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Commentary

Introduction
This habilitation thesis is conceived as a collection of 6 articles published by the author and
his colleagues. It contains chapters describing modern Acute Ischemic Stroke (AIS) treatment.
Where relevant, it is followed by commentaries introducing topic of each publication with the

description of the author’s contribution to knowledge in this field.

Background
Intravenous thrombolysis (IVT) represents AlS treatment of choice if indicated. In cases of
large intracranial vessel occlusion, IVT leads to revascularization only in 13—33 % of cases.
Endovascular mechanical thrombectomy (MT) significantly improves the efficacy of brain
revascularization and patient’s clinical outcome. Recently, MT’s therapeutic window has been
widened to 24 hours based on the CT perfusion studies performed with the automatic value
calculation. IVT is followed by MT as a second-tier treatment in indicated cases. It is the best
available treatment of AIS with middle cerebral artery (MCA) occlusion. This combined
management fails in 5-10% of cases. Microsurgical MCA revascularization using microsurgical
embolectomy or EC-IC bypass represents a historically available treatment option. There is a

lack of data on the benefit of microsurgery in modern AIS treatment.

Aim of this work

is to prove safety and efficacy of open microsurgery in the settings of standard AIS therapy

failure and MCA occlusion.

Methods
Systhemic review evaluating open brain revascularization just after IVT was defined.
Institutional protocol of the open microsurgery as an “ultimum refugium” treatment of an
acute MCA occlusion in patients with failed IVT and/or MT and with a persisting viable
penumbra was defined and approved by local ethical committee. The protocol of a bicentric
randomized prospective study (Comprehensive Stroke Centers Ceské Budé&jovice and
Ostrava) evaluating the results of an urgent microsurgical MCA recanalization was registered

and study was performed.



Results
Our systemic review detected 3267 potential studies evaluating microsurgery in AIS
treatment. Twelve studies evaluating 13 AlS patients with urgent open MCA revascularizaton
surgery after IVT were found using a three-staged selection. Ceské Bud&jovice and Ostrava
Comprehensive Stroke Centeres treated 2175 patients using IVT and 1121 patients with MT
from 2016 till 2020. IVT and MT failed in 22 patients (4.5%) in Ceské Bud&jovice, while it failed
in 25 patients (4.3 %) in Ostrava. The surgical group of patients showed a significantly better
clinical outcome: 58.3% of microsurgically treated patients were independent (defined as mRS

0-2) at 3 months after surgery in comparison with 10% and 12% in the non-surgical groups.

Conclusion and future work directions
Our bicentric randomized study produced pilot data on the safety and efficacy of an urgent
microsurgical MCA recanalization. Approximately 1350 patients were treated with mechanical
thrombectomy in 2021 in Czech Republic. It is estimated that there are at least 50 patients
after standard IVT and MT treatment failure who are still within the therapeutic window, in

Czechia annually. We are working on multicentric trial.

Author’s statement
All the urgent brain microsurgeries presented in this thesis were performed by the author.
Standard AIS treatment was delivered by the whole Comprehensive stroke center’s teams.
Author initiated all the studies mentioned in this thesis. His rate of participation in the 6

published works is mentioned in habilitation thesis.
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1.1. Obecny uvod do problematiky

Cévni mozkové piithody (CMP) patii k hlavnim divodim tmrti a ziskané invalidity dospélé
populace. Lze je rozd¢lit na 20 % krvacivych CMP, tradi¢ni doménu neurochirurgie. V 80 %
je pti¢inou CMP nedostatecny piivod okysli¢ené krve do mozku — ischemicka CMP (iCMP).
Akutni iCMP dnes patii mezi nejakutnéjsi stavy v neurologickych védach.

Spolecnost neurointervencni chirurgie (Society of Neurointerventioanal Surgery, SNIS) v roce
2015 vytvorila zkratku ELVO (Emergency Large Vessel Occlusion, ELVO). Zkratka ma
charakterizovat skupinu pacientt s akutni oklusi mozkové cévy vhodné k radiointervencnimu

feseni se zdiraznénim asové urgence.? Témito pacienty se zabyva tato prace.

Neléceny ELVO ma devastujici nasledky. Akutni 1é¢ba iCMP prodé€lala béhem poslednich tii
dekad dvé vyznamné revoluce. Prvni revoluci bylo zavedeni systémové trombolyzy (IVT —

intravendzni trombolyza pomoci rt-PA). Druhou revoluci specificky u pacientii s ELVO byla

mechanicka trombektomie (MT), tedy zprichodnéni ELVO endovaskularnimi technikami. IVT
a MT se dnes vyhodné kombinuji.

Dnes je na zaklad¢ vysledku vice robustnich studii prokazana jasna spojitost mezi 1é¢bou akutni
iCMP pomoci MT (bez anebo s IVT) a dobrym vyslednym stavem pacienta.®> Lze dokonce
tvrdit, ze 1é¢cba ELVO pomoci MT je nejefektivné;si radiointervenéni 1é¢ba. Nazorny pohled na
uspésnost MT i ve srovnani s jinymi endovaskularnimi technikami v 1é¢bé ELVO dava koncept
NNT (number needed to treat, pocet pacientll, kteti musi byt 1é¢eni danou technikou, aby bylo
dosazeno pozitivniho vysledku pro jednoho pacienta).* Napiiklad MT v 16¢b& iCMP mé dvakrat
vétsi efektivitu nez endovaskularni 1é¢ba STEMI infarktu myokardu.*

Zminéné faktory urychlily vyvoj 1é¢by iCMP i v Ceské republice. Létba iCMP v CR je dobie
institucionalizovana v ramci komplexnich cerebrovaskularnich a iktovych center. Je jasné dana
tridz pacientd, je sledovano vétsi mnozstvi indikatort kvality, které jsou pravidelné auditovany
a vystupy auditi jsou zavadény do klinické praxe. Diky tomu se dnes CR fadi v 16¢bé akutni
ICMP Kk evropskeé Spicce jak z pohledu organizace 1é¢by, tak z pohledu poctu 1é¢enych pacientd.
V roce 2021 bylo pomoci IVT 1é¢eno v CR téméF 4700 pacienttl a pomoci MT zhruba 1350
pacienttl. Toto je zasluha intenzivni prace neurologii v ramci Cerebrovaskularni sekce Ceské
neurologické spolecnosti a jednotlivych center zabyvajicich 1é¢bou cévni mozkové piihody,
Zdravotnické zachranné sluzby a interven¢nich neuroradiologt.

Kromé Gspé$ného zpriichodnéni ELVO je druhym zésadnim faktorem dobrého vysledku 1écby

interval od poc¢atku iCMP do zpruchodnéni cévy. Prace celého multioborového tymu iktového



centra na minimalizaci doby okluse ELVO se odrdzi napiiklad v postupném snizovani a
kultivovani ¢asu DNT (door-to-needle time, doba od vstupu do nemocnice po 1V aplikaci rtPA)
v Ceské republice.®

Stejné tak v JihoCeském kraji doslo béhem poslednich 10 let k vyznamnému nartistu pacienti
s iICMP, ktefi jsou transportovani do iktovych center k IVT a v piipadé jejiho selhani do
komplexniho cerebrovaskularniho centra k 1€cbé pomoci MT. Tato ,,nova* zatéZ nemocnice
velkym mnozstvim pacienti s iCMP, v jejichz 1é€bé se multidisciplindrni tym snazi
optimalizovat kazdou minutu (Obrazek 1.), vede k velkému zajmu o tuto oblast. Pro nas tym
byla zdrojem velké frustrace situace, kdy u perspektivniho pacienta selze 1é¢ba pomoci IVT a
pomoci MT a kdy tento pacient je stale v [éCebném okné pro revaskularizaci. Téchto pacientt

je 5-30 %.° Tuto skupinu pacientii oznatujeme jako Failed Mechanical Trombectomy.®

Mikrochirurgicka intervence (MSI, microsurgical intervention) je dnes jiz pouze historickou
moznosti, jak zprachodnit mozkovou cévu. Techniky MSI jsou znamy vice nez 50 let. Zahrnuji

extra — intrakranialni mozkovy bypass (EC — IC bypass, Extracranial — Intracranial brain

bypass) a mikrochirurgickou embolektomii. P¥i EC — IC bypassu je pomoci mikroskopu
vypreparovana nejcasteji a. temporalis superficialis a naSita na distalni vétev stfedni mozkové

tepny. Pii mikrochirurgické embolektomii je po kraniotomii mikrochirurgicky rozpreparovana

Sylvijska cisterna, nalezena stfedni mozkové tepna ve svém proximalnim tseku. Tato ucpana
tepna je rozifiznuta, vybaven embolus a tepna je poté opé&t zasita. Obé& tyto techniky jsou ndrocné
na technickou zdatnost chirurga. Tyto dvé chirurgické techniky ve zkuSenych rukou maji
vysokou uspé$nost revaskularizace. Neni k dispozici dikaz, Ze chirurgickd lécba ma vliv na
funkéni vysledek pacienta po iCMP. Proto MSI neni soucasti dneSnich doporuceni na 1écbu
iICMP.

Diky tradici, kterou zalozil v Ceskych Budé&jovicich doc. P¥ibai, trvale pracujeme na zlepseni
mikrochirurgickych technik v laboratofi i Vv klinické praxi. Nase centrum ma souhrnnou
zkusenost s vice nez 200 EC — IC mozkovymi bypassy. Vysledky byly akceptovany nam
referujicimi neurology. Vse vyse uvedené bylo divodem rozhodnuti vytvofit institucionalni
protokol, ktery schvalila lokalni etickd komise, a restaurovat tradicni MSI jako 1écbu akutni
iCMP tretiho sledu u pacientii u kterych selhala standardni 1é¢ba iCMP pomoci IVT a MT a
ktefi jsou vV ¢asovém okné pro revaskularizaci mozku. Vzhledem k tomu, ze jsme v roce 2015
Vv dostupné literatufe nenalezli Zadnou praci, kterd by MSI zasadila do moderni 1é¢by iCMP,

rozhodli jsme se tuto 1écbu studovat systematicky a prospektivné.



1.2. Cilem této prace je prokazat bezpeCnost a u¢innost urgentni mikrochirurgické intervence

viécbe iCMP u pacientl, kde selze IVT a MT a kde ptetrvava penumbra vhodna

k revaskularizaci mozku.

1.3 Teze:

Urgentni mikrochirurgicka oteviend operace u indikovaného pacienta, kde selhala standardni

terapie akutniho uzavéru stitedni mozkové cévy, je bezpe¢na a vede ke zlepSeni jeho klinického

vysledku.

1.4. Strategie prukazu teze

1.

Byl vytvofen protokol pro standardni 1écbu (IVT a MT) akutni iCMP uvniti
komplexniho cerebrovaskuldrniho centra a pro spadova iktova centra (jihocesky kraj a
Cast kraje Vysocina). Stejny ultimum refugium protokol byl vypracovan i pro 1é¢bu 3.
sledu (urgentni mikrochirurgickou operaci) ihned po IVT, kdy selze MT.

Bylo provedeno systemické review na téma urgentni mikrochirurgicka operace ihned
po IVT. Toto review je zaregistrovano V mezinarodnim prospektivnim registru pro
systemicka review: PROSPERO: CRD42017078511)

Podle protokolu pro urgentni mikrochirurgickou intervenci (MSI) schvaleného etickou
komisi byla systematicky lécena skupina pacientii s iCMP a selhanim MT.

Byl definovan protokol bicentrické randomizovana studie, ktera byla registrovana
v databazi klinickych studii 1ékafské narodni knihovny USA — Clinical Trials:
ClinicalTrials ID: NCT05153642)

Vysledky prospektivni randomizované studie byly publikovany v Q1 Casopise, ktery je
hlavnim ¢asopisem neuroradiointervencni 1écby pro Evropu, USA a Australasii.

Chirurgické vysledky byly pritbéZné prezentovany ve svéte.



2 Vyvoj a soucasny stav akutni 1écby iCMP

2.1. Standardni 1é¢ba iCMP pomoci IVT

Akutni uzavér intrakranialni mozkové tepny (ELVO) bez adekvatni revaskulariza¢ni terapie ma
devastujici nasledky. Kazdy pacient s rychle rozvinutymi klinickymi ptiznaky loziskového
postizeni mozku béhem poslednich 24 hodin ma byt hodnocen jako pacient s moznym akutnim
iktem a jako kandidat rekanaliza¢ni 1é¢by iCMP az do okamziku, neZ je tato 1é¢ba na zakladé
anamnestickych, klinickych, zobrazovacich a laboratornich dat indikovana nebo vyloudena.’
V Ceské republice je vytvoiena sit’ center, zajistujici adekvatni 1é¢bu iCMP. Kromé kvalitni
rekanalizace je Klicova i minimalizace ¢asového intervalu od vzniku iCMP do rekanalizace.
Prvnim, kde je ve styku s pacientem s iCMP je nejcastéji Zdravotni zachranna sluzba, ktera v
CR zajist'uje prvotni triaz na zakladé platného Véstniku Ministerstva zdravotnictvi (MZ) CR

2021. Soucasti tohoto Véstniku je i seznam center, tzv. Center vysoce specializované

cerebrovaskularni péce a Center specializované cerebrovaskularni péce.

Od roku 1995 je na zaklad¢ studie NINDS jako standardni terapie pouzivana intravendzni
trombolyza, IVT.8 Jde o nitroZilni podani rekombinantniho aktivatoru plasminogenu (rt-PA) —
alteplasy v davce 0,9mg/kg i.v. (maximalni davka 90mg), 10% davky jako bolus, 90 % nasledné
jako pokracujici hodinova infuze. Jedna se o vysoce G¢innou kauzélni 1é¢bu iCMP. Intravendzni
trombolyza je na dlikazech zaloZenou revaskulariza¢ni terapii akutni ischemické cévni
mozkové piihody. IVT byla indikovana ptivodné v intervalu do 3 hodin po vzniku iCMP. Na
zéklad¢ studie European Cooperative Acute Stroke Study III (ECASS III) bylo terapeutické
okno V roce 2008 rozsifeno na 4.5 hodiny.*° Toto terapeutické okno platilo deset let. Vyjimku
tvotfil pouze akutni uzdvér arteria basilaris. V roce 2018 a 2019 byly publikovany nové
multicentrické, randomizované, placebem kontrolované studie EXTEND a WAKE-UP. Na
zaklade jejich vysledk s vyuzitim pokrocilych zobrazovacich metod pak mtze byt podana IVT
i v rozsifeném terapeutickém okné.!

K absolutnim kontraindikacim podani IVT patfi: zndma precitlivélost na alteplazu, prikaz
intrakranialniho krvaceni na CT nebo MR, prtikaz jiného onemocnéni mozku, nez je ischemie,
INR> 1.7, pocet trombocytlh mensi nez 100 000/ul, uZivani apixabanu ¢i rivaroxabanu.

Relativnimi kontraindikacemi IVT v soucasnosti jsou: pfedchozi disabilita (mRS > 4),
glykemie < 2,7 mmol/ | nebo > 22,2 mmol/ I (dle posledniho doporu¢eni ESO 2021 lze podat

IVT za kontinualniho podavani inzulinu i.v.), infarkt myokardu (IM) v poslednich 3 mésicich
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u NSTEMI, v poslednich 7 dnech u STEMI, velky chirurgicky vykon nebo zavazny traz v
poslednich 14 dnech (s vyjimkou intrakranialni nebo intraspinalni operace ¢i Grazu, nedavna

biopsie, punkce vétSich cév, lumbalni punkce v poslednich 10 dnech, téhotenstvi.

2.2. Standardni 1é¢ba iCMP pomoci MT

V triazi pacientti s ICMP Ceska republika od roku 2021 pouziva ,,FAST plus® protokol,
ktery pfidava ke standardnimu, vefejnosti zndmému protokolu ,,FAST*, 1 vySetieni dolni
kondetiny.*? Pokud je pacient dle ,,FAST PLUS* protokolu vyhodnocen jako pacient s iCMP
zpusobenou akutnim uzavérem velkého kmene tepny (ELVO), tedy mozny kandidat
mechanické trombektomie (MT), mél by byt pfimo sméfovan do Centra vysoce specializované
cerebrovaskularni péce s moznosti provedeni MT. Pokud je pacient indikovan k IVT, ta pak

musi byt co nejdiive podana a nesmi zdrzet zahdjeni mechanické trombektomie.

MT je dnes kausalni 1é¢bou ELVO. Intervenéni radiologie prosla v oblasti neuroradiointervenci
obrovskym vyvojem. Pfestoze MT byla jiz dfive spojena s vy$§im procentem rekanalizace
ELVO, vysledky tii studii z roku 2013 (IMS 1ll, SYNTHESIS Expansion a MR RESCUE)
nepotvrdily signifikantni benefit mechanické trombektomie pii pouziti pivodnich stent-
retrievertl prvni generace (MERCI katétr).

V roce 2015 pfisly klicové studie (MR CLEAN, REVASCAT, ESCAPE, EXTEND-IA, a
SWIFT PRIME), které potvrdily efektivitu MT pfi pouziti stent-retrieverd druhé generace.
Mechanické trombektomie symptomatického uzavéru mozkové tepny v pfednim povodi byla
doporucéenou 1é¢bou iCMP v intervalu do 6 hodin od vzniku prvnich pfiznaki. V roce 2018 na
zékladé dalsich randomizovanych klinickych studii ESCAPE, DEFUSE-3 a DAWN bylo
terapeutické okno rozsifeno na vice nez ptivodnich 6 hodin, tedy az na 24 hodin.

Na zéakladé doporuceni American Heart Association/American Stroke Association v roce 2018
a European Stroke organisation a European Society for Minimally Invasive Neurological
Therapy v bieznu 2019 byla publikovéana aktualizovana ¢eska doporudeni v fijnu 2019.1
Pacienti s prokdzanym uzavérem intrakranialni ACI, proximalniho useku ACM (segment M1)
nebo jejiho vétveni (segment M2), bazilarni tepny do 6 hodin od vzniku prvnich ptiznaki s
NIHSS < 2, mRS 0-3 a eventualnim objemem jadra ischemie na MR skenech DWI do 70ml
jsou ptfimymi kandidaty mechanické trombektomie. Hodnota Alberta Stroke Program Early CT
Score (ASPECTS) musi byt > 6 na CT nebo ASPECTS > 5 na sekvencich difuzi vazené MR
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(MR-diffusion-weighted imaging; MR-DWI). MT v8ak muze byt prospé$na i pro pacienty
s hodnotou ASPECTS <6 na CT, respektive ASPECTS <5 na MR-DWI.23 U pacientii do 6
hodin od vzniku iCMP s prokdzanym uzdvérem velkého kmene nejsou doporucena zadna
pokrocild zobrazeni s automatickym vypoctem objemu jadra ischemie ¢i objemu penumbry pro
indikaci MT.

V rozsiteném terapeutickém okné 6-24 hodin od vzniku iCMP musi pacient pro MT spliiovat
nasledujici kritéria: premorbidni mRS 0-2, vstupni NIHSS > 6, objem penumbry na perfuznim
CT (pCT) <70 ml, DWI core < 25ml, objem penumbry > 15 ml.'*

Absolutni kontraindikace k provedeni mechanické trombektomie je na zékladé CT nebo MR
vySetieni prokazané intrakranialni krvécenti, ¢i prikaz jiného onemocnéni mozku nez ischemie
(tumor, AV malformace apod.).

Rovnéz podezieni na zaklad¢ klinického ndlezu na subarachnoidélni krvéaceni pfi negativnim
CT je kontraindikaci k provedeni MT, dokud neni toto vySetfenim likvoru vylouceno.
Relativni kontraindikace zahrnuji NIHSS <2, glykemie <2,7 mmol/l nebo> 22,2 mmol/l,
téhotenstvi z divodu mozného radia¢niho posSkozeni plodu, intrakranialni tumor.

Hodnoceni vysledné revaskularizace po MT se provadi dle Thrombolysis in Cerebral Infarction

Scale (TICI). Za Gspés$né se povazuje rekanalizace TICI 2 b/3.

2.3. Selhani MT v rekanalizaci ELVVO

Mechanicka trombektomie (MT) je vysoce efektni metoda zpriichodnéni ELVO.! Stejné tak je
prokdzana jasnd spojitost mezi vysokou uc¢innosti MT V rekanalizaci a dobrym klinickym
vysledkem pacienta s ELVO. Ptesto recentni studie hodnotici uspé$nost MT v rekanalizaci
ELVO udévaji u 8-18 % pacientli neuspésnou rekanalizaci ELVO (Thrombolysis in Cerebral
Infarction (TICI) skore 0 a 1)).1>%°

Leischner et al® ve své analyze pacienti po MT, kde selhala rekanalizace analyzuji pii¢iny
selhani MT:

Autofi® provedli retrospektivni analyzu iktové databaze jednoho velkého iktového centra

v letech 2010-2017. V tomto obdobi lécili pomoci MT 650 pacientii. Nevspésnou rekanalizaci
(TICI 0 a 1) zaznamenali u 10 % pacientii. \V poloviné pripadii se jednalo o neuspésnou

rekanalizaci stiedni mozkové tepny (37 pacienti, 51 %).°
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Jako pfi¢ina selhani MT byly detekovany tyto faktory:®

1. nemoznost dosazeni mista okluse vodicim instrumentadriem (extrakranialni stenoza,
tortuosita ¢i nemoznost periferniho pristupu) U 21 % pacientu.

2. misto okluse dosazZeno (nemoznost projit skrz oklusi mikrokatetrem, nebo pouhé
projiti okluse mikrokatetrem a nemoznost zavedeni stenretrieveru u 21 % pacienti.

3. projiti skrz okluzi, nemoznost odstranéni okluse u 58 % pacientii.®
Ve snaze po dosazeni rekanalizace je radiointerven¢né perspektivni tato tieti skupina 58 %
pacientti, kde se endovaskularnimi technikami dafi dostat do mista okluse a dafi se projit
mikrokatetrem skrz okluse. Kromé klasickych stentretrieveri Ize v této skupiné zvazit pouziti
,rescue stenting* technik.20-22

Stejn¢ tak nemoznost ptistupu do mista okluse (bod 1) lze endovaskularné fesit

napiiklad pfimou punkci a. carotis interna.

I ptes tyto dostupné ,rescue” endovaskuldrni techniky se v kazdém centru potkdvame se
skupinou pacientd, ktefi jsou v ¢asovém (nebo tkdniovém) okné pro rekanalizacni 1écbu a tato
lécba selhala. U této skupiny pacienti byla v naSem centru zvaZena mikrochirurgicka

rekanalizace jako rescue 1écba tietiho sledu.

2.4. Hematologicka problematika emergentni operace mozku hned po IV trombolyze

V kapitole 2.4. je kursivou vyznaceno vétsinové cerpani dat z otevienych dat SUKL:
[https://opendata.sukl.cz/?q=katalog-otevrenych-dat: SPC — Souhrn udajii o Ilécebném
pripravku SPC], verze 6.10.2022.]

Proti urgentni operaci mozku hned po IV trombolyze mluvi to, Ze podani rtPA je spojeno

S vzacnym rizikem zavaznych, Zivot ohrozujicich a fatalnich krvaceni (zejména pii nedodrZeni
kontraindikaci). Riziko vyznamného krvéaceni po podani rtPA se povazuje za vyznamné vyssi
Vv prvnich 24 hodinach. Je davano do souvislosti s detekovatelnym poklesem plasmatického
fibrinogenu po podani rtPA na 60 % a nize.?® Fibrinogen se vraci do normélnich hodnot (> 80
%) prave zhruba po 24 hodinach. Za rizikovy je povazovan pokles fibrinogenu pod 1 — 1,5 g/I.
Tato problematika byla shrnuta roku 2004, kdy Trousillias et al publikovali vysledky studie se
157 pacienty, kde prokazali, ze ,,Early fibrinogen degradation coagulopathy* je prediktorem
nitrolebniho krvéaceni po IVT.%
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Pti srovnani s dal§imi obory mediciny pouzivajici rtPA (kardiologie, angiologie, interni
medicina) je patrno, ze podminky podéavani alteplasy v 1é¢bé akutni iCMP jsou mimotadné

ptisné. Divodem je opravnéna akcentace obavy z nitrolebniho krvaceni po podani IVT.

Pro moznost urgentni operace ihned po IV trombolyze mluvi to, ze rtPA (lidsky rekombinantni

tkanovy aktivator plasminogenu) obvykle nemd vyznamny viiv na bézné koagulacni parametry
—INR, APTT. Terapie antagonisty vitaminu K s INR do 1,7 resp. 1,8 neni kontraindikact podani
IPA, neni zde signifikantné vice krvacivych komplikaci.

rtPA nema antitromboticky efekt — naopak jeho podani piisobi spise protrombogenné (béhem
prolongovanych trombolyz mohou vznikat nové tromby — V jinych lokalizacich nebo napr. na
trombolytickych katétrech). Bézné (indikované) je také soucasné podavani protidestickovych
lékut (akutni korondrni syndromy, apod). Jedinou vyjimkou je prave podani rtPA u akutni iCMP,
coz vyplyva z podminek registracni studie® a obav investigatorii z krvacivych komplikaci.

rtPA neni imunogenni. Aktivuje se vazbou na fibrin v krevnim koagulu (trombu i embolu),
indukuje konverzi plasminogenu na plazmin, ten degraduje fibrin vkoagulu (na fibrin
degradacni produkty) a prispiva k jeho lyze. rtPA je relativné fibrin specificka, v cirkulujici krvi
je malo aktivni, md minimdlni systémovy ucinek na cirkulujici koagulacni faktory (nejvice
pravdepodobné na faktor V). Clearance rtPA je témer kompletné jaterni, pri normalni funkci
Jjater je plasmaticky polocas 4—8 minut, po 20 minutdach po podani alteplasy je v obéhu pritomno
méné nez 10 % podané davky. rtPA pravdépodobné nenarusuje primdrni — destickovou
homeostdzu.

Od prvni zminky operace hned po IVT v roce 1986, kde byla provedena CABG ihned po IVT,?*

roste poéet referujicich chirurgtl, ktefi byli nuceni operovat pacienty kratce po podani IVT.?>28

2.5. Vyvoj mikrochirurgie v revaskularizaci mozku

V minulém stoleti byl za hlavni etiologii ischemického iktu poklddan vasospasmus mozkovych
cév. Fischer v roce 1951 dal do souvislosti aterosklerosu vnitini karotidy a iCMP.? Tim zadal
zajem chirurgickych oborl o tuto oblast. Prvni uspésnou karotickou endarterektomii (CEA)
provedl v tom samém roce v Buenos Aires neurochirurg Raul Carrea a to tak, Ze transponoval
distalni pahyl vnitini karotidy na vnéjsi karotidu za odstupem a. thyroidea superior.?® Jeho
priorita byla zastinéna mnohaletou literarni diskusi mezi zakladateli kardiochirurgie a cévni

chirurgie USA D. A. Cooleyem a M. E. DeBakeyem.? Pii studiu historie této oblasti je vhodné
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piesto citovat praci DeBakeyho, protoze naSe dneSni technika longitudinalni arteriotomie a
primarni sutury cévy je az na pouiti mikroskopu identicka s tim, co popsal v roku 1975.% Od
té doby se CEA pro stendzu vnitini karotidy stala standardni operaci v prevenci iCMP, jejiz
piinos je podpofen robustnimi daty. Téchto operaci na mém pracovisti provadime 170 za rok.

Tématem této prace neni operativa karotidy v kréni oblasti, ale operativa velké mozkové cévy,
konkrétné stiedni mozkové tepny. Po Fischerové praci?’ r. 1951 v oblasti vnitini karotidy se

brzy stala objektem zajmu i stfedni mozkova tepna u pacienta s iCMP.

2.5.1. Embolektomie stfedni mozkové tepny Vv revaskulariza¢ni 1é¢bé iCMP

Jiz roku 1954 provedl K. Welch v Denveru, bez pouziti mikrochirurgie, prvni embolektomii
MCA za 12 hodin poté, co byl nalezen hemiplegicky pacient a na AG mozku byl prokazan
uzavér MCA.*® Revaskularizace nebyla uspésna. *° Velkou zménu do operativy mozkovych cév
ptinesl opera¢ni mikroskop. Prikopniky mikrochirurgie v neurochirurgii bylo pracovisté
ve Vermontu, Burlington, USA. Pracovi$té vedl P. Donaghy. V roce 1961 v tomto pracovisti
publikoval experimentalni chirurg Jacobson J., et al popis prvni mikrochirurgické operace
mozkové cévy s pouzitim mikroskopu.3! Popsal néstroje, stehy a praci s mikroskopem u dvou
pacientfi, vykon provedli v hypotermii.>! Snahy o 1é¢bu iCMP pomoci embolektomie, nebo
endarterektomie nejcastéji sttedni mozkové tepny pokracovaly na vice pracovistich.

Roku 1985 publikoval Fredric B. Meyer s kolegy z Mayo kliniky v Rochestru, USA soubor
dvaceti operovanych pacientd s revaskularizaci akutniho uzavéru stfedni mozkové tepny.*
Viechny uzavéry az na jeden byly emboliza¢ni.®? Revaskularizace dosahli u 75 % pacienttl, 35
% pacientli mélo pfijatelny nebo vynikajici klinicky vysledek, mortalita byla 10 %.%? Stejni
autofi provedli review tehdy dostupnych vysledki, nalezli dalSich 24 pacientl, ktefi méli
embolektomii MCA do 24 hod od pocatku ptiznaki. U téchto pacienti hodnocenych v review
bylo 58 % pacientii zlep$eno, nebo nezménéno a 37,5 % zemielo.*?

Tuto préci z Mayo kliniky lze pokladat za kulminaci pouziti mikrochirurgické embolektomie
v urgentni chirurgické 1écbé ICMP. Po zavedeni IVT do 1écby iCMP studii NINDS doslo
postupné k odklonu od oteviené operativy. Pouziti IVT bylo chiapano jako kontraindikace

akutni oteviené operace.
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2.5.2. EC - IC bypass v 1é¢bé iCMP

V dal$im se nebudu zabyvat popisem uziti EC — IC bypassu u nemoci Moya — moya, 1é¢b¢
komplexnich mozkovych aneurysmat a nador baze lebni. Okomentuji pouze ,,Sedou zonu
indikace EC — IC bypassu®, tedy aterosklerotické postizeni mozkovych cév a akutni iCMP.

Laboratorni prace, které vedly k vyuziti EC — IC bypassu v mozkové chirurgii byly provadény
V jiz zminéné laboratofi prof. Donaghyho. Zde také prodélal svlij mikrochirurgicky trénink M.
G. Yasargil, ktery spolu s Donaghym publikoval roku 1967 prvni EC — IC bypass mozkového
fe¢isté s vyuzitim mikrochirurgie.® Typickou indikaci pro EC — IC bypass byla sekundarni
prevence iktu v pfipad¢ uzavéru vnitini karotidy. Tato operativa zazila v dalSich letech bouilivy
rozmach, ktery byl prakticky zastaven vysledky Mezinarodni kooperativni studie roku
1985.3435 Toto obdobi je detailné popsano v mé disertaéni praci: FIEDLER, Jifi. Postaveni

peroperaénich ultrazvukovych metod pfi revaskularizaci mozku extra-intrakranidlnim
bypassem [online]. Brno, 2011 [cit. 2022-09-30]. Available from: https://theses.cz/id/j2sgkt/.
Doctoral theses, Dissertations. Masaryk University, Faculty of Medicine. Thesis supervisor
prof. MUDr. Martin Smrcka, Ph.D.

2.5.3 EC - IC bypass v sekundarni prevenci iktu po studii COSS

Renesance EC — IC bypassu s pfihlédnutim k hemodynamickému stavu mozku vedla ke
generaéné nové viné rozmachu této techniky. Dalsi Class I studie na toto téma, COSS® opét
negovala ptinos EC — IC bypassu v sekundarni prevenci iktu. Studie byla intensivné
diskutovéna, proto ji zde rozeberu podrobnéji. NiZze uvedenou diskusi jsem zaslal jménem
vyboru Ceské neurochirurgické spole¢nosti jako podklady k oponentuie Kklinického

doporucen¢ho postupu Ischemicka cévni mozkovéd piihoda nebo TIA nekardiembolické

etiologie a jejich sekundiarni prevence. Adaptovany klinicky doporuéeny postup.
Administrativni &islo: KDP-AZV-11-CNS:

COSS, hemodynamiku hodnotici randomizovana kontrolovana studie Powerse*® (Carotid
Occlusion Surgery randomised Study, COSS) dala dikaz Ia tfidy, Ze EC-IC bypass neni
piinosny V sekundarni prevenci iktu u pacientll se symptomatickym uzdveérem vnitini karotidy
a s prikazem hemodynamického selhani mozkové cirkulace druhého stupné. Probihd dalsi

velka randomizovana kontrolovana studie v Ciné na téma EC-IC bypassu u symptomatického
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aterosklerotického postiZeni karotického povodi (ClinicalTrials. gov NCT01758614). Vysledek

studie COSS Powerse et al®® ved] k do¢asnému ttlumu této operativy i v Ceské republice.

Je tieba zdtraznit, ze COSS* byla podrobena kritické diskusi na téma vstupnich kritérii
klinickych a radiologickych, na téma zkuSenosti chirurgli a anestesiologickych tymu ve studii,
na téma doby trvani, sledovani a end points. Vystupem této kritické diskuse je stanovisko obou
neurochirurgickych spole¢nosti v USA (American Association of Neurological Surgeons —
AANS a Congress of Neurological Surgeons — CNS) a jediné evropské neurochirurgické
spolecnosti - (Section of Vascular Neurosurgery of the European Association of Neurological
Societes -EANS)®"38 které iikaji, ze EC-1C bypass Vv indikaci posileni mozkového pritoku pfi
symptomatickém uzavéru vnitini karotidy stale zlistdva vzacnou volbou u peclivé selektované
skupiny pacientit 0 iCMP. Tato 1é¢ba by méla byt vyhrazena specializovanym centrim s velkou

zatézi touto diagnosou, kde je vyskyt periopera¢nich komplikaci EC-1C bypassu do 7-10 %.

Hlavni vyhrady ke studii COSS®® (Carotid Occlusion Surgery randomised Study, COSS):

Metodika stanoveni hemodynamického selhani cirkulace druhého stupné:324%41 Powers et al

v COSS*® modifikovali hodnoceni mozkové cirkulace pomoci PET s nestabilnim kyslikem
(OEF-PET), které pouzil Derdeyn et al.*° v retrospektivni studii v St. Louis. V COSS pouzita
semikvantitativni varianta hodnotici stranové diference nebyla stejna jako piivodni Derdeynova
kvantitativni metodika, jak upozornil Carlson et al*®, dostupna je i reakce tymu COSS.*

Vstupni klinicka kritéria;36:3742:43

Do vstupnich kritérii COSS patfila jedna iCMP béhem poslednich 120 dnti (ne opakované
iCMP). Potencialni pacienti vhodni pro u¢ast v COSS studii byli vysetfovani pouze na nékolika
PET centrech v USA. Casto museli cestovat letecky do akreditovaného PET centra. Z téchto
divodu byla jednim z pozadavku stabilita pacientli. Do studie nebyli viibec zafazeni pacienti
s opakovanymi iCMP, pacienti s limb — shaking syndromem nebo pacienti s hemodynamicky
zavislym neurologickym deficitem. Tito pacienti jsou souhrnn€ oznacovani jako ,,hot patients*.
Stfedni doba od vzniku pfiznaki do vstupu do studie COSS byla 72 dnd. ,,Hot patients®,
kolisajici v horizontu hodin aZz né€kolika dni od prezentujici iICMP nebyli v COSS
hodnoceni.®’** Nékteré z téchto otazek COSS tym odpovedsl.*

Periopera¢ni morbidita, zkusenost chirurgickych a anestesiologickych tymu;37 444546

Dalsi otazkou byla vysokd morbidita/mortalita uvnitt COSS studie®

. Jako V jinych
chirurgickych studiich byl pozadavek na akreditaci chirurga, ktery provadi opera¢ni vykon. EC-

IC bypass je specificka mikrochirurgicka technika, kterd vyzaduje dlouhy laboratorni trénink a
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je typicka pomalou ristovou kiivkou. Autor osobné operoval, nebo asistoval pies 200 EC — IC
bypassi. Piesto stale nema pocit ,,dokonalosti*, ktery zné z jinych oblasti u dostate¢né rutinniho
vykonu. K tcasti chirurga ve studii COSS stacil 2denni tréninkovy kurs, nebo deklarace 10
provedenych bypassi pod dohledem zkuSeného chirurga. Nebyl zminén pozadavek na
specificky trénink anestesiologickych tymi, jak je bézné pii operativé hemodynamicky
nestabilnich polysklerotickych pacientl napt. se stendzou vnitini karotidy. Perioperaéni riziko
14,3 % je v rozporu s Eeskymi vysledky (data z Masarykovy nemocnice, Usti nad Labem, nebo
z Ceskych Budgjovic),** dlinekautoral napg 5 yysledky pozitivni Japonské randomizovana studie
hodnotici vliv EC-IC bypassu u hemodynamického selhani 1. stupné (tato prace nebyla
publikovana v anglickém jazyce).*>*® Powers v odpovédi k této kritice zdfirazituje nutnost
kvalitnich anestesiologickych tymi, nejenom chirurgt.

Doba sledovani:3®

COSS prokazala, ze po perioperatnim obdobi (14% morbidita mortalita) doslo u pacientli
v chirurgické vétvi k redukci vyskytu iCMP. Studie byla ukonéena ptred¢asné, nicméné byl
pozorovan trend ve prospech chirurgické vétve. K jeho potvrzeni by bylo nutno zvétsit vzorek
ve studii, k ¢emuz chybélo financovani.

Posileni mozkového pritoku bypassem a zména kognitivnich funkci:*748: clanek autora 1

Specifickou oblasti revaskularizace mozku je vliv posileni pritoku pfi revaskularizaci mozku
bypassem na zménu kognitivni vykonnosti. Na toto téma probé¢hla v rdmci studie COSS
podstudie RECON, ktera randomizované hodnotila vliv EC — IC bypassu na kognitivni

vykonnost.*8

Cela studie RECON méla vSechny diskutované faktory studie COSS, navic v ni
byl velmi maly pocet pacientd. Studie RECON hodnotila v chirurgické vétvi stejny pocet

pacientfl, jako studie z naseho pracovigte,ének autora 1

Diskusi ke studii COSS lze uzavtit zavérem vyse zminéného ¢eského Klinického doporuc¢eného
postupu Ceské neurologické spoleénosti KDP — AZV -11 — CNS, ktery fika: ,,Provedeni extra-
intrakranidlniho bypassu mize byt zvazeno u peclivé selektované skupiny pacientd s
opakovanymi iCMP, , limb shaking® syndromem ¢i tlakov€ vazanym neurologickym deficitem
1 pfes maximalni konzervativni terapii. Tato 1é¢ba by méla byt vyhrazena pouze pro centra
vysoce specializované cerebrovaskularni péce s dostatecné velkym poctem pacientll a

vyskytem peri-opera¢nich komplikaci EC-IC bypassu do 7—10 %*.

V managementu pacientl s akutni iCMP neni vzacny tlakové vazany neurologicky deficit. Tim

se t¢éma EC — IC bypassu v sekundarni prevenci piesouva k akutni iCMP. Je tieba zduraznit, ze
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ob¢ zminéné Class I studie negujici piinos EC — IC bypassu byly provadény v elektivnim modu
u staciondrnich pacient(i.>**% Na téma urgentniho pouziti EC — IC bypasu v revaskularizaéni
1écbe iICMP je v literatufe mozno nalézt pouze vice retrospektivnich sdéleni, ¢asto jde o uziti

bypassu Vv piipadu akutniho uzavéru vnitini karotidy Vv situaci progredujici iCMP.*%-%
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2.6. Piinos autora k poznani v této oblasti

Clanek autora 1. Fiedler J, Pfiban V, Skoda O, Schenk I, Schenkova V, Poldkova S.
Cognitive outcome after EC-IC bypass surgery in hemodynamic cerebral ischemia. Acta
Neurochir (Wien) 2011 Jun; 153 (6): 1303-1311; discussion 1311-1312.

doi: 10.1007/s00701-011-0949-x.

Document Type: Article; IF = 1,520
Quartile by IF: SURGERY Q2; Quartile by AIS: SURGERY Q2

Podil autora na ¢lanku 1.

V této préci jsme roku 2011 publikovali chirurgické, klinické a kognitivni vysledky EC — IC
bypassu indikovaného v sekundarni prevenci iktu u sobéstaénych pacienta po ICMP a
s prukazem vycCerpané cerebrovaskularni reaktivitou za uzavienou vnitini karotidou. Polovinu
pacienti operoval doc. MUDr. Vladimir Pfibain Ph.D., druhou ja. Provad¢l jsem vSechna
screeningova TCD a klinicka vySetieni, sledoval pacienty, koordinoval psychologicka vySetieni
a pripravil ¢lanek.

Shrnuti ¢lanku 1.

V obdobi 2003 az 2009 jsme u dvaceti pacientll s uzavienou vnitini karotidou a vy¢erpanou
cerebrovaskularni reaktivitou (ve stejném obdobi prodélalo vySetfeni zaviené vnitini karotidy
pomoci TCD jako prvotni screening 276 pacientil) provedli konvenéni EC — IC bypass. U vSech
pacientti bylo provedeno klinické, radiologické a psychologické vySetfeni pred a 1 a 6 mésict
po operaci. Mé&si¢ni chirurgicka mortalita a t€zka neurologicka morbidita byla 2,5 %. B&hem
jednoho mésice doslo k uzavieni jednoho EC — IC bypassu. Tyto chirurgické vysledky se
vyrazné odlisuji od vysledki ve studii RECON*® (viz kapitola 2.5.3). Pfedopera¢né jsme
dokumentovali kognitivni zhor$eni, nejhorsi deficit byl pozorovan v oblasti pracovni paméti,
psychomotorické rychlosti a recentni paméti. Pooperacné bylo prokazano signifikantni zlepSeni
Vv téchto testech: WAIS — R, Number collection test, Trail making test, TMT a Bentoniv
zrakové retenCni test. Vyskyt vnéjsiho watershed syndromu na ptfedopera¢ni magnetické
rezonanci a kolateralizace uzavéru karotidy cestou oftalmické kolateraly byly prokazany jako
pozitivni prediktory vyznamného zlepSeni ve WAIS — R testu.

Kontext ¢lanku 1 a habilitaéni prace.

Préace byla publikovéana v €asopise Evropské neurochirurgické spole¢nosti, je citovana v USA

a japonské literatufe a piispéla diskusi nad chirurgickymi vysledky COSS** (viz kapitola 2.5.3).
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Nase chirurgické vysledky jsou srovnatelné s chirurgickymi vysledky jinych ceskych a
japonskych autori a vyrazné lepsi nez vysledky v COSS.* Pocet nasich pacienti byl stejny,
jako byl pocet pacientii v chirurgické vétvi v randomizované studii RECON. 8

Nami publikované vysledky v operaci EC — IC bypassu nas v souladu s doporu¢enim
Cerebrovaskularni sekce Evropské neurochirurgické spolecnosti opraviiuji nabizet tento typ
operativy tak, jak je uvedeno v klinickém doporu¢eném postupu Ceské neurologické
spole¢nosti KDP — AZV -11 — CNS. %8
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Abstract

(Mfective The purpose of this study was to evaluate
cognitive functions in patients undergoing extracmnial-
intracranial (EC-IC) bypass surgery for cerebral ischemia.
Population and methods From Angust 2003 o January
2009, 276 patients with occluded internal carotid arteries
{ICA) were screenaed. Forty of these met the criteria for a
low-flow EC-IC bypass. These patients were identified
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based on evidence of exhausted vasomotor reactivity
(VMR) using the Doppler COs test and CT perfusion.
These patients were invited to have a complete battery of
neuropsychological tests preoperatively and 12 months
after surgery. Complete neurocognitive testing was finished
in 20 patients.

Results This group of 20 patients showed preoperative
cognitive impairment ranging from mild to medium-severe,
There were no cases of stroke ipsilateral to the operated
side during the follow-up period. VMR improvement was
seen in all patients within & months of surgery. A
comparison using a paired t-test demonstrated significant
improvement 12 months after surgery in the following
neuropsychological tests: WAIS-R (p=0.01), Number Col-
lection Test (p=0.02), Trail Making Test (p=0.03), and
Benton Visual Retention Test (p=0.05). Repeat analysis of
variance (AMOVA) suggested the following predictors
associated with cognitive improvement:the presence of
ophthalmic collateral flow (p=0.04), preoperative amauro-
sis fugax (p=0.02), and external watershed infarction
detected by MREI (p=0.04).

Conclusion Patients with occlusion of the ICA and
exhausted VMR have copnitive impairment prior to EC-
IC bypass surgery. Twelve months after surgery, ther is
significant improvement in various areas of cognition.

Kevwords Carotid arteries - Cerebral revascularization -
Cognition - Brain ischemia . EC-1C bypass

Abbreviations

ANOVA Repeat analysis of varance
ASA Anopyrin acetylsalicylic acid
BHHV Breath-holdinghyperventilation
CABG Comonary artery bypass graft
CAS Internal carotid artery stenting
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CEA Carotid endarterectomy

VMR Vasomotor reactivity

DSA Digital subtraction angiography
EC-IC bypass Extracranial-intracranial bypass
ICA Internal carotid artery

MRI Magnetic resonance imagimng
PCA Principle component analysis
STA Superficial temporal artery
TCD Transcranial Doppler

TIA Transient ischemic attack
WAIS-R Wechsler Adult Intelligence Scale-Revised
Introduction

Mon-selective EC-1C cerebral bypass surgery should not be
routinely performed in patients with occluded ICAs [15,
47]. By identifying hemodynamic failure of the cerebral
circulation ipsilateral to ICA occlusion, we are able to
identify a subgroup of symptomatic patients who have an
increased risk of fiuture stroke [19, 28]. In such patients,
EC-IC bypass may reduce the risk of fature stroke [17, 49].
Currently, there is one randomized clinical trial underway,
and another study is awaiting publication [2, 26]. Cognitive
impairment in patients with symptomatic occlusion of the
ICA is well documented in the literature [14, 21, 44]. This
impairment of cognition secondary to carotid artery
ccclusion is called vascular cognitive impairment [12, 20].
In combination with other risk factors (ie., hypertension,
hyperlipoproteinemia, disbetes mellitus, smoking), cogni-
tive impaimment is a predisposition to the development of
dementia [34]. The burden of surgery itself can contribute
o causing new postoperative cognitive decline. As such,
this may further negate any potential effect of cerebral
revascularization on cognition. This has been observed in
carotid endarterectomy (CEA), internal carotid artery
stenting (CAS), and coronary artery bypass grafts (CABG)
[16, 18, 29, 30, 39, 40, 50, 53, 54].

So far, the results of studies evaluating the effect of EC-
IC bypass on cognition are largely inconsistent [7, 9, 13,

22, 37, 38, 42, 58]. A key reason for this is that most of
these studies were undertaken prior to publication of the
International Cooperative Study [15], at a time when
bypass was performed with no proper selection criteria for
the patients who would benefit the most. The only
subsequent study (to the International Cooperative Study)
demonstrated improved cognition using just one test
(WAIS-R) after EC-IC bypass with concumrent improve-
ment of cerebral hemodynamics [48].

In this work we evaluate cognitive functions before and
after EC-IC bypass in patients demonstrating hemodynamic
insufficiency following ICA occlusion. Neuropsychological
assessment included a battery of seven tests performed in 2
prospective manner by independent neurclogists and
psvchologists,

Materials and methods

From August 2003 to January 2009, we performed a
total of 40 low-flow EC-IC bypasses in the Department
of Meurosurgery in Ceské Bud&jovice. The objective was
secondary prevention of ischemic stroke. All patients
indicated in this time period for EC-IC bypass were
invited to participate in the swdy, which included
undergoing psychological testing. Complete psychologi-
cal testing was performed in 20 patients. The reasons for
exclusion of the remaining patients are summarized in
Table 1.

Inclusion criteria for EC-IC bypass consisted of the
following: symptomatic occlusion of an ICA confirmed by
digital subtraction angiography (DSA); patient capable of
independent living (modified Rankin score =3); evidence of
exhausted VMR on transcranial Doppler (TCD); a positive
challenge test on CT perfusion. In cases where there was a
poeor temporal window on TCD, decisions were based only
on the results of CT perfusion. In cases of crescendo TLAs
or the presence of dramatic hemodynamic disturbances, the
patient was enrolled immediately into the study. All other
patients were enrolled 2 months after their clinical stroke

Tahle 1 Reasons for
incomplete assesment of

Reasons for incomplete assesment of neuwrncognition

Mo, of patients

WO o0 T G
Preoperative

Refusal to participate in psychological testing
Excluded bocause of cortical ischemia and aphasia
Excluded because of Pakinson's disease

Logistical reasons | psychologists leave of absence,

=

tranapaortation. problems)

Postoperative

Dicath prior to postoperative peychology testing 2

{cerehral case of death was muled out)

Mot presenting for a follow-up visit (loss of maotivation, 4
caring for an ill spouse). Newmlogical postoperative
follow-up witwout any complications
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[55]. All patients received acetylsalicylic acid (ASA) 100—
200 mg daily from the time of diagnosis including the
surgical period.

Examining VMR

Screening TCD was performed in 276 patients with
symptomatic chronic occlusion of the ICA. The referral
population is estimated to be 1,160,000, Conventional
transcranial Doppler ultrasonography (DWL Multidop,
DWL GmbH, Germany, probe PW 2.0 MHz) was used
[1, 8, 28, 33]. VMR was semiquantitatively evaluated using
BH/HV maneuvers [33]. Those identified as potential
candidates for revascularization were selected from one of
two categories: (1) exhausted VMR or (2) paradox VME.
CT perfusion imaging was performed with a Toshiba
Asteion (Toshiba Inc., Japan) [23, 27]. Patients were
administered 50 ml of iodine-containing non-ionic contrast
medium, Tomeron 400, intravenously. The rate of adminis-
tration was 5 ml/s. The scan was performed twice— initially
under basal conditions and the next day after 5 min of
ventilation with Carbogen (premined 5% COs + 95% O,
Linde) Final analysis of cerebral blood flow was carried
out using software from the manufacturer. Semiquantitative
detection of a pamdoxical steal effect in the compromised
region was considered to be evidence of exhausted VME.

Surgical technique

Surgery was performed under general anesthesia with
significant emphasis on ensuring circulatory and metabolic
stability throughout the procedure. In all cases, low-flow
EC-IC end-to-side arterial bypasses were performed. The
recipient vessel was a cortical attery brmnching from the
middle cerebral artery; the donor vessel was a frontal or
parietal branch of the superficial temporal artery (STA).
The conventional trisngulation technique was used [57].
Preoperative testing included Doppler studies of the
ophthalmic artery using an #-MHz probe. If the frontal
branch of the STA was shown to be within the collateral
system of the occluded ICA via the ophthalmic artery, the
parietal branch of the STA was used as a first choice for the
donor. We exposed the parietal donor vessel directly from a
skin incision. An Sshaped curvilinear incision directly
overlying the frontal branch of the STA was used for
harvesting the frontal branch [52].

Postoperative follow-up

During the first 2 weeks after surgery, DSA was
performed to assess the degree of filling of the cerebral
circulation from the bypass [49]. Neurological follow-up
was carried out 2 months after surgery. Six months
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postoperatively, the patients were hospitalized to have
their VMR tested. During this admission, ultrasonography
follow-up of bypass patency and a further neurological
examination were performed.

Cognitive function testing

The tests were performed i compliance with current
standards for neuropsychological testing in the Caech
language [32, 46]. Initial testing was performed preopera-
tively in two sessions. Follow-up testing 12 months after
surgery was also carried out in two sessions. Neuwropsy-
chological assessment included the following battery of
tests: (1) the Wechsler Adult Intellipence Scale- Revised
(WAIS-R) to test the global intelligence level, (2) the Rey-
Osterrieth Complex Figure Recall to assess immed iate and
delaved visnal memory, construction capability, and psy-
chomotor speed; (3) the Number Collection Test to test
psvchomotor speed, attentiveness, and spatial memory; (4)
the Trail Making Test (comprising parts A and B) to
measure attentiveness, concentration, wvisual recall, and
psychomotor speed (part B of this test also evaluates the
distibution of attentiveness between letters and numbers);
{5) the Verbal Fluency Test was used to assess the quality of
vocabulary and fluency of word production; (6) the
Learning Memory Test was used to evaluate the capability
to learn new information; (7) the Benton Visual Retention
Test was used o measure visual attentiveness and memory
retention.

Statistical analysis

Preoperative test results were compared with standard
normal values of each test for a healthy population.

The total score determining cognition before and after
surgery was calculated using principle component anal-
ysis (PCA) with the ‘Canoco for Windows' software.
Further analyses were used to evaluate the wvalue of
sample scores on the first axis. Comparison of preoper-
ative and postoperative cognition was made using the
paired t-test.

We also evaluated the influence of preoperative and
postoperative factors on cognitive changes. The scores for
individual patients were obtained by PCA analysis of the
WAIS-R tests. These were used as the dependent variables
in repeated measures of the analysis of variance (ANOWVA),
Explanatory variables included preoperative and postoper
ative factors. Table 2 summarizes the examined factors and
their classification.

Each factor was tested independently. Testing was
performed using the STATISTICA 3.0 software program
{StatSoft, Inc., 2008 STATISTICA data analysis software
system, version 8.0. www.statsoft.com).
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Table 2 Evahwmated factors. {WAIS-R) Wechsler Adult Intelligence Scale-Revised, {STA) superficial temporal artery

Evaluated factors (explanatmry variables) influencing the change in WAIS-R scone

General

(linical manifestation
Collaeralization of the ICA occlusion (six-vessel DSA)

Presurgical MRI
Degree of bypass filling in postoperative DSA
Dewelopment of newmlogical symptoms after surgery

Age, gender, duration of clinical symptoms before surgery, influence
of uzing frontl or paretal hranch of STA

TIA, ocular symptoms, RIND, minor stroke, their combination

{A) Dollateral via the anterior communicanting artery. {F):
Collateral wia the posterior communicanting artery. (0): Collateral
of the ECA via the ophtalmic ariery. {C): Collateral of the PCA via
ramus corpornis callosi dorsalis

Intact, exienal watershod, internal watershed, minor cortical ischemia

Degree of filling 0, 1, 2, 3 acconding to Schmiedek [6]

Mo change, msolution of TLA, preoperative deficit improved

Results

In all 40 EC-IC bypasses that were indicated for secondary
prevention of stroke (performed from August 2003 to January
2009}, we did not observe any 30-day neumlogical morbidity.
Total 30-day mortality consisted of the death of 2 68-vear-old
male patient. This was due to cardiac failure on postopemtive
day 28(1/40, 2.5%). The patient was discharged 13 days after
surgery, having demonstrted satisfactory follow-up angiogra-
phy. However, at home his condition suddenly deteriomted.
Stroke was ruled out as the cause of death,

Twenty patients underwent full evaluation using various
tests of neumcognition. The postoperative neurclogical
course and angiographic images of the graft post-surgery
are summarized in Table 3. Routine postopemtive CT
demonstrated one case of asymptomatic progression of
precperative cortical infarction. DSA  follow-up within
2 weeks after surgery revealed asymptomatic bypass
ooclusion in another patient.

Meurological results 6 months after surgery

When testing VMR, we found improvement in all subjects,
including the patient with asymptomatic occlusion of his
EC-IC bypass. Ultmsonogmphy follow-up demonstrated
good patency of all 19 bypasses. There was additional
apparent improvement in VMR,

All patients with a preoperative history of multiple TLAs
or amaurosis fugax (12712, 100%) had no reccurrence of
these events after surgery. In the group of patients who
presented with stroke with mild newrological deficit, the
presenting deficit improved in 70% (3/7). None of the
patients showed neurological deterioration.

Long-temm neurological results

There was no ipsilateral stroke on the operated side in any
of the patients in the study. All patients were followed up
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successfully. During long-term ultrasonography, we ob-
served asymptomatic occlusion of the bypass in one patient.
This was observed some 13 months after surgery.

Results of psychology testing

Preopemtive cognitive impairment was reproducibly dem-
onstrated, ranging from mild to moderate-severe. General
insight was the dimension of neurocognition that showed
the greatest degree of preservation. The most severe
impairments were observed in the areas of working
memory, psychomotor speed, and immediate memory.

The t-test for paired observations demonstrated signifi-
cant improvement of cognition after ECAC bypass in the
following neuwropsychological tests: WAIS-R, Mumber
Collection Test, Trail Making Test, and Benton Visual
Retention Test. Results are summarized in Table 4. The
influence of individual pre- and postoperative factors on the
WAIS-R test outcomes is summanized in Table 5. The
presurgical presences of external wakershed nfarction on MRI
{p=0.04), amaurosis fugax (p=002), and collateralization of
the occlusion by an ophthalmic collateral alone (p=0.04) were
found to be positive predictors of improvement on the WAIS-R
Test after ECAC bypass.

First-degree filling of the graft suggested an insignificant
trend towards improved cognition.

Discussion
Natural history of ICA occlusion

Dementia associated with ICA occlusion was reported by
Paulson in 1966 [41]. The dramatic effect of severe strokes
on cognition, as well as the effect of repeat transitory
ischemic attacks on the development of cognitive impair-
ment, is also well known [11, 14, 21, 453]. Cerebral
hypoperfusion without corresponding ischemic lesions on
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Table 3 Patient characteristics. (M) male, (F) female, {months)
duration of presenting symptoms in months, (STA) superficial
emporal artery, (F) frontal branch of STA, (F) parictal branch of
STA, (MS) moderate stroke, (rTLAS) repeatad TLAz, (AF) amaurosis
fugax, {LSS) limb shaking syndrome. Collateralization of te ICA
oochizion in DSA: (A) via anterior communicanting artery, {F) via

posterior communicanting artery, (00 ophthalmic collateral, {C)
convexitary collateral via te dorsal branch of corpus callosum, (VA)
wverchmal arery, (ECA) extermnal carotid artery. Presurgical MRI: {MCT)
minor cortical ischemia. (Ag): bypass filling, grade acconding to
Schmicdek [49]

Age gender, STA Sympitoms, duration Collateralization in DSA, Stroke in Ag  Postoperative neurological

branch, bypass side  in months further abmomality presurgical MRI condition & months

M, 40 years, P sin & months after MS 0 External watershed 1 Mo change

M, 63 years, Fdx 9 months rTlAs A, C. Right VA occluded Internal watershed 2 Dizappearing TIA

M, 61 years, F sin 5 months after MS) [ Intact 3 Drpsphaszia mproved

M, 66 years, F sin -~ § months rTIAs, AF 0, A, Stenotized left ECA External watershed | Disappearing TLA, AF

M, 63 years, Fdx 4 months after rTLAs 0, P. Oeclsion of bot ICAs External watershod 3 Dizappearing TIA

M, 39 years, Fdx 6 months after M5, 3x TIA 0. Occlusion of hoth ICAs MO 2 Disappearing TLA, deficit
partially imyproved

M, 69 years, F sin & months rTlAs P, K. Occlusion of the right Al MO 3 Dizappearing TIA

F, 76 years, P dx 6 months rTIAs-LSS P Intermal watershed 3 Disappearing LSS

M, 47 years, P sin 7 months, 9 months 0 MO 2 Hemiparesis improved

after M5
F, 72 years, P sin & maonths after RIND, A, C. Bilateral hypoplasia of P1 Internal watershed 3 Dizappearing TLA
& months rTLAs

M, 74 years, F sin 5 months rTIAs 0, C. Oecusion of the right MCA  External watershed 2 Dizappearing TLA

M, 62 years, F sin 9 months after MS B 0. Occlusion of both ICAs MO 3 Drysphasia improved

M, 52 years, P sin 7 months after MS B 0. Occlusion of both ICAs External watershed 3 Mo change

M, 40 years, P sin 3 months after RIND O Oeclusion of both TCAs External watershed 3 Mo change

M, 57 years, F sin & months after RIND AP Intact 0 Mo change

M, 53 years, P sin 7 months rTlAs A, P Occlusion of the right A2 MO 2 Dizappearing TLA

M, 73 years, F sin 5 months rTlAs AOQP MO 3  Disappearing TIA

M, 51 years, F sin 4 months after MS AOQFP MO 3 Dieficit inproyed

M, 57 years P sin 9 months AF AOQP Intact 2 Disappearing AF

M, 52 years, Psin | months rTIAs AOQFP Intact 3 Disappearsd TIA

MRI in T2-weighted scans may be associated with
cognitive impairment [56]. The natural history of cognitive
impairment development associated with symptomatic
occlusion of the ICA has not been fully determined [3].
Bakker et al. demonstrated resolution of cognitive impair-
ment in patients with symptomatic occlusion of the ICA

Table 4 Results of tiests. (M) number of valid observations, (Z)
value of tested crierion, {p) significance

Method N z P
WAIS-R 20 25 0ol
Reye-Osterricth Complex Figure Recall 15 045 06
Mumber Collection Test 11 23 002
Trail Making Teat 11 21 003
Test of Verhal Fluency 16 047 064
Leaming Memory Test 16 077 044
Benton Visual Retenton Test & 196 005

within 18 months without any intervention. This was
dependent on no TIA cccurring during the follow-up period
and no elevation of lactate levels in the centrum semiovale
during 'H-MR spectroscopy [4, 5].

The effect of EC-1C bypass on cognition

Jacques and Garner reported in 1976 on improvement of
aphasia in two patients after EC-IC bypass [25]. In 1977,
Peedess was the first to document the effect of bypass
grafts directly on cognition, He reported improvement of
“dementia symptoms™ in half’ of his patients iDllowing
cerebral bypass [43]. These “findings™ have not, however,
been verified by objective psychological tests,

Literature evaluating the efiect of EC-IC bypass on
cognition should be considered within two time periods.
The first period is prior to publication of the results of the
International Cooperative Study [7, 9, 13, 22, 37, 38, 42,
58]. The second is the time perod since the results of this
study were published [48, 51].
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Table § Influence of pre-and

post-operative factors, (STA) Factor DF F P
superficial wmporal arery, (F)
frontal branch of STA, (F) Gieneral Branch of STA (P-M4/F-M4) 1 023 064
parictal branch of STA, (M4) Ride of the surgery (rightleft) 1 0.06 0.8
cortical hranch of MCA, (A)
collateralization of the ICA Gender ! 0.24 0.63
ocelusion in DSA via anterior Duration of symptoms T 0.71 067
commumnicanting artery, {F) via Clinical Occurence of minor stroke | 1] 0,946
prsterior commumicanting Occurence of TIAs ! 0.01 0.93
artery, {(1) ephthalmic collateral, Oocurence of amaunsis figax | 6.72 0.2
{C) convexitary collateral via
the dorsal branch of corpus Ouocurence of RIND | 0.35 0.56
callosum, (MCT) mild cortical Collateralization A 1 0.13 0.72
ischemia, (lowho flow) bypass P 1 0.34 0.57
filling grade -3/ hypass filling
e 0, {0, 1, 2, 3) bypass 4] 1 4.95 0.04
filling, grade acconding to C 1 362 0.07
Schmiedek [49] MRI finding Extemal watershed 1 4.9 0.04
Intemal watershod 1 0.24 0.63
MCT 1 3.07 01
Intact 1 0.02 0.9
Paost-surgery Bypass patency (0, 1, 2, 3) 4 277 0.07
Flowino flow 1 0.05 0.82
No change of symptoms | 017 069
Diysfasia 1 1.61 0.2
Disappearing TLA 1 0.45 0.51
Improved deficit 1 0.EE 0.36

In the first period, every symptomatic patient with 1CA
occlusion or poorly treatable stenosis of 1CA was indicated
for EC-IC bypass. Thus, “non-selectively™ indicated
patients in this pericd all had cognitive impairment prior
to EC-IC bypass [14, 21, 37, 38, 44]. Binder et al. (12
patients) and Drinkwater et al. (38 patients) failed to
demonstrate significant improvement of cognitive functions
after EC-IC bypass surgery [7, 13]. Nielsen et al. reported
preoperative cognitive impairment in 12 patients in 1985
and in 33 patients in 1986 [37, 38]. The severty of
impairment following EC-1C bypass improved to a greater
extent in the group treated surgically compared to the
conservatively managed group [37, 38]. Pavk et al. reported
cognitive improvement in 34 patients after bypass surgery
[42]. Brown et al. were the first to correlate cognitive
impairment with reduced cerebral blood flow [9]. Younkin
et al. [58] documented hemodynamic improvement in 44
patients after bypass using regional cerebral blood flow,
clinical neurology, and cognitive functions. This improve-
ment was most apparent in those patients who had
presumgical TLAs [58].

Functional results from the database of the International
Cooperative Study [15] were reviewed in 1987 [22]. This is
the largest patient population of the first period. The authors
however did not directly evaluate cognition. They described
the patients’ performance status in terms of factors such as
speech fluency, the ability to stand from a sitting position,
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self-suficiency in hygiene, the use of table utensils, getting
dressed, and getting up from bed. In these performance
pammeters, surgically treated patients generally presented
with worse mesults 6 weeks and 5 months after surgery
when compared to the non-surgical group of patients. These
differences were not seen 6 months after surgery [22].
Comparison with the papers of the fist time period is a
problem since non-selective criteria were used when
indicating patients for EC-IC bypass surgery.

In the second period (following the results of the
International Cooperative Study [15]), EC-IC bypass was
essentially abandoned as a treatment modality in secondary
stroke prevention. This method s now undergoing a
resurgence of interest based on the patient selection of
those with established hemodynamic failure bevond simply
an occluded ICA [17, 19, 28, 49]. In 1993, Tatemichi et al.
presented the case of a 55-vear-old patient who met the
criteria for surgery based on documented exhaustion of
VME. Following EC-IC bypass surgery, the patient
demonstrated improvement of his preoperative neurological
deficit, cerebral flow, and cognition [51].

Sasoh et al. [48] presented a study of 13 patients with
occluded ICAs and 12 patients with occlusion of the middle
cerebral artery with exhausted VMR. Again, these met the
criteria for bypass surgery. They examined pre- and post-
surgical regional cerebral blood flow (rCBF) and studied
local metabolism using the oxygen extmction fraction
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(QOEF) in PET scans. The same patients then underwent
neuropsychological testing using the WAIS-R Test. Postop-
eralive improvement in cognition in this one test was used
to conclude that there was an association between increased
tCBF and normalization {(or reduction) of OEF [48]. Two
national multicenter studies, the completed Japanese study,
JET [26], and the COSS trial (ongoing) in the USA [2],
evaluated patient cognition before and after EC-1C bypass
surgery. The results have not vet been published.

Perioperative cognitive impairment in cerebral
revascularization

Cerebral or cardiac revascularization may result in new
cognitive impairment. This impairment has been well
described in cardiac surgery where several multicenter
studies evaluated cognitive perameters. In the analysis of
six trials, cognitive impairment 2 months after coronary
artery bypass graft (CABG) was found in 23% of patients
[54]. Cerebral hypoperfusion and embolism have been
postulated to be the two main etiological mechanisms
underlying cognitive impaiment following CABG. Cere-
bral hypoperfusion mostly affects attention, whereas mem-
ory loss is predominantly associated with increased
preoperative microembolisms [16, 29, 39, 50].

Proceeding from this, as a direct analogy, carotid endarter-
ectomy (CEA) or intemal carotid artery stenting (CAS) also
results in cognitive impairment. CAS is known to be associated
with an increased level of microembolisms despite distal
protection [30]. Ghogawala reviewed 2 group of several trials
evaluating the psychological results of CEA or CAS [18]. He
referred to 15 thals evaluating the effect of CEA on cognitive
functions and 4 trials evaluating the influence of CAS on
cognition. Eight of the trials evaluating the effects of CEA
demonstrated postoperative copnitive impairment. Four trials
did not detect any change in cognitive functions, while three
studies demonstraied postoperative improvement of cognitive
functions. [18]. Micmemboli are postulated as a potential factor
implicated in cognitive impairment. However, Opasawam
documented cognitive deficit following CEA that was caused
by hypoperfision alone [40].

Our results

This article reports the results of a single center, non-
mndomized study. We have to keep in mind the limitations
of this kind of study [15]. MNext, detection of severe grde |
hemodynamic failure using Doppler CO2 tests in some
studies of ICA occlusion has not been associated with
increased risks of subsequent stroke [17].

Another issue is the number of patients with EC-IC
bypass who did not present for psychological testing;
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complete psychological testing was performed on 20 out
of the 40 who underwent EC-1C bypass in the given time
period. This reflects the problem of assessing cognitive
functions in neurosurgical patients. Four patients presented
primarily with aphasia, partial Gerstmann syndrome, or
concomitant neurological disease, and hence were excluded
from newropsychological testing. One patient was unable 1o
patticipate in the complete battery of psychological tests.
Hence, he was excluded from the tral. Despite the fact that
his aphasia improved postoperatively, enabling him o
undergo complete follow-up psychological testing, he was
not enrolled in the tnal. The remaining three patients were
not invited to participate in postoperative psvchological
testing. Four patients who initially consented to the study
eventually lost interest in the neuropsychological compo-
nent of follow-up. This was despite surgery that was
uncomplicated and consistent attendance at the neurological
follow-up. This problem of lack of patient motivation has
been described in a randomized trial evaluating cognitive
outcomes of 281 patients following candiac surgery: 3
months after surgery, 12% of patients did not report for
psvchological testing [53].

Since the study was not randomized,, we cannot conclude
whether the observed improvement of cognition was not due
to recovering from the ischemic events that led to surgery.
Postoperative improvement on the WAIS-R Test can be
parially attributed to the patients’ previous experiences with
the test {subtest, Information and Vocabulary). This effect,
however, is less likely in the cases of the Number
Collection Test, Tmil Making Test, Verbal Fluency Test,
and Benton Visual Retency Test. Despite these limitations,
we observed that after EC-IC bypass surgery patients did
not deteriorate in cognition as has been reported by several
authors after CEA, CAS, or CABG [18].

In our work, 2 positive predictor of improved cognition
was found to be preoperative evidence of external water-
shed infarction on MRI, Momjian-Mayor et al. suggested in
their review of watershed stroke etiology that internal
watershed stroke or rosarv-like patterns in the centrum
semiovale are pgenerally the classical signs of cembral
hypoperfusion [35]). Contrarily, hypoperfusion together
with microembolism to more distal branches suggests that
the etiology is that of external watershed stroke [35]. Our
finding, therefore, supports the efiect of hemodynamic
factors in the etiology of external watershed stroke. It has
been demonstrated that during insufficient cerebral perfu-
sion there is an increased risk of distal embolisms [10].

Evidence of ophthalmic collatemls and presenting ocular
symptomatology has also been associated with postopera-
tive improvement in our study. This finding necessitates
further consideration. From MNASCET, it is known that
amaurosis fugax is associated with a lower risk of
subsequent stroke [36]. ICA occlusion, however, is differ
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ent. Larr et al. suggested that following collateralization of
ICA occlusion, areas of the cerebum might become directly
dependent on perfusion via the external carotid artery [31].
Ii this collateral is supplied from the frontal branch of the
STA, the frontal branch should not be utilized for bypass.
We observed that there was no TIA recurrence in our
patients. This result was not demonstrated in a randomized
international study [15]. There was improvement in the
preoperative neurological deficit in T70% of our patients,
Hemodynamic failure only rarely causes symptoms in
patients with ICA [tenosis. In this situation, even CEA
may improve the neurological condition of the patient
beyond just aiding in the prevention of future stroke [6].
Evidence of stage 1 hemodynamic failure in patients with
chronic ICA occlusion is a primary indication for EC-1C
bypass. Our study did not correlate the clinical outcomes
with exact CBF measurements. A similer significant degree
of improvement in neurological symptoms postoperatively
after revascularization has already been reported [24, 25].

Conclusions

Most patients with ICA occlusion and hemodynamic insuffi-
ciency have a significant cognitive deficit. The most severe
impairment can be seen in working memory, psychomotor
speed, and immediate memory. After EC-IC bypass surgery,
the cognitive imparment can significantly improve.
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Comment

The authors present data on the haemodynamic and cognitive recovery
after EC-IChypass surgery. Since the haemodynamic assessment wsed
in the smdy did not represent the state of the art, only a general
improvement of vasoreactivity could he identified postoperatively.
Correlation of cognitive improvement with pre- and postoperative
factors suggested the presence of ophthalmic collateral flow, preop-
crative amaurosis fugae and prooperative watershed infarction as
principal factors for cognitive meoovery. The principal question that
remains because of a missing control growp, i that part of the
cognitive improvement may represent the natral recovery phase fom
prooperative strokes,

H. I. Steiger
Duesseldorf, Germany
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In the present study, Fiedler and coworkers report on 20 patients
with chronie hemodynamic insufficiency who underwent EC-IC bypass
surgery. The patients were assessed preoperatively and postoperatively
over & time period of & months by newrological exams, functional CBF
sudies as well as a detailed neunopsychological testng. The authors
demonstrate a significant improvement of nourological deficits and
cognitive function in their patients. This iz an important manscript.
The primary aim of revascularization surgery in chronic hemo dynanic
inaufficiency is secondary stroke prevention. The fact that newrological
and newropsychaological deficits may improve in paralle to CVRC
nomalization is, so far, an insufficiently recognized observation. The
neumpsychological assessment in this stdy has boen performed
thoroughly, leaving no doubt about the important message of the

ﬂ Springer
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manuscript The awthors state in the Discussion Section that © Tt is the
evidence of hemodynamic failure in chronie ICA occusion that is a
primary indication for EC-IC bypass. Themrefore, such a significant
degree of improvement in neurological sympinms posioperatively
might be expected”. T would dizagree. Chronic hemaodynamic insuffi-
ciency describes a staw with only littke to moderate reduction of
baszeline CBF and loss of CVRC. The mochanism describing how
neuwropsychological deficie can improve following normalization of
CVRC remains not understond. This cicumstance in fact makes the
results of the authors scientifically inkresting.

P. Vajkoczy
Berin, Germany



3. Chirurgicka problematika uzavéru stfedni mozkové tepny a jeji mikrochirurgické

revaskularizace

3.1. Lenticulostriatni perforatory

Mikrochirurgickd embolektomie, stejné jako endovaskularni mechanickd trombektomie

zprachodni uzavér stfedni mozkové tepny v piipadé, ze fecisté za uzavérem je patentni. Tento
stav je v soucasné dobé¢ stanovitelny pomoci perfusniho CT véetné softwaru k automatizované
kalkulaci hemodynamickych parametri pomoci Al. Nevyhodou embolektomie oproti EC — IC
bypassu je o fad vétsi technicka naro¢nost ve srovnani s konvenénim EC — IC bypassem,
protoze se pracuje v hloubi sylvijské cisterny na sfenoidalnim segmentu stifedni mozkové tepny.
Krom¢ k tomu uzplsobenych mikrochirurgickych nastrojii je nutny i specificky cileny

mikrochirurgicky trénink k provedeni anastomosy uzkym koridorem Vv hloubce.

EC — IC bypass je schopen zajistit prokrveni povodi stiedni mozkové tepny (MCA) distalné od
jejiho uzavéru. Bohuzel jednou uzavieny M1 segment MCA, vcetné lenticulostridtnich
perforatort, zustane po provedeni EC — IC bypassu dale uzavieny. I pii Gspésné revaskularizaci
MCA bypassem eventualni neurologicky deficit spojeny s oklusi lenticulostriatnich perforatort
nelze predikovat a je zavisly na anatomickém detailu, kde ptesné odstupoval jeden nebo vice
hlavnich M1 perforatord. Odstup kli¢ového perforatoru z MCA je dilezitou otazkou i v
interven¢ni radiologii, ktera ale nema moznost pfimého anatomického pohledu na stfedni
mozkovou tepnu.®’

Stredni mozkova tepna je klinicko anatomicky délena na segmenty M1(sfenoidalni), M2
(inzularni), M3 (opercularni) a M4 (kortikalni).%® Ze segmentu M1 odstupuje v priméru 10
perforujicich tepének, které vstupuji do substantia perforata anterior.%® Cim je perforatort méné,
tim jsou vétsi.

Kritériem déleni MCA byl tvar stfedni mozkové tepny na angiogramu béhem DSA. Toto déleni
neodrazi presné patofysiologickou problematiku oklusi M1 zaloZenou na anatomii:

Segment M1 (sfenoidalni) zac¢ina odstupem z karotidy, bézi lateralnim smérem rovnobé&zné se
sfenoidalnim kiidlem a konci devadesatistupiovym kolénkem, kde za¢ind terminologicky
segment M2. Z klinického pohledu je klicova poloha bifurkace stfedni mozkové tepny. Zde se
vétvi zdkladni kmen (division of MCA) na dva kmeny (superior and inferior trunk of MCA).

Bifurkace se nachazi v prubéhu segmentu M1. Tim dochéazi k rozdéleni segmentu M1 na
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segment M1 prebifurkacni a segment M1 postbifurkacni. Jinak feceno bifurkace stfedni
mozkové tepny neni mistem piechodu segmentu M1 do segmentu M2. Lenticulostridtni
perforatory odstupuji vzdy pted bifurkaci stfedni mozkové tepny a v poloviné nalezii
v Rhotonové sérii i za bifurkaci.”®
Z vyse uvedeného vyplyvaji pro feSeni okluse M1 pomoci EC — IC bypassu zjednodusené dva
scénafe vysledného klinického vysledku.
1. vétsina dulezitych perforatorti odstupuje pied bifurkaci — pfi nasiti EC — IC bypassu
V insularni, nebo opercularni ¢asti MCA sice mitize dojit k obnoveni pritoku
V hornim i dolnim trunku, bude to ale klinicky marné, protoze lenticulostriatni
perforatory nebudou perfundovany pti uzavieném segmentu M1.
2. Vyznamné perforatory odstupuji i za bifurkaci MCA — pii nasiti EC — IC bypassu
Vv insuldrni, nebo opercularni ¢asti mize dojit k obnoveni priitoku skrz horni i dolni

trunk a tim i ke zprichodnéni perforatort i pres oklusi M1.

Krom¢ perforatorti z M1 jsou této oblasti blizké perforatory v oblasti zadni komunikujici tepny,
Heubnerovy tepny a a. chorioidea anterior. Anatomické variety celé této skupiny perforatort
dostavaji vétsi vyznam pii T uzavérech (uzaver distalni intradurdlni karotidy, pfedni a stiedni
mozkové tepny), pii tandemovém uzaveru vnitini karotidy a stfedni mozkové tepny (zde
Vv zavislosti na typu Kolateralizace uzavéru lze také definovat vétsi mnozstvi scénatrtt vyvoje po

EC — IC bypassu).

3.2 Kvantifikace pritoku stfedni mozkovou tepnou a hemodynamika

Pomineme-li problematiku lenticulostriatnich perforatord (viz kapitola 3.1.), je podstatou
revaskularizace stfedni mozkové tepny (MCA) zajistit v povodi postizené MCA stejny prutok,
jaky tam byl pfed uzavérem. Pti akutnim uzavéru MCA, ktery nastava napiiklad béhem
doc¢asného klipu karotidy pii operaci aneurysmatu, je krom¢ intraoperacnich
elektrofysiologickych metod a videoangiofrafie s indocyaninovou zeleni (ICG) pouzivana i
kvantifikace prittoku mozkovou cévou pomoci TTFM (transit-time flow measurement).*® Touto
technologii jsme schopni posoudit jaké kolateraly uzavéru ma pacient k dispozici (komunikujici
tepny, leptomeningealni kolateraly) a jak jsou tyto kolaterdly dostate¢né. V piipadé ELVO
chybi informace o prutoku MCA pied ptihodou. Pritok MCA u evropské populace bez

patologie karotidy byl stanoven pomoci MR s fazovym kontrastem: normalni pratok MCA je
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zavisly na véku, pohybuje se ve velkém rozmezi 61-248 ml/min, 90 % prutokd je mezi 82166
ml/min.%°

V ptipad¢ urgentni oteviené chirurgické revaskularizace MCA v 1écbé ELVO navazuje
chirurgicka 1é¢ba na standardni vySetieni indikujici MT — VIZ kapitola 2.2 a 4.2. Je-li indikace
Vv ¢asovém okn¢, hodnotime pouze nalez na nativnim CT (ASPECTS score). V piipadé
piekroCeni Casového okna se indikace fidi perfusnim CT vySetfenim s hodnocenim
automatického kalkulacniho software s Al. S timto softwarem jsme schopni exaktné¢ kalkulovat
rozsah nekrosy, penumbry a stanovit typ kolateralizace (tkanové okno). Stejné vySetieni je
pouzito i piipadé selhani MT v indikaci mikrochirurgie.

Jina situace nastava v akutni indikaci revaskularizace mozku, tedy v horizontu 24-72 hod od
vzniku iCMP, samoziejmé Ze v piipadé selhani MT.®* Zde vznika potfeba sledovani pritoku
VvV MCA, ktery se po MT mlze ménit v rdmci reokluse, a potieba hodnoceni priitokti dalSich
mozkovych tepen s jejich cerebrovaskularni rezervni kapacitou a s eventudlni zatézi mozkové
cirkulace. K tomuto vySetfeni je vhodna MR s kvantifikaci mozkového prutoku, gMRA
NOVA, nebo moderni duplexni ultrazvukové vysetieni.clanek autora 2 poy7iti gMRA NOVA ve

sledovani ¢asovych zmén priitoku pomoci stranového indexu jsme také popsali,ctanck autora 3.

Aktualni hemodynamicky stav v povodi MCA po ELVO zavisi na prutoku MCA pied ELVO.
Jinak feceno, byla-1i pfitomna vyznamna ateroskleroticka sten6za MCA jiz v ptedchorobi, byl
Cas k vytvoreni kolateral, a po ELVO nemusi byt velky deficit perfuse. Typy kolateral pro
pripad okluse vnitini karotidy jsme popsali roku 2011 fénckauora 1 pro prinad non-Moya-Moya
uzavéru MCA se setkavame se 3 hlavnimi typy leptomeningealnich kolateral: cestou r. dorsalis
corporis callosi interhemisferalné a poté retrogradné do povodi MCA, kortikalnimi tepnami
Z kortikalnich tepen z povodi zadni mozkové tepny a kortikalnimi tepnami z povodi pfedni

mozkové tepny.

Pfi hodnoceni hemodynamiky v akutné uzavieném povodi MCA tedy pii chirurgické urgentni
revaskularizaci (po selhani MT) je nutno brat do tvahy vice faktori a lze zjednodusené
definovat tyto scénare:
1. ELVOjizv ptedchorobi tézce stenotické MCA. Byl ¢as k vytvofeni leptomeningealnich
kolateral, pratok MCA byl jiz pted tim nizky. V tomto pfipadé muize byt
mikrochirurgicka embolektomie obtizna a je na zvazeni EC — IC bypass, ktery nemusi

mit velky pratok. Miize dostacovat bypass konvencniho typu STA — M4,
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2. ELVOVv ptipadé¢ MCA se zdravou sténou cévni. V piipadé zdravé st€ény MCA s akutnim
uzavérem je na zvazeni mikrochirurgickd embolektomie.

3. ELVO v ptipadé MCA s nasténnou aterosklerdzou v terénu tézké patologie, nebo
okluse vnitini karotidy. V tomto pfipad¢ je na zvazeni pfima embolektomie s ptipravou

na provedeni EC — IC bypassu dle situace pratokt po provedeni embolektomie.

Z vyse popsanych scénait v kapitole 3.1. a 3.2. vyplyva, ze k urgentni mikrochirurgické
revaskularizaci uzavéru MCA je nutné specifické instrumentarium, technické schopnosti a
mentalni pripravenost operatéra Kk provedeni EC — IC bypassu, embolektomie a jejich

kombinace.
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3. 3. prinos autora k poznani v této oblasti

Clanek 2. Fiedler J, Reiser M, Kost'al P, Kubale J, Ostry S, Hrba¢ T, Kesnerova P, Fadrna
T, Langova K, Herzig R, Skoloudik D. Blood flow Blood Flow Volume Measurement in
Cervical and Intracranial Arteries using Quantitative Magnetic Resonance Angiography and
Duplex Sonography (Bocaccia) - A Prospective Observational Study. Ultraschall Med 2021
Feb; 42 (1): 65-74.

doi: 10.1055/a-1113-7343.

Document Type: Article; IF = 5,445
Quartile by IF: RADIOLOGY Q1; Quartile by AlIS: RADIOLOGY Q1

Podil autora na ¢lanku 2.

Prace probéhla v Ceskych Budg&jovicich, jsem prvni autor této prace, korespondenéni autor je
prof. David Skoloudik. Vysetfeni provadél MUDr. Jiii Kubale radiologické oddéleni a ja na
gMRA, prof. MUDr. David Skoloudik Ph.D. a MUDr. Martin Reiser na ultrazvukovych
pfistrojich.

Shrnuti &lanku 2

Prokazali jsme, Ze duplexni ultrazvukové vySetieni ve zkuSenych rukou muiZe kvantifikovat
priutok mozkovou cévou srovnatelné se zlatym standardem téchto vysetfeni, qMRA NOVA.
Tato prospektivni observac¢ni studie (studie BOCCACIA) je registrovana na Clinical-Trials.gov
(identifikacni €islo: NCT03591523). V dostupné anglické a Ceské literatufe jsme nenalezli
jinou préci, ktera by srovnavala méfeni pritoku mozkovymi cévami v absolutnich hodnotach
[MI/min] pomoci gMRA a pomoci high-end ultrazvukovych pfistroji v rukou velmi zkusenych
cévnich neurologd.

Kontext ¢lanku 2 a habilita¢ni prace.

V kapitole 3.2. - Kvantifikace prutoku stfedni mozkovou tepnou a hemodynamika - rozebiram
moznosti hodnoceni pritoku MCA v perioperaénim obdobi mikrochirurgické revaskularizace.
Na nasem pracovisti jsme jako prvni v CR zacali pouZivat neinvazivni techniku qMRA —
NOVA (quantitative MR angiography, Non invasive optimal vascular analysis), ktera pracuje
na zakladé hodnoceni fazového kontrastu behem MR angiografie. qMRA je schopna stanovit
neinvazivné pratok vSemi mozkovymi cévami, a to opakované a tyto jednotlivé prutoky
skladovat v piehledné databazi. Tak jako perfusni CT s automatickym kalkulaénim software

davé informaci o hemodynamice mozkové tkané, tak gMR A déva informaci o pratoku [ml/min]
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v dané velké mozkové cévé. Tato informace je zasadni pro vlastni chirurgické planovani a
sledovani pacienti s revaskularizaci mozku. Vyznamnou nevyhodou qMRA je ¢asovy faktor —
nutny transport pacienta na MR, ve skeneru pacient stravi pii vySetieni v§ech hodnocenych 14
mozkovych tepen zhruba 30 minut. Nase poptavka po kvalitnim, opakovatelném a rychlém
stanoveni prutoku MCA byla jednim z davodt vzniku studie Bocaccia. Tato studie pro nase

podminky validovala pouziti duplexniho ultrazvuku v urgentnim modu.
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ABSTRACT

Purpose Cerebral blood flow volume is an important factor
for the accurate diagnosis of neurovascular diseases and treat-
ment indication. This study aims to assess correlations of
blood flow volume measurements in cervical and intracranial
arteries between duplex sonography and quantitative mag-
netic resonance angiography (QMRA).

Materials and Methods Consecutive patients with suspicion
of cerebral vascular pathology underwent gMRA and duplex
sonography of cervical and intracranial arteries with measune-
ment of blood flow volume in bilateral comman (CCA), inter-
nal (ICA) and external carotid arteries, vertebral and basilar
arteries, middle, anterior, posterior cerebral and posterior
communicating arteries using 2 different ultrasound ma-
chines. Ten patients underwent all examinations twice. Corne-
lations between blood flow volume measurements were eval-
uated using Spearman’s correlation coefficient and inter-class
correlation coefficient (1CC).

Results In total, 21 subjects (15 males, mean age: 56.3+
6.2 years) were included in the study. Duplex sonography
inter-investigator correlation was excellent (1CC=0.972,
p<0.0001) as well as intra-investigator correlations of both
gMRA and duplex sonograp hy (ICC>0.990, p< 0.0001). Mastly
high comelations were recorded between gMRA and duplex so-
nography in particular cervical artedes but only low to moder-
ate correlations were obtained for intracranial arteries. The
mean differences between blood flow volume measurements
were 10.9+8.1 % in the CCA and its branches when using
qMRA and 15.0£11.9% when using duplex sonography,
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13.5211.8%/35.4234.2% in the ICA siphon and its branches
when using gMRA/duplex sonography, and 24.1£19.7 %/
4491 44.0% in both vertebral arteries and the basilar artery
when using gMRA/duplex sonography.

Condusion Duplex sonography as well as gMRA allow for
highly reproducible measurement of blood flow wolume in
cervical and intracranial arteries in routine clinical practice.

ZUSAMMENFASSUNG

Ziel Das zerebrale Blutflussvolumen ist ein wichtiger Para-
meter fir die Diagnosestellung bei neurovaskularen Erkran-
kungen und die Therapieindikation. Ziel dieser Studie ist es,
die Obereinstimmung von Blutflussvolumenmessungen
zwischen Duplex-Sonografie und quantitativer Magnetreso-
nanzangiografie (gMRA) in zervikalen und intrakraniellen
Arterien zu beurteilen.

Material und Methoden Bei konsekutiven Patienten mit
Verdacht auf zerebrale GefaBpathologie wurden eine gMRA
und Duplex-Sonografie der zervikalen und intrakraniellen
Arterien mit Blutflussvolumenmessung mit 2 verschiedenen
Ultraschallgerdten in der bilateralen A. carotis communis
(CCA), A. carotis intema (ICA) und externa, A. vertebralis und
A, basilaris und in der A. cerebri media, anterior und posterior
und in der A. communicans posterior durchgefiihrt. Zehn

Patienten wurden 2-mal untersucht. Die Ubereinstimmungen
zwischen den Blutflussvolumenmessungen wurden mittels
Spearman-Korrelationskoeffizient und | nterklassen-Korrela-
tionskoeffizient (1CC) bewertet.

Ergebnisse Insgesamt wurden 21 Probanden (15 Manner,
Durchschnittsalter 56,3 £6,2 Jahre) in die Studie eingeschlos-
sen. Die Ubereinstimmung zwischen den Untersuchern
der Duplex-Sonografie war ausgezeichnet (ICC=0,972;
p=0,0001), ebenso die Ubereinstimmung zwischen Untersu-
chern in der gMRA und der Duplex-Sonografie (1CC=>0,990;
p<0,0001). Meistens wurden hohe Korrelationen zwischen
gMRA und Duplex-Sonografie insbesondere fir zervikale Ar-
terien festgestellt, jedoch nur geringe bis maRige Korrelatio-
nen fir intrakranielle Arterien. Die mittleren Differenzen zwi-
schen den Blutflussvolumenmessungen in der CCA und ihren
Asten betrugen 10,9 28,1 % in der gMRAund 15,0119 % in
der Duplex-Sonografie, im ICA-Siphon und seinen Asten
13,5¢11,8% (gMRA) und 35,4+34,2% (Duplex) und in bei-
den A. vertebralis und A. basilaris 24,1+ 19,7 % (gMRA) und
44,9+ 44,0% (Duplex).

Schlussfolgerung Sowohl die Duplex-Sonoarafie als auch die
gMRA erlauben eine gut reproduzierbare Messung des Blut-
flussvolumens in zervikalen und intrakraniellen Arterien in
der klinischen Routinepraxis.

Purpose

Quantification of blood flow to the brain is useful for distinguish-
ing patients at risk for cerebral ischemia caused by hemodynamic
compromise [1]. Measurement of blood flow volume in cervical
and cerebral arteries might be important not only for the accurate
diagnosis of neurovascular diseases, but also for the refinement of
indication criteria for invasive treatment [1-3].

Quantitative magnetic resonance angiography (gMRA) and du-
plex sonography (0S), induding duplex sonography of cervical ar-
teries (DSCA) and transcranial color-coded sonography (TCCS),
are noninvasive diagnostic methods which may be used for the
measurement of blood flow in cervical and intracranial arteries
[4-8].

qMRA is a relatively new technique that uses traditional time-
of-flight and phase-contrast magnetic resonance imaging to
visualize extracranial and intracranial vascular anatomy and to
measure volumetric blood flow [6, 8]. A recent study established
arange of normal blood flow rates for individual blood vessels and
for regional cerebral blood flow in healthy adult volunteers [8].
They also used gMRA blood flow volume assessment in various
clinical conditions in order to stratify stroke risk in symptomatic
vertebrobasilar disease [1-3], to evaluate vertebrobasilar flow in
patients with subclavian steal syndrome [9], to screen for intracra-
nial in-stent stenosis [10], to assess blood flow after extracranial
artery Wingspan stent placement [11], to evaluate leptomenin-
geal collateral blood flow in large vessel cerebrovascular disease
[12], and to quantify shunt reduction in transarterial embaolization
of vein of Galen malformations [13].

Duplex ultrasound investigations of extracranial and intracra-
nial vessels make it possible to obtain both hemodynamic data
using Doppler mode, including blood flow velocities and calculat-
ed pulsatility indices, and morphological data using B-mode ima-
ging [4, 5, 7]. The blood flow volume may then be quantified
using various approaches. Duplex ultrasound systems are able to
calculate blood flow volume as a product of the mean flow veloc-
ity and cross-sectional vessel area. Conventionally, the time-aver-
aged mean velocity is used, which is anintensity-weighted mean
velocity integrated over time, obtained with a sample volume that
covers the entire vessel diameter. The cross-sectional area of the
vessel is usually calculated from a static vessel diameter measured
from a B-mode image at the Doppler sample volume location,
which assumes a circular vessel configuration [5]. Alcernatively,
other methods could be used, including a quantitative blood
flow meter, which integrates Doppler and A-mode information,
and color M-mode approach with simultaneous determination of
local flow velocities with a time-domain-based color duplex sys-
tem and functional vessel diameter [4, 7, 14].

Duplex sonography (DSCA and TCCS) and gMRA may be used
not only for the measurement of cerebral blood flow volume but
also for the measurement of blood flow volume in particular
cervical or intracranial arteries [7, 8, 15]. Thus, we hypothesize
that blood flow measurements in particular extracranial and intra-
cranial arteries measured using gMRA and DS will correlate signi-
ficantly.

The primary aim of this study was to assess the correlation of
blood flow volume measurements in cervical and intracranial
arteries between qMRA and DSCATCCS in routine clinical prac-
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tice. The secondary aim was to assess the inter-investigator and
intra-investigator correlations of both gMRA and DSCATCCS in
blood flow volume measurements.

Materials and Methods

Patients

Consecutive patients referred for gMRA or DSCA [TCCS due to sus-
picion of cervical or intracranial vascular pathology were induded
inthe prospective observational study over a period of 2 months
(August-September 2018).

The inclusion criteria were: 1) age 25-70 years; 2) indication
forgMRA or DS due to suspicion of cervical or intracranial vascular
pathology; 3) signed informed consent.

The exclusion criteria were: 1) pacemaker or claustrophobia as
contraindication for magnetic resonance imaging; 2) uncontrol-
led involuntary movements; 3) other condition preventing a pa-
tient from gquietly maintaining a supine paosition for prolonged
periods of time.

The entire study was conducted in accordance with the Helsin-
ki Declaration of 1975 (as revised in 2004 and 2008). The study
was approved by the Ethics Committee of the [Ceské Budéjovice]
hospital (no.102/18; on June 22, 2018). All patients provided
written informed consent. The study was registered at Clinical-
Trials.gov (Identifier: NCT03591523).

Location and timing of blood flow measurement

All patients underwent gMRA, DSCA, and TCCS over the course of
4h. Both DSCA and TCCS examinations were performed by two
experienced sonographers using two ultrasound machines.

The blood flow volume was assessed in the following arterial
segments: bilateral commeon carotid artery (CCA), internal carotid
arteryin its proximal part distal to the carotid bulb (ICA) and in the
distal ICA siphon, external carotid artery (ECA), vertebral artery in
the V2 and V4 segments, middle cerebral artery, anterior cerebral
artery in pre-communicatingand post-communicating segments,
posterior cerebral artery, posterior communicating artery, and
basilar artery. Total blood flow volume was defined as the sum of
the blood flow volumes of the CCA and V2-vertebral arteries on
both sides. The cerebral blood flow volume was defined as the
sum of the flow volumes of the ICA and vertebral arteries on
both sides.

Ten patients underwent qMRA and DSCA[TCCS performed by
the same investigators twice in a time interval of 2-10 days. All
investigators were blinded to the diagnosis and obtained meas-
urement results using other diagnostic methods.

Quantitative magnetic resonance angiography

The gMRA images were acquired using a 3T whole-body Philips
Ingenia scanner (Philips Medical System, Mederland B.V, Best,
The Netherlands). The scanner was equipped with commercially
available gMRA software NOVA flow analysis system (Vassal, Chi-
cago, IL, USA). A standard axial three-dimensional time-of-flight
MRA of intracranial and cervical arteries was obtained. The
acquired images were then transmitted to a workstation in order

to reconstruct the 3D surface-rendered vessel images. After
determining the optimal perpendicular scan plane and setting
the baseline coordinates, a retrospectively gated, fast 2D phase-
contrast sequence was performed. Velocity encoding was auto-
matically adjusted by the software and validated by a radiologist.
Blood flow volumes in each individual arterial segment were
calculated and recorded for the database system.

Duplex sonography of cervical arteries and
transcranial color-coded duplex sonography

Two ultrasound scanners were used for duplex sonography: Mind-
ray Resona 7 (Mindray, Shenzhen, China) with a 3-9 MHz linear
duplex probe (LU3-3U) for DSCA and a 2-5MHz transcranial
duplex probe (5P5-1U) for TCCS, and Toshiba Aplio 500 (Toshiba
Medical Systems Corporation, Otawara, Japan) with a 4-12MHz
linear duplex probe (PLT-704SBT) for DSCA and a 2—4 MHz tran-
scranial duplex probe (PST-258T) for TCGS. In all patients, angle-
comected peak systolic velocity, end-diastolic velocity, mean
blood flow velodity, arterial diameter, time-averaged maximum
blood flow velocity, intensity-weighted mean frequency, and
time-averaged mean velocity were measured in particular arterial
segments (* Fig. 1-4).

The arterial diameter of the CCA, ICA, ECA, vertebral artery in
the V2-segment, and the middle cerebral artery was measured in
B-mode (» Fig.1, 2). The arterial diameter of the MCA was meas-
ured as a distance between two echogenic lines in the M1-seg-
ment of the MCA similarly as in cervical arteries (» Fig.3). The
diameter of other intracranial arteries was measured in color pow-
er angio mode using the MCA for gain optimization - color had to
fill exactly the area between two echogenic lines (» Fig. 3, 4).

DS was performed in all patients by two sonographers using
two different machines for assessment of inter-investigator relia-

bility.
Clinical examination

Meurological and physical examinations were performed in all
patients after the informed consent was signed. The following
data were collected in all patients: age, gender, weight, height,
systolic blood pressure, and diastolic blood pressure. Neurological
deficit was assessed using the Mational Institutes of Health Stroke
Scale, while self-sufficiency was determined using the modified
Rankin score.

Statistics

An estimate for the minimum sample size needed to reach signi-
ficant correlation between blood flow measurements in a parti-
cular artery measured using gMRA and DS was calculated for
correlation r=0.30 and the Spearman correlation coefficient with
an alpha level of 5% and power of 80%. Pre-study statistical calcu-
lations determined that a minimum sample size of 21 patients
was required when it was assumed that 5% of arteries would not
bevisible due to an insufficient bone window.

The Shapiro-Wilk test was used for normality testing. All data
significantly deviated from a normal distribution. Thus, the data
are reported as a mean, median, and interquartile range.
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» Fig. 1 Imaging of the proximal part of the internal carotid artery using duplex sonography with measurement of blood flow wolume (including
measurement of arterial diameter, angle-comrected peak systolic velocity, end-diastolic velocity, mean blood flow velocity, time-averaged maxi-

mum blood flow velocity, time-averaged mean velocity maximum and mean and blood flow volume) a. Imaging of the same proximal part of
the internal carotid artery using quantitative magnetic resonance angiography b with measurement of blood flow volume c.

The primary goal was to evaluate the correlation of blood flow
measurements between gMRA and DS. Secondary goals aimed to
evaluate:

1. intra-investigator reliability of blood flow measure ment using
gMRA performed by the same investigators in two sessions;
2. inter-investigator reliability of blood flow measurement using

DS performed by two investigators;

3. intra-investigator reliability of blood flow measurement using

DS performed by the same investigator in two sessions;

4. comparison of blood flow measurements in feeding artery and
its branches.

The following assumptions about blood flow volume (Q) were
tested:

+

* Qurterorceretralantery
Qpostesarcommunicat ng artery

€) Qziraery _Q-g‘n Varertrint arery + Qe v vertetral arery

Correlations between measurements were evaluated using the
Spearman’s correlation coefficient. A Spearman’s coefficient of
0.0-0.3 was considered to show negligible correlation, 0.3-0.5
low correlation, 0.5-0.7 moderate correlation, 0.7-0.9 high cor-
relation, and 0.9-1.0 very high correlation.

Theinter-class correlation coefficient (ICC) was used for the as
sessment of inter-investigator and intra-investigator reliabilities.
ICC 0.00-0.40 was considered to show poor reliability, 0.40-0.59
fair reliability, 0.60-0.74 good reliability, and 0.75-1.00 excellent
reliability.

All tests were carried out at a 0.05 a level of significance. Data
were analyzed using the SPSS v.22.0 software (IBM, Armonk,
NY, USA).

Results

A total of 21 patients (15 males, 6 females, mean age 56.3+
6.2 years) were enrolled in the study after the informed consent
was signed. The patients’ baseline characteristics are shown in
» Supplementary Table 1 Twelve patients had been diagnosed
with arterial pathology of cervical or intracranial artery (three
patients with ICA occlusion, two patients with ICA occlusion and
intracranial bypass, two patients with |CA stenosis, two patients
with arteriovenous malformation, one patient with MCA stenosis,
one patient with occlusion of the brachiocephalic trunk with ver
tebral steal syndrome, and one patient with vertebral artery
occlusion) and nine patients had a physiological arterial status.
Measurement results for total cerebral blood flow volume and
blood flow volume in particular cervical and intracranial arteries
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» Fig.2 Imaging of the intervertebral (V2) segment of the vertebral artery using duplex sonography with measurement of blood flow volume (in-

cluding measurement of arterial diameter, angle-comected peak systolic velocity, end-diastolic velocity, mean blood flow velocity, ime-averaged
maximum blood flow velocity, time-averaged mean velodty maximum and mean and blood flow volume a. Imaging of the same interve rtebral (V2)

segment of the vertebral artery using quantitative magnetic resonance angiogrz phy b with measurement of blood flow valume .

using two different duplex machines are presented in » Table 1.
The inter-investigator reliability between the DS blood flow
volume measurements in all examined arteries using two differ
ent machines was excellent with ICC=0.972 (95 % confidential
interval, Cl=0.959-0.979, P <0.0001). The intra-investigator
reliabilities of gMRA and DS were similar with ICC=0.995
(95 % O =0.987-0.999, P <0.0001) for gMRA and ICC=0.992
(95 % Cl=0.985-0.996, P <0.0001) for D5.

Maostly high correlations were recorded between gMRA and DS
measurements of cerebral blood flow volume in particular cervical
arteries. The correlations between cerebral blood flow volumes
measured using two different ultrasound machines were high or
very high. However, the correlations between cerebral blood
flow volumes in intracranial arteries measured using gMRA and
TCCS or two different ultrasound machines were mostly low to
moderate (= Table 2).

The mean differences between blood flow volume measure
ments in the CCA and its branches, the |CA and ECA, were only
10.9 £ 8.1 % when using gMRA and 15.0 £ 11.9% when using
DSCA (= Table3). More significant differences were achieved
when comparing blood flow volume measurements in the ICA
siphon and its branches, the middle cerebral artery, the anterior
cerebral artery, and the posterior communicating artery (13.5+
11.8% for gMRA and 35.4 +34.2 % for TCCS), and in both V4-seg

Fiedier | et al. Blood Row Valume... Uliraschal

ments of the vertebral arteries and basilar artery (24.1+£19.7 % for
qMREA and 44.9 +44.0% for TCCS).

Discussion

The study results showed that both gMRA and duplex sonogra
phy, including DSCA and TCCS, were able to measure real blood
flow volume in particular cervical and intracranial arteries with
overall excellent inter-investigator and intra-investigator reliabil
ities. The correlations between gMRA and D5 cerebral blood flow
volume measurements in particular cervical arteries were mosthy
high. Also, the correlations between cerebral blood flow volumes
measured using two different ultrasound machines were high or
very high. Mevertheless, the correlations between cerebral blood
flow volumes in intracranial arteries measured using gMRA and
TCCS or two different ultrasound machines were mostly low to
moderate.

Similarly to our results, previously published studies confirmed
the high reproducibility of both gMRA and DSCA in cerebral blood
flow volume measurements with low intra-observer variability
[15-19]. Both methods are able to measure blood flow volume
also in the CCA, ICA, and vertebral artery with high reliability,
although they still remain dependent on examiner skill and experi
ence, espedally for DS [17, 20].
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» Fig. 3 Imaging of the middle cerebral artery in B-mode with measurement of the arterial diameter a and subsequent measurement of cerebral
blood flow (including measurement of arterial diameter in color power angio mode and measurements of angle-corrected peak systolic velocity,

end-diastolic velocity, mean blood flow velocity, time-averaged maximum blood flow velocity, time-averaged mean welocity maximum and mean
and blood flow volume) in this arterial segment b. Imaging of the same middle cerebral artery using quantitative magnetic resonance angiography

cwith measurement of blood flow volume d.

Various methods, induding the electromagnetic flowmeter,
nitrous oxide'**, xenon (Xe)-single-photon emission CT, Xe-CT,
perfusion CT, positron-emission tomography, magnetic reso
nance, and duplex sonography, have been used to measure regio
nal cerebral blood flow [4-8, 15, 21]. Compared to other meth
ods, the main advantage of magnetic resonance imaging and DS
is their noninvasiveness [4-8]. This is a precondition for their com-
mon clinical use.

Correlations between the measurement of blood flow volume
in particular cervical arteries for QMRA and DSCA were mostly
high in our study. Previously published studies with gMRA
and DSCA mainly compared cerebral blood flow volume measure
ments. The level of cerebral blood flow volume (474 to
748 mL/min) found in adults is comparable to our measurements
(745.5 and 588.8 mL/min for DS and 695.5mL/min for gMRA)
[8, 15-18, 20, 22, 23]. The broader range of measured values in
our study might be due to the inclusion of patients with various
vascular pathologies.

Cerebral blood flow is age-related from childhood to adult
hood. A slight increase was shown from 3 to 6 years of age and a
subsequent decline from 7 to 18 years of age, after which cerebral
blood flow volume appeared to remain relatively constant up to
the age of 60 years, with a mean decrease of 3.0-4.8 mL/min per
year from 60 to 85 years of age [21, 23-25]. The majority of pub-
lished studies identified no sex differences in global cerebral
blood flow [16, 17, 25].

In contrast to Doppler sonography, the flow velocity deter
mined using gMRA is not subject to nonuniformity problems.
Thus, blood flow volume measurements might be more precise
with QMRA [14]. An older phantom simulation study performed
by Ho et al. showed a poor correlation between blood flow vol
ume measured with spectral Doppler imaging and phase-contrast
magnetic resonance imaging [24].

There are also other conflicting results in the literature
concerning the accuracy of cerebral blood flow measurements
with duplex sonography [14, 18, 20, 26, 27]. The errors in volume
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» Fig.4 Imaging of the posterior cerebral artery in color power angio mode with arterial diameter measurement after optimizing the color power
angio gain a and subsequent measurement of cerebral blood flow (measurements of anglecomected peak systolic velocity, end-diastolic welocity,
mean blood flowvelocity, time-averaged maximum blood flow velocity, time-averaged mean velocity maximum and mean and blood flow volume)
in the post-communicating P1-segment of the posterior cerebral artery b, Imaging of the same post-communicating P1-segment of the posterior
cerebral artery using quantitative magnetic resonance angiography ¢ with measurement of blood flow wlume d.

flow measurement when using sonographic techniques arise from
inaccurate estimation of blood velocity and diameter measure

ment by off-axis sampling, tortuous vessels, turbulent or nonaxial
flow, artifactual color signals, poor color setting, variations of
vessel diameter during cardiac cycle, and respiratory vessel move

ment [7, 18]. On the basis of duplex sonography blood flow
volume measurement equation, any minor error in vessel diame

ter measurements may dramatically alter the estimated flow vol

ume. Improvement of B-mode imaging quality or the use of a
radiofrequency echo-tracking system for arterial diameter meas

urements can reduce this potential error [28, 29].

Only negligible differences between measurements of blood
flow volume in the CCA and its branches, the ICA and the ECA,
using both gMRA and DS confirmed that both methods were
able to measure real blood flow volumes in cervical arteries in rou
tine clinical practice.

We measured blood flow volume in two different segments of
the ICAs and of the vertebral arteries, one extracranial and one

Fiedier et al. Blood Row Volume... Ultraschall inMed 2021; 2:65-74 | © 2020. Thieme. A

intracranial. The differences between the measured values shown
in » Table 2 are not only due to branching between measured
segments (ophthalmic artery and posterior inferior cerebellar
artery) but also due to vascular pathologies present in some
patients and measuring errors, especially for intracranial arteries.
Contrary to the cervical arteries, correlations between blood flow
volume measurements in intracranial arteries were low or moder
ate. The differences between blood flow volume measurements in
the ICA siphon and its branches, the middle cerebral artery, the
anterior cerebral artery, and the posterior communicating artery,
both distal vertebral arteries and the basilar artery were greater
than the differences between blood flow volume measurements
in the CCA and its ICA and ECA branches.

Smaller examined artery diameter, short arterial segments
without branches, and more frequent arterial flexions in intracra
nial arteries are all causes of greater error in DS and gMRA blood
flow volume measurements in intracranial arteries compared to
cervical arteries. Other reasons for measurement errors when
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» Table1 Results af bload flow measurement.

blood flow in:

TBF volume; mean, median (IQR), mL/min

CBF wolume; mean, median (IQR), mLmin

common carotid artery; mean, median (IQR), mlLfmin

internal carotid artery; mean, median (IQR), mL/min

external carotid artery; mean, median (IQR), mL fmin

v2-segment of the vertebral artery; mean, median (IQR), mL/min

siphon of the internal @rotid artery; mean, median (IQR), mL jmin

middle cerebral artery; mean, median (IQR), mLjmin

Al-segment of the anterior cerebral artery; mean, median (IQR), mL/min

AZ2-segment of the anterior cerebral artery; mean, median (IQR), mL/min

posterior cerebral artery; mean, median (KR}, mL/min

posterior communicating artery; mean, median (IQR), mL/min

V4-segment of the vertebral artery; mean, median (IQR), mLfmin

basilar artery; mean, median (IQR), ml/min

gMRA DS1 Ds2

12195, 1080.0 12700, 11213 1205.8, 1097 5
(952.0-1165.0) (1048.9-1245.0) (8BE.2-1192.6)
718.4, 695.5 772.3,7455 657.9, 5888
(5545-810.5) (629.3-947.8) (501.7-588.6)
476.4, 445.0 515.6, 4792 505.9,471.9
(3653-5143) (337.9-579.4) (349.4-545.4)
2183, 2330 268.7,277 4 2305, 211.8
(191 8-278 8) (173.9-357.3) (149.7-341.2)
309.0, 217.0 235.0, 1856 224.9,204.2
(181.0-258.8) (150.5-266.5) (156.2-252.7)
138.8, 109.0 118.2, 1107 104.1, 100.3
(84.3-172.5) (BA0-161.1) (48.9-135.5)
242.6, 256.0 216.1, 1940 2225, 197.6
(2145-302) (163.6-247.5) (169.6-285.5)
1438, 144.0 236.6,2224 235.6,222.4
(123.0-1585) (197.8-271.1) (191.1-257.7)
909,920 829, 82.8 65.8,73.2
(T65-118.3) (66.9-973) (549-84.0)
695, 69.0 667.72.7 MNP
(56.5-82.5) (46.6-77.8)

908,720 593,537 499, 44.0
(64.0-86.3) (462-67.1) (36.5-547)
56.5, 56.0 389,31.2 MNP
(37.5-54.0) (252-492)

1223, 109.0 69.3,70.7 683, 68.9
(73.0-162.0) (51.1-833) (502-87.4)
202.8, 1635 147.1, 1058 150.6, 1025
(1393-197.8) (882-116.7) (82.0-129.7)

CBF - cerebral blood flow; D51 - duplex sonography — examiner 1; D52 — duplex sonography — examiner 2; IQR - interguartile range; MNP — measurement
not performed; gMRA - quantitative magnetic resonance angiography; TBF - total blood flow.

using TCCS include lower quality B-mode images due tothe use of
a probe with lower ultrasound frequencies (2-4 MHz) and use of
the color mode or power color angio mode instead of B-mode
for the measurement of arterial diameter in the majority of intra-
cranial arteries.

This study has several limitations. First, a limited number of
patients were enrolled in the study. Second, the second gMRA
and DS examinations for the evaluation of intra-imestigator cor-
relations were performed in only ten patients. Third, patients
with both abnormal and normal vascular findings in cervical and
intracranial brain arteries were enrolled to demonstrate the use-
fulness of both methods in real dinical practice. Fourth, limita-
tions and strengths of gMRA and DS may differ between particul-
ar vessels and vascular pathologies. The low number of included
patients and limited number and types of vascular pathologies
did not allow testing of the limitations of both methods in partic-
ular arteries. This has to be studied in future studies. Fifth, the
measurement of the diameter of intracranial arteries in our study
is unique and this method has to be validated by other research-

ers. Sixth, there is no reference standard for the comparison of our
results. Seventh, the influence of sample volume settings on
blood flow volume measurement was not tested. One may hypo-
thesize that a larger or smaller or slightly incorrecthy set sample
volume could influence the value of measured average intensity.
Finally, the low number of patients with particular pathologies
did not allow evaluation and comparison of changes and the clin-
ical relevance of blood flow volume measurement in particular
arteries. Further studies are needed to assess the clinical rele-
vance of these measurements.

Conclusion

The results of the presented study demonstrated that both gMRA
and DS were able to measure real blood flow volume predomi-
nantly in cervical arteries with excellent inter-investigator and
intra-investigator reliabilities, and mostly high correlations
between gMRA and DS in particular cervical arteries. Howewer, in
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» Table2 Correlation between blood flow measured using quantitative magnetic resonance angiography and duplex sonography.

qMRA vs. D51 qMRA vs. D52 D51 vs. D62

tota 0568*" 0639 0786
comman carotid artery 0758 0743 0.B03"
intemal carotid artery 0754 0747 0.B62*
extermnal carotid artery 0756 0597 0.818*
V2-segment of the vertebral arteny 0786 0780 0.940"
siphon of the internal carotid artery 04285 04265 0.651*
middle cerebral artery 0540 0318§ 0.588"
Al-segment of the anterior cerebral artery 0.636° 0504 04175
A2-segment of the anterior cerebral artery 0517 NA NA

posterior cerebral artery 04035 02765 0.357§
posterior communicating artery 0BES" MA MNA

V4-segment of the vertebral artery osa1* 0FTre 0.559*
basilar artery 04645 0547§ 649"
all arteries (13 b 0B03* 0930

* - p=0.01; § - p<0.05; D51 - duplex sonography - examiner 1; D52 - duplex sonography — examiner 2; IQR - interquartile range; NA - not available
due toless than 10 measurements; gMRA — quantitative magnetic resonance angiography; total= sum of blood flow in both common @motid arteries and
both vertebrd arteries (V2-segment).

* Table3 Blood flow measurement in different arterial segments using quantitative magnetic resonance angiography and duplex sonography.

qMRA DS
blood flow in the common @rotid artery; mean, median (QR), mLfmin 512.4, 395.0 534.7, 504.4
(343.8-505.3) (373.6-6109)
sum of blood flow in ICA+ECA; mean, median (IQR}), mL/min 5033, 437.0 520.7, 502.2
(283.0-510.3) (366.5-611.8)
difference in mLmin; meant5D 53.2+46.8 793+76.2
difference in %; mean£5D 10.9£81 1504119
blood flow of the ICA siphon; mean, median (IQR), mL/min 257.1, 264.0 751.2, 224.3
(193.5-3185) (187.2-2726)
sum of blood flow in MCA+ ACA+ PComA; mean, median (IQR), mL fmin 280A, 267.5 3549, 3481
(228.5-340.5) (309.6-389.0)
difference in mlmin; meantSD IB0+416 125.7+ 65.4
difference in %; mean£5D 13.5£11.8 354+34.2
sum of blood blow in both V4-segments of the vertebral arteries; mean, median (IQR), mLjmin 2387,200.0 148.2, 150.2
(173.5-237.5) (117.8-1715)
blood flow in the basilar artery; mean, median (IR}, mL{min 2028, 163.5 107.1, 102.4
(139.3-197.8) (B6.0-109.5)
difference in mLjmin; meantSD IGTEIIE6 431£31.3
difference in % mean+50 24.1£19.7 449+ 44.0

D5 — duplex sonography; 1QR - interquartile range; gMRA — quantitative magneticresonance angiography; 5D - standard deviation; ICA - internal @rotid
artery; ECA - external carotid artery; MCA — middle cerebral artery; ACA - anterior cerebral artery; PComA — posterior communicating artery.

Fiedier | et al. Blood Row Valume... Ultraschallin Med 2021; 42: 65-74 | @ 2020 Thieme. All rights msenved.

46

Downloaded by: Memocnice eské Budjovice. Copyrighted material.



# Thieme

intracranial arteries, mostly low to moderate correlations were
detected between gMRA and TCCS or two different ultrasound
machines. A potential bias in measured blood flow volume in
particular intracranial arteries is much higher than in cervical
arteries, espedially for TCCS.
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Podil autora na ¢lanku 3.

Jsem prvnim autorem, korespondené¢ni autorem, operoval nebo asistoval jsem operace vSech
pacientti ve studii a vyhodnocoval gMRA. Tato prace byla ocenéna cenou ¢asopisu Ceska a
slovenska neurologie a neurochirurgie za nejlepsi ¢lanek roku 2016.

Shrnuti ¢lanku 3.

V této studii jsme na skupin€ pacienti s klinicky a radiologicky asymptomatickou vyznamnou
stenozou karotidy zhodnotili jejich neurokognitivni stav pfed a po CEA. Navic jsme na stejné
kohorté¢ pacientli hodnotili hemodynamiku mozkové cirkulace pfed a po CEA. K hodnoceni
byla pouzita gMRA NOVA. Tim jsme ziskali set pritokll v absolutnich hodnotach [ml/min]
pro vSechny mozkové cévy pred a po CEA. Vysledné prutoky byly zpracovany pomoci
stranového pomeéru (Simple ratio).

Do vlastni studie bylo zahrnuto 17 pacientd s klinicky a radiologicky asymptomatickou
stenosou karotidy. Prokazali jsme nizké, ale signifikantni zlepSeni kognitivniho vykonu po
CEA v globalnim skoru kognitivni baterie v indexech feci a paméti.

Kontext ¢lanku 3 a habilitaéni prace.

Dilezitou otazkou, kterou je pti kvantifikaci priitoku mozkovou cévou v absolutnich hodnotach
(ML/min) nutno vyfesit, je opakovatelnost vySetfeni a eliminace vlivu dlouhodobych zmén
tlaku krevniho. Ktomu jsme v této praci pouzili kvantifikaci pritoku pomoci qMRA s
hodnocenim stranového indexu pro vSechny mozkové cévy. Diky této praci se hodnoceni

stranového indexu stalo soucasti nasi praxe pfi urgentnich cévnich operacich mozku.
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ORIGINAL PAPER

POVODNI PRACE

Kognice a hemodynamika po karotické
endarterektomii pro asymptomatickou stenézu

Cognition and Hemodynamics after Carotid
Endarterectomy for Asymptomatic Stenosis

Souhrn

(il Ma kohorté pacientd s asymptomatickou stendzou wynitfnl karotidy podstupujicich karctickou
endarteraktomii otestovat protokol vysetfenl hemodynamiky mozku pomocl magneticke rezo-
nance a zZjidtovat rozdll v kognitivnl kendic pomod neuropsychologicks testové baterie RBANS
(Repeatable Battary for the Assessment of Neuropsychological Status). Metody: Standardnl ka-
rotickd endarterektomia pro asymptomatickou stendzu vnitfni karotidy v intravendznl celkové
anastezii se selektivnim ufitim shuntw. Mé&fenl pritoku velkymi cévami Willisowva okruhu pomoc!
magnetickorezonadni angiografie s fazovym kontrastemn pfed operacl a th mésice po operadi, 3 to
paralelné s psychologickym wyiatfenim tastowou bateril RBANS. Vysiedky: U péti #en a 12 mwdd
5 nekomplikowvanou karotickou endartarektomil pro asymptomatickou stendzu wnitfnl karotidy
bylo zaznamenano signifikantni zlepienl v cblasti kognitivnlho vikonu v celkowdm skéru nauro-
psychologické baterie (p = 0,05) a indexech tykajicich se bezprosttedni paméti (p = 0,04) a fadi
(p = 0,01). Ndsladné koralace lokalni zmény hemodynamiky a zmén v kognitivnilm vykonu z mag-
natickorezonanénich dat ziskanych od 12 pacientd byly signifikantni pro pledni mozkovou tepnu
a index bezprostfedn! paméti (p = 0,01), a pro stfedni mozkovou tepnu a indexy fed (p = 0,02)
3 vizuoprostorove arientace (p = 0,02). Zdvér:V pilatnil studii byl na malé skupiné pacientd s klinicky
i radiclogicky asymptomatickou stendzow vnitfni karotidy poprvé v nadi literatufe otestovan pro-
tokol vyietfenl pritoku krve (mlfmin) na viech welkych cévach Willisova okruhu a srovnany zmény
hemodynamiky pfed karotickou endarterektomil a th mésice po ni. W drovni kognitivniho vitkonu
bylo prokdzdno zlepsenl, u kterého byl v diléich testech neuropsychologické baterie RBANS iden-
tifikovdn vztah s hodnotami pritokd v povod! predni nebo stfednl mozkowvé tepny. Va3 studie
5 deltim sledovanim visledkd je proveditelnd.

Abstract

Aim:To test a brain haemodynamics examination protocsl using magnetic resonance imaging and
toinvastigate the differences in cognitiva parformance with a neuropsychology test battery RBANS
(Repeatable Battery for the Assessment of Neuropsychological Status) on a cohort of patients with
an asymptomatic carotid stencsis undergeing carotid endarterectomy. Methods: Standard carotid
endarteractomy in asymptomatic carotid stenosis under general intravenous anaestehasia with
selactive use of a shunt. Flow measurament in major vessels of the Willis drcle usimg magnetic
resonance angicgraphy with phase conirast before and three months after the operation and
concurrently with RBANS psychological examination testing battery. Resuits: Significant cogni-
tive performance improvement in newropsychological test battery total score and in short-tarm
memory (p = 0.04) and speech (p =001) indexas was s2en in five women and 12 man undergaoing
uncomplicated carotid endarterectomy. Subsequent correlations of local haemodynamic change
and cognitive performance change in 12 patients were significant for the anterior cerebral artery
and immediate mamory index (p = 0.01), and for the medial cerebral artery and speech indacas
(p = 0u0F) and viswospatial orientation (p = 0.02). Condusion: In a pilot study, a flow (ml/min) exami-
nation protocol of all major Willis cirde arteries was tasted and haemodynamic changes before the
operation and in three months follow-up after carotid endarterectomy were compared on a small
group of patients with radiclogically and cinically asymptomatic caratid stenosis for the first time
in Czech literatura. Improvement in cognitive performance was demonstrated and an association
with anterior or medial cerebral artery flow values was identified in individual RBAMNS tests. A larger
study with a longer follow-up is feasible.
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KOGNICE A HEMODYNAMIKA PO KAROTICKE ENDARTEREKTOMI PRO ASYMPTOMATICKOU STENOZL

Uvod

Zizeniynitini karotidy pfina&i svému nositeli
wyznamné riziko iktu, které tvofi 20 % viech
ischemickych ikt [1]. Pfinos karotické endar-
tersktomie (Carotid Endarterectomy; CEA)
a karotického stentu (Carotid Artery Stent-
ing; CAS) v sekundarni prevenci ischemic-
ksho ikt je prokazan [2-4).

Jind situace je u asymptomaticks stendzy
wnitfni karatidy (Asymptomatic Carnatid Ste-
nosis; ACS) [5]. CEA u pacienta s ACS nese
jen malou absolutni redukei rizika k. CEA
u asymptomatického pacienta by méla byt
providd&na jen na zékladé detekce riziko-
wych faktor, poure v centru s wynikajicimi
wysledky, CAS by kromé& u&asti ve studiich
nemél byt indikovan [£,6-8]. Za hlavnl etio-
logicky faktor iktu je u ACS pokliddna em-
bolie pfi nestabilnim platu [B9]. 5 pokroky
farmakoterapia lze v primarnl prevenc iktu
ofekdvat dalii oslabeni pfinosu operaéni
l&¢hy [910]. Tato farmakologicks redukce ri-
zika iktu u ACS nds nutl stile zlepiovat chi-
rurgicks vysledky [17).

Podle naii zkuienosti mdke posileni
krevniho pritoku za chronickym uzdva-
rem vnitfni karotidy pomoci extra-intrakra-
nidlniho bypassu zlepiit kognitivni vysle-
dek pacienta [17]. Hemodynamickes faktory
pfi zméné kognitivnich funkol jsou uva-
dény také u CEA ACS, rde je ale problema-
tika kognitivniho vysledku operace slofit&js
nef prostd augmentace pritoku bypassem.
Ma vysledném obrazu s= krom& zmény prii-
toku podili i eliminace zdroje embolizace
2 samozfejmé event. peroperani embaoli-
zace a hypoperfize [13]. K dispozici je vice
systematickych analyz [714,15].

MoZnost prasnéjiiho méfeni kognitiv-
nich funkci nabizi baterie RBAMS (Repeat-
able Battery for the Assessment of Neuro-
psychological Status), kterd byla vwtvofena
jako struény skriningovy ndstroj pro de-
tekei kognitivnich deficitd. V tab. 1 je uve-
deno pét kognitivnich indesxd RBANS, kieré
pouZivd jako hlavnl indikatory psychickych
funkcl [16]. Recentné hodnotili kognitivnl w-
sledky (Hopkins Verbal Learning Test a obé
varianty Trail Making Test (TMT)) a hemody-
namiku CEA pomoci MR angiografie s fizo-
wym kontrastem Ghogawala et al [17].

Cllem prace bylo ovafit poufitelnost me-
todiky vySetfenl v praxi a ziskat pilotni data
o vlivu CEA na kognitivnl kondici u klinicky
i radiokogicky asymptomatického pacienta
pfed operaci a tfi mésice po operadi v zévis-
losti na zméné hemodynamiky mozko.

Metodika
Pratokol byl schvdlen etickou komisl Memoc-
nice Ceské Bud&jovice 11. 1. 2003 pod £.1/13.

Skupina pacientd

izast ve studi byla v obdobl 3-10¢2013 nabid-
nuta asymptomatickému pacientovi se sou-
£asnow optimaln medikamentdzni terapil in-
dikovanému k CEA ACS na naSem odd&leni
v pfipads, #e splfioval nife uvedend kritéria NAE
perioperacnl postup byl popsan roku 2011 [18].
Indikace k CEA byla zaloZena na progresi ACS
w ultrazvukowvém sledovdni a/nebo rizikovému
vanledu plitu v ultrarvukovém obraze.

Wstupnf kritéria:
- Stentza ACH (= 60 %) indikovand k CEA.
Fachyt pomod ultrarvukového vyiet-

Tab. 1. Piehled subtest(i REANS.

Index RBANS Popis

bezprostfedni pamét

skidre

Zdrc: manugl RBANS [16].

indikuje schopnost vybavit si informace ihned po jejich

prezentaci
) indikuje schopnost vnimat prostorowve vztahy a vytvolit

vizuor roue wnimant prostorowd plesnou kresebnou kopii

ot indikuje schopnost verbdlné reagovat na prezentované
podnéty

muost indikuje schopnost zapamatovat si a ndslednd manipulovat

L 5 informacemi v rdmd krdtkodobé paméti

odddlené vybaven| indikuje kapadtu anterogradnl pamé&ti

calkove sk celkové skire je vytvolfeno na zdkladé soultu indexovych

REANS - Repeatable Battery for the Assessment of Neuropsychological Status.

fenl, stendza hodnocena MASCET kritérii.
Potyrzeni stendzy a vkouceni vysoko ulo-
#=né bifurkace pomoci CT angiografie.
Schopnost prodélat magnetickou rezo-
nanci (MR) s vyietfenim fazovym kontras-
tem (absence arytmie srdeéni, absence
implantovanych stimulatond).
Informovany souhlas s psychologickym
vyZetfenim, schopnost a ochota podstou-
pit prvni psychologicks vyietfeni.

Vylucujici kritéria:

« Stendza tepelnych segmentd Willisova
okruhu M1, Al, P2 a3 P3 nad 60 % proks-
zand pomoci CT angiografie.

« Prikaz jakychkolivembolizaci pomod MR.

« Jakakoliv symptomatologie z karotického
povodl na strané operovans tepny aspofi
ast mésich pfed operaci.

« Demence, deprese a dalil stavy limitujict
vyietfenl kognice.

Karoticka endarterektomie

Technickd stranka CEA byla popsdna Bene-
Z=m et al [19], problematika antikoagula&ni
terapie Samedem et al [20]. VEechny vy-
kony byly provedeny pacientovi ber rudeni
antiagregace (monoterapie acetylosalicy-
lovou kysslinou nebo dopidogrelem). CEA
byla provddéna v celkové intravendeni an-
estegi, intraluminalni shunt byl zaveden se-
lektivn& na zikladé jednostranného poklesu
amplitudy somatosenzosicks evokované po-
tencidhy n. mediani [19]. Peroperaéné pro mi-
nimalizaci periferni embolizace byl po hepa-
rinizaci nasazen klip na a. thyroidea superior,
a. carotis externa. Poté byla cévni svorkou za-
wiena a. carotis communis. AF poté byla de-
finitivné vypreparovdna a. carotis interna.
Po arterictomii byl kratkodobé uvolnén klip
na a. carotis interna a vyplaveny potendalni
emboly, po sutufe cévy byl preni uvolnén
klip na a. carotis externa, poté na a. canotis
communis a nakonec po 205 N3 a. canotis in-
terna. Vichni pacienti ve studii byli opero-
vani dvéma operatéry (I F, M. B) podle této
filozofie. Pooperaéné byl pacient jeden den
observovan na jednotce intermedidmi péce.
Dimise nekomplikovaného pacienta byla tfi
aF sedm dnfi po operaci.

Kvantifikace pritoku moezkovymi
cévami

Vyietfeni bylo provedeno na MR skeneru
1,5 T Achieva (Philips). Soutast vyietfeni byla
anatomicka orientace v sekvenci FLAIRa DWI
k vyloudeni ischemil rizného staf a némych
ikl Pritok mozkowvymi ofvami (mlfmin) byl
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Tab. 2. Indexy SR (pritok ipsilaterdlni/kontralateralni cévou) pfed a tfi mésice po CEA.

Pacient ICA MCA ACA2 PCA
PrelCAr PostICAr  ICAD  Pre MCAr Post MCAr MCAd  Pre ACAJr Post ACAZr ACA2d  PrePCAr Post PCAr  PCAr

F48 023 137 113 1,31 125 -0,06 079 0,95 016 1,02 079 -022
M3 093 1,02 0,09 1,23 1,04 019 1.05 065 -040 0,72 090 018
F&l 0,80 - - 136 1,26 -on 132 088 -045 1.04 065 -037
M&D 07 1032 031 120 093 -037 094 195 101 1.08 1,02 -005
MéS 124 124 0,00 137 1,16 -0 073 1,01 028 0,94 095 om
F&s 1]8 095 -023 093 1,6 022 123 139 017 099 130 031
F&3 006 043 038 098 1,6 0,18 1,00 0,85 -015 1,10 135 0,25
M74 0,85 117 032 092 088 -0,04 124 0567 057 144 200 055
MET 112 096 -0,15 1,02 0,85 -017 132 1,04 -028 1,08 0,84 024
Mé&s 115 124 0,09 090 1,08 0,18 117 1,02 -015 1,25 138 012
M7 0,70 1,04 034 1,02 0,88 -015 246 1,86 -0,60 1,10 1,02 -0,08
F 30 11 112 0m 092 0,82 0,10 058 095 037 119 097 -022

ICA —vnitfml karatida, MCA - stfednl mozkowvd tepna, ACAZ — plednl mozkova tepna distalné od pladnl komunikanty, PCA - zadnl mozkowvd tepna

v Useku P3, Pre - index SR pfed operacl, Post - index 5K 3 mésice po CEA, F - Zena, M - muz.

r—index SR pro kazdou tepny, kalkulovany: pritok ipsilateralnl iml/min)’protok kontralateraln céyvy (milmin).

d - rozdll indexn SRB: SR po operad - SR pled operacl.

stanoven pomaoci kvantitativnl MR angiogra-
fie ([gMRA) s komertng dostupnym softwa-
rovym fedanim — Non-invasive Optimal Ves-
sel Analysis; NOVA (Vassol, Chicago, linois,
USA). Po zhotoven! 30 modelu mozkovych
cé&v pomaocl TOF (Time Of Flight) nasledo-
valo zméfeni objemového priitoku pomoci
modifikované sekvence fazového kontra-
stu ve standardizovanych Usecich cév. KaZda
céva byla poté zkontrolovdna radiologem:
perpendikularita fezu vyietfenou cévou, na-
staveni rozsahu skenovani (Velocity Encod-
ing Chack; VEMC) a smér toku. Vlastni ana-
Iyza pritokd prob&hla na izolované pracovni
stanici mimo ROG pracoviité a byla pro-
vedena jednim lékafem slepym k vysled-
kfim neuropsychologického skriningu (). E)
Vyietfeni pritoku mozkem se uskuteg-
nila 1.-4. den pfed operacl 3 37-%4. den po
Operaci.

Neuropsychologické vysetreni

Pfedoperafni testovani neuropsychologic-
kou bateril probihala standardné den pfed
operad, nezavisle na vyietfeni MR. Postope-
raénivyietteni se uskuteénila v ten samy den
co vyietfenl pritoku mozkem na MR, tedy
v mzmezi 7-94 dnd od operace. Pro urfeni
kognitivnlho vykonu byla pouZita testova
baterie RBANGS [16], kterd umofiuje kvanti-
fikovat berprostfedni a oddalenou paméat,
ablast verbalnich funkci, pozornaosti a vizu-

oprostorovych funkel itab. 1) Pro zamezeni
vlivu retestového zkresleni byly poufity pa-
ralelnf varianty RBANS A a B. Dale byl predlo-
Fen TMT [1] pro rhodnoceni Grovné vizudlni
pozomaosti a exekutiviich schopnosti.

Prace s daty a statisticke

zhodnoceni

Wiechna psychologickd data byla anonymi-
zovana a hrubé skary subtestd byly podle
waku [16] pfevedeny na indexove skary jed-
naotlivich kognitivnich schopnostl. Jednot-
livé indexové hodnoty byly zapojeny do
diléich statistik. Jejich prosty soucet tvofi
globalni skare testu RBAMNS. Statisticke zhod-
noceni prob&hlo v programu 1BM SPSS 21,
Vrhledem k charakteristice vyzkumného
soubom bylo vyuZito neparametrickych
metod, 3 to konkrétné Wilcoxonova paro-
vého testu.

Hodnoty objemovych prdtokd mozko-
vych cév byly zpracovany pomoci strano-
vého pomén (Simple Ratio; 5R: pomér prii-
toku cévou na stran& operace a pritoku
stejnou cévou kontralaterdlng operovanég
strané), ktery poudili Douglasova a Ghoga-
wala et al pfi hodnocen( pritoku vnitfni ka-
ratidou [13,22). Ddle byl poprvé v literatufe
analogicky poudit tento indax pro dalél oy
M1 s=gment stfedni mozkove tepny, P3 seg-
ment radni mazkové tepny a A2 segment
pfedni mozkove tepny. K urfeni zmény pri-

toku cévou byla vyuFita diference index SR
pfed operaci a po ni. Pro analyzu takto sta-
novenych zmén v perfuzi a zmén v diléich
funkecich kognitivniha vykonu byl pouFit
Spearmandy korelaénl koefident.

Vysledky

Do studie bylo zahrnuto celkem pét Zen
a 12 muzd primé&mého veku 67 (48-80) let,
sbé&rdat probihal od 3/2013 do 72014, Vzhle-
dem k pilotnim datdm nebyla u pacientd
brina v potaz lateralita. Mésic po operaci
nebyla zaznamendna mortzlita ani jaka-
koliv ischemicka mozkova pfhoda. U #d-
ného r pacientd nebyly zmény v sekvenci
FLAIR tfeti mésic po operaci. U celkového
vzorku 17 asob byla sejmuta neuropsycho-
logicka baterie a zhodnocen viiv operace na
kognitivnl vykon, K dalsim statistickym wy-
poctdm byly wvyufity stranové indexy pri-
toku (5R) wyuZité z dat MR, které byly ziskany
od 12 pacientd (p&t #en a sedm mud, prd-
mérmy vak 66 let), jeF jsou uvedeni v tab. 2.
U jednocho pacienta byla manipulaéni pa-
réza r. marginalis n. VI, kterd se pfi kont-
role po tech mésicich upravila. U stajnéhao
pacienta pfi ultrazvukové kontrole po tiech
mésicich byl prokézan uzdver rewni karotidy.

Statistické vyhodnoceni
Vzkumny soubor v obou mé&fenich vyka-
zoval vyznamné zhoriené hodnoty oproti
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Tab. 3. Vysledky testd kognitivnich schopnosti.
= prﬂméF:'r?SO[;P]eratn:'rledian prﬂm:'?ts‘it.[;]pemmrrmdian Zskor p hodnotal
calkovy skdr 7954 (1.22) 81 84,06 (12,75) B3 -161 0,05
bezprostfedni pamét 85,41 (14.25) 83 9241 (1545) G4 -176 0,04
s vizuoprostorové vnimani 7550047 78 7YBE,8D 78 -1,14 013
fat 93,7 (766 92 05,59 (14,24) 98 -243 0,01
pozormost 758401734 72 8241 (17.25) 82 -1,00 016
odddlané vybaven! BB06 (15,27 92 8765 (12,89 BB -0,07 047
Trail making test A 52,80 (1837 52 5324 (2414) da -0,74 023
Trail making test B 156,80 (73,58) 140 13713 (76,53) 6 -1,02 15
"Wilcowoniv jednostranny test.
REAMS — Repeatable Battery for the Assessment of Neuropsychological Status.

Tab. 4. Korelace rozdilG v kognitnivnich schopnostech a hemodynamice pfed ope-
raci a po tfech mésicich.
lcAd MCAd  ACAd ACAZd PCAd
Kor. Q19 -0,27 0,22 -055 -032
Celkowy skior RBAMS
p 028 0,18 025 0,03 026
Kor. 018 0,02 -0m 043 -0,33
Berprostfednl pamét
p 029 048 049 0,0 04
) Kor. 0,06 -0,57 -0,22 0,06 -0.22
Vizuoprostonows vnimanl
p 042 0,02 0,25 042 023
fee Kor. -0,06 -0,58 -0,08 -0,05 -0,24
p 043 0,02 040 044 022
Kor. -0)2 oo 015 -04 -0,02
Pozornost
p 035 048 032 0,08 048
Kor. 012 -0,04 o017 -0,06 009
Oddélené vybavenl
P 035 045 03 043 038
ICA — wmitfnl karotida, MCA - stfednl maozkowd tepna, ACA2 - plednl mozkovd tepna distding
od pfedni kemunikanty, PCA - zadnl mozkowd tepna v dseku P3.
d — rozdil index( 5R: 5R po operad - SR pled oparaci.

zdravé populaci. Byly testovdny jedno-
smérné signifikance indikujic zlepienive wy-
sledku neuropsychologicke baterie REANS
po tfech mésicich od operace (tab. 3). Prd-
mérny skor neuropsychologickeé baterie
pfedoperaénl varianty BBANS A byl 7994 (SD
11,22), ktery jiz indikuje mezni hodnoty ko-
gnitivniho deficitu (percentil nejniztich 9 %
normované populace). Ve varanté B (th mé-
sice po operaci) dosahovali G&astnici pri-
mémeho sk 84,06 (S0 12,75), cof ukazuje
na kognitivnl deficit, ktery vykazuje shodng
hodnaty jako nejniziich 14 % populace [16]

W celkovém skoru baterie RBANS bylo zazna-
mendno signifikantni zlepieni na 5% hla-
ding wyznamnosti (p =0,05). Viysledky diléich
zmén v kognitivnim vykonu byly postope-
raén& signifikantni v pfipadé& indexu bezpro-
stiedni paméti (p =0,04) a fedi (p = 0,00).
Celkowy skir RBANS vykazoval nejvysal ko-
relace s pooperaénim depienim perfuze ve
frontdlni oblasti (ACAZ) (p = 0,03). PR ana-
lyze indexovych skard bylo zjist&no, #2 nej-
vy5El korelace se objevuje mezi zmingnou
frontalni perfuzi a indexem bezprostiedni
paméti (p = 0,01). Signifikantni korelace byly

také identifikoviny u zmény prokrvenl ve
stfedni mozkové tepné (MCA). Konkrétné
52 jednalo o indexy tykajicl se vizuoprosto-
rového vnimani (p = 0,02) a fedi (p = 0,02).
V ostatnich indikdtorech kognitivniho vy-
konu nebyl nalezen vztah mez zlepienim
v kognitivnim vykonu Gastnikd a zmé&nou
v prokrven( v dané mozkove oblasti (tab. 4).

Diskuze

vysledky kognitivnich testd prokazaly, Ze
asymptomatiZtl pacienti s vyznamnou ste-
naézou karotid méli pfed operacl v primérnu
detekovany mezni hodnoty skdru BBANS
(nejnizsich 9% populace). Tato hodnota byva
spojovéna s diagndzu mozkové poruchy
(Mild Cognitive Impairment; MCI) [23]. Hod-
noty primérméeho skadrnu naméafens tfi ma-
sice po operad jsou shodné neba wyiE, nef
vykazuje 14 % populace [16]. Analyza zmén
v kognitivni vykonnosti prokdzala citlivost
baterie RBANS pro zachyceni rozdilu pfed
operacia po ni. Dle anakjzy jednotlivych par-
cidlnich kognitivnich schopnostl patfi mezi
nejcitlivesl indikitory index bezprostfedni
paméti a feéi. Oproti baterii RBANS e ne-
prokazala diskriminaéni sila TMT v detekci
globdlniho deficitu kognitivniho vykonu.
Viysledky varianty TMT &1 TMT B s2 pfed ope-
raci a po ni signifikentné neodl@ovaly, proto
nelze interpretovat viie prokrveni na exeku-
tivnl projevy kognitivnich funkei, které TMT
hodnotl. Alternativng [ze absenci rozdilu in-
terpretovat jako nedostatetnou senzitivitu
TMT.

Mechanizmy, jakymi se projevuje ko-
gnitivni zhoréeni u pacientd s ACS, nejsou
znamy. Jednim z divodd tohoto stavu je ab-
sence dobrého karotického maodelu. Meta-
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analyza 18 studil [24] zabyajicich se symp-
tomatickou a asymptomatickou stendzou
karatid a kognitivnl vwkonnosti u pacientd,
ktefi neprod2lali zakrok, prokézala u 14 stu-
dii kognitivni deficit souvissjicl s diagnamu.
V pfipadé& symptomatickych pacientd je
nékdy mo#nost pfimé interpretace naslad-
ného kognitivniho deficitu a event. strate-
gicky ulofené ischemie. U pacient = ACS
neni prokizano, zda stendza karotidy mize
sama o sobé pdsobit jako rizikovy faktor
aivAujicl kognitivnl funkce nebo zda ACS
je pouhym markerem intracerebralni & ge-
neralizované arterosklerdey [24,25]. Nade
wysledky prokazuji, 2 méfeni kognitivnich
funkcl pomoci baterie RBANS je citlivym in-
dikdtorem miry deteriorace kognitivniho
deficitu. Prezentované zavéry se dale sho-
duji 5 metastudii identifikujici viiv CEA ze-
jména v ramci fefovych a pamétovych
Gloh [28].

Kvantifikace mozkového pritoku pomocl
fazového kontrastu (NOVA) m&fand v jed-
notlivich cévach Willisova okruhu s nd-
slednou kalkulaci indexu SR a diference
indexu SR umo#fiuje porovnat Zmeny pro-
krveni v jednotlivych mozkovych oblastech
v fase,

Rozdil ve vykonu v neuropsychologicks
baterii RBANS vykazuje korelace se zménami
prokryeni mozku, kdy rozdil v indexu feéi
nejvice koreloval se zménou v prokrveni ve
stfedni mozkove tepné (MCA). Zména v in-
dexu bezprostfedni paméti, u které jsme
pfedpokladali souvislost s MCA, vykazrovala
wyEE korelaci s pritokem front3ini oblast
(ACAZ). Zlepieni wysledkd vizuoprostoro-
wych schopnost] mélo oproti pfedpokladang
korelaci = PCA signifikantni hodnoty pro
MCA. Podobnou metodiku srovnani dat ugili
Saio et al pfi MR spektroskopil, kde byl he-
modynamicky efekt CEA hodnocen z po-
mému hladin NAA a CHO (NAASCTr a CHOVCr
ratia) [27], ale diky wyuZiti novéha zphsobu
metodiky se nedaji nate pilotni vysledky
srovnat s podobnymi studiemi.

Melze sice pfedpoklddat jednoduchy kau-
zalni vztah - jak z hlediska lokalizace ko-
anitivnich funkci, tak z hlediska zésobo-
vani jednotlivych oblasti krvi nedokdzeme
pfasné lokalizovat konkrétni mozkova cen-
tra. Presto jsme nasli v nadich vysledcich &s-
tefnou shodu funkéni specializace jednotli-
wych oblasti.

Limity prace
Jde o pilotnl studii k ovéfenl metodiky mé-
fenl vinu zmény mozkového pritoku na ko-

gnitivnil vykon. Velikost a vwbér vzorku, pfes-
to¥e na ném bylo prokdzdno signifikantni
epdeni, rnemoffiuje v soufasné chvili pfi-
liEné robecnéni. Absence kontralni skupiny
je faktor, ktery bude pfi administraci daléiho
wyzkumu zahrnut do experimentilniho de-
signu. Kromé testu RBANS bude vhodné do
testové baterie zaflenit testy, které dokad
pfesné&ji mé&fit zmé@nu diléich prvkd kogni-
tivnich schopnosti & méfit pfimo neurdini
korelaty, napf. pomoci elektroencefalo-
grafu pfi administraci testovych Gloh a nd-
slednou elektromagnetickou vwpogetni
topografil

Zavér

Wysledky pilotnl préce prokdzaly nizké, ale
signifikantni zlepgeni kognitivniho vykonu
po CEA v globalnim skaru kognitivni baterie,
v indexech faéia bezprostfedni paméti.

Vztah mezi Zlepienim pritoku mozko-
wych cév a dilEimi prvky kognitivnl vkon-
nosti byl patrny mez frontalnf perfuzi a in-
dexermn bezprostfedni paméti (p = 0,07).
Signifikantni korelace byly také identifiko-
vany u zmény prokrveni ve stfedni mozkove
tepné (MCA) 3 indexach vizuoprostoroveho
wnimani (p = 0,02) a fedi (p =0,02)

Diky detailnimu meéfeni jsme schopni
pfaznéji identifikovat zmény pritwky krve
v jednotlivych intrakranialnich cévdch a atri-
buowvat jejich souvislosti se zménami v ko-
anitivnich funkcich.

Seznam poutitych zkratek

ACS - asymptomaticka stendea vriting karotidy

CEA - karoticks endarterektomia

MHA - magnetickomezonantnd angiografie

CAS - karoticky stenting

MCA - stiedni moekong tepna v dsaku M|

W - lehkd kognitvnd porucha (Mild Cognitive Impalr-
ment}

ACAZ - plednd mozkova tepna za odstupem plednl k-
mundicnty

PCA - radini mozkova tepna v usaku P31

RBAMS - Rapeatable Battery for the Assessment of Meu-
ropsychological Status

At - stranowvy Index pritofu: pomer pritofu cévou na
strané operace a pritoku stejnou cévou kontralaterdlng
oparovans strand (Simplas Ratio)
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Podil autora na ¢lanku 4.

Jsem prvnim 1 koresponden¢nim autorem této prace. Polovinu pacientii operoval doc. MUDr.
Vladimir Pfiban, druhou ja. Hodnotil jsem TTFM, spolupracoval se statistikem a napsal
manuskript.

Shrnuti ¢lanku 4.

V této praci jsme podle naSich informaci poprvé v Ceské republice podrobné popsali
peroperaéni vyuziti TTFM (transit time flow measurement), tranzitné ¢asového peropera¢niho
prutokoméru V cerebrovaskularni neurochirurgii. Na kohorté pacientd pii operaci EC — IC
bypassu jsme peroperacné hodnotili pritok cévou - donorem bypassu (Cut flow). Po nasiti end-
to-side bypassu jsme poté direktné méfili pritok anastomosou (Bypass flow). Pomér téchto
dvou priitokii se oznacuje jako Cut flow index.% Metodiku prace s TTFM a hodnoceni Cut flow
indexu popsali nasi kolegové a ugitelé z UIC Chicago S.A. Hanjani a F.T. Charbel.® Tato prace
validovala uziti TTFM a cut flow indexu v nasi klinické praxi. Tak, jak byly principy chirurgie
fidici se pritokem cévou (FAST, Flow Assisted Surgery Technique)®® nastaveny v dobé této
studie, tak je pouzivame dodnes. TTFM je cennym pomocnikem béhem vSech urgentnich
revaskulariza¢nich operaci mozku, stejné jako filozofie FAST®9,

Kontext ¢lanku 3 a habilita¢ni prace.

Nase diive zminéné prace Clinck autora 2., Clanek autora 3. nadefinovaly v nasi klinické praxi pouziti
gMRA a duplexni ultrazvuk Vv pfimé kvantifikaci mozkového pritoku. Nicméné pritok
mozkovou cévou v absolutnich hodnotach [ml/min] je kli¢ovou informaci i peroperacné.

K tomu dnes pouzivime TTFM a fidime se FAST principy.
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KRATKE SDELENI

Peroperacni kontrola funkce

extra-intrakranialniho bypassu

ultrazvukovymi metodami

Peroperative Evaluation of Extracranial-intracranial Bypass

with Ultrasonographic Methods

Souhrn

il Posouzeni prichodnosti nizkopritokového extra-intrakranialniho bypassu pomod mikro-
vaskulérni dopplerovsks sonografie. Uréeni absolutni hodnoty pritoku krve s ohledem na
maoZnou zménu operacniho postupu pomoc ultrazvukovsho flowmetru. Metodlika: v obdobi
VIK2008-1IK2010 jsme provedli 10 nizkopritokowych extra-intrakranidlnich bypassd v indi-
kac hemodynamické mozkové ischemie. K prikazu wyferpané cerebrovaskularni rezervni
kapacity byl pouZit transkranidlni doppler a zat&#ove perfuzni CT. Byla pousita konvencni
technika nizkopritokového bypassu. VWsledky- V souboru nebyla zaznamenana tficetidenni
neurologickd maorbidita ani mortalita. V' jednom pfipadé jsme zjistili Casny asymptomaticky
uzavér bypassu bez neurclogickych nasledkd. Ve tfech pripadech (3/10) pfihlédnuti k wy-
sledkom ultrazvukového flowmetru modifikovalo nas operaéni postup. Zéwér: Peroperacni
manitorovani ultrazvukovym flowmetrem a mikrovaskularni dopplerovskou sonografii je
jednoducha a reprodukovatelna technika. FrokaZe aktusini poruchy pritoku v bypassu pfi
technické chybé, a tim umoZni okam2itou napravu.

Abstract

Purposa: The goal of thiz study was to evaluate low-flow extracranial-intracranial bypass pa-
tency using microvascular Doppler ultrasonography and to measure bypass blood flow values
using transit time flow measurement, approaches that may lead to actual changes in opera-
tiva strategy. AMaothods: We performed 10 low-flow extracranial-intracranial bypass surgical
operations between August 2008 and March 2010. Diagnosis of exhausted cerebrovascular
reserve capacity was established by transcranial Doppler ultrasonography and challenge per-
fusion CT. We employed standard operational technigque for low-flow bypass. Results: There
was no 20-day neurclogical morbidity and mortality and only one asymptomatic bypass
occlusion event. Using transit time flow measurement led to a change of operative strategy
in three cases. Conclusion: Peroperative monitaring by microvascular Doppler ultrasonogra-
phy and transit time flow measurement is a simple and reproducible technigue. It can reveal
acute adverse changes in bypass blood flow that might result from technical error and allow
the surgeon to take corractive measures immediately.
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PEROPERACNI KONTROLA FUMNKCE EXTRA-INTRAKRANIALNIHO BYPASSU ULTRAZVUKOVYMI METODAMI

Uvaod

Techniku nizkopritokového extra-intra-
kranidlniho mozkového bypassu zavedli
Yasargil 2 Donaghy roku 1967 [1,2]. Dnes
je jeho hlavnl indikace posileni pritoku
krve mozkem pfi uzavéru povodi vnitini
karatidy (ACI) a prikazu vyferpang ce-
rebrovaskularni rezervni kapacity (CVRC)
[3-5]. W této situaci miZe nizkopritokowy
extra-intrakranidlni bypass sniZit riziko re-
cidivy iktu [3,6].

Mikrachirurgicka technika extra-intra-
kranialniho bypassu je pokladana pfi dob-
rém laboratornim tréninku za jednodu-
chou. €asnd prichodnost bypassu je ve
zhutenych rukou a na velkych soubo-
rech pacientd vysoka: 91-97 % [2,7-10].
Pfesto je nezanedbatelné procento pa-
cientd, u kterjch spojka nefunguje. Ob-
wykle pfi uzavéru nenastdvajl komplikace
(zejména charakteru ischemického iktu),
nicméné ,zbyteénost” operaéniho za-
kroku a zatéZ padenta jsou pro operatéra
frustrujici. Jakakoliv metoda, kterd miZe
¢asné detekovat technickou chybu chi-
rurga, je proto u téta operace velice cenna.

Mikrovaskuldrmi dopplerovska sonogra-
fie (MDS) je zavedena metoda v cerebro-
vaskuldrni chirurgii [11,12]. Vygetfeni
ultrazvukowym flowmetrem (transit time
flow-measurement, TTFM) umoZfigje
peroperacni stanoveni pritoku zvole-
nou cévou v absolutnich hodnatach [13].
Jeho pou#itl je dosud omezeno na néko-
likk malo pracovist, kterd se problematice

bypassu vénuji intenzivné. Autofi pred-
klddaji prvni zkugenosti = kombinovanym
monitoringem MDS a TTFM se zfetelem
na ovlivnénl operacni taktiky béhem ex-
tra-intrakranialniho bypassu.

Metodika

Institucionélni protokol a vysledky

Oddnora 12928 do ledna 2010 jsme opero-
vali 72 extra-intrakranialnich mozkowych
anastomaz v indikac hemodynamickghao
selhani mozkové cirkulace. Indikacni kri-
téria byla nasledujici: symptomaticky uza-
wEr cévy potvrzeny na digitalni substraként
angiografii (D3A), sob&staénost pacienta
(modifikované Rankinova skdre = 3),
prikaz vycerpané CVRC na transkrani-
alnim doppleru (TCD) a zat&Fovém per-
fuznim CT [14-19]. V pfipad& nevy-
ietfitelnosti pacienta na TCD se fidime
perfuznim CT [19]. V celém souboru
jsme dvakrat pozorovali Easny uzévér
bypaszu na DSA. Dalél dva pozdni uza-
véry extra-intrakranialniho bypassu byly
sonograficky prokdzany 3. 2 13. mésic
pooperalné.

W indikaci hemodynamického selhan(
mozkové cirkulace u?ivame nizkoprito-
kowy (konvenénl) end-to-side bypass, kdy
darcem je jedna z vétvl arteria temporalis
superficialis (ATS) a pfljemcem kortikalni
tepna z povodl tempaoréini vEtve stiednl
mozkoveé tepny. Operadni technika, tak
jak byla popséna Yasargilem et al, se
uZiva dosud [2,20].

Hodnoceny klinicky soubor

W&k, typ operace, jejl indikace, klinika
a vysledky neurclogické kontroly tfi mé-
sice po operaci jsou shrnuty v tab. 1.

Ve skuping deviti muzd z jedné Zeny
operovanych v obdobi VIV2 0082010
bylo interni riziko pacientd ASA = 2.
Hyperkoaguladni skrining prokazal u jed-
noho pacienta wyznamnou elevaci fak-
toru Vill, u jednoho pacienta P-APC re-
zistenci. Wiem pacientim byla od prenitho
kontaktu = neuralogem nasazena antia-
gregace anopyrinem v davece 100-200mg
denné.

Ultrazvukové vysetieni

MDS byla provadéna na pfistroji Multi-
Dop T-MDOT 0920 (Compunedics Ger-
many GmbH, Singer, Némecko, 2008).
Pfistro] umo#fuje dvoukanalové snimanl
velocit v kontinuglnim i pulznim médu
(CW/PW). Do tiettho kanélu je moZno pfi-
pojit kapnometr k on-line kalkulaci CWRC.
W pfipadé peroperatniho vyietfeni pra-
cujeme jednokanalové se sterilni 16MHz
sondou pouze v pulznim médu. Kvali-
tativné posuzujeme tvar viny, spektrum
viny & akusticky doprovod [21]. Kvanti-
tavnl analyzu — stanoven! hodnaot rychlosti
krevniho proudu fom x s/ v této indi-
kaci nepouzivame. Mejsme schopni zaru-
¢it stabilni Ghel pfilofeni sondy, PW mad
neumoZnuje korekci dhlu snimani. Pro
priikaz stendzy bypassu pomocl MDS uZ-
vame relativni kritéria Stendela et al [22].

Schmiedeka [3]

Tab. 1. Charakteristika souboru pacientd, typ operace, jeji indikace, typ ischemicke symptomatologie predoperacné.
Vysledky tieti mésic po operaci, wwoj kliniky a CVRC.

Cislo vék Operace Indikaca Typ ischemie MRS MRS po operaci Klinika po operaci  CVRC

1 &M ECAC Pdx uzawsr ACC dx M5 1 1 beze zmény upravena
2 1M ECJC Fsin uzavér AC| sin S 3 0 upravena fatika upravena
3 607 EC-IC Psin MOya-Moya sy r TIA, M5 2 1 zlepiena fatika upravena
4 E3/M EC-IC P sin, EA ATS sin uzaver ACI sin rMs 2 2 bez piihod upravena
5 B ECAC Pdx uzavear AC| dx Ms 1 1 bez zmény bez zmény
B 7ImA EC-IC Fsin uzavér ACI sin r MSs 2 1 beze zmény upravena
7 TiM EC-IC F 5in uzavér ACI sin LSS 1 4] wymizel L55 upravena
8 E3MA EC-IC P sin, SE ACE sin chron. disekce ACI sin rTIA ] 0 wymizely TlA upravena
g 55 ECI-IC P dx uzaver AC| dx MS 1 1] zlepgen deficit upravena
10 51 ECIC Pdx uzaver AC| dx rTIA, r MS 2 1 Zlepgen deficit upravena

Legenda: M: muz, Z: Zena, ec-ic: exira-intrakraniglni mozkovy bypass, ATS: a. temporalis superficialis, P- parietaini vétev ATS, F: fron-
talni vitey ATS, EA ATS: endarterektomie ATS, SE ACE: stumpektomie zevni karotidy, ACC: a. carotis communis, AC: a. carotis interna,
ACE: 3. carotis externa, MS: minor stroke, r M5: opakovang M5, r TIA opakované tranzitorni ischemicke ataky, LSS: imb shaking syn-
drom, MRS: modifikovana Rankinova gkala, CVRC: cerebrovaskularni rezenmi kapacita, ag: stupen plnéni na pooperacni angiografii dle
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PEROPERACHNI KONTROLA FUNKCE EXTRA-INTRAKRANIALNIHO BYPASSU ULTRAZVUKCWYMI METODAMI

Mefeni MDS kotikalni tepny pied Tab. 2. Protokol peroperacniho uziti MDS a TTFM pfi extra-intrakranialnim
nasitim bypassu bypassu.
. L
3 Faze operace TCD, MDS TTFM
pfed ko#nim fezem nalereni probshu obow vt o
ATS (8 MHz)
preparace ATS a privtok in situ
' mobilizace ATS o cut flow {po pratati
’f = a maturad ATS)
m 5 . preparace recipienta smér pritoku (16 MHz) pritok in situ
: ad . kontrola bypassu prichodnost recipienta
(16 MHz) bypass flow
predikce priochodnosti  kvalitativni znambky (16 MHz) cut flow index

Méreni pritoku ATS pred mobilizac

¢ '%' Legenda. TCD: transkranialni doppler, sonda 8 MHz; MDS: mikrovaskulami dopplarov-
5T skd sonografie, sonda 16MHz; TTFM: transit time flow-measurement, ultrazvukowy pri-
g . . tokomer; ATS: a. temporalis superficialis; cut flow, bypass flow, cut flow index: ziskani
hodnot tédhto pratokd je popséno v metodice

Tab. 3. Vysledky viech ultrazvukovych peroperacnich vyietreni.

¢islo CF CFPI BF BFPI CFlI ag
1 21601420 06 13,2 0.9 0,93 3
2 13,56 0.3 12,8 0.6 0,94 3
2 10 0,7 & 06 1
4 8,96 05 16,52 0.8 1,34 3
5 22,48 09 7.4 0.4 0,33 0
& 10,2 0.6 7.9 0.8 0,77 3
7 18 1 1,1 0,8 0,66 2
8 23,8 0.3 12,44 0.8 0,52 2
g 32,3 0,4 16,76 0.6 0,51 2
10 13,68 0.6 34 1 0,24 3

Legenda: CF: cut flow /ml x min-Y, éislo uvedané v zévorce je CF po provedani endar-
terektomie wsti 5TA; CFPI: Cut Flow GoslingOv index, BF: Bypass Flow /m| = min-, EFPI:
Bypass Flow Goslingdv index, CFI: Cut Flow Index, ag: pooperaéni D34, plnéni bypassu,
Obr. 1. Ukazka 16MHz sondy pro stupné dle Schmiedeka [3]

MDS a 1,5MB sondy pro TTFM.

Vysledna informace z MDS je urfenisméru které jsou vidi sob& sklonény pod dhlem  -Hanjani s kolegy [26]. Hodnotime pritok
prowdéni krve (od sondy & k sondg) a zaveér 45 stupnd. Do kafdého paprsku je zavzat  ve vBivi ATS po jejim protétl a maturaci.
7 kvalitativné hodnocenych dat: bypass je cely prifer cévy, takfe tranzitnl éas je  Tato hodnota se oznafuje jako Cut Flow
bez komplikac, je ziZenl v misté anasto-  omémy celkovemu pritokovému objemu.  (CF) /ml = min-' a uréuje maximalni pri-
midzy, bypass je neprichodny [11]. TTFM pracuje na principu srovnani tranzit-  tokowy potencial cévy. Po provedeni by-

Vyfetfenl TTFM bylo provedeno na pfi-  nich €asd t&chto paprskd pronikajicich wy-  passu nasleduje zméfenl pritoku v tem-
stroji Transonic HT 331 (Transonic Systems,  Zetfovanou cévou v celém prifezu. Integ-  pordlni tepné — znaéime Bypass Flow (BF)
Inc., ithaca, MY, USA). Soucasti piistroje  raci mozdilu téchio zmén je uréen pritok  fml x minf. Tato hodnota udava realny
jsou perivaskulami pritokove sondy (Char-  cgwou v mililitrech za minutu. Hodnota  pritok bypassem. Pomér BF/CF se ozna-
bel Micro — Flow probe) pro rizny kalibr  takto zisténého pritoku neni zévislda na  Euje jako Cut Flow Index (CFI). Snizeni in-
ey HOM 1,5MB, HOM 2MEB a HXM 4MB.  dhlu pfilofeni, priméru cévy, hematokritu =~ dexu pod 0,5 se povafuje 7a vwznamny
Obr. 1 ukazuje peroperadni sondy pro MDS £ na turbulencich v cévé [23] Pfesnost me-  prediktor uzéwéru bypassu [26]. Na obr. 2
a TTFM pfi prad. Télo perivaskulami sondy  tody byla stanovena in vitro [24]. Jeji ugiti  je ukazka vySetfenl TTFM bé&hem operace.
obsahuje dva ultrazvukové transducery, v neurochirurgii spolu s popisem fyzikalniho S TTFM kromé hodnoty pritoku hodno-
v prodlouZeni sondy je pfipojen integro-  principu bylo publikovano roku 1998 [25]. time index pulzatility (Pl). Naméfensg hod-
vany akusticky reflektor. Céva se umisti Ffi hodnoceni extrz-intrakranialniho  noty jsou analogicky oznateny BFPI, CFFI.
mezi sondu a reflektor. Sonda emituje dva  bypassu = TTFM pouZivame modifikova- Protokol peroperacniho uZiti MDS
ultrazvukové paprsky o firokém prifezu,  nou metodiku, kterou popsala 5. Amin-  a TTFM je shrnut v tab. 2.
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PERDPERACN[ KONTROLA FUNKCE EXTRA-INTRAKRAMNIALNIHO BYPASSU ULTRAZVUKOWYMI METODAMI

Vysledky
' operovaném souboru nebyla zazname-
nana tficetidenni neurclogickd morbidita
ani mortalita. V jednom piipadé dolo
k €asnému uzravéru bypassu ber neuro-
logickych nasledkd. CFl byl v tomto pri-
padé 0,33, Uzavér byl asymptomaticky,
pfi neurologicke kontrole tfeti mésic byla
prokézana Uprava CWVRC. Operace byla
ziejmé chybné indikovana.

Wysledky viach ultrazvukowch perope-
racnich wySetfenl jsou shrnuty v tab. 3.

Zména operacni taktiky na zakladé
MDS a TTFM
Ve tfech pfipadech vedla informace
z ultrazvukového vyietfeni ke zméné ope-
racniho postupuy, z toho jednou zasadné.
U pacienta £ Z, 51letého muze, mél by-
pass po nagitl pratok 12,8 ml = min"; CFI
byl 0,94, V dalél {azi operace byla prove-
dena plastika twrdé pleny, fixace kostn(
ploténku a suturam. temporalis. Pred
seditim podkoZi pfi kontrole prichod-
nosti doglo k poklesu pritoku bypassu na
3ml = mirr’; CFl klesl na 0,22, Na zaklads
téchto parametrd jsme sa rozhedli pro re-
vizi rény. Po povoleni oteklého temporal-
niho svalu se pritok i CF vratily k pdvod-
nim hodnotam.

W dakich dvou pfipadech sonografické
wyzetren( lehce modifikovalo wkon. U pa-

cienta €. 9, opét 51letéha mufe, jsme pfi
wibéru vétve a. temporalis superficialis byli
na zakladé angiografie rozhodnuti pro
frontalni vétev. Byla lépe plnéna a nebyla
spucasti kolateralizace uzavéru. Perope-
racné jsme zaznamenali prekvapive vysoky
pritok v parietaln vEtvi, ktery byl vl nez
ve vEtvi frontalnl. Proto jsme parietalni
witey volili za darce. Po protéti a maturaci
parietalni vEtve byl jeil pritok (CF) 32 ml =
min~'. Po naiit t&to tepny na tenkou kor-
tikalnl tepnu klesl pritok bypassem (BF)
17ml = min-'; CFl 0,51. Tento pokles byl
dan gracilitou recipientnl tepny. U tohoto
pacienta jsme na pooperacni angiografii
zaznamenali 38 typ plnénl bypassu.

U pacienta £. 1, 67letého muze, byl po
mobilizaci parietalni vétve ATS extrémné
nizky prittok (CF= 2,16ml x min™). Ddwo-
dem byla t&2ka aterosklerdza vétve tem-
poralnl tepny. Po endarterektomii Gstl
darcovzke tepny a dalél maturaci cévy se
CF zlepéil. Pritok bypassem byl jiz kvalitni
{BF = 13,2ml = min"). ¥ tab. 3 je zazna-
menan CF pred endarterektomil ATS i po
ni. U tohoto pacienta bylo prokdzano po-
operzcéni plnéni 3A.

Diskuze

Prichodnost bypassu

Roku 1985 byly publikovany wysledky
mezinarodni kooperativnil studie [10]. Tato

Pritok ATS pred mobilizaci
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Obr. 2. Peroperaéni hodnoty pritoku cévou v ml/min — wstup ultrazvukového
flowwmetru TTEM. Wyznam Cut Flow a Bypass Flow je popsan v metodice ultra-

ovukového vyietreni.

studie mima jiné poskytla chirurgickeé wy-
sledky, které [ze oznacit za zlaty standard.
Bylo operovano 652 pacientd. Prachod-
nost bypassu byla prokazana v 95 % [10].

WV natem pisemnictvi Tovary: prezen-
toval 96 pacientd s extra-intrakranial-
nim bypassem. Prichodnost bypassu na
pooperaéni angiografii byla 86 % [27].
Gajdotova s Palkovicem hodnotili v 40
pacientl bypass angiograficky a elektro-
fyziologicky, popsali 100% prochodnost
bypaszu na D3A [28). Krahulik et al do-
sahli u 35 pacientd v sonografickém sledo-
vanl 92% prichodnost [29]. Sames et al
u 18 pacientd prokazujl 100% prichod-
nost bypassu na Sasné angiografii, thetl
mészic po operaci byl jeden bypass nepri-
chodny [30].

Kratkodoby uzdvér recipientni tepny na
2040 minut pfi Sitl konvenéniho bypassu
neni spojen s vyznamnym rizikem iktu [31].
Casny uzaver anastomdézy by mohl tecre-
ticky vést k iktu naslednou trombdzou re-
cipientnl cévy ¢i hemodynamicky. V praxi
byva uzavér nizkopritokového bypassu
asymptomaticky. Funkce bypassu je dana
promérem pfijimajici a darcovsks céy, izl
atercsklerotického postizeni, poptavkou
po pritoku bypassemn (spravna indikace),
smérem naéitl (antidromnl, syndromni)
[20]. Wznamnym technickym hendike-
pem konvenéniho bypassu mize byt ne-
adekvatng tenky kalibr recipientni cévy.

Peroperadni testy priachodnosti
bypassu
Je popsano vice peroperadnich testd pro-
chodnosti bypassu. Hlavnim rizikowym mo-
mentem manuélniho ,finskéhotestu™ [32]
je okamik zvednuti recipientni tepny ze
sulku, kdy dochazi k napéti drobnych
perforatord. MasaZ cévy pfi testu je spo-
jena s rizikem poranéni intirmy.
Peroperaéni DSA miZe zdsadné zmé-
nit zamyEleny pribéh operace extra-intra-
kranidlnlho bypassu [33]. UZitl u nizkoprd-
tokového bypassu je popséno pouze na
tfech vétiich souborech [34-36]. Yanaka
na jejim podkladé modifikoval swdj postup
u sedmi procent bypassd. Vizualizaci ana-
stomdzy peroperaéné umoinuje pouZiti
dnes jif diroce dostupné videoangiogra-
fie 5 indocyaninovou zeleni (near-infrared
indocyanin green angiography, 1CG) [37].

Peroperaéni ultrazvukové vysetreni
Pfestole je peroperacni MD5 v neuro-
chirurgii ufivana pres 20 let [11,12,38],
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PEROPERACNI KONTROLA FUNKCE EXTRA-INTRAKRANIALNIHO BYPASSU ULTRAZVUKCWVYMI METODAMI

nebylo jeji pouZiti popsanao na vétiim sou-
boru pacientd s bypassem. Pfinos TTFR
pfi extra-intrakranidlnim bypassu byl
zhodnocen roku 2005 v retrospektivni
analyze 51 pacienta [26].

Zde Amin-Hanjani et al popisujl dvé
hlavni pfiiny uzavéru bypassu: indikaéni
chyba bypassu, kdy je mald poptavka
po pritoku tenkou spojkou, a technicka
chyba [26]. N3& protokal (tab. 2) umoz-
fiuje kombinaci TTFM a MDS ziskat per-
operacnl informaci o typu hrozictho pro-
blému. 5 wyjimkou chybné indikace
bypassu jgj lze operativné napravit.

Kromé pritoku hodnotime pomocl
TTFM index pulzatility (P1). PI byl zave-
den Goslingem et al [39] jako neinvazivni
metoda stanoveni periferni cévnl rezis-
tence (R). Pl odvozeny z rychlosti dava
bohuzel informaci spiie o stendze proxi-
malné cd mista mé&feni.

TTFM dava presnou hodnotu pritoku
behem srdeéniho cyklu. Pl se zde stanovuje
z pritoku {QF PI=(Cra — QrnkQraan, kde
max, min a mean jsou hodnoty b&hem
jednoho srdeéniho cyklu. Tento wpoéet
e jiZ vice bl Ohmovu zékonu. Zmény
v Pl ziskané pomoci TTFM davajl proto
vice informacl o potencialnim problému
v céyé distalné od méfeni. Mozkova dir-
kulace ve fazi hemodynamického selhani
je wjrazné nizkoodporova. Za této situ-
ace prokazané zmény v Pl po proveden(
anastomdzy mohou vypovidat o stavu
anastomozy (srovnani CFPl a BFPI). Po-
u#itli hodnoceni Pl je zatim béZné pouze
v kardiochirurgii [40].

Laveér

Mefeni pritoku pomod TTFM je uZitedna
neinvazivni metoda, kterd dévé absolutni
hodnotu pritoku cévou. V kombinaci
= MDS umo#nuje peroperacni detekoi vét-
Einy pifcin malfunkce bypassu.
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4. Mikrochirurgie v 1é¢bé akutni ICMP zpusobené ELVO

Narast poétu 1é¢enych pacientt s akutni iCMP v KCC Ceské Budgjovice (viz. Kap 2.1. a 2.2.)
a kultivace ¢asovych intervalti pouzivanych k hodnoceni kvality 1é¢by iCMP (Obrazek 1)
ptivedla nas tym roku 2016 ke konfrontaci s n¢kolika pacienty, ktefi byli v ¢asovém okné pro
revaskularizaci mozku, ale selhala u nich mechanicka trombektomie (viz kap. 2.3.).

Vzhledem k nasim zkuSenostem s mikrochirurgii mozkovych cév jsme v institutu krajni nouze
zaCali uvazovat o urgentni mikrochirurgické revaskularizaci mozku. V té dobé jsme v
tehdy recentni literatufe nebyli schopni nalézt zadné relevantni informace o mikrochirurgii
akutni iCMP v modernim iktovém centru. Proto jsme pod metodickym vedenim doc. PhDr.
Miloslava Klugara Ph.D. vytvofili systemické review hodnotici toto téma (kapitola 4.1.).
Vytvorili jsme institucionalni protokol pro 1é¢bu akutni iCMP schvaleny lokalni etickou komisi

(kapitola 4.2.). Podle tohoto protokolu jsme systematicky 1é¢ili indikované pacienty.

Obrizek 1. KCC Ceské Budgjovice, vyvoj ¢asovych intervald v 16¢bé akutni iCMP
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Legenda: OTT (onset-to-treatment time, interval mezi zacatkem iCMP a zahajenim 1éCby),
DNT (door-to-needle time, interval mezi vstupem do zdravotnického zafizeni a podanim
systémové trombolyzy do zily) a DGT (door-to-groin time, interval mezi vstupem do
zdravotnického zaiizeni a za vpichem do tiisla na angiografické lince. Casové tidaje jsou

V minutach.
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4.1. Systemické review a ukazkova kasusistika

U¢innost a bezpe¢nost emergentni mikrochirurgické embolektomie a EC — IC bypassu u
pacientu s akutni iCMP po selhani intravenézni trombolyzy a mechanické trombektomie.

Systemické review a ukazkova kasuistika

Review vypracoval pod metodickym vedenim doc. Ph.Dr. Miloslava Klugara Ph.D. Mudr. Jifi
Fiedler Ph.D. a Mudr. Marek Grubhoffer.

Uvod

Intraveno6zni trombolyza (IVT) a mechanickd trombektomie (MT) jsou standardem v 1écbé
akutni ischemické cévni mozkové piihody (iICMP) zplisobené uzavérem velké cévy (ELVO,
Emergency Large Vessel Occlusion).5? Recentni studie rozsifuji terapeutické okno pro MT u
vybranych pacientl se zachovanymi perfuznimi parametry az na 16, respektive 24 hodin od
vzniku piiznaka.®3® Usp&sna rekanalizace po MT, hodnocena jako modified treatment in
cerebral ischemia (MTICI)® 2b-3, byla v endovaskularnich studiich dosazena v 59-88 %
piipadi.®®"® Piiblizné v 10 % piipadii se vSak nedafi dosahnout rekanalizace vibec.®
Pretrvavajici uzavér po selhani MT je spojen se Spatnym klinickym vysledkem a je tieba pokusit
se o dali postup k otevieni cévy.’ Mikrochirurgické intervence miize nabidnout dal3i zpisob
rekanalizace ELVO v pfedni cirkulaci pomoci dvou hlavnich pfistupli — mikrochirurgické
embolektomie (ME), extra-intrakranialniho (EC-IC) bypassu ¢i jejich kombinaci.

Tato systemickd analyza dostupné literatury ma za Ukol ozfejmit bezpecnost a Uc¢innost
emergentni (do 24 hod od pocatku ptiznakti) ME a EC — IC v akutni revaskularizaci mozku po
IVT a ovéfit postaveni mikrochirurgie jako moznosti 3. volby po selhani IVT a MT v akutni

lécbe iICMP.

Metodika

Systemickd analyza byla registrovana V prospektivnim registru pro systemickd review
PROSPERO pod c¢islem: CRD42017078511. K analyze byla pouzita doporuceni CARE (Case
report guidelines)’?; PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analysis,)” a , Joanna Briggs Institute Reviewer's Manual®.’*
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Studie zahrnuté do review

Do analyzy byly zahrnuty vSechny prace hodnotici akutni iCMP dospélych s ELVO a IVT
1é¢bou (standardni davka rt-PA podana intravenosné v Evropé 0,9 mg/kg, v Asii 0,6mg/kg; tato
davka je podana béhem 4,5hodinového lécebného okna od pocatku piiznaktli) s naslednym

selhanim (eventudlné nedostupnosti) MT.

Typy intervenci

Do analyzy byly zahrnut v§echny studie, kde mikrochirurgicka embolektomie, EC — IC bypass
nebo jejich kombinace byly provedeny do 24 hod od pocatku piiznakt. Casovy odstup byl
podrobnéji hodnocen ve skupinach do 8 hod od pocatku ptiznaki, do 16 a do 24 hod.

Typy vysledkii

Do analyzy byly zahrnuty v§echny studie, kde byla pouZzita standardizovana hodnotici kritéria:
e mRS (modifikovana skala Rankina) za 90 dnti a po roce od iCMP.
e NIHSS (National Institutes of Health Stroke Scale) za 24 hod, 5 a 7 dnt od iCMP, nebo
pii dimisi, byla-li dfive.
e mTICI (modified treatment in cerebral ischemia podle CTA)
Jako sekundarni vystup byl hodnocen:
e Vyskyt symptomatického intracerebralniho krvaceni véetné
subarachnoidealnich hematomii ve spojeni s klinickymi symptomy, definované
jako parenchymatosni hematom druhého typu a klinické zhorSeni v NIHSS 4 a
hafte.
e Mortalita 90 den od iCMP a po roce.
e Chirurgické komplikace.

Typy studii

Zamérem byla analyza vSech dostupnych studii s experimentalnim 1 observacnim designem.

Byly nalezeny pouze kasuistiky.

Strategie vyhleddvani

Byla pouzita tfistupiiova vyhledavaci strategie s cilem nalézt publikované i nepublikované
studie. V piipadé, Ze studie publikovana v jakémkoliv cizim jazyce méla ndzev nebo abstrakt

v anglic¢ting, byla také pfijata do review. I studie bez ¢asového ramce byla pfijaty do review.
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Prohledavané databaze
MedLine@Ovid MEDLINE®, Bibliographia medica Cechoslovaca, EMBASE, Cinahl, Scopus
a Web of Science. Vyhledavani nepublikovanych studii zahrnovalo: Open Grey, MedNar,

Hospital Premium Collection (ProQuest).

Vyhledané studie

Dva hodnotitel¢ (Jiti Fiedler, Marek Grubhoffer) nezavisle prosli vSechny vyhledané vystupy
Z databazi pro mozné zahrnuti do studie ve dvou fazich. V prvni fazi hodnotili ndzvy ¢lankt a

abstrakta. Ve druhé fazi byly analyzovany vSechny relevantni ,,fulltexty*.

Riziko , bias ““ u individudlnich studii

Prace urcené k vyfazeni z review byly zhodnoceny nezavisle hodnotiteli JF a MG. Pfipadny
rozpor byl rozhodnut tietim hodnotitelem (Miloslav Klugar) s pouzitim standardizovaného
nastroje pro kritické hodnoceni od Joanna Briggs Institute.”* JF nehodnotil &lanky, které

publikoval.

Sbeér dat
Data byla extrahovana nezavisle dvéma hodnotiteli (JF a MG) z ¢lanku proslych sitem review

pomoci standardizovaného extrakéniho systému CARE (Case Report Guideline Checklist).

Chybéjici data

V ptipad€ chybéjicich dat byli autofi hodnocenych studii kontaktovani elektronickou cestou.

Pouze autofii 3 ¢lankt odpoveédéli a dodali adekvatni informace.

,Data synthesis ‘

Finaln¢ z vybranych ¢lankd zahrnutych studii byla provedena interpretace s kritickou syntésou

(The narrative synthesis). K popisu byla pouzita deskriptivni statistika.

Vysledky systemického review

Ttistupnoveé vyhledavani bylo aktualizovano v dubnu 2020. Bylo nalezeno 3267 potencialnich
¢lanki: 24 v Medline, 40 v Embase, 4 v CINAHL, 48 ve Scopus, 59 ve Web of Science, 1 v
Bibliographica medica Cechoslovaca, 22 v ProQuest, 0 v COS Conference Papers Index, 0 v
Open Grey, 60 v Mednar.
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Bylo identifikovano a odstranéno 1628 duplikaci pomoci cita¢niho manazerského softwaru
(EndNote X9). Primarni a sekundarni hodnotitelé nezavisle podle vstupnich kritérii analyzovali
nazev a abstrakt u 1639 potencidlné¢ relevantnich ¢lankt. U devadesati tii potencidlné
relevantnich ¢lankt byly ziskany jejich “fulltexty”. Studiem reference téchto ¢lanka bylo
ziskano dalSich 11 potencidlné relevantnich ¢lankti. Béhem druhé faze studia clanki podle
“fulltextt” bylo vytazeno dalSich 92 nerelevatnich publikaci. Vyslednych dvanact ¢lanka bylo

zahrnuto do tohoto systemického review. (Tabulka 1)

Metodologicka kvalita

Metodologicka kvalita byla stanovena pomoci “JBI Critical Appraisal Checklist for Case
Reports”.”* Dva hodnotitelé (JF a MG) nezavisle popsali kazdou studii, nesoulad byl vyfesen
tietim hodnotitelem (MK). (Tabulka 1)

Narrativni syntéza dat

Bylo vybrano 12 relevantnich studii o celkovém poctu 13 pacienttl ve vékovém rozmezi 33-78
let, z toho 10 muzzd,’>858tnek autora 5 1yominyji kazuistiky z asijské oblasti, pouze v jednom
piipadé byla z evropského pracovisté, naseho pracoviste flanck auora 5. \/ p&ti p¥ipadech byla
provedena ME,"®76.79.80&linck autora 3.y, ge5ti EC — IC bypass typu superficial temporal artery—
middle cerebral artery (STA-MCA) bypass.’"’88284 Ve dvou p¥ipadech byla ME doplnéna o
STA-MCA bypass k posileni priitoku.8® Podana davka IVT nebyla uvedena pouze ve dvou
ptipadech.”"®V deviti ptipadech byla pouzita davka 0,6mg/kg7> 884 v jednom 0,9mg/kg.linck
autora S \/ jednom piipadé byla uvedena celkova podana davka.”® Pokus o endovaskularni 1é¢bu
byl dokumentovan v osmi piipadech. Ve dvou piipadech MT"®# v jednom intraarterialni
trombolyza (IAT)?, ve tiech ptipadech kombinace MT a IAT.">"®85 Ve dvou ptipadech selhala
endovaskularni 1é¢ba z divodu kompletni okluze karotidy v krénim useku.8183 U péti pacienti
nebyla endovaskularni 1é¢ba provedena, pouze ¢tyii autofi uvedli ditvod.””78:80clinckautora . p R
,perfusion—diffusion mismatch* byl dominantni zobrazovaci metodou k verifikaci penumbry
(46,2 %).

Ve skupiné ME byl preferovan pfistup zpteriondlni kraniotomie ve ctyfech
piipadech’6:8085inck autora S - minimally invasive and rapid surgical embolectomy (MIRSE) ve
dvou piipadech™’®, v jednom ptipadé nebyl p¥istup uveden®’. Kompletni rekanalizace mTICI
3 bylo dosazeno ve skupiné ME ve vSech piipadech. Onset to flow time se ve skupiné ME

pohyboval v rozmezi 312 az 660 minut, ve skupiné bypasst 740 az 990 minut. U ¢tyfech
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pacientli nebyl tento &as uveden.””88% Krvacivé komplikace po IVT, ani chirurgické
komplikace nebyly dokumentovany.

Vstupni NIHSS se pohybovalo mezi 6-28 body, ptfedopera¢né 9-30 bodu, pooperacné 0-17
bodii. U tech pacientti bylo pooperacni zlepSeni dokumentovéano slovnim popisem klinického
stavu.’®8%82 prechodné pooperaéni zhorSeni neurodeficitu bylo zaznamenano pouze v jednom
piipadé.! Functional independence (MRS 0-2) byla dosazena u deviti pacientl (69,2 %) pii

hodnoceni v rozmezi ¢asového tiseku 2-12 mésicti po operaci.’> 7779818384 clanck autora 5.

¢zky
neurodeficit MRS 4-5 pietrval u dvou pacientl (15,4 %).828 V jednom ptipadé zcela chybi

dlouhodobgjsi outcome pacienta.®®

Tabulka 1. Stanoveni metodologické kvality béhem systemického review.

Poradi citace v reference, 1.autor, rok Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 |Overall
75. Park et al. 2009 0] N Y Y Y Y Y Y |6
76. Kim et al. 2011 U N Y Y Y Y ) Y B
77. Hwang et al. 2011 U N Y ) U Y Y Y |
78. Tabuchi et al. 2013 u Y U Y Y u Y Y |
79. Park et al. 2014 U N Y Y U Y Y Y 5
80. Katsuno et al. 2014 U N Y Y Y U Y Y P
81. Sygiyama et al. 2015 U N Y Y Y Y Y Y |6
82. Takeuchi et al. 2015 N N Y Y Y U Y Y [
83. Choi et al. 2016 U N Y Y Y Y Y Y 6
84, Kanematsu et al. 2018 (patient 1-2) U Y Y Y Y U Y Y |6
85. Jeon et al. 2019 ] N Y Y U N Y Y 4
Clanek autora 5: Fiedler et al. 2019 U N Y Y Y Y Y Y 6
Legenda — U: unclear, Y: yes, ano, N:ne. Q1 — Q8 standardizované otazky JBI**
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Dokumentujici kasuistika

75lety pacient byl ptijat do komplexniho cerebrovaskularniho centra 116 minut po nahlém
vzniku levostranné hemiparézy s poruchou fte¢i. Pacient se 1€Cil s hypertenzi, diabetem,
revmatoidni artritidou, chronickou zilni insuficienci s rozsahlymi koznimi defekty obou bércii,
nekoufil. V minulosti téZ prodé¢lal infarkt myokardu a plicni embolii jako komplikaci
flebotrombozy. V ramci chronické medikace uzival warfarin, peroralni antidiabetika,
antihypertenziva a statiny. Premorbidné bylo mRS 0. Pfi pfijmu byla pfitomna tézka paréza
levé horni koncetiny, stiedné tézka paréza levé dolni koncetiny, setiela fec a parcialni neglect
syndrom vlevo. NIHSS bylo 14. Nativni CT mozku (Toshiba, Tokio, Japan) prokazalo ,,dense
artery sign“ prav¢ arteria cerebri media (RMCA), ASPECT score bylo 10. V arterialni fazi CTA
byla pfitomna intrakranialné¢ okluze RMCA v seku M1-2 v délce 13 mm s proximalné
naléhajicim volnym trombem, extrakranialné kink truncus brachiocephalicus a odstupu pravé
arteria carotis communis (RCCA), okluze pravé arteria carotis interna (RICA) v bifurkaci a
sten6za levé arteria carotis interna (LICA) 90 %. (Obrazek 2, 3). Na perfuznim CT byl
Vv teritoriu RMCA zvysSeny relative cerebral blood volume (rCBV) o 0,7-1,5 ml/100 g,
prodlouZzeny mean transit time (MTT) o 1,6-2,8 s a time to peak (TTP) o 15-18 s. Prukaz
tandemové okluze v CTAG obraze byl indikaci ke kombinované 1écbé IVT a MT. Vstupni
hodnota INR byla 1,5. Door to needle time (DNT) byl 49 minut. Po zahéjeni IVT v davce 0,9
mg/kg byl pacient transportovan na angiograficky sal. Door to groin time (DGT) byl 94 minut.
Po dvou pokusech aspirace se nepodafilo zprichodnit uzédvér RICA. Cestou piedni
komunikanty se plnila po trombolyze rekanalizovand RMCA M1 a jedna vétev M2.
Endovaskularni zpriichodnéni uzaviené druhé vétve M2 nebylo cestou LICA mozné. Zakrok
byl po 40 minutach ukoncen s deklaraci selhani. Klinicky nélez ziistal nezménén, NIHSS 14.
Na zdklad¢ shody clenti iktového tymu byla indikovana emergentni neurochirurgicka
rekanalizace, jako zaloZni plan bylo uvazovano o EC-IC bypassu na povodi zaviené tepny.
Tento postup je schvalen lokalni etickou komisi a souc¢asti institucionalniho protokolu. Pacient
dal k zékroku v krajni nouzi informovany souhlas.

Pted operaci bylo aplikovano intraven6zné 3000 IU prothrombinu. KoZni fez byl 321 minut po
vzniku iktu. Nejprve byla vypreparovana frontalni vétev pravé STA. Cut flow byl 69ml/min.%
Clanck autora 4. \g5]ledné z lateralni supraorbitdlni kraniotomie byla cilen& rozpreparovéna sylvijska
$térbina.®” Byl nalezen horni trunk M2 — RMCA uzavieny ¢ernym trombem, za odstupem prvni
kortikalni vétve byla patrna 1 kalcifikovana stendza. Po nalozeni docasného klipu proximalné
pted stendzu byla provedena podélnd incize kmene M2 a odstranén ¢erny trombus. Z distalnich

¢asti trunku byl poté vytazen pomoci Fogartyho katetru F2 (Edwards Lifesciences, Irvine, Ca,
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USA) dalsi trombus. Kalcifikovany plat se vSak podafilo odstranit jen castecné i1 pies
prodlouzeni arteriotomie. Zpétny prutok cévou byl slaby, pomoci flowmetru neméfitelny. Z
téchto diivodi byl na arteriotomii v kmeni M2 nasit ,,end-to-side* bypass konvenc¢ni technikou
s vyuzitim frontalni vétve STA. Bypass flow byl 33 ml/min, cut flow index 0,48.%° Pritok byl
dosazen za 136 minut od kozniho fezu. Onset-flow time byl 456 min. Béhem operace nebyl
problém s hemostdzou. Poopera¢ni CT a CTAG vyloucilo krvacivou komplikaci a prokazalo
prichodnost vSech vétvi RMCA véetné patentniho EC-IC bypassu, bez znamek hypoperfuze.
(obrazek 4). NIHSS po 24 hodinach bylo 10. Po vyloueni hyperkoagula¢nich stavi a
kardioemboliza¢ni pfi¢iny byla etiologie iktu uzaviena jako intrakranidlni ateroskleroza
(ICAS). Od prvniho poopera¢niho dne byl nasazen nizkomolekularni heparin v profylaktické
davce. Tteti den doslo k rozvoji respiracni insuficience s nutnosti reintubace, sedace, umelé
plicni ventilace a cilené antibiotické terapie pfti katetrové stafylokové sepsi. Sedmy den byl
pacient extubovan a pfelozen na standardni oddéleni, kde byla zahdjena intenzivni
neurorehabilitace, NIHSS 2. 10. den po operaci byla zahajena antikoagulace warfarinem. Pfi
kontrole po tfech mésicich byl pacient bez neurodeficitu, NIHSS 0, mRS 0. Na MR 1,5 T
(Philips Healthcare, Best, Nizozemsko) ve FLAIR sekvenci byly detekovany drobné
ischemické zmény v bazalnich gangliich vpravo. Pritok bypassem (obrazek 5) byl zméfen
pomoci kvantitativni MR angiografie s vyuzitim softwaru Non-invasive Optimal Vessel
Analysis (NOVA, VasSol Inc, River Forest, Il, USA) a ¢inil 83ml/min.88 160. den po iktu byla
feSena asymptomaticka stendza LICA implantaci stentu. 1 rok po iktu byl pacient nadale bez

neurodeficitu, mRS 0. Pacient zemfel 50 mésicli po iktu na nésledky pneumonie pii Covid-19.
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Obrazek 2. Dokumentujici kasuistika, CTA koronarni MIP skeny krku p¥edoperaéné.

Legenda obrazku 2: Na levé stran¢ obrazku je patrny uzavér pravé vnitini karotidy
v bifurkaci s plnénim pouze vétvi pravé vnéjsi karotidy.
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Obrazek 3. Dokumentujici kasuistika. CTA axialni MIP skeny mozku pfedoperacné

Legenda obrazku 3. — Na levé strané obrazku je patrny uzavér M1 vpravo s retrogradnim
plnénim M2.
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Obrazek 4. Dokumentujici kasuistika. Pooperacni 3D CTA skeny mozku prvni pooperacni

den.

Legenda obrazku 4. Na levé strané obrazku je patrno plnéni bypassu z vétve a. temporalis

superficialis do M2, stejné jako je vidét rekanalizovany segment M1.
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Obrazek 5. Dokumentujici kasuistika. Pritok EC — IC bypassem na gMRA NOVA. Kontrola

rok po operaci.

| weno-neck ¥ N EETTTR Savere | '3 show | flon ot

Legenda obrazku 5. Na 3D modelu je vidét v pravé ¢asti obrazku a. temporalis superficialis,
tepna je oznacena v 3D modelu jako STA. Tato tepna je donorem bypass, priitok touto tepnou
je tedy i pritokem bypassem do MCA. Na této tepné se nachazi ROI vyznacend zlutym
Ctvercem. V této oblasti byl stanoven pritoku bypassem, ktery ¢ini 83 ml/min. Oblast distalnich

vétvi RMCA neni zobrazena kvuli nastavenému rozsahu segmentace 3D modelu.
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Diskuze vysledkt review

MT zlepSuje funkeni vysledek a snizuje tfiméesicni mortalitu u pacientii s ELVO v porovnani se
samotnou medikamentézni 1é¢bou.® Recentni studie DEFUSE 3 a DAWN sou¢asné prokazaly,
Ze pacienti s pfitomnym ,,penumbra-core” a ,,clinical-core mismatch* profituji z reperfuzni
1é¢by i po 16, respektive 24 hodinach od vzniku iktu.83649%0

I ptes pokrok ve vyvoji novych endovaskuldrnich systémii nemusi byt rekanalizace tispésna.
Leischner et al. provedli analyzu u téchto pacientii a stanovili tii situace selhdni MT®. Zaprvé
se nelze dostat k uzavrené tepné z ditvodu neuspésné punkce femoralni arterie v trisle, stenozy
¢i elongace extrakranialnich tepen. Zadruhé uzaver tepny je dosazen, ale nelze pres okluzi
projit instrumentariem. Zatieti se dari priichod uzdaverem, ale neni uspésné samotné vybaveni
embolu.® Selhani MT miiZe souviset s velikosti a etiologii embolu, intrakranialni aterosklerdzou
¢i poskozenim endotelu béhem neurointervence.’! Zejména kalcifikované emboly jsou spojeny
s hor$i progndzou.®t%? Zasadnim faktorem je i dostupnost endovaskularni 1é¢by. Néktera
pracovisté nedisponuji 24/7 neurointervenéni terapii.8%%

Mikrochirurgicka revaskularizace — ME, ¢i EC-IC bypass poskytuje alternativni moznost
reperfiize. Od svych pocatki v 70. letech vSak prochazi v terapii AIS kolisavym vyvojem, Viz
kapitola 2.5.3.°* Rada mensich studii naopak prokazala pfinos ¢asného EC-IC bypassu
Vv prevenci progrese neurologického deficitu u AIS. 49569

Arteria temporalis superficialis (ATS) jako donor bypassu posiluje prokrveni v povodi distalné
za uzadvérem MCA. Vyhodou mikrochirurgické embolektomie (ME) je pfimé odstranéni okluze
a potencialn€ i obnoveni prutoku perforatory odstupujicich v misté okluze. Recentni japonské
studie, kde ME figurovala jako prvni, ¢i druha metoda 1é¢by, vykazovaly vysokou tspéSnost
kompletni rekanalizace u pacientii s ELVO v 91-100 %. Funkéni nezavislosti (MRS 0-2) bylo
dosazeno u 28,6-30 % pacienti, v 0-14,3 % doslo k timrti.>>® ME se uplatnila i v fadé ptipadi
extrakci cizich téles napiiklad pfi embolizaci brokd po stielném poranéni krku, pfi
komplikacich endovaskularni 1é€by jako migrujici coil, balon, zaseknuty stent, ¢i Unik

lepidla.®®1% V této skupiné je tfeba zminit praci ¢eskych autori Hanince a spol z ro. 1996.%

Operatér musi byt pfipraveny na ob¢ varianty vykonu. Kombinace téchto mikrochirurgickych
metod byly v ramci review téZ zaznamenany.

Operace mozku do 24 hodin po podani IVT je kontroverznim tématem. V tomto systemickém
review nebyly nalezeny u zadného z pacienti hemoragické komplikace v perioperaénim
obdobi.
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Limitace systemického review

Toto review ma nékolik omezeni. Relativné malé mnozstvi pacienttl, vétSinou se jedna pouze
o kasuistiky, ¢i malé kohorty. Dale jsme se setkali s neuniformnim hodnocenim ¢asi v terapii
AIS a vnekterych piipadech 1 s kratkym sledovanim vcetné nedostatecného hodnoceni
funk¢niho vysledku. U budoucich praci na toto téma doporucujeme standardizované hodnoceni
funkéniho vysledku pomoci NIHSS a mRS v ¢asovém useku minimdln€¢ 1 roku a dusledné

hodnoceni ¢astl v terapii akutni iCMP dle platnych doporucent.®?

Zavér systemického review

Jako 1écba tietiho sledu, po selhani IVT a MT, se emergentni ME, EC-IC bypass, ¢i jejich
kombinace jevi jako bezpecné a potencidln¢ efektivni metody lécby u pacienti s ELVO
supratentorialni mozkové cirkulace. Nejsou k dispozici zadna data, ktera by srovnala otevienou

operativu a pfirozeny prub¢h pacienta se selhanim IVT a MT.
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4.2. Protokol 1é¢by akutni iCMP v Nemocnici Ceské Budé&jovice pomoci IVT, MT a

mikrochirurgie

Tabulka 2. Institucionalni protokol 1é¢by akutni okluze MCA — podminky indikace k IVT, MT

a EMIAS. KCC Ceské Budgjovice, evoluce 5/2021.

IvT VT MT MT EMIAS EMIAS
interval od iCMP | 0-4,5 hod | 4,5-9 hod | 0-6 hod | 6-24 hod 0-6 hod 6-24 hod
vék [roky] 216 216 218 218 218 218
mRS <4 <4 <3 <2 <3 <2
premorbidné
, do do
TK vstupni 185/100 185/100 XXX XXX XXX XXX
. | 4-25(>25 | 4-25(>25
> > > >
NIHSSstupni | o givid) | individ) | 22 26 22 26
INR <1,7 <1,7 XXX XXX XXX XXX
Pr::tglond Pr::l;gd Praxbind Praxbind
-Dlrektnl . odstup 48 | odstup 48 XXX XXX nebo odstup | nebo odstup
antikoagulancia 48 h od posl. | 48 h od posl.
h od posl. | h od posl. davk davk
davky davky ¥ ¥
> >
Glykémie 22,78 22,78 XXX XXX XXX XXX
mmol/I mmol/I
Pocet desticek > 100000
Ischemie Ischemie | Ischemie | Ischemie
CT mozku do 1/3 do 1/3 do1/3 | do1/3 . C
nativné MCA MCA MCA MCA Individualné | Individualné
povodi povodi povodi | povodi
ASPECTS XXX XXX 26 >6 26 26
Perfusni CT (pCT) XXX ANO ANO ANO ANO ANO
pCT Objem jadra XXX < 70ml| <70ml | <70ml < 70ml| IndividudIné
PCT Objem XXX XXX > 15 >15 >15 Individualng
penumbry
pCT Hy|:,>operfuse XXX >12 >138 >1,8 >1,8 >1,8
/Jadro
- - <
MRischemie |, = wus| x| P21 xxx | individusing | Individuaing
DWI /Flair ml

Legenda k tabulce 2: IVT systémova trombolyza, MT endovaskularni revaskularizace mozku, EMIAS
— mikrochirurgicka revaskularizace mozku, mRS modifikovana Rankinova $kala, INR stav koagulace,
XXX — neni kontraindikaci, h hod, 1/3 MCA — 1/3 povodi stfedni mozkové tepny. WUS wake up stroke
— pacient s iCMP nalezeny rano bez jasného udaje o pocatku iCMP, TK
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4.3. Prinos autora znalostem V této oblasti

Clanek 5. Fiedler J, Ostry S, Bombic M, Sterba L, Kostal P. Urgent Middle Cerebral
Artery Embolectomy of Calcified Embolus After Intravenous Thrombolysis: 2 — Dimensional
Operative Video. Oper Neurosurg (Hagerstown) 2019 Aug 1;17 (2): 54-55.

doi: 10.1093/ons/opy404.

Podil autora na ¢lanku 5.

Jsem hlavnim i koresponden¢nim autorem, operatérem a tviircem operacniho videa.

Shrnuti ¢lanku 5.

V tomto operac¢nim videu, které je voln¢ dostupné na tomto odkazu: Urgent Middle Cerebral

Artery Embolectomy of Calcified Embol... : Operative Neurosurgery (Iww.com) kromé vlastni

chirurgické techniky mikrochirurgické embolektomie podrobné popisujeme perioperacni
protokol hemokoagula¢niho vySetieni u pacientky s otevienou operaci mozkové cévy ihned po
IVT.

Tuto kasuistiku, vcetné operacniho videa, jsme publikovali v oficialnim ¢asopisu Kongresu
americkych neurochirurgti (CNS). V dostupné anglické literatufe (viz systemické review, kap.
4. 1.) jsme nenasli zadnou praci, ktera by popisovala operaci CCE (Calcified Cerebral Embolus,
kalcifikovany mozkovy embolus) ihned po IVT. CNS ve svém komentéii k tomuto operaénimu
videu doporucil toto chirurgické video jako vhodny studijni materidl pro vSechny
cerebrovaskularni neurochirurgy.!?

Kontext ¢lanku 5 a habilitaéni prace.

Material ziskany z mozkové tepny béhem 1écby emergentniho uzévéru velké mozkové cévy
(ELVO) pomoci endovaskularni mechanické trombektomie (MT) je rtiznorody. Soucasna data
napovidaji tomu, zZe slozeni embolu ma vliv na MT — na pocet pokust nutnych k rekanalizaci,
na odpor pfi vytahovani materialu a na trombolyticky potencial pii IVT. Jolugbo et al.!%
Vv tomto systemickém review zhodnotil témét 700 kvalitnich publikaci do cervna 2020
hodnoticich vliv slozeni trombu na uspéSnost IVT a MT. Rozdélil typy trombi ziskanych
béhem MT podle dominantniho obsahu fibrinu, desticek, ¢ervenych krevnich bunék, von
Willebrandova faktoru a neurotrofilnich extracelularnich hmot. Srazeniny bohaté fibrinem jsou
spojeny s vétsi technickou narocnosti pro radiointervenéni 1é¢bu, srazeniny z erytrocyti

(Cerveny trombus) se radiointervenéné 16¢i nejlépe.’%® Tvrdosti nejvice vzdaleny ¢ervenému
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trombu je Kkalcifikovany mozkovy embolus, CCE. Je popsan u 2,7 % pacienti s akutni
iCMP.1% Emboli, které nejsou kalcifikované maji densitu 50-70 Hounsfieldovych jednotek,
zatimco CCE mé densitu 92-327 jednotek.!®® V piipadé hyperdenzity hladkého tvaru
Vv uzaviené¢ MCA je nutno vyloucit tubularni kalcifikace v ramci intrakranialni aterosklerozy.
Je-li densita nad 90 Hounsfieldovych jednotek, jde o CCE.

Etiologicky CCE vznika spontanné embolizaci kalcifikovanych hmot z oblouku aorty,
brachiocephalického trunku. Ve 14 % ptipadii je CCE spojen mechanickou manipulaci béhem
piedchozi intervenéni procedury.%

CCE je vzacny, je ale ptic¢inou ischemickych CMP, které maji horsi dopad nez jiné etiologie
iktu.1” CCE nereaguje na 1é¢bu IVT dobre.’®® Endovaskularni 1é¢ba je spojena s nizs$im
procentem rekanalizaci nez standardni Cerveny embolus. V recentné publikované kohorté 40
pacientli s CCE bylo pomoci MT dosazeno 58 % rekanalizace.'%°

ZkuSenost naSich intervencni radiologli v naSem centru s CCE také neni uspokojiva. Proto
v souladu s protokolem pro 1é¢bu ELVO jsme indikovali pacientku s CCE a opakovanymi TIA

ihned po dokapani IVT k oteviené mikrochirurgii, a operovali s pfiznivym vysledkem.
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This video shows an urgent microsurgical embolectomy
of the inferior division of the left middle cerebral
artery in a patient treated by intravenous thrombolysis
(IVT). Patient was eligible for endovascular mechanical
thrombectomy'; however, the interventional radiologist
was not comfortable performing the procedure given
prior unsuccessful attempts to remove a calcified cerebral
embolus.? A 75-yr-old female presented with an acute
ischemic stroke with isolated aphasia (NIHSS 9). Using
the drip-and-ship concept, IVT (0.9 mg/kg rt-PA) was
administered in a regional hospital. Fifty-five minutes
after a complete recovery following IVT, multiple transient
ischemic attacks of aphasia were observed. While the
patient was a candidate for mechanical thrombectomy
based on CT perfusion imaging, given the unsuccessful
reports in the literature and the interventional radiol-

ogist’s experience, the decision was made to offer
microsurgical embolectomy of the calcified cerebral
embolus? Informed consent for the procedure was
obtained directly from the patient. Calcified, crumbly
embolus was removed from a 5 mm longitudinal arteri-
otomy. The arteriotomy was sutured with interrupted
10-0 suture. Initial flow after the embolectomy was
6.5 mL/min. Upon inspection, a distal kink was found
in the M2 and after repositioning, flow improved to
35 mL/min.

Postoperative CT angiography documented complete
recanalization. The clinical findings completely resolved
(NIHSS 0) within 12 hr and remained unchanged at 3 mo
and 1yr.

Informed consent was obtained from the patient for use
of media for educational and publication purposes.

KEY WORDS: Brain ischemia, Embolectomy, Microsurgery, Middle cerebral artery, Perfusion imaging, Stroke, Thrombectomy, Tissue plasminogen

activator
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COMMENTS

he authors present a unique case of surgical middle cercbral artery

thrombectomy following initally successful tissue plasminogen
activator administration and resolution of symptoms. While the case
presented is rare, it is an cxcellent example of the benefits that can
be realized when medical, surgical, and endovascular therapies are
considered and appropriately applied in integrated stroke system of care.
The viewer should be directed o the discussion of fibrinogen level evalu-
ation to determine surgical bleeding risk. The authors summarize this
well. The only critique that | can find is the establishment of proximal
and distal control during the inital arteriotomy. It should be oxpected
that any patient with those CTA findings and a fluctuating cxam over
8 hours would have produce moderate retrograde flow. The possibility
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of distal emboli during the plague manipulation should also affect the

decision to place zt least 1 distal clip. This was 2 fun case to watch.

Babu G. Welch
Dallas, Texas

he authors should be commended on their excellent operative video.

[J'l ‘l-lﬂ Bgc ‘DFcﬂ.dU'l'aSEulaI I'J‘l.ffap}“ d-l.f new Stcﬂtriﬂ:rs and thmm-
boaspiration devices should be given atrial prior to initiating open
surpical treatment. Regardless, the authors apply perfusion data o select
an appmpr[.‘llr that was not Eﬂ]}nnd[ng o tqu I'J‘l.frap}'_ OI'J'LEI ﬂ'la.l'l
attempting to elevate her blood pressure or endovascular therapy, the
authors appropriately performed an open embolectomy of 2 calcified
thrombus in the M2, The aperative technique and video is educational
and worth having as a third-tier option in stroke therapy.

Daniel Felbaum

Erol Veznedaroglu
Philadelpbia, Pennsylvania
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IF =8,572

Quartile by IF: SURGERY Q1; Quartile by AlS: SURGERY Q1 (data from 2021)

Podil autora na ¢lanku 6

V této studii se spojilo Centrum vysoce specializované cerebrovaskularni péte Ceské
Bud¢jovice a Ostrava. Jsme spolu s MUDr. Martinem Roubcem, ktery vede KCC Ostrava,
prvnimi autory této prace ana partes aequales. Korespondujicim autorem je prof. MUDr. David

Skoloudik. V ramci studie jsem operoval viechny pacienty

Shrnuti ¢lanku 6

Jde 0 ,,investigator initiated” bicentrickou prospektivni randomizovanou studii, ktera hodnoti

vysledky mikrochirurgické 1€cby v ptipadé selhdni standardni terapie pomoci IVT a MT.

Protokol studie byl zaregistrovany v databdzi klinickych studii americké narodni lékaiské

knihovny Clinical Trials pod ID: NCT05153642. Prace byla publikovéana v oficidlni ¢asopisu

Americké, Australasijské a evropské spole¢nosti pro neuroradiointervenéni 1é6¢buy, élanck autora 6
V letech 20162020 1¢écila vyse uvedené dve centra 2175 pacienti pomoci IVT a 1121

pacientd pomoci MT. V Ceskych Budgjovicich IVT a MT selhala u 22 pacientd (4,5 %),

v Ostravé selhala u 25 pacientii (4,3 %). Tito pacienti se selhanim standardni 1écby byly na

zéklad¢ mista a ¢asu randomizovani do 3 skupin:

1. Mikrochirurgicka skupina v Ceskych Budé&jovicich

2. Kontrolni skupina 1 v Ceskych Budgjovicich

3. Kontrolni skupina 2, ktera byla tvofena vSemi pacienty se selhanou standardni 1écbou

V Ostravé.

Vsechny tii skupiny byly homogenni z pohledu demografického, anamnestického a z pohledu

komorbidit pred akutni iCMP. Pacienti v obou konservativnich skupinach dostali standardni

1é€bu pro pacienta se selhanim IVT a MT. V chirurgické skupiné¢ byla provedena

revaskularizace mozku pomoci EC — IC bypassu, mikrochirurgické embolektomie anebo jejich

kombinaci.
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Chirurgicky 1écena skupina pacientii zaznamenala signifikantné lepsi klinicky vysledek: 3
meésice po operaci dosdhlo sobéstacnosti (definované jako mRS skore 0-2) 58,3 % pacientil ve

srovnani s 10 % a 12 % sobéstacnych pacientti v konservativnich skupinéch.

Kontext ¢lanku 6 a habilitaéni prace

V kapitolach 2.1-2.3. je komentovan stav soucasné, moderni 1écby akutni ischemické CMP
pomoci systémové trombolyzy (IVT), endovaskularni mechanické trombektomie (MT). Je zde
popsana skupina pacientl, kde selze standardni terapie.

Podle nam dostupnych informaci (které vznikly pii tvorbé systemického review na toto téma)
jde ve svétové literatufe 0 prvni prospektivni systematické zhodnoceni urgentni oteviené
mikrochirurgie v moderni 1é¢bé akutni iCMP v piipadé, kdy selze standardni 1é¢ba.

Vysledky je tfeba hodnotit s védomim limitaci této studie, coz je:

e Maly pocet hodnocenych pacientli. V chirurgické vétvi byly hodnoceny 2 rizné
chirurgické vykony — EC-IC bypass, mikrochirurgickd embolektomie a jejich
kombinace. Operoval pouze jeden cerebrovaskularni neurochirurg se zkusenosti s vice
nez 200 operaci EC — IC bypassu.

e Pouze jedna kontrolni skupina byla randomizovana s chirurgickou skupinou. Druha
skupina slouzila jako kontrola vysledkt naseho centra.

e Nebylo hodnoceno pooperacni CT perfusni vySetieni, protoZe pfitomnost chirurgického
kovu a vzduchu v rané je spojena s artefakty akutniho pCT.

e Vysledky jsou bicentrické, chirurgické vysledky jsou pouze jednoho operatéra.

Vyhodou této prace je systematicky prospektivni charakter, ktera dava pilotni podklady pro
ev. budouci randomizovanou studii na toto téma. Chirurgické vysledky byly hodnoceny na

centru nezavislym neurologem.
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Emergent microsurgical intervention for acute stroke
after mechanical thrombectomy failure: a

prospective study

Jifi Fiedler
Vaclav Prochazka
Study Group

ILI Martin Roubec

ABSTRACT

Background Despite all the gains that have been
achieved with endovascular mechanical thrombectomy
revascularization and intravenous thrombolysis logistics
since 2015, there is still a subgroup of patients with
salvageable brain tissue for whom persistent emergent
large vessel occlusion portends a catastrophic outcome.
Objective To test the safety and efficacy of emergent
microsurgical intervention in patients with acute ischemic
stroke and symptomatic middle cerebral artery occlusion
after failure of mechanical thrombectomy.

Methods A prospective two-center cohort study was
conducted. Patients with acute ischemic stroke and
middle cerebral artery ocdusion for whom recanalization
failed at center 1 were randomly allocated to the
microsurgical intervention group (MSIG) or control group
1{CG1). All similar patients at center 2 were included in
the contral group 2 (CG2) with no surgical intervention.
Microsurgical embolectomy and/or extracranial-
intracranial bypass was performed in all MSIG patients
at center 1.

Results A total of 47 patients were enrolled in the
study: 22 at center 1(12 allocated to the MSIG and 10
to the CG1) and 25 patients at center 2 (CG2). MSIG
group patients showed a better clinical outcome on

day 90 after the stroke, where a modified Rankin Scale
score of 0-2 was reached in 7 (58.3%) of 12 patients
compared with 1/10 (10.0%) patients in the CG1 and
312 {12.0%) in the CG2.

Conclusions This study demonstrated the potential

for existing microsurgical techniques to provide good
outcomes in 58% of microsurgically treated patients as a
third-tier option.

INTRODUCTION
Endovascular techniques and equipment are contin-
uously undergoing improvements since the revolu-
tionary introducton of mechanical thrombectomy
(MT). MT has became integral to the srandard-
of-care treatment for padents with acute izchemic
stroke (AIS) with emergent large veszel occlusion
(ELVQ) in 20 15.1 However, recanalization is stll
not reached in 11-29% of patients, with a final
thrombelyzis in cerebral infarcnon (TICI) score of
0-1 afrer MT.

Intracranial stenting might be an optdon when
MT fails. Pror studies have indicated that direct

2 Marek Grubhoffer,"* Svatopluk Qstry @,
,” Katefina Langova,® David Skoloudik

%7 for the EMIAS

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Recanalization of the cerebral artery using
intravenous thrombolysis or mechanical
thrombectomy is the only effective treatment,
regardless of intervention, for ischemic
stroke within the standard time window or
in cases with favorable perfusion mismatch
even beyond it. On the contrary, persisting
occlusion is a predictor of an unsatisfactory
clinical outcome. The microsurgical techniques
comprising extracranial-intracranial bypass and
microsurgical embolectomy have been used for
large cerebral vessel recanalization for nearly
50 years.

WHAT THIS STUDY ADDS

— This two-center study has shown in a
smazll number of patients that emergency
microsurgery can provide a good dinical
outcome (modified Rankin Scale score 1 and
2) in 58% of patients with middle cerebral
artery occlusion and a subsequent standard
recanalization therapy failure.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= When used at experienced medical centers by
microvascular neurosurgeons, microsurgery
should be systematically evaluated as an urgent
management in cases with standard treatment
failure.

balloon angioplastv
with stenung can reach high recanalizanon rates.
However, there are sall up to 30% of pagents with
MT failure in whom reca.r}alizaﬁcm is not reached
with rescue intervention.” * Thus 3-9% of patients
are expected to fail reaching recanalization with
endovascular approache: depending on the center
experience, Persistent EIVO iz a predictor of poor
clinical cutcome.®

Mi.croaurgical intervendon (MSI) m.ight offer
another method for EIVO recanalization in the
anterior circuladon using two main approaches or
their combinadon: the first, a direct vessel recanal-
ization with microsurgical embolectomy (MSE),
and the second using an extracranial-intracranial

intracranial  percutaneous

BM)
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(EC-IC) bypass. ° The advantage of MSE lies in its potential
for recanalizing the perforators in cases where they branch from
the occluded segment, with the sphencidal part of the middle
cerebral arrery (MCA) being an example. The firse MSE waz
performed by Jacobson and Dionaghy in 1962.° In other smdies
with small samples of patients treated with MSE only, the reca-
nalization rate reached 91-1009p.'7

The zecond revascularization option i1z the EC-IC bypass,
which was first performed by Woringer and Kunlin in the caze of
an internal carotd artery (ICA) occlusion in 1962 and then by
Yagargil in the case of MCA occlusion in 1967.7 The superficial
temporal artery (STA) acts as a donor providing blood flow to
the MCA trunks or segments distal to the occlusion site, with
the cauze of the blockage left in situ. The benefit of the EC-
IC bypas: in preventon of secondary stroke has not yet been
demonstrated.’> The EC-IC bypas: iz potennally suitable in
cases of pronounced intracramial atherosclerosiz where MSE
failure is expected.® Thus, the surgeon should be prepared for
the eventuality of using both MSE and EC-IC bypass during an
Urgent surgery.

The present study aimed to assess the safery and efficacy of
emergency MSI (MSE and/or EC-IC bypass) in parents with AIS
with sympromaric MCA occlusion with or without intracranial
ICA occlusion and intravenous thrombolysis (IVT) and/or MT
failure.

METHODS

Ethical declaration

The entire study was conducted in accordance with the Helsink:
Declaration of 1975 (az revized in 1983 and 2008). The study
protocol was created using systemic review data from the
register (registration number FROSPERO: CRD42017078511).
The smd}r promcol {ClinicalTrials ID: NCT05153642) with a
reference No. 109/17 was approved by the ethics committee of
the Ceské Budéjovice Hospital. All patients or a family represen-
tative signed the informed consent form.

Patients

A prospecrive two-center case—control smudy was conducted
with randomized allocation to the smdy procedure. We included
berween January 2016 and December 2020, all consecutive
patients with AIS who presented with acute symptomanc occlu-
gsion of the MCA (in the M1 or M2 segment) with or without
intracranial ICA occlusion and for whom recanalization by MT
(with or without IVT) failed at the comprehensive stroke center
of the Ceské Budéjovice Hospital and the comprehensive stroke
center of the University Hospital Ostrava.

The inclusion criteria were as follows: (1) age =18 years; (2)
indication for MT according to valid E;u.ide]inecn; (3) modified
Ranlkin Scale (mRS5) score =2 before stroke onser; (4) base-
line Alberta Stroke Program Early CT Score (ASPECTS) =6;
(%) MCA occlusion in the M1 or M2 segment with or without
intracranial ICA occlusion; (6) MT failure wich TICI score of
0-1 declared by an interventional neuroradiclogist; and (7) dme
onzet-to-recanalizaton (IVT and/or MT) failure =6hour or
core/penumbra mizmatch in cases with wake-up stroke or stroke
with an unknown onset.

Exclusion criteria were as follows: (1) indicanon for MT
according to valid gl.l.i:‘]e].i.m?s;13 (2) thrombeocyte coune =100000/
pL; and (3) contraindication for general anesthesia.

Patients after MT failure at the first comprehensive stroke
center (center 1) were randomly allocated to the microsurgical
interventon group (MSIG) or standard of care control group 1

(CG1). All consecutive patients with standard stroke care and
recanalization failure after MT without any subsequent surgical
interventions at the second comprehensive stroke center (center
2) were included in the control group 2 (CG2) to suppert repro-
ducibility and eliminate bias in patient selection for M5SL

Dlemographics (age, zex) and medical history (arterial hyper-
tenzion; diabetez mellims; hyperlipidemia; body mass indesx;
previous stroke or transient ischemic arrack; ischemic heart
disease; atrial fibnllaton; smolang; alcohol abusze; previous
use of antithrombotcs, antcoagulants, and statns; glucose and
cholestercl level at admission; and blood pressure at admission)
data were collected in all patients at admission. The neurological
status was assessed using the National Institutes of Health Stroke
Scale (NIFISS) score at admission, at 24 hours, and at 7 days after
stroke onzet. Collecred data for clinical cutcomes included mRS
score at 90 days after stroke onset, 7-day and 90-day morealiry,
and incidence of sympromatic intracerebral hemorrhage (sICH).
sICH was defined as type 2 parenchymal hematoma and clin-
ical worsening with an NIHSS score =4." Favorable clinical
outcome was defined as an mRS score of 0-2 on day 20 after
stroke onzet.

IVT and MT treatment

Both the stroke centers invelved in the smdy have been
managing patients with acute stroke for ar least 15 years, with
a high number of IVT (more than 100 per year) and MT (more
than 80 per year) cases complying with local or European Stroke
Organization certification regulations. The IVT and MT treat-
ment protocols fellowed ar both the centers were in accordance
with the current practice recommendations by the Amencan
Heart Associadon/American Stroke Associaﬁcm,u Europea.n
Stroke Drgan.iz.ationlj & threughout the study. All patients were
examined using CT and CT angiography on admission. Patients
with wake-up stroke or unknown stroke onset were also exam-
ined uzing CT perfusion mismatch scans or magnetic resonance
diffusion-weighted images/fluid-arrenuated inversion recovery
mizmatch to evaluate ischemic core and penumbra for trearment
indicarion according to the above-mentoned guidelines.

The following stroke data and logistcal informanon were
collected in all patients: occlusion locadon, ecclusion side, strake
eticlogy, early ischemic changes evaluated using ASPECTS,
onset-to-admission time, onset-to-needle tme for [V, onszet-to-
groin ome for MT, and final TICI score.

MT failure declaration

The MT procedure was always indicared by a stroke phyzician
and performed by an experienced interventional neuroradiclo-
gist with expertise in cerebral vessel evaluation and trearment
techniques. MT recanalizadion success was assessed using the
TICI scale.”” Cases with TICI scores of ( and 1 were evaluated as
recanalizanion failure. Recanalization failure was declared afrer
ar least three unsuccessful artempts to retrieve the thrombi using
a retrieval or aspiration tool, or after failure to reach the site of
occlusion using the guiding wire. The declaration of onset-to-
failure time haz been azsessed in all cases.

Microsurgical intervention

Study protocol

A protocol for emergent microsurgical treatment as a rescue
therapy for cases with MT failure as a third-tier option was estab-
lished and approved by the local ethical committee, The need for
recanalizadon was always indicated by a stroke physician afrer
MT failure waz declared by an interventional nenroradiclogist.

2
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New devices and technigues

The request for M5I was reported to the surgeon immediately
afrer encountering the first difficulties in reaching the occlusion
site or a failure to resolve vesszel obturadon. Thus, the surgeon
and the operating room were prepared for the MSI in advance,
and the patient could be immediately transported after MT

fﬂ.l]'l.ll'E- wWas dEClﬂ.l'Ed.

Microsurgery technigue and its prerequisites

All MSIs were performed by only one vascular neurcsurgeon
with experience of more than 200 EC-IC bypazses. In all patient:
we followed the “tme is brain’ paradigm and the microsurgical
interventon was performed without a time delay.

When intracranial atherosclerosis was detected in the preop-
eratve images, the surgeon started the treamment with STA
dissection. 5TA is a readily available donor for an EC-IC bypass,
and its quality can be evaluated from the precperanve CT zcan.
The surgical approach vaned depending on the position of the
MCA bifurcation, occlusion site, and the depth of the sylvian
fizsure: lateral &upraorbital craniotomy, or ptericmal crani-
otomy, or eyebrow incizion.’® The M1 and M2 segments of the
MCA were thoroughly inspected. Whenever feasible, MSE was
performed in an occluded vessel. Transverse arteriotomy was
used in all cases of M1 terminus occlusion. Sinularly, in cases of
M2 ceclusion, either transverse or longitudinal arreriotomy was
performed after analyzing the patent’s internal physical condi-
tion. The goal was to restore flow at the occlusion site and also
at other sites distal to the site of occlusion, for facilitanng lentic-
ulostriate perforator reperfusion. EC-IC bypass was performed
in cases when the flow after emboleccomy was unaaﬁsfactor_v.u
Transit ime flow measurement and indocyanine green angiog-
raphy were performed to verify perforator patency and wvessel
flow during the procedures.

General anesthesia was administered by a dedicared anesthe-
tizt. Any hypotenzion epizodes were carefully avoided afrer the
introduction of general anesthesia.

Fibrinogen levels were checked at least lhour afrer IVT
administration to predict early fibrinogen degradation coag-
ulopathy and to lower the procedural and postprocedural rizsk
of bleeding.’” Fibrinogen was supplemented with Haemocom-
pletta.n P (CSL Behriug GmbH, Marburg, Gemm.ny] in cases
with level: of < 1gL. The fibrinogen level waz checked again on
skin closure and then the following day 24 hours after IVL In
patients with no antplatelet drug history prier to sroke, 500 mg
of intravenous acetylsalicylic acid were administered during the
revascularizadon procedure.

Statistical analysis

The sample size was based on an expecred 50% difference in the
percentage of patients with a favorable clinical outcome (mRS
score (-1) between microsurgical and control groups. Pre-smudy
calculation showed that it was necessary to enroll a minimum of
22 paments to reach a stanstcally sigmificant difference with an
o value of 0.05 (two-tailed) and B value of 0.8.

The quantitative data were expressed as median, minimal, and
maximal values. Categorical vanables were described uzing abso-
lute and relative frequencies. Won-parametric statistical methods
were used because samples were too small to assess their true
distribunon. Differences berween rwo independent groups were
analyzed uzing the Mann-Whitmey U test or Fizsher’s exact test.
Bonferroni correction was used for multple testng,

A p value of <(.05 was adopted to indicate the level of sratis-
rical significance. All stansrcal analyzes were conducted with
IEM SPSS Stadsocs for Windows, version 23.0 (IBM Corp.,
Armonk, New York, USA).
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Figure 1 Patients in the preoperative groups exhibited comparable

baseline distributions on the National Institutes of Health Stroke 5cale
(NIH55). The plot shows histograms for the microsurgery group (MSIG)
and for control groups 1 and 2 (CG1 and CG1) respectively.

RESULTS

A total of 1482 patients with acute stroke underwent IVT and
484 had an MT procedure at center 1, and 693 patents with
acute stroke underwent IVT and 637 had an MT procedure at
center 2 during the 60-month smudy period. Of thaose, all 22
subsequent patents (4.5%) afrer a failled MT were enrolled ar
center 1. Twelve patients were randomly allocated to the MSIG
(six men, mean age 75.3%6.1 years) and 10 padents to the
CG1 (four men, mean age: 78.4%7.5 years). All 25 subsequent
patents (4.3%0) for whom recanalizaton afrer MT failed were
enrolled at center 2 to the CG2 (ten men, mean age: 76.8 7.5
years).

None of the three groups had significant differences in the
medical histories or baseline charactenistcs (Agure 1). However,
the number of parients using anticoagulants was higher in the
MSIG than in the contral groups (30.0% v= 20.0%¢ in CG1 and
12.0%¢ in CG2) rable 1, which ex'plai.na the lower rate of IVT in
the MSIC. All patent: in both control groups (CG1 and CG2)
underwent IVT prier to the MT attempt in contrast to those in
the MSIG, where only 58.4% of patients received IVT (table 2).

No stanstcally zignificant differences mn stroke zeventy,
location, stroke etiology, and logistics, such as onset-to-needle
time for IV], onset-to-groin tme for MT, and in MT-failure-
declaration time between the MSIG and CG1 or CG2, were
identified. Insignificantly higher rates of successful thrombec-
tomy device insertion (success in passing to the occlusion site)
with a higher percentage of TICI scores of 1 were observed in
the CG2 (32.0% ws 8.3% in the MSIG and 10.0% in the CG1;
table 2). One patent was supplemented with Haemocomplerran
due to low fibrinogen levels prior to surgery.

Eight stand-alone microsurgical embeolectomies, two combined
microsurgical embolectomies with EC-IC bypass procedures,
and one stand-alone ECIC bypas: withour M1 and M2 direct
exploratdon were performed in the MSIG. Spontanecus MCA
recanalization was cbserved during open vessel manipulaton in
one patient in the MSIG. Cases of M1 and M2 atherosclerosis
were encountered regularly, even for patent: in whom intra-
cranial atherosclerosiz was not evident on the precperanve CT
scans (7/12 padents). Complete recanalization (TICI score of
2b-3) was achieved in nine (75.0%) MSIG subjects with MSL
Performance of the EC-IC bypas: without ME automancally
excluded one patient from TICI evaluadon (table 3).
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New devices and techniques

Table 1 Patients' demographics and medical history

ASPECT, Alberta Stroke Program Early CT; CG1, control group In center 1; CG2, control growp In center 2; ESUS, embaolic stroke of unknown source; ICA, Intamal caratid artery;
ICAS, intracranial atheroscdergsis; VT, Intravenows thrombolysis; MCA, middle cersbral artary; MSIG, microsurgical inrtervention group; TICI, thrombolysis in corabral infarction.

4 Fiedler J, ef &. J Newrolnfenent Surg 2022;001-8. doiz10.1135/nevrintsurg-2022-018643

—
=
2
S
a2
@
MsiG a1 G2 g
n=12) (n=10} P value {n=25) P value £
Male sex; n (%) 6 (50.0) 4.(40.0) 0.970* 10 i40.00 1.000* i
Age; median {range) 75 (65-86) 79 (61-87) 04601 79 (60-90) 0.8311 g
Arterizl hypertension; n (%) 1@ 9 (90.0) 1.000* 23 92.00 1.000* i
Diabetes mallitus; n (%) 501 3(30.00 1.000* 2(B.0) 0.051* 2
Hyperlipidemiz; n (%) 5417 4(40.0) 1.000* 11 i44.00 1.000* %
Baody mass Indes;; median (I0R) 31.4 263 36.4) 25.1 (20.8-34.0) 000t 27.0 23.9-37.0) 0.017% E
Stroke or TIA; n (%) 2{16.7) 2 20.0) 1.000* 5 (20,00 1.000* ﬁ
Coronary heart disezsa; n (%) 433 3000m 1.000* 9(36.00 1.000* a‘
Atrlal fibrillation; n (%) 7(58.3) 6 (B0.0) 1.000* 11 i44.00 0.990* 5
Smoking; n (56) 1(83) 3 (30.00 0.589* (120 1.000* g!
Alconol abuse; n () 0o 0 (.0 1.000* 0 (0.0} 1.000* 2
Antithromibotics at admission; n (%) 7(58.3) 8 (80.0) 0.762* 12 i48.00 1.000* g
Antiplatelets; n (%) 183 6 (B0.0) 0.040* 93600 0.238" E
Anticoagulants; n (%) 6 (50.0) 2200 0.408* Ipem o.omn* 'é,’
Statins at admission; n (%) 433 3300 1.000* 11 i44.00 1.000*% E
Glycemila level at admission; median (IOR) 7651114 6.4 (5.5-113) 0510t 7.3 (5.0-15.9) 1.000% =
{Cholestercd level at admission; median (IOR) 46 (3.0-56) 40(3.4-56 1.000¢ 4.1 (32-56) 1.000% g
Systolic blood pressure zt admission; median (IQR) 150 (110-200) 145 {116-210) 1,000 150 (100-210) 1.000% g
Diastolic blood pressure 2t admission; median (10R) BO (701200 B0 (70-115) 09411 BD(55-110) 0.8651 o
*Hsher's exact test; -|;|1‘.g
tMann-Whitney U-test; EE
61, control group In center 1; CG2, control group In center 2; MSKG, microsurgical Intervention group; TIA, transient Ischemic attack. 2 ]
R

o
= O
g2
22
Table 2  Stroke and logistic data E'i
MSIG 061 G2 =2
(n=12) {n=10) P value {n=25) P value =
Location of artaral ocdusion g
=
M1-MCA; n 6] 517 4 {40.0) 1.000% 18 72,00 0.292* g
MZ-MCA; n (5£) 541.7) 330.0) 1.000* 6 (24.0) 0.886* ._§
TCA =M1 MCA; ni (%) 2 (16.7) 3 30.0) 1.000* 1{4.0 0.482% @
Right-side stroke; n (%) 7(58.3) 7({70.0) 1.000* 17 (68,00 1.000* g
Stroke etiology; n (%) g
Cardioambaolic; n (%) 8 (B6.7) 7 (70.0) 1.000* 14 (56.00 1.000* é“
ICAS; n (%) @5 0 @0} 0.447* 9(36.0) 1.000*% <
ESUS; n (%) 183 3300 0.586* 1040 1.000* 2
@
Dissection; n (%) 0.0 010.00 1.000 1(4.00 1.000* =2
ASPECT score; median (10R) 9.5 (3-10) B5(E-10) 1.000% 9.0 (610 0.277% -:;
Time onset-to-admission; median (IQR); min 93.0 (BO-115) 85.0 (37-203) 1.000% 70.020-230) 0.0481 E
Lo
w
N n (%) 7(58.3) 10 (100,00 0.080* 25 (100.00 0.004* =
]
Time onset-to-need|e; median (I0R); min 125.0 (101-165) 126.0 (65-210) 0.728% 105.0 (75-270) 0.056% g
Time onset-to-groin; median {108); min 168.0 (135-270) 140.0 (120-210) 0.724% 160.0 {110-290) 0.761% S
Time onset-to-recanalization farure; median (IQR); min 205.0 (125360 193.5 (1252700 1.000% 210.0 (165-360) 1.000% 8
TICI 0 2t time of recanaliztion faflure; n (%) 11(91.7) 9 (90.00 1.000° 17 (68.0) 0.440* g
TICI 1 2t time of recanalization faflura; n (%) 1(83) 1(10.0) 1.000* 3(32.0) 0.440% o
*Fisher's exact test; o
tMznn-Whitney U-test; &
g
o
=
»
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Table 3 Surgery data

Surgery group, n (%) 12 (100)
Type of surgery
Microsurgical emibolectomy; n (%) 8 (66.7)

Microsungical embolectomy +5TA-MCA 2 (16.7)

bypass; n (%)
Only STA-MCA bypass; n (%) 184
Recanalization during vessel 1(84)
mianipulation; n {£5)
Craniofomy
Pteryonal; n (%) 6 (50.00
Lateral supraorbital; n (%) 32500
Minimally Invasive and rapid surgical 2 (16.7)
embolectomy; n (%)
Tallored cranfotomy to reciplent M3- 1 (B.3)
branch during STA-MCA bypass
Arteriotomy during embolociomy
Longrtudinal; n {5) 7(58.3)
Transverse; n (%) 1@5m
No arteriotomy; n (%) 2(16.7)
Vessel srfure metfhod
Surgical suture; n (%) 6 (50.00
Minidip; n (%) 1(84)
Suture +miniclip; n (%) 4333)
Mo suturz; n (%) 1 (84)
Time data
Onsat to skin cut; mazn=SD (min) 306+81.7
Onset to fiow; mean=50 (min) 404.8+108.1
Flow in occheded artery affer surgay
TIO after surgary; mean+50 2.7+0.9
T 0 to 1; n (%) 1(8.4)
Tid 23; n (%) 184
T 2b-3; n (%6} 9 (75.00

MCA, middle carabral artery; STA, superficial temporzl artery; THCI, thrombaolysis In
cerebral Infarction.

MESIG panentz showed notably betrer clinical outcomes,
expressed both as rapid clinical improvement at 24 hours and
as mRS score on day 90 after the stroke. Favorable clinical
outcome (mRS score 0-2) on day 90 was reached in 58.3% of
MSIG patents compared with 10.0% of patients in the CG1
(OR=12.60; 97.5%CI 0.84 o 187.99; p=0.062) and with
12.0% in the CG2 (OR=10.27; 97.596CI 1.53 to 68.92;
p=0.012; figure 2, table 4).

sICH mnadence and overall 7-day and 90-day morrality did
not differ significantly berween the groups (rable 4).

DISCUSSION

The results of this study showed that MSI is a safe and poten-
tially efficient method in patients with acute stroke after a failed
MT procedure. offeri.ng hjgh probabiliry of MCA recanalization.
The recanalization was achieved in 75% of patients (expressed
as a TICI score of 2b—3) who underwent microsurgical mter-
vention. A favorable clinical outcome on day 90 waz achieved
in 58.3% of intervention: in panents with no sICH or other
zerious complication. In companizon, only 12% of patents had
a favorable clinical outcome after 90 days in the control groups

(OR=12.60and OR=10.27, respectively). Owing to the low
number of patients, the difference was not statistically signifi-
cant in comparizon with the CG1. On the contrary, the differ-
ence berween the MSIG and CG2 was stadsdcally significant.
Hamwrever, thiz was a case—control comparizon.

To the best of the authors” knowledge, this iz the first
controlled study invesdgatng the safety and efficacy of emer-
gent MSI, including MSE and/er EC-IC bypass, with favorable
clinical outcomes in patents with AIS with sympromaric MCA
occlusion after MT and/or IVT failure.

IVT with recombinant tissue plasminogen activator at a doze
of 0.9 mg/kg within 4.5 hours since the onzet of AIS symproms iz
the standard of care in patients fulfilling the indicaden criteria.
Multple trials studying ELVO have shown that MT iz beneficial
when performed within 6 hours after stroke onset. =2 Neverthe-
less, IVT iz still recommended as a first-choice treatment followed
by MT in cases of IVT failure. A time window extension for IVT
and/or MT could be considered under 3peciﬁc circumstances
up to 24hours in select patients based on advanced perfusion
imaging results.' Nevertheless, early brain artery recanalization
waz not achieved in a sigmificant percentage of parients. In addi-
tion, published smudies have shown that persiztent ELVO predices
poor clinical cutcomes.”

A systematic review was performed to evaluate available data
on efficacy and safety of M5 in patients with AIS and EIVO
and failure of combined revascularization therapy within 8§,
16, and 24 hours after stroke onset. The search strategy has
been previously described in the systematic review promcol."'s
Available dara on thiz topic are limired, with no randomized
clinical trials having been performed to date, Neither MSE nor
EC-IC bypass 1z a part of current evidence-bazed guidelines or
protocols for management of AIS with EINVO. Only cases of
minimally invasive and rapid surgical embolectomy have been
described in non-atherosclerotic artery ocdu:v.in:ur].s:,lﬂ similarly
to cases of M5E in padents with EIVO for whom MT failed
within 8 hours since the onzet of symptoms with a favorable
clinical outcome afrer MLY Emergent EC-IC bypass with low
hemorrhagic complication rates immediately following IVT has
been rarely documented.? A low level of fibrinogen after IVT
might be a nsk factor for surgery complicatdions. We experi-
mentally used Haemocomplettan in one padent with fibnin-
ogen level =1g/L, but more studies are needed to determine
the optimal therapeutic protocol. A calafied embolus of an
mtracramial artery found on the baseline image: represents a
more specific case. The recombinant tssue plasminogen acn-
vator activates plasminogen into plasmin, but plasmin will not
Iyse a calcified embolus. Successful endovascular removal of a
calcified cerebral embelus is possible, but informadon on this
procedure is also limited.* ¥

Considering our study and previously publizhed data, appros-
mmately 3-9% of patents with EINVO in the anterior crculation
could benefit from microsurgical interventon after unsuccesstul
MT and optional rescue stenting failure (4.5% in the current
srudy).

Our study evaluated this subject martrer rel}-i:n§ on only one
available recent randomized study in English. " This study
demonstrated the lack of ECIC bypass efficacy in secondary
stroke preventon. Neither emergent nor urgent revasculariza-
tion was srudied.”

Conversely, the benefits of the preszent study should be
noted as well. These include the consiztent and comparable
baszeline and logistical findings berween subject groups and
the establizhed and strictly followed smudy protocel with
clear criteria.

Fiedler ), ef .} Neurolntervent Surg 2022,0:1-8. doi-10.113&/neurintsurg-2022-018543
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cG1 |

cG2

|| MIG I

Number of patients
o

Group

CG1
cG2
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0 2 4 6 0 2

4 & 0 2 B 6

3 months mRS

Figure 2 Microsurgical intervention increased the number of patients with a 3-month modified Rankin scale (mRS) score of 0. Distribution of the
mRS score after 3 months for the microsurgical intervention group (M5IG) and for control groups 1 and 2 (CG1 and CG2, respectively) are shown.

Our atud}r has some limitarions. First, a relaﬁvel}r small
number of subjects were enrolled in the study. Thus, two
control groups (with random allocation and caze—control)
were created in order to improve the smudy's informarive
value. Nevertheless, a multicenter randomized control trial
should be performed in the future to confirm the present
results. Second, two different surgical methods (MSE and

EC-IC bypass] and their combination were used in patients
undergoing a surgical intervention. Comparison of safety
and efficacy for each method was not performed owing to
the smallnumber of patients in each subgroup. Third, we
did not compare early postoperative CT findings. The post-
operative CUT findings are usually affected by the egress of
the cerebrospinal fluid during surgery. Moreover, artifacts

Table 4 Main study results

MsIG a1 G2

(n=12) (n-10) P valua (n=25) P walue
NIHSS score at admission; median (I0R) 14.0 (5-22) 15.5 (5-24) 0888~ 16.0 (4-22) 0.757*
NIHSS score after 24 hours; median (10R) 7.00-21) 16.0 2-23) o024+ 14.0 3-25) 0.158*
NIHSS at day 7 (alive only); median (IR} 30019 13 2-19) 0.502* 142-35) o.110*
mRS scora 0-2 prior to stroke; n (%) 12 (100.0 9 {00.0) 0.910t 25 (100.0 1.000
mRS scora 3 prior to stroke; n (%) 0 (.0 1(10.0) 0.910t 0.0 1.000
mRS score 0-1 at day 90; n (%) 6 (50.00 1(10.0) 0.1481 2(8.0) 0.016%
mRS score 0-2 at day 90; n (%) 7683) 1(10.0) 0.0621 20 0.012¢
mRS scora 0-3 at day 90; n (%) 7(583) 2 (20.0) 0.198% 4(16.0) 0.036t
mRS scora 4-5 at day 90; n (%) 1(83) 2 (20.0) 0.6671 15 (60.0) 0.003t
Death within 7days; n (%) 0 (0.0 3(30.0) 0.156% 010.0) 1.000
Death within 90 days; n %) 4333 6 (60.0) 0.7821 6 (24.0) 1.000t
Cerebral edema; n (%) 0 {(0.0) 3(30.0) 0.1561 4(16.0) 0.564t
Decomiprassive craniectomy; n (%) 0 (0.0 00m 1.000% 1(4.00 1.000¢
sICH; n {56) 0 (0.0 0 {0.0) 1.000% 104.0) 1.000¢
*Mann-Whitney U-test;
THsher's exact test;

CG1, control group In center 1; CG2, control group In center 2; mRS, modified Rankin sczle; M5IG, microsurgical intervention group; NIHSS, National Institutes of Health Stroke

Scale; sICH, symptomatic Intracerebral hemarrhage.

[
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from potential clipping during microsurgical intervention
can distort the imaging. Thus, both vizual and digital image
analysis evaluations could be biased. Finally, an evaluation of
neurological status and clinical outcome was not performed
by a neurclogist blinded to the experimental conditions.
MNeverthelezs, all neurclogizts were trained in NIHSS and
mR5 evaluations, There are seill experienced open cere-
brovascular neurosurgeons in tertiary centers who can
perform traditional microsurgery. As a salvaging procedure
for patients with penumbral tissue remaining after failed
endovascular stroke, microsurgical interventions should be
systematically evaluated.

CONCLUSIONS

The results of this prospective two-center cohort smdy
showed that microsurgical intervention represents a safe and
potentially effective treatment method for a small subgroup
of patients with AIS with MCA occlusion and MT failure.
Microsurgery should be tested in randomized control trials
as a third-tier option in patents with ELVO,
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5. Zavér

Predlozeny souhrn publikaci dokumentuje snahu autora o zvladnuti této narocné operativy a
snahu 0 nadefinovani adekvatniho peroperaéniho a perioperaéniho vySetieni mozkové
hemodynamiky u akutni iCMP. Prezentovna bicentrickd studie hodnoti mikrochirurgické
vysledky versus pfirozeny prubéh akutni iCMP zplisobené zavienou sttedni mozkovou tepnou
pfi selhani standardni terapie. Studie prokazala bezpecnost a ucinnost mikrochirurgické
intervence pii 1écbé akutni iCMP v naSich rukdch. Ptilozené systemické review prokazuje
svétovou prioritu v prospektivnim a systematickém zpracovani tématu urgentni oteviené
mikrochirurgie v 1é¢bé selhani moderni 1é¢by akutniho uzavéru stiedni mozkové tepny
Vysledky nelze generalizovat, nicmén¢ Studie dava validni pilotni data pro dalsi praci v této
oblasti.

V roce 2021 bylo v Ceské republice 1é¢eno pomoci mechanické trombektomie (MT) zhruba
1350 pacientti. Lze odhadnout, Ze se roéné v Ceské republice setkavame minimalné s 50
pacienty, kde standardni 1é¢ba pomoci IVT a MT selze a kteti jsou stale v 1é¢ebném okné. Do
budoucna je zddouci déle systematicky pracovat na sledovani, hodnoceni a evoluci urgentni

mikrochirurgické operativy v situaci selhani standardni terapie, nyni jiz multicentricky.
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Seznam pouzitych zkratek

Al — Artificial Intelligence, Uméla inteligence

CARE — Case Report Guideleness

CEA — Carotid endarterectomy

EC — IC bypas — Extrakranialni — intrakranialni mozkovy bypas

ELVO — Emergency Large Vessel Occlusion — urgentni uzavér velké mozkové cévy

FAST — Flow Assisted Surgery Technique. Chirurgie fidici se pratokem cévou.

ICG — Indocyanin Green Videoangiography, videoangiofrafie s indocyaninovou zeleni

ICMP — ischemicka cévni mozkova piihoda

IVT — intravendzni trombolyza pomoci rt-PA

LICA — left internal cerebral artery, levé vnitini karotida

MCA - sttedni mozkova tepna, RMCA — right MCA, prava stfedni mozkova tepna

MT — neuroradiointervencni mechanicka trombektomie

mTICI — modified treatment in cerebral ischemia — skala hodnoceni uspés$nosti revaskularizace
mozkové cévy

MRS — modifikovana Rankinova skala

MSI — microsurgical intervention, mikrochirurgicka intervence

NIHSS — National Institutes of Health Stroke Scale. Pocet pacientt, ktefi musi byt 1é¢eni danou
technikou, aby bylo dosazeno pozitivniho vysledku pro jednoho pacienta

gMRA NOVA — guantitative MR angiography, Non-invasive Optomal Vascualar Analysis.
rtPA — lidsky rekombinantni tkanovy aktivator plasminogenu

SNIS — Spole¢nost neurointervencni chirurgie (Society of Neurointerventioanal Surgery, SNIS)

W

TTFM — Transit-time flow measurement. Ultrazvukovy méfi¢ prutoku krve [ml/min]
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