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Abstrakt

U pacientt s akutni ischemickou cévni mozkovou ptihodou (iCMP) je viabilita
mozkové tkdné posuzovana pomoci CT perfuze (CTP). U okluze velké tepny ptedniho
povodi s trvanim symptomit > 6 hod. ¢i nezndmou dobou trvani, jsou vysledky CTP
jednim ze zékladnich indikacnich kritérii pro mechanickou trombektomii (MT).
V Casném okné < 6 hod. od vzniku symptomil je vSak piinos CTP zpochybiiovan a
k indikaci MT se nepouziva. Studovali jsme moznosti vyuziti CTP u této skupiny
pacientt, kteti podstoupili tspéSnou MT indikovanou na zékladé platnych doporuceni a
kontrolni zobrazeni 24 + 2 hodiny od MT.

V ramci prvni vétve studie jsme hodnotili pfesnost 3 typll nastaveni vypocetnich
parametri NeuroPerfusion Suite syngo.via SW pro CTP s cilem najit to, které by
nejpresnéji predikovalo rozsah definitivniho infarktu na kontrolni MR. Ischemické jadro
jsme definovali jako oblast: A) cerebral blood flow (CBF) < 30 % pfi srovnani s
kontralateralni mozkovou hemisférou; B) CBF < 20 %; C) cerebral blood volume < 1,2
ml/100 ml. Nastaveni jsme testovali na 47 pacientech. Absolutni shoda mezi objemem
ischemického jadra a objemem definitivniho infarktu byla slaba (ICC 0,64-0,69, RMSE
58,9-66). V piipadé pouziti nastaveni A a C, CTP nadhodnotila rozsah infarktu u 53 %,
u nastaveni B u 26 %. Dle naSich vysledki tedy ani jednoho z testovanych nastaveni
nebylo idealni, avSak nastaveni B se kvili nejmensi mife nadhodnoceni objemu
definitivniho infarktu jevi jako nejvhodnéjsi.

Druh4 vétev se zabyvala prediktory klinického vysledku v zavislosti na rychlosti
rustu ischemie v Casné fazi — early infarct growth rate (EIGR) od vzniku iCMP po CTP,
1 v pozdni fazi mezi CTP a kontrolnim zobrazenim — late infarct growth rate (LIGR).
Zatadili jsme 71 pacientil, z nich 31 % doséhlo neuspokojivy klinicky vysledek (mRS 3—
6). Jejich data byla srovnana s pacienty, kteti dosdhli po MT funk¢ni nezéavislosti. Pacienti
s neupokojivym vysledkem byli star$i (median 78 vs. 68 let; 95% CI1 6 az 16; p <0,001),
méli vétsi objem ischemického jadra (52,5 vs. 10; 95% CI 11 az 81; p < 0,001) 1
definitivniho infarktu (186,5 vs. 18,5 ml; 95% CI 55,3 az 214; p < 0,001). Rist ischemie
byl signifikantné rychlejsi v ¢asné i pozdni fazi, EIGR (23,9 vs. 6,7 ml/hod.; 95% CI 3,26
az 53,68, p = 0,002), LIGR (2 vs. 0,3 ml/hod.; 95% CI 1,1 az 6,1; p < 0,001).
Nejvyznamnéjsi vliv na klinicky vysledek z nami sledovanych faktort méla rychlost riistu
ischemie po MT, tedy LIGR a objem definitivniho infarktu.

Klicova slova: CT perfuze, parametry, ischemické jadro, rust ischemie.



Abstract

CT perfusion (CTP) is applied to assess brain tissue viability in patients with acute
ischemic stroke. CTP results are one of the most significant indication criteria for
mechanical thrombectomy (MT) in case of large vessel occlusion in the late time window
> 6 hours or in wake-up strokes. However, CTP is not the modality of choice to determine
candidates suitable for MT in the early time window < 6 hours, as the benefits of CTP are
questionable in this time setting. We studied cohort of patients after technically successful
MT performed regardless of CTP results with follow-up imaging 24 + 2 hours after MT.

In the first part of the study, we evaluated the accuracy of 3 types of NeuroPerfusion
Suite syngo.via SW parameter settings for CTP aiming to determine the most accurate
one in predicting the final infarct volume (FIV) measured on follow-up MRI. The
ischemic core was defined as follows: A) cerebral blood flow (CBF) < 30 % compared
with the contralateral hemisphere; B) CBF <20 %; C) cerebral blood volume < 1,2 ml/100
ml. We studied 47 patients. The absolute agreement between ischemic core volume and
FIV was poor (ICC 0.64—0.69, RMSE 58.9-66.0). Setting A and C overestimated FIV in
53%, setting B in 26% patients. According to our results, none of the settings was optimal,
but we consider setting B the best because of the lowest overestimation rate.

In the second part, we dealt with predictors of clinical outcome according to the
infarct growth rate in the early phase — early infarct growth rate (EIGR) from the stroke
onset to CTP; and in the late phase between CTP and follow-up — late infarct growth rate
(LIGR). We studied 71 patients, with 31% of candidates having a poor outcome (mRS 3—
6), and performed intergroup data assessment. Patients with a poor outcome were older
(median 78 vs. 68 years; 95% CI 6 to 16; p <0.001), had a larger ischemic core volume
(52,5 vs. 10; 95% CI 11 to 81; p < 0.001) and FIV (186,5 vs. 18,5 ml; 95% CI 55,3 to
214; p < 0.001). Infarct growth rate was faster in the early and late phases, EIGR (23,9
vs. 6,7 ml/hour; 95% CI 3,26 to 53,68, p = 0,002), LIGR (2 vs. 0,3 ml/hour; 95% CI 1,1
to 6,1; p <0.001). LIGR and FIV were the strongest predictors.

Key words: CT perfusion, parameters, ischemic core, infarct growth rate.
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EIGR early infarct growth rate
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GRE gradient echo
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NECT nativni vypocetni tomografie

NIHSS National Institute of Health Stroke Scale
NMDA N-methyl-D-aspartat

PFO perzistujici foramen ovale

PICA arteria cerebelli inferior posterior

rCBF relativni cerebral blood flow

rCBV relativni cerebral blood volume

RMSE smérodatna odchylka chyb

ROPE Risk of Paradoxical Embolism

SAH subarachnoidalni hemoragie

SCA arteria cerebelli superior

SD standardni odchylka

SW software

TE echo time

TI inversion time

TMAX time to maximum

TOAST Trial of Org 10172 in Acute Stroke Treatment
TOF time of flight

TR repetition time

VRT volume rendering technique
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1. Uvod
1.1 Epidemiologie

Cévni mozkové piithoda (CMP) je celosvétové druhou nejcastéjsi pricinou smrti
(Campbell et al., 2019). Ro¢né postihne vice nez 12 milionti lidi, pficemz v budoucnu se
ocekava dalsi navysSeni poctu piipadi (GBD 2016 Lifetime Risk of Stroke Collaborators,
2019). Celozivotni riziko vzniku CMP pro jednotlivce se odhaduje na pfiblizné 25 %
(GBD 2016 Lifetime Risk of Stroke Collaborators, 2018).

Mortalita se ptedevsim diky zlepSeni zdravotni péce za poslednich 20 let snizila asi
o polovinu, i pfesto vSak zustava vysoka (OECD, 2021). Ro¢n¢ na CMP umira vice nez
5 miliont lidi (GBD 2016 Lifetime Risk of Stroke Collaborators, 2019). Krom¢ vysoké
mortality je problémem i dal§i osud prezivSich, ktefi se Casto potykaji se zhorSenou
kvalitou zivota (GBD 2016 Lifetime Risk of Stroke Collaborators 2019; Peng et al.,
2022). Navic se pouze pftiblizn€ polovina téchto pacientl dozije dalSich 5 let, hranici 10
pfekond uz jenom tietina postizenych (Peng et al., 2022; Sennfilt et al., 2018).

Navzdory jiz dosaZzenému pokroku v diagnostice a 1écbé ztstava CMP zavaznou
diagno6zou s obrovskymi socioekonomickymi dopady (Strilciuc et al., 2021).

1.2 Definice a klasifikace cévni mozkové prihody

Existuje n€kolik definic CMP, ptfi¢emz kazda ma sva uskali. Zjednodusen¢ je CMP
definovana jako stav nahle vzniklého neurologického deficitu zapti¢inéného poruchou
cévniho zasobeni mozku (Kuriakose et al., 2020; Murphy et al., 2020). Tato definice vSak
nepocita s takzvanymi némymi ischemiemi (silent strokes), o jejichZ existenci jsme se
dozvédéli az s rozvojem zobrazovacich metod, konktrétné sekvence difuzniho vazeni
(DWI) na magnetické rezonanci (MR) (Sacco et al., 2013; Vermeer et al., 2007). Ackoliv
hovofime o némych ischemiich, tak klinicky némé obvykle nejsou a opakované némé
infarkty se mohou projevit poruchou kognitivnich funkcich ¢i neurologickymi deficity
(Sacco et al., 2013; Smith et al., 2017). Tato problematika se navic dostala do poptedi 1
v souvislosti s rozvojem intervencni kardiologické a kardiochirurgické 1écby (Indja et al.,
2019; Osmancik et al., 2021).

Zakladni déleni CMP je zalozené na mechanizmu vzniku poruchy cévniho
zasobeni, kdy rozliSujeme 2 velké skupiny, ischemickou CMP (iCMP) a hemoragickou
CMP (hCMP) (Zhou et al., 2022).

1.2.1 Ischemicka cévni mozkova prihoda

Ptiblizné 87 % piipadi CMP tvoii iCMP zapti€¢inénd uzavérem cévy, a to v 99 %
uzaveérem arterie a v 1 % zily (Rosamond et al., 2008; Zhou et al., 2022).


https://pubmed.ncbi.nlm.nih.gov/?term=GBD+2016+Lifetime+Risk+of+Stroke+Collaborators%5BCorporate+Author%5D
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1.2.1.1 Arterialni ischemicka cévni mozkova piihoda

U naprosté vétSiny pacientll s iCMP je pfi¢inou okluze tepny rizného kalibru
zasobujici mozkovou tkan (Campbell et al., 2019).

1.2.1.1.1 Arterialni zasobeni mozku

Mozek je zasoben krvi pritékajici tepnami pfedni a zadni cirkulace, které jsou
propojené na bazi lebni do Willisova okruhu (Obrazek 1) (Prince et. al, 2013). Jeho
funkce je zasadni pii uzavéru nékteré z tepen, jelikoz umoznuje redistribuci krve (Prince
etal., 2013). Kompletni okruh vSak neni vzdy vytvofen a u vétSiny populace se setkavame
s jeho varietami (Jones et al., 2021).

Tepny piedni cirkulace zasobuji vétSinu mozkovych hemisfér vcetné bazalnich
ganglii (Prince et al., 2013). Hlavni tepnou piivadéjici krev do predni cirkulace je arteria
carotis interna (ACI) (Prince et al., 2013). ACI odstupuje z arteria carotis communis
(ACC) v trigonum caroticum v urovni 3. az 4. kr¢niho obratle (Kikuta et al., 2019; Prince
et al., 2013). Distalné¢ se ACI vétvi na arteria cerebri anterior (ACA) a arteria cerebri
media (ACM) (Prince et al., 2013). ACA je spojena s druhostrannou ACA pftes arteria
communicans anterior (ACoA) (Prince et al., 2013).

Mozecek, mozkovy kmen a také ¢ast mozkovych hemisfér jsou zasobené z tepen
zadni cirkulace (Prince et al., 2013). Do zadni cirkulace pfivadi krev arteria vertebralis
(AV) odstupujici z arteria subclavia (Prince et al., 2013). Spojenim 2 AV vznika arteria
basilaris (AB) (Prince et al., 2013). Z ni odsupuji dalsi tepny tvotici Willisiiv okruh,
arteria cerebri posterior (ACP) a arteria communicans posterior (ACoP) (Prince et al.,
2013). Dal8imi diilezitymi vétvemi zadni cirkulace jsou vétev AV arteria cerebelli inferior
posterior (PICA), dale z AB odstupujici arteria cerebelli inferior anterior (AICA) a arteria
cerebelli superior (SCA) (Giotta Lucifero et al., 2021). Klinicky dileZitou variantou
zadniho povodi je Percheronova arterie, ktera odstupuje z ACP, dale se vétvi a zasobuje
oba thalamy a ¢ast mesencefala (Kheiralla et al., 2020).



Obrazek 1: Anatomie Willisova okruhu na MRA

AB, arteria basilaris; ACA, arteria cerebri anterior; ACI, arteria carotis
interna; ACM, arteria cerebri media; ACP, arteria cerebri posterior; AV,
arteria vertebralis.

1.2.1.1.2 Patofyziologie

Mozkova tkan je typicka svymi vysokymi energetickymi naroky (Magistretti et al.,
2015). Pro spravné fungovani mozek spotiebuje piiblizné¢ 20 % z celkové spotieby
glukézy a kysliku (Zlokovic et al., 2011). Normalni pritok krve je pfiblizné 50 m1/100 g
mozkové tkané za minutu (Heiss et al., 1981). Pokud se pritok snizi ptiblizné pod 20
ml/100 g tkan€ za minutu, dochazi k ischemii (Baron, 2001).

V nejhor§im scénafi za kaZzdou minutu trvani ischemie pii1 uzavéru velké tepny
zanikne 1,9 milionu neuront a 12 km myelinovych vldken (Saver, 2006). Dnes je vSak
JjiZ znamo, Ze z&vislost Casu a rozsahu ischemickych zmén neni linearni, ale rychlost riistu
ischemie a nasledné také jeji definitivni rozsah jsou ovlivnéné fadou faktori (Hakimelahi
et al, 2014; Rocha et al., 2017). Ztéchto faktorG jsou nejvice diskutovany
také autoregulacni mechanismy a neuroplasticita (Jiang et al., 2019; Lin et al., 2021;
Rocha et al., 2017). Mimoto je potieba si uvédomit, ze ne vSechny struktury mozku jsou
stejné vulnerabilni viici hypoperfuzi a lokalizace arterialniho uzavéru ma zasadni vliv na
dalsi osud pacienta (Payabvash et al., 2011).



Se snizenim pritoku krve je spojena snizena dodavka kysliku a glukozy (Dirnagl et
al., 1999). To vede k nedostatku energie nevyhnutné pro spravné fungovani transportnich
mechanizmil a nasledné k poruchdm homeostazy (Woodruff et al., 2011). Dochazi k
depolarizaci neurond, glutamat, jakozto hlavni excitacni neurotransmiter, se hromadi
extracelularné a nadmérné aktivuje své N-methyl-D-aspartaitové (NMDA) receptory
(Woodruff et al., 2011). Dochazi ke vzniku excitotoxicity, zvysi se intracelularni
koncentrace vapenatych i sodikovych iontd (Woodruff et al., 2011). ZvySeni
intracelularni koncentrace vapniku vede k aktivaci lipaz, kinaz, proteaz a endonukledz, a
nasledné ke spusténi apoptozy (Woodruff et al., 2011). K dalsimu poSkozeni tkdn¢ pii
ischemii pfispivaji také vznikajici volné radikdly, které se spolupodili na spousténi
apoptdzy a indukuji zanétlivou odpovéd’ (Woodruff et al., 2011).

Na podklad¢ téchto déja vznikd nejdiiv cytotoxicky edém, kdy se zvétsi objem
bunck a zmensi se objem extracelularniho prosttedi (Simard et al., 2007). Pozd¢ji dochazi
k poruSeni plasmatické membrany s naslednym vylitim obsahu bun¢k extracelularné a
vznik4 edém vazogenni (Broughton et al., 2009). Soucasti je poruSeni hematoencefalické
bariéry (HEB) (Woodruff et al., 2011).

Po nékolik minutach bez ptitoku krve se ¢ast mozkové tkané stava nekrotickou,
nazyvame ji ischemickym jadrem (core) (Woodruff et al., 2011). Ischemické jadro je
ireverzibilné poskozenou, terapeuticky nezachranitelnou tkani (Liu et al., 2010). Tato
oblast je obklopena zénou penumbry, ktera ziistava metabolicky aktivni a je potencidlné
zachranitelnd (Broughton et al., 2009; Hakim, 1998). Pravé na ni cilime pfti 1écbé iCMP.
Neurony zde podléhaji apoptoze, pii které jsou na rozdil od nekrozy poSkozené buiky
destruované organizované zevnitf, ¢imZ se minimalizuje poSkozeni okoli (Broughton et.
al., 2009).

V dal$im obdobi dochazi k procestim, pti kterych je zasadni role glie. Ptiblizné po
48 hodinach od zacatku ischemie vznika reaktivni astroglioza, kdy astrocyty hypertrofuji
a formuyi gliovou jizvu (Choudhury et al., 2016). Mikroglie pfispivaji
svym neuroprotektivnim efektem, oligodendrocyty umoziuji remyelinizaci (Garcia-
Martin et al., 2022; Jin et al., 2017). Krucidlni je také neuroplasticita (Alia et al., 2017).

1.2.1.1.3 Klasifikace arterialni ischemické cévni mozkové prihody
1.2.1.1.3.1 Klasifikace na ziakladé patofyziologie

Vzhledem ke znac¢né heterogenité této skupiny z hlediska patofyziologie existuje
velké mnozstvi klasifikaci (Radu et al., 2017). NejpouZzivanéjsi je Trial of Org 10172 in
Acute Stroke Treatment (TOAST) klasifikace, ktera rozliSuje iCMP pfi1 ateroskleroze
velkych tepen (makroangiopatii), kardioemboliza¢ni iCMP, lakunarni infarkty, jiné a

kryptogenni iCMP s neznamou pticinou (Adams et al., 1993). A€koliv ma tato klasifikace



fadu omezeni a byla opakované modifikovana, zlistava v praxi nejvyuzivanéjsi zejména
diky své jednoduchosti (Radu et al., 2017).

V ptipad¢ makroangiopatie na zobrazovacich metodach nachazime okluzi ¢i > 50%
stenozu velké tepny zasobujici mozek na podkladé aterosklerotickych zmén (Obrazek 2)
(Adams et al., 1993). Ischemické 1éze velikosti > 15 mm nachazime v bilé ¢i Sedé hmoté
(Adams et al., 1993).

Obrazek 2: Stendza ACI sin. na CTA

Zobrazena > 50% stendza ACI sin. tésn¢€ za odstupem z ACC na podkladé
aterosklerotického platu na sagitalni (a) a axialni (b) rekonstrukei.

V ptipadné kardioembolizacni iCMP je zdrojem embolu srdce, kdy nejcastejsi
pri¢inou je atridlni fibrilace (AF) (Arboix et al., 2010). Ta muze vést ke stagnaci krve a
nasledné formaci trombu nej€astéji v ousku levé srde¢ni siné (Campbell et al., 2019).
Mezi dal$i vysoce rizikové onemocnéni z hlediska kardioembolizaéni iCMP tadime
infekéni endokarditidu, dilata¢ni kardiomyopatii, infarkt myokardu, chlopenni vady,
perzistujici foramen ovale (PFO), myxom siné a dalsi (Obrazek 3) (Adam et al., 1993).
Riziko ptredstavuji i1 kardiochirurgické vykony (Malikova et al., 2021; Osmancik et al.,
2021; Salazar et al., 2001). U tohoto typu iCMP jsou ischemie casto lokalizované v
riznych arteridlnich teritoriich, né¢kdy se muizeme navic setkat i s embolizaci do
systémového tecisté (viz také Obrazek 7) (Adams et al., 1993). Na zobrazovacich
metodach v tomto piipad¢ nenachizime aterosklerotické zmény tepen vysvétlujici pricinu
vzniku iCMP (Adams et al., 1993).
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Obrazek 3: Defekt septa sini na CT

AW - oo
Na CT po aplikaci KL zobrazen na korondrni (a) a axialni (b) rekonstrukci defekt septa sini (Sipka)
u 23leté pacientky s iCMP, ktery byl nésledné fesen okludérem (c).

Lakunéarni infarkty vznikaji pii okluzi tepen malého kalibru odstupujicich
z Willisova okruhu (Davis et al., 2004). Pfi¢inou okluze muze byt mikroangiopatie
vznikajici na podklad¢ lipohyalindzy vedouci ke zGzeni prisvitu tepen, se kterou se
setkavdme zejména u hypertoniki a diabetikli (Davis et al., 2004). Minoritni pti¢inou
lakunarnich infarkt je také embolizace (Futrell, 2004). Na zobrazovacich metodach
nachazime ischemické 1éze velikosti do 15 mm lokalizované v bazéalnich gangliich,
capsule intern¢, thalamech, pontu, méné v mesencefalu a medulle oblongat¢ diky krat$im
mén¢ vulnerabilnim tepnam (viz také Obrazek 8) (Adams et al., 1993).

Do skupiny jinych pti¢in iCMP patii naptiklad vaskulitidy, genetickd onemocnéni,
disekce arterie, rizna hematologickd onemocnéni a dal§i (Obrazek 4) (Adams et al.,
1993).
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Obrazek 4: Akutni ischemie na MR pfi disekci AV sin.

V levé mozeckové hemisféfe na DWI (a) zobrazena hyperintenzni 1éze s poklesem signalu na
ADC (b) odpovidajici akutni ischemii (Cervena Sipka). Na T1 vazené sekvenci s potlacenim tuku
(c) zobrazen intramuralni hematom (Zluta Sipka) pti disekci AV sin. u 27leté pacientky s akutni
iCMP.

Posledni podskupinou jsou kryptogenni iCMP s neznamou pifi¢inou. Radime sem
ptipady, kdy i pfes extenzivni vySetifeni nenachdzime jednoznaénou pficinu a také ty, kdy
naopak nachazime nékolik moznych pficin iCMP (Adams et al., 1993).

1.2.1.1.3.2 Klasifikace na zakladé lokalizace 1ézi

Dalsi déleni iCMP je zalozené na lokalizaci ischemickych 1ézi a castecné se
piekryva s vySe uvedenou klasifikaci na zakladé patofyziologie.

Nejcastéjsi podtyp iCMP tvorici ptiblizné 40 % piipadi iCMP je zpusoben okluzi
velké tepny zasobujici mozek, na podklad€ které vznika ischemie v teritoriu dané tepny
s postizenim Sed¢ i bilé hmoty (Obrazek 5) (Campbell et al., 2019; Chung et al., 2014;
Saba et al., 2016). Za velké tepny povaZujeme intrakranialni usek ACI a proximalni useky
ACA, ACM, ACP, déle jsem fadime také AV a AB (Rennert et al., 2019). Nejcastéji
postizenou tepnou je v ptipad¢ tohoto podtypu iCMP ACM (Gonzalez Delgado et al.,
2012). Bylo jiz opakované prokazano, Ze dominujici pficinou je trombembolie (Campbell
et al., 2019). Podkladem jsou aterosklerotické zmény tepen, kdy pii expozici lipidového
jadra platu toku krve pfi zadnétu ¢i ulceraci vznika trombus (Campbell et al., 2019). Ten
muze nasledné zpisobit okluzi tepny, nebo mize dojit k jeho oddéleni a embolizaci do
fecisté (Campbell et al., 2019). Za nejrizikovéjsi z hlediska vzniku iCMP povazujeme
platy lokalizované v ACI tésn¢ za odstupem z ACC (Campbell et al., 2019).
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Obrazek 5: Teritorialni ischemie na NECT

Hypodenzni oblast vpravo frontotemporoparietalné predstavuje subakutni ischemické zmény
v povodi ACM dx. pfi jejim uzaveru (hvézdicka).

Interteritoridlni ischemie jsou lokalizované na rozhrani arteridlnich teritorii
(Obrazek 6) (Weill et al., 2017). Vznikaji v dasledku hypoperfuze, které podkladem je
nejcastéji stenodza ¢i okluze karotické tepny, pfipadné je zapfi¢inénd prolongovanou
hypotenzi ¢i kardidlnim selhdnim (Weill et al., 2017).

Obrazek 6: Interteritorialni ischemie na MR

Na DWI (a, b) patrné hyperintenzni 1éze odpovidajici akutnim ischemiim na rozhrani povodi
ACA dx. a ACM dx., ACM dx. a ACP dx. Na doplnéné CTA (c) detekovana stendza ACI dx.
(Sipka) za odstupem z ACC.

Miizeme se také setkat s multiteritorialnimi ischemiemi, kdy nejcastéjsi pticinou je
kardioembolizace, pfipadn¢ aterosklerdza tepen (Obrazek 7) (Akhtar et al., 2019).
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Obrazek 7: Multiteritorialni ischemie na MR

Cetné hyperintenzni 1éze velikosti <5 mm na DWI sekvenci v obou hemisférach odpovidajici
akutnim ischemiim u pacienta po recentnim kardiochirurgickém vykonu.

V pfipad¢ drobnych ischemii lokalizovanych v bazdlnich gangliich, capsule

interné, thalamech ¢i mozkovém kmeni se jedna nejspiSe o jiz zminované lakunarni
infarkty (Obrazek 8) (Adams et al., 1993).

Obrazek 8: Lakunarni infarkt na MR

V capsula interna dx. na DWI (a) zobrazena hyperintenzni léze < 5 mm s poklesem signalu na
ADC mapé (b), hyperintenzni na T2 FLAIR (c) odpovidajici akutni ischemii (Sipka).
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Specifickou skupinou jsou ischemie vznikajici pfi anoxii ¢i hypoxii (Obrazek 9).
Ty jsou patrné dominantné ve vysoce metabolicky aktivnich oblastech, kterymi
jsou neokortex, bazalni ganglia, hippokampus a mozecek (Fugate, 2017).

Obrazek 9: Anoxické poskozeni mozku na NECT

Na NECT patrna inverze denzity Sedé a bilé hmoty u pacienta po prolongované resuscitaci pro
srde¢ni zastavu.

1.2.1.1.4 Klinicky obraz

Klinicky obraz u pacientli s iCMP je dany zejména rozsahem a lokalizaci okluze
tepny (Murphy et al., 2020). Pro kvantifikaci zdvaznosti iCMP se v praxi pouziva
National Institute of Health Stroke Scale (NIHSS), kdy se hodnoti Groven védomi,
motorika, fe¢, vizualni funkce, vyhovéni vyzveé a dalsi (Brott et al., 1989). Pacient miize

wevr

1989).

Okluze ACM se typicky manifestuje kontralateralnim senzorimotorickym
deficitem, apraxii (Dressing et al., 2020; Murphy et al., 2020). V ptipad€ uzavéru ACM
dominantni strany je pfitomna také afazie, nékdy Gerstmaniv syndrom projevujici se
akalkulii, agrafii, poruchou pravolevé diskriminace a hmatovou agnézii (Chen, et al.,
2013; Murphy et al., 2020). U pacientl s uzavérem ACM nedominantni strany byva
pfitomny neglekt syndrom a rGzné formy agdzie (anozogndzie, asomatogndzie,
astereoagnozie, apod.) (Buxbaum et al., 2014).

Izolovana okluze ACA je malo Casta (Park et al., 2021). Nejcastéji se projevi
motorickym deficitem kontralaterdlni dolni koncetiny, afazii, abulii, inkontinenci moci
(Park et al., 2021). Uzavér jeji vétve arteria Heubneri zdsobujici hlavu nucleus caudatus,
pfedni raménko capsula interna, predni ¢ast nucleus lentiformis a ventralni thalamus se
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projevi kontralateralni hemiparézou horni koncetiny a obliceje (Yilmaz et al., 2016).

Okluze tepen zadniho povodi se mize projevit poruchami vizu, ataxii, vertigem,
nystagmem, dysfonii, dysfagii, kontralaterdlni parézou ¢i poruchami paméti (Murphy et
al., 2020). Pti okluzi kmene AB se setkavame s progredujici poruchou védomi az locked-
in syndromem (Smith et al., 2005). V piipadé uzavéru distalniho useku AB mluvime o
top-of-basilar syndromu, ktery se projevi poruchami zraku, okohybnymi poruchami,
zménami chovani a somnolenci (Caplan, 1980).

Lakunérni infarkty jsou vétSinou asymptomatické, nékdy se vSak mizou projevit
jako takzvané lakunarni syndromy typické hemiparézou, senzorickym deficitem,
hemiataxii, hemichoreou a hemibalismem, pseudobulbarnim syndromem s dysartrii,
dysfagii a placem ¢i smichem (Arboix et al., 2009). U pacienti s lakunarnimi infarkty se
vzhledem k spole¢nému patofyziologickému podkladu ¢asto vyskytuje i leukoaraidza,
kterd se muze manifestovat jako Biswangerova nemoc typicka pomalu progredujici
demenci, emoc¢ni inkontinenci, pseudobulbarnim syndromem, motorickym deficitem,
poruchou chiize a inkontinenci (Arboix et al., 2009).

1.2.1.1.5 Diagnostika

Urgentni zobrazeni pomoci tomografickych metod je v pfipadé¢ iCMP zcela
krucidlni pro dalsi management a zdsadnim zplsobem ovliviiuje prognézu pacienta
(Murphy et al., 2020).

1.2.1.1.51 CT

Vypocetni tomografie (CT) je diky své rychlosti, dostupnosti a také neexistenci
absolutnich kontraindikaci metodou prvni volby v diagnostice CMP (Malikova et al.,
2022). Standardni CT vySetfeni u pacienta se suspektni CMP se sklad4d z nativni
vypocetni tomografie (NECT), vypocetni tomografické angiografie (CTA) a vypocetni
tomografické perfuze (CTP).

1.2.1.1.5.1.1 Nativni CT

NECT je vysoce senzitivni v posouzeni pfitomnosti intrakranialni hemoragie a
slouzi take k vylouceni né€kterych jinych hrubSich intrakranidlnich patologii imitujicich
CMP, které jsou nazyvany stroke mimics (Aygun et al., 2002; Buck et al., 2021).

NECT je nevyhnutné také pro hodnoceni rozsahu ¢asnych akutnich ischemickych
zmén. Pro tento UcCel se pouzivd semikvantitativni skdrovaci sytém Alberta Stroke
Program Early CT score (ASPECTS) (Barber et al., 2000). Ten slouzi pro hodnoceni
ischemickych zmén v povodi ACM, kdy jeji povodi je rozdélené do 10 casti, z ceho kazda
Cast predstavuje 1 bod. Hodnoti se oblast insuly, nucleus caudatus, nucleus lentiformis,
capsula interna a 6 kortikalnich oblasti (Obrazek 10). V pfipadé ptitomnosti akutnich
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ischemickych zmén na NECT v 1 z 10 hodnocenych ¢asti teritoria ACM se od¢ita 1 bod.
Pokud na NECT nejsou patrné akutni ischemické zmény, pacient ziska plnych 10 bodi.

Hodnoceni ASPECTS ma vsak své uskali. Stanoveni ASPECTS je zcela zavislé na
zkuSenostech hodnotitele, nebot’ v ¢asném stadiu ischemie na NECT nachazime casto
pouze diskrétni zmény ve smyslu setielé diferenciace Sedé¢ a bilé hmoty (Campbell et al.,
2019; Farzin et al., 2016). Jelikoz hodnota ASPECTS je naprosto zasadni pro dalsi
management pacientii s iCMP, je snaha unifikovat a optimalizovat jeho hodnoceni. Za
timto ucelem bylo vytvofeno nékolik automatickych softwart (SW), jejichz pouziti
v praxi je nyni i pfes tvodni pochybnosti povazované za relativné spolehlivé (Obrazek
10) (Nagel et al., 2017).

Obrazek 10: Hodnoceni ASPECTS na NECT pomoci SW

Na obrazku ¢ervené zvyraznéné 3 z 10 hodnocenych ¢asti povodi ACM dx. (nucleus caudatus,
nucleus lentiformis, capsula interna) znacici detekci akutnich ischemickych zmén u pacienta
s uzavérem ACM dx. s hodnotou ASPECTS 7.

V dals$ich dnech se ischemické zmény stavaji hypodenznimi, a tudiz jsou mnohem
lépe detekovatelné hodnotitelem (Saba et al., 2016). V pfipadé rozsahlejsich
ischemickych zmén mizeme pozorovat expanzivni chovani (Saba et al., 2016). Pokud
bychom aplikovali kontrastni latku (KL), doslo by k syceni ischemické tkdné€ (Saba et al.,
2016). Zhruba po tydnu dochdzi na NECT k takzvané pseudonormalizaci nélezu, jejiz
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podkladem je hyperémie ¢i mensi hemoragie, postkontrastni syceni pietrvava (Saba et al.,
2016). Pozdé&ji vznika gliova jizva, ktera byva doprovazena fokalni atrofii mozkové tkané
(Saba et al., 2016). Pro srovnani obrazi ischemii rizného staii na NECT viz Obrazek 11.

Obrazek 11: Srovnani ischemie ruzného staii na NECT

U pacienta s okluzi vétve ACM sin. na vstupnim NECT (a) nalézdme zcela diskrétné setielou
strukturu (Sipka) pfi akutnich ischemickych zménach. Na kontrolnim NECT (b) provedeném po
8 dnech je patrna hypodenzni oblast odpovidajici subakutni ischemii (Sipka). Na NECT po roce
(c) jsou v tomto misté detekovatelné chronické postischemické zmény (Sipka).

Na NECT muzeme také diagnostikovat akutni trombus v tepné jako takzvany dense
artery sign (Jensen-Kondering et al., 2010). Tento pfiznak je vSak nespecificky a nelze na
néj spoléhat (Chieng et al., 2020).

1.2.1.1.5.1.2 CT angiografie

CTA je zéasadni pro posouzeni cévniho feciste, vcetné¢ zhodnoceni piistupu pro
endovaskularni 1é¢bu (Saba et al., 2016). V ptipadé¢ iCMP je nasim hlavnim ukolem
detekovat a lokalizovat uzavér velké tepny, ktery je patrny jako stop v ndplni (Almekhlafi
et al.,, 2019; Malikova et al., 2022). Rychla selekce pacientl s okluzi velké tepny je
krucialni, nebot’ prave ti jsou vhodnymi kandidaty pro endovaskularni 1é¢bu (Almekhlafi
et al., 2019).

Vysetieni se provadi po aplikaci jodové KL typicky v rozsahu od oblouku aorty az
po vertex. Zdrojova data se pro potieby diagnostiky postprocesingoveé zpracovavaji a
rekonstruuji pomoci maximum intensity projection (MIP) ve 3 rovinach (axialni,
koronarni, sagitalni), poptipade lze vyuzit 1 3D rekonstrukci pomoci volume rendering
technique (VRT) (Obrazek 12).
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Obrazek 12: NECT a CTA u pacienta s iCMP

Na NECT (a) je patrny dense artery sign v ACM sin. (zluta Sipka). Na CTA provedene od oblouku
aorty po vertex (c) je na axidlni MIP (b) a VRT (d) rekonstrukci potvrzena okluze ACM sin.
(Cervena Sipka).

Jsou 2 moznosti provedeni vySetfeni: monofazicky ve vrcholu arteridlni fazi a
multifazicky s arterialni, venozni a pozdni venozni fazi. Pouziti multifazického vySetfeni
je vyhodné hlavné v ptipadé¢ uzaveért distalnéjSich useki tepen, kterych diagnostika miize
byt jinak problematicka (Fasen et al., 2020; Yu et al., 201).

DalSim uskalim CTA je diagnostika kalcifikovanych embolii, se kterymi se
setkavdme u pacientl s aterosklerotickymi platy karotickych tepen ¢i u téch s
kalcifikovanou aortalni nebo mitralni chlopni (Fasen et al., 2020; Walker et al., 2014).
Napomocné pro jejich diagnostiku je peclivé zhodnoceni NECT, kdy cilen¢ hledame
kalcifikace v pribéhu tepen (Walker et al. 2014).

Kromé posouzeni ptitomnosti cévniho uzavéru ¢i stendz mame navic moznost
hodnotit i leptomeningeélni kolateralni ob&h. Pro tento el je nejvhodnéjsi multifazicka
CTA s MIP rekonstrukcemi (Garcia Tornel et al 2016) Existuje nékolik klasifikaci
2009), Masse (Mass et al., 2009) a Regenhardta (Regenhardt et al., 2022). J ednoduche
hodnoceni dle Regenhardta rozliSuje kolateralni obéh na symetricky, maligni a jiny, jak
je patrné na Obrazku 13 (Regenhardt et al., 2022).
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Obrazek 13: Hodnoceni kolaterdlniho obéhu dle Regenhardta

Na MIP rekonstrukci CTA zobrazen symetricky (a), jiny (b) a maligni (c) kolateralni systém u 3
riznych pacientil s uzavérem ACM dx.

ZDROJ: Regenhardt RW, Lev MH, He J, et al. Symmetric collateral pattern on CTA predicts
favorable outcomes after endovascular thrombectomy for large vessel occlusion stroke. PLoS
One. 2023;18(5): €0284260.

1.2.1.1.5.1.3 CT perfuze

CTP je zobrazovaci metoda umoZznujici posoudit viabilitu mozkové tkanég, a tudiz
odlisit ischemické jadro a penumbru (Alves et al., 2014). Tato metoda je zndma jiz fadu
let, avSak jeji vysledky a pfinos v diagnostice byly dlouho povazovany za sporné (Mazzei
et al., 2015). Jeji ndvrat podminila az publikace vysledkti multicentrickych studii DAWN
a DEFUSE 3 v roce 2017, které vyuzivali vysledky CTP pro predikci klinického vysledku
u pacientt lécenych endovaskularni 1écbou v pozdnim ¢asovém okné > 6 hodin od vzniku
symptomu (Albers et al., 2017; Jovin et al., 2017). Nyni jsou vysledky CTP soucasti
indikacénich kritérii pro 1écbu €asti pacientl s akutni iCMP (Albers et al., 2017; Berge et
al., 2021; Neumann et al., 2021; Powers et al., 2019).

Vysetfeni probihd opakovanym skenovanim po aplikaci jodové KL. Zakladnimi
parametry vyuzivanymi pro vypocet ischemického jadra a penumbry jsou cerebral blood
flow (CBF), cerebral blood volume (CBV) a time to maximum (TMAX). CBF je objem
krve protékajici mozkovou tkéni za jednotku ¢asu, CBV je celkovy objem krve v daném
objemu mozkové tkané, TMAX predstavuje ¢as mezi pifitokem KL do tepny a jejim
pritokem do mozkové tkané (Konstas et al., 2009; Wouters et al., 2017). Dedikovany SW
pocita absolutni hodnotu CBF v ml/100 g/ min. a CBV v ml/100 g , soucasné se
vypocitava i relativni hodnota CBF (rCBF) a relativni hodnota CBV (rCBV) v procentech
(Konstas et al., 2009). rCBF a rCBV se pocitaji jako rCBF = CBFi/ CBFh *100 a rtCBV
= CBVi/ CBVh *100, kde CBFi a CBVi jsou hodnoty méfené v hemisféte s akutnimi
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ischemickymi zménami a CBFh a CBVh jsou hodnoty méfené v odpovidajici oblasti
kontralateralni hemisféry bez akutnich ischemickych zmén. Prahové hodnoty pro
identifikaci ischemického jadra a penumbry nastavuje uzivatel. Na zaklad¢ tohoto
nastaveni nasledné SW vypocita piislusné objemy ischemického jadra a penumbry.
Definitivnim vysledkem jsou perfuzni mapy zobrazujici lokalizaci a rozsah ischemického
jadra a penumbry (Obrazek 14) (Geuskens et al., 2015). Ischemické jadro je
charakterizované snizenim CBF 1 CBV, kdeZto penumbra ma redukovany pouze CBF
(Lui et al., 2010). TMAX je prodlouzen v ptipad¢ ischemického jadra i penumbry (Lui et
al., 2010).

Obrazek 14: Perfuzni mapy u pacienta s okluzi ACM sin.

c

Perfuzni mapy (a-d) u pacienta s okluzi ACM sin. potvrzenou na CTA (e) (Sipka). Na finalni
perfuzni mapé (d) je ischemické jadro zaznaCeno Cervené, penumbra zluté. V oblasti
ischemického jadra vyrazné snizeny CBF (b) a CBV (a) (znazornéno fialoveé az ¢erné), také zde
prodlouzeny TMAX (c).

Na trhu dnes existuje velké mnozstvi vyrobcl, ktefi nabizi SW pro CTP.
Nejznaméjsim a celosvétoveé nejrozsifenéjsim je SW RAPID (iSchemaView Inc., Menlo
Park, CA, USA). Mezi Casto pouzivané patii také NeuroPerfusion suite na pracovni
stanici syngo.via. (Siemens Healthineers, Erlangen, Germany), Olea (Olea Medical, La
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Ciotat, France) a IntelliSpace Portal CT Brain Perfusion (Royal Philips Healthcare, Best,
The Netherlands).

1.2.1.1.5.2 MR

MR je nejsenzitivn€j$i metodou pro zobrazeni akutnich ischemickych zmén
(Chalela et al., 2007; Schaefer, 2001). Jsme diky ni schopni relativné pfesn¢ urcit staii
ischemickych zmén (Allen et al., 2012). I piesto vSak ptfedevsim z diivodu dostupnosti a
rychlosti vySetfeni ziistava v diagnostice CMP metodou volby CT (Provost et al., 2019).
Nicmén¢, v nékterych ptipadech je pro spravnou diagnézu MR nevyhnutna. Jedna se
hlavné o mensi ischemie bez prikazu uzavéru velké tepny na CTA a ischemie
lokalizované v mozkovém kmeni (Moreau et al., 2013; Roh et al., 1991). Navic MR ma
vy$$i senzitivitu i specificitu také v diagnostice stroke mimics (Vymazal et al., 2012).

wewvr

a T2 FLAIR (fluid attenuated inversion recovery) (Allen et al., 2012). Sekvence DWI je
zalozend na detekci volného pohybu molekul (Campbell et al., 2019). V hyperakutnim
stddiu ischemie je pfitomny cytotoxicky edém, pii kterém se zvétSuje objem bunck a
zmenSuje se objem extracelularniho prostoru (Simard et al., 2007). To vede k omezeni
volné difuze molekul vody, a tedy i protoni vodiku. Ischemické zmény nasledné
zobrazime jako hyperintenzni na DWI s odpovidajicim poklesem signalu na apparent
diffusion coefficient (ADC) mapé, ktera kvantifikuje silu restrikce difuze. Pokud ma léze
tyto signalové charakteristiky, jedna se o akutni ischemickou 1ézi s restrikei difuze. Diky
tomuto principu jsme schopni zobrazit ischemické zmény prakticky jiz v momentu jejich
vzniku (Schaefer, 2001). Pozd¢ji, zhruba po 4-6 hodinach, pfi poruseni buné¢nych
membran dochézi ke vzniku vazogenniho edému, ktery je jiz detekovatelny i1 na T2
FLAIR jako hyperintenzni 1éze (Schaefer, 2001). Pravé tento jev miZe byt vyuzity u
pacientll s neznamym vznikem iCMP. Ocekavame, ze pokud je pfitomna ischemie
s restrikci difuze beze zmén na T2 FLAIR, pacient je vhodnym kandiddtem pro
endovaskularni 1é€bu (Sabo et al., 2016).

V subakutnim stadiu ischemie nachazime zvySeny signal na T2 FLAIR a DWI,
avsak bez poklesu signdlu na ADC (Saba et al., 2016). Nejedna se teda o 1ézi s restrikci
difuze, a tento jev nazyvame T2 shine through. Poté piechazi ischemie do chronického
stadia (Allen et al., 2012). Syceni ischemie po aplikaci KL byva patrné od konce prvniho
tydne a muze ptetrvavat az 3 mesice (Allen et al., 2012). Pro srovnani signalovych
charakteristik ischemii riizného stafi viz Obrazek 15.
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Obrazek 15: Srovnani ischemii ruzného staii na MR
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Obraz akutni ischemie (prvni fadek) se-zvyéen}'/m signalem na DWI, poklesem
signalu na ADC a hyperintenzni 1ézi na T2 v nucleus caudatus dx. a kortikaIné
(Sipka). Subakutni ischemie (druhy fadek) na rozhrani povodi ACM a ACA sin. se
zvySenym signalem na T2 FLAIR a DWI, avsak bez poklesu na ADC (Sipka).
Chronické postischemické zmény (tfeti fadek) v oblasti bazalnich ganglii a insuly
sin. hypointenzni na DWI, hyperintenzni na ADC a pseudocystou s lemem okolni
gliézy na T2 FLAIR (Sipka).

MR miuze byt také pouzita pro hodnoceni uzavéru velké tepny. Pro tento ucel se
pouziva magneticka rezonan¢ni angiografie (MRA) bez nebo s pouzitim gadoliniové KL
(Malikova et al., 2022). V ptipadné nativni MRA je nejcastéjsi technikou time of flight
(TOF) (Obrazek 16) (Wheaton et al., 2012). Ta mé vsak urcité uskali, jelikoz je zalozena
na detekci toku (Wheaton et al., 2012). Pomalé toky ¢i tok v cévé probihajici paralelné
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s vrstvou nebudou detekovany, obdobna situace nastane i v pfipad¢ turbulentniho ¢i
retrogradniho toku (Malikova et al., 2022). Vzhledem k témto limitacim se senzitivita
nativni MRA v diagnostice okluzi pohybuje kolem 87 9%, v pifipadé stendz
intrakranidlnich tepen kolem 70 % (Almekhlafi et al., 2019). MRA s KL neni zatiZzena
témito limitacemi a je tedy lepsi v diagnostice okluzi, avSak nevyhodou je nutnost podani
KL (Dhundass et al., 2020).

Obrazek 16: Ukazka MRA

a ( b -

Na MRA metodou 3D TOF (a) zobrazena okluze ACI sin. (Sipka). Na MR po aplikaci KL (b)
patrny defekt v naplni v ACI sin. pfi jejim uzavéru (Sipka).

Na trhu je také MR perfuze, pficemz mame nékolik moznosti provedeni bez 1
s aplikaci KL (Petrella et al., 2000). Pracujeme s obdobnymi parametry jako u CTP a
vysledkem jsou také perfuzni mapy (Schaefer, 2001).

1.2.1.1.6 Lécba

O dalSim managementu pacienta rozhoduje neurolog na zékladé klinického stavu a
nalezu na zobrazovacich metodach.

V piipad¢ akutni iCMP je snaha o co nejrychlej$i obnoveni priutoku krve s cilem
minimalizovat rozsah ischemického postizeni (Woodruff et al., 2011). K tomu mame
k dispozici intraven6zni trombolyzu (IVT) a endovaskularni 1é¢bu, které se nckdy 1
kombinuji (Turc et al., 2019).
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1.2.1.1.6.1 Intravenodzni trombolyza

P1i IVT se nejcastéji se aplikuje alteplaza, ktera je rekombinantni formou tkanového
plazminogenového aktivatoru a $tépi plazminogen na plazmin (Campbell et al. 2019).
Podstatou trombolyzy je ndsledna degradace fibrinu aktivovanym plazminem (Campbell
etal. 2019).

Podani IVT je doporucené u pacientit < 4,5 hodin od vzniku symptomd, jelikoz u
téchto pacientli snizuje mortalitu a invaliditu (Emberson et al., 2014). Dle nejnovéjSich
doporuceni je vSak IVT indikovand i u pacientt s delSim trvanim symptomu a u téch
s neznamym c¢asem vzniku iCMP (Berge et al., 2021; Ma et al., 2012; Thomalla et al.,
2018). Voditkem je v tomto ptipad¢ nalez na MR ¢i nalez na perfuznim vySetteni (Berge
et al., 2021; Neumann et al., 2021). V pfipadé pouziti MR je hranici objem akutni
ischemie na DWI < 100 ml beze zmén na T2 FLAIR (Berge et al., 2021; Neumann et al.,
2021). V ptipad¢ pouziti perfuzniho vySetfeni je hranici objem ischemického jadra < 70
ml a objem penumbry > 10 ml (Berge et al., 2021; Neumann et al., 2021). Kromé toho je
nutnosti hodnota ASPECTS > 7 (Neumann et al., 2021).

Hlavni kontraindikaci podani IVT je pfitomnost intrakranialni hemoragie, dal§imi
jsou faktory obecné zvysujici riziko krvaceni jako je napiiklad recentni operace ¢i trauma,
ucinnd antikoagulaéni 1éc¢ba ¢i koagulopatie (Powers et al., 2019).

Rizikem IVT je hemoragicka transformace ischemie (Obrazek 17) (Campbell et al.,
2019). Udava se 2-5% riziko symptomatické intracerebralni hemoragie, kdy za
symptomatickou hemoragii povazujeme hematom tvotici > 30 % ischemie s expanzivnim
chovanim a klinickou manifestaci (Whiteley et al., 2016).
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Obrazek 17: Hemoragicka transformace ischemie po podéni IVT na NECT

Inicidlni NECT (a) u pacienta s okluzi ACM dx. je bez znamek hemoragie. Na kontrolnim NECT
(b) po podani IVT je pritomna hemoragicka transformace ischemie v ¢asti povodi ACM dx. patrna
jako hyperdenzni oblast (hvézdicka), zobrazen také hemocefalus (Sipka).

1.2.1.1.6.2 Endovaskularni 1é¢ba

U pacienti siCMP zplsobenou uzavérem velké tepny je metodou volby
endovaskularni 1é¢ba mechanickou trombektomii (MT), kterd je nejefektivnéj$i a umozni
témto pacientim dosahnout nejlepsi mozny klinicky vysledek (Albers et al., 2017; Goyal
etal., 2016; Jovin et al., 2017; Powers et al., 2019).

Pro provedeni MT jsou ustanovené nasledujici indika¢ni kritéria: instrumentariem
dostupny uzavér velké tepny (ACI, M1 a M2 usek ACM), ASPECTS > 6, NIHSS > 6,
hodnota dle modifikované Rankinovy $kaly (mRS) 0-3 pfed iCMP, vék > 18 let (Mokin
et al.,, 2019). DalSim kritériem je Casovy faktor, kde vSak doSlo k ur€itym zménam.
V minulosti byla MT indikovand pouze u pacienti se symptomy trvajicimi < 6 hodin,
avSak studie DAWN a DEFUSE 3 prokazaly ptinos MT 1 u pacientii lé€enych az < 24
hodin od vzniku iCMP, pokud byla na zobrazovacich metodach pfitomna terapeuticky
ovlivnitelnd tkan — penumbra (Albers et al., 2017; Nogueira et al., 2018). Na zaklad¢
téchto zjiSténi byla indikacni kritéria pro MT u pacientidl pfichdzejicich po > 6 hodinach
od vzniku symptomu pfehodnocena a byla do nich zahrnuta informace o rozsahu viabilni
tkan¢ ziskand pomoci perfuzniho vySetifeni (Mokin et al., 2019; Turc et al., 2019). Hranici
je objem ischemického jadra na CTP < 70 ml a objem penumbry > 15 ml, v pfipadé
pouziti MR je to objem ischemie na DWI < 25 ml (Sanak et al., 2019; Turc et al., 2019).

26



Pro zpriichodnéni tepny se pouzivaji stent retrievery a aspiracni katetry (Obrazek
18).

Obrazek 18: Instrumentarium pouZivané pii MT v¢etn€ odstranéného trombu

Technickou uspésnost vykonu muzeme hodnotit pomoci riznych systémi, kdy
nejrozsifenéjSim je modified Thrombolysis in Cerebral Infarction (mTICI), pétistupniovy
skorovaci systém zaloZeny na hodnoceni pomoci digitalni subtrak¢ni angiografie (DSA)
(Zaidat et al., 2013). mTICI 3 piedstavuje kompletni reperfuzi s plnénim tepen az do
periferie (Zaidat et al., 2013). Pokud po MT ptetrvavaji defekty v naplni perifernich vétvi,
jedna se o mTICI 2 , kdy odliSujeme jesté¢ 2 podskupiny — mTICI 2b s pretrvavajicim
perfuznim vypadkem < 1/2 teritoria tepny a mTICI 2a s vypadkem > 1/2 teritoria (Zaidat
et al., 2013). Za technicky uspésnou MT povazujeme reperfuzi mTICI 3 a mTICI 2b
(Obrazek 19) (Yoo, et al., 2013; Zaidat et al., 2013).
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Obrazek 19: DSA provedena pfi rekanalizaci

Na zacatku vykonu (a) byla detekovana okluze ACM sin. patrna jako stop v naplni (Sipka). Na
konci vykonu (b) po odstranéni trombu je dokumentovano kompletni obnoveni priitoku tepnou
hodnocené jako mTICI 3 (Sipka).

Pti vykonu je urcité riziko poranéni osetfované tepny, avSak s touto komplikaci se
setkavdme pouze u malého procenta pacientii (Campbell et al., 2018). Riziko
hemoragické transformace je srovnatelné stim u IVT, zvySuje se vSak u pacientl
s leukoaraiozou (Goyal et al., 2016; Kongbunkiat et al., 2017).

1.2.1.1.7 DalSi péce o pacienty

Za hospitalizace se krom¢ neurologického stavu monitoruje také krevni tlak,
saturace a elektrokardiografie (EKG). U pacienti se Casto setkavame s vyskytem
arteridlni hypertenze a arytmiemi, elevaci troponinu a kortizolu, hyperglykémii, nékdy
s plicnim edémem (Campbell et al., 2019; Zhao et al., 2020; Zi et al., 2022). Znalost
téchto jevu je dulezita, jelikoz jejich regulaci mizeme ovlivnit klinicky vysledek
pacienta, kdy cilime zejména na krevni tlak a normoglykémii (Lindsberg et al., 2004;
Owens et al., 2011).

Nutné je myslet také na riziko vzniku herniaci pti edému, jejichz nasledky mohou
byt pro pacienta fatdlni (Stoner et al., 2016). Na tuto moznou komplikaci cili
antiedematdzni 1écba, v nékterych piipadech je vSak nutné pfistoupit i k dekompresni
kraniektomii ¢i zavedeni komorové drendze kvuli doprovodnému hydrocefalu
(Bardutzky et al., 2007).

U imobilizovanych pacientli je vzhledem ke zvySenému riziku hluboké Zzilni
trombozy a plicni embolie profylakticky nasazovan po kontrolnim zobrazeni také
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nizkomolekuldrni heparin (Sherman et al., 2007). Dulezitd je i prevence komplikaci,
jakymi jsou aspiracni pneumonie ¢i vznik dekubitli (Armstrong et al., 2011; Farid et al.,
2022). Neodd¢litelnou soucasti péce je také fyzioterapie, neurorehabilitace, logopedie a
psychoterapie (Teasell et al., 2003).

1.2.1.1.8 Prevence

U vsSech pacienti po iCMP musime patrat po moznych pfi¢inach okluze, kdy
soucasti vysetiovani by mélo byt kardiologické vysSetieni (Wilterdink et al., 1998).

Vramci sekundarni prevence se nasazuji antitrombotika. Z antiagregancii je
v monoterapii zlatym standardem acetylsalicylova kyselina (aspirin), pfipadné inhibitor
P2Y12 receptoru clopidogrel. Ve specifickych piipadech (NIHSS < 3, tranzitorni
ischemicka ataka Ci stenting jako soucast MT) se uziva 3—4 tydny dudlni antiagregacni
terapie (DAPT) — nejCastéji kombinace aspirinu a clopidogrelu s naslednou
monoantiagregacni terapii (Johnston et al., 2018; Wang et al., 2013). Dlouhodoba DAPT
vsak neni doporucena pro riziko krvaceni (Campbell et al., 2019).

V ptipadé€ zjisténi aterosklerotické pfic¢iny se do medikace nasadi statiny, piipadné
PCSKO9 inhibitory (Amarenco et al., 2006; Sabatine et al., 2017).

Endarterektomie ¢i karoticky stenting je indikovana u pacientli se symptomatickou
stendzou karotické tepny nad 50 % dle North American Symptomatic Carotid
Endarterectomy Trial (NASCET) kritérii (North American Symptomatic Carotid
Endarterectomy Trial Collaborators, 1991). V pfipad¢ asymptomatické stendzy volime
spiSe farmakologickou lécbu, 1 kdyz dle nékterych studii mohou tito pacienti také
profitovat z endarterektomie (Halliday et al., 2010).

Pokud u pacienta odhalime AF, provedeme kvantifikaci rizika iCMP pomoci
CHA2DS2-VASc skérovaciho systému (Coppens et al., 2013). V ramci n¢ho se hodnoti
veék a pohlavi, anamnéza diabetu, arteridlni hypertenze, srdecniho selhani a cévnich
onemocnéni, predchozi CMP v anamnéze. U rizikovych pacientl je nasledné indikovana
profylakticka antikoagulacni 1€cba, n€kdy se ptistupuje k okluzi ouska levé srde¢ni siné
(Kirchhof et al., 2016).

U pacientt s PFO je provedena stratifikace dle ROPE skore (Risk of Paradoxical
Embolism) a dle vysledku je v multioborovém tymu rozhodnuto o eventudlnim
interven¢nim uzavéru PFO (Kent et al., 2020).

Také je nutné se v rdmci sekundarni ale i primarni prevence iCMP zaméfit na
ovlivnitelné rizikové faktory, kterymi jsou arteridlni hypertenze, hyperlipidemie,
diabetes, koufeni, obezita, nedostatek fyzické aktivity, alkohol a dalsi (Gill et al., 1986;
Hillbom et al., 1999; Johnson et al., 2016; O'Donnell et al., 2010; Shinton et al., 1989;
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Zhang 2017). Neovlivnitelnym rizikovym faktorem je vék (Boehme et al., 2017).

Dulezitou roli hraje i edukace vefejnosti o tomto onemocnéni s cilem jeho rychlé
diagnostiky a nasledné 1écby.

1.2.1.1.9 Klinicky vysledek po ischemické cévni mozkové prihodé

Funk¢ni status pacienta po iCMP hodnotime pomoci mRS 3 mésice od iCMP
(Banks et al., 2007). Jednd se o sedmistupnovou S$kalu, kdy za dobry vysledek
povazujeme mRS 0-2., za neuspokojivy 3-6, pficemz mRS 6 znamena Gmrti.

Obrazek 20: Hodnoceni mRS

Je schopen zit sam?

4/ \
ANO NE
Je schopen viech aktivit jako pred iCMP? Mize chodit bez pomoci?
ANO NE ANO NE
Je zcela bez neurologického deficitu? 2 3 Je upoutdn na lizko?
ANO NE ANO NE
0 1 5 -

I ptfes technicky usp&Snou MT vSak jenom cast pacientli dosdhne dobrého
klinického vysledku po iCMP (Olivot et al., 2022). Je znamo n¢kolik faktord, které na
vysledek maji vliv. Radime mezi né dobu trvani okluze, hodnotu ASPECTS, piitomnost
leukoaraidzy, inicialni hodnotu NIHSS, hodnotu krevniho tlaku a glykémie, v€k a dalsi
(Letkovits et al., 1992; Nannoni et al., 2019; Ryu et al., 2017). Hor8i progndézu maji
pacienti s diabetem (Vermeer et al., 2006) a ti s iCMP kardioemboliza¢niho ptivodu pfi
AF (Lin et al., 1996). DtleZity vliv ma také leptomeningeélni kolateralni ob¢h, kdy dobie
vytvofeny obéh je asociovany s lep§im klinickym vysledkem (Christoforidis et al., 2005;
Miteff et al., 2009; Tan et al., 2009). Neni vSak zcela jasné, co vSechno ovliviiuje stav
kolaterdlniho systému. Mezi diskutovanymi faktory jsou genetika, v&k, arterialni

hypertenze a dal$i (Arsava et al., 2014; Menon et al., 2013; Zhang et al., 2010). Na
30



klinicky vysledek mé také vliv rychlost ristu ischemie, kterou mizeme kvantifikovat
pomoci infarct growth rate (IGR) (Sarraj et. al., 2021).

1.2.1.2 Venozni ischemicka cévni mozkova prihoda

(V nasi praci jsme se nezabyvali timto typem CMP, proto je zde zminén pouze strucné pro
kompletnost).

wrve

(Bousser et al., 2007; Zhou et al., 2022). Mortalita je relativné nizka, udava se < 10 %
(Bousser et al., 2007).

Rizikovymi faktory pro jeji vznik jsou vrozené trombofilie, uzivani hormonalni
antikoncepce, gravidita a Sestinedéli, dehydratace, systémové zanétlivé ¢i onkologické
onemocnéni, infekce v oblasti hlavy a krku a dalsi (Bousser et al., 2007; Silvis et al.,
2017).

1.2.1.2.1 Zilni systém mozku

Krev je z mozkové tkdn¢ drénovéana drobnymi zilami do vétSich hlubokych zil
(venae cerebri internae, vena basalis Rosenthali a vena Galeni), které se dale vlévaji do
Zilnich splavil a ty dale do vena jugularis interna (Obrazek 21).
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Obrizek 21: Zilni systém mozku na MR

1 (vena basalis Rosenthali); 2 (vena cerebri interna); 3 (vena
magna Galeni); 4 (sinus rectus); 5 (sinus sagittalis superior); 6
(sinus transverus); 7 (sinus sigmoideus); 8 (v. jugularis interna).

1.2.1.2.2 Patofyziologie

Nasledkem uzavéru Zilniho systému dochazi k poruse vendzni drenaze (Ulivi et al.,
2020). Zvysi se tlak v Zilnim systému, sniZi se kapilarni perfuze, dochézi ke kongesci a
nasledné ke vzniku edému z diivodu poruseni HEB (Ulivi et al., 2020). SniZeni pritoku
krve tkani vede k ischemii (Saposnik et al., 2011). Soucasné dochazi k poruse absorpce
likvoru pfes arachnoidalni granulace, coz ptispiva ke zvySeni intrakranialniho tlaku (Ulivi
et al., 2020).

1.2.1.2.3 Klinicky obraz

Venozni iCMP se manifestuje rizné v zavislosti na rozsahu, lokalizaci a trvani
okluze (Bousser et al., 2007).

Uzavér kortikalni Zily se projevi nejcastéji motorickym ¢i senzorickym deficitem
(Ulivi et al., 2020). V ptipad€ uzavéru hlubokych zil je ¢astd porucha védomi, ptipadné
oboustranny motoricky deficit (Ulivi et al., 2020). Uzavér sinus sagittalis superior se
typicky manifestuje oboustrannym motorickym deficitem a epileptickymi zachvaty
(Ulivi et al., 2020). Pti uzdvéru sinus transversus se setkavame s cefaleou a n¢kdy takeé
s afazii (Ulivi et al., 2020). Uzavér sinus sigmoideus se muze projevit bolesti v oblasti
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mastoidu ¢i parézami hlavovych nervl VI-VIII (Ulivi et al., 2020). V pfipad¢ trombdzy
sinus cavernosus dominuji o¢ni pfiznaky — bolest oka, chemoéza, proptdza a okohybné
poruchy (Ulivi et al., 2020).

U néekterych pacientti vSak mtize byt jedinym ptiznakem progredujici bolest hlavy,
piipadné¢ se mizeme setkat 1 s méné typickymi projevy, jako je naptiklad tinitus ¢i
psychiatrické symptomy (Bousser et al., 2007).

1.2.1.2.4 Diagnostika

Diagnostika se opird zejména o zobrazovaci metody. Uloha D-dimert je
v diagnostice ven6zni iCMP spiSe pomocnd, jelikoz normdlni hodnoty ji nevylucuji
(Talbot et al., 2002).

NECT neni dostate¢n¢ senzitivni v diagnostice vendzni iCMP a az u 25 % pacientii
s vendzni iCMP je nalez normalni (Bousser et al., 2007). U téch, s jiz rozvinutymi
ischemickymi zménami detekujeme ischemii, kterd nerespektuje hranice arteridlnich
teritorii a ¢asto byva prokrvacend (Ulivi et al., 2020). U n¢kterych pacient mizeme také

vidét hyperdenzni obsah v Zilnim systému predstavujici akutni trombus (Garetier et al.,
2014).

Zasadni roli zde hraje CT ¢i MR venografie (Idiculla et al., 2020). CT venografie
s aplikaci KL mé senzitivitu 95 % a specificitu 91 % (Obrazek 22) (Wetzel et al., 1999).
Falesni pozitivita mize byt zpisobend hypoplazii splavu, eventualné arachnoidalnimi
granulacemi (Dior et al., 2012).

Obriazek 22: CT a MR venografie

Srovnani normalniho nalezu na CT venografii po aplikaci KL (a) a na nativni MR venografii (b).
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V ptipad¢ MR mame k dispozici venografii metodou TOF bez nutnosti aplikace
KL, avsak je zde také riziko fale$né pozitivity ze stejnych diivoda jako u CT venografie
(Bonneville, 2014). S ohledem na tyto skutecnosti je vhodnéjsi metodou volby MR
venografie s aplikaci KL je (Obrazek 23) (Liang et al., 2001). Vyhodou MR vu¢i CT
v diagnostice venozni iCMP je schopnost zhodnotit staii uzavéru na zakladé signalovych
charakteristik a také moznost lepsiho posouzeni mozkové tkané (Ulivi et al., 2020).

Obrazek 23: Vendzni iCMP na NECT a MR

DY )
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Na inicidlnim NECT na axialni rekonstrukei (a) zobrazené hypodenzni bazalni ganglia
a thalamus dx. (hvézdicka). Na sagitalni rekonstrukci (b) patrné napadné hyperdenzni
vnitini zily, vena basalis Rosenthali, vena magna Galeni a sinus rectus (Sipka). Na
doplnéné MR (c) detekované signalové zmény v bazalnich gangliich dx. a v obou
thalamech. Na MR po aplikaci KL (d) potvrzena Zilni tromboza (Cervena Sipka).
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DSA je metodou volby pouze v nejasnych piipadech, ptipadné u téch s podezienim
na arteriovenozni pistél, kterd je jednou z komplikaci chronického Zilniho uzavéru (Ulivi
et al., 2020).

1.2.1.2.5 Lécba

U vétsiny pacientll s venozni iCMP je metodou volby antikoagulacni terapie, ve
které se pokracuje dalSich 3-12 mésici (Ulivi et al., 2020).

Endovaskularni 1écba je vyhrazena pro pacienty, u kterych nebyla antikoagula¢ni
1éCba Gispésna a u téch s vysokym rizikem Spatného klinického vysledku (Ulivi et al.,
2020).

U pacientt je také dilezitd podptrna antiedematozni 1é¢ba, u nékterych je nutné
pristoupit také k dekompresni kraniektomii (Ulivi et al., 2020).

1.2.2 Hemoragicka cévni mozkova prihoda

(V nasi praci jsme se nezabyvali timto typem CMP, proto je zde zminén pouze strucné pro
kompletnost).

N 24

etal., 2018). Pfi¢inou je ruptura cévy vedouci k intrakranidlnimu krvaceni (Rymer, 2011).
Rizikovymi faktory vzniku hCMP jsou hypercholesterolémie, kouteni, alkohol, uzivani
nékterych sympatomimeticky Gcinkujicich drog a dalsi (An et al., 2017; Feigin et al.,
2005).

RozlisSujeme zde 2 velké skupiny, a to intracerebrdlni hemoragii (ICH) a
netraumatickou subarachnoidélni hemoragii (SAH) (Morais Filho et al., 2021).

1.2.2.1 Intracerebralni hemoragie

Pokud je hemoragie lokalizovana ptimo v mozkové tkéni, mluvime o ICH (Aguilar
et al., 2011). ICH miZeme rozdélit na zéklad¢ patofyziologie na primarni a sekundarni
(Dastur et al., 2017).

Primarni ICH tvoti 70-80 % ptipadt a dale se déli dle lokalizace na nelobarni a
lobarni (Dastur et al., 2017). Diivodem nelobarni ICH lokalizované typicky v bazalnich
gangliich, thalamu, mozecku a pontu je nejcastéji arteridlni hypertenze (Dastur et al.,
2017; Martini et al., 2012). Pfi¢inou lobarni hemoragie byva nejcastéji amyloidova
mikroangiopatie, avSak jeji vznik miiZze zapfiinit 1 arteridlni hypertenze (Martini et al.,
2012; Rymer, 2011).

Mensi skupinu tvofi sekundarni ICH, kterych podkladem jsou cévni malformace,
tumory, vaskulitidy, koagulopatie a antikoagula¢ni 1é¢ba (Dastur et al., 2017).
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Zndmymi nepfiznivymi prognostickymi faktory pro pacienty s ICH jsou
antikoagulacni 1écba, objemna ICH s objemem > 100 ml, ICH lokalizovana v pontu,
provaleni hemoragie intraventrikularné¢ patrné nejcastéji u nelobdrni hemoragie
zapticinéné arteridlni hypertenzi, pfitomnost aktivniho krvaceni na CTA a expanze ICH
v prvnich 24 hodinach (Broderick et al., 1993; Dastur et al., 2017; Hanley 2009; Keep et
al., 2012).

1.2.2.1.1 Patofyziologie

Pti ICH dochazi k poruseni architektoniky mozkové tkané a k naruseni HEB, vznika
edém (Keep et al., 2012). Aktivuje se koagulacni kaskada, trombin navic podmini vznik
imunitni reakce (An et al., 2017).

Popsané dgje jsou spojené se zvySenim intrakranialniho tlaku. Casto pozorujeme
expanzivni chovani hemoragie, které muze vést k vzniku mozkové herniace a naslednému
rozvoji ischemickych zmén, nékdy i1 hydrocefalu (Keep et al., 2012; Sang).

1.2.2.1.2 Klinicky obraz

U pacientll se nejcastéji ICH projevi jako néhle vznikla cefalea, nékdy byva
pritomna také porucha védomi (An et al., 2017).

V ptipadé ICH lokalizované v bazalnich gangliich anebo v thalamu se setkavame
s kontralateralnim senzorimotorickym deficitem (An et al., 2017).

Lobarni ICH se v zavislosti na lokalité mize projevit afazii, deviaci bulbt, neglect
syndromem ¢1 hemianopsii (An et al., 2017).

Infratentorialné lokalizovand ICH se mize manifestovat kontralateralnim
motorickym deficitem, poruchami funkce hlavovych nervii, vomitem ¢i bezvédomim (An
etal., 2017).

1.2.2.1.3 Diagnostika

Pro zhodnoceni ptitomnosti ICH je ve vétSin€ piipadli dostacujici NECT, kdy je
akutni ICH patrnéd jako hyperdenzni 1éze, které denzita miize byt ovlivnéna anémii ¢i
koagulopatii (Keep et al., 2012).

Dalsi diagnosticky postup ve velké mite zéalezi na lokalizaci ICH a anamnéze
pacienta. Pokud se jedna o hypertonika s nelobarnim typem ICH, vystacime si vétSinou
s NECT (Obrazek 24).
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Obrazek 24: Nelobarni ICH na NECT

Inicidlni NECT (a) s nalezem expanzivné se chovajici ICH vpravo v oblasti bazalnich ganglii a
thalamu (hvézdicka) s hemocefalem (krouzek) a se subfalcinni herniaci (Sipka) u pacienta
s anamnézou Spatn¢ korigované arterialni hypertenze. Na kontrolnim NECT (b) po 24 hodinach
se vyvinul difuzni edém mozku.

wrwe

je nutné doplnit CTA, casto poté také i MR ¢i DSA (Obrazek 25 a Obrazek 26)
(Greenberg et al., 2022).
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Obrazek 25: ICH u pacienta s amyloidovou mikroangiopatii

Na inicialnim NECT (a) zobrazena ICH v hloubce pravé mozkové hemisféry
(Sipka). Na okamzité doplnéné CTA (b) bez zjevnych patologii. MR (c, d)
provedena po resorpci ICH prokazala pomoci T2* GRE sekvence Cetné krvaceni
lokalizované v obou hemisférach patrné jako vypadky signalu.
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Obrazek 26: ICH v terénu cévni malformace

Na inicialnim NECT (a) zobrazena lobarni ICH (Sipka). Na okamzit¢ doplnéné CTA
(b) patrna cévni malformace. MR potvrdila nalez, kdy na T2 sekvenci (c) zobrazena
hypointenzni 1éze s mirnym perifokalnim edémem a sycenim po aplikaci KL (d)
(Sipka).

I ptesto Ze CTA a MRA maji senzitivitu 90 % v detekci cévnich malformact, zlatym
standardem zde ztstava DSA (Obrazek 27) (Greenberg et al., 2022; Keep et al., 2012).
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Obrazek 27: Cévni malformace na DSA

Na DSA u pacienta prokazana cévni malformace (Sipka).

1.2.2.1.4 Lécba

Lécba u pacienti s ICH je antiedematozni, koriguje se krevni tlak, v ptipadé
koagulopatie se podavaji hemostatika, dle potieby také antiepileptika (Keep et al., 2012).

U casti pacienttl, zejména téch s cerebelarni hemoragii, je nékdy nutné chirurgické
feSeni (Keep et al., 2012). V ptipadé rozvoje hydrocefalu se ptistupuje ke komorové
drenazi (Keep et al., 2012).

1.2.2.2 Subarachnoidalni hemoragie

Naprosta vétSina piipadii netraumatické SAH je zapfi¢inénd rupturou aneurysmatu,
mensi ¢ast tvofi SAH vzniklad na podkladé durélni arterioven6zni malformace a ptipady
SAH s neznamou pfticinou (Kolias et al., 2009).

V ptipadé¢ SAH vzniklé pfi ruptufe aneurysmatu se jednd o velmi zévazny stav
s vysokou mortalitou a morbiditou (Kolias et al., 2009).

1.2.2.2.1 Patofyziologie

V ¢asném stadiu v prvnich 3 dnech od vzniku SAH dochazi kviili extravazaci krve
do subarachnoidalniho prostoru ke zvySeni intrakranidlniho tlaku, co vede ke snizeni
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perfuzniho tlaku a hypoperfuzi s naslednym vznikem ischemie (Lieshout et al., 2018).
Kromé toho je zde riziko obavaného opétovného krvaceni, které se jesté zvysuje v piipade
zvySené¢ho krevniho tlaku (Osgood, 2021). Na zakladé zmén ve slozeni likvoru vznika
zhruba u poloviny pacientii hydrocefalus, u ¢éasti pacientd se setkdvame také
s epileptickymi zachvaty (Osgood, 2021). Nutné je myslet u téchto pacienti na mozné
doprovodné komplikace, kterymi mohou byt poruchy srde¢nich funkci ¢i plicni edém
(Osgood, 2021).

Tteti den nastupuji vétSinou vazospazmy, které dosahuji maxima 6. az 8. den a
pretrvavaji zhruba 2-3 tydny (Wilkins, 1990). Na jejich vzniku se kromé vépnik
dependentnich spazmi hladké svaloviny cév podili i jiné mechanizmy (Kolias et al.,
2009). Dilezitou roli ma nejspiSe oxyhemoglobin pfitomny pii SAH ve vysoké
koncentraci v likvoru, dal$imi jsou napiiklad volné radikaly, adenosin a arachidonova
kyselina (Kolias et al., 2009; Pluta et al., 2005).

1.2.2.2.2 Klinicky obraz

SAH se vétSinou projevi silnou cefaleou, n€kdy nauzeou a zvracenim, cervikalgii,
svétloplachosti, dysfagii, fokalnim neurologickym deficitem, poruchami funkce
hlavovych nervii ¢i bezvédomim (Cohen-Gadol et al., 2013).

1.2.2.2.3 Diagnostika

Metodou prvni volby pro detekci SAH je CT (Marcolini et al., 2019). Senzitivita
NECT je v ptipadé akutni SAH v prvnich 6 hodinach od jeji vzniku kolem 99 %, pozdé&ji
vSak klesd (Cortnum et al., 2010; Dubosh et al., 2016). MR je diky své schopnosti
detekovat 1 minimdlni mnoZstvi proteinii v likvoru vysoce senzitivni metodou
v diagnostice jak akutni, tak subakutni SAH (Verma et al., 2013).

U v8ech pacientli s ndlezem SAH je nutné okamzit€ doplnit angiografické vySetieni
s cilem posouzeni pfitomnosti aneurysmatu. Nejcastéji se jednd o CTA vzhledem
k dominantnimu postaveni CT v diagnostice SAH (Obréazek 28) (Marcolini et al., 2019).
Pokud je vSak CTA negativni, nutné je doplnit DSA, kterd je zlatym standardem
v diagnostice aneurysmat.
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Obrazek 28: SAH pfi ruptufe aneurysmatu

Na niciédnim NECT (a) patrna akutni SAH jako hyperdenzni obsah
v subarachnoidalni prostoru s maximem frontaln€. Na okamzité doplnéné CTA
(b) zobrazeno objemné aneurysma na ACoA (Sipka). Na doplnéné DSA (c) nalez

potvrzen. Na kontrolnim NECT (d) po oSetfeni aneurysmatu zobrazen klip
(krouzek).

Roli v diagnostice ma i1 lumbalni punkce, zejména v piipadé pietrvavajiciho
podezieni na SAH i pies negativni nalez na zobrazovacich metodach (Marcolini et al.,
2019).

1.2.2.2.4 Lécba

JelikoZ opétovné krvaceni je spojené az se 60% mortalitou, je snaha o co
nejrychlejsi feSeni aneurysmatu (Connolly et al., 2012; Rivero et al., 2015). S cilem
vyfadit aneurysma z ob¢hu se dle uloZeni a morfologie aneurysmatu a také dle klinického
stavu pacienta voli bud’ 1é€ba endovaskuldrni s vyplnénim vaku vyduté spirdlkami, nebo
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1é¢ba chirurgické s uzdvérem aneuryzmatu klipem (Frazer et al., 2007; Marcolini et al.,
2019).

Jinak je 1é¢ba zaméfend na prevenci vazospazmu (Marcolini et al., 2019). V ptipadé

rozvoje hydrocefalu, jako jedné zkomplikaci SAH, se zavadi komorova drenaz
(Marcolini et al., 2019).
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2. Hypotézy a cile prace

CTP je standardné pouzivanou zobrazovaci metodou u pacientli s podezienim na
akutni iCMP.

U pacientt s okluzi velké tepny pfedniho povodi se symptomy trvajicimi > 6 hodin
a u téch s nezndmou dobou trvani symptomt, je role CTP krucialni. Jeji vysledky jsou
totiz u této skupiny pacientli jednim z indikacnich kritérii pro kauzalni 1écbu MT, ktera
jim umoziuje dosdhnout nejlepsi mozny klinicky vysledek.

Odlisna je situace u pacientli s akutni iCMP pfi uzavéru velké tepny ptedniho
povodi v casném ¢asovém okné€ < 6 hodin od vzniku symptomu. U nich je MT indikovana
na zakladé jinych kritérii a vysledky CTP zde nehraji zaddnou roli. V nasi praci se
zabyvame praveé touto skupinou pacientli, pfiCemz jsme si na zaklad¢ nasledujicich
hypotéz stanovili 2 hlavni cile:

1. Vychéazeli jsme zvysledkii na$i pilotni studie, v niz jsme korelovali objem
ischemického jadra na CTP s objemem definitivniho infarktu na kontrolnim
vySetfenim provedeném 24 hodin po technicky Gspésné MT. Vypocty jsme provadéli
pomoci SW NeuroPerfusion suite na pracovni stanici syngo.via, a pro vypocet objemu
ischemické tkan¢ jsme pouzili nastaveni vypocetnich parametra dle studii DAWN a
DEFUSE 3 (ischemické jadro definované jako oblast s CBF < 30 % pfi srovnani s
kontralateralni mozkovou hemisférou bez akutnich ischemickych zmén, penumbra
definovana jako oblast s TMAX > 6 s). Ovéfili jsme, Ze toto nastaveni neni vhodné
pro odhad ischemického jadra u pacientd v ¢asném casovém okné; porovndvané
objemy zjevn¢ nekorelovaly (Kremenova et al., 2020). Zajimalo nés, jestli 1ze najit
vhodnéj$i nastaveni vypocetnich parametrl, které by umoznilo spolehlivéji stanovit
objem ischemického jadra, a hlavné¢ by nenahodnotilo jeho rozsah. Pravé
nadhodnoceni objemu ischemického jadra je povazovano za nejvétsi limitaci pouziti
CTP u pacientti v ¢asném casovém okné < 6 hodin od vzniku symptomu. Dle nasi
hypotézy by toto mohlo byt mozne.

Cil: Otestovat nékolik typll nastaveni vypocetnich parametri SW NeuroPerfusion
suite (syngo.via) pro stanoveni objemu ischemického jadra u pacientd s okluzi velké
tepny piedniho povodi (ACM a/nebo ACI) v casném casovém okné€ < 6 hodin od
vzniku symptomil scilem najit nejvhodnéj$i nastaveni v predikci rozsahu
definitivniho infarktu. Abychom byli schopni co nejpfesnéji stanovit objem
definitivniho infarktu, pouZili jsme pro jeho méteni kontrolni MR provedenou 24 + 2
hodiny po technicky uspésné MT. Piedpokladali jsme, ze objem definitivniho infarktu
na MR by mél byt stejny ¢i vétsi kvili ristu ischemie nez objem ischemického jadra
na inicialni CTP. Objem ischemického jadra na CTP by nemél nikdy presdhnout
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objem definitivniho infarktu, protoze CTP by méla detekovat jako ischemické jadro
jiz ireverzibilné ischemickou terapii neovlivnitelnou tkan.

I ptes velmi ¢asnou diagnostiku a rychle provedenou technicky uspéSnou kauzalni
1écbu MT, je klinicky vysledek u ¢asti pacientli neuspokojivy. Zajimalo nas, které
faktory ho ovliviiuji. Pfedpokladali jsme, Ze jednim z nich je individualni rychlost
rustu ischemie stanovena pomoci IGR, a to jak v ¢asné fazi od momentu vzniku
okluze tepny po endovaskuldrni lécbu MT, ale i v pozdni fazi, po uspésné
rekanalizaci. Dle nasi hypotézy se u ¢asti pacientli po MT rust ischemie nezastavi, a
prave tito pacienti dosahuji neuspokojivych klinickych vysledkd. Pro vypocet IGR
jsou vsak pottebné vysledky CTP. Domnivame se tedy, ze CTP mulze byt pfinosna i
u pacientil se symptomy trvajicimi < 6 hodin, jelikoz umozni vyselektovat ty, u nichz
ischemie roste znaénym tempem a MT jiZ tento rist nedokaZze zastavit nebo podstatné
zpomalit.

Cil: Stanovit IGR u pacientil s uzavérem velké tepny pfedniho povodi (ACM a/nebo
ACI), v ¢asném c¢asovém okné < 6 hodin od vzniku symptomt, 1é¢enych technicky
uspésnou MT a zhodnotit, jestli se rist ischemie po uspésné MT skute¢né zastavi.
Dale posoudit, jak ovliviiuji IGR a dalsi faktory klinicky vysledek u téchto pacienti
s cilem najit mozné prediktory.

45



3. Prvni vétev
3.1 Soubor a metody
3.1.1 Design studie a vybér pacienti

Nase studie byla prospektivni a monocentricka. Sbér dat probihal ve Fakultni
nemocnici Kralovské Vinohrady v obdobi mezi lety 2020-2022. Studie byla schvalena
etickou komisi a pacienti podepisovali informovany souhlas se zatfazenim do studie.

Zarazovani byli vSichni pacienti s akutni iCMP pii okluzi velké tepny piedniho
povodi (M1 nebo M2 tisek ACM a/nebo ACI) 1éceni MT v ¢asném casovém okné < 6
hodin od vzniku symptomil. Dal$i zatazovaci kritéria byla nasledujici:

. kompletni inicidlni vysetfeni pomoci NECT, CTA a CTP;
. kontrolni vySetieni po 24 + 2 hodinach od MT pomoci NECT a MR;
. technicky uspésnd MT (mTICI 3-2b).

Vylucovaci kritéria byla nasledujici:

. neuspésna MT (mTICI 0-2a);
o periproceduraln¢ vzniklé komplikace MT (symptomaticka ICH, ruptura ¢i disekce

tepny);
o nekompletni kontrolni vySetieni;
. nesouhlas s Gi¢asti ve studii.

U vsech pacientli byla zaznamenana relevantni radiologicka a klinicka data.
3.1.2 Zobrazeni
3.1.2.1 Vstupni vySetieni

Vsichni pacienti podstoupili inicidlné¢ diagnostické CT vySetfeni na
multidetektorovém dvouzdrojovém pfistroji Somatom Drive scanner (Siemens
Healthineers, Erlangen, Némecko). PouZit byl nas iktovy protokol uréeny pro vySetteni
pacientd, u kterych je podezieni na akutni iCMP. Ten se sklada z NECT, CTA a CTP.
Akvizi¢ni a rekonstrukéni parametry pro jednotliva CT vySetfeni jsou uvedené v Tabulce
1.
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Tabulka 1: Akvizi¢ni a rekonstrukéni parametry NECT, CTA a CTP

parametr NECT CTA CTP
rotacni ¢as (s) 1 0,28 0,28
napéti na rentgence (kVp) 120 120%* 70
proud na rentgence (mAS) 273% 84* 200
field of view (mm) 250 250 200
iterativni rekonstrukce ano ano ano
rekonstrukéndi filtr meékkotkanovy mekkotkanovy mekkotkanovy
primarni rekonstrukce 3/3 0,75/0,5 1,5/1
tloustka vrstvy/inkrement
(mm)
MIP rekonstrukce 3/3 10/2 —
tloustka vrstvy/inkrement
(mm)

*Vysetfeni bylo provedeno s modulaci proudu, uvedené jsou referenc¢ni hodnoty; **vysetfeni
bylo provedeno s modulaci napéti, uvedené jsou referenc¢ni hodnoty.
CTA, vypocetni tomograficka angiografie; CTP, vypocetni tomograficka perfuze; MIP,
maximum intensity projection; NECT, nativni vypocetni tomografie.

Na NECT jsme posoudili pfitomnost intrakranialni hemoragie a zhodnotili jsme
rozsah akutnich ischemickych zmén pomoci ASPECTS.

CTA slouzila k diagnostice a lokalizaci okluze. Byla provedena vzdy v rozsahu od
aortalniho oblouku az po vertex. Injektorem byla intraven6zné aplikovana jodova KL
s koncentraci 400 mg/ml rychlosti 3 ml/s v mnozZstvi dle hmotnosti pacienta s naslednym
proplachem fyziologickym roztokem.

CTP byla provedena v rozsahu 100 mm v ose Z s cilem zachytit celé teritorium
tepen piedniho povodi. Injektorem jsme aplikovali jodovou KL s koncentraci 400 mg/ml
rychlosti 5 ml/s s naslednym proplachem fyziologickym roztokem. Pro dal§i zpracovani
jsme pouzili dedikovany systém NeuroPerfusion suite (verze VB30A) na pracovni stanici
syngo.via. Pro identifikaci ischemického jaddra a penumbry jsme pouzili 3 odliSna
nastaveni prahovych hodnot:

. nastaveni A (nastaveni parametrt dle studii DAWN a DEFUSE 3)

Ischemické jadro definované jako oblast s CBF < 30 % pfi srovnadni s kontralateralni
mozkovou hemisférou bez akutnich ischemickych zmén. Penumbra definovana jako
oblast s TMAX > 6 s.

o nastaveni B (nové vyrobcem doporucena uprava ptivodniho nastaveni)
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Ischemické jadro definované jako oblast s CBF < 20 % pfi srovnani s kontralateralni
mozkovou hemisférou bez akutnich ischemickych zmén. Penumbra definovana jako
oblast s TMAX > 6 s.

. nastaveni C (ptivodni nastaveni od vyrobce)
Ischemické jadro definované jako oblast s CBV < 1,2 ml/100 ml. Penumbra definovana
jako oblast s CBF < 27 ml/100 ml/min.

Vsechna vstupni vysetieni byla hodnocena 2 neuroradiology.
3.1.2.2 Kontrolni vySetieni

U vsech pacientt jsme provedli kontrolni vysetieni v odstupu 24 + 2 hodiny od MT
pomoci NECT a MR.

V ptipadé¢ NECT byl pouzity identicky dvouzdrojovy pfistroj Somatom Drive
scanner (Siemens Healthineers, Erlangen, Némecko). U kazdého pacienta jsme méli
krom¢ standardnich obrazkl k dispozici i virtudlni nativni zobrazeni a jodovou mapu,
diky ¢emu jsme byli schopni odlisit hemoragii od ptitomnosti jodové KL ve tkani
(Obrazek 29).

Obrazek 29: NECT ziskané pouZitim dvouzdrojového pfistroje

Na standardni rekonstrukei (a) patrné ischemické zmény v povodi ACM dx. s hyperdenznimi
podily. Pro odliSeni krvaceni a ptfitomnosti jodové KL pouzité virtualni nativni zobrazeni (b)
a jodova mapa (c). Vzhledem k tomu, Ze hyperdenzity jsou patrné pouze na jodové mapé (c)
anejsou pritomné na virtualnim nativnim zobrazeni, se jedna o pfitomnost jodové KL ve tkani,
a ne o hemoragii. Ta by byla naopak patrna jako hyperdenzita na virtualnim nativnim
zobrazeni bez hyperdenzity na virtualnim nativnim zobrazeni.

MR pro co nejptesnéjsi zhodnoceni rozsahu definitivniho infarktu byla provedena
na 1,5 T pfistroji (Signa HDx 1,5 T, GE Healthcare, Milwaukee, WI, USA) v tésné
navaznosti na kontrolni NECT (= 1 hodina). Pouzili jsme nésledujici sekvence bez
aplikace KL: T2 FLAIR, T2* gradient echo (GRE), DWI (b hodnota 0 a 1000, v¢etné
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ADC mapy), 3D TOF angiografie vcetné MIP rekonstrukci. Akvizi¢ni parametry MR
jsou uvedené v Tabulce 2.

Tabulka 2: Akvizi¢ni parametry MR

sekvence TR (ms) TE (ms) TI (ms) tloust’ka vrstvy (mm)
T2 FLAIR 8500 123,66 2000 5
T2* GRE 800 20 — 5
DWI 8000 20 - 5
3D TOF 27 6,8 — 1,2

DWI, difuzni vazeni; FLAIR, fluid attenuated inversion recovery; GRE, gradient echo; TE, echo
time; T1, inversion time; TOF, time of flight; TR, repetition time.

Za definitivni infarkt byla povaZovana hyperintenzni oblast na T2 FLAIR a DWI
s odpovidajicim poklesem na ADC. Objem infarktu jsme méfili na DWI manualng
volumetricky vyuzitim pracovni stanice syngo.via. Pfitomnost hemoragie jsme posoudili
diky T2* GRE sekvenci, pomoci 3D TOF angiografie jsme ovéfili stabilitu rekanalizace
po MT.

Vsechna kontrolni vySetieni byla hodnocena 2 neuroradiology.
3.1.3 Statistika
Statistickd analyza byla v rukou zkuSeného statistika.

VéEk pacientll byl vyjaddien pomoci primeéru, smérodatné¢ odchylky a medianu,
kategoricka data byla vyjadiena v procentech.

Srovnavali jsme objem ischemického jadra vypocitany pomoci 3 riiznych nastaveni
vypocetnich parametrt SW NeuroPerfusion suite (pracovni stanice syngo.via) s objemem
definitivniho infarktu méfeném na kontrolni MR provedené po 24 + 2 hodindch od
technicky Uspésné MT. Pro méteni shody jsme pouZili koeficient vnitrotfidni korelace
(ICC) a smérodatnou odchylku chyb (RMSE), pro jeji vizualizaci jsme pouzili Bland-
Altmantv graf zndzorfujici vztah mezi primérem méteni a jejich rozdilem.

Pro hodnoceni schopnosti CTP predikovat definitivni infarkt jsme pouzili
Pearsontv korelacni koeficient. Prahova hodnota pro statistickou vyznamnost byla p
0,05.
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3.2 Vysledky

3.2.1 Soubor pacientii

Celkem jsme zaradili 82 pacientti s akutni iCMP pii uzavéru velké tepny predniho
povodi (ACM a/nebo ACI) vySetienych na naSem pracovisti kompletnim iktovym
protokolem vcetné¢ CTP, ktefi na zakladé splnéni indikacnich kritérii (bez ohledu na
vysledky CTP) podstoupili MT. Z dalSiho hodnoceni jsme vSak museli vyfadit 35

pacientu (viz Graf 1).

Graf 1: Selekce pacientl pro hodnoceni v prvni vétvi

(n=282)

Pacienti s akutni iCMP pfi uzavéru tepny piedniho povodi 1é¢eni MT

Technicky
uspesna
MT

Ne

Vytazeno z dalsiho

v

hodnoceni (n = 10)

Ano

Splityjici inkluzni kritéria
(n=47)

Zatazeno bylo 47 pacientd, jejichZ relevantni klinicka a radiologickéd data jsou

piehledné shrnuta v Tabulce 3.
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Tabulka 3: Relevantni klinickd a radiologicka data pacientl zatfazenych do prvni vétve

parametr pocet pacienti (%) priamér + SD
veék (roky) — 68+ 11,2
pohlavi zeny 15 (32) —
muzi 32 (68) —
Ml 21 (45) —
uzaviena M2 12 (26) —
arterie ACI+ ACM 11 (23) —
ACI 3(6) —
strana okluze prava 21 (45) —
leva 26 (55) —
ASPECTS — 75+1,9
NIHSS — 13,5+5,1
¢as vzniku symptomut — ¢as CT - 126 + 83
(min.)
¢as CT — cas punkce tfisla (min.) - 5016
¢as vzniku symptomil — Cas — 213 + 86
rekanalizace (min.)
podani IVT 29 (62) —

ACI, arteria carotis interna; ACM, arteria cerebri media; ASPECTS, Alberta Stroke Program
early CT score; IVT, intraven6zni trombolyza; NIHSS, National Institute of Health Stroke Scale;
SD, smérodatna odchylka.

3.2.2 Zobrazeni

3.221CT

Vysledné objemy ischemického jadra vypocitané pouzitim 3 typd nastaveni
vypocetnich parametri SW NeuroPerfusion suite na pracovni stanici syngo.via jsou
uvedeny piehledné v Tabulce 4.
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Tabulka 4: Srovnani objemil ischemického jadra na CTP pii pouziti 3 riiznych nastaveni
vypocetnich parametrt

objem ischemického jadra
pouzité nastaveni .
median (ml) IQR (ml)
A 34 46,5
B 10 24
C 23 22

IQR, interquartile range.

3.2.2.2 MR

Median objemu definitivniho infarktu méteného na MR byl 20 ml, interquartile
range (IQR) 44,1 ml. Stabilita rekanalizace byla pomoci MR 3D TOF angiografie
potvrzena u 46 pacientt (97,9 %).

3.2.3 VysledKky statistického hodnoceni

Jednotliva nastaveni spolu vzdjemné vysoce korelovala — nastaveni A — B: r =
0,963, nastaveni A — C: r = 0,886, nastaveni B — C: r = 0,925. U konkrétnich pacientt se
vSak objemy ischemického jadra na CTP neshodovali s objemem definitivniho infarktu
na MR. Pro demonstraci viz také Obrazek 30 a Graf 2.
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Obrazek 30: Srovnani vysledki CTP pfi pouziti 3 rliznych nastaveni vypocetnich
parametrit SW s definitivnim infarktem na MR u pacienta s akutnim uzavérem ACM
dx.

Perfuzni mapy (horni fadek) ziskané pouzitim 3 nastaveni A, B a C demonstruji odliSny rozsah
ischemického jadra (Cervena oblast) a penumbry (zluta oblast) v zavislost na pouZzitém
nastaveni. Pfi pouziti nastaveni A byl objem ischemického jadra 35 ml (A), pfi nastaveni B 6
ml (B) a pfi nastaveni C 54 ml (C). Na kontrolni MR (dolni fadek) provedené 24 + 2 hodiny
od technicky uspésné MT vidime definitivni infarkt jako hyperintenzni oblast na DWI
s odpovidajicim poklesem signalu na ADC (Sipka). Definitivni infarkt na MR byl 29 ml
(oznaceno zeleng).
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Graf 2: Srovnani objemu ischemického jadra na CTP s objemem definitivniho infarktu
na MR pfi pouziti 3 riznych nastaveni vypocetnich parametrit SW

Nastaveni A Nastaveni B Nastaveni C
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Na ose X jsou hodnoty objemu ischemického jadra na CTP v ml, na ose Y objemy definitivniho
infarktu na MR v ml. Pferusovana ¢ara oznacuje, kde by body mély lezet, pokud by hodnoty obou
objemt byly shodné.

Nejslabsi shoda byla v ptipad¢ nastaveni B (ICC = 0,642, 95% CI 0,438 az 0,784,
RMSE = 66). Rozdily mezi nastavenim A a C byly zanedbatelné — nastaveni A (ICC =
0,668, 95% C1 0,473 az 0,8, RMSE = 60,5), nastaveni C (ICC = 0,693, 95% CI 0,509 az
0,817, RMSE = 58,9). Pro vizualizaci shody viz Graf 3.
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Graf 3: Bland-Altmaniv graf pro vizualizaci shody objemu ischemického jadra na CTP
pro 3 rizna nastaveni SW s objemem definitivniho infarktu na MR
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Na ose X jsou znazornéné primérné hodnoty, na ose Y rozdily. Stinované ¢asti reprezentuji 95%
CI — zelena pro horni hranici shody, ¢ervena pro dolni hranici shody a modra pro bias.

Cilen¢ jsme se podivali i na nadhodnoceni rozsahu definitivniho infarktu na
inicialni CTP pro jednotlivd nastaveni. To bylo v pfipadé pouziti nastaveni A a C
pozorovano az u 53,2 % pacientll. Na rozdil od toho nastaveni B nadhodnotilo rozsah
definitivniho infarktu u mensi ¢asti pacienti, a to konkrétné u 25,5 %.
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4. Druha vétev
4.1 Soubor a metody
4.1.1 Design studie a vybér pacientii

Nase studie byla prospektivni a monocentrickd. Sbér dat probihal ve Fakultni
nemocnici Kralovské Vinohrady v obdobi mezi lety 2020-2022. Studie byla schvalena
etickou komisi, vSichni pacienti podepisovali souhlas se zafazenim do studie.

Zaradili jsme vSechny pacienty s akutni iCMP pii1 okluzi velké tepny piedniho
povodi (M1 nebo M2 tisek ACM a/nebo ACI), ktefi byli 1éceni MT v ¢asném Casovém
okné < 6 hodin od vzniku symptomu na zaklad¢ splnéni indikacnich kritérii bez ohledu
na vysledky CTP. Dalsi zatfazovaci kritéria byla nasledujici:

e kompletni vstupni vySetfeni pomoci NECT, CTA a CTP;

e kontrolni vysetfeni provedena 24 + 4 hodiny od MT (u vétSiny pacienti se jednalo
o MR, NECT bylo pouZit¢ pouze u téch, ktefi nemohli z n¢jakého divodu
podstoupit MR);

e technicky uspésna MT (mTICI 3-2b);

e znamy Cas vzniku symptomil;

e znama hodnota mRS stanovena 3 mésice od iCMP.

Vylucovaci kritéria byly nésledujici:

e technicky netispésnd MT (mTICI 0-2a);

e periproceduralné vzniklé komplikace MT (symptomaticka ICH, ruptura ¢i disekce
arterie);

e nckompletni zobrazeni (jednalo se hlavn€ o pacienty s okluzi tepny
diagnostikovanou na jiném pracovisti, ktefi byli transportovany s cilem provedeni
MT);

e chronicky uzavér ACI ¢i simultanni okluze v zadni cirkulaci (mozné ovlivnéni
vysledkt CTP).

U zafazenych pacientd byla hodnocena veSkera dostupné relevantni obrazova i
klinickd dokumentace. Zaznamenavali jsme hodnotu NIHSS, komorbidity (arteridlni
hypertenze, fibrilace sini, srde¢ni chlopenni vady, diabetes, onkologickd onemocnéni),
informaci o prodélani iCMP v minulosti ¢i tdaj o koufeni. Dilezité byly casové udaje,
které slouzily k vypoctu rychlosti ristu ischemie. Krucidlni byla také hodnota mRS
stanovend neurologem standardné 3 mésice od iICMP, na zdklad€ které jsme rozdélili
pacienty na ty s dobrym a na ty s neuspokojivym klinickym vysledkem. Tyto 2
podskupiny jsme nésledné detailn¢ analyzovali a srovnavali mezi sebou s cilem najit
prediktory klinického vysledku.
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4.1.2 Zobrazeni
4.1.2.1 Vstupni vySeti‘eni

Inicidlni CT bylo provedeno na multidetektorovém dvouzdrojovém pfistroji
Somatom Drive scanner (Siemens Healthineers, Erlangen, Némecko) s pouzitim naseho
standardniho iktového protokolu uréeného pro pacienty s podezienim na akutni iCMP
pozustavajiciho z NECT, CTA a CTP. Akvizi¢ni a rekonstruk¢éni parametry vysetieni se
neli$i od téch pouzitych u pacientii zafazenych do prvni vétve studie a jsou uvedené
v Tabulce 1.

Rozsah akutnich ischemickych zmén jsme hodnotili standardné pomoci ASPECTS
na NECT.

CTA byla provedena v rozsahu od aortalniho oblouku az po vertex po intraven6zni
aplikaci jodové KL injektorem s koncentraci 400 mg/ml rychlosti 3 ml/s s naslednym
proplachem fyziologickym roztokem. CTA nam umoznila diagnostikovat a lokalizovat
uzavér arterie, zaroven jsme na ni hodnotili kolateralni obéh. Pro hodnoceni kolateralniho
ob&hu jsme pouzili tfistupiiovy systém dle Regenhardta; 1 jako nejlepsi (symetricky), 2
jiny, 3 nejhorsi (maligni) (Regenhardt et al., 2022).

V ptipadé¢ CTP provedené vrozsahu 100 mm v ose Z scilem zachytit celé
teritorium zasobené tepnami pfedniho povodi byla také aplikovana jodova KL
s koncentraci 400 mg/ml rychlosti 5 ml/s s néslednym proplachem fyziologickym
roztokem. Pro dal$i zpracovani jsme pouzili dedikovany systém NeuroPerfusion suite
(verze VB30A) na pracovni stanici syngo.via. Na zékladé¢ vysledkii nasi studie
srovnavajici 3 rlizna nastaveni vypocetnich parametrii tohoto SW jsme se rozhodli pouzit
nastaveni B, kdy ischemicka jadro bylo definované jako oblast s CBF <20 % pfi srovnani
s kontralaterdlni mozkovou hemisférou bez akutnich ischemickych zmén a penumbra
jako oblast s TMAX > 6 s (Kremenova et al., 2022). Pro toto nastaveni jsem se rozhodli
z toho duvodu, Zze nadhodnocovalo rozsah definitivniho infarktu u mnohem mensiho
mnozstvi pacientl nez ostatni 2 nastaveni. Navic se ve vétSiné piipadi jednalo o
minimalni nadhodnoceni rozsahu definitivniho infarktu < 5 ml. Na zikladé této
skute€nosti jsme si stanovili pro dalSi hodnoceni pravé hranici 5 ml jako moZnou
odchylku v méfeni. V ptipadé nadhodnoceni objemu definitivniho infarktu < 5 ml jsme
pocitali s tim, Ze objem ischemického jadra na CTP je rovny objemu definitivniho
infarktu.

Vsechna vySetfeni byla hodnocena 2 neuroradiology.
4.1.2.2 Kontrolni vySetieni

Kontrolni vySetteni bylo provedené 24 + 4 hodiny od MT.
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Ve vétsiné pripadua se jednalo o MR provedenou na 1,5 T pfistroji (Signa HDx 1,5
T, GE Healthcare, Milwaukee, USA anebo Magnetom Sola, Siemens Healthineers,
Erlangen, Germany). Pouzité byly nativni sekvence T2 FLAIR, T2* GRE, DWI (b
hodnota 0 a 1000, v¢etné ADC mapy) a 3D TOF angiografie vcetné¢ MIP rekonstrukei.
Oblast hyperintenzni na T2 FLAIR a DWI s odpovidajicim poklesem signdlu na ADC
byla povazovana za definitivni infarkt. Pfitomnost hemoragie jsme posoudili na T2*
GRE, na 3D TOF angiografii jsme hodnotili stabilitu rekanalizace.

U mensi casti pacientd jsme provedli pouze NECT. Jednalo se o pacienty, ktefi
nemohli podstoupit MR kvuli $patnému klinickému stavu ¢i kvili kontraindikacim.
Pouzity byl opét stejny dvouzdrojovy CT pfistroj (Somatom Drive, Siemens Healthineers,
Erlangen, Germany), diky kterému jsme méli u kazdého pacienta kromé standardnich
obrazkl 1 virtudlni nativni zobrazeni a jodovou mapu umoznuji odlisit krvaceni od
ptitomnosti KL ve tkani. Za definitivni infarkt jsme povazovali oblast hypodenzni na
virtudlnim nativnim zobrazeni.

Objem definitivniho infarktu byl na MR ¢i na NECT méfen 2 neuroradiology
manualn€é volumetricky pozitim pracovni stanice syngo.via. V pfipadé MR jsme
pouzivali DWI, v ptipadé NECT virtualni nativni zobrazeni.

4.1.3 Vypocet rychlosti ristu ischemie

Ze znamych udaji jsme nasledné stanovovali IGR. Vypocitali jsme 2 hodnoty, early
infarct growth rate (EIGR) a late infarct growth rate (LIGR) dle nésledujicich vzorct:

»  EIGR = objem ischemického jadra na CTP/ €as od vzniku symptomt do CTP
»  LIGR = objem definitivniho infarktu/ ¢as od CTP do kontrolniho zobrazeni

4.1.4 Statistika
Statistickd analyza byla v rukou zkuSeného statistika.

Demograficka data pacientli byla vyjadiena pomoci medianu a IQR. Hodnotili jsme
rozdily mezi 2 podskupinami pacientti na zéklad¢ klinického vysledku hodnoceného
pomoci mRS. K testovani jsme pouzili Mann-Whitney test, piipadné > test poéitany
pomoci Monte Carlo metody. Za statisticky signifikantni byly povazované p-hodnoty <
0,05.

Abychom mohli porovnavat, které parametry nejlépe predikuji klinicky vysledek,
nejprve jsme si rozdélili pacienty na 2 skupiny (mRS 0-2 a mRS 3-6). U jednotlivych
potencialnich prediktorti (ASPECTS, kolateralni ob&h, objem ischemického jadra, objem
definitivniho infarktu, EIGR, LIGR) jsme ov¢fili tvar distribuce a pfipadné provedli
logaritmickou transformaci (objem ischemického jadra, objem definitivniho infarktu,
EIGR, LIGR), abychom mohli pouzit parametrické testy. V poslednim kroku jsme
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vSechny prediktory z-transformovali. Pro porovnani jsme pouzili bayesovskou
logistickou regresi predikujici klinicky vysledek na zéklad¢ zarazenych prediktort.
Sestavili jsme Sest regresnich modelt, kazdy obsahoval vzdy jeden z potencidlnich
prediktortt uvedenych vyse. Usp&$nost modeli jsme porovnali pomoci leave-one-out
cross-validace a uvadéli hodnoty rozdili v ocekavané logaritmické bodové prediktivni
hustot¢ (ELPD). Vzajemné vztahy prediktorii jsme testovali pomoci Pearsonova
koeficientu korelace.

4.2 Vysledky
4.2.1 Soubor pacientii

Celkem na nasem pracovisti v obdobi sbéru dat podstoupilo MT 111 pacientd
s akutni iCMP pfti uzavéru velké tepny predniho povodi. Vyfadit z dal§iho hodnoceni
jsme museli 40 pacientt (viz Graf 4).

Graf 4: Selekce pacientl druhé vétve

Pacienti s akutni iCMP pfti uzavéru velké tepny predniho povodi [é¢eni MT (n=111)
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inkluzni kritéria (n = 71) e periproceduralni komplikace
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Zatazeno bylo 71 pacientd, z nich dobry klinicky vysledek po 3 mésicich (mRS 0-
2) dosahlo 49 pacientii (69 %), zbylych 22 pacientt (31 %) skoncilo s neuspokojivym
klinickym vysledkem (mRS > 2).

Podskupiny pacientli s dobrym a neuspokojivym klinickym vysledkem se mezi
sebou signifikantné lisili ve véku, v hodnoté NIHSS a v podani IVT. Median véku byl v
podskupiné s neuspokojivym vysledkem 78 [ IQR (71,8; 83,8)] let, v podskupiné s
dobrym vysledkem 68 [ IQR (57; 73)] let, 95% CI 6 az 16; p < 0,001. Hodnota medianu
NIHSS byla v podskupiné s neuspokojivym vysledkem 19 [(IQR (16; 20)], v podskupiné
s dobrym klinickym vysledkem 15,5 [ IQR (10,8; 18)], 95% CI 1 az 6; p < 0,001. IVT
dostalo v podskupiné s neuspokojivym vysledkem 40,9 % pacientli, v podskupiné s
dobrym klinickym vysledkem to bylo 67,4 % pacienti (3> = 4,39, p = 0,042).

V casovych parametrech a komorbiditaich jsme neprokdzali zadné statisticky
signifikantni zavislosti. Doba od vzniku symptomil do CT vySetfeni byla u vSech pacientt
velmi kratka, median pro celou skupinu byl 99 [IQR (76,5; 142)] min. Kréatky byl i Cas
od CT do rekanalizace tepny, kdy median byl pro celou skupinu 78 [IQR (62,5; 97,5)]
min.

Shrnuti vSech relevantnich radiologickych a klinickych informaci pro celou
skupinu 1 jednotlivé podskupiny je v Tabulce 6.
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Tabulka 6: Shrnuti vSech relevantnich klinickych a nékterych radiologickych dat

parametr cela mRS 0—2 | mRS 3-6 p-hodnota/95%
skupina (n = 49) (n=22) Cl/y?
(n=171)
median veéku (roky) 70 68 78 <0,001/6 az 16/NA
(IQR) (59,5; 76,5) (57;73) (71,8,
83,8)
pohlavi — zeny/muzi 29/42 21/28 8/14 0,794/NA/0,26
M1 56,3 63,3 40,9 0,120/NA/3,08
uzaviena M2 16,9 14,3 22,7 0,497/NA/0,77
arterie ACIH+ ACM 19,7 14,3 31,8 0,115/NA/2,80
(%0) ACI 7 8,1 45 0,581/NA/0,63
strana okluze (%) sin./dx. 50,7/49,3 46,9/53,1 59,1/40,9 0,443/NA/0,90
median NIHSS 16 15,5 19 <0.001/1 az 6/NA
(IQR) (12; 19,3) (10,8; 18) (16; 20)
¢as vzniku symptomu — Cas 99 92.0 107 0,437/-17 az 33/NA
CT (min.) (76,5, 142) | (69;145) | (85;138,3)
median (IQR)
¢as CT — Cas rekanalizace 78 75 87 0,071/-2 az 28/NA
(min.) (62,5;97,5) (61;91) (71,3;
median (IQR) 104,5)
¢as CT — ¢as kontrolniho 23,4 23,3 23,9 0,597/-1,55
vySetieni (hod.) (20,3; 24,9) (20,3; L1 az 2,23/NA
median (IQR) 24.8) 25,4)
IVT (%) 59,2 67,4 40,9 0,042/NA/4,39
AF (%) 54,9 42.9 63.6 0,128/NA/2,62
komorova tachykardie (%) 5,6 5,6 0 0,315/NA/1,73
signifikantni onemocnéni 18,3 16,3 22,7 0,500/NA/0,70
srdecnich chlopni
(%)
akutni ¢i chronické srde¢ni 19,7 16,3 27,3 0,321/NA/1,64
selhani
(%)
kardiostimulator (%) 11,3 10,2 13,6 0,682/NA/0,32
arterialni hypertenze (%) 81,7 83,7 77,3 0,741/NA/0,42
IM v anamnéze (%) 14,1 14,3 13,6 >0,999/NA/0,13
iCMP v anamnéze (%) 11,3 10,2 13,6 0,682/NA/0,32
diabetes (%) 12,7 12,2 13,6 >0,999/NA/0,03

ACI, arteria carotis interna; ACM, arteria cerebri media; AF, atrialni fibrilace; CI, konfiden¢ni
interval; iICMP, ischemickd cévni mozkova piihoda; IQR, interquartile range; IM, infarkt
myokardu; IVT, intraven6zni trombolyza; n, poCet; mRS, modifikovana Rankinova $kala; NA,
nehodnoceno; NIHSS, National Institute Health Stroke Scale.
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4.2.2 CT, MR a IGR data

Nalez na zobrazovacich metodach u skupiny pacientl s neuspokojivym klinickym
vysledkem se signifikantné liSil od nélezu u pacientli s dobrym klinickym vysledkem.
Také hodnoty IGR pro tyto 2 podskupiny byly signifikantné odlisné. Shrnuti vysledk je

v Tabulce 7.

Tabulka 7: CT, MR a IGR data

cela mRS 0-2 | mRS 3-6 p-hodnota/95%
skupina Cl/y?
parametr (n=49) (n=22)
(n=171)
median ASPECTS 8 8 6 <0,001/-3 az -1/NA
(IQR) (6:9) (7:9) (4; 8)
symetricky 26,8 34,7 9,1
tkolateralni jiny 44,7 46,9 36,4
obéh (%) maligni 29,6 18,4 54,5 0,004/NA/10,80
median objemu 16 10 52,5
ischemického jadra na (4,2;41) (1,4; 20) (13,1; <0,001/11 az 81/NA
CTP (ml) (IQR) 148,5)
median EIGR (ml/hod.) 8,5 6,7 23,9 0,002/3,26 az
(IQR) (2, 17,5 (1,7;13) | (6,4;104) 53,68/NA
11 hyperprogresofii s 437 34,7 63,6 0,023/NA/5,17
EIGR >10 ml (%)
median objemu 29 18,5 186,5 <0,001/55,30 az
definitivniho infarktu (10,8; 83.5) (8; 34) (49,3; 214/NA
(mL) (IQR) 280,8)
median LIGR (ml/hod.) 0,5 0,3 2 <0,001/1,10
(IQR) (0;1; 1,8) (0, 0,7) (1,2;9,7) az 6,10/NA

1 Hodnoceni dle Regenhardta et al. 2022; 11 hodnoceni dle Sarraje et al. 2021.

ASPECTS, Alberta stroke program early CT score; CI, konfiden¢ni interval; CTP, vypocetni
tomograficka perfuze; EIGR, early infarct growth rate; IQR, interquartile range; LIGR, late infarct
growth rate; mRS, modifikovana Rankinova $kala; n, pocet; NA, nehodnoceno.

4.2.2.1 Vstupni zobrazeni

Pacienti s neuspokojivym klinickym vysledkem méli hodnotu ASPECTS median 6

[IQR (4; 8)], pacienti s dobrym vysledkem median 8 [IQR (7; 9)], 95% CI -3 az -1; p <

0,001. Kolateralni ob¢h byl jako maligni vyhodnocen ve skupiné s neuspokojivym

klinickym vysledkem v 54,5 % ptipadl, ve skupiné s dobrym klinickym vysledkem u

18,4 % pacientli (X2 =10,8; p = 0,004). Median objemu ischemického jadra na CTP byl

ve skupiné s neuspokojivym klinickym vysledkem 52,5 [IQR (13,1; 148,5)] ml, ve
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skupin¢ s dobrym klinickym vysledkem 10 [IQR (1,4, 20)] ml, 95% CI 11 az 81; p <
0.001.

4.2.2.2 Kontrolni zobrazeni

Medidn objemu definitivniho infarktu byl ve skupin€ s neuspokojivym klinickym
vysledkem 186,5 [IQR (49,3; 280,80)] ml, ve skupiné s dobrym klinickym vysledkem
18,5 [IQR (8; 34)] ml.

4.2.2.3 IGR

Ve skupin¢ s dobrym klinickym vysledkem byl median EIGR 6,7 [IQR (1,7; 13)]
ml/hod. Po rekanalizaci se rust ischemie témét zastavil, median LIGR byl 0,3 [IQR (0;
0,7)] ml/hod. Ve skuping€ s neuspokojivym klinickym vysledkem byl median EIGR 23,9
[IQR (6,4; 104)] ml/hod. a 1 po rekanalizaci rast ischemie pokracoval, kdy median LIGR
byl 2 [IQR (1,2; 9,7)] ml/hod.

Skupiny se tedy mezi sebou signifikantné 1iSili i v hodnotach EIGR i1 LIGR, v
ptipadé EIGR 95% CI byl 3,26 az 53,68; p = 0,002; v ptipadé¢ LIGR 95% CI byl 1,1 az
6,1; p<0,001.

Skupiny se také signifikantné liSily v poctu rychlych progresori s EIGR > 10
ml/hod. Ve skupiné pacientii s neuspokojivym klinickym vysledkem jich bylo 63,6 %, ve
skupiné s dobrym klinickym vysledkem jich bylo 34,7 % (x°= 5,17; p = 0,023).

4.2.3 Prediktory klinického vysledku

Klinicky vysledek byl nejlépe predikovan pomoci LIGR a objemu definitivniho
infarktu (ELPD diff = -3,0; SE = 1,6). Srovnatelnou schopnost predikovat klinicky
vysledek mél i objem ischemického jadra na CTP (ELPD diff = -7,4; SE = 2,2), EIGR
(ELPD diff =-8,4; SE = 2,4) a ASPECTS (ELPD diff = -8,4; SE = 2,2). Kolateralni obéh
byl nejslabsim prediktorem z testovanych (ELPD diff = -10,1; SE = 3.0).

Na zakladé naSich vysledki jsou tedy nejlepSimi prediktory klinického vysledku
pozdéjsi data, a to LIGR a objem definitivniho infarktu. Soucasné nelze fict, Ze hodnota
IGR je lepSim prediktorem klinického vysledku nez objem ischemického jadra na CTP ¢i
objem definitniho infarktu na kontrolnim zobrazeni.

Mezi jednotlivymi prediktory jsme nasli silné korelace, blize viz Obrazek 31.
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Obrazek 31: Hodnoty Pearsonovy korelace mezi jednotlivymi prediktory
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5. Diskuze

V této praci jsme se zabyvali pacienty s akutni iCMP pfi okluzi velké tepny
pfedniho povodi diagnostikovanymi v ¢asném casovém okné < 6 hodin od vzniku
symptomu, kteii byli nasledné na zaklad¢ splnéni indikacnich kritérii 1éCeni technicky
uspesnou MT. Privodnim tématem byla problematika CTP, jejiz pfinos je u této skupiny
pacientl ¢asto zpochybnovan.

Nasim prvnim cilem bylo najit optimalni nastaveni vypocetnich parametri SW
NeuroPerfusion suite na pracovni stanici syngo.via, které by umoznilo co nejptesnéjsi
predikci objemu ischemického jadra u pacientli v asném ¢asovém okné. V dalsi ¢asti
nasi prace jsme se zabyvali hodnocenim faktorti predikujicich klinicky vysledek se
zamétenim na rychlost ristu ischemie. Predpokladali jsme, ze praveé individualni rychlost
rustu ischemie je jednim z faktort, ktery by mohl ovlivnit klinicky vysledek.

V ramci prvni vétve jsme otestovali 3 typy nastaveni vypocetnich parametric SW
NeuroPerfusion suite na pracovni stanici syngo.via pro stanoveni objemu ischemického
jadra. Vysledky CTP jsme korelovali s objemem definitivniho infarktu na kontrolni MR.
Absolutni shoda mezi objemem ischemického jadra u vSech 3 nastaveni CTP a objemem
definitivniho infarktu na MR byla slaba — ICC se pro jednotliva nastaveni pohyboval
v rozmezi 0,64—0,69 a RMSE v rozmezi 58,9—66,0. Situace se zasadnéji nezmeénila, ani
kdyz jsme vytadili extrémni hodnoty. Zadné z testovanych nastaveni tedy nebylo schopné
dostatecné presné predikovat rozsah definitivniho infarktu. Dle statistické analyzy bylo
v predikci definitivniho infarktu nejptesnéjsi nastaveni C , kdy ischemické jadro bylo
definované jako oblast s CBV < 1,2 ml/100 ml ve srovnani s kontralaterdlni mozkovou
hemisférou bez akutnich ischemickych zmén. Toto nastaveni vSak az u 53,5 % pacientl
nadhodnocovalo rozsah definitivniho infarktu. Nejhor$i shoda mezi objemem
ischemického jadra a objemem definitivniho infarktu byla v ptipad€ pouZiti nastaveni B,
kdy ischemické jadro bylo definované jako oblast s CBF < 20 % pfi srovnani s
kontralateralni mozkovou hemisférou bez akutnich ischemickych zmén. AvSak pravé toto
nastaveni nadhodnotilo definitivni infarkt nejméné a v neyjmenSim procentu ptipada (25,5
%). Tento vysledek povazujeme za zasadni, jelikoZ pravé nadhodnoceni objemu
ischemického jadra je povaZovano za nejvétsi limitaci CTP u pacientli v asném Casovém
okné spojenou s obavami, Ze na zaklad¢ vysledki CTP by mohli byt néktefi pacienti
vyfazeni z kauzalni 1éby MT. Navic je zde nutné pfipomenout, Ze u pacientli
prichazejicich > 4,5 hodinach od zac¢atku symptomu a u téch s nezndmym vznikem iCMP
jsou vysledky CTP jednim z indikacnich kritérii podani IVT (Berge et al., 2021).

Problematikou  ptfesnostt CTP  vpredikci definitivntho  infarktu a
také nadhodnocovanim rozsahu ischemického jadra se zabyvalo nékolik dalSich autori
(Boned et al., 2017; Geuskens et al., 2015; Martins et al., 2018; Rodrigues et al., 2021,
Rotem et al., 2020; Tsang et al., 2020). V souvislosti s nadhodnocovanim objemu
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ischemického jadra na CTP v ¢asném casovém okné byl zaveden termin ghost infarct
core, ktery je definovan jako objem ischemického jadra na CTP minus objem
definitivniho infarktu > 10 ml (Boned et al., 2017; Fabritius et al., 2021; Martins et al.,
2018; Mendez et al., 2020). Za limitaci studii zabyvajici se tématem ghost infarct core
vSak povazujeme fakt, Ze jejich autofi pouzivali k hodnoceni definitivniho objemu
infarktu NECT. NECT vs$ak kvtli horSimu tkanovému rozliSeni neni dostate¢né presné
pro hodnoceni akutnich ischemickych zmén a mensi zmény nejsou detekovatelné.

Kromé nadhodnocovéni rozsahu ischemického jadra se objevily i jiné problémy
souvisejici s pozitim CTP. S pfibyvajicim mnozstvim vyrobcii poskytujicich SW pro CTP
se ukdzalo, ze jsou zde podstatné diskrepance mezi vysledky CTP v zavislosti na
pouzitém SW (Austein et al., 2016; Fahmi et al., 2012; Karhi et al., 2021; Koopman et
al., 2019; Kudo et al., 2010; Mangla et al., 2014; Pérez-Pelegri et al., 2021; Xiong et al.,
2019; Zussman et al., 2011). Divodem nejspise mohou byt odlisné prahové hodnoty pro
vypocet objemu ischemické tkané, rozdilné referenéni hodnoty pro Sedou a bilou hmotu,
odli$né akvizi¢ni parametry a celkové odliSny matematicky algoritmus (Bathla et al.,
2019; Koopman et al., 2019). Jelikoz jsou vSak vysledky CTP dilezit¢ pro dalsi
management Casti pacientll s iCMP jak v ¢asném, tak v pozdnim ¢asovém okné¢ od vzniku
symptomt, jejich uniformita je zcela zasadni.

Za nejvic ovéteny SW pouzivany v praxi je povazovan SW RAPID, ktery byl
pouzity v studii DAWN a DEFUSE 3, a nasledné slouzily jeho vysledky pro nastaveni
indikac¢nich kritérii pro MT u pacientli s akutni iCMP v pozdnim ¢asovém okné s trvanim
symptomul > 6 hodin a u téch s nezndmou délkou trvani symptomu (Albers et al., 2017,
Austein et al., 2016; Hoving et al., 2018). Jeho reliabilitu navic potvrdilo n¢kolik dal§ich
studii, napfiklad studie Austeina et al. srovnavajici piesnost SW od rGznych vyrobct
v predikci rozsahu definitivniho infarktu (Austein et al., 2016). V této studii byl do
srovnavani zahrnuty i nami pouzivany SW NeuroPerfusion suite (syngo.via), kdy prave
ten u hodnocenych pacientd nejvic nadhodnocoval objem definitivniho infarktu (Austein
et al., 2016). Dalsi byla studie Xionga et al., kterd srovnavala vysledky SW RAPID a
Olea, a jako jedna z mala potvrdila piesnost SW RAPID v predikci definitivniho infarktu
pouzitim kontrolni MR pro jeho méteni (Xiong et al., 2019). Koopman et al. ve své studii
srovnavali SW RAPID a rtizné nastaveni ndmi pouzivaného SW, kdy se s vysledky SW
RAPID nejvic shodovalo ptivodni nastaveni od vyrobce (naSe nastaveni C) (Koopman et
al., 2019). Pro méfeni definitivniho infarktu vSak na rozdil od nds pouzili NECT
provedené 5—7 dni od MT (Koopman et al., 2019). To povazujeme za hlavni limitaci této
studie, jelikoz NECT nelze povazovat za zlaty standard v hodnoceni rozsahu
definitivniho infarktu, jak jiz bylo zminéno vyse. Z tohoto diivodu povazujeme nasi studii
s ohledem na méfeni definitivniho infarktu na MR jako velice pfesnou a metodologicky
optimalni. OvSem nemohli jsme srovnat naSe vysledky s vypocty pomoci SW RAPID,
ktery neméame k dispozici. NaSe situace vSak neni ojediné€la a celosvétove tento SW nema
pfistupny velké mnozstvi pracovist. Proto je potieba usilovat o optimalizaci
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alternativnich SW s cilem ziskat co nejptesnéjsi vysledky, které by byly ptinosné pro
pacienty s akutni iCMP.

Navic se v prib¢hu pouzivani CTP odhalilo nékolik dal$ich uskali, které je nutné
znat pro spravnou interpretaci vysledktt CTP. U pacientli se snizenim srde¢niho vydeje,
stenozou karotickych tepen, vazospazmy, leukoaraidozou Ci starSimi postischemickymi
zménami mohou byt vysledky CTP zkreslené, problematicka byva také diagnostika
drobnych ischemii (Demeestere et al., 2020; Lui et al., 2010; Molad et al., 2021). Na
druhou stranu ndm CTP muize napomoct ke spravné diagnoze, a to jednak v piipade
obtizné detekovatelnych perifernich okluzi, ale také i v pfipad€ tzv. stroke mimics.

V druhé ¢asti nasi prace jsme se rozhodli provést analyzu dat pacientl s akutni
iCMP pfi uzavéru velké tepny predniho povodi diagnostikovanych a 1é¢enych v casném
okné MT s cilem najit mozné prediktory klinického vysledku, zaméfili jsme se také na
mozny vliv individudlni rychlosti ristu ischemie. Pacienty jsme na Uvod rozdé¢lili na
zakladé hodnoty mRS stanovené neurologem standardné 3 mésice od iCMP na
podskupinu s dobrym klinickym vysledkem (mRS 0-2) a na podskupinu
s neuspokojivym klinickym vysledkem (mRS 3-6). Zjistili jsme, Ze ackoliv vSichni nami
hodnoceni pacienti byli velmi rychle diagnostikovani a 1é¢eni technicky uspésnou MT
(¢as od zacatku symptomi do CT byl median 99 min., ¢as od CT do rekanalizace byl
median 78 min.), az 31 % z nich nedoséhlo dobrého klinického vysledku. S cilem zjistit,
které faktory a do jaké miry ovliviiyji klinicky vysledek jsme analyzovali vSechny
relevantni zobrazovaci 1 klinicka data. U vSech pacientl jsme vypocitali hodnotu EIGR a
LIGR. Krom¢ IGR jsme hodnotili také vliv NIHSS, ASPECTS, kolateralniho ob¢hu,
objemu ischemického jadra na CTP a objemu definitivniho infarktu na kontrolnim
zobrazeni po 24 + 4 hodinidch. Mimoto jsme posuzovali také vliv véku, riznych
komorbidit a také vliv podani IVT.

Dle naSich vysledkii se podskupiny pacienti s dobrym a s neuspokojivym
klinickym vysledkem se od sebe zasadné liSily. Statisticky signifikantni rozdily byly
nalezeny prakticky ve vSech vySe uvedenych sledovanych parametrech jako je NIHSS,
ASPECTS, kolateralni obéh, objem ischemického jadra, objem definitivniho infarktu,
LIGR a EIGR. Prekvapivé nebyly nalezeny rozdily ve sledovanych komorbiditach.
Podani IVT bylo pouze slabé statisticky vyznamnym faktorem ovliviiujicim klinicky
vysledek. Nejsiln€j$im prediktorem klinického vysledku na zdkladé€ provedené statistické
analyzy byl v nasi studii LIGR a objem definitivniho infarktu. Tyto hodnoty v§ak bohuzel
nezname v Case diagnostiky iCMP.

Nase data ukazuji, Ze u pacientii s dobrym klinickym vysledkem po rekanalizaci
doslo prakticky k zastaveni ristu ischemie (median LIGR 0,3 ml/hod.). Narozdil od toho,
u pacientd s neuspokojivym klinickym vysledkem rast ischemie pokracoval i po
rekanalizaci (median LIGR 2 ml/hod.). Tento jev jiZ byl popsan v literatufe a jako mozné
davody autofi uvadi reperfuzni poskozeni, nadhodnocovani objemu definitivniho infarktu
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kvtli edému, opozdéni ¢i selhdni reperfuze, ptipadné reokluze tepny po MT (Bala et al.,
2021). Reokluzi tepny jsme u vétSiny pacientll zatazenych do nasi studie vyloudili, jelikoz
jsme stabilitu rekanalizace potvrdili diky pouziti MRA pfi kontrolnim vysetfeni po 24 +
4 hodiny od MT.

LIGR jakozto nejsilngjsi prediktor klinického vysledku znami testovanych
signifikantn¢ koreloval s objemem definitivniho infarktu, ktery byl druhym nejsilnéjSim
prediktorem klinického vysledku. Pacienti s neuspokojivym klinickym vysledkem méli
mnohem vétsi objem definitivniho infarktu nez ty s dobrym klinickym vysledkem
(median 186,5 ml u pacientt s neuspokojivym klinickym vysledkem versus median 18,5
ml u pacientti s dobrym klinickym vysledkem). Objem definitivniho infarktu téméf
linearné koreloval s objemem ischemického jadra na CTP a s hodnotou ASPECTS.
Obdobné¢ vysledky ziskali ve své studii také Olive-Gadea et al. (Olive-Gadea et al., 2019).

Skupiny se vSak signifikantné liSily nejenom v hodnotich LIGR, ale také
v hodnotach EIGR. V podskupiné pacienti s neuspokojivym klinickym vysledkem byl
rust ischemie od vzniku symptomu do zprichodnéni tepny rychlejsi (median EIGR 23,9
ml/hod.) nez u pacientd s dobrym klinickym vysledkem (median EIGR 6,7 ml/hod.).

Studiem této problematiky se zabyval jako prvni Sarraj et al. (Sarraj et al., 2021).
Na zaklad¢ hodnoty EIGR rozd¢lili pacienty na pomalé a rychlé progresory, kdy hranici
byla hodnota EIGR 10 ml/hod. Zjistili, ze pro klinicky vysledek pacienti 1é¢enych MT je
pravé hodnota EIGR zasadni, a to jak u pacienti v ¢asném okné < 6 hodin od vzniku
symptomt, tak v pozdnim okné > 6 hodin. Rychli progresofi s EIGR > 10 ml/hod. 1é¢eni
MT bez ohledu na délku trvani symptomi dosahovali horSich klinickych vysledkd, nez
pomali progresofi s EIGR < 10 ml/hod. Dle jejich vypocti narist EIGR o 5 ml/hod. vedl
ke 14% snizeni pravdépodobnosti dobrého klinického vysledku. V této studii dle
ocekavani rychli progresoii méli také vyssi hodnotu NIHSS, neZ pomali progresofi (u
rychlych progresorti byl median 19 versus medidn 15 u pomalych progresori), jelikoz
tato hodnota odraZzi rozsah ischemie.

V nasi studii dle konceptu Sarraje et al. tvofili rychli progresoti 64 % ve skupiné
s neuspokojivym klinickym vysledem, 35 % ve skupin€ s dobrym klinickym vysledem
(Sarraj et al., 2021). I my jsme potvrdili, Ze hodnota NIHSS byla vy3$si ve skupiné
pacientli s neuspokojivym vysledkem vyS$i nez ve skupiné s dobrym klinickym
vysledkem (medidn 19 versus median 15,5).

Problematice IGR se vénoval také Puhr-Westerheide et al. (Puhr-Westerheide et al.,
2019). Ve své studii hodnotili pacienty s akutni iCMP diagnostikované velmi rychle (¢as
od vzniku symptomti do diagnostického CT byl primérn¢ 137 min.) a stanovili hranici
pro hyperprogresory jako IGR 16,2 ml/hod.
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Dalsi otazkou, ktera je v soucasnosti velmi diskutovana je vliv kolaterdlniho ob&hu
na rychlost ristu ischemie. Sarraj et al. i Puhr-Westerheide et al. nasli silnou korelaci
mezi IGR a kolaterdlnim obéhem (Puhr-Westerheide et al., 2019; Sarraj et al., 2021).
Nase vysledky jsou ve shodé¢ s timto zjiSténim, jelikoz jsme prokazali signifikantné lepsi
kolateralni obéh u pacientt s dobrym klinickym vysledkem nez u téch s neuspokojivym
vysledkem. Avsak na zakladé¢ statistické analyzy byl pravé kolateralni obéh nejslabsim
z nami zkoumanych prediktorii. Diivodem muze byt chybéni multifazické CTA pro lepsi
zhodnoceni kolaterdlniho ob¢hu, pfipadné piili§ jednoduchy systém hodnoceni, ktery
jsme si v nasi studii zvolili.

Dal$im vyznamnym prediktorem klinického vysledku byl v nasi studii objem
ischemického jadra na CTP, ktery byl vétsi u pacientli s neuspokojivym klinickym
vysledkem nez u téch s dobrym klinickym vysledkem (median 52,5 ml v podskupiné
s neuspokojivym klinickym vysledkem versus medidn 10 ml v podskupin€ s dobrym
klinickym vysledkem).

Podskupiny pacienti se dale zasadné liSily také v hodnot¢ ASPECTS, kterd je
znamym prediktorem klinického vysledku u pacientd s iCMP (Roman et al., 2018).
V podskuping pacientii s neuspokojivym klinickym vysledkem byl median ASPECTS o
2 body niz8i nez v podskupiné s dobrym klinickym vysledkem (6 versus 8). Nannoni et
al. nasel korelaci mezi hodnotou ASPECTS a objemem ischemického jadra na CTP a
podobné jako my nasel asociaci mezi ASPECTS a kolateralnim obéhem (Nannoni et al.,
2021).

Zasadni rozdil byl podle ocekdvani i1 ve véku pacientl, kdy pacienti
s neuspokojivym klinickym vysledkem byli o 10 let star§i nez ti s dobrym klinickym
vysledkem (median 78 let v podskupiné s neuspokojivym vysledkem versus 68 let
v podskupin¢ s dobrym vysledkem). Vék je dalSim zndmym silnym prediktorem
klinického vysledku u pacientti s iCMP. Nékteré studie dokonce uvadi hranici objemu
definitivniho infarktu vzhledem k véku pacienta, kdy lze ocekavat dobry klinicky
vysledek. U pacientli < 70 let je touto hranici objem definitivniho infarktu < 50 ml, kdeZto
u pacientd > 80 let je to jenom < 15 ml (Lima et al., 2016; Ribo et al., 2014).

Nase prace méla nékolik limitaci. Jednalo se 0 monocentrickou studii s relativné
malym poc¢tem hodnocenych pacientll vzhledem k jejich ptisné selekci. VSichni pacienti
se symptomatickou hemoragickou transformaci ischemie museli byt vyfazeni kvuli
nemoznosti relevantné zméfit objem definitivniho infarktu. V ptipad€ prvni vétve je z
naSeho pohledu navic limitaci chybéjici srovnani s vysledky ziskanymi pomoci SW
RAPID. Dale by bylo vhodné také srovnani nasich vysledkl s vysledky CTP u pacientt
s ICMP lécenych MT v pozdnim ¢asovém okn€ > 6 hodindch od vzniku symptomf.
V rdmci druhé vétve je u Casti pacientll limitaci nedostupnost MR, a to jak pro méteni
objemu definitivniho infarktu, tak pro ovéfeni stability rekanalizace. Soucasné jsme si
védomi, ze CTP neni pfesna v méfeni objemu ischemického jadra a vypocty IGR jsou
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zatizené touto skuteCnosti. S tim souvisi také pocitani s chybou méfeni, kdy jsme
v piipadé¢ nadhodnoceni ischemického jadra na CTP < 5 ml pocitali s tim, Ze objem
ischemického jadra je rovny objemu definitivniho infarktu. Dalsi limitaci je také chybéjici
informace o objemu ischemie v ¢ase rekanalizace pro presnéjsi vypocet IGR.
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6. Zavér

Na zakladé vysledkG nasi prace zadné k testovanych nastaveni vypocetnich
parametri NeuroPerfusion suite syngo.via SW pro CTP neni optimélni pro predikci
definitivniho infarktu u pacientt s akutni iCMP pii okluzi velké tepny pfedniho povodi
v Casném casovém okn¢ s trvanim symptomi < 6 hodin 1écenych MT. AvSak nalezli jsme
nastaveni, které nadhodnocovalo rozsah ischemického jadra nejméné a u nejmensiho
procenta pacientd, a to povazujeme za nejvhodné;jsi.

I ptes velmi rychlou diagnostiku a kauzalni 1é€bu MT u pacientl s akutni iCMP pii
uzavéru velké tepny predniho povodi < 6 hodin od vzniku symptomt 31 % z nich
nedosahlo dobry klinicky vysledek. U této skupiny pacientii ischemie rostla rychlym
tempem jiz od zacatku okluze tepny a rust se nezastavil ani po technicky uspésné MT. Na
zacatku okluze tepny a po MT se jeji riist zastavil. Kromé tohoto zdsadniho rozdilu se
skupina pacientii s neuspokojivym klinickym vysledkem odliSovala také vékem,
hodnotou NIHSS, ASPECTS, kolaterdlnim ob&hem, objemem ischemického jadra na
CTP a objemem definitivniho infarktu. VSechny tyto faktory ovliviiovaly klinicky
vysledek u sledované skupiny pacientd, ptfi¢emz nejsilngj$i byl vliv LIGR a objemu
definitivniho infarktu. Zaroven vsak nelze fict, ze IGR by byl lep§im prediktorem
klinického vysledku nez objem ischemického jadra na CTP ¢i objem definitivniho
infarktu.
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Souhrn

U pacientt s akutni ischemickou cévni mozkovou piihodou (iCMP) je viabilita
mozkové tkané posuzovana pomoci CT perfuze (CTP). V piipadé okluze velké tepny
predniho povodi trvajici > 6 hodin ¢i s neznamou dobou trvani jsou vysledky CTP jednim
z hlavnich indikac¢nich kritérii pro kauzalni Ié¢bu mechanickou trombektomii (MT), ktera
umoziuje pacientim dosahnout nejlepsi mozny klinicky vysledek. U pacientli v casném
casovém okné < 6 hodin od vzniku symptomt naopak vysledky CTP v indikaci MT
nehraji zadnou roli a jeji pfinos je Casto zpochybnovan. V naSi praci se zabyvame
problematikou a moznostmi vyuziti CTP praveé u této skupiny pacientti.

V ramci prvni vétve studie jsme hodnotili pfesnost 3 typll nastaveni vypocetnich
parametri NeuroPerfusion Suite syngo.via SW pro CTP s cilem najit to, které by
nejpresnéji predikovalo rozsah definitivniho infarktu, a hlavné by nenadhodnotilo jeho
rozsah. Pravé nadhodnoceni je totiz povazovano za nejvétsi limitaci CTP u pacientl
v ¢asném casovém okné. Na zékladé€ vysledkl nasi prace zadné k testovanych nastaveni
neni optimalni pro predikci rozsahu definitivniho infarktu. AvSak nalezli jsme nastaveni,
které nadhodnocovalo rozsah ischemického jaddra nejméné a u nejmensiho procenta
pacienti, a to povazujeme za nejvhodné;jsi.

Druha vétev se zabyvala prediktory klinického vysledku v zavislosti na rychlosti
ristu ischemie v ¢asné fazi od vzniku okluze do CTP iv pozdni fazi od CTP do
kontrolniho zobrazeni. Zjistili jsme, Ze u pacientl s neuspokojivym klinickym vysledkem
ischemie rostla rychlym tempem jiz od zacatku okluze tepny a rlst se nezastavil ani po
technicky uspésné MT. Na rozdil od toho, u pacientl s dobrym klinickym vysledkem
tohoto zasadniho rozdilu se skupina pacientli s neuspokojivym klinickym vysledkem
odlisovala také vékem, hodnotou National Institute of Health Stroke Scale , hodnotou
Alberta Stroke Program Early CT score , kolateralnim ob&hem, objemem ischemického
jadra na CTP a objemem definitivniho infarktu. Nejsilng;si vliv na klinicky vysledek méla
rychlost riistu ischemie v pozdni fazi a objem definitivniho infarktu.
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Summary

In patients with acute ischemic stroke, brain tissue viability is assessed using CT
perfusion (CTP). In the case of occlusion of the large artery of the anterior territory lasting
> 6 hours or of unknown duration, CTP results are one of the main indication criteria for
causal treatment with mechanical thrombectomy (MT), which allows patients to achieve
the best possible clinical outcome. In patients in the early time window < 6 hours from
the onset of symptoms, CTP results do not play any role in the indication of MT, and its
benefit is often questioned. In our work, we deal with the issues and possibilities of using
CTP in this group of patients.

In the first part of the study, we evaluated the accuracy of 3 types of
NeuroPerfusion Suite syngo.via SW calculation parameter settings for CTP with the aim
of finding the one that would most accurately predict the extent of definitive infarction,
and most importantly, would not overestimate its extent. Overestimation is considered to
be the greatest limitation of CTP in patients in the early time window. According to our
results, none of the tested settings is optimal for predicting the extent of a definitive
infarct. However, we found the setting that overestimated the extent of the ischemic core
the least and in the smallest percentage of patients, and we consider this one to be the
most appropriate.

The second part dealt with predictors of clinical outcome depending on the ischemic
growth rate in the early phase from the onset of occlusion to CTP and in the late phase
from CTP to control imaging. We found that in patients with unsatisfactory clinical
outcome, ischemia grew fast from the beginning of arterial occlusion, and the growth did
not stop even after technically successful MT. In contrast, in patients with a good clinical
outcome, ischemia grew more slowly from the onset of arterial occlusion and stopped
growing after MT. In addition, the group of patients with an unsatisfactory clinical
outcome also differed in age, National Institute of Health Stroke Scale value, Alberta
Stroke Program Early CT score value, collateral circulation, ischemic core volume on
CTP, and definitive infarct volume. The ischemic growth rate in the late phase and the
volume of the definitive infarct had the strongest influence on the clinical outcome.
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Odpovédi na stanovené hypotézy

1. Vzhledem k vysledkiim nasi pilotni studie nas zajimalo, jestli 1ze najit vhodné&;jsi
nastaveni vypocetnich parametri SW NeuroPerfusion suite (syngo.via) pro CTP, které
by umoznilo spolehlivéji stanovit objem ischemického jadra, a hlavné by nenahodnotilo
jeho rozsah u pacientli s okluzi velké tepny piedniho povodi (ACM a/nebo ACI) v casném
¢asovém okné < 6 hodin od vzniku symptomil. Pravé nadhodnoceni objemu ischemického
jadra je povazovano za nejvétsi limitaci CTP v ¢asném casovém okné. Dle nasi hypotézy
by toto mohlo byt mozné.

Odpovéd’: Ani jedno z nami testovanych 3 nastaveni bohuZel nepredikovalo
definitivni infarkt optimalné. AvSak nasli jsme nastaveni, které nadhodnocovalo
rozsah ischemického jadra u nejmensiho procenta pacientl, a to povaZzujeme za
nejvhodnéjsi.

2. Jelikoz relativné velka ¢ast pacientli s akutni iCMP pfi okluzi velké tepny ptedniho
povodi ani pfes rychlou diagnostiku a kauzélni 1écbu MT nedosahne dobry klinicky
vysledek, zajimalo nas, jaké faktory ho ovliviiuji. Predpokladali jsme, Ze jednim z nich je
individudlni rychlost ristu ischemie, a to jak v ¢asné fazi od momentu uzavéru tepny po
rekanalizaci, ale také i v pozdni fazi, po uspe€sné rekanalizaci. Dle nasi hypotézy se u ¢asti
pacientll ani po MT rist ischemie nezastavi, a pravé tito pacienti dosahuji klinicky
neuspokojivych vysledki. Pro stanoveni rychlosti riistu ischemie jsou vSak nevyhnutné
vysledky CTP. Domnivame se, Ze pravé z tohoto divodu mtize byt CTP piinosna i u
pacienti v casném okné¢ < 6 hodin od zafitku trvani symptomd, jelikoZz
umozni vyselektovat pacienty, u nichz ischemie roste zna¢nym tempem a MT jiZ tento
rust nedokaze zastavit nebo podstatné zpomalit.

Wewrs

Odpovéd’: Nasli jsme silné prediktory klinického vysledku. Nejsilnéjsim
prediktorem je LIGR a objem definitivni infarktu. DalSimi silnymi prediktory
klinického vysledku jsou objem ischemického jadra na CTP, EIGR a ASPECTS.
Kolateralni obéh byl nejslabSim prediktorem z testovanych. Potvrdila se naSe
hypotéza, Ze u Casti pacienti se po MT rust ischemie nezastavi a pokracuje dal, a
pravé tito pacienti dosahuji neuspokojivych klinickych vysledkii.
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Early and late infarct growth rate in ischemic stroke patients
after successful endovascular treatment in early time window:
correlation of imaging and clinical factors with clinical outcome
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Baokground: The prospective srudy assessed infarct growth rate (IGR) in acute ischemic geroke (AIS)
with large vessel gechizion (LVQ) after recanalization in early time windgw. Early IGR (EIGR) and late IGR.
(LIGE) were correlated with imaging and elinieal data; we searched for outcome predietors.

Methods: We included 71 consecutive patients. Subjects underwent computed tomography perfusion
(CTP) for ischemic core volume assessment at 99.0 minute; (median) from stroke onset, recanalizatipn wag
performed at 78.0 minutes (median) from CTP. Final infaret volume (FIV) was measured on 2422 hours
imaging follow-up. EIGR was calculated as the core volume/time hetween stroke onset and CTP; LIGR
wag caleulated az FIV/time hetween CTP and imaging follgw-up. Twenty-two subjects were assessed ag
poor gutcome, 49 as good outcome. Group differences were tested by Mann-Whitney test and o test.
Baycsian logistic regression models were used to predict clinical outcome, Pearson corrclations for the log-
transformed predictors.

Results: Subjects with poor outcome were older, median age 78.0 [interquartile range (IQR): 71.8, 83 8]
versus 68.0 (IQR: 57.0, 73.0) years; 95% confidence interval (CI): 6.00 to 16.00; P<0.001. Their stroke
severity geale was higher, median 19.0 IQR: 16.0, 20.0) versus 15.5 (IQR: 10.8, 18.0); 95% CI: 1.00 to
6.00; P<0.001. They had higher EIGR, median 23 9 (IQR: 6.4, 104.0) versuz 6.7 (IQR- 1.7, 13.0) mL/h;
095% CI: 3.26 to 53.58; P=0.002; and larger core, median 52.5 (IQR: 13.1, 148.5) versus 10.0 (IQR- 1.4,
20.0) mL; 95% CI: 11.00 to 81.00; P<0.001. In subjects with poor outcome, infaret growth continued
after thrombectomy with LIGR 2.0 (IQR: 1.2, 9.7) versus 0.3 (IQR: 0.0, 0.7) mLv/h; 95% CI: 1.10 tp 6.10;
P=0.001; resulting in larger FIV, median 186.5 (IQR: 493, 280.8) versus 18.5 (IQR- 8.0, 34.0) mL; 95% CI:
3530 to 214.00; P=0.001. Strong correlations among predictors were found e.g., core and EIGR (r=0.942),
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LIGR and FIV (r=0.779}, core and FIV (r=0.761). Clinical gutcome was best predicted using data from laver

meagerements as FIV and LIGR.

Conoluslons: Data from later meagurements were more predictive, there wag np major benefit to uge

growth gver vohome data.
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Introduction

Despite massive scientific effort in the diagnosis of acute
ischemie swoke (ATS) with large vessel oeclusion (LVO) in the
anteripr circulation and its treatment, time factors and size
of the ischemic core remain the main factors that influence
clinical putcome (1). In 2006, Saver quantified the number
of neurons, synapses, and myelinaved fibers lost as a funcrion
of time in AIS, and concluded that each minute of AIS Ieads
to the loss of 1.9 million neurons, 14 billion synapses, and
12 km of myelinated fibers (2). Fortunately, it is now known
that the above-mentipned scenarig is not valid in all cages.
The statement “time is brain” is still undisputedly valid;
however, it is clear that the processes evolve more slowly
in spme subjects, and that they may be successfully treated
endpvasculacly in the late time window (3,4).

It is recommended to consider ischemic core volume,
estimated on magnetic resonance imaging (MRI) or
computed tomography (CT) perfusion (CTP), in the
decisipn-making process for endovaseular treatment (EVT)
in the late time window or in cases when time of AIS onset
or last knpwn well (LKW is not kngwn. Conversely, in the
early time window, the nse of CTP is not recommended (5).
Opponents of CTP in the early time window generally
cite possible overestimation of the acute ischemic core and
risk of excluding some patients from ecasual EVT (6,7).
Considering our research in stroke and the application of
CTP in acute ischemia (§-10), we believe that carefully-
used CTP could bring important information even in the
early time windgw.

In the present study, we focused on infarct growth rate
(IGR) in the early time window afrer LKW and evaluated
how infarct growth is affected by urgent recanalization.
We evaluated how IGR correlated with pther imaging,
demographic and clinical variables and factors. We searched
for predictors of clinical putcome between factors such ag

D Dmandndve Imaging in Medieine and Surgery. All rghty rogerved.

early infarce growth rate (EIGR), ischemic core, late infarct
growth rate (LIGR), final infaret volume (FIV), collateral
status and the Alberta stroke program early CT score
(ASPECTS). We hypothesized thar LIGR is the swongest
predictor of clinical putcome. We present this article in
accordance with the STROBE reporting checklist {available
at hteps://qims.amegroups.com/article/view/10.21037/
qims-23-153/rc).

Methods
Study design and patient selection

This prospective, single-center study was initiated in
January 2020 and terminated in September 2022. The
study was conducted in accordance with the Declaration
of Helsinki (a5 revised in 2013). The study was approved
by ethics committee of the Faculty Hospital Kralovske
Vinphrady (INo. EE-VB/57/0/2021) and informed congent
was taken from all individual participants. The study cohort
were selected from consecutive patients with AIS due to
LVQ in the anteripr circuladon [ocelusipn of the M1 or M2
segments of the medial cerebral artery (MCA) or occlusion
of the internal carotid artery (ICA)] who were treated by
EVT in early time window, up 8 hours afeer LKW, Further
inclusion criteria were as follows:

< EKnown stroke onset time;

% Suecessful EVT seored as TICI 3-2b (11);

< Initial technically-compliant CTP study available;

4 MRI follow-up, or dual-energy CT follow-up in case

of MRI contraindication, 24+2 hours after EVT;
«» Three months clinical follow-up available;
< Patient agreement with enrolment in the study
provided with signed, informed consent.
Eaxclusion criteria were a5 follows:
4 Lack of complete inidal diagnostic imaging seroke

(Qusnt Imsging Med Surg 2023 | heepe-/ide dolorg/10 21037 /glms-23-153



Quantitative Imaging in Medicine and Surgery, 2023

Al sublects with LVO in the anterior
circulation who underwent EVT n=111)

Known Me
atroke — Wake up stroks (n=8)
onaat
Oither excclusion critaria (n=22)
Yo # Lack of complets initial diagnestic imaging

stroke protocol (n=8)

# Wascular factors thatmay atter CTP data
such as contralateral chronic 1CA ccclusion
or eimutansous ccclusion in the poatarion
cirulation [n=5)

» Technically ursucceesful EVT (n=10)

# Pariprocedural significant complications n=5)

» Lack of 3-monthe clinical follow-up (n=>)

¢
Enrollad in the atudy fn=71)

Figure 1 Patient selection flow-chart. AIS, acute ischemic stroke; LV, large vessel occlusion; EVT, endovascular treatment; CTP,

computed tomography perfusion; ICA, internal carotid artery.

protocol at our institution (mostly subjects that were
referred only for EVT from other institutions);
Vascular factors that may alter CTP data such as
contralateral chronic ICA occlusion or simultanegus
occlusion in the posterior circulation (both ipsilateral
or contralateral);

Technically unsuecessful EVT scored as TICI O, 1,
2a(11);

Periprocedural complications of EVT such
as clinically-significant haemorrhage, vessel
rupture, new vessel occlusion due to significant
periprocedural embolization or dissectipn;

Lack of imaging follow-up 24=2 hours after EVT for
any reason;

Lack of clinical follpw-up 3-month after successful
treatment (patients that died for any reasgn at any
time up to 3 months afeer EVT were assessed as poor
outcome and were not excluded from the smdy).

For more details, see also Figure 1.

The fpllowing additipnal data were recorded: the
Matignal Institute pf Health Stroke Scale (MNTHSS) for
assessing the severity of AIS at the time of diagnosis and
at the time of discharge from the neurology ward, all
temporal data in relation to AIS and its management, and
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all clinically-relevant data.

Study outcome

Clinical putcome was assessed using the 3 months modified
Rankin Scale (mRS5). Good clinical outcome was considered
ag functipnal independence (mRS =0-2). Clinical putcome
in all subjects was assessed by one neurplogist (DL).
According to the results of clinical outcome assessment,
subjects were divided intp 2 subgroups: a subgroup with
favorable clinical outcome (mRS =0-2) and a subgroup with
poor clinical gutcome (mRS >2). All clinical, demographic,
temporal and imaging data of the subgroups were further
analyzed and subgroups were compared with each pther.

Initial diagnostic stroke CT protocol and CTP post-
Processing
All subjects underwent an initial CT examination using a
multidetector dual sgurce Somatgm Drive scanner (Siemens
Healthineers, Erlangen, Germany). The standard CT
stroke protocol consisted of the following:

% Non-enhanced CT (NECT) covering the brain

from the skull base to the vertex (tube voltage

Qs Fma ging Med Surg 2023 | hrpe/dz dolore/10.21037/glms-23-153



120 kVp, tube current 273 mAs, rotation time 1 s,
primary reconstruction slice thickness/increment
3/3 mm, field of view (FOV) 250 mm, soft tissue
reconstruction filter, multiplanar reconstruction/
increment: 3/3 mm slice thickness);

CT angiography (CTA) covering the precerebral
arteries from the agreic arch and cerebral arteries
to the vertex (tube voltage 120 EVp, tube corrent
84 mAs, rotation time .28 5, primary reconseruction
slice thickness/increment: 0.75/0.5 mm, FOV
250 mm, soft tissue reconsrruction filter, mulriplanar
reconstruction/increment: 3/3 mm slice thickness,
maximum intensity projection 3D reconstruction slice
thicknessfincrement: 10/2 mm) after intravenpus (IV)
administratipn of 50 mL ipdinated contrast agent with
a concentration of 400 mg/mL. Iodinated contrast
agent was applied by a power injector with a flow of
5 mL/s follgwed by saline flugh.

CTP covering the entire supratentgrial brain
(100 mm in the z-axis; tobe voltage 70 EVp, tube
current 200 mAs, rotation time 0.28 5, primary
reconstruction slice thickness/increment: 1.5/1 mm,
FQV 200 mm, soft tissue reconstructign filter)
was performed during IV administration of 50 mL
ipdinated contrast agent with a concentration of
400 mg/mL, administered by a power injector with a
flow of 5 mL/s5 followed by saline flush.

In the acute scenarip, CTP data were not used for EVT
decision making process, thus patients were diagnosed
in the early time window. CTP data were processed on a
dedicated syngo.via workstation uzing the Neurp Perfusion
suite, version VB30A. The ischemic core was defined as
an area with cerebral blood flow <20% in comparison to
the contralateral, npn-affected hemisphere. The penumbra
was defined as an area with a time to maximum of =6 5.
These settings were selected according to our previgus
work where we tested the accuracy of different syngo.via
CT Neurg Perfusion suite settings (Siemens Healthineers,
Erlangen, Germany) in the estimation of the acute ischemic
core (10), as they showed the smallest percentage of core
overestimatipn. According tp secondary analysis of gur
previgus regults (10), we concluded tchat mpst overestimated
cases showed only minimal core pverestimation, up to
5 mL, in comparison with FIV (we consider it as acceptable
measurement errgr and, in those cases, we caleulated
ischemic core = FIV). In the remaining pverestimated cages,
we found ocelusion in the posterior circulation, which could
affect the calculadon resules. We therefore excluded all
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vascular factors that could affect CTP results in the present
study, and only included cases with solitary MCA and/or
ICA peclusion.

ASPECTS was assessed on WECT. For scientific
purposes, ASPECTS was visually and blindly re-evaluated
by 2 neuroradiologists with 25 (HM) and 4 years’
experience (KK) in random grder; those dara were used for
evaluation (12). However, in the acute scenarip, ASPECTS
was evaluated differently, primarily using artificial
intelligence sofeware or was evaluated visually by non-
neurgradiplogists. Data from the acute scenarip were not
used in the present study; however, patients were selected
for EVT according to those data.

The pattern of collaterals was agsessed visually in random
prder by the same ? neurgradiplogists, who were blinded
to clinical and radiological gutcomes. Maximum intensity
projection 3D reconstuctions of CTA data were used for
evaluaripn. Collateral patterns were agsessed according to
the method proposed by Regenharde e ol as symmetrie,
malignant and gther (13). For easier statistical evaluatipn,
symmetric collaterals were scored as 1, malignant as 3, and
other patterns as 2.

Imaging follow-1up and FIV cvaliation

Imaging follow-up wag performed median 23 .4 hours after
snecessful EVT. The majority of subjects underwent MRI
(51 subjects). All MRI scans were pecformed at 1.5 T scanners
(Signa HDx 1.5 T, GE Healtheare, Milwaukee, USA;
Magnetom Sola, Siemens Healthineers, Erlangen, Germany).
‘The imaging prowoeol consisted of the following npn-enhanced
axial sequences: T2 fluid-srrenuated inversion recovery (FLATR),
‘T2 susceptibiliey-weighted imaging (SWT), diffusion-weighted
imaging [DWT; b-value 0 and 1,000; corresponding apparent
diffusion coefficient (ADC) map], 3D time of flight (TOF)
angiography. The final infarct on MRI was considered a5 a
hyperintense area on both T2 FLAIR and DWI images with
corresponding ADC hypointense area. The 3D TQF native
angiography sequence with maximum intensity projection 3D
reconstruction was used for confirmation of recanalization
stahiliey. T2 SWI was used for hemorrhage exclugion.

Patients with contraindicatipns to MRI (primarily
pacemakers pr cardigverters) or patients unable to undergo
MRI due to overall poor health were examined on a dual
source CT scanner (20 patients) (Somatom Dirive, Siemens
Healthineers, Erlangen, Germany) using the following
dual-energy setrings: tube A 80 KV, tube B 140 KV with a din
filter. Three sets of CT brain images were reconseruceed:
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standard 120 KV images, virtual native CT images and
ipdine map images. Virtual native CT images were used for
FIV assessment; a vigsible hypodense area was assessed as the
final infarce.

FIV was segmented manually gn both MRI and virtual
native CT images, all measurements were performed with
dedicated syngo.via volumetric measurement software
{Siemens Healthineers, Erlangen, Germany) using DWI
or virrual native CT images with 5 mm slice thickness. All
manual segmentatipns and measurements were performed
by two neurpradiplogists (HM, KK), who were blinded wo
the CTP resules.

IGR calculation

Both EIGR and LIGR were calcolated from known and
measurable data as follows: EIGR = ischemic core volume
on CTP/time from LEW to CTP; LIGR = FIV/time from
CTP wo imaging follow-up.

Statistics

All statistical tests and evaluations were performed by an
experienced statistician (JL). We report descriptive statistics
(medians and interquartile ranges) for the whole sample
and then splic by clinical gurcome (good and poor ourcome
subgroups). Differences between outcome subgroups were
evaluated by Mann-Whitney test for continuous variahles
and ¥* test for proportions (with no continuity correction
and P values simulated using the Monte Carlo method for
¥’ tests). P values below 0.05 were considered srarigeically
significant. We did not correct P values for multiple
comparisons as we considered the subgroup comparizon as
exploratpry. All tests were two-sided.

Th test which available data provided the best prediction
with respect to clinieal guteome (mRS =2 versus mRS <2),
we first selected potential predictors (ASPECTS, starus of
collarerals, CTE, FIV, EIGR and LIGR). Their values were
lpg-transformed to account for skewed distribution (CTP,
FIV, EIGR and LIGR) and z-transformed, to allpw the use
of parametric tests. We used Bayesian logistic regression
mpodels to predict clinical gutcome. The models were
caleulated with the bems R package using non-informative
priors (14). All evaluated models included a single predictor
{from the porential set of ASPECTS, starus of collaterals,
CTP FIV, EIGR or LIGR). We compared the models using
leave-one-put cross-validation reporting the difference in
expected log pointwise predictive density (ELPD difference)
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relative to the top-performing model and its srandard error
(SE). Additipnally, we report Pearson correlatipns for the
lpg-transformed predictors.

Reszulis
Patient selection data

Seventy-gne consecutive subjects median age 70.0
[interquartile range (IQR): 59.5, 76.5] years were included
in the study; 29 pf them females; 36 subjects suffered from
left-gided geelusign. Three months afrer EVT, 49 (69%)
patients were evaluated ag good clinical purcome (mRS <2),
the remaining 22 (31%) subjects were evaluated as poor
clinical putcome (mRS =2). Complete patent selection data
are summarized in Trble 1. Subgroups with good and poor
clinical putcomes significantly differed in age and INTHSS
assessment at admission. The median age of patients in the
subgroup with good clinical gutcome was 68.0 (IQR: 57.0,
73.0) vears, while the median age in the subgroup with
poor clinical putcome was 10 years higher, median 78.0
(IQR: 71.8, 53_8) years; 95% confidence interval (CT}: 6.00
t0 16.00; P<0.001. NTHSS in all subjects was evaluated as
median 16.0 (IQR: 12.0, 19.3); however, INIHSS in patients
with poor putcome was assessed as 19.0 (IQR: 16.0, 20.0)
and in patients with good clinical putegme NIHSS wag
15.5 (IQR: 10.8, 18.0); 95% CI: 1.00 w0 6.00; P<0.001. The
propoction of patients receiving hridging thrombolysis was
higher in the subgroup with good clinical putcome (67.4%
versus 40.9%; ¥'=4.39, P=0.042). INo statistically significant
differences were observed in temporal parameters or
comprhidities. All subjects underwent initial CT very early
after LKW, median 99.0 (IQR: 76.5, 142.0) minutes and
immediately underwent EVT, and achieved recanalizatipn
after initial CT within median 78.0 (IQR: 62.5, 97.5)
minures.

CT, magnetic resonance and IGR data and corvelations

‘We found searistically significant differences berween both
subgroups in ASPECTS, collareral parterns, ischemic core
on CTE, FIV on MRI/CT follow-up, EIGR and LIGR.
For a summary see Table 2. The subgroup with poor clinieal
outcome had significantly worse ASPECTS on initial
NECT median 6.0 (IQR: 4.0, 8.0) versus 8.0 (IQR: 7.0, 9.0}
in the subgroup with good clinical outcome; 95% CI: -3.00
to —1.00; P=0.001. The distribution of collateral patterns
differed in both groups with worse collaterals’ status in the
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Table 1 Paticot selection data and data related to stroke management

Variables (=71

‘Whale group

Good clinical
outcome (n=49)

Poor clinical

i P valus/@5% ClAd

Age (years), median (IQF)

Sex (WF) 42/29
Ocelusion (% of subjacts)
W1 MCA 56.3
M2 MCA 18.9
ICA + MCA 107
1CA 7
Side of occclusion (%3)
Left/right 50.7/40.3

NIHSS score, madian (IQR)
Time: LKW-CT (minutes), median (IQR)

Time: CT-recanalization {minutes), madian (IQR)

Bridging IV thrombalysis (% of subjects) 50.2
Atrial fibrillation (% of subjects) 54.0
Veantricular tachyarrythmias (% of subjects) 58
Significant valvular heart diseasa (% of subjects) 18.3
Acute or chronic heart failure (% of subjects) 19.7
Pacamaker/ICD (% of subjects) 11.3
Hypertension (% of subjects) .7
History of myocardial infarction (% of subjacts) 141
History of previous ischemic stroke (% of subjects) 11.3
Diabetes (¥ of subjects) 127

70.0 (50.5, 78.5) BA.0 (57.0, 73.0)

18.0 (12.0,19.3) 155 (10.8, 18.0)
00.0 (76.5, 142.0) 82.0 (80.0, 145.0) 107.0 (85.0, 138.3) 0.437/-17.00 to 32.00/NA
78.0 (825, 07.5) 75.0 (81.0,81.0) 87.0(71.3,104.5) 0.071/=2.00 to 28.00/NA
Time: initial CT-MRIFCT follow up (hours), median (IQR) 23.4 (20.3, 24.9) 23.3 (203, 24.8)

78.0(71.8, 83.8) <0.001/6.00 to 16.00/NA

28721 1478 0.794/NAD.26
63.3 409 0.120/NAS3.08
14.3 227 0.497/NASD.TT
14.3 31.8 0.115/NA2.80
a1 4.5 0.581/NAD. B3

46.9/53.1 58.1/40.9 0.443/NAD, 90
19.0 (16.0, 20.0)  <0.001/1.00 to 6.00/MA

230 (214, 254)  0.507/-1.55 10 2.23/NA
67.4 4089 0.042/NAS, 30
420 B83.8 0.128/NAS2. 62
58 0.0 0.315/NAM. T3
168.3 227 0.500/NASD. 70
168.3 273 0.321/NAM 64
10.2 138 0.682/NASD. 32
837 773 0.741/NASD. 42
14.3 13.6 >0.999/NASD.13
10.2 138 0.682/NAS. 32
12.2 136 >0.9008/NAD.03

Cl, confidence interval; IQR, interquartile range; NA, non-assessad; M, male; F, female; MCA, medial cerabral artery; ICA, intemal carotid
artery; NIHSS, National Institute of Health Stroke Scale; LKW, last known well; CT, computed tomography; MRI, magnetic resonance

imaging; IV, intravenous; G0, implantable cardiovertar-defibrillator.

poor clinical putcome group (1°=10.80; P=0.004). In the
subgroup with good outcome, collaterals were evaluated
more often a5 symmetric (34.7% versus 18.4% malignant),
as opposed to the subgroup with poor outcome (9.1%
symmetric versus 54.5% malignant). The ischemic core
volumes on CTP were significantly larger in subjects with
poor outcome, median volume wag 52.5 (IQR: 13.1, 148.5)
versus 10.0 (IQR: 1.4, 20.0) mL in the subgroup with good
clinical putcome; 5% CI: 11.00 vp 81.00; P=0.001. These
data corresponded with significant differences in FIV; in
subjects with poor outcome the median FIV was 186.5
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(IQR: 49.3, 280.8) versus 18.5 (IQR: 8.0, 34.0) mL in the
subgroup with good clinical outcome; 95% CI: 55.30 w0
214.00; P<0.001. Median EIGR was 6.7 (IQR: 1.7, 13.0)
mL/h in subjects with good outcome. After recanalization,
infarct growth nearly stopped; LIGR was calculated as
median 0.3 (IQR: 0.0, 0.7) mL/h. In subjects with poor
clinical putcome, median EIGR was 23.9 (IQR: 6.4, 104.0)
mL/h and after successful recanalization growth continued
with median LIGR 2.0 (IQR: 1.2, 9.7) mL/h. Differences
between both subgroups in EIGR and LIGR were assessed
ag statistically significant; in case of EIGR 95% CI was
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Table 2 CT, MRI and IGR data
\ariables Wh;:;;;;:up Good cll{:]l::sll;:utcoma Poor cll?rlzzlz?utmma P value/05% Cliy?
ASPECTS, median (IQR) 8.0(6.0, 9.0) 8.0 (7.0, 9.0 6.0 4.0, 8.0) <0.001/~3.00 to - 1.00/NA
TCollatarals (/% of subjacts)
Symmetric (3 points) 19/26.8 17/34.7 281 0.004/NAM0.80
Cther (2 points) /437 23/46.0 836.4
Malignant {1 point) 21/29.8 9184 12/.5
CTP core (mL), median (IGR) 16.0(4.2, 41.0 10.0 (1.4, 20.0) 52.5(13.1, 148.5)  <0.004/11.00 to B1.00/NA
EIGR (mL/h), median (IQR) 8.5(2.0, 17.5) 8.7 (1.7, 13.0) 23.0 (6.4, 104.0) 0.002/3.26 to 53.68/NA
"y of fast progressors with EIGR >10 mL /437 17/34.7 14/63.8 0.023WNA/5AT
FIV on MRICT follow-up (mL), madian (IQR) 20.0 (10.8, 82.5) 18.5 (8.0, 34.0) 186.5(40.3, 280.8) <0.001/55.30 1o 214.00/NA
LIGR {mLh), median (QR) 0.5(04, 1.8) 0.2 (0.0, 0.7) 2.0(1.2,0.7) <0.001/1.10 to B.10/NA

T assessment according to Regenhardt ef al 2022 (13); 7', assessment according to Sarraj ef al. 2021 (18). CT, computed tomography;
MREI, magnetic resonance imaging; IGR, infract growth rate; Cl, confidence interval; ASPECTS, Albarta stroke program early CT score;
IQR, intarquartila range; NA, non-assessed; CTP, computed tomography perfusion; EIGR, sarly infarct growth rate; FIV, final infarct volume;

LIGR, late infract growth rate.

3.26 o 53.68, P=0.002; in LIGR 95% CI was 1.10 to 6.10,
P=0.001. Both groups significantly differed in number of
fast progressors with EIGR =10 mL/h, the good outcome
group included 17 fast progressors while che poor outcome
group included 14 fast progeessors ('=5.17; P=0.023). For
illustration, see also Figure 2.

We found many strong correlations between predictors
(see Figure 3). Clinical outcome was best predicted by
LIGR, closely followed by FIV (ELPD diff =-3.0, SE
=1.6). Core gn CTP, EIGR and ASPECTS showed similar
pecformance (core on CTP: ELPD diff =-7.4, SE =2.2;
EIGR diff =-8.4, 5E =2.4; ASPECTS: ELPD diff =-8.4,
SE =21.2). Collateral status showed the weakest pecformance
in pur dataset (ELPD diff =-10.1, SE =3.0). In general,
our analysis showed that data from later measurements are
more predictive (FIV, LIGR) and there is ng major benefit
tp using growth over volume data (LIGR, EIGR versus FIV,
core on CTP), or vice versa.

Discussion

In a recent study, we assessed IGR and evaluated how IGR
affects and correlates with pther variables and factors in
subjects with AIS with LVO in the anterior circulation
diagnosed and recanalized in the early time window. In
our subjects, median time since LKW to inital CT scan
was 99.0 minutes and median time from CTP to full vessel

D) Quansiative Imaglng in Mediclne and Surgery. All dights resceved.

recanalization was 78.0 minutes. Despite the positive stroke
management temporal data and successful urgent EVT,
31% of subjects did not achieve functipnal independence
at the 3 months clinical follow-up. In the present study, we
analyzed available clinical, CT and MRI data, calculated
both EIGR and LIGR and correlated them with clinical
putcome. Subgroups of subjects with good and poor clinical
putcome significantly differed in age, NIHSS, ASPECTS,
pattern of collaterals, ischemic core volume gn CTP, EIGR,
FIV and LIGR. We searched for predictors of clinical
outcome and found many large correlations beeween the
predictors. However, clinical outcome was best prediceed by
LIGRE and FIV, while collateral status showed the weakest
performance.

The primary focus of our study was both EIGR and
LIGR. We found significantly faster EIGR in the group
with poor outcome in comparison with subjects wich
functional independence after EVT (median 23.9 versus
6.7 mL/h). Ischemic core volome also differed between
the subgroups, with median 52.5 mL in subjects with
poor gutcome versus 100 mL in functipnally independent
patients. A strong, positive correlation was detected
between EIGR and ischemic core volume. Recently the
concept of fast and slow progressors was introduced (15).
Sarraj ¢t al. secondary analyzed subjects from SELECT
study (16,17). They divided subjects according to EIGR
into slow (EIGR under 10 mL/h) and fast (EIGR above
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MRI-CWI

MRI-CAWI

Figure 2 CTP (illustration cases). Tiwo cases are demonstrated. The upper line {A) demonstrates the case when CTP precisely predices FIV,
which iz shovn on MRI follow-up (DWT) 24 hours after EVT. The lgwer line (B) demponstrates the cage of the fast progressor. Red color
on CTP depicts the ischemic core, yellow color depicts the penumbra, potentially salvageable brain tissue. CTE, computed tomography
perfusion; MEI, magnetic reggnance imaging; DWI, diffusign weighted images; FIV, final infarct volume; EV'T, endgvagcular treatment.

10 mL./h} progressors and found that EIGER independendy
correlated with functional independence after EVT.
Accprding to their calculation, each 5 mL/h EIGR increase
led tp a 14% decrease in the probability of functignal
independence after EVT. Additionally, betrer collaterals
were strongly associated with slow progression of ischemie
core vplume (16). Following EV'T, fast progressors achieved
worse putcome in both the early and late time windows (16).
In pur study, 64% of subjects with poor putcome could
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be considered as fast progressors, versus 35% in the
functipnally independent group. In the study by Sarraj
et @l. (16), fast progressors had higher median NIHSS
(19 poinrs) in comparison to slow progressors (15 points).
We found similar results, as INIHSS was 3.5 points higher
in the group with poor goutcome than in patients with
3 months functipnal independence (19.0 versus 15.5).
These findings were expected, and INTHSS surely reflects
the extent of the ischemic core (18). Puhr-Westerheide
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Figure 3 Inter-correlations between predictors. The Pearson correlation coefficients between prediceors are depicted above the diagonal,
the corresponding seatterplots below the diagonal. The reported P values arc not corrected for multiple testing. ASPECTS. Alberta stroke
program early CT seore; EIGR, carly infarct growth rate; CORE, ischemie core volome on computed tompography perfugion; FIV, final

infaret volume; LIGR, late infract growth rate.

¢t ol analyzed clinical and imaging parameters associated
with hyperacute infarce growth in 178 subjects with
137 minutes median time between LEW and CTE
According to their study, hyperacute IGR was assessed
at 16.2 mL/h (19). Similar to Sarraj e¢ al., they found
strong correlatipn between infarct growth and collateral
starus (16,19). Qur results are in concordance with
results of the above-mentioned studies as our subjects
that achieved functipnal independence had significantly
better collateral patterns than subjects with poor gutcome.
However, we found that the status of collaterals showed
the weakest performance with respect to outcome

© Qmantitative Imaglng in Mcdlcne and Surgery. All dghty rozorved.

prediction. Qur results could be affected by simpliciey
of collaterals’ status assessment as well as by limited
acenracy of single-phase CTA. We alsp found eorrelatipn
between ASPECTS and ischemic core volume on CTE,
FIV and EIGR. However, we also found significant
differences in age betrween both groups; patients with
good putcome were 10 years younger (median 630 years).
This could affect clinical putcome, as age is known to
be a strong predictor of better clinical gutcome (18).
Studies have reported the target cutoff FIV that predices
good clinical putcome in patients under 70 years of age is
approximacely 50 mL, and above 80 years of age is only
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15 mL (20,21). In the present study, FIV and LIGR were
assessed as the strongest predictors of clinical outcome.
Subjects that achieved functipnal independence had a
median FIV of 18.5 mL, as opposed w patients with poor
outcome where median FIV was 186.5 mL. However, at the
time of AIS gnset, FIV is an unkngwn factgr. Parients with
good putcome in the present study likely benefited from
IV thrombaolysis; however, we found only weak statistical
significance. Despite comorbidities, we surprisingly did not
find any statistical differences between both groups.

We caleulared LIGR from kngwn temporal factprs, time
of CTP, time of imaging follow-up and FIV on follow-up.
‘We did not extrapolate EIGR to the time of recanalizatipn;
however, we hypothesize that infarct growth continued at
a similar pace up tp recanalizatipn. Qur data shows that
recanalization nearly or completely arrested infarct growth
in subjects that achieved functional independence; median
LIGE was caleulated ag 0.3 mL/h included the time between
CTP to recanalization. From our data it is clear that infarct
growth in subjects with poor outcome continued to the
time of imaging follow-up; LIGR was calculated ag median
2.0 mL/h. LIGR was the strongest predictor of clinical
outcome. FIV nearly linearly correlated with ischemic core
volume on CTP as well as with ASPECTS. Olive-Gadea
et al., also found correlatipn between ASPECTS and FIV, as
well a5 cerebral blood volume on CTP and ASPECTS (22).

LIGR significantly correlated with FIV. Continuned
growth of infarct after successful EVT has heen described
previpusly (23). This phenomenon has been explained
by several conditipns such as ischemic reperfusion injury,
overestimation of FIV due to edema, progression of
infarction due to delays or failure to achieve complete
reperfusion, or vascular re-peclusion after EVT (23).
However, in the present study, in majority of subjects
reperfusion was achieved quickly and stability was proven
on follow-up MRI by TOF 3D angiography.

Both subgroups divided by clinical outcome significandy
differed in ASPECTS (8 points versus 6 points in the
group of poor outcome). ASPECTS as a semiquantitative
simplified score, i5 a critical tpol used for estimating acute
stroke burden pn MECT and is asspeiated with good clinical
outcome after EVT (18). Although ASPECTS cannot be
considered for the same as a stooke volume, we found that
ASPECTS negatively correlated with infarct core volume on
CTP, with FIV and both EIGR and LIGR. Some previgus
studies are not completely in agreement with our results,
for instance Haussen ¢¢ 4l found great variability between
ASPECTS and cerebral blood volume gn CTP (24).

© Quansitative Imaging In Mcdiclne and Surgery. Al dlghty reserved.

In a stody by Mannoni e# 4/, only moderare correlation
between ASPECTS and ischemic core volume on CTP
was reported; they found stronger correlation in subjects
with LVO and in patients in the late time window (25).
Nannoni ¢ al., similar to our study, reported association
of higher ASPECTS and good collateral patterns (25). We
however must emphasize that ASPECTS evaloatipn has
some pitfalls, namely poor interrater and even intrarater
agreement (26), which may be partially solved by the use
of automated software. However, the critical limitatipn
of ASPECTS ig that ASPECTS is not a linear seale, the
same scale may be different in terms of tissue volume and
functional eloguence (27).

Qur study has several important limitations. It i5 a
single center, pbservatipnal, non-randpmized study.
Selection bias may be relevant, as subjects with clinically-
significant hemorrhagic complications after EVT were
excluded due tp inability o0 measure FIV. With respect to
measurement methods and calculations, FIV was measured
on dual enecgy INECT (as opposed w0 MRI) in a minority
of subjects; we admit that CTP is not the gold standard
method for measurement of the ischemic core (17). With
the exception of RAPID software (iSchemaView Ine,
Menlp Park, CA, USA), several vendors have developed
postprocessing sofeware for CTPE, e.g., syngo.via CT Neuro
Perfusign (Siemens Healthineers, Erlangen, Germany),
Olea (Olea Medical, La Ciotat, France), and IntelliSpace
Portal CT Brain Perfusion (Royal Philips Healtheare, Best,
The Netherlands). There is mounting evidence that the
use of software from varigus vendors may be problematic
due tp significant discrepancies in results with the same
postprocessing settings (28-31). Furthermore, we used
postprocessing settings for the ischemic core caleulatipn
that were tested in a previgus study, and derermined as the
most reliable (10). However, there were cases chat slightdy
overestimated core volume on initial CTP up tp 5 mL. In
those cases, we caleulated FIV as equal to core volume,
thus we considered that approach as acceptable error in
measurement. LIGR calculation is also not precise as we
calculated this value from the time between CTP and
second day follpw-up imaging; however, EVT that patients
underwent (median 78.0 minutes from CTP) must have
significantly affected IGR. In short, we do not lmow how
large the ischemic core was at the moment of reperfusion.
However, from pur data it is clear that in subjects that
achieved functional independence after EVT, infarct growth
was neacly or completely arrested, as opposed to in patients
with poor putcpme where infarct growth clearly continued
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with undeniable speed. Finally, we admit that our results
may be affected by the relatively small study group.

Conclusions

Despite the fact that all included subjects underwent
EVT in the early time window, 31% of subjects did not
achieve functipnal independence. In those subjects with
a median EIGR of 24 mL/h, infarct growth continued
following EV'T. In contrast, infarct growth was arrested
following EVT in subjects with EIGR of roughly 7 mL/h.
Fast progressing subjects significantly differed in the age,
NIHSS, ASPECTS, the pattern of collaterals, ischemic
core volume on CTP, EIGR, FIV and LIGR. Large
correlatipns between the above-mentipned predictors were
found. However, gur study showed that data from later
measurements a5 FIV and LIGE were more predictive and
there was np major benefit to using growth gver volume
data (LIGR, EIGR versus FIV, core on CTE).
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Abstrack CT perfusion (CTP) is used for the evaluation of brain tissue viability in patients with
acute ischemic stroke (ALS). We studied the accuracy of three different syngo.via software (SW)
settings for actite ischemic cote estimation in predicting the final infarct volume (FIV). The ischemic
core was defined as follows: Setting A: an area with cerebral blood flow (CBF) < 30% compared to
the contralateral healthy hemisphere. Setting B: CBF « 20% compared to contralateral hemisphere.
Setting C: area of cerebral blood volume (CBV) < 1.2 mL,/100 mL. We studied 47 AIS patients
(aged 68 £ 11.2 years) with large vessel occlusion in the anterior circulation, treated in the early time
window (up to & h), who underwent technically successful endovascular thrombectomy (EVT). FIV
was measured on MRI performed 24 + 2 h after EVT. In general, all three settings correlated with
each other; however, the absolite agreement between actite ischemic core volume on CTP and FIV
on MRI was poot; intraclass correlation for all thiee settings was between .64 and (.69, root mean
square error of the individual observations was between 58.9 and 66.0. Our results suggest that using
CTP syngowvia SW for prediction of FIV in AIS patients in the eatly time window is not appropriate.

Keywords: stroke imaging; magnetic esonance imaging; endovascular thrombectommy ; pentmbra;
syngo.via

1. Introduction

Endovascular thrombectomy (EVT) provides the best clinical outcome in patients with
acute ischemic stroke {AIS) due to large vessel occlusion {LVO) in the anterior circulation,
in both early {within 6 h) and late (beyond 6 h) periods from onset [1-4]. In addition to
norrenhanced CT (NECT) and CT angiography (CTA), CT perfusion (CTP) has become
an inseparable part of ischemic “code-stroke” protocols in some centers. It is believed that
CTP is able to distinguish non-salvageable, irreversible ischemic brain tissue (core) from
salvageable, reversible ischemia (penumbra) [5,6]. Moreover, CTP results are included in
the EVT guidelines in patients with AIS with LVO in the anterior circulation presenting
beyond the 6 h time window from onset and in patients with unknown time of last known
well (LKW) [1,3].

Ower the years, several post-processing software (SW) packages for CTP have been
developed by different vendors, e.g., RAPID (iSchemaView Inc, Menlo Park, CA, USA),
syngo.via CT Neuro Perfusion (Siemens Healthineers, Erlangen, Germany), Olea (Olea
Medical, La Ciotat, France), and IntelliSpace Portal CT Brain Perfusion (Royal Philips
Healthcare, Best, The Netherlands). RAPID is used by more than 1000 institutions world-
wide, and studies using RAPID SW were decisive for the adjustment of the guidelines for
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EVT in the late time window [3,7]. However, not all hospitals have access to RAPID and
use SW from various vendors, According to a number of recent studies, the use of various
SW platforms may be problematic due to the significant discrepancy in estimates of the
ischemic core and penumbra [5-14]. In some cases, CTP results are used as a relevant crite-
rion for treatment decision making; SW-generated volumes should be consistent regardless
of the platform. There is an effort to adjust the calculation parameters to achieve the most
accurate results with regard to the final infarct volume (FIV).

We have been studying diagnostic and therapeutic possibilities in AIS patients for
several years [15-17]. In the present study, we evaluated the accuracy of three different
syngo.via settings in the estimation of the acute ischemic core on CTP. We compared the
CTF ischemic core volume calculated according to different settings with FIV measured on
magnetic resonance imaging (MRI) performed 24 + 2 h after successful EVT. We hypothe-
sized that the FIV measured on MRI would be similar or slightly larger (due to ischemic
growth) than the estimated ischemic core volume on CTPE.

2. Materials and Methods

21. Study Design and Patient Selection
Qur prospective, single-center study was initiated in January 2020 and terminated

in May 2022, The study was approved by the Institutional Ethics Committee. Signed,

informed consent was provided by all patients to participate in the study.

We enrolled consecutive patients who suffered from AIS with INVO in the anterior
circulation (occlusion of the M1 or M2 segments of the medial cerebral artery or occlusion
of the internal carotid artery) indicated for EVT according to neurological guidelines [1].
Further inclusion criteria were as follows:

Underwent technically successful EVT immediately after initial CT;

Technically compliant initial CTP study available;

Underwent MEI 24 &+ 2 h after EVT;

Agmeed with enrolment in the study and provided signed, informed consent.

Exclusion criteria were as follows:

e Unsuccessful EVT: TICI (Thrombolysis in cerebral infarction scale) < 2b; periprocedural
complications such as arterial dissection, intracranial hemorrhage, etc.;

e Inability to undergo MRI follow-up due to poor overall condition of a patient after
EVT, contraindications to MRI as pacemakers, implantable cardioverter-defibrillator,
or claustrophobia;

s  Patient disagreement with enrolment in the study or MRI follow-up.

In all patients, the National Institute of Health Stroke Scale (NIHSS) for assessing the
severity of AIS was evaluated by a neurologist, and all time data in relation to AIS and its
management were recorded [15].

2.2 Initial CT Imaging and Post-Processing

All patients were imaged using a multidetector dual source Somatom Drive scanner
{Siemens Healthineers, Erlangen, Germany). All subjects initially underwent our instibe-
tional standard imaging stroke protocol consisting of NECT, CTA, and CTE. On NECT,
acute ischemic changes were evaluated using the Alberta stroke program early CT score
{ASPECTS) by 2 neuroradiologists (with 25 and 5 years’ experience) [19]. On CTA, the
presence of occlusion and laterality were assessed. CTA covering precerebral and cerebral
arteries (from aortic arch to vertex) was performed after the administration of a contrast
agent with a concentration of 400 mg/mL intravenously by a power injector with the
following parameters: 50 mL with a flow of 3 mL/s followed by saline flush. CTP covering
100 mm in the z-axis (the entire supratentorial anatomy of the brain) was performed after
the administration of a contrast agent with a concentration of 400 mg/mL intravenously by
a power injector with the following parameters: 50 mL with a flow of 5 mL/s followed by
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saline flush. CTF was assessed out of the acute setting and EVT was indicated regardless of
CTF results. Detailed technical parameters of CT scans are provided in Table 1.

Table 1. Acquisition and reconstriiction parameters of non-enhanced CT, CT angiography, and
CT perfusion.

Parameter NECT CTA CTP
Rotation time (s) 1 0.28 0.28
Tube voltage (KWp) 120 120+ 70
Tube curment (mAs) 73t Bt 200
Gantry tilt no no no
Field of wiew (mmj} 250 250 200
Iterative reconstruction Yes Yes No
Reconstruction filter Soft tissue Soft tissue Soft tissue
mﬁ:,mﬁ:ﬁi"; 3/3 0.75/05 15/1
M e fﬁfﬁ‘ﬁﬁm 3/3 10/2 :

* Scan performed with tube current modulation, referene value given; * Scan pedormed with tube voltage
modulation, reference value given. CTA, CT angiography ; CTE CT pecfusion; NECT, non-enhanced CT.

CTP pestprocessing was performed on a dedicated syngo.via workstation (NeuroPer-
fusion suite, version VB30A). We used the following three different settings to calculate the
volume of the ischemic core and penumbra:

e Setting A (our adjustment of default syngo.via settings)

The ischemic core was defined as an area with cerebral blood fow (CBF) < 30% in
comparison with the contralateral hemisphere without acute ischemia. The penumbra was
defined as an area with a time to maximum (TMAX) = 6 & TMAX was defined as the time
from inflow of an intraarterial contrast agent to the area of interest to the peak density in
the area.

e Setting B (adjustment of syngo.via settings by Siemens professionals)

The ischemic core was defined as an area with CBF < 20% in comparison with the
contralateral hemisphere without acute ischemia. The penumbra was defined as an area
with TMAX > 6 s,

e Setting C (default syngo.via settings)

The ischemic cone was defined as an area with cerebral blood volume (CBV) < 1.2 mL /100 mL.
The penumbra was defined as anawa with CBF < Z¥ mL,/100 mL/min

2.3, Follow-Up MRI and Evaluation

Follow-up MRI was performed 24 + 2 h after successful EVT. MRI scans were per-
formed on a 1.5T MRI scanner (Signa HDx 1.5 T, GE Healthcare, Milwaukee, W1, USA)
using an HD 8 Channel High-Resolution Brain Array Coil. The imaging protocol consisted
of the following axial sequences: T2 fluid-attenuated inversion recovery (FLAIR), T2 gradi-
entecho (GRE), diffusionrweighted imaging (DWI) (b-value 0 and 1000, ADC map), 3D
time of flight angiography (TOF). No contrast agent was applied. The technical parameters
of all MRI sequences are provided in Table 2.
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Table 2. A cquisition parameters of magnetic resonance imaging,
Sequence TR (ms) TE (ms) TI (ms) Slice Thickness (mm)
T2FLAIR B500 123.66 2000 5
GRET2* &00 20 - 5
DWI B000 20 - 5
3D TOF z 6.8 12

DWT, diffusion-weighted imaging; FLATE, Auid-attenuated irversion recovery; GRE, gradient echo; TE, echo time;
T1, inwersion time; TOE, time of flight angiography; TR, repetition time.

A visible hyperintense area on both T2 FLAIR and DWT images with ADC decrease
was assessed as the final infarct. Manual segmentation of the final infarct was performed
on syngo.via volumelric measurement SW using 5 mm slices. All manual segmentations
and measurements were performed by one neuroradiclogist, who was blinded to the
CTPF results.

Recanalization stability was confirmed using a 3D TOF sequence with MIP 3D
reconstruction.

2.4, Statistical Analysis

In our analyses, we first compared the ischemic core volumes obtained via Settings
A, B, and C using Pearson correlation. Our primary question was whether the values
of ischemic core volumes (for any syngo.via setting) numerically correspond to the FIV
measured on follow-up MRIL To measure this agreement, we used intraclass correlation
{ICC) and its 95% confidence interval (fwo-way mixed effects model for absolute agreement,
single measurement) and root mean square error of the individual observations (RMSE). We
include Bland-Altman plots to visualize the agreement. To describe how well CTF values
predicted the FIV {without the requirement of absohite agreement), we report Pearson
correlation coefficients (high correlation is necessary but not a sufficient requirement for
high agreement). Additionally, we also compared the penumbra volumes from each setting
with Pearson cormelation. We used the threshold ac= 0.05 for statistical significance.

3. Results
3.1. Patient Selection

During the study period, 82 patients with AIS due to IVO in the anterior circula-
tion who were indicated to EVT underwent a complete imaging protocol including CTF.
However, 35 patients were excluded for the following reasons: in 10 patients EVT was
technically unsuccessful or with periprocedural complications; 18 patients were not able to
undergo MRI due to their poor overall condition; 2 patients had contraindications to MRI;
3 patients refused to undergo MRI; and in 2 patients, the CTF scan was of low quality and
core calculation was not possible.

A total of 47 patients (15 females, 32 males) were included in the study. Table 2
summarizes relevant patient clinical and demographic data.

Table 3. Relevant initial clinical, imaging, and stroke treatment data

No. of Patients (%) Mean £ SD
Age - 4112
Sox Female 15 (32) -
Male 32 (68) -
M1 segment of MCA 21 {45) %
M2 segment of MCA 12 -
Occluded artery R Qt)
ICA 3 {6} -
Tandem occliision 11 23) -
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MRI tollow-up [mi]

Table 3. Conf.
Mo, of Patients (%) Mean + SD

Side of ocdusion Highr bk =

Left 26 (55) =
ASPECTS - 75+19
NIHSS - 135+ 51
LEW-CT time {min) - 126 + 83
CT-groin puncture time (min) - H£16
LEKW-tecanalization time (min) 5 213 + 86

Bridging IVT 29 (62)

ASFECTS, the Albeda stroke program early CT score; EVT, endovascular thrombectomy; ICA, internal carotid
artery; IVT, intravenous thrombolysis; LKW, last known well; MCA, medial cerebral artery; NIHSS, the National
Institute of Health Stroke Scale; Mo, number; 5D, standard deviation.

3.2 CTF and MRI Data

CTP data:

s Setting A (CBF < 30%, TMAX > & 5): The median ischemic core volume was 34 mL
(IQR 46.5 mL).

s Setting B (CBF < 20%, TMAX > 6 s): The median ischemic core volume was 10 mL
(IQR 24 mL).

s Setting C (CBV < 1.2 mL/100 mL, CBF < 27 mL/ 100 mL/min}: The median ischemic
cone volume was 23 mL (IQR 22 mL).

MEI data:
The median FIV was 20 mL (IQR 441 mL). Recanalization stability was confirmed in
46 patients (97.9%%).

3.3. Agreement of CTP and MRI Data
In general, all three settings correlated each other (see Figure 1; Settings A-B: r = 0.963;
A-C: r=0.886, B-C: r=0.925; all p's < 0.001).

Setting A Setting B Setting G
L] L] L]
500 | a0
A0 440 400
£ =
B a.
300 - ; oo ; 100 <
- 2 - % -
200 ‘E 200 = 00
L % L] % -
5 .‘ " L]
100 100 100
:t : - - .. ’ - i
T & &
] i o
o 100 200 300 o 100 200 ] 100 200 500
Ischemic core volume Ischemic core valume Ischemic core volume
an CTP [mi] on CTP [mi] on CTP [ml]

Figure 1. Comparison of ischemic core volume on CT perfusion with final infarct volume on magnetic
resonance imaging follow-up for three different settings.

However, they were not very tightly related to FIV measured on follow-up MRL Set-
ting B had the weakest agreement (ICC = 0.642, 95% confidence interval CI [0.438, 0.784],
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Diffarences

Setting A

[\ [4.1]

RMSE= 66.0), but the differences between Setting A (ICC = 0.668, 95% CI [0.473, (.8],
RMSE = 60.5) and Setting C (ICC = 0.693, 95% CI [0.509, 0.817], RMSE = 58.9) were negligi-
ble. The corresponding Bland-Altman plots are depicted in Figure 2. See also Figure 3 for a
better understanding,

Setting B Setting C

wr W a
L] o
o Q
[ = =
5 5
= e
"""" Sanspmsmansny O 100 - Q.0
__________________________ L I N
....... s
] -0 .
- . N
L3
-
200 300 400 0 100 200 300 400 il 100 200 300 400
Means Means Means

Figure 2, Bland-Altman plots comparing ischemic core volume on CT perfusion for each setting
and the final infarct volume on magnetic fesonance imaging follow-up. Shaded ateas represent 95%
confidence intervals for the upper,/lower limit of agreement (green,/ ted ) and for bias (blue).

When inspecting the correlations (i.e., dropping the requirement of absolute agree-
ment), we found the highest correlations in Settings B and C (B: r = 0.841, C: r = (.346)
relative to Setting A (r = (.775; all p-values < 0.001). Altogether, the correlation between
individual settings and follow-up MRI was high, but hardly indicative of good absolute
agreement. Given our sample size, the differences were too small to select which settings
corresponded best with MRI values. Although we found that settings were highly corre-
lated for ischemic core volumes, the correlations were much lower for penumbra volumes
{Settings A-B: r=0.767, p < (.001; A-C: r = 0.288, p= 0.049; B-C: r = 0.326; p = 0.025).

Our dataset included six patients with MRI volumes above 120 mL. As more extreme
values could affect the results (inflate RMSE or increase correlation), we reran the analysis
on a smaller dataset excluding these six measurements. As expected, we observed smaller
RMSE errors, but more importantly both the agreement (ICC values) and correlations with
MRIvalues dropped (Setting A: ICC = 0,322, p = 0.019; RMSE = 34.5; r = 0.351, p= 0.024;
Setting B: ICC = 0.449, p = 0.001; RMSE = 23.5; r = 0.45, p = 0.003; Setting C: ICC = 0.331,
p=0016; EMSE = 24.3; r = 0.323, p = 0.04). To summarize, even on smaller volumes
below 120 mL, we saw relatively large mean errors over 20 and both lower agreement and
correlation with MRI measurements,

When visually checking for bias, we concluded that Setting A as well as Setting C
showed an overestimation of FIV in absolute values in 25 patients (53.2%), whereas Setting
B showed an overestimation in 12 patients {25.5%).
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Figure 3. Comparison of three different syngo.via software settings with final infarct volume on
magnetic resonance imaging follow-up in an exemplary patient. A 75-yearold man with actte
ischemic stroke due to right middle cerebral artery occlusion confirmed on CT angiography. CT
perfusion maps (upper row) obtained using different syngovia software settings depicting the
different extent of ischemic core (ted area) and penimbra (yellow area). Using Setting A, the ischemic
core was 35 mL (A}, for Setting B, the ischemic core was 6 mL (B) and for Setting C, the ischemic
core was 54 mL [C). Magnetic resonance imaging follow-up (lower row) 24 h after endovascular
treatment depicted the final infarct as a hyperintense area on diffusion-weighted images (T} with
a hypointense area on an apparent diffusion coefficient (ADC) map (arrow ). Final infarct volume
{green area) measured on magnetic resonance imaging was 29 mlL.
4. Discussion

The purpose of our study was to compare three different syngo. via CTP settings for
ischemic core volume calculation and to evaluate their accuracy in the prediction of FIV.
Qur study group consisted of AIS patients with [V O in the anterior circulation treated
with technically successful EVT, and FIV was assessed on MRI 24 h after EVT. We were
interested in absolute agreement between the ischemic core volume on CTP and FIV on
MRI. We hypothesized that the ischemic core volume on CTP would be the same or slightly
smaller than FIV. According to our results, all three settings correlated with each other and
the correlation between individual settings and MRI follow-up was high; however, this
was hardly indicative of good absclute agreement. The absolute agreement between acute
ischemic core on CTP and FIV on MRI was poor, even after the exclusion of extreme values
from the calculation. ICC for all thee settings was between (.64 and 0.69 and RMSE was
between 58.9 and 66.0. After the exclusion of extreme values, ICC improved to 0.32-0.45 and
RMSE to 23.9-34.5; however, this was still unsatisfactory. According to statistical analysis,
the best agreement between the ischemic core volume on CTF and FIV was achieved using
Setting C (the default syngo.via setting). The weakest agreement was achieved using
Setting B (syngo.via adjustment by Siemens professionals)., This setting overestimated the
FIV in 25.5% of patients in contrast to Settings A and C with an overestimation of FIV in
about 53% of patients. We hypothesized that FIV would not be less than the estimated
ischemic core volume on CTE, as we assume that the ischemic core is non-salvageable
brain tissue.

Owerestimation of the FIV on initial CTF, especially in patients with a short time
window from LKW to CTF, has been proven in some mcent studies [15,20~23]. The term
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ghost infarct core (GIC) was established for this phenomenon and it is considered to
be one of the greatest limitations of CTE, which could lead to the erroneous exclusion
of some patients from causative treatment, which is in the case of LVO EVT [15,20,21,24].
Moreover, advanced methods such as CTP are also used in selecting patients for intravenous
thrombolysis in a ime window longer than 45 h or in wake-up strokes [25]. Again, there is
a risk that a substantial number of patients could be excluded from treatment. However,
our shudy does not support the presence of GIC; although, our patients were imaged in
the early ime window and had fast reperfusion; mean time from LKW to EVT was only
213 £ 86 min, and mean time between LEW and CT was 126 + 83 min. It must be noted
that the above-mentioned studies reported GIC had important limitations, as they used
only NECT follow-up for the evaluation of FIV. That approach was likely error-prone as
MRI has been shown to be the most accurate diagnostic method for assessing acute ischemic
changes [26~29]. Due to consistent MRI follosw-up, we consider our volumetric FIV data
to be more reliable; moreover, all subjects underwent MRI within the same time interval,
scans were performed on the same 1.5T MRI scanner and the FIV was measured by one
neurcradiologist.

Several recent comparative studies have shown differences in the ischemic core and
penumbra volumes on CTP depending on the postprocessing SW [7,9,30,31]. The dis-
crepancy in volumes between various SW is due to differences in acquisition techniques,
contrast agent delivery, thresholds for calculation of the ischemic cor and penumbra,
reference values for grey and white matter, differences in post-processing steps such as
smoothing, and defining arterial input and venous output functions [8,9]. RAPID 5W,
which was used in many studies including the multicenter DEFUSE 3 study, is considered
the moet reliable [3,30,32]. In a study by Austein et al. focusing on the accuracy of commer-
cial CTP SW in predicting FIV, RAFID showed the highest accuracy in the prediction of FIV
in comparison to other SW used in dlinical practice [30]. Koopman et al. conducted a study
to compare the results of different syngoxia settings with RAPID SW results [9]. When they
used the default syngo.via setting (Setting C in the present study ) with the ischemic core
defined as CBV < 1.2 mL /100 m1, ischemic core volumes were larger in comparison with
RAPID. They then used the same setting as in RAPID (Setting A in the present study) with
the ischemic core defined as CBF < 30% in comparison with the contralateral hemisphere
without acute ischemia; however, core volumes were significantly larger in comparison
with the RAPID calculation. However, their study had some substantial limitations. For
the measurement of FIV, they used a 5-7-day NECT follow-up. It is well known that CT
sensitivity for acute ischemic changes is lower than MRI sensitivity [26-29]. Moreover,
the follow-up was conducted 5-7 days after EVT, which is an important difference from
our follow-up, which was conducted one day after EVT. According to our opinion, the
measurement of FIV in their study may have been affected by vasogenic edema. Xiong
et al. compared Olea and RAPID SW. In their study, RAPID showed a greater correla-
tion of ischemic core volume with FIV on MRI than Olea in patients with technically
successful EVT [7].

Although our study had a prospective design, there are some important limitations.
The sample of studied subjects was relatively small and our research was conducted as a
single center study. The vast majority of subjects were treated in the early time window;
therefore, we do not have subjects treated in the extended time window for comparison.
Moreover, RAPID SW was not available for comparison.

5 Conclusions

In the present prospective study, the absohite agreement between acute ischemic core
volume on CTP and FIV on MRI follow-up after technically successful EVT was poor.
Despite the use of three different syngo.via SW settings, none were accurate enough in
the satisfying prediction of the FIV. Our results suggest that using CTF syngo.via SW to
predict FIV in AIS patients imaged and treated in the early time window is not appropri-
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ate, as there is a non-negligible risk of excluding a substantial number of patients from
causative treatment.
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Baokground: The initial core infarct wolume predicty trestment gutcome in patients with acute ischemic
stroke (AIS) due to large vessel pechugion (LVIQ). According to the literatore, CT perfugion (CTP) is able ro
evaluate cerebral parenchymal viahility and assess the initial core in AIS. We progpectively studied whether
limited-coverage (TP with autpmated cgre caleulation correlates with the final infarct volume gn follgw-up
ngn-enhaneed CT (I7ECT) in patients successfully treated by mechanical thrombectomy:

Methods: We enrolled 51 stroke patients (20 women aged 74.4212.9 years and 11 men aged 66+15.4 years;
median initial MTHSS score 15.5) with gcclugion of the medial cercbral artery and/or the internal carptid
artery that were treated by successful mechanical thrombectomy: CTP performed in 2 38.6 mm shab at the
level of basal ganglia wag included in the CT stroke protocol, but was not used to determine indication for
mechanical thrombeetomy. The infaretion core volume based on CTP was automatically caleulated using
dedicated sofiware with a threshold defined as cerchral blood flow <30% of the value in the contralateral
healthy hemisphers. The final infaretign volume was measured pn 24-hour follgw-up MECT in the zame
slab with respect to CTP. Pearson and Spearman correlation coefficients and robust linear regression were
used for comparison of both velumes, P values <0.05 were considered as statistically significant.

Results: The median time from stroke gnset to CT wag 77 minutes {range, 31-284 minutes), and the
median time fram CT to vessel recanalization was 95 minutes (range, 55-215 minutes). The mean CTP-
calculated core infarct voplume wag 2432192 mL: (median 1% mL, range 1-70 mL), while the mean final
infaret volume was 21.5439.5 mL (median 8 mL; range 0~210 mL). Only a weak relatignship wag found
between the CTP—calculated core and final infaret volume [Pryy, =0.32, P=0.078; rho =0.40, P=0.028].
Regressign analysis showed CTP significantly gveregtimated lower volumes.

Conoluslons: In gur prospective study, the infarction core caleulated using limited-coverage CTP only
wealdy correlated with the final infarction volume measered on 24-hour follow-up MECT: moregver, CTP
significantly gveregtimated logwer volumes. Qur regults do not support the uge of limited-coverage CTP for
guiding treatment recommendatigns in patients with AIS.

Keywords: Stroke imaging; perfusion imaging; middle cerehral artery; core; mechanical thrombectomy

Submitred Ape 10, 2020 Accepted for publication Jun 23, 2020,
doi- 10.21037/qims-20-555
Vicw this article at: bep://dx doi org/10.21037/qims-20-555

@ Quantitative Imaging In Mcdbelne and Surgeoy All cighty regereed. Qunt Imaging Mrd Swrg 2020;10(10):1908-1915 | htig/ids dol gegf10.21037/gimg-20-555

117



Quantitative Imaging in Medicine and Surgery, Vol 10, No 10 October 2020 1909

Introduction

Globally, stroke is the second most common canse of death
after ischemic heart disease, with an annual incidence in
Europe ranging from 95-290 per 100,000 inhabitants (1)
In the Czech Republic, the annual mortality rate of stroke
is roughly 56 per 100,000 inhabitants (2). Stroke is also
asspeiated with significane long-term disability, affecting
up to 50% of patients (3.4). Long-term disability may be
evaluated by various outcome scales, with the modified
Rankin Scale (mRS) being commonly used (3,4). The most
important risk factors for stroke include diabetes mellitus,
hypertension, hypercholesterplemia, age, smoking, and
alephol consumption (3).

Stroke i5 a generic term that deseribes a clinical event of
sudden-pnset neurglogic deficit due to vaseular oeclusion
or hemgrrhage. Stroke syndromes have significane clinical
and pathplpgical heterpgenicity, however, arterial ischemia
or infarction are by far the most common cause of swoke,
accounting for 80-85% of cases due to impaired blood
supply to the brain with subsequent lpss of functipn (5).
Roughly 24-46% of acute ischemic sirokes (AIS) are caused
by large vessel occlusion (LVO) (6).

Rapid neurpimaging is crucial for the successful
therapentic management of stroke. Routine seroke imaging
protocols generally include non-enhanced CT (NECT)
and CT angiography (CTA). NECT very quickly answers
the first important question in the workup of stroke: is
intracranial hemorrhage or a stroke “mimic” present? Once
intracranial hemprrhage and stroke mimic are excluded,
the next critical question must be answered: is there LVO
with a “retrievable” intravaseular thrombus present? To
answer that question, CTA is the method of choice. CTA
can demonstrate not goly intravaseular thrombus and the
site of occlusion, but also collateral blood fow. Additionally,
ischemic changes visible on NECT must be evaluated.
For the territory of the medial cerebral artery (MCA), the
Alberta Stroke Program Early CT score (ASPECTS) is a
quick, straightforward and reproducible measure of early
ischemic changes. The MCA territgry is divided intg 10
regions and assigned 1 point per region; ASPECTS is then
calculated by subtracting 1 point for each of 10 regions
affected (7). ASPECTS <6 equates tp 21/3 of the MCA
territory and is associated with increased risk of hemorrhage
and poor outcome after repecfusion (8). Based on NECT
and CTA findings, patients are referred for appropriate
therapy. In the case of AIS with LVQ, mechanical
thrombectomy provides the best clinical outcome (8,9).

© Quantitative Imaging In Medisine 2nd Surgery: All rlghty regerved.

Indication criteria for mechanical thrombectomy are the
causative pcclusipn of the internal carptid artery (ICA) or
MCA segments 1/2 (M1, M2), age 218, ASPECTS =26,
the Matipnal Institute of Health Stroke Scale (NTHSS) 26,
pre-stroke mRS 0-3 and ideally treatment initiated (groin
puncrure) within 6 hours from sympromatic stroke onset (9).

CT pecfusion (CTP) is an established method used to
evaluate the viability of cerebral parenchyma, which is
key to acute stroke management. The method has been in
use for many years, with controversial results (10). After a
period of diminished use, CTP had a resurgence in 2017
following the large multicenter Dawn and Defuge 3 trials,
which used the infarction volume (core) and the volume
of salvageable tissue (penumbra) caleulated from CTP a5
predictive factors for clinical gutcome in patients treated by
mechanical thrombectomy (11,12).

We evaluated patients with AIS with LVO that were
successfully treated by mechanical thrombectomy. The aim
of our prospective study was to evaluate whether limited-
coverage CTP with antomated core calculation correlates
with the final infarction volume on follpw-up INECT in the
same volume slab as CTP was performed.

Methods
Patient selection

‘We prospectively included all consecutive patients with AIS,
MIHSS 26, pre-stroke mRS 0-1, age =18, that underwent
initial NECT with ASPECTS 26 and CTA-proven LVQ
(M1 segment of the MCA and/or ICA). Moregver, CTP was
performed in all subjects, however CTP was not evaluated
in the acute setting and was not used to guide indication
for mechanical thrombectomy. All patients underwent
technically-suceessful mechanical thrombectomy, follow-up
MNECT was performed 24 hours after thrombectomy.

The study was approved by the Ethics committee of
Faculty Hospital Kralovske Vinohrady, Prague, Czech
Republic. Signed, informed consent was provided by all
patients to participate in the study. The study was initiated
in January 2019 and terminated early in August 2019 due to
preliminary results.

CT imaging
All examinatipns were performed pn a 128-slice CT

scanner (Definition AS+, Siemens, Erlangen, Germany).
Initially, before treatment, all patients underwent WECT
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Tablc 1 Acquisition and reconstruction parameters of non-cnhanced CT, CT angiography and CT' perfusion

Parametar MNECT CTA CcTP
Rotation time () 1 0.5 1
Tube voltaga (kVp) 120 100 ]
Tube current [mA) 350 175 270
Gantry tilt yas no yes
Field of view (mm) 250 250 200
Iterative reconstruction Yas~ Yean No
Reconstruction filterkemal Soft tissua Soft tissue Soft tissua
Primary reconstruction slics thickness/incrament (rmm) ¥3 0.75/0.5 3
Multiplanar reconstruction {slicafincrement mm) 4/4 fransversal, coronal, /3 transwversal, sagittal o
zagittal

Maximum intensity projection (slica/incremant mm) - 12/2 transversal; 1072 coronal, =agittal
lodine contrast agent concantration (mglml) - 370-400 I70-400
Contrast volume {mL} - 143 50
Injection rate {mlL/s} - 5 8
Z-axis coverage Whole brain From aortic arch to vertex 38.8 mm

o, CTP was evaluated in entire acquired volume automatically by dedicated softwars; ~, Raw data based iterative reconstruction. CTA, CT

angiography; CTR, CT parfusion; NECT, non-enhanced CT.

and CTA followed by CTP. Acquisition and reconstruction
parameters for NECT, CTA and CTP are summarized in
Tohie 1.

Imaging analysis and evaluation

All image analyses and measurements were performed
using Syngo.via software (Siemens Healthineers). CTP
wag performed in a limited vplume slab (38.6 mm in the
z-axis) only at the level of the basal ganglia. The ischemic
core was autpmatically caleulated on CTP by dedicated
software. The core was defined as an area with cerebral
blood flow (CBF) <30% of CBF in the contralateral healthy
hemisphere. The penumbra was defined as an area with
a time 0 maximum {TMAX) gver ¢ seconds. TMAX wasg
defined a5 the time from inflow of an intraarterial contrast
agent to the area of interest to the peak density in the area.
Definitive infarction on 24-hour follow-up NECT was
defined a5 a visible hypodense area with indistinet gray-
white matter borders. The volume of definitive infarctipn
was manually segmented using 1.5 mm slices. This manual
segmentation was performed only in the same volume
(3586 mm in the z-axig) ag CTP was performed. All manual

® Quantitative Imaging In Mcdicine and Surgeey: All cighty regeeved.

segmentations and measurements were performed using
Svngo.via software by one radiplogist, who was blinded to
the initial sutomatic measurement results.

Statistics

Data were expressed as mean = 5D and median. We report
both Pearson and Spearman correlation coefficients
to deseribe the relatipnship between the core volume
calenlated on CTP and the final infarct volume measured
on follow-up NECT, 24 hours after initial imaging. Robust
linear regression (13) was used to model the relationship
between the core volume caleulated pn CTP (dependent
variable} and the final infaret volume measured on WECT
(predictor), where we report parameter confidence incervals.
The Mann-Whitney U test was used tp compare differences
between patient groups, based on CTP and follow-
up WECT volumetric differences. P values <0.05 were
considered a5 statistically significant.

We additignally included all participants fulfilling the
inclusion criteria in a post-hoc power analysis. While the
sample size appears low, the two methods need to be very
highly correlated to be useful in clinical settings. Even if we
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Table 2 Paticnt selection and demographic data (31 subjects; 20 females, 11 males)

Parametars Mean Median sD Minimum Maximum
Age (years) 72.4 72 137 41 o8
Age female {years) 74.4 77 10 49 o6
Age male [years) a8 82 15.4 41 02
NIHSS 14.5 15.5 8.5 g 0
ASPECTS 8 8 13 8 10
Tima from stroks onset to CT (minutes) g5 77 57.5 3 284
Time from CT to mechanical recanalization {minutes) 107.5 1 43 55 215

ASPECTS, Alberta Stroke Program Early CT score; CT, computed tomography; CTA, CT angiography; CTP, CT perfusion; NECT,
non-enhanced CT, NIHSS, National Institute of Health Stroke Scale; SD, standard deviation.

assume conservatively that r=080 would be sufficient, the
achieved power is very high: power =0.999 for alpha =005
and N=31.

Results
Patient selection

Thirty-one subjects (20 females, 11 males) fulfilled
all inclusipn criteria and were enrolled in the study.
Eighteen subjects received addirignal bridging intravenpus
thrombolysis before mechanical thrombectomy. The
median NTHSS score of included subjects was 15.5. The
median time from stroke onset to CT was 77 minutes
(range, 31-284 minutes), while the median time from CT
examinations to vessel recanalization was 95 minutes (range,
55-215 minures). Selectipn and demographic data pf all
included subjects are summarized in Trble 2.

Tolunte meastrements and statistics

The volume of the ischemic core (38.6 mm slab in the z-axis)
according to the above-described aucomatic calenladon
was mean 24.3+19.2 mL {medisn 19 mL, range, 1-79 mL).
The final infarctipn vplume on 24-hour follpw-up NECT
measured in the same slab was mean 21 5+39 5 mL (median
8 mL, range 0-210 mL).

We found a weak relationship between CTP and
follow-up NECT core measurements [ry,, =0.32, P=0.075;
Spearman cho =0.40, P=0.028]. Even for Spearman cho,
the bootstrapped 95% confidence interval (0.00-0.71)
showed the correlation coefficient was substantially lower
than we expected from the two measurements. As gur

© Quantitative Imaging In Medieine 2nd Surgery: All rdghty regerved.

sample primarily coneained patients with low values in both
measurements, and patients with large valuoes (especially
in the final infarct volume) could constitute oudiers, we
used robust linear regression to evaluate the nature of the
relatipnship. We tested a linear regression model predicting
perfusion measurements from final infarct volume
measurements (V_pecfusion = a+b * V_core). We found that
CTP significantly overestimated lower values (estimated
parameter 2 =12.4; 95% confidence interval 8.6-16.1), and
its values change slower with higher core values (b=0.55;
95% confidence interval 0.45-0.64). The association is
demonstrated in Figtre 1.

Subjects were further divided into 3 subgroups according
to the difference berween the initial core volume calculated
by CTP and the volume of final infarct manually measured
on follow-up NECT (CTP core volume minus the final
infarct volume gn follow-up WECT), with cut-off values of
10 mL. In subgroup 1, which consisted of 6 (19%) patients,
the final infarce volome was underestimated by more than
10 mL using CTP (Figure 2). Subgroup 2 consisted of 12
patients and had =10 mL volometric differences. In the
remaining 13 patients (42%) in subgroup 3, the final infarct
volume was overestimated by more than 10 mL using CTP
(Figure 34,B). In subgroup 3, in comparison with subgroups
1 and 2, a shorter time from CT to recanalization was
found; however, np differences in times from stroke pnset
to CT and from CT to recanalization were significant (all
P-0.05). For further derails see Table 3.

Discussion

The purpose of our study was to evaluate whedher initial
CTP can accurately predict the final infaret volume in
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Core volume on TP {mL)

] 50 100 150 200
Core volumea on follow-up MECT (mL)
Figure 1 Correlatign of ischemic core vglume gon T perfugion
with definitive infaret vplume measured on non-enhanced
follow-up CT. The dashed line represents the identity of both
meagurements and the blue line repregents the regregsign line. The
marginal plots depict the distribution of the volume data.

Kremenova et al. Comparison of infarct volumes on CT perfusion and follow-up CT

patients treated by suceessful mechanical thrombectomy.
We compared the initial core volume autgmatically
caleulated from CTP and the final infarct volume manunally
measured on 24-hour follow-up NECT. All patients
suffered from AIS due to peelusion of the MCA (the M1
segment) and/or the ICA and fulfilled indication criteria for
mechanical thrombectomy (9). Mechanical thrombectomy
wag indicated regardless of CTP regults; CTP data were
evaluated separately at a later time using dedicated,
autpmated software.

We found only a weak correlation between the initial
CTP-measured core and the final infarce volume. However,
we found CTP significantly overestimated lower volumes.
We conclude that CTP performed in a 35.6 mm volume
slab is not a suitable method for the selectipn of patients for
interventional treatment, as according to our data, several
patients that profited from mechanical thrombectomy
would have been excluded from interventignal treatment
based on CTP results. Therefore, the study was terminated
early; we did not detect any benefit to exposing our patients
t0 4 higher radiation dose in performing CTPE Moregver,
additional CTP scans required double administration of
an ipdine-based conterast agent that poses risks for renal

Figure 2 Underestimatipn of infaret core volume on CT perfosion map. CT perfusion map (A) obtained initally before mechanical
thrombectomy depicts core (red) and penumbra (vellow). INon-enhanced follow-up CT (B) depiets large final infarct (purple) in the lefr

hemisphere (C).
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Figurc 3 Overestimation of infarct core volume on CT perfusion map. {A) CT perfusion map (a) obtained initially before mechanical
thrombectgmy depicts core {red) and penumbra (yellgw). MNon-enhaneced follgw-up CT (b) iz withgut unambigugus infaret. (B) cT
perfusion map (s} obrained initally before mechanieal thrombectomy depicts eore (red) and penembra (yellow). [Mon-enhanced follow-up
CT (b} demonstrates overcstimation of the core wolume by CT Perfusion. ITon-cohanced CT depicts only small infarct (purple) in the left

basal ganglia (¢).

function decline, especially in elderly patients.

Qur findings are in concordance with a study by Tsang
et al. [2018] (14), who reported a poor correlation between
the CTP ischemic core volume and the volume of definitive
infarction on 24-hour follow-up NECT. They included
86 patients with a mean age of 70 years with LVQ that
underwent successful mechanical thrombectomy. In contrast
to the present seudy, they performed whole brain CTP,
a5 ppposed to limited coverage. Similar resules were alsp

@ Quantitative Imaging In Mcdbelne and Surgeoy All cighty regerved.

published in a study by Geuskens ¢ al. (15), who similarly
included a relatively small number of patients (n=35).
However, they nsed more than 100 mm brain egverage
CTP and the final infarct volume was measured on 5-7-day
follow-up WECT.

Some recent studies have reported overestimatipn of
the final infarct volume by initial CTP, and the term ghost
infarct core (GIC) has been established (16.17). GIC is
defined as the CTP initial core volume minus the final
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Table 3 Characteristics of patient subgroups based on volume differences on CT perfusion and non-enhaneed follow-up CT

Cora wolumas on CTP minuz infarct volumes on follow-up NECT {mL)

Subgroup 1 (<—10) Subgroup 2 10— 10) Subgroup 3 (>10)

Number of patients

Time from stroke onset to CT (minutes)

Time from CT to mechanical recanalization (minutes)
Cora wolumas on CTP {mL)

Infarct volumes on follow-up NECT (mL)

8 12 13
7742 12178 7930
133155 11444 88+27

27.6:20.8 167128 206216
72.8:60.5 129+14.3 129+14.3

Data are reported as mean valuss + standard deviation. CT, computed tomography; CTRE CT parfuzion; NECT, non-anhanced CT.

infaret volume gn MECT =10 mL and has been pbserved
especially in patients imaged within a short time frame (from
stroke onset to CT) with fast and complete recanalization
(16,17). Marting e¢ al. (16), in their retrpspective single-
center study, reported GIC phenomenon in 20 (16%) of
123 patients. The GIC phenomenon was associated with
a short time frame to recanalization (150 minutes) and a
larger initial CBF core volume (38 mL). In another study
by Boned et al. (17), 79 patients were included, 30 (38%)
of which fulfilled eriteria for the GIC phenpmenon. The
subjects underwent CTP in an early time frame from
symptomatic stroke gnset; the mean time from stroke onset
to CTP was 165 minutes, and the mean time from CTP
to recanalization was 136 minutes. In the present study,
all subjects were divided into 3 subgroups according to
differences between the final infarct volume and the core
vplume on CTP, using a threshpld of 10 mL. The core
volume on CTP overestimated the final infarct volume
more than 10 mL in 13 subjects, which we consider GIC
phenpmengn. The time frame from CT to recanalizatipn
in this subgroup was shorter than in the rest of subjects,
although not significant probably due to limited sample
size. We must stress the fact that we used limited-coverage
CTP and were able to assess the core volume and the final
infarct volume only in a 38.6 mm slab at the level of basal
ganglia. Thus, gur results are not entirely comparable with
the results of previous studies. However, our study and the
above-mentioned studies suggest that therapy guidance
based on the CTP-calculated core volume could lead tp the
incorrect exclusion of some patients that would benefit from
mechanical thromhectomy:

An alternative imaging method to WECT and CTP is
magnetic respnance imaging (MRI) with diffusion weighted
imaging (DWTI), which can reliably identify ischemic areas
affected by cytotoxic edema within several minutes afrer
stroke onset. Accgrding o recommendations and guidelines

© Quantitative Imaging In Medisine 2nd Surgery: All rlghty regerved.

of the American Academy of Neurology [2010], MEI with
DWI should be performed for the most accurate diagnosis
of AIS (18). However, there is emerging evidence that DWI
fails to identify ALS in a substantial minprity of patients.
According to a meta-analysis by Edlow e al. published in
2017 (19), the pooled prevalence of DWI-negative AIS
was 6.8%. INeurplogic deficits consistent with posterior
circulation ischemia were significantly associated with
DWil-negative AIS, a5 patients with posterior circulation
ischemia were 5 times more likely than patients with
anterior circulation ischemia to present with a negative
DWI scan. According to the above-mentigned results, MRI
with DWI i5 a reliable method for acuote ischemia/infaret
assessment in the MCA territory. However, the findings
of Edlow et al. suggest that ATS should remain a clinical
diagnosis and clinicians should not exclude patients from
reperfusion therapies based on a negative DWI scan

Qur study has several important limitations. Firse, it was
a single center study. Another very importane limiration was
performing CTP ooly in a 38.6 mm (z-axis) slab of the brain
due to technical limitations of our CT scanner. Another
limitation was the measurement of the final infarct volume
on MECT, measurement of the definitive infaret volume on
MRI would likely be more precise. Moreover, all volumetric
measurements were pecformed by a single radiologist, and
the study had a limited number of subjects due to early
termination.

Conclusions

In the present prospective study, the ischemic core
calculated using limited-coverage CTP only weakly
correlated with the final infarction volume measured
on 24-hour follow-up NECT; most importantly, CTP
significantly pverestimated lower volumes. This led to the
early terminatipn of the study. Qur results suggest that
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using limited-coverage CTP for the selection of patients
for interventipnal treatment is not jusdfied, considering
additipnal radiatipn burden and risk asspciated with dguble
ipdine-based contrast media applications.
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