Figure 4).

circulation

CLINICALLY RELEVANT COMPLICATIONS. Symptomatic
intracerebral hemorrhage occurred in 19 patients
(5.7%). In 4 patients (1.2%) the cause was directly
related to the procedure: internal carotid artery
rupture in 1 patient, perforation of middle cerebral
artery in another patient, perforation of the posterior
cerebral artery by the tip of the wire in another, and
rupture of the basilar artery during stent implanta-
tion, resulting in death, in the last patient. No peri-
procedural causes were identified in the remaining 15
cases. Symptomatic embolization to another territory
occurred only in 1 patient (0.3%). A carotid-cavernous
fistula occurred in 1 patient (0.3%). This complication
caused transient oculomotor nerve palsy, which
resolved spontaneously and was not present on the
control angiography.

ASYMPTOMATIC (ONLY ANGIOGRAPHICALLY DETECTED)
COMPLICATIONS. Asymptomatic rupture of a distal
branch of middle cerebral artery occurred in 1 patient
(0.3%). Asymptomatic embolization to another
vascular territory occurred in 5 patients (1.5%). A
short, stable, asymptomatic dissection of the extra-
cranial internal carotid artery was observed in 8 pa-
tients (2.4%).

DISCUSSION

We report the experience of a tertiary cardiology
center during the first 7 years of newly established



JACC: CARDIOVASCULAR INTERVENTIONS VOL. 14, NO. 7, 2021
APRIL 12, 2021:785-92

Sulzenko et al.
Results of CBT Program in Cardiology Cath Lab

789

FIGURE 2 mRS Scores at 90 Days Post-Procedure

Total (N=311)

2019 (N=80)

2018 (N=64)

2017 (N=56)

2016 (N=44)

2015 (N=37)

2014 (N=28)

2013 (N=15

2012 (N=4) d

0% 10% 20% 30%
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90%

100%

mRS = Modified Rankin Scale.

endovascular interventional program for acute
ischemic stroke (Central Illustration). The main focus
of this analysis was to determine whether there was
any learning curve effect when a stroke thrombec-
tomy program is started in a cardiac cath lab in a
hospital without any pre-existing neurointerven-
tional experience. Treatment was provided in close
collaboration among neurologists, radiologists, car-
diologists, and angiologists. A previous meta-analysis
of individual patient data from 5 randomized trials
(MR CLEAN [Multicenter Randomized Clinical Trial of
Endovascular Treatment for Acute Ischemic Stroke in
the Netherlands], ESCAPE [Endovascular Treatment
for Small Core and Proximal Occlusion Ischemic
Stroke], REVASCAT [Endovascular Revascularization
With Solitaire Device Versus Best Medical Therapy in
Anterior Circulation Stroke Within 8 Hours], SWIFT
PRIME [Solitaire™ With the Intention for Thrombec-
tomy as Primary Endovascular Treatment], and
EXTEND IA [Extending the Time for Thrombolysis in

Emergency Neurological Deficits - Intra-Arteriall])
found good neurological outcomes (mRS score at
3 months of 0 to 2) in 46% of the patients treated by
thrombectomy for anterior stroke (14). Our finding
that 47.9% of patients achieved a mRS score at
90 days of 0 to 2 is consistent with that of the meta-
analysis. Furthermore, unlike the aforementioned
randomized trials, our study population included
patients with posterior circulation strokes, who
generally have worse outcomes than those of patients
with anterior lesions. When we analyzed the results
only from patients with anterior circulation stroke, a
favorable clinical outcome defined as mRS 0 to 2 at
90 days was achieved in 49.66%. Our study included
48 octogenarians (14.0%) and 12 nonagenarians
(3.6%).

The angiographic outcome (TICI 2b/3 in 79.3% of
patients) was comparable with that of the previous
meta-analysis, in which successful recanalization
(TICI 2b/3) was achieved in 71% of the patients.
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55.35%

26.42%

ISOLATED MCA
OCCLUSION

FIGURE 3 mRS Scores at 90 Days According to the Anatomy of Occlusion

49.66%

ALL ANTERIOR STROKES ~ POSTERIOR STROKES

Anatomy of occlusion

B mRS 0-2 (%)

BN 36.84% | 42-11%

30.00%

m mRS 6 (%)

MCA = middle cerebral artery.

Proportion of patients with modified Rankin Scale (mRS) score O to 2 and 6 at 90 days after procedure according to the anatomy of occlusion.

Furthermore, the risk of symptomatic intracere-
bral hemorrhage in our study (5.7%) was
comparable with that reported in the meta-analysis
(4.4%).

Although the benefit of EVT for selected patients
with acute ischemic stroke is clear, neurointerven-
tional centers in some regions do not have the

capacity to treat all eligible patients. Our hospital
solved this problem by incorporating EVT for
ischemic strokes in a cardiology cath lab operating
24 h a day, 7 days a week, with an experienced team
of cardiologists, angiologists, and 1 interventional
radiologist. A similar approach with similar results
was described in previous trials (15).

FIGURE 4 Patients With TICI Grade of 2b/3 According to Year

2012 2013 2014 2015

2016 2017 2018 2019 TOTAL
Years

Proportion of patients with a Thrombolysis In Cerebral Infarction (TICI) grade of 2b/3 according to year.
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and radiologists.

Stable clinical outcomes when acute stroke thrombectomy program is started in experienced cardiology cath lab in close cooperation with neurologists

Current training requirements to perform EVT for
acute strokes include 1 year of neuroscience study
and a 1-year fellowship in a high-volume neuroradi-
ology center (16,17). These requirements virtually
exclude experienced interventionalists outside the
field of neuroradiology who are unable to interrupt
their work for 2 years to learn a single new procedure.
Although there is no question that appropriate tech-
nical and clinical training is necessary to perform EVT
for acute ischemic stroke, Lanzer et al. (18) have
proposed a program that allows interventionalists
with experience in extracranial carotid and vertebral
endovascular procedures to “fast-track” technical
training.

We found that the treatment outcomes of patients
with acute ischemic strokes who underwent throm-
bectomy in our cardiac cath lab within a multidisci-
plinary setting were comparable with those of
patients treated in specialized neuroradiology cen-
ters. Importantly, we observed positive clinical out-
comes right from the inception of the program, due to
the extensive experience of all the interventionalists
(including experience with carotid stenting), without
any signs of a learning curve effect.

The involvement of experienced interventional
cardiologists in a center with large experience in
acute myocardial infarction treatment and with
smooth interdisciplinary cooperation may be benefi-
cial for patients with acute ischemic stroke, in areas
where neurointerventional radiology or endovascular
neurosurgery specialists are not available.

STUDY LIMITATIONS. The main limitation of our
study is the single-center design. Furthermore, com-
parisons between our study and the randomized trials
were not completely accurate because the study
populations are not the same. However, the strength
of our study is that it reflects a real-life acute stroke
population, because no patient who underwent an
intervention was excluded. As well, it is important to
note that the results of follow-up neurological
assessment may be biased because follow-up was not
performed by an independent neurologist.

CONCLUSIONS

When a CBT program is initiated in an experienced
cardiac cath lab in close cooperation among
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cardiologists, neurologists, and radiologists, the
outcomes are comparable to those of neuroradi-
ology centers. The desired clinical results were
achieved from the outset of the program, even
despite a relatively low thrombectomy caseload
during the initial year, without any signs of a
learning curve effect. These findings support the
potential role of interventional cardiac cath labs in
the treatment of acute strokes, in regions where
this therapy is not available due to the lack of
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PERSPECTIVES

WHAT IS KNOWN? CBT is the best treatment
option for eligible patients with acute ischemic stroke,
but many eligible patients remain untreated, largely
due to lack of neurointerventionalists in many regions
worldwide.

WHAT IS NEW? The results of our study suggest
that when a CBT program is initiated in an experienced

neurointerventionalists.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

This paper was supported by Charles University Research program
UNCE/MED/002. The authors have reported that they have no
relationships relevant to the contents of this paper to disclose.

ADDRESS

FOR CORRESPONDENCE:
Sulzenko, Department of Cardiology, Third Faculty of
Medicine, Charles University and University Hospital
Kralovske Vinohrady, Srobarova 50, Prague 10, Czech
Republic. E-mail: jakub.sulzenko@gmail.com.

Dr. Jakub

cardiac cath lab in close cooperation among cardiol-
ogists, neurologists, and radiologists, preferably un-
der leadership of an experienced interventional
radiologist, outcomes are comparable to those of
neuroradiology centers. Clinical results are favorable
from the onset of the program, without any signs of a
learning curve effect.

WHAT IS NEXT? Next steps entail establishing
guidelines for training which will enable cardiologists
to perform CBT and to facilitate the process for those
willing to undergo such training.
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Uvod: Mechanicka trombektomie (MT) se ukazala byt uéinnou lééebnou metodou u pacientd s akutni is-
chemickou cévni mozkovou pfihodou (iCMP) vzniklou uzavérem proximalniho Useku velkych mozkovych
tepen. Cilem této studie bylo porovnat zavaznost neurologického deficitu pacientd, ktefi podstoupili MT
v zévislosti na jejich zakladnich klinickych charakteristikach.
Metody: Prospektivni observacni monocentricky registr pacientd lécenych mechanickou trombektomii pro
akutni iCMP. Stuperi neurologického deficitu byl kvantifikovan pomoci modifikované Rankinovy $kaly (mRS
0-6) s odstupem ti{ mésict od vzniku iCMP. Dle zavaZnosti neurologického postizeni byli pacienti rozdéleni
do dvou skupin - mRS 0-2 vs. mRS 3-6.
Vysledky: Celkem bylo do registru zafazeno 111 pacientt (primérny vék 65,9 roku, muzi 55 %). Klinicky
pfiznivého vysledku (MRS < 2 za tfi mésice) bylo dosazeno v 39,8 % (44 pacientt). Tito pacienti (mRS < 2)
byli v porovnéni s druhou, klinicky horsi skupinou (mRS 3-6) mladsi (61 let vs. 70 let, p < 0,01), méli vétsi
zastoupeni aktivnich kufaka (45,5 % vs. 25,4 %, p < 0,002) a mensi prevalenci fibrilace sini (25 % vs. 53,7 %,
p < 0,001). Mezi skupinami nebyly vyrazné rozdily v zastoupenf jednotlivych pohlavi (muzi 50 % vs. 58 %, p
=0,27), v hodnoté indexu télesné hmotnosti (27,8 vs. 29,2, p = 0,21), v prevalenci arterialni hypertenze (70,5
% vs. 77,6 %, p = 0,26), diabetes mellitus (15,9 % vs. 25,4 %, p = 0,15), chronické renalni insuficience (11,4
% vs. 22,4 %, p = 0,08) a ani v hodnoté NIHSS (National Institute of Health Stroke Scale) pfi pfijmu (15 vs.
18, p = 0,69).
Zavér: Mechanicka trombektomie dosahuje lepsich klinickych vysledkd u mladsich pacientl, u kufaka
a u pacienttl s iCMP, ktera nebyla zplsobena embolizaci pfi fibrilaci sini.
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Klinické vysledky pacientd s iCMP lé¢enych mechanickou trombektomii

Keywords:

Acute ischemic stroke

Atrial fibrillation

Clinical outcomes

Direct catheter-based trombectomy

ABSTRACT

Background: Direct catheter-based thrombectomy (d-CBT) was proven to be an effective treatment for
proximal occlusions of the major intracranial arteries in acute stroke patients. The aim of this study was to
compare dlinical outcomes of patients treated by d-CBT depending on their baseline characteristics.
Methods: A single center, prospective, observational registry of consecutive patients (pts) treated by d-CBT
for an acute ischemic stroke. The degree of dependence after a stroke was measured by the modified Rankin
scale (mRS) at 3 months follow-up and pts were divided into 2 subgroups based on functional independence/
dependence (MRS 0-2 vs. 3-6).

Results: A total of 111 consecutive patients (mean age 65.9 ys, men 55%) have been enrolled. A favorable
outcome (MRS < 2 at 3 months) was reached in 39.8% (44 pts). The pts with favorable outcome (mRS < 2)
compared to pts with poor outcome (mRS 3-6) were younger (61 ys vs. 70 ys, p < 0.01), had higher prevalence
of cigarette smoking (45.5% vs. 25.4%, p < 0.002) and had lower prevalence of known atrial fibrillation (25%
vs. 53.7%, p < 0.001). There were no significant differences between the subgroups in: sex (men 50% vs.
58%, p = 0.27), body mass index (27.8 vs. 29.2, p = 0.21), arterial hypertension (70.5% vs. 77.6%, p = 0.26),
diabetes mellitus (15.9% vs. 25.4%, p = 0.15), chronic kidney disease (11.4% vs. 22.4%, p = 0.08) and NIHSS
on admission (15 vs. 18, p = 0.69).

Conclusions: Mechanical thrombectomy achieved better clinical results in younger patients, in smokers and

Endovascular treatment

in patients with stroke not caused by atrial fibrillation.

Uvod

Dle odhadd Svétové zdravotnické organizace je cévni
mozkova pfihoda druhou nejcastéjsi preventabilni pfici-
nou umrti a hlavni pfi¢inou zavazného a dlouhodobého
postizeni [1]. Je také povaZovana za druhou nejcasté;jsi
pfi¢inu demence, nejcastéjsi pficinu epilepsie ve stafi a za
Casty ddvod depresivnich stavl [2,3]. Mortalita cévnich
mozkovych pfihod klesla mezi lety 1990 a 2010 o 37 % ve
vyspélych zemich a 0 22 % v zemich rozvojovych. V roce
2010 byl celosvétovy pomér mezi incidenci a mortalitou
CMP 0,35 [4]. Ischemické CMP jsou zastoupeny v 87 %,
zbytek, tj. 13 %, tvofi hemoragické CMP [5]. Zhruba 15 %
vsech CMP je zpusobeno fibrilaci sini.

Mezi hlavni rizikové faktory CMP v populaci patfi: arte-
ridIni hypertenze, diabetes mellitus, koureni, abdominal-
ni obezita, $patné stravovaci navyky, nedostatek pohybu,
nadmérna konzumace alkoholu, hyperlipoproteinemie
a stres. Vliv rizikovych faktord na incidenci CMP se mezi
jednotlivymi etnickymi skupinami, pohlavim i vékovymi
skupinami lisi [6-10].

Uzavér velkych mozkovych tepen je spojen s vysokym
rizikem umrti ¢i tézkého neurologického deficitu. Az do-
neddvna bylo podani intravendzni trombolyzy (tkarovy
aktivator plazminogenu) pro tyto pacienty jedinou Sanci
pii pokusu o revaskularizaci. V poslednich letech se situa-
ce vyrazné zménila. V roce 2015 byly zverejnény vysledky
péti randomizovanych multicentrickych klinickych studii,
na zakladé kterych je v soucasnosti mechanicka trombek-
tomie povazovana za ucinnou lécbu okluzi velkych moz-
kovych tepen. Mechanicka trombektomie ma dle platnych
doporuceni indikaci tridy | A u pacientt, ktefi dorazi do
nemocnice za méné nez Sest hodin od zac¢atku piiznaka.

Cilem této studie je porovnat zdvaznost neurologického
deficitu pacientl lécenych mechanickou trombektomii v za-
vislosti na jejich zékladnich klinickych charakteristikach.

Metody

Prospektivni observa¢ni monocentricky registr pacientt
lé¢enych mechanickou trombektomii pro akutni ische-

mickou cévni mozkovou pfihodu. Studie probihala dle
protokolu schvaleného etickou komisi a byla navrzena
v Uzké spolupraci mezi kardiology, neurology, radio-
logy a intervencnimi neuroradiology. VSichni ucastnici
studie (nebo jejich pravni zastupci) bud podepsali in-
formovany souhlas, nebo vyjadrili souhlas s ucasti ve
studii ustné. Vstupni kritéria byla: a) stfedné zavazna
a zavazna iCMP (NIHSS [National Institute of Health
Stroke Scale] = 6); b) sestihodinovy interval mezi zacat-
kem priznakt a prijezdem do nemocnice (s vyjimkou
uzavéru bazilarni tepny, kde nebylo ¢asové okno pro
IéCbu striktné omezeno a léc¢ebnd strategie byla sta-
novena individudlné) nebo provedeni CT vysetieni za
méné nez dvé hodiny u ,wake-up” CMP; ¢) Zadné nebo
velmi malé ischemické lozisko patrné pii vstupnim CT
vySetfeni mozku; d) potvrzeni uzdvéru velké mozko-
vé tepny dle CT vySetfeni mozku, a to bud pomoci CT
angiografie, anebo pfitomnosti ,dense artery sign”;
e) moznost zahajeni neurointervence do 60 minut od
pfijezdu do nemocnice a f) vék nad 18 let. Vylucovaci
kritéria byla: a) znamy neurologicky deficit (mRS 2-5),
b) znama zavazna hypoglykemie, ¢) zjisténé intrakrani-
alni krvaceni, d) pritomnost velké ischemie dle CT vyset-
feni mozku a e) téhotenstvi.

Primarnim sledovanym ukazatelem byl funkéni neuro-
logicky deficit s odstupem tfi mésic, ktery byl zhodnocen
zkusenymi neurology. Sekundarnimi sledovanymi ukaza-

Tabulka 1 - Modifikovana Rankinova $kéla (mRS)

0 - zadné symptomy.
1 - lehky deficit, pacient zvlada viechny aktivity jako pred CMP.

2 - pacient neni schopen zvladnout viechny predchozi aktivity,
je plné sobéstacny, bez cizi pomoci.

3 - pacient vyzaduje pomoc pii nékterych aktivitach, je schopen
chiize bez pomoci druhé osoby.

4 - chiize jen s pomoci druhé osoby, pacient neni schopen bez
cizi pomoci zvlddnout své télesné potieby.

5 - pacient je upoutan na lizko, vyzaduje trvalou péci.
6 — Umrti.
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Tabulka 2 - Zakladni charakteristika pacientid, n = 111

Pocet pacientl
Veék (roky) — primér + SD
Muzské pohlavi
Body mass index — prdmér + SD
CMP nebo TIA v anamnéze
Arterialni hypertenze
Diabetes mellitus
Hyperlipidemie
Chronicka rendlni insuficience
Aktivni koureni
Fibrilace sini (znama, de novo)
Chronicka antitromboticka terapie

- antagonista vitaminu K

-INR<2

- kyselina acetylsalicylova/clopidogrel
Kombinovana terapie (IVT + MT) (pokud)
NIHSS pfi propusténi — primér + SD
Symptomatické intrakranialni krvaceni
Wake-up CMP

mRS 0-2 mRS 3-6

44 (39,6 %) 67 (60,4 %)

61+12,1 69,5+9,1 p<0,01
22 (50 %) 39 (57,8 %) p=027
27,8+5,2 292+7,1 p=0.21
7 (15,9 %) 10 (14,9 %) p=0,86
31 (70,5 %) 52 (77,6 %) p=0,26
7 (15,9 %) 17 (25,4 %) p=0,15
7 (15,9 %) 22 (32,8 %) p=0,02
5(11,4 %) 15 (22,4 %) p=0,08
20 (45,5 %) 17 (25,4%) p < 0,002
11 (25 %) 36 (53,7 %) p < 0,001
14 (31,8 %) 33 (49,3 %) p=0,02
4 (28,6 %) 10 (30,3 %)

3(75 %) 8 (80 %)

10 (71,4 %) 23 (69,7 %)

13 (29,5 %) 16 (23,9 %) p=0,378
15+5,7 18,4+ 6,3 p=0,69
26+26 152+73 p < 0,001
0 5(7,5 %) p=0,06
6 (13,6 %) 6 (9 %) p=0,28

CMP - cévni mozkova piihoda; IVT — intravendzni trombolyza; MT - mechanicka trombektomie; NIHSS — National Institutes of Health
Stroke Scale; SD - smérodatna odchylka; TIA - transitorni ischemicka ataka.

teli byly: pocet angiograficky uspésnych rekanalizaci, vy-
voj NIHSS od ptijeti k propusténi z nemocnice a incidence
zavazného intrakranialniho krvaceni, definovaného jako
narlst v NIHSS o vice nez ¢tyfi body béhem nasledujicich
48 hodin po provedeni neurointervence. Stupen neurolo-
gického postizeni byl kvantifikovdn pomoci modifikova-
né Rankinovy skaly (mRS) s odstupem tfi mésicd od iCMP
a dle zavérecného zhodnoceni byli pacienti rozdéleni do
dvou skupin (mRS 0-2 vs. 3-6). Modifikovana Rankinova
Skala je uvedena v tabulce 1.

Studijni registr zahrnoval zdkladni charakteristiky
pacientt, jako je pohlavi, vék, index télesné hmotnosti,
znama anamnéza cévni mozkové piihody/transitorni is-
chemické ataky, arteridlni hypertenze, hyperlipidemie,
diabetes mellitus, chronické rendlni insuficience, aktiv-
ni nikotinismus (trvajici vice nez mésic pfed pfijetim do
nemocnice), viechny formy fibrilace sini (zndmé nebo de
novo zjisténé b&éhem hospitalizace ¢ béhem naslednych
ti mésicd), chronickd antitrombotickd terapie, ¢asové in-
tervaly (zacatek ptiznakd — prvni kontakt s neurologem
— provedeni CT mozku — zahajeni trombolyzy [pokud se
tak stalo] — cas punkce tfisla — cas rekanalizace [pokud
nastala]), vyvoj NIHSS od prijeti do propusténi a angio-
graficky ndlez (uzaviend tepna, tepenny prutok pred
intervenci a po intervenci). Viem pacientim byla béhem
hospitalizace provedena transthorakalni echokardiogra-
fie (v pfipadé nutnosti i jicnovd) a sonografie extra- a in-
trakranidlnich tepen.

Vysledky

Celkem bylo do studie zafazeno 111 pacientd (pramérny
vék 65,9 roku, muzi 55 %). Klinicky pfiznivého vysledku
(mRS < 2 za tfi mésice) bylo dosazeno v 39,8 % (u 44 pa-
cientl). Tito pacienti (mRS < 2) byli v porovnani s druhou,
klinicky horsi skupinou (mRS 3-6) mladsi (61 let vs. 70 let,
p < 0,01), méli vétsi zastoupeni aktivnich kufakl (45,5 %
vs. 25,4 %, p < 0,002) a také byla v této skupiné mensi
prevalence znamé nebo de novo zjisténé fibrilace sini (25
% vs. 53,7 %, p < 0,001), coz je jisté spojeno i s nizsi pre-
valenci uzivani jakékoliv formy antitrombotické terapie
v této skupiné (31,8 % vs. 49,3 %, p = 0,02).

Mezi jednotlivymi skupinami nebyly vyrazné rozdily
v zastoupeni jednotlivych pohlavi (muzi 50 % vs. 58 %, p
=0,27), hodnoté indexu télesné hmotnosti (27,8 vs. 29,2,
p = 0,21), prevalenci arteridlni hypertenze (70,5 % vs.
77,6 %, p = 0,26), diabetes mellitus (15,9 % vs. 25,4 %,
p = 0,15), chronické renadlni insuficience (11,4 % vs. 22,4
%, p = 0,08), probéhlé CMP/TIA (15,9 % vs. 14,9 %, p =
0,86) a hodnoté NIHSS pfi pfijmu (15 vs. 18, p = 0,69). Po-
déni intravendzni trombolyzy jako soucast kombinova-
né terapie pfed naslednou mechanickou trombektomif
signifikantné neovlivnilo vysledny neurologicky deficit
(29,5 % vs. 23,9 %, p = 0,38). Viech pét pacienttd (4,5 %)
se symptomatickym intrakranidlnim krvacenim zemfrelo.
Detailni charakteristika pacientd obou skupin je uvede-
na v tabulce 2.

127



36 Klinické vysledky pacientl s iCMP lé¢enych mechanickou trombektomii

Ve skupiné s pfiznivym neurologickym vysledkem byla
signifikantné vyssi incidence izolovaného uzavéru arteria
cerebri media (56,8 % vs. 35,8 %, p < 0,01) a nizsi inci-
dence tandemového uzavéru, tj. proximalni Usek arteria
carotis interna a arteria cerebri media &i T uzavéru, tj. bi-
furkacni proximalni uzavér arteria carotis interna (25 %
vs. 41,8 %, p = 0,02), nez u druhé skupiny pacient(. Cel-
kové byla uspésna rekanalizace, definovana jako pritok
TICI (Thrombolysis in Cerebral Infarction) 2b/3, dosazena
u 93,2 % pacientl s pfiznivym neurologickym vysledkem
a jen u 56,7 % pacientd, ktefi méli bud' zavaznéjsi neu-
rologicky deficit, ¢ zemfreli (o < 0,001). Casové intervaly
mezi zacatkem priznakl a zahajenim neurointervence se
mezi obéma skupinami statisticky vyznamné nelisily (tato
data nejsou soucasti tohoto ¢lanku). Blizsi angiograficka
data jsou uvedena v tabulce 3.

Diskuse

V nasem registru pacientl s ischemickou cévni mozko-
vou ptihodou zpuUsobenou uzavérem velké mozkové
tepny, ktefi byli 1é¢eni mechanickou trombektomii do
Sesti hodin od zacatku pfiznak( s podanim intravenézni
trombolyzy nebo bez podani intravendzni trombolyzy
v ramci kombinované terapie, byly nizsi vék, aktivni kou-
feni a nepfitomnost fibrilace sini spojeny s lepsim neu-
rologickym nasledkem. Tandemové uzavéry a T uzavéry
byly silnymi prediktory horsich neurologickych nasledku,
CoZ je nejspise zpusobeno vétsi technickou narocnos-
ti a komplikacemi vychazejicimi z pfitomnosti velkého
trombu. Uspéina rekanalizace (pratok TICI 2b/3) byla
statisticky vyznamnym prediktorem lehcich neurologic-
kych nasledkd. Nase vysledky jsou vice méné v souladu
s jinymi studiemi.

Nikotinismus je znamym rizikovym faktorem cévni
mozkové prihody [15]. | kdyz maji kufaci trojndsobné zvy-
sené riziko CMP, nazory o vlivu koufeni na klinické na-
sledky po iCMP se lisi. Dle nékterych studii je aktivni kou-
feni negativni [16,17] nebo neutralni prognosticky faktor
[18-22]. Na druhé strané, dle nékterych studii vyslo kou-
feni jako piiznivy prognosticky faktor [23,24]. Tyto studie
se vsak netykaly pacient( lé¢enych mechanickou tromb-
ektomii. Pfedpoklada se, Zze chronicka expozice nikotinu
muze podporovat angiogenezi ¢i ischemicky preconditi-
oning se zvysenou tvorbou kolaterdl. Pfitomnost kolate-
rélniho obéhu je spojovana s leh¢im neurologickym de-

ficitem a mensim objemem infarzované mozkové tkdné
[25,26]. Nase vysledky mohou byt ovlivnény skutecnosti,
Ze v nasi studijni skupiné byli kufaci mlads$i nez nekuraci
(68,1 vs. 62,4, p=0,01). K objasnéni mozné zavislosti mezi
koufenim, vékem a neurologickymi nasledky pacientt by
mohla byt uzitecna multivarian¢ni analyza. Kuracky para-
dox nesmi byt myIné interpretovan a nemél by byt pouzi-
van k propagaci koureni.

Fibrilace sini (FS) je spojovana se ¢tyr- az pétinasobné
vys$sim rizikem vzniku CMP [27]. Ze 111 pacientd naseho
registru mélo 47 (42,3 %) fibrilaci sini, a to bud znamou
(27 pacientt), nebo de novo zjisténou (20 pacient(). Pou-
ze 14 pacientl (51 %) se znamou fibrilaci sini uzivalo per-
oralni antikoagulacni terapii (vyhradné warfarin) a z nich
vétsina (78,6 %) byla antikoagulovana nedostatecné (INR
< 2). Dle vysledku nasi studie byla pritomnost fibrilace sini
negativnim prognostickym faktorem ovliviiujicim neu-
rologické nasledky u pacientd lécenych neurointervenci
pro akutni iCMP. Je vieobecné znamo, ze pacienti s kar-
dioembolickou iCMP mivaji hordi neurologické nasledky
i pfes jakoukoli (nejen endovaskulérni) 1é¢bu ve srovnani
s pacienty po CMP jiné nez kardioemboliza¢ni etiologie
[28]. Obecné lze Fici, Ze pacienti s fibrilaci sini jsou starsi,
maji horsi zdravotni stav uz pred prodélanim CMP, miva-
ji jiné typy tepennych okluzi a vétsi objem infarzované
mozkové tkané [29]. Existuji zatim pouze tfi studie, které
se snazily analyzovat rozdily endovaskularni lécby mezi
pacienty s fibrilaci sini a bez fibrilace sini, ale Zadna z nich
nepotvrdila statisticky vyznamny rozdil [30-32].

Zaveér

Mechanicka trombektomie dosahuje lepSich klinickych
vysledk( u mladsich pacientd, u aktivnich kufdka a u pa-
cientd, u kterych nebyla prokézéna fibrilace sini jako
mozna etiologie ischemické cévni mozkové pfihody. In-
travendzni trombolyza jako ,bridge” k neurointervenci
nevysla v nasi studii jako statisticky vyznamny pozitivni
prognosticky faktor.

Prohldseni autorti o mozném stretu zajmu
Zadny z autor( neuvadi skutecny ani potencialni stret za-
jma.

Financovani
Zadné.

Tabulka 3 - Angiografické nélezy, uspésna rekanalizace

Pocet pacientl

Tandemovy (proximalni tsek ACl + ACM) nebo T uzavér
(bifurkace ACI)

Izolovany uzavér ACM

Izolovany proximalni uzavér ACI

Uzavér bazildrni nebo vertebralni arterie
Angiograficky Uspésna rekanalizace (pritok TICI 2b/3)

mRS 0-2 mRS 3-6

44 (39,6 %) 67 (60,4 %)

11 (25 %) 28 (41,8 %) p=0,02
25 (56,8 %) 24 (35,8 %) p<0,01
5 (11,4 %) 5 (7,4 %) p=032
3 (6,8 %) 10 (15,0 %) p=0,13
41 (93,2 %) 38 (56,7 %) p < 0,001

ACI - arteria carotis interna; ACM - arteria cerebri media; TICl - Thrombolysis in Cerebral Infarction.
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Prohlaseni autora o etickych aspektech publikace
Timto prohlasujeme, Ze vyzkum byl provadén v souladu
s etickymi standardy.

Informovany souhlas

Prohlasuji jménem viech autord, ze vyzkum byl veden po-
dle Helsinské deklarace. VSichni pacienti podepsali infor-
movany souhlas.
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