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1. Cile habilita¢ni prace

Habilita¢ni prace predstavuje komentovany soubor vybranych publikaci. Je fazena do kapitol,
které tvoti celek — soucast védecko-vyzkumné ¢innosti autora. Cilem habilita¢ni prace je popsat
a dokumentovat 1écbu nejcastéjSich cévnich 1ézi mozku — mozkovych aneuryzmat a pialnich
arteriovenoznich malformaci s akcentem na mikrochirurgické feSeni v soucasné dobé.
Publikovali jsme védeckovyzkumné prace ve vyznamnych casopisech v nasem oboru, ale i
v kapitolach a v odbornych knihach. Tyto prace jsou podkladem mé habilitacni prace.

Do konce 80.let 20. stoleti, neexistovala jind terapie cévnich 1ézi mozku nez mikrochirurgie.
Postupné se vyvinuly dal$si modality — endovaskularni 1éCba a radiochirurgické oSetfeni
nekterych, 1 cévnich, mozkovych 1¢ézi. To pfineslo dalsi rozvoj oboru, nové moznosti 1écby a i
zlepSeni vysledkid u pacientii. Ale i mikrochirurgie zaznamenala také rozvoj u 1ézi, které by
diive byly netesitelné.

Ve své habilitacni praci jsem se zabyval pravé tématikou cévni neurochirurgie, nebot’ jsem se
ji vénoval od konce své rezidentury a vénuji se ji doposud. Tato problematika tvoii jednu
z nejpoutavéjSich a nejobtiznéjSich kapitol neurochirurgie. V rdmci svého rozvoje jsem
absolvoval dvé ro¢ni staze, z nichz staZ na Neurochirurgické klinice v Helsinkéch, Finsko, byla
vénovana neurochirurgii jako celku se zameéfenim pievazné na cévni neurochirurgii a béhem
druhé staze na Neurochirurgické klinice v Sir Charles Gairdner Hospital v Perthu, Australii,
jsem mohl uplatnit zkuSenosti nabyté na domacim pracovisti, i na predchozi stazi v Helsinkach
a dale svoje znalosti a schopnosti rozvijet. Cévni neurochirurgie neni nejcastéjsi kapitolou v
oboru neurochirurgie, ale je jeji diillezitou soucasti a miize pozitivnim zplisobem ovlivnit a

zachrénit zivot i jeho kvalitu u mnoha neurochirurgickych pacienti.



2. Uvod 1. Nitrolebni aneuryzmata, charakteristika, patofyziologie

subarachnoidalniho krvaceni a vyznam oSetfeni nitrolebnich aneuryzmat.

Nitrolebni aneuryzmata jsou v populaci pfitomna dle sekénich nalezi u 1-3.2%!2. Jsou
povazované za ziskané léze, ale je znam i familidrni vyskyt mozkovych aneuryzmat!.
Nebezpeci nitrolebnich aneuryzmat spo¢iva v moznosti jejich ruptury a krvaceni. To miZe mit
razny klinicky prabéh a vést i ke smrti pacienta. Mozkové arterie s aneuryzmatem jsou uloZzené
na povrchu mozku a dochazi tak ke krvaceni na povrch mozku pod pavucnici (subarachnoidalni
krvaceni) nebo i do mozku, pokud proti nému aneuryzma sméfuje nebo vzacnéji pak k
subduralnimu krvaceni — zejména u aneuryzmat zadni komunikujici tepny?.

Z histopatologického pohledu je cévni sténa aneuryzmatu nekvalitni, jsou desorganizované
bunky svalové tunica media, endotelova vrstva ma mezery a je narusena i reparace poSkozené
cévni stény, ktera je v normalni cévé ptitomna®*. Nahodné zjisténa asymptomaticka nepraskla
nitrolebni aneuryzmata jsou zjiSténa na zobrazovacich vySetfenich mozku z rliznych divodi,
které nesouvisi s aneuryzmatem, napf. trauma hlavy, bolesti hlavy, tinnitus, epilepticky zachvat
a dalsi potize. Ne vSechna nitrolebni aneuryzmata prasknou, k ruptute dospéje jen jejich mala
cast. I kdyz je pfitomnost neprasklého aneuryzmatu v nitrolebi nebezpecna, je riziko krvaceni
z vyduté relativné malé, zhruba 1.3% ro¢né a zavislé na fadé faktor®. Nicméné& pokud k ruptuie
dojde, mé to pro pacienta vazné disledky a miize to skoncit vyznamnym neurologickym
deficitem, v nejhorSim piipadé i smrti nemocného®’.

U nahodné zjisténych neprasklych aneuryzmat je proto tfeba identifikovat ta nitrolebni
aneuryzmata, kterd mohou s vyssi pravdépodobnosti prasknout a ohrozit pacienta krvacenim
do subarachnoidalniho prostoru nebo do mozku. Rizikovymi faktory pro vyskyt
intrakranidlnich aneuryzmat a i rupturu aneuryzmatu v populaci jsou zejména vysoky krevni
tlak, koufeni, Zenské pohlavi a nadmérna konzumace alkoholu nebo né&kterych drog!®. Dale
krvaceni z aneuryzmatu ovliviiuji dalsi faktory jako jsou velikost aneuryzmatu, nepravidelnost
a tvar vaku aneuryzmatu a jeho zvétSeni v Case. U krvacejiciho aneuryzmatu je tfeba jej oSetfit,
pokud neni stav pacienta moribundni, aby se krvaceni z vyduté neopakovalo. Po prvnim
krvéceni je vysoka pravdépodobnost opakovani krvéaceni (rebleeding aneuryzmatu) s moznosti
dalsiho zhorSeni neurologického stavu pacienta i smrti. Pokud by praskla aneuryzmata po tomto
krvaceni nebyla oSetfena, je jednoro¢ni mortalita téchto pacientli s neoSetfenym aneuryzmatem
65%. Pokud aneuryzma krvaci, je tfeba jej oSetfit v akutnim rezimu nejlépe optimalné do 24

hodin. I na nasi klinice, tak jak to je standartem moderni 1é€by, jsou pacienti s aneuryzmatickym



subarachnoidalnim krvacenim l1éCeni v tomto ¢asovém oknu. Z literarnich udajii je znamo, Ze
az 20% pacientll po ruptuie nitrolebniho aneuryzmatu neptezije v dusledkti tohoto tézkého
inzultu zptsobeného krvacenim!®. Zasadni pro 1é¢bu je tedy spravny management
pfednemocni¢ni a nemocnicni péfe s prevozem pacienti a jejich koncentraci ve
specializovanych terciarnich centrech. Ti nemocni, ktefi se dostanou do zdravotnického
zafizeni a jsou léceni, dosahnou uspokojivého vysledku 1€cby a jsou sobéstacni - okolo 2/3
nemocnych u nichZ je aneuryzma oSetfeno®.

Symptomatologie subarachnoidalniho krvaceni je typickd az patognomickd a méla by byt
znama vSem lékaiim - neurologlim, praktickym lékattim, 1ékafim na infekénim odd¢leni i
ostatnim specialistim. Typicka je prudké bolest hlavy, dosud nepoznand, kterd v kratké dobé
dosahuje svého maxima®. Casto byva piitomna vegetativni symptomatologie — nauzea a
vomitus, n€kdy porucha védomi, epilepticky zachvat. Vyznamnéa ¢ast nemocnych ma tzv.
sentinelové bolesti hlavy (10-43%), které pfedchazi vlastni ruptufe nitrolebniho aneuryzmatu a
pokud jsou zachyceny vcas mohou vést ke spravné diagnoze jesté pred vlastnim krvacenim a

pacienta ochranit v&asnou diagnostikou a 1écbou!!-1?

. Dle literarnich zdrojii byla S$patna
diagnoza u subarchnoidalniho krvaceni provedena az u 12% pacienti'!.

V soucasné dob¢ 1écba intrakranialnich aneuryzmat vyzaduje tym, jehoz ¢lenové jsou schopni
oSetfit aneuryzmata obéma dostupnymi modalitami - jak mikrochirurgicky neurochirurgickou
operaci z kraniotomie, tak endovaskularné€ cestou intervencni radiologie. OSetfeni aneuryzmatu
v soucasné dobé by meélo byt vzdy diskutovano mezi cévnim neurochirurgem a
endovaskularnim radiologem a samotny vykon provadi zkuSeni 1ékafi z obou tymi. M¢la by
byt zvolena nejoptimalngjsi varianta 16¢by pro daného pacienta. V Ceské republice nyni zatim
neni zaveden koncept bimodalni terapie jednim specialistou, ktery ovlada obé modality, tak jak
v nékterych evropskych zemich a USA.

Rozhodnuti o 1écebné modalité u SAH je zaloZeno na klinickém stavu pacienta, anatomickych
charakteristikdch aneuryzmatu, pfitomnosti intracerebralniho hematomu a hydrocefalu, véku,
komorbiditach a lécich na fedéni krve. Klinicky stav pacienta, hodnotitelny pomoci WFNS
gradingu nebo Hunt-Hess gradingu a stav zornic reflektujici zivotaschopnost a funkénost
mozkového kmene hraji hlavni roli v rozhodovani. Pokud pacient nemé areaktivni mydriazu a
je bez vyznamné ischemie mozku na CT, lé¢ime jej aktivné vcetné oSetfeni aneuryzmatu.
Pacienti v nepfiznivém stavu - s oboustrannou mydridzou nebo vyznamnou ischemii mozku
jsou léceni konzervativné — aneuryzma neoSetfujeme a lé€ime s paliativnim pfistupem k
nemocnému. Pokud se pacient, ktery byl inicidln€ povaZzovan za nezachranitelného, klinicky

zlepsi, je piistup k terapii pfehodnocen a nasledné miize byt 1écen aktivné.



Terapie prasklych mozkovych aneuryzmat predstavuje akutni ¢ast neurochirurgické operativy.
Jak jiz bylo zminéno, prasklé aneuryzma je tfeba oSetfit do 24 hodin kviili prevenci opakovani
krvaceni znéj. Kromé toho existuji situace, kdy je tfeba operacné feSit aneuryzma
s intracerebralnim hematomem a to v urgentnim rezimu kdykoliv. U mozkovych aneuryzmat je
Cast aneuryzmat feSena elektivné a to u nepraskld aneuryzmata, indikovana k intervenci kvili
riziku ruptury nebo mass efektu.

Casto doprovazi subarachnoidélni krvaceni hydrocefalus. Pfitomnost krve subarachnoidalné a
v mozkovych komorach vede k naruSeni cirkulace mozkomiSniho moku, a obstrukei jeho
odtoku na rtznych trovnich — akvedukt, foramina Monroi nebo Pacchionské granulace. Tim
mozkomis$ni mok stagnuje a dochdzi k dilataci komorového systému. To postupné vede ke
zhorSeni stavu védomi pfed oSetfenim aneuryzmatu a vyzaduje akutni neurochirurgickou
intervenci. Z diivodu symptomatického hydrocefalu, zejména pfi kvantitativni poruse védomi
a jejim horSeni, je nutné hydrocefalus okamzité zalécit. Pacientovi pak zavadime bud’to zevni
komorovou drendZ nebo zevni lumbalni drendz a tim se adekvatné vyteSi akutné vznikly
hydrocefalus.

V pooperacnim obdobi je kromé péce o operacni ranu, vnitini prostiedi pacienta, rehabilitaci,
vyzivu, prevence dekubiti a TEN, kontrolnich zobrazovacich zobrazeni dulezita i péce a
prevence a lécba sekundarniho poskozeni mozku - mozkovych vazospasmi. To provadime
prakticky cilenym sledovanim pacientti pomoci TCD, klinického stavu na JIP, pfipadné¢ CTA
nebo DSA. Lécba vazospasmu v soucasné dobé zahrnuje dostate¢nou hydrataci, vyssi krevni
tlak 1 pomoci vazopresort, klidovy rezim, medikamentozni terapii nimodipinem a v n¢kterych
ptipadech i endovaskuldrni [é€bu — balonkovou nebo medikamentdzni metodou do oblasti mista
postizené tepny nebo tepen. Tim mizeme vyrazné snizit morbiditu pacienta. Velmi tézké
vazospasmy koncici téZkym neurologickym deficitem nebo fatalng jsou nastésti malo Casté.
Ptied i po oSetfeni aneuryzmatu je standartem 1écby v soucasné dobé¢ terapie na specializované
jednotce intenzivni péce a naslednd specializovana rehabilitace, véetné nasledné intenzivni
neurorehabilitaéni péce. Pies pokroky ve vsech 1é€ebnych modalitdch a nésledné rehabilitacni
péci, 1écba nitrolebnich aneuryzmat zlstavd narocnd, ma sva uskali a komplikace a jen
limitovanou moznost zlepSeni stavu pacienta i mozné komplikace.

V ramci péce o pacienty s mozkovym aneuryzmatem nelze vynechat i zasadni slozku a to tlohu
dedikovaného neuroanesteziologa. Z toho diivodu u nejkomplexnéjSich neurochirurgickych
vykonii  veetné¢ cévnich neurochirurgickych vykonl byva zkuSeny dedikovany
neuroanesteziolog, ktery miize vyznamnou mérou vypomoct k uspésnému pribéhu operacniho

vykonu vcetné managementu edému mozku i intraoperacni ruptury aneuryzmatu, ktera byva



piitomna az 16.8% operovanych pacienti!*!4. Moderni postupy, napf. intraopera¢ni podani
adenosinu je moderni metodou vedouci k zastavé srde¢ni ¢innosti na kratkou dobu — az 60
sekund, tim dojde k zastavé krvaceni a umozni to neurochirurgovi zptehlednit operacni pole a
nalozit spravné svorku nebo svorky do nejvhodné&jsi polohy a tim situaci vyfesit!®.
Lécba pacientli po subarachnoidalnim krvaceni je komplexni, po¢inaje pfednemocni¢ni fazi,
fazi pfed oSetfenim aneuryzmatu, vlastnim oSetfenim prasklého nitrolebniho aneuryzmatu, ptes
naslednou intenzivni lécbu na specializované JIP, terapii sekundarniho ischemického poskozeni
mozku zplisobeného vazospasmy mozkovych tepen, terapii hydrocefalu a neurorehabilitaci.
Védecky vyzkum a kazdy pokrok v terapii a implementace nejnovéjsich 1écebnych postupti
vedouci ke zlepSeni péce o tyto pacienty je Zadouci.
Terapii mozkovych aneuryzmat zdsadnim zplsobem ovlivnily studie. Mezi zakladni patii
nasledujici:

e International Study of Unruptured Intracranial Aneurysms (ISUIA). Jedna se o

rozsahlou mezindrodni studii zaméfenou na nepraskld mozkova aneuryzmata (UIA).

Zavery: Studie ukazala, ze riziko ruptury UIA zavisi na velikosti aneuryzmat a jejich lokalizaci.
U menSich aneuryzmat (zejména v pfednim povodi, pod 7 mm) je riziko ruptury velmi nizké
(0,05-1 % rocné), a Casto tak ptirozeny prubeh (sledovani) pfevazuje nad rizikem invazivni
l1écby. U vétSich aneuryzmat nebo aneuryzmat v zadnim povodi (napf. na bazilarni tepné) je

riziko ruptury vyssi, a 1écba je proto doporucena.

e International Subarachnoid Aneurysm Trial (ISAT)

ISAT je jednou =z nejvlivngsich studii, kterd srovnavala endovaskularni 1écbu
(coiling) a chirurgickou lécbu (clipping) u pacientd s prasklym aneuryzmatem, které zptisobilo
subarachnoidalni krvaceni.

Zavery: Studie zjistila, ze u vybranych pacienti je endovaskularni 1écba spojena s lepSim
klinickym vysledkem (niz§i mortalita a morbidita) a niz§im rizikem zavazné invalidity v
pribéhu jednoho roku ve srovnani s mikrochirurgickym klipovanim. Vysledky ISAT vedly k
vyznamnému narlstu vyuzivani endovaskularnich metod jako primarni volby 1é¢by prasklych

aneuryzmat. Tato studie byla také kritizovana pro selection bias a jiné dalsi faktory.
e The International Cooperative Study on the Timing of Aneurysm Surgery

Celkové vysledky: Studie dospéla k zavéru, Ze celkové nebyl zjistén vyznamny rozdil v
mortalité¢ (4mrtnosti) a morbidité (nemocnosti) mezi ¢asnou operaci (béhem 0 az 3 dnl po

krvéceni) a odlozenou operaci (po 10 dnech).



Specifika nacasovani: Vysledky byly vyznamné hor$i, pokud byla operace provedena
v prechodném intervalu 4 az 10 dnt po krvaceni. Tento interval se shoduje s vrcholem vyskytu
mozkovych vazospasmd, hlavni pfi¢iny pozdnich komplikaci a diivodu pozdé€jsi morbidity i

mortality.

e Studie BRAT (Barrow Ruptured Aneurysm Trial)
Tato vyznamna severoamericka randomizovana studie byla designovana tak, aby ptfekonala
metodologické nedostatky studie ISAT, a jeji findlni 6leté a 10leté vysledky byly publikovany
v letech 2015 a 2019. [1, 2]
o Cil: Porovnat clipping a coiling u redlného vzorku pacienti bez selekéniho
zkresleni.
o Vysledky podle lokalizace: BRAT pftinesla revolu¢ni posun v indikacénich kritériich:

o Pfedni ob¢h (Anterior circulation): Po 3, 6 i 10 letech nebyl zjistén zadny
statisticky vyznamny rozdil v klinickém stavu (mRS) pacienti 1é¢enych
chirurgicky versus endovaskularné.

o Zadni obéh (Posterior circulation): Vysledky dlouhodobé vyznamné
favorizovaly endovaskularni coiling, ktery byl spojen s lepSim
neurologickym ptezitim.

o Kompletni uzavér: Po 10 letech bylo kompletné uzavieno 93 % aneurysmat v
chirurgické vétvi, ale pouze 22 % v endovaskuldrni vétvi, coz vedlo k vysokému

poctu reoperaci u embolizovanych pacientil (19 % vs. <1 %)

e Studie UCAS Japan (Unruptured Cerebral Aneurysm Study)
Publikovana v roce 2012 v The New England Journal of Medicine. Slo o velkou prospektivni
studii sledujici 6 697 neprasklych aneurysmats cilem piesné urcit pfirozené riziko jejich
ruptury.
o Zjisténi: Studie pfinesla pfesnéjSi matematické modely rizika prasknuti.
Ukazala, Ze riziko ruptury se dramaticky 1i$i podle velikosti a lokalizace:
o Aneurysmata pod 5 mm maji extrémné nizké riziko prasknuti (cca 0,5 % roc¢né),
pokud nejsou v rizikové lokalizaci.
o Vyduté na arteria communicans anterior a arteria basilaris maji prokazatelné

vys$si sklon k ruptufe i pii malych rozmérech.
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o Kilinicky dopad: UCAS definovala moderni indika¢ni prah — v asijské i evropské
populaci se zacal prosazovat konzervativngj$i pfistup k ndhodné objevenym
malym vyduti u starSich pacienti.

Identifikované rizikové faktory: Analyzy v ramci UCAS potvrdily, ze nezévislymi prediktory
ruptury jsou lokalizace aneurysmatu (napt. na pfedni spojovaci tepné ACoA), nekontrolovany
vysoky krevni tlak (hypertenze) a ptitomnost dcetiného vaku (daughter sac - specificky tvar
vyduté). Zajimavosti bylo, Ze na rozdil od jinych studii nebyla v této specifické kohorté
(pacienti s jiz diagnostikovanym a sledovanym neprasklym nitrolebnim aneuryzmatem)
koufeni a rodinnd anamnéza SAH shledany jako vyznamné rizikové faktory pro

rupturu sledovaného aneurysmatu.

11



3. Uvod II. Pialni arteriovenozni malformace, modality, efektivita, zaméreni

na chirurgické oSetfeni pialnich arteriovenoznich malformaci

Arteriovendzni malformace mozku (AVM) jsou 1éze mozkovych cév, které tvoii nidus, ktery
pfimo odvadi arteridlni krev do zilniho systému. Malformaci krev bezi¢elné¢ protéka, okrada
mozek o krev a drazdi ptilehlou mozkovou tkan. Nekvalitni cévni st€éna v malformaci, ktera je
namahana arteridlni tlakem cirkulace ohrozuje pacienta krvacenim. Vyskyt AVM je piiblizné
1/100 000 osob za rok's. Mezi prezentace arteriovenoznich malformaci patii intracerebralni
krvaceni nebo subarachnoidalni krvaceni a dalsi, jako jsou epilepticky zachvat nebo fokalni
neurologicky deficit, a také méné& zdvazné stavy, jako je bolest hlavy's. Ruptura AVM je
spojena s vysokou morbiditou (80 %) a mortalita je 10 %30 %!”. Trvaly neurologicky deficit
mize byt pfitomen az u 42 % pacientll, zatimco pouze 33 % pacientil pteZije krvaceni bez
neurologického deficitu'®. Ro¢ni riziko ruptury AVM je v piipadé neprasklych AVM 2-4 % a
v ptipad¢ jiz prasklych AVM se riziko opétovné ruptury béhem prvniho roku zvySuje na 68
% a poté pomalu klesa'®%.

Lécba mozkové AVM miiZe byt intervencni nebo konzervativni. Pokud je to mozné a rizika
1é¢by nejsou vysoka, je preferovéana intervencni 1écba, protoze konzervativni 1écba je spojena s
rizikem krvaceni nebo opakovaného krvaceni. Obecnym cilem intervenéni 1éCby je eliminace
pritoku krve v AVM, pouze Gplna eliminace pratoku krve mize byt povazovéana za kurativni
intervenci?!?2, Lécebna strategie je vzdy individualizovana, protoZze kazda AVM a kazdy
pacient je jedineény?*2*, Systém klasifikace dle Spetzlera-Martina (S-M), piivodné publikovany
v roce 1986 a aktualizovany Spetzlerem a Poncem v roce 2011, je uzitecnym pomocnym
nastrojem pro rozhodovani o 1é¢bé& AVM?326, VétSina neurochirurgickych center pouziva
mikrochirurgii pro AVM S-M stupné I-1I a vétSinu AVM S-M stupné III, n€kdy v kombinaci s
embolizaci nebo radiochirurgii. Nékteré AVM stupné S-M III a vétSina AVM stupné S-M 1V
se 1é¢i endovaskularni 1é¢bou nebo radiochirurgii. Konzervativni 1écba se pouzivéa u nékterych
AVM stupn€ S-M IV a hlavné u AVM stupné S-M V, které lze 1é€it radiochirurgicky nebo
konzervativni 1écbou.

Endovaskularni a radiochirurgickd 1écba miize byt pouzita samostatné, spolecné nebo v
kombinaci s chirurgickou 1é¢bou. Endovaskularni embolizace s pouzitim spirdlek (koil) nebo
Onyxu mizZe byt pouzita k zmenSeni nidu a nékdy i k Gplné obliteraci, poptipad¢ k uzavieni
intranidalniho aneuryzmatu?’. Uplné obliterace AVM lze dosahnout u p¥iblizng 13 % pacientt,

ale endovaskularni zakrok je spojen s komplikacemi v 7% piipadt?®. Radiochirurgie s pouzitim
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gama noze nebo linearniho urychlovace je moznosti pro AVM, které nelze 1é€it chirurgicky a
které nejsou ptistupné endovaskularni technikou. Radiochirurgie je prospé$na pro 1é¢bu malych
a hlubokych AVM, zejména u starSich pacientl a pacientti neschopnych podstoupit jinou 1écbu.
Hlavni nevyhodou radiochirurgie je latence pied obliteraci AVM, ktera obvykle trva 2-3 roky!”.
Uplného uzavéru touto metodou lze dosahnout pouze v 50-90 % piipadi a nepiimo imérné
koreluje s velikosti nidu!”. Radiochirurgie je spojena s pfiblizné 5% rizikem zdvaznych
neurologickych komplikaci nebo imrti?®. Mikrochirurgie je povaZovana za zlaty standard 1é¢by
AVM. Maly nidus (do 3 cm) lze kompletné odstranit u vice nez 94 % pacientti s dobrym
celkovym vysledkem ve vice nez 90 % pripadt?’. Chirurgicka 1é¢ba vétsich AVM nebo AVM
IV je mozna ve 22 % piipadli a AVM stupné S-M V v 17 % piipadt?’. Proto se mikrochirurgie
obvykle nepouziva k 16€bé AVM stupné S-M IV a V. Obecnym principem chirurgické 1écby je
uzaver arteridlnich vyzivnych tepen u nidu, nasledovana resekci nidu a nakonec pteruseni
drendznich zil u nidu. Metody, jako je neuronavigace nebo indocyaninova zelena
videoangiografie, pomahaji zlepsit vysledky chirurgické 1é¢by!7?°. Multimodalni 1é¢ba
kombinujici mikrochirurgii, endovaskularni 1é€bu a radiochirurgii je moderni moznosti
v soucasné dobé v komplexni 1écbé AVM.

Ptedoperacni planovani je klicovou soucasti operace. Zakladni charakteristiky AVM, vcéetné
lokalizace, ptipadného hematomu, charakteru nidu, prutoku krve nidem, arteridlnich piivodd,
drendznich zil a vztahu k elokventnim oblastem, se posuzuji na zdkladé DSA, MR ale i CT
zobrazeni. Detailni pfedoperacni studium snimku je zésadni pro GspéSnou 1é€bu. Duilezitymi
aspekty operace jsou poloha pacienta s hlavou nad urovni srdce, vétsi kraniotomie a opatrné
otevieni tvrdé pleny. Prvnim krokem resekce AVM je identifikace arterialnich feederd, jak
povrchovych, tak hlubokych, a identifikace drenaznich zil, které musi v pocatecni fazi zlistat
neporusené. Intraarterialni injekce indocyaninového zeleného barviva mize byt velmi uzite¢na
k odliSeni tepen patiicich k AVM od normalnich tepen a k vizualizaci dynamiky pritoku krve.
Proximalni kontrola arteridlnich feedert pomoci docasnych klipi pfedchazi jejich resekci. Po
preruseni arteridlnich feederti se provadi resekce nidu. Poslednim krokem resekce AVM je
koagulace a pferuseni drenaznich zil. PeclivdA hemostaza je nezbytnd, protoZe problém s
hemostazou mize signalizovat rezidudlni AVM ponechanou v okolnim mozkovém
parenchymu u resekéni dutiny. V Casném pooperatnim obdobi se pouziva disledna
normotenzni a normovolemicka terapie. Analgezie, sedace a antiepileptika se pouzivaji
individudln¢ dle klinického pribéhu u daného pacienta. Hodnoceni chirurgikého rizika

opera¢niho vykonu je kvantifikovano puomoci Spetzler-Martinovy klasifikace’!2. Nékolik
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studii uvadi lepsi prediktivni hodnotu suplementalniho systému hodnoceni pro odhad
neurologického vysledku po 16€b&3!-3. V posledni dobé se objevuji zcela nové moznosti mozné
budouci terapie cévnich 1ézi véetn¢ arteriovenoznich malformaci. Jedna se o systémovou
terapii, ktera mtze postihnout n¢které patologické cesty formace cévnich 1ézi - mozkovych
pialnich arteriovendznich malformaci — mutaci gend signdlni drahy KRAS/MEK, ktera je
nezbytna pro formaci pidlni arteriovenozni malformace a déle terapie cilend na regulatory
angiogeneze VEGFA. Tyto slibné moznosti jsou pfedmétem intenzivniho vyzkumu®*°, Tyto
nové informace nabourdvaji klasické dogma, Ze arteriovenozni malfomace vznikaji béhem
embryogeneze a jsou tim padem vrozené léze. Dle tréchto novych poznatkli se jevi, ze
arteriovenozni malformace vznikaji béhem zivota a jsou tedy i ziskanymi 1ézemi vzniklé diky
témto vysSe zminénym mutacim.

Piestoze mame relativné jasnou piedstavu o 1é€bé AVM, konecny zavér musi byt zaloZzen na
budoucim vyzkumu. Pro urceni optiméalni metody 1lécby AVM jsou potiebné randomizované
multicentrické klinické studie. Studie ARUBA se pokusila odpovédét na otdzku optiméalni 1€cby
AVM ale jeji vysledky kontroverzni®®.

e Studie ARUBA (A Randomized Trial of Unruptured Brain Arteriovenous
Malformations) - vyznamnd mezindrodni multicentrickd randomizovana klinicka
studie, ktera se zaméfila na srovnani lécebnych postupii u pacientdi s neprasklymi
pialnimi arteriovenoznimi malformacemi mozku (AVM) 3

Ugel: Hlavnim cilem studie bylo zjistit, zda je u dospélych pacientti s neprasklou AVM
ucinngjsi intervencni 1éCba (chirurgie, stereotaktickd radiochirurgie nebo endovaskuldrni
embolizace) v kombinaci s medikamentézni 1écbou, nebo zda je lepsi zvolit
pouze konzervativni (medikamentézni) management (sledovani a lécba symptomd, napf.

bolesti hlavy ¢i zachvatl).

Metodika: Do studie byli zatfazeni dospéli pacienti (vék >18 let) s neprasklou AVM z 39
klinickych center v deviti zemich. Pacienti byli ndhodné rozdéleni do dvou skupin: jedné byla

nabidnuta intervenc¢ni 1é¢ba, druha podstoupila pouze medikament6zni management.

Zastaveni studie: Nabor pacientl byl pfedcasné zastaven v roce 2013 na doporuceni nezavislé
komise pro sledovani dat a bezpecnosti (DSMB), protoze skupina s intervencni 1écbou

vykazovala vyznamné horsi vysledky nez skupina s medikament6znim managementem.

Hlavni zavér: Vysledky studie (po primérném sledovani 33 mésicit) ukazaly, Ze u pacientl s

neprasklou mozkovou pidlni AVM je samotny medikamentdézni management spojen s nizSim
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rizikem Umrti nebo symptomatické cévni mozkové piithody ve srovnani s kombinaci

medikament6zniho managementu a intervenc¢ni 1écby.

Dopad a kontroverze: Zavéry studie ARUBA byly velmi kontroverzni a vyvolaly rozsédhlou
debatu v neurochirurgické komunité, protoze zpochybnily do té doby Casto preferovany
agresivni pfistup k 1é€bé neprasklych AVM. Mnoho odbornikli poukazovalo na kratkou dobu
sledovani pacientll (riziko krvaceni z AVM je celozivotni) a na heterogenitu pouzitych
intervencnich metod, coz vedlo k dal§im néaslednym studiim a analyzam, které se snazily

vysledky studie ARUBA upfesnit a doplnit.
Dalsi nedavna studie ale ptinesla s pomoci emulace jiné vysledky nez studie ARUBA.

e Studie Target Trial Emulation (2025) 7
Tato rozséhla kohortova studie publikovana v ¢asopise JAMA Neurology pfimo reagovala na
neustavajici kontroverze ohledné neprasklych AVM.
Metodika: Vyuzila moderni statistickou metodu emulace cilové randomizované studie u
vzorku 1770 pacientd s neprasklymi AVM. To umoznilo piekonat nedostatky béznych
observacnich studii a napodobit parametry klinického testovani.
Vysledky: Na rozdil od studie ARUBA tato analyza ukdzala, Ze interven¢ni lécba byla spojena
s vyznamné vysSim prezitim bez krvaceni v dlouhodobém horizontu. Po 5 letech byla mira
preziti bez krvaceni 96 % u 1écenych vs. 89 % u konzervativng sledovanych. Po 10 letech to
bylo 84 % vs. 76 %.
Dopad: Studie naznacuje, ze v dlouhodobém horizontu (vice nez 5 az 10 let) dokaze vCasny
invazivni zdkrok u neprasklych AVM vyznamné snizit kumulativni celoZivotni riziko krvéceni.
e Studie TOBAS - celosvétova klinicka studie, kterd zkoumal nejlepsi zptsob 1éCby
mozkovych AVM pomoci kombinace tii metod: chirurgie, ucpavani cév (embolizace)
a ozafovani gama nozem?.
Hlavni principy studie
o Intervence vs. Sledovani: Testuje, zda je pro pacienta bezpecnéjsi aktivni 1écba,
nebo pouhé sledovani.
o Role pfedoperacni embolizace: Zkoumad, zda pomaha, kdyz se cévni anomalie
nejprve ¢asteéné ucpe specidlnim lepidlem a teprve poté vyoperuje nebo ozaii.
Vysledky a pfinos pro pacienta
o Vyssi uspésnost: Kombinovany postup (embolizace + operace) vede k tplnému

vyléceni az u 89-95 % pacientd.
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o Bezpecnéjsi operace: Ucpani cév pied operaci vyrazné snizuje riziko masivniho
perioperacniho krvaceni
o Trend jedné operace: Moderni praxe sméfuje k tomu, Ze se embolizace i

chirurgické vyfiznuti provedou najednou v jedné narkoze, coz vede k prevenci
prasknuti AVM.

Finalni zhodnoceni v této studii je planovéano v desetiletém horizontu sledovani.
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4. Aneuryzmata stiedni mozkové tepny s intracerebrilnim hematomem.
Uloha mikrochirurgie, urgentni operace prasklych aneuryzmat sti‘edni

mozkové tepny se signifikantnim intracerebralnim hematomem

Aneuryzmata stfedni mozkové tepny (ACM) patii k nejcastéj$i skupiné intrakranidlnich
aneuryzmat®. Praskla aneuryzmata ACM maji nejvyssi vyskyt intracerebralniho hematomu
(ICH) kvili svym anatomickym a hemodynamickym vlastnostem****. Navzdory rychlému
rozvoji endovaskularnich metod je mikroneurochirurgie preferovana u aneuryzmat ACM,
zvI4sté u aneuryzmat spojenych s intracerebralnim hematomem (ICH). Je to dano anatomickou
lokalizaci a relativni pfistupnosti téchto aneuryzmat. Pii adekvatni 1é€bé€, vcetné operacni
taktiky a mikrochirurgické operacni techniky, mize vyznamna ¢ast pacientl dosahnout
ptiznivého vysledku 1é€by. V recentnich publikacich je nadale doporucovéana u téchto pacientli
mikrochirurgie pro lepsi findlni vysledek 1é&by*. 1 pies relativni Getnost aneuryzmat
s intracerebralnim hematomem neni literatura zabyvajici se aneuryzmaty ACM s ICH pfili$
Castd. Obecné je u téchto pacientii doporucena urgentni operace bez ohledu na stranu a velikost
intracerebralniho hematomu. Vysledek 1é¢by zavisi na znamych klinickych faktorech: Hunttv-
Hesstv stupeni, veék, vazospasmy a dalSich faktorech. Dosud nebylo dobie znamo, zda
lateralizace hematomu a urcity objem ICH spolu s dalSimi faktory ovliviiuji kone¢ny vysledek
1é¢by téchto pacientll. V tomto ¢lanku jsme se zaméfili na analyzu téchto faktort.
Retrospektivné jsme studovali 58 pacientll s rupturou aneuryzmatu ACM s intracerebralnim
hematomem o objemu >10 ml (vypocteno jako A x B x C/2); vSichni byli pfijati na
Neurochirurgickou kliniku Fakultni nemocnice Brno, v obdobi od ledna 2006 do prosince 2015.
Pacienti byli ze spadové oblasti Fakultni nemocnice Brno, kterd ma zhruba 1,5 milionu
obyvatel.

Z 58 pacientl s aneuryzmatem ACM s ICH bylo 44 Zen a 14 muzi; pramérny vek sledovaného
souboru byl 59,4 let. Pti pfijeti mélo 36 pacientii (62 %) klinicky stav Hunt-Hess 4-5. V 55 (95
%) ptipadech bylo aneuryzma lokalizovéno na bifurkaci ACM, u 2 pacientli na segmentu M1
(3 %) a v 1 ptipadé (2 %) na M2. Primérny objem intracerebralniho hematomu byl 47,1 ml
(10-133 ml) a median 39 ml. Nejcastéji, u 30 pacientl (52 %), byl hematom umistén v
temporalnim laloku; dalsi lokalizace byly frontotemporalni (intrasylvijské) 19 (33 %), frontalni
6 (10 %) a parietotemporalni 3 (5 %) (tabulka 2). 32 pacienti (55 %) mélo hematom
lokalizovany na levé stran¢.

V naprosté vétsing, v 51 (88 %) ptipadech bylo aneuryzma zaklipovano a hematom odsat; u 2

(3 %) pacientt bylo aneurysma fusiformni, Siroce nasedlé aneuryzma a bezpecny kliping byl
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technicky neproveditelny a proto bylo aneuryzma pouze wrapovano. U tfi pacientl (6 %) byla
potieba odstranit vyznamny zbytek ICH b&hem dalsi operace do 1-3 dnli od prvni operace.
Zadny vyznamny zbytek ICH, ktery bychom mohli povaZovat za zdroj edému a s tim
zpusobeny utlak nitrolebnich struktur, nezlstal u zadného pacienta. P&t pacientt (9 %) bylo
1é¢eno konzervativng kvili jejich moribundnimu stavu. Zadné aneuryzma v tomto souboru
nebylo oSetieno endovaskularné.

Vysledek 1écby byl posuzovan v tomto souboru 3 mésice od ruptury aneuryzmatu. 23 pacientli
(40 %) mélo ptiznivy vysledek 1écby dle Glasgow Outcome Scale (GOS) a 35 (60 %) mélo
nepiiznivy vysledek, véetné 20 pacientii (35 %), ktefi zemfeli. Z 53 operovanych pacientli mélo
20 (38 %) provedenou dekompresivni kraniektomii; z toho 6 (30 %) podstoupilo tento vykon
jako soucast primarni operace s oSetfenim aneuryzmatu a 14 (70 %) pacientii do 1-8 dnt po
prvotnim oSetfeni aneuryzmatu v dal$i operaci. Z 20 pacientll s dekompresivni kraniektomii
dosahli ptiznivého vysledkti 4 (20 %). V celé sérii se nevyskytl zadny mozkovy infarkt v povodi
ACM piimo souvisejici s operaci.

Pti dichotomizaci pacientl na skupiny s pfiznivym a neptiznivym vysledkem byl signifikantni
rozdil ve velikosti intracerebralniho hematomu v obou skupinich. Podle ocekavani méli
pacienti, ktefi skoncili s neptiznivym vysledkem, signifikantné vétsi hematomy s primérnym
objemem 54 ml, zatimco pacienti s pfiznivym vysledkem méli primérny objem hematomu 26
ml, p=0,0022, Mann-Whitney test (tabulka 4). Ptiblizné 50 % pacienti s ptiznivym vysledkem
mélo ICH do 25 ml a 75 % pacientt s nepfiznivym vysledkem mélo ICH vétsi nez 25 ml; objem
ICH do 25 ml povazujeme za pomyslnou hranici, kterd mlze predznamendvat piiznivy
vysledek 1éCby.

Pii porovnani vysledki podle strany hematomu jsme zjistili, Ze se vysledek statisticky nelisi, p
= 0,42, Fishertiv exaktni test, i kdyZz velikost ICH byla statisticky vétsi vpravo s medidnem 54,5
ml a 24,5 ml vlevo (p = 0,0008).

V nasem souboru doséhla znacna ¢ast (40 %) pacientl s aneuryzmatem ACM s ICH pftiznivého
vysledku a zlistali sobéstacni. Natarajan a kol. prezentuji modifikované Rankinovo skére 0-2 u
42 % pacientt ve vSech lokalizacich aneuryzmat s ICH a mortalitu 31 %. Vysledky téchto sérii
podporuji aktivni a rychly p¥istup k 16¢bé téchto kriticky nemocnych pacienti*>. Umrtnost 35%
v naSem souboru se mlze zdat relativné vysoka, ale toto ¢islo zahrnuje vSechny pacienty, a to
1ty, ktefi jsou 1é€eni konzervativné tzn. bez indikace operacniho feSeni pro Spatny stav pacienta
pfi pfijeti do naseho centra. I v literatufe je mortalita u pacienta s rupturou intrakranialniho

aneuryzmatu s intracerebralnim hematomem vyznamné horsi nez bez ICH#0:41:46-50,
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V této sérii méli pacienti s piiznivym vysledkem vyznamné mensi hematomy, zatimco pacienti
s neptiznivym vysledkem méli objemnéjsi krvaceni. Velikost ICH vétsi nez 25 ml m¢éla
mnohem vyssi pravdépodobnost neptiznivého vysledku 1écby. Prat publikoval, Ze evakuace
intrakranidlniho krvaceni (ICH) o objemu vét§im nez 20 ml je spojena s dobrym vysledkem v
piiblizné jen u 50 % piipadd®'. Shimoda navrhuje agresivni chirurgickou 1é¢bu s odsatim ICH
u vSech pacientl s aneurysmatem ACM a temporalnim ICH bez ohledu na objem hematomu
nebo neurologicky stav>2. N4s ptistup v klinické praxi je takovy, ze odsati ICH se provadi, kdyz
jsou velké, a nasim cilem je pokud mozno nezanechat hematom o objemu vétsi nez zhruba 10
ml. Pouze u intrasylvijskych hematom se timto pfimo striktné netidime, protoze tuhy hematom
casto pevné adheruje ke strukturdm Sylviovy fisury véetné cév a jeho odstranéni miize zptsobit
dalsi poskozeni neurovaskularnich struktur (vytrzeni cévy nebo jeji vétve). Neékteti autofi vSak
doporucuji odstranéni i intrasylvijského hematomu z aneurysmatické ruptury bez ohledu na
neurologické ptiznaky a klinicky stav pfi ptijeti, aby se snizil intrakranialni tlak (ICP) a také
zabranilo rozvoji vazospasmu®’.

Je zajimavé, Ze ICH na pravé strané v této sérii jsou vyrazné vétsi, nez kdyby byly lokalizovany
v levé hemisféfe. Mezi obéma stranami vSak nebyl statisticky rozdil ve vysledku 1é€by. Nenasli
jsme pro to vysvétleni a literatury zabyvajici se timto tématem je malo nebo chybi. Prava
hemisféra by mozna mohla tolerovat vétsi ICH se stejnym vysledkem 1é¢by jako leva. K
odhaleni moznych a vyznamnych rozdildi by muselo byt provedeno podrobné
neuropsychologické vysetfeni u téchto pacienttl.

I po publikaci nasi studie vySla prace, ktera toto téma rozvadi a jeji autofi uvadéji, ze
nejzasadnéjsi pro vysledek 1écby zhstava klinicky stav (Hunt-Hess grading) v inicalni fazi
terapie>>.

Zcela zasadnim je potvrzeni, ze tito pacienti v zavazném stavu maji pomérné dobrou Sanci
doséhnout uspokojivého vysledku 1écby — v 40%, coz opodstatiiuje tuto nelehkou a naro¢nou
operacéni lé¢bu v kteroukoliv denni dobu. To je 1 bez ohledu na velikost hematomu. Samoziejmé
vétsi hematomy maji mensi Sansi na uspokojivy vysledek 1écby, ale 1 z této skupiny pacienti

vyznamna ¢ast dosahla uspokojiového vysledku 1écby.

NAVRATIL, Ondrej, Kamil DURIS, Vilem JURAN, Eduard NEUMAN, Karel
SVOBODA a Martin SMRCKA. Middle cerebral artery aneurysms with intracerebral

hematoma-the impact of side and volume on final outcome. Acta Neurochirurgica

[online]. 2017, 159(3), 543-547. ISSN 0001-6268. Dostupné z: doi:10.1007/s00701-

19


https://doi.org/10.1007/s00701-016-3070-3

016-3070-3 A, IF = 1,929; Quartile by IF: CLINICAL NEUROLOGY Q3 +
SURGERY Q2; Quartile by AIS: CLINICAL NEUROLOGY Q3 + SURGERY Q2

20


https://doi.org/10.1007/s00701-016-3070-3

Acta Neurochir (2017) 159:543-547
DOI 10.1007/s00701-016-3070-3

@ CrossMark

CLINICAL ARTICLE - VASCULAR

Middle cerebral artery aneurysms with intracerebral
hematoma—the impact of side and volume on final outcome

Ondrej Navratil"
Martin Smrcka®

- Kamil Duris’ - Vilem Juran' - Eduard Neuman' - Karel Svoboda’ -

Received: 29 June 2016 / Accepted: 28 December 2016 /Published online: 9 January 2017

© Springer-Verlag Wien 2017

Abstract

Background Middle cerebral artery aneurysms (MCA aneu-
rysms) belong to the most frequent type of intracranial aneu-
rysms forming an intracerebral hematoma. The consequences
of the hematoma—the laterality, the impact of ICH volume
and size of the aneurysm with the final outcome of these
patients had not been studied in detail in this location, and
we focused on the analysis of these factors.

Methods Patients with MCA aneurysms and associated intra-
cerebral hematomas with a volume >10 ml were studied; these
were treated from January 2006 to December 2015. During
this period, more than 700 patients with spontaneous sub-
arachnoid hemorrhage were admitted to the Department of
Neurosurgery, University Hospital Brno. The data were col-
lected from the subarachnoid hemorrhage database of the unit
and from the local hospital registry. All consecutive patients at
the treating center were involved in this retrospective study.
We collected clinical data such as age, gender, aneurysm lo-
cation, preoperative hematoma size, Hunt-Hess grade and
type of surgical procedures. We focused on the analysis of
the final outcome [Glasgow Outcome Scale (GOS) score] in
relation to ICH volume, side of bleeding and finally the rela-
tionship between aneurysm size and the volume of ICH.
Results Fifty-eight patients with an MCA aneurysm and ICH
were included; the mean age of this series was 59.4 years.
Thirty-six patients (62%) had clinical status Hunt-Hess 4-5
on admission. The mean size of the intracerebral hematoma
was 47.1 ml (10-133 ml). Most frequently, in 30 patients
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(52%), the hematoma had bled into the temporal lobe. Fifty three
patients were operated on, and 5 were treated conservatively
because of their poor condition. Twenty-three patients (40%)
had a favorable Glasgow Outcome Scale score, and 35 (60%)
had an unfavorable outcome including 20 patients (35%) who
died. Of the 53 patients operated on, 20 (38%) underwent
decompressive hemicraniectomy (DHC). Patients with an un-
favorable outcome had significantly larger hematomas with a
median size of 54 ml, whereas those with a favorable outcome
had a median size of 26 ml (p=0.0022). Larger hematomas
were found on the right side. The cutoff volume for an un-
favorable outcome in ICH was 25 ml. The outcomes were not
related to the side of the ICH (p = 0.42), and the aneurysm size
did not predetermine the ICH volume (p = 0.3159).
Conclusion Our study confirms the benefit of the active treat-
ment of patients with MCA aneurysms and associated ICH. A
significant proportion of these patients achieves a favorable
outcome. No association between the side of bleeding and
outcome was demonstrated. Hematomas larger than 25 ml
have a greater tendency to lead to an unfavorable outcome.
The treatment decision-making process should not differ for
either side.

Keywords Intracranial aneurysm - Middle cerebral artery -
Intracerebral hematoma - Outcome

Introduction

Middle cerebral artery aneurysms (MCA aneurysms) belong
to the most frequent category of intracranial aneurysms.
Ruptured MCA aneurysms have the highest incidence of in-
tracerebral hematoma (ICH) because of their anatomic and
hemodynamic features [1, 2, 6, 8, 9, 12, 13, 15, 20-22].
Despite rapid developments in endovascular methods,
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microneurosurgery is preferred for MCA aneurysms, especial-
ly those associated with ICH. If treated adequately, including
operative tactics and microsurgical techniques, a significant
proportion of patients can achieve a favorable outcome [2,
10, 14, 18, 20]. In spite of their relative frequency, the litera-
ture dealing with MCA aneurysms and ICH is limited.
Generally, emergent surgery for these patients is recommend-
ed irrespective of the side and size of the intracerebral hema-
toma. The outcome is related to the well-established clinical
factors: Hunt and Hess grade, age and clinical vasospasm [17].
It is not yet well understood whether the laterality of the he-
matoma and a certain volume of the ICH together with other
factors affect the final outcome of these patients. In this article,
we focused on the analysis of these factors.

Materials and methods

We studied, retrospectively, 58 patients with a ruptured MCA
aneurysm with an intracerebral hematoma with a volume
>10 ml (calculated as A x B x C/2); all of them had been
admitted consecutively to the Department of Neurosurgery,
University Hospital Bmo, Czech Republic between January
2006 to December 2015. The catchment area of University
Hospital Brno has about 1.5 million inhabitants. During the
same period, more than 700 patients with a spontaneous
subarachnoid hemorrhage were treated at the unit. The patient
records were collected from the aneurysm database of the
Department of Neurosurgery and other details from the
hospital registry. All patients were operated on an emergent
basis but all within the first 6 h after admission with respect to
the pupillary status and Hunt-Hess grading. Subsequent treat-
ment was managed in a dedicated neurosurgical ICU in accor-
dance with up-to-date guidelines and treatment protocols [4].
When significant edema was present postoperatively, the
patients were assessed individually for the appropriate timing
of weaning. ICP monitoring was required either with an ICP
probe or by means of ventriculostomy. In those with
intracranial hypertension, swelling, signs of brainstem
compression and correlation with CT findings, we have a
relatively low threshold in deciding when to perform a
decompressive hemicraniectomy (DHC) in order to avoid
subsequent irreversible pathophysiological processes. In a
case of significant intraoperative swelling, we perform DHC
immediately after clipping and hematoma removal. During
the period of this study, there was no substantial change in
the treatment strategies for patients with SAH that could affect
the results [4].

Clinical data such as age, gender, aneurysm location, pre-
operative hematoma size, Hunt-Hess grade and type of surgi-
cal procedure including aneurysm treatment were collected.
We focused on the analysis of the final outcome (Glasgow
Outcome Scale, GOS) in relation to the ICH volume and side

@ Springer

of bleeding. In addition, we analyzed the relationship between
the aneurysm size and the volume of ICH. According to the
GOS, good recovery and moderate disability form a favorable
outcome; severe disability, vegetative state and death are con-
sidered unfavorable. Outcome parameters were evaluated
using the Fisher exact test. Volume data were analyzed using
the Mann-Whitney test, and correlation analysis was assessed
using the Spearman correlation coefficient. A p-value lower
than 0.05 was considered statistically significant.

Results

Of 58 patients with MCA aneurysm and ICH, 44 were
females and 14 males; the mean age of the study group
was 59.4 years. On admission, 36 patients (62%) had
clinical status Hunt-Hess 4-5 (Table 1). In 55 (95%)
cases, the aneurysm was located on the MCA bifurca-
tion, in 2 patients on the M1 segment (3%) and in 1
case (2%) on the M2. The mean size of the intracerebral
hematomas was 47.1 ml (10-133 ml) and the median
39 ml. Most commonly, in 30 patients (52%), the hema-
toma had bled into the temporal lobe; other locations
were the frontotemporal (i.e., intrasylvian) 19 (33%),
frontal 6 (10%) and parietotemporal 3 (5%) (Table 2).
Thirty-two patients (55%) had a hematoma located on
the left side.

In the vast majority, 51 (88%) cases, the aneurysm was
clipped and the hematoma removed; in 2 (3%) patients, a
fusiform, broad-based aneurysm was technically not amena-
ble to safe clipping and was only wrapped. In only three pa-
tients (6%) was there a need to remove a significant remnant
of the ICH in another operation within 1-3 days from the
initial surgery. Therefore, the success rate of ICH removal
was high, reaching more than 94%. No important residual of
the ICH that we could consider a source of edema and shift
was left behind in any patient. Five (9%) patients were treated
conservatively because of their moribund condition or limit-
ing severe comorbidities. No aneurysm was treated by
endovascular means.

Table 1  Hunt-Hess grade on admission and favorable outcome of
patients in each category

Hunt-Hess n=>58 Favorable Unfavorable
grade outcome n=23 outcome n=35
I 2 (4%) 2 (9%) 0 (0%)

I 3 (5%) 3 (13%) 0 (0%)

11 17 (29%) 8 (35%) 9 (26%)

v 18 (31%) 4 (17%) 14 (40%)

\% 18 (31%) 6 (26%) 12 (34%)
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Table 2 Location of the

Table 4 Volume of intracerebral hematomas (ml) in favorable and

intracerebral hematoma Location of ICH n=58 unfavorable outcomes
Temporal 30 (51.7%) Favorable Unfavorable
Frontotemporal (sylvian) 19 (32.8%)
Frontal 6.(103%) Number of patients 23 35
Parietotemporal 3(5.2%) Minirnum 10,00 10,00
25% Percentile 17,00 24,00
Median 26,00 54,00
Outcome of patients with MCA aneurysm with ICH 75% Percentile 43,00 78,00
Maximum 87,00 133,0
The final outcome was recorded 3 months from the onset of
bleeding. Twenty-three patients (40%) had a favorable
Glasgow Outcome Scale score (GOS), and 35 (60%) had an  Discussion

unfavorable outcome including 20 patients (35%) who died
(Table 3). Of the 53 patients operated on, 20 (38%) underwent
decompressive hemicraniectomies; of these, 6 (30%)
underwent this procedure as a part of surgery with aneurysm
treatment and 14 (70%) patients within 1-8 days after the
initial treatment of the aneurysm. From 20 patients with a
decompressive craniectomy, 4 (20%) achieved favorable out-
comes. In the whole series, there was no MCA infarction
related to surgery.

When dichotomizing the patients into the groups with fa-
vorable and unfavorable outcomes, there was a significant
difference in the size of the intracerebral hematoma in both
groups. As expected, patients who ended up with an unfavor-
able outcome had significantly larger hematomas with a me-
dian size of 54 ml, whereas those with a favorable outcome
had a median size of 26 ml, p=10.0022, Mann-Whitney test
(Table 4). Around 50% of patients with a favorable outcome
had an ICH up to 25 ml, and 75% patients with an unfavorable
outcome had an ICH larger than 25 ml; we consider an ICH
volume up to 25 ml a cutoff for favorable outcome.

When comparing the outcomes according to the side of the
hematoma, we found that the outcome was not statistically
different, p = 0.42, Fisher’s exact test (Table 5), although the
size of the ICH was statistically larger on the right with a
median of 54.5 ml and 24.5 ml on the left (p =0.0008).

A possible relationship between the aneurysm size and vol-
ume of intracerebral hematoma was also tested. However, we
did not prove this in this series. When comparing the size of
the aneurysm to the volume of ICH, no significant association
was found, r;=-0.1377, p=0.3159 (Fig. 1).

Table 3  Glasgow Outcome Scale score

Glasgow Outcome Scale score n=58
Good recovery 9 (15.5%)
Moderate disability 14 (24.1%)
Severe disability 8 (13.8%)
Vegetative state 7 (12.1%)
Death 20 (34.5%)

23

An MCA aneurysm with an intracerebral hematoma is one of
the neurosurgical emergencies with uncertain outcome. When
compared to ruptured MCA aneurysms without ICH, the final
outcome is worse [7, 11]. However, the patients in such a
condition are considered potentially salvageable unless they
have long-lasting bilateral mydriasis [19].

In our series, a considerable proportion (40%) of patients
with MCA aneurysms and ICH achieved a favorable outcome
and remained independent. Natarajan et al. present a modified
Rankin score 0-2 in 42% of patients in all aneurysm locations
with ICH and a mortality rate of 31% [11]. Results of these
series justify the rationale for an active and emergent approach
to these critically ill patients. The mortality rate of 35% in our
series may seem relatively high, but this number includes all
consecutive admissions, even those treated conservatively.
Our catchment area (Czech Republic, central Europe) is not
extensive; therefore, our group involves patients that poten-
tially might not survive transfers in much larger territories. In
the literature, the mortality rate of a ruptured intracranial an-
eurysm associated with intracerebral hematoma is significant-
ly worse than without ICH [1, 3, 5, 6, 13, 16, 19, 22, 23].

In this series, those who had a favorable outcome had sig-
nificantly smaller hematomas, whereas those with an unfavor-
able outcome had larger bleeds. The sizes of ICHs larger than
25 ml had a much higher likelihood of suffering an unfavor-
able outcome. Reflecting this in the real intraoperative situa-
tion, our approach to performing the removal of ICHs is per-
formed when they are large, and we aim not to leave behind a
clot with a volume of more than 10 ml. Only in intrasylvian
hematomas do we not strictly follow this policy as the clot is
adherent to the structures of the Sylvian fissure and their re-
moval may cause additional injury to neurovascular

Table 5 Outcomes on

both sides, p=0.42 Side of bleeding Left Right
Favorable 11 12
Unfavorable 21 14

@ Springer



Acta Neurochir (2017) 159:543-547

546
150
oo
£ .
< 1001 .
£ %
] o .. ..
9 0e® o
; 501 °% o o P
Q ... % o
= °
d'. ) °
H °
c T T T 1
0 10 20 30 40

Aneurysm Size (mm)

Fig. 1 The size of the aneurysm is not related to the volume of the ICH;
size (mm), volume (ml), r,=-0.1377, p=0.3159

structures. Shimoda suggests the aggressive surgical treatment
of patients with an MCA aneurysm and temporal ICH irre-
spective of the hematoma volume or neurological status [18].
In line with our results, the patients with diffuse SAH and ICH
of more than 25 ml had a poor prognosis. Prat documented
that evacuation of an ICH larger than 20 ml in volume is
associated with a good result in about 50% of cases [14].
However, some authors recommend the prompt removal of
the intrasylvian hematoma from an aneurysmal rupture re-
gardless of the neurological symptoms and grade on admis-
sion for the decrease of ICP and prevention of vasospasm [2].
The efficacy of ICH removal may only be partially assessed
perioperatively. Rarely, based on a postoperative CT, we re-
move significant remnants of an ICH—in this series in only
three patients (6%). Decompressive craniectomy represents
the surgical procedure of last resort, which may contribute in
some cases to reaching a favorable outcome—in our series in
20% of patients with DHC.

Interestingly, ICHs on the right in this series are significant-
ly larger than if localized in the left hemisphere. However,
there was no statistical difference in outcome between the
sides. We did not find an explanation for this, and the literature
dealing with this topic is scarce. Possibly, the right hemisphere
could tolerate larger ICHs with the same outcome.
Neuropsychological examination would have to be performed
to reveal the possible and perhaps subtle differences.

Conclusion

Our study confirms the benefit of the active treatment of pa-
tients with MCA aneurysms and an associated ICH. A signif-
icant proportion of these patients reaches a favorable outcome.
No association between the side of bleeding and outcome was
demonstrated; therefore, the same criteria should be applied to
the decision-making process of treatment on either side.
However, the right side can tolerate larger hematomas.
Hematomas larger than 25 ml have a higher tendency to end
up with an unfavorable outcome.
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5. Gigantickd aneuryzmata a jejich moZnost oSetfeni mikrochirurgickou

technikou - pouziti DeBakeyho cévni svorky

Gigantickd intrakranidlni aneuryzmata (primér=>25 mm) tvoii pfiblizn¢ 4 az 5 % vSech
intrakranidlnich aneuryzmat. Jsou velmi heterogenni skupinou 1ézi vyzadujicich specialni
techniky k zajiSténi co nejvétsiho a pokud mozno uplného vyfazeni z krevniho Feist&>+>8,
Pokud se aneuryzmata nelé¢i, mortalita u t&chto pacientl presahuje 60 %*’. Giganticka
aneuryzmata se nachdzeji hlavné na wvnitini krkavici (ICA), bazilarni tepné¢ nebo stfedni
mozkové tepné (MCA), ostatni lokalizace jsou méné Casté. Obvykle jsou to dynamické léze,
aktivni ve svém ristu. Konecnym cilem 1é¢by by mél byt tplny uzavér aneuryzmatu. Obvykle
maji velkou bazi, nékdy zaujimajici i vétvici se tepny nebo samotnou matetskou tepnu, mohou
mit i tlustou sténu s ateromy nebo kalcifikacemi a intralumindlnim trombem (az v 60 %).
Zejména u fusiformnich aneuryzmat je celd cévni sténa patologickd. Lécba gigantickych
aneuryzmat je velmi obtiznd a pfima mikroneurochirurgickd lécba je moznd pouze u
sakularnich aneuryzmat.

Lécebné modality zahrnuji z chirurgickych metod kliping, wrapping, bypass, proximalni
Hunteridnskou ligaci a dale endovaskuldrni a i konzervativni 1écbu. Ve srovnani s jinymi
technikami miZze mikroneurochirurgicky kliping nabidnout trvaly uzavér aneuryzmatu a také
odstranéni mass efektu. Pii endovaskularni 1é€b¢€ zlistava baze aneuryzmatu ¢asto dlouhodobé
pratocnd, i v disledku sesednuti nebo migrace spirdl, a miize dochazet k dalSimu rastu
aneuryzmatu. Néslednd mikroneurochirurgicka 1é¢ba je pak kvili koilim pak obtizna.
Navzdory pokrokiim v mikroneurochirurgii mize pfitomnost ateromu a kalcifikaci ve sténé
aneuryzmatu a intralumindlni trombus vyznamné zkomplikovat chirurgickou lécbu tim, Ze
zpiisobi sklouznuti klipu po tvrdé st€né aneuryzmatu a mize vést k uzavieni matetské tepny
nebo miZze zabranit klipu v uplném uzavieni kr¢ku. Mnoho vyznamnych komplikaci je
zpiisobeno okluzi matetské tepny nebo jedné z jejich hlavnich vétvi.

Proto je potieba specidlnich technik zajiStujicich lepsi stabilitu klipu na silné a kalcifikované
bazi gigantického aneuryzmatu. Cilem je 1) zabrénit sklouznuti klipu(ti) upravenim
kalcifikované stény, 2) zabranéni vniknuti intraluminalniho trombu do mateiské tepny, 3)
bezpecny uzavér krcku aneuryzmatu, 4) vytvoreni vhodnych podminek pro findlni uzavér krcku
aneuryzmatu (bézné klipy maji pfili§ slabou uzaviraci silu). Existuje né¢kolik publikaci o pouziti
peanu nebo peanu Halsted-Mosquito pro uzavér gigantickych aneuryzmat, ale zatim nejsou k
dispozici zadné podrobné zpravy o nasi technice klipingu tlustosténnych, kalcifikovanych

gigantickych aneuryzmat pomoci atraumatické kardiovaskularni DeBakeyho svorky>%>%0,
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Tato technika umoziiuje bezpecnou a Setrnou manipulaci s kr€kem aneuryzmatu a zabraiiuje
sklouznuti klipti po aneuryzmatu. Popisujeme zkusenosti s metodou, jeji vyhody a nevyhody a
mozny dalsi vyvoj této svorky.

Klipovani s pomoci DeBakeyho cévni svorky bylo poprvé provedeno v roce 1982. V letech
1982 az 1997 byla tato technika pouzita u 11 pacienti s velkymi nebo gigantickymi
aneurysmaty v Kuopiu, ve Finsku: 9 na stfedni mozkové tepn¢, 1 na vnitini karotidé a 1 na
pfedni komunikujici tepné. Vysledky prezentované v tomto ¢lanku se tykaji pacientd lécenych
na Neurochirurgické klinice Univerzitni centralni nemocnice v Helsinkéch v letech 1997-2007.
De Bakeyho kardiovaskularni svorku jsme pouzili u 8 (16 %) z 50 pacientii, u kterych bylo
gigantické aneurysma piimo klipovano. Primérny vék téchto pacientt byl 57 let (rozmezi 24—
67 let). Dva pacienti byli muzi a 6 Zen. PoCatecnim projevem téchto gigantickych aneurysmat
bylo subarachnoidalni krvaceni u 5 pacienti, epilepticky zachvat u 1 pacienta a embolické
pfiznaky u 1 pacienta. U 1 pacienta bylo aneurysma zjisténo ndhodné.

V prib¢hu neurochirurgické operace je matefskd tepna s aneuryzmatem vypreparovana
mikrochirurgickou technikou. Snazime se o co nejjednodus$i, nejméné traumaticky a
nejpiiméjsi zpisob disekce. Sylviovu ryhu je tfeba oteviit ve vétSim rozsahu nez u mensich
aneuryzmat. Cely obvod spodiny aneuryzmatu musi byt vypreparovan a vizualizovan. Nasledné
volime trvalé klipy optimalni délky. Cim &irsi je kréek, tim delsi i pevn&jsi musi byt klip.
Optimélni délka klipu je 1,5 nadsobek $iiky baze®. Jakmile je celd baze aneuryzmatu
vypreparovana, standardnim zpiisobem na matefskou tepnu umistime docasny klip. Tuhost
baze aneurysmatu lze posoudit pomoci Setrné komprese vaku bipolarni koagulaci. Pokud je
baze aneuryzmatu pfili§ tvrda na to, aby se dala stlacit branzemi bipolarni koagulace, bézné
klipy ji nedokézou svoji uzaviraci silou uzavtit. V takovych ptipadech pouzivame De Bakeyho
kardiovaskularni svorku, ktera se aplikuje pfes bazi aneuryzmatu a stiskne se pomoci ni cévni
sténa. Diive jsme pouzivali pean Halsted-Mosquito (Martin Medizin-Technik, Tuttlingen,
Némecko) nebo pean Crile (Medicon, Tuttlingen, Némecko), ale postupné jsme zacali pouzivat
kardiovaskularni svorku DeBakeyho (Aesculap, Tuttlingen, Némecko), protoze jemnéji
komprimuje tuhou bazi pomoci elastickych cCelisti s 1 nebo 2 fadami zubii na kompresnich
plochéch, vytvarti drazku pro svorky a ,,utéstiuje* bazi aneuryzmatu, ¢imz zabranuje pronikani
ateromd, intralumindlnich tromblti a vzduchu do matetské tepny a naopak krve do vaku
ancuryzmatu.

Anatomie baze aneurysmatu urcuje potfebné zahnuti a velikost svorky. Vak Ize po klipingu
bezpecné oteviit, vyprazdnit z n¢j trombus nebo jej kompletné resekovat a pak i sesit.

Intralumindlni trombus a kalcifikace 1ze odstranit ultrazvukovym aspirdtorem (CUSA; Integra
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Neurosciences, Plainsboro, NJ), vysavatem, pinzetou nebo opakovanym vyplachem
fyziologickym roztokem. Pro udrzeni mozkové perfuze se standartné aplikace docasnych
svorek v trvani maximalné 5 minut pferusuje kratkymi prestdvkami 30-60 sekund pro
reperfuzi. Trvalou svorku a proximalni docasné svorky lze kratce sejmout nebo pootevtit, aby
se vyplachly zbytky a drt’ z vaku a neembolizovaly distaln€é. Permanentni svorky se aplikuji na
bazi vaku, bud’ se stale nasazenou De Bakeyho svorkou, nebo bezprosttedné po jejim odstranéni
do drazky, kterou vytvofila.

U aneurysmat s velkymi ateromatickymi platy na bazi se cévni svorka umistuje distalnéji od
krcku, aby se zabrdnilo uzavéru matei'ské tepny a vétvicich se tepen. I pfi spravném umisténi
cévni svorky se mizou klipy posunout dold po kréku nebo nemusi mit dostatecnou silu k
utésnéni baze. V takové situaci lze pouzit Drakeovu tandemovou techniku klipovani. Nejprve
se nalozi fenestrovana svorka, ktera stlaci distalni ¢ast baze, a poté se pomoci rovné svorky
uzavie proximalni ¢ast krcku uvnitt fenestrace svorky prvni. VétSina gigantickych aneurysmat
vyzaduje nékolik svorek pro uplnou okluzi aneuryzmatu. Sténu aneurysmatu Ize dokonce sesit
u klipti atraumatickym stehem 7-0 nebo 8—0. Sesiti baze aneuryzmatu drzi svorky na misté a
dale také utésiiuje resekovanou bazi aneuryzmatu. Prichodnost vSech vétvi se kontroluje
mikro-Dopplerem, intraopera¢ni digitalni subtrakéni angiografii (DSA) nebo indocyaninovou
zelenou videoangiografii se stdle nasazenou De Bakeyho kardiovaskuldrni svorkou nebo Iépe
po jeji vymeéné za klipy. Cévni svorka miize navic také slouzit jako simulac¢ni nastroj pred
findlnim klipingem, coz umoziuje napldanovat finalni umisténi svorek. Pro potvrzeni
prichodnosti cév provadime ¢asnou pooperacni angiografii.

Béhem 11 let (1997-2007) byla De Bakeyho cévni svorka pouzita k oSetfeni 8 gigantickych
aneuryzmat na Neurochirurgické klinice Helsinki University Central Hospital. Pét z nich bylo
prasklych a 3 byla nepraskld. Pouze 1 aneuryzma bylo fusiformni; zbytek byl vakovity.
Vsechna vakovita aneuryzmata byla nalezena na MCA, 6 na bifurkaci MCA a 1 na segmentu
M1 (proximalnim). Fusiformni aneuryzma se nachizelo na bazilarni bifurkaci. Ctyfi pacienti
podstoupili predchozi neuspésny pokus o 1écbu aneuryzmatu: bypass a proximalni okluze u 3
pacientl a parcialni koiling u 1 pacienta. Velikost aneuryzmatu se pohybovala od 26 do 55 mm
(primér 42 mm) a Sitka baze se pohybovala od 5 do 26 mm (primér 16 mm). Baze
aneuryzmatu, odkud vychazely vétve byla pfitomna v 5 z 8 piipadd. U vSech pacienti byly
ptitomny kalcifikace a ateromy na bazi a intraluminalni trombus ve vaku.

Inspiroval nds Drake, ktery jako prvni predstavil a popsal techniku stlaceni baze
kalcifikovaného, tlustosténného gigantického aneurysmatu ICA jemnym, ale pevnym

uzavienim svorky Mosquito a také navrhl, aby se tento nastroj ponechal zavieny bc¢hem
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dekomprese vaku®®. Stejna technika byla zminéna nebo pouzita i n&kterymi dal§imi!®’, Na
zaklad¢ Drakeovych zkuSenosti jsme také zacali pouzivat pean Halsted-Mosquito a Crile, které
poprvé pouzil hlavni autor této metody (Juha Hernesniemi) v roce 1982. Brzy se ukazalo, ze
tyto kardiovaskularni svorky maji silné, traumatické celisti, které by mohly roztrhnout kréek
aneurysmatu. Proto byla nutna méné¢ silna komprese krcku. To nés vedlo k pouziti atraumatické
kardiovaskularni svorky DeBakeyho, kterou pouZzivaji kardiovaskularni chirurgové k zastaveni
pritoku a kontrole krvaceni z velkych tepen. Tato technika neni pfili§ obvykla a také Casto
pouzivana nebot situaci, kdy ji lze pouzit neni moc. Mlze vSak u téchto pacientll zdsadnim
zpiisobem ovlivnit pribéh operacniho vykonu a jeho vysledek. V literatute je n€kolik publikaci
o technikéch klipingu velkych a gigantickych aneuryzmat, ale tato technika nebyla doposud
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VASCULAR CLAMP-ASSISTED CLIPPING OF
THICK-WALLED GIANT ANEURYSMS

OBJECTIVE: The prognosis of giant aneurysms remains poor despite recent advances in
microneurosurgery. Thick-walled and partially calcified giant aneurysms with an athero-
matic base are difficult to clip safely. Special techniques allowing reshaping of the base
and ensuring the stability of clips are often needed. We present our experience with
direct clipping of thick-walled giant aneurysms with the aid of the DeBakey cardio-
vascular clamp (Aesculap, Tuttlingen, Germany).

METHODS: Eighty-two patients with a giant aneurysm (=25 mm) were treated actively
at the Department of Neurosurgery, Helsinki University Central Hospital, Helsinki, Finland,
between 1997 and 2007. The vascular clamp technique was used in 8 of 50 patients in
whom direct clipping was performed. The remaining patients were treated with bypass and
trapping, trapping only, proximal occlusion, coiling, or explorative surgery.

RESULTS: The vascular clamp (DeBakey in 5 cases, Crile forceps [Medicon Medizin-
Technik, Tuttlingen, Germany] in 2 cases, and Halsted-Mosquito forceps [Medicon
Medizin-Technik, Tuttlingen, Germany] in 1 case) was used in 7 saccular middle cere-
bral artery aneurysms and 1 fusiform basilar bifurcation aneurysm. Two patients had
postoperative infarctions, 1 attributable to occlusion of perforators by a clip and the
other caused by clips sliding down the calcified base, occluding a major branch. Six
patients had no neurological sequelae, 1 patient had transient upper limb paresis, and
the patient with the occluded major branch died.

CONCLUSION: The DeBakey vascular clamp is helpful in assisting direct clipping of
thick-walled giant aneurysms with a partially calcified atheromatic base. Some practi-
cal features of this instrument require further refinement.

KEY WORDS: Calcified base, Clipping, Giant aneurysm, Intracranial aneurysm, Microneurosurgical tech-
nique, Vascular clamp
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iant intracranial aneurysms (diameter,

=25 mm) comprise approximately 4 to

5% of all intracranial aneurysms and
are a very heterogeneous group of lesions
requiring special techniques to ensure com-
plete occlusion (1, 10, 15, 25, 40, 43). If the
aneurysms are untreated, mortality in these
patients exceeds 60% (3, 33). Giant aneurysms
are found mainly at the internal carotid artery
(ICA), the basilar artery, or the middle cerebral
artery (MCA), with other locations being less

frequent (11). They are usually active in their
growth and of intramural and intraluminal
composition, and, thus, the ultimate goal of
treatment should be total occlusion of the neck
(1,5,10, 14, 19, 20, 22, 24, 27, 29, 40, 42). They
typically have large bases involving origins of
the branching arteries or the parent artery
itself, atheromas or calcifications of the wall,
and an intraluminal thrombus in as many as
60% of them (3, 10, 12, 33, 44). Especially in
fusiform aneurysms, the whole vessel circum-

ABBREVIATIONS: CT, computed tomographic; DSA, digital subtraction angiography; HUCH, Helsinki
University Central Hospital; ICA, internal carotid artery; ICH, intracerebral hematoma; MCA, middle cere-

bral artery
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ference is pathological (11, 12, 31). Treatment of giant aneu-
rysms is difficult, and direct microneurosurgical repair may be
possible only for saccular aneurysms (2, 11, 12).

Treatment modalities include direct clipping, trapping,
bypass, wrapping, exploration, and endovascular and conser-
vative treatments. Compared with other techniques, microneu-
rosurgical clipping can offer permanent exclusion of the
aneurysm from the bloodstream as well as removal of a poten-
tial mass effect (3, 9, 41). With endovascular treatment, the
aneurysm base often remains open in the long run, owing to coil
compaction, and continues to grow. Subsequent microneuro-
surgical treatment becomes difficult, if not impossible, because
of the coils. Despite recent advances in microneurosurgery, the
presence of atheromas and calcifications in the aneurysm wall
and intraluminal thrombosis can significantly complicate sur-
gical treatment by causing the clip to slide down the neck to
occlude the parent artery or by preventing a clip from ade-
quately closing the neck (6, 8, 10, 18, 29, 40). Many fatal com-
plications are caused by occlusion of the feeding artery or one
of its main branches.

A special technique ensuring better stability of the clips at
the thick and calcified base of a giant aneurysm is needed. The
goals are to 1) prevent clips from sliding by softening the calci-
fied wall, 2) prevent an intraluminal thrombus from entering the
parent artery, 3) securely occlude the neck for opening and pos-
sible remodeling of the dome, and 4) provide suitable condi-
tions for the final clipping of the neck, which cannot be achieved
with the clip’s own force (ordinary clips are too weak). A few
reports exist on the use of Halsted-Mosquito forceps or hemo-
stat while clipping giant aneurysms (2, 10, 12, 13), but no
detailed reports are yet available on our technique of direct clip-
ping of thick-walled, calcified giant aneurysms with the aid of
the DeBakey atraumatic cardiovascular clamp. This technique
allows safe and gentle handling of the aneurysm neck and pre-
vents aneurysm clips from sliding. We describe our experience
with the method, its advantages and disadvantages, and poten-
tial development of the instrument.

PATIENTS AND METHODS

The microsurgical technique described herein was developed by the
senior author (JAH) during his work at 2 Finnish centers (Kuopio,
1980-1997, and Helsinki, 1997-2008) that serve without patient selec-
tion the catchment areas of Southern and Eastern Finland (almost 3 mil-
lion inhabitants). Vascular clamp-assisted clipping was performed for
the first time in 1982. From 1982 to 1997, the technique was used on 11
patients with large or giant aneurysms in Kuopio: 9 on an MCA, 1 on
an ICA, and 1 on an anterior communicating artery. The results pre-
sented in this article are for patients treated at the Department of
Neurosurgery, Helsinki University Central Hospital (HUCH), over the
past 11 years (1997-2007).

Patients

Between 1997 and 2007, we operated on more than 2300 patients
with intracranial aneurysms at HUCH. During this 11-year period, 82
patients with giant aneurysms (=25 mm) were treated actively (Table 1).
Of these patients, 50 underwent direct clipping, 22 bypass and trap-
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TABLE 1. Distribution of the 82 giant aneurysms treated between
1997 and 2007 at Helsinki University Central Hospital, with
information on calcifications in the wall and intraluminal
thrombi seen on preoperative images®
Location (r:o;(;/oz)) S:tlii;:s Ini];tjgll)?al
(n = 46) (n=53)

ICA

Intracavernous 9(11) 4 2

Ophthalmic 4(5) 1 3

ICA bifurcation 15 (18) 11 8
MCA

M1 6(7) 1 3

MCA bifurcation 22 (27) 14 17

MCA distal 1(1) 0 0
ACA

Al (M 1 1

AComA (1 1 1

ACA distal 2(2) 2 2

PCA 3(4) 2 2
Vertebrobasilar artery

Basilar bifurcation 9(11) 4 6

Basilar trunk 6(7) 5 5

AICA 1(1) 0 1

21CA, internal carotid artery; MCA, middle cerebral artery; M1, proximal segment of
middle cerebral artery; ACA, anterior cerebral artery; AT, proximal segment of anterior
cerebral artery; AComA, anterior communicating artery; PCA, posterior cerebral
artery; AICA, anteroinferior cerebellar artery.

ping, 4 proximal occlusion, 3 trapping only, 2 coiling, and 1 explo-
ration only. We used a vascular clamp in 8 (16%) of the 50 patients in
whom the giant aneurysm was clipped directly. The mean age of these
patients was 57 years (range, 24-67 years). Two patients were men,
and 6 were women. The initial presentation of these giant aneurysms
was subarachnoid hemorrhage in 5 patients, epileptic seizure in 1
patient, and embolic symptoms in 1 patient. In 1 patient, the aneurysm
was incidental.

Microneurosurgical Technique

To operate on anterior circulation aneurysms, we generally use a
small lateral supraorbital craniotomy, described in detail elsewhere
(17). In giant aneurysms, a larger bone flap is often necessary, especially
in cases in which one plans to use the vascular clamping technique
and/or when an expansive intracerebral hematoma (ICH) is present.
Slack brain, attained by modern neuroanesthesia supported by removal
of cerebrospinal fluid (from the basal cisterns and/or third ventricle via
the lamina terminalis) and evacuation of the associated ICH (35), is nec-
essary. The parent artery with the aneurysm base is approached and
dissected from the surroundings. We usually aim for the easiest and
most straightforward way of clipping. The sylvian fissure is often
opened more extensively than for smaller aneurysms. The whole cir-
cumference of the base must be freed. Permanent clips of proper

www.neurasurgery-online.com



FIGURE 1. Photograph of vascular clamps used. A, DeBakey vascular
clamp; B, long Sugita aneurysm clip; C, Crile forceps; D, Halsted-
Mosquito forceps.

lengths are selected. The broader the neck is, the longer and stronger
the clip must be. The optimal length of the clip is 1.5 times the width
of the base, as reshaping of the giant aneurysm base is seldom possible,
owing to calcifications and atheromas (12). Once the whole base is dis-
sected free, temporary clips are placed on the parental artery in a stan-
dard manner. The base of the aneurysm is inspected for its rigidity
and plasticity by bipolar forceps. If the base is too hard to be com-
pressed with bipolar forceps, ordinary clips will not be able to occlude
it initially. In such cases, we proceed with the use of the vascular clamp,
which is applied over the neck and closed (Fig. 1). Previously, we used
Halsted-Mosquito forceps (Martin Medizin-Technik, Tuttlingen,
Germany) or Crile forceps (Medicon, Tuttlingen, Germany), but we
switched to the DeBakey cardiovascular clamp (Aesculap, Tuttlingen,
Germany) because it gently compresses and crushes the rigid base by
slightly elastic jaws with 1 or 2 rows of denticulation on the compress-
ing surfaces, makes a shallow groove for the clips, and “seals” the
base, preventing atheromas, intraluminal thrombi, and air from slip-
ping into the parent artery.

The anatomy of the aneurysm base determines the angulations and
size of the clamp needed. The dome can now be opened safely, emptied
of the thrombus, or resected completely. An intraluminal thrombus and
calcifications may be removed by an ultrasonic aspirator (CUSA; Integra
Neurosciences, Plainsboro, NJ), suction, tumor forceps, and repeated
saline irrigation (30). To maintain cerebral perfusion, the use of tempo-
rary clips is interrupted with short breaks (30-60 seconds) in periods not
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exceeding 5 minutes. The vascular clamp and proximal temporary clips
can be briefly opened to flush out the debris. Final clips are applied at
the base, either with the clamp still on or immediately after its removal.
In aneurysms with large atheromatic plaques at the base, the vascular
clamp is placed more distally from the neck to prevent occlusion of the
parent artery and originating branches.

Even when the vascular clamp is used properly, the clip(s) can slide
down the neck or may have insufficient force to seal the base. In such a
situation, Drake’s tandem clipping technique (4, 10, 12) can be used (Fig.
2). A fenestrated clip is first inserted to compress the distal part of the
base, and then a straight clip is used to close the proximal part of the
neck inside the first clip’s fenestration (Fig. 3). Most giant aneurysms
require several clips for total occlusion. The aneurysm wall can even be
sutured over the final clips with 7-0 or 8-0 atraumatic suture (see Video,
Supplemental Digital Content 3, http://links.lww.com/A703). Suturing
the base is a practical adjunct, as it holds the clips in their place and
also helps to seal the resected base. Patency of all surrounding branches
is checked with micro-Doppler scan, intraoperative digital subtraction
angiography (DSA), or indocyanine green angiography with the clamp
still on or after its exchange for the clips. The vascular clamp may also
act as a simulation tool for the clips, enabling the final clipping to be
planned in the best way. Possible intraoperative rupture of the
aneurysm can be managed with the help of transient cardiac arrest
with intravenous adenosine (Adenocor; Sanofi-Synthelabo, Paris,
France) for 10 seconds and, if necessary, repeated (16, 32, 34, 35). We do
not use routine intraoperative neuromonitoring in aneurysm surgery.
To reconfirm the patency of the vessels, we usually perform early post-
operative angiography.

We have used the vascular clamp in 4 different ways during
aneurysm surgery:

1) Clamping of the base, followed by clipping, decompressing, and
resecting the dome (see Video, Supplemental Digital Content 1,
http://links.Iww.com/A701); 2) clamping of the base, followed by

o

FIGURE 2. Drawing showing vascular clamp at the base of a giant aneu-
rysm before clipping.
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FIGURE 3. Drawing showing Drake’s tandem clipping of large or giant
aneurysms with a combination of a fenestrated clip and straight clip.

decompression and resection of the dome and its subsequent clipping
(i.e., the clamp remains in place while the dome is resected) (see
Video, Supplemental Digital Content 2, http://links.lww.com/A702);
3) decompressing and resecting the dome before clamping and sub-
sequent clipping (see Video, Supplemental Digital Content 3,
http://links.Iww.com/A703); and 4) clamping and clipping the base
without resecting the dome.

RESULTS

Over an 11-year period (1997-2007), the vascular clamp was
used to clip 8 giant aneurysms at the HUCH Department of
Neurosurgery (Table 2). Five of these were ruptured, and 3
were unruptured. Only 1 aneurysm was fusiform; the rest were
saccular. All saccular aneurysms were found on the MCA, 6 at
the MCA bifurcation and 1 on the M1 (proximal) segment. The
fusiform aneurysm was located at the basilar bifurcation. Four
patients had undergone a previous unsuccessful attempt to
treat the aneurysm: bypass and proximal occlusion in 3 patients
and incomplete coiling in 1 patient. The maximal diameter var-
ied from 26 to 55 mm (mean, 42 mm), and the base width var-
ied from 5 to 26 mm (mean, 16 mm). A complex base, with
incorporation of branch(es), was present in 5 of the 8 cases.
Calcifications and atheromas at the base and an intraluminal
thrombus were present in all patients.

The technique of assisting clipping with vascular clamp
varied (Table 2). In 3 patients, the aneurysm was first
clamped and decompressed, and the dome was then resected
and clipped (see Video, Supplemental Digital Content 2,
http://links.lww.com/A702). In another 3 patients, the
decompression and resection of the dome were performed
before clamping, followed by clipping (see Video, Supple-
mental Digital Content 3, http://links.lww.com/A703). In
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1 patient, the aneurysm was clamped and clipped before the
dome resection (see Video, Supplemental Digital Content 1,
http:/ /links.lww.com/A701), and in 1 patient, the aneurysm
(basilar bifurcation) was only clamped and clipped without
dome resection. The instrument used for clamping was the
DeBakey cardiovascular clamp in 5 patients, Crile forceps in 2
patients, and Halsted-Mosquito forceps in 1 patient. An intra-
aneurysmal thrombus had to be removed in 6 patients (in 3 of
these patients with the use of a CUSA ultrasonic aspirator). The
aneurysm dome was resected in 7 patients, and in 3, the
remaining base was sutured over the clip(s). The number of
final clips varied from 2 to 4, with the tandem clipping tech-
nique used in 2 patients. Some base had to be left, owing to
thick calcifications, in 5 patients. Total temporary occlusion
times are listed in Table 2. Temporary occlusion times did not
correlate with postoperative ischemic complications. Post-
operative DSA revealed no aneurysm remnant in 4 patients, a
small neck remnant (90% of the aneurysm dome occluded) in
3 patients, and partial filling of the aneurysm (80% of the
aneurysm dome occluded) in 1 patient.

Complications

Complications during the clamping procedure were encoun-
tered in 2 patients (25%). In both patients, closure of the clamp
caused a tear at the aneurysmal base that had to be recon-
structed with a complex clip arrangement. In both of these
patients, we used either Crile or Halsted-Mosquito forceps. In
only 1 of these patients did this influence the patient’s final out-
come. Thus far, we have not encountered this kind of compli-
cation in patients (n = 6) in whom we used the DeBakey clamp.
Thrombus slippage into the base or parent artery was not seen
in any of our patients.

Three patients had postoperative complications, all of them
related to the surgery and 1 possibly related to the use of a vas-
cular clamp (Patient 8) (Table 2). One patient (Patient 3) had a
postoperative subdural hematoma that had to be removed. Two
patients had postoperative brain infarctions. In Patient 1, this
was caused by perforators remaining inside the final clip, and
the patient experienced transient upper limb paresis. In the
other patient (Patient 8), the final clips slid toward the aneurysm
base and occluded 1 of the 2 major branches, although both
branches were open intraoperatively (checked by micro-
Doppler scan). This was also 1 of the 2 patients (Patients 5 and
8) in whom the base was torn when closing the clamp. The
patient subsequently died of a massive MCA infarction.

Illustrative Case

Patient 3, a 64-year-old woman with a history of hypertension,
developed a sudden headache, followed by left-sided hemiparesis and
unconsciousness. She was admitted directly to the HUCH Department
of Neurosurgery. On admission, she was deeply unconscious with the
left pupil dilated (Hunt and Hess Grade V). The initial computed
tomographic (CT) scan showed thick blood clots in the subarachnoid
space and a large ICH in the right temporal lobe (Fig. 4). CT angiog-
raphy revealed a giant MCA bifurcation aneurysm (length, 39 mm;
width, 37 mm; base, 16 mm). The aneurysm was partially thrombosed.
Both M2 branches originated from the calcified atheromatic base. The
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7 CTA, computed tomographic angiography; DSA, digital subtraction angiography; CT, computed tomography; Postop, postoperative; Intraop, intraoperative; MBif, middle cerebral artery bifurcation; Lt, left;
U, unruptured; CP-DR-CL, clamping-decompression and resection of the dome clipping; +, performed or present; —, not performed or absent; DR-CP-CL, decompression and resection of the dome

34

clamping/clipping; Rt, right; R, ruptured; M1, proximal segment of middle cerebral artery; CP-CL-DR, clamping/clipping/decompression and resection of the dome; BasBif, basilar bifurcation; CP-CL,

clamping/clipping.

VASCULAR CLAMP-ASSISTED CLIPPING

patient was taken immediately to the operating room, and
through a right-sided pterional approach, the ICH was
removed and clipping was performed. The aneurysm base
was dissected and clamped with an angled DeBakey clamp,
and the dome was opened for removal of the thrombus. The
dome was then resected with the clamp still on, followed by
clipping (see Video, Supplemental Digital Content 2,
http:/ /links.Iww.com/A702). A small neck remnant had to be
left because of strong calcifications at the base. After clipping,
the intraoperative indocyanine green angiography showed
some filling of the neck remnant as expected, and both M2
branches were patent. The same was seen also on postopera-
tive DSA. A postoperative subdural hematoma was removed
on the same day. Subsequently, the patient started to recover
and was transferred to another hospital 3 weeks after the ini-
tial subarachnoid hemorrhage. At this point, she was con-
scious with left-sided hemiparesis. Four months later, she was
discharged home from a rehabilitation center, with persisting
left-sided hemiparesis but no memory or speech deficits.

DISCUSSION

In our experience, clamping the aneurysm base with
a DeBakey vascular clamp has proven to be a simple
and helpful method in assisting direct clipping of
thick-walled, saccular giant aneurysms. We were
inspired by Drake (10), who was the first to introduce
and describe the technique of crushing the waist of a
calcified, thick-walled giant ICA aneurysm by gentle
but firm closing of Mosquito forceps and also pro-
posed leaving the hemostat closed while decompress-
ing the sac. The same technique has been mentioned
or used by some others (2, 13, 26). Based on Drake’s
experience, we also started using Halsted-Mosquito
and Crile forceps, used for the first time by the senior
author (JAH) in 1982. It soon became evident that
these clamps had strong, traumatic jaws that could
easily tear the aneurysm neck. Less forceful compres-
sion of the neck was therefore needed. This led us to
the DeBakey atraumatic cardiovascular clamp, which
is used by cardiovascular surgeons to arrest flow and
control bleeding from large arteries (28).

Patient Selection for the Technique

Difficulties in clipping giant aneurysms may be
expected preoperatively based on thorough evaluation
of preoperative DSA, CT scanning, CT angiography,
and magnetic resonance imaging. CT angiography is
valuable in revealing intramural calcifications, mag-
netic resonance imaging shows possible intraluminal
thrombus, and 3-dimensional CT angiography permits
evaluation of the aneurysm base (21, 23). In our series
of 82 giant aneurysms, calcifications in the aneurysm
wall or base were seen in 56%, and 65% had a partially
thrombosed dome (Table 1). On the basis of preopera-
tive images, the use of the DeBakey vascular clamp
may be considered in saccular giant aneurysms with an
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FIGURE 4. Patient 3. lllustrative y
case of ruptured giant middle cere- ; A\
bral artery bifurcation aneurysm
on the right with associated
intracranial hematoma. A, preop- |
erative computed tomographic -
(CT) scan; B, preoperative 3- |
dimensional CT angiography; C,
postoperative digital subtraction
angiography.

intraluminal thrombus and calcifications at the base. When use
of the vascular clamp is planned, the size of the bone flap
should be larger than usual. Suitable locations include M1, the
MCA bifurcation, and the ICA bifurcation. On the basis of our
experience, we do not advise that the clamping technique be
used in anterior communicating artery or basilar bifurcation
aneurysms because of the lack of space and the presence of per-
forators and other eloquent structures (10). However, in selected
cases, it may be a viable option (26).

The aim of vascular clamp-assisted clipping is to exclude the
aneurysm from circulation without compromising the blood
flow in the parent artery. Direct clipping is a simpler and faster
method than bypass surgery. If the conditions are suitable, we
prefer it over the bypass technique because the total temporary
occlusion time for this method is shorter and it is usually possi-
ble to interrupt the temporary occlusion into several short con-
secutive periods to maintain cerebral perfusion. The final deci-
sion to use a vascular clamp is made intraoperatively when it
becomes obvious that ordinary clips are unable to occlude the
aneurysm sufficiently. In situations in which the vascular clamp
technique cannot be used, the team should be ready to switch to
another technique (e.g., bypass) or even to interrupt the surgery
and postpone the final treatment. The treatment of giant and
complex aneurysms should be centralized to specialized neu-
rovascular centers with a comprehensive, experienced neu-
rovascular team that is ready to use all available techniques to
treat these rare lesions.

Advantages

The DeBakey cardiovascular forceps are well designed to
meet our practical needs because they allow better control over
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the force exerted on the aneurysm wall. Furthermore, they are
available in a large range of sizes and curvatures such that the
anatomy of a particular aneurysm can be matched. The greatest
advantage of vascular clamp-assisted clipping lies in the safety
of dome dissection and resection once the clamp is in place.
The clamp is much stronger, and the jaws open much wider
than with conventional aneurysm clips. Application and repo-
sitioning of the clamp are simple and fast. The locking mecha-
nism on the handles prevents the accidental opening of the jaws,
and even a thick aneurysm base does not cause them to slip. A
clamped aneurysm is safe to handle, and the clamp can be left
in place and closed in steps after intraluminal decompression of
the dome (10). Unlike with aneurysm clips, the compressing
force does not become weaker after maximal opening of the
jaws. Slight elasticity of the jaws is one of the factors preventing
excessive force on the neck, which could shatter the calcified
plaques and allow emboli to move upstream or cause tears in
the wall itself. Instead, the neck is softened, and a shallow
groove for the final clips is provided. The DeBakey clamp seems
suitable not only for true giant aneurysms but also for large
and calcified aneurysms in general. It is also relatively inexpen-
sive. Because of the complex angioarchitecture of giant aneu-
rysms, temporary occlusion times easily become relatively long.
This is caused by demanding and arduous work on the
aneurysm. The use of the vascular clamp itself does not prolong
temporary occlusion times.

Disadvantages

Disadvantages and possible complications include tearing of
the aneurysm wall, damage or occlusion of the branching and
perforating arteries if not carefully applied, thromboembolic
complications, and difficulties in using the clamp because of a
lack of space. Thromboembolisms, occlusion of branches, or
tears in the aneurysm wall have been reported in the treatment
of giant aneurysms in general and are not solely related to the
use of vascular clamps (2, 3,9, 10, 15, 18, 24, 25, 36, 39, 41, 44).
Manipulation of the base may release small calcifications or
intraluminal thrombi to be swept upstream, causing embolic
complications (18). The closing force of the DeBakey clamp is
stronger than that of aneurysm clips; the utmost caution is
therefore needed not to crush the neck inappropriately, which
would traumatize the parent artery or the originating branches.
It is generally accepted that in thick-walled aneurysms, a neck
remnant must sometimes be left to avoid occlusion of the par-
ent artery (3,7, 11, 18, 36-38, 44). Intraoperative or early post-
operative angiography is valuable in assessing patency of the
branching arteries. The vascular clamp is a rather robust and
heavy tool, not optimally designed for microneurosurgical pur-
poses. It is difficult to manipulate in tight surroundings under
magpnification of the microscope.

Proposal for Refinement

The DeBakey vascular clamp could be further refined to
become more useful in clipping giant aneurysms. As originally
suggested by the senior author (JAH) in the 1980s, these mod-
ifications should include a lighter weight, but even more
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FIGURE 5. Drawing showing proposal for a vascular clamp with remov-
able handles.

importantly, blunt-tipped jaws and detachable handles. It is
crucial that the clamp can easily be reapplied or removed when
placed incorrectly; however, once in the correct position, the
jaws should remain locked in place while the handles are
pulled off (Fig. 5). A special modification could be fenestration
in the jaw blades, as in fenestrated aneurysm clips. This new
instrument would shorten and simplify the operation because
there would be no need to exchange the clamp for aneurysm
clips. Possibly, because of the simplification of the technique, its
use could be safely extended to the riskier areas of giant basi-
lar bifurcation and anterior communicating artery aneurysms.
Further cooperation with vascular surgeons and cardiovascular
surgeons could provide more insight into the development of
such an instrument.

CONCLUSION

The DeBakey cardiovascular clamp has proved to be helpful
and practical in assisting direct clipping of calcified, thick-
walled saccular giant aneurysms in the MCA or ICA. It pro-
vides a gentle clamping of the aneurysm base, allowing han-
dling and resecting of the aneurysm dome to be performed
safely and simply. Some practical features of this instrument
require further refinement.
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COMMENTS

N avratil et al. retrospectively reviewed their experience from 1997
to 2007 treating giant aneurysms, specifically those in which vas-
cular clamps were used to assist in the treatment. Of the 82 patients
with giant aneurysms who were treated, vascular clamps were used in
8 patients (5 of the 8 patients presented with subarachnoid hemor-
rhage). The thick walls and/or calcification and atheromatous base
made a simple clip strategy difficult. The clamps were used in 4 dif-
ferent manners: 1) clamping the base of the aneurysm, followed by
clipping, decompressing, and resecting the dome; 2) clamping the base
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of the aneurysm, followed by decompressing and resecting the dome,
with subsequent clipping; 3) decompressing and resecting the dome
before clamping and subsequent clipping; and 4) clamping and clip-
ping the base without resecting the dome. The authors found no
aneurysm remnant in 4 of the 8 patients, a small neck remnant in 3 of
the 8 patients, and partial filling in 1 patient. Complications occurred
in 2 of the 8 patients; in both cases, the complication was related to a
tear at the base of the aneurysm caused by the vascular clamp (this
complication did not occur when the DeBakey clamp [Aesculap,
Tuttlingen, Germany] was used). The authors recommend the tech-
nique for M1, middle cerebral artery, and internal carotid artery bifur-
cation aneurysms.

These aneurysms test the neurosurgeon and often require the use of
various techniques, including trapping and bypass. The thick and cal-
cified walls of these lesions often make clip reconstruction of the base
difficult, as the clips tend to slide proximally, occluding the vessels
that have their origin at the base. We have on occasion used a hemo-
stat to “crush” the thick or calcified wall while the aneurysm is tem-
porarily occluded to help provide a location for seating of the clips.
The authors used vascular clamps, and more recently, DeBakey car-
diovascular clamps, to compress and crush the base, making a shallow
groove for the clips while sealing the thick, atheromatous base. This is
a valuable technique that may be used in the treatment of these diffi-
cult lesions, which pose significant risk to the patient if left untreated.
Any technique that helps allow for stable clip reconstruction of the
base of these giant aneurysms is a welcome tool in the arsenal of the
neurosurgeon.

Daniel Surdell
H. Hunt Batjer
Chicago, Illinois

he authors describe the use of DeBakey vascular clamps to assist

with the clipping of giant intracranial aneurysms. Although similar
techniques have been reported in the past, the DeBakey clamp may
have advantages over other types of large vascular clamps, such as the
Crile (Medicon Medizin-Technik, Tuttlingen, Germany) or the Halsted
Mosquito (Martin Medizin-Technik, Tuttlingen, Germany). The cases in
the video examples seem to have relatively soft domes and necks.
Although I do not have experience using this technique, I would be
cautious using this clamp too close to the neck of a heavily calcified
giant aneurysm. The calcified plaque could easily be fractured and
project into the parent lumen. In general, it appears that use of the
DeBakey clamp may have value in very complex giant aneurysms near
the surface, where the large clamp can fit into the craniotomy, and a
360-degree view around the aneurysm can be achieved.

Robert A. Solomon
New York, New York

he treatment of giant aneurysms remains a challenge even for

experienced vascular neurosurgeons. Navratil et al. have provided
an excellent description of the technique of vascular clamp-assisted
clipping of calcified giant aneurysms. They used this technique in
17% of their cases when calcification was present. They clearly
describe patient selection, a decision often made intraoperatively, and
detail the merits and demerits of the procedure. We do not use this
technique at our institution; we prefer to perform a bypass in such sit-
uations or even to leave a calcified remnant of the aneurysm.
Nevertheless, this article describes the technique well, and it is added
to the armamentarium of neurosurgical options for treating these
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tough lesions effectively. We look forward to using this technique at
our own institution.

Kumar Kakarla
Robert F. Spetzler
Phoenix, Arizona

he technique of vascular clamp-assisted clipping of atherosclerotic

giant aneurysms is presented and applied to 8 patients. This is a
gutsy maneuver with a significant amount of unpredictability, irrevo-
cability, and risk. Its use in only 10% of giant aneurysms is evidence of
its careful application by the authors. Its use primarily with middle
cerebral artery aneurysms attests to the need for generous working
room. The technique is effective, and Navratil et al. have performed
bold work and contributed innovative designs. Clamp-assisted clip-
ping is a direct aneurysm attack with brute force, but many giant
aneurysms can be tamed with an indirect attack and finesse, namely, a
bypass with trapping or proximal occlusion. A bypass strategy can be
executed methodically, ischemia times are predictable and well toler-
ated, and direct attacks can be avoided. My results have been more
favorable with bypass and aneurysm occlusion than with thrombec-
tomy and clip reconstruction (1). Still, I like this clamp-assisted clipping
technique and welcome any new arrow in my quiver when battling
giant aneurysms.

Michael T. Lawton
San Francisco, California

VASCULAR CLAMP-ASSISTED CLIPPING

1. Lawton MT, Quifiones-Hinojosa A, Chang EF, Yu T: Thrombotic intracranial
aneurysms: Classification scheme and management strategies in 68 patients.
Neurosurgery 56:441-454, 2005.

n this article, the authors describe the results of clipping giant

aneurysms, assisted by a heavy vascular clamp. The technique was
used without major complications in 6 of 8 patients; 1 patient died, and
1 patient had a stroke. Four patients had complete occlusion of the
aneurysm, and 4 patients had incomplete occlusions. No follow-up
data are reported. Therefore, it is not possible to assess whether the
incomplete occlusions may evolve into new aneurysms and whether
the ones that had complete occlusions will remain so, since the clamp
may significantly damage the wall. I think that this technique (which I
observed as a resident in 1981, when it was performed by Dr. David
Zorub at the Presbyterian-University Hospital, University of Pittsburgh
Medical Center) should remain in the armamentarium of the vascular
neurosurgeon dealing with giant aneurysms. However, when it does
not work, or when it is not deemed appropriate after inspection of the
aneurysm, the surgeon should be prepared to use a bypass and proxi-
mal/distal occlusion or a trapping technique. I have some reservations
about the long-term efficacy of this method, since I have seen some sig-
nificant recurrences after clipping of giant aneurysms, perhaps because
the entire wall is abnormal over a wide area, or because the shear
forces remain after the clipping process.

Laligam N. Sekhar
Seattle, Washington

Charles Bell, 1774-1842, The anatomy of the brain, explained in a series of engravings. London: C. Whittingham, Dean-Street, Fetter-Lane, 1802.
Courtesy, Rare Book Room, Norris Medical Library, University of Southern California, Los Angeles, California.
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6. Aneuryzmata predni komunikujici tepny. Soucasné metody oSetieni,

vysledky oSetfeni mikrochirurgickou technikou

Aneuryzmata piedni komunikujici tepny (ACoAA) jsou nejcastéji se vyskytujici intrakranialni
aneuryzmata. Tato aneuryzmata tvoii asi 37% vSech aneuryzmat®. Jejich 1é¢ba je tedy
nejcastéj$i mezi mozkovymi aneuryzmaty a ma sva specifika. Segment pifedni komunikujici
tepny je variabilni a nachazi se v hloubce u baze lebe¢ni mezi obéma frontalnimi laloky, coz
aneuryzmatu ACoAA je dilezitym faktorem pfi vybéru vhodné 1é¢ebné modality. Pokud hlavni
osa vaku aneuryzmatu smétuje doptedu a/nebo dolt z ptedni komunikujici tepny (ACom) (pted
a/nebo pod obéma segmenty A2), preferujeme mikrochirurgii jako prvni moznost pro tyto
pacienty®. V t&chto pfipadech je aneuryzma relativné piistupné z mikrochirurgického pfistupu.
Sméfuje ke koridoru ptistupu neurochirurga, mimo oblast perforatorii z piedni komunikanty a
nevyzaduje nadmérnou retrakci a/nebo resekcei ipsilateralniho frontalniho laloku — jeho ¢asti -
gyrus rectus. Podle naSich zkuSenosti rozpreparovani interhemisférické Stérbiny a alespon
Castecna resekce gyrus rectus u akutniho SAK je vzdy vyhodna pro zlepSeni vyhledu a ptistupu
do operac¢niho pole. Naopak, pokud aneuryzma sméfuje z oblasti pfedni komunikujici tepny
dozadu a/nebo nahoru, preferujeme spiSe endovaskularni 1écbu, byt je i mikrochirurgické
rezultujici deficity neurologické (zmény osobnosti, poruchy paméti) a dysbalance elektrolyti®’.,
I v nasi studii jsme se zabyvali vysledkem 1é€by a komplikacemi obou metod. V soucasné dobé
jsou v literatufe diskutovany dalsi parametry jako naptiklad aspect ratio, ktery se ukazal jako
vyznamny faktor, ktery je zdsadni pro ureni modality 1é¢by®®. Nadale je mikrochirurgie
stéZzejni u aneuryzmat na ACoA a to 1 uu slozitych a specifickych piipadi (giganticka
aneuryzmata) a to i pfes enormni rozvoj endovaskularnich metod®’.

Predmétem nasi studie byli pacienti 1é¢eni na Neurochirurgické klinice Fakultni nemocnice
Brno. V letech 2008-2017 jsme ve vSech lokalitach oSetfili 675 pacientli s mozkovym
aneuryzmatem. Tito pacienti jsou vedeni v nasi klinické databazi. Mezi nimi bylo 198 pacientt
léceno s ACoAA a byli zahrnuti do této studie. Celkem to bylo 108 muzl a 90 zen. Primérny
veék byl 53 let (2089 let). 176 pacienti mélo prasklé ACoAA a 22 neprasklé ACoAA, pfiemz
127 (71 %) pacientd bylo 1éceno chirurgicky a 51 (29 %) endovaskularn¢€. Dvacet pacientil
nebylo oSetieno, protoze byli ve Spatném klinickém stavu.

Mezi chirurgicky 1é€enymi (127 pacientl) mélo 114 rupturu ACoAA a 13 aneuryzmat bylo
neprasklych. 123 (97 %) pacientl podstoupilo kliping aneuryzmatu a Ctyfi pacienti (3 %) méli
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aneuryzma obalené (wrapping) kvili nepfiznivé anatomické situaci nebo fusiformnimu
charakteru aneuryzmatu, coz neumoznovalo oSetfeni klipingem. Z dalSich tii ptipadii
chirurgicky 1éenych pacientli bylo u jednoho pacienta aneuryzma oSetfeno klipem po
neuspéSném pokusu o endovaskuldrni 1écbu, u druhého pacienta bylo aneuryzma oSetfeno
wrappingem po neuspésném pokusu o endovaskuldrni 1éCbu a u tfetiho bylo aneuryzma
zaklipovéano z ditvodu opétovného riistu aneuryzmatu po endovaskuldrnim koilingu.

Mezi pacienty lécenymi endovaskularni cestou (51 pacientll) mélo 43 pacientli prasklé
aneuryzma, 8 neprasklé aneuryzma vyzadujici dalsi 1é¢bu aneuryzmatu z diivodu opétovného
rastu. U 49 pacientd byl proveden coiling. Ve dvou piipadech bylo aneuryzma oSetfeno
stentingem a coilingem. Jeden pacient absolvoval endovaskularni 1é¢bu pro opétovny rist
aneuryzmatu a opétovné krvaceni po ptedchozim zaklipovani. Béhem let se postupné zvySovala
proporce endovaskularné oSetfenych pacienttl, ale zatim nedosdhla v dobé publikace ¢lanku
poctu chirurgicky oSetfenych pacient.

Z pacientl s chirurgicky lé€enym aneuryzmatem a SAK (114 pacientil) doslo u 77 (68 %) k
dobrému zotaveni, 9 (8 %) lehkému postizeni, 12 (10 %) tézkému postizeni, 9 (8 %)
vegetativnimu stavu a 7 amrti (6 %). Dale 75,5 % pacienti v chirurgické skupiné doséhlo
ptiznivého vysledku a 24,5 % mélo neptiznivy vysledek.

V endovaskularni skupin€ se subarchnoidalnim krvacenim z ACoAA zaznamenalo 27 (63%)
pacientii dobré zotaveni, 1 (2%) lehké postizeni , 6 (14%) tézké postizeni, 2 (5% ) bylo ve
vegetativnim stavu a 7 (16%) pacientii zemfelo. Rozdil ve vysledcich mezi chirurgickymi a
endovaskularnimi skupinami neni vyznamny (p = 0,165, Fishertv test). U pacientii se SAK a
rupturou ACoAA je vysoka pravdépodobnost dosazeni ptiznivého vysledku. V nasi studii byl
uspokojivy vysledkem 1écby u 72,5 % pacientii, u obou modalit a dosazeni uspokojivého
vysledku 1é¢by bylo u 65 % z endovaskularni skupiny a u 75,5 % chirurgické skupiny, coz neni
statisticky vyznamné. Nase vysledky 1écby potvrzuji plnou smysluplnost oSetfeni nitrolebnich
aneuryzmat, 1 pfes obtiznost 1écby a zhruba jednu ctvrtinu pacientd s neuspokojivym
vysledkem. Podstatna ¢ast nemocnych ma uspokojivy vysledek 1é€by a mlize se opét zapojit do
prace a zaclenit zpét do spolecnosti.

Kazda 1écebna modalita — mikrochirurgie i endovaskularni 1é€ba — maji své specifické
komplikace souvisejici s uzavérem aneuryzmatu. Komplikace se vyskytly u 12 % chirurgické
skupiny a 17,6 % endovaskularni skupiny, tento rozdil vSak nema statistickou vyznamnost.
Tomu odpovida i vysledek, ktery je v endovaskularni skupiné mirn€ horsi. Mikrochirurgickou
operaci provadime obvykle u pacientii v lepSim klinickém stavu, tedy s niz§im stupném dle

Hunta-Hesse.
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Pacienti se SAK a prasklym ACoAA maji vysokou pravdépodobnost dosazeni piiznivého
vysledku; k tomu doslo u 72,5 % pacientii z naSeho souboru, bez ohledu na modalitu 1écby a
bez ohledu na to, zda $lo o prasklé ¢i neprasklé aneuryzma. Heit a kolektiv zjistili, Ze po tfech
mésicich mélo 78 % pacientii s ACoAA, ktefi méli subarachnoidalni krvéaceni, skore stejné
nebo vyssi nez dvé na modifikované Rankinové $kale (mRS) v obou modalitach®. V nasi studii
byl vysledek podobny. Steklacové a kolektiv uvadgji srovnatelné vysledky s nasi kohortou:
ptiznivy vysledek u 74 % klipovanych pacientii a 70 % pacientii endovaskularné feSenych ve
studii, ktera zahrnovala obdobi sedmnacti let®®. Pietrantonio uvadi lepsi klinické vysledky ve
své kohorté u endovaskularni 1é¢by”. V podskuping pacientli s aneurysmaty zpiisobenymi
ACom v ramci studie Barrow Randomized Aneurysm Trial (BRAT) nebyl zjistén zadny
statisticky rozdil ve vysledcich mezi chirurgickou a endovaskularni 1é¢bou’!. V metaanalyze
Li, kterd zahrnovala vSechna intrakranialni aneurysmata, byly prezentovany lepsi vysledky u
endovaskularnich metod oproti chirurgické 16¢b&"2. Skily GOS a mRS jsou viak piilis §iroké a
nezachycuji jemné a subklinické deficity, které lze odhalit jen podrobnym
neuropsychologickym vySetfenim, které nebylo pfedmétem této studie. NaSe studie se
nezameétovala na neuropsychologické nasledky. Jak bylo uvedeno v kognitivnich vysledcich
studie International Subarachnoid Aneurysm Trial (ISAT), pfiblizn¢ jedna tietina pacientd,
kteti nebyli postizeni dle mRS, méla kognitivni poruchu, kterd byla Castéj$i v chirurgické

skupiné’s.
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Abstract: Introduction: Anterior communicating artery aneurysms (ACoAAs) are the most frequent
intracranial aneurysms treated at neurosurgical departments with a vascular program. Material and
methods: We reviewed patients with ACoAAs in a single institution over ten years (2008-2017). The focus
was on the final outcome; complications, age, and clinical condition with respect to modalities were
analyzed. Results: A total of 198 patients treated during this period was included in the study: 176 patients
had a ruptured ACoAA and 22 had an unruptured ACoAA. Then, 127 (71%) were treated surgically and
51 (29%) by endovascular means. Out of the whole series, a good recovery occurred in 123 patients (62%),
moderate disability in 11 (5.5%), severe disability in 19 (10%), vegetative state in 11 (5.5%), and death
in 34 (17%). In the 157 patients (72.5%) with a subarachnoid hemorrhage (SAH), both modalities had a
favorable outcome: 27.5% had an unfavorable outcome, 12% had complications in surgery versus 17.6%
during endovascular treatment. No statistical difference in outcome, complications, and age was noted
between modalities. Surgical treatment was more frequently adopted for patients in a better clinical
condition (p < 0.05). Conclusion: More than two thirds of the patients (72.5%) reached a favorable
outcome. There was no difference in age between the treatment modalities. Risks of complications
are present and specific for both modalities.

Keywords: intracranial aneurysms; subarachnoid hemorrhage; anterior communicating artery;
outcome; treatment

1. Introduction

Anterior communicating artery aneurysms (ACoAAs) are the most frequently occurring intracranial
aneurysms. The proportion of these aneurysms is about 37% [1]. Anatomically, the segment of the anterior
communicating artery is variable and located deep between both frontal lobes, which makes the microsurgery
of these aneurysms even more demanding [2]. The treatment of intracranial aneurysms requires teams
composed of both microsurgical and endovascular members as well as dedicated intensive care units
and rehabilitation centers. Despite the advances in both treatment modalities, the treatment of these
aneurysms remains challenging. We reviewed our institutional algorithms of treatment, outcome,
and complications of both methods.

Brain Sci. 2020, 10, 501; doi:10.3390/brainsci10080501 www.mdpi.com/journal/brainsci
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2. Material and Methods

The Department of Neurosurgery, University Hospital Brno at Masaryk University, Brno, Czech Republic,
provides neurosurgical services to southern Moravia and adjacent areas with a population of about
1.8 million. The hospital serves as a center of excellence in the healthcare system of the Czech Republic
in this region. Our department is one of two neurosurgical centers in this region. The neurosurgical
patients are referred to the hospital from regional hospitals or through the Emergency Department at the
Brno University Hospital. The majority of the patients with a spontaneous subarachnoid hemorrhage
(SAH) and brain aneurysms from the catchment area are treated at the Department of Neurosurgery,
University Hospital Brno at Masaryk University, Brno, Czech Republic.

Since 2008, the patients’ data have been recorded in the aneurysm and subarachnoid hemorrhage
database. All the patients with a non-traumatic subarachnoid hemorrhage, with a diagnosis of a cerebral
aneurysm or perimesencephalic subarachnoid hemorrhage and incidental aneurysms are recorded.

2.1. Treatment of the Aneurysm

At the department, patients with a spontaneous subarachnoid hemorrhage (SAH) are admitted
to the neurosurgical intensive care unit (ICU), where the acute stage of the treatment is carried out.
After admission and initial stabilization, patients are always assessed in relation to aneurysm treatment
modality. The clinical condition of a patient (World Federation of Neurosurgical Societies grade—WFNS
grade, Hunt-Hess grade) on admission plays a major role. In our institution, the patients with an
aneurysmal SAH are treated actively such that the aneurysm is secured within 24 h of admission,
the patient receives an external ventricular drain if needed, and other necessary medical procedures
and treatments are performed. If a patient is in the WENS grade 1-5 with both pupils equal and
reactive without significant brain ischemia on a computed tomography (CT) scan, we treat the patient
actively. However, patients with a poor grade and bilateral mydriasis or significant brain ischemia are
managed conservatively—the aneurysm is not secured and the local protocols for poor grade patients
are followed. Occasionally, a patient who was initially deemed unsalvageable but subsequently shows
marked clinical improvement (sometimes after the insertion of external ventricular drainage), may be
reconsidered for an active approach.

The initial decision about treatment modality in a SAH is based on the clinical assessment,
anatomical features of the aneurysm, the presence of an intracerebral hematoma, age, blood thinners
in current medication, and associated comorbidities. The decision-making in the acute stage of a
subarachnoid hemorrhage is described in the protocol in Figure 1. The aneurysm treatment is assessed
by the vascular neurosurgeon and endovascular radiologist and the procedure itself is performed by
experienced surgeons from both teams.

The projection of the aneurysm dome of an ACoAA is an important factor in selecting the suitable
treatment modality. If the main axis of the aneurysm is projecting anteriorly or inferiorly from anterior
communicating artery (ACom) (in front of or below both A2 segments), we prefer microsurgery as the
first option for such patients. In these cases, the aneurysm is relatively accessible by open microsurgery;
it projects toward the corridor of the surgeon’s access to the region, points away from ACom perforators
and does not require the excessive retraction and resection of the ipsilateral frontal lobe. In our experience,
splitting the interhemispheric fissure and at least the partial resection of the gyrus rectus in an acute SAH
is always advantageous for enhancing the view of the operative field. Conversely, if the aneurysm is
projecting posteriorly from these two border positions, we prefer endovascular treatment as the first
option. In these cases, the aneurysm may be surrounded by hypothalamic perforators, requiring the
difficult dissection and additional retraction of the frontal lobe. If the aneurysm is projecting between
both A2 branches, clipping may be challenging, so the modality is chosen on an individual basis.
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Figure 1. Management of ruptured anterior communicating artery aneurysms (ACoAA) in the center-

simple algorithm.

We involve patients with an unruptured aneurysm more in the decision-making process. However,
both modalities can only be used if they are suitable for the given aneurysm. Factors for consideration
during the decision-making stage of aneurysm treatment are presented in Figure 1.
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2.2. Treatment in ICU after Aneurysm Occlusion

After the aneurysm is secured either by microsurgery or by endovascular means, the treatment
in the ICU plays a key role in the success of the previous procedure. Initially, some patients require
sedation; the main factors in the decision being: a poor grade, having undergone a complicated
procedure, post-operative CT scans, and transcranial Doppler (TCD) velocities. The weaning of the
patient is planned on an individual basis. Daily treatments/procedures include: routine postprocedural
CT scanning, hydrocephalus management, transcranial Doppler measurement, blood pressure and
intracranial pressure (ICP) management, ensuring sufficient fluid and nutrient intake and ion balance,
physiotherapy, pressure and stress ulcer prevention, and deep venous thrombosis prophylaxis. The most
important factor in avoiding the threatening condition during ICU management—delayed cerebral
ischemia—is the management of systolic blood pressure (SBP). This has to be maintained individually,
but at a high enough level which is usually between 150 and 70 mmHg of SBP or sometimes even higher,
up to 190 mmHg SBP in some patients depending on the severity of the vasospasm and clinical status.

After the acute phase, usually between days 12 and 21 post-bleed, patients in a stable condition
with secured aneurysms are discharged or transferred to the referring regional hospital. Out of the
whole duration of their stay in the neurosurgical department, the patients only spend the minimum
necessary time in the ICU (based on their clinical status); the rest is spent in a general ward.

2.3. Outcome Assessment

The patients are assessed with the Glasgow Outcome Scale after three months, either at the outpatient
clinic or they or the referring department are contacted by phone.

2.4. Statistical Evaluation

The basic characteristics of the patients are presented in absolute (n) and relative (%) values
as well as by means of descriptive statistics (mean, +/-SD). The data distribution was tested using
the D’Agostino and Pearson normality test. The statistical analyses were performed by unpaired
t-tests with Welch’s correction and Chi-squared tests for trend. A result of p < 0.05 was considered as
statistically significant.

3. Results

During the years 2008-2017, we treated 675 patients with an intracranial cerebral aneurysm in all
locations. These patients were recorded in our institutional database. Among those, 198 patients were
treated with ACoAA and were included in this study. In total, 108 were men and 90 were women.
The mean age was 53 years (20-89 years). Further, 176 patients had a ruptured ACoAA and 22 an
unruptured ACoAA, while 127 (71%) patients were treated surgically and 51 (29%) by endovascular
means. Twenty patients were not treated, because they were in a poor condition.

Among those treated surgically (127 patients), 114 had a ruptured ACoAA and 13 had unruptured
aneurysms. In addition, 123 (97%) patients underwent surgical clipping and four patients (3%) had
their aneurysm wrapped due to the unfavorable anatomical situation or the fusiform nature of their
aneurysm, which precluded surgical clipping. Out of a further three cases from the surgically treated
patients, one had their aneurysm clipped after an unsuccessful endovascular attempt at treatment,
the second had their aneurysm wrapped after an unsuccessful endovascular attempt at treatment
and the third had their aneurysm clipped due to aneurysm regrowth after previous coiling of the
same aneurysm.

Among patients treated by endovascular means (51 patients), 43 patients had a ruptured aneurysm,
eight had an unruptured aneurysm, and six required further treatment for their aneurysm due to their
regrowth. In 49 patients, coiling was performed. In two cases the aneurysm was treated by stenting
and coiling. One patient had endovascular treatment for aneurysm regrowth and rebleeding after
previous clipping.
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Over the years, the proportion of patients treated by endovascular treatment has grown but has
still not reached the number of patients treated by microsurgery. The proportion of both modalities for
the period is depicted in Figure 2.
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Figure 2. Proportion of both modalities for the period 2008-2017.

The outcome of the whole series of 198 patients with an ACoAA after three months was good
recovery in 123 patients (62%), moderate disability in 11 (5.5%), severe disability in 19 (10%), vegetative
state in 11 (5.5%), and death in 34 (17%) (Table 1). This includes not only the SAH patients from ACoAA,
but also elective cases and patients with a poor grade not undergoing any procedure for the aneurysm
treatment. All the poor grade patients died.

Table 1. Results of treatment in the series for all patients; Glasgow Outcome Score (GOS) after three months.

Glasgow Outcome Score No. of Patients n = 198
Good recovery 123 (62%)
Moderate disability 11 (5.5%)
Severe disability 19 (10%)
Vegetative state 11 (5.5%)
Death 34 (17%)

The 157 patients with a SAH with ACoAA, treated actively irrespective of the treatment modality
(includes both microsurgery and endovascular treatment), had a high likelihood of reaching a favorable
outcome (72.5%). Only 27.5% had an unfavorable outcome (Table 2). In this table, poor grade patients
not amenable to treatment and elective procedures were excluded.

Table 2. Outcome of patients with subarachnoid hemorrhage with ACoAA; GOS after three months.

Glasgow Outcome Score No. of Patients n =157  Favorable/Unfavorable Outcome
Good recovery 104 (66%) o
Moderate disability 10 (6.5%) 114 (72.5%)
Severe disability 18 (11.5%)
Vegetative state 11 (7%) 43 (27.5%)
Death 14 (9%)

Out of the patients with a surgically treated aneurysm and SAH (114 patients), 77 (68%) experienced
a good recovery, 9 (8%) moderate disability, 12 (10%) severe disability, 9 (8%) vegetative state, and 7
death (6%). Further, 75.5% of the patients in the surgical group achieved a favorable outcome and
24.5% had an unfavorable outcome (Table 3).
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In the endovascular group with SAH from ACoAA, 27 (63%) patients experienced good recovery,
1 (2%) moderate disability, 6 (14%) severe disability, 2 (5%) vegetative state, and 7 (16%) died. A favorable
outcome was achieved in 65% and an unfavorable outcome in 35% of the patients (Table 4). The difference
in outcomes between the surgery and endovascular groups is not significant (p = 0.165, Fisher’s exact
test, Figure 3).

Table 3. Surgical treatment outcome of patients three months after subarachnoid hemorrhage (SAH)
from ACoAA; GOS after three months.

Glasgow Outcome Score No. of Patients# =114  Favorable/Unfavorable Outcome

Good recovery 77 (67.5%)

Moderate disability 9 (8%) 86 (75.5%)
Severe disability 12 (10.5%)
Vegetative state 9 (8%) 28 (24.5%)
Death 7 (6%)

Table 4. Endovascular treatment outcome of patients three months after SAH from ACoAA; GOS after
three months.

Glasgow Outcome Score No. of Patients =43  Favorable/Unfavorable Outcome
Good recovery 27 (63%) o
Moderate disability 1(2%) 28 (65%)
Severe disability 6 (14%)
Vegetative state 2 (5%) 15 (35%)
Death 7 (16%)
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Figure 3. The difference between outcomes of surgery and endovascular treatment lacks statistical
significance (p = 0.165); Glasgow Outcome Score after three months.

Complications were present in both modality groups. Among the patients treated microsurgically,
15 patients (12%) had complications related to the treatment for the aneurysm, eight (6.27%) patients
experienced intraoperative aneurysm ruptures, and three (2.4%) experienced rebleeding (one patient
with a fatal outcome, one with an unfavorable outcome, and one patient was reclipped with a favorable
outcome). In three patients (2.4%), a recurrent artery of Heubner ischemia was found postoperatively.
One patient (0.8%) had an intraoperative perforation of the internal carotid artery (ACI) during
dissection without sequelae. In the endovascular group, nine (17.6%) patients had complications
related to the treatment for the aneurysm, six experienced intraprocedural thromboembolic events,
two (3.9%) patients had intraprocedural aneurysm ruptures (one with a fatal outcome and one without
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consequences with a favorable outcome). One (2%) patient had coil migration without consequences.
Statistically, there was no significant difference in complications between the treatment methods of
surgery vs. endovascular (p = 0.322, Fisher’s exact test, Figure 4).
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Figure 4. Statistical evaluation of complications in both modalities was not significant (p = 0.322);
Glasgow Outcome Score after three months.

All patients treated electively experienced a good recovery. Eight patients had endovascular
treatment and fourteen patients had surgical treatment (Table 5).

Table 5. Elective treatments in ACoAA patients; Glasgow Outcome Score after three months.

Modality No. of Patients, n = 22 Outcome

Endovascular (primary or redo coiling) 8 patients (36% of the elective cases)  good recovery n = 8 (100%)
Surgery 14 patients (64% of the elective cases) ~ good recovery 1 = 14 (100%)

The mean age of all the patients undergoing the procedure for an ACom aneurysm was 52.88
(+/-12.77) in surgically treated patients and 51.32 (+/-12.15) in endovascular patients; the difference
was not statistically significant (p = 0.45, unpaired t-test with Welch’s correction).

The mean Hunt-Hess grade (HH) was 2.22 (+/-1.06) in the group treated by microsurgery and 2.77
(+/-1.31) in the endovascular group. The difference between these groups was statistically significant
(p = 0.02, unpaired t-test with Welch’s correction). Table 6 and Figure 5 show the proportion of surgical
and endovascular treatments in the HH 1-2, HH 3, and HH 4-5 groups. The trend in treatment was
statistically significant among the groups (p = 0.005, Chi-squared test for trend). Surgical treatment was
more than three times more frequent in the HH 1-2 group, while in the HH 4-5 group, endovascular
treatment was almost as frequent as surgical treatment.

Table 6. The modality of treatment according to Hunt-Hess grade (HH).

Hunt-Hess Grade Surgical Treatment Endovascular Treatment
HH 1-2 78 patients (70%) 23 patients (53%)
HH3 19 patients (17%) 8 patients (19%)
HH 4-5 14 patients (13%) 12 patients (28%)
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Figure 5. The modality of treatment according to Hunt-Hess grade (HH).
4. Discussion

Patients with a SAH and ruptured ACoAA have a high likelihood of achieving a favorable outcome;
this occurred in 72.5% of patients, irrespective of treatment modality and rupture status. Heit et al.
found that at three months, 78% of ACoAA patients presenting with a SAH were equal or lower than
two on the Modified Rankin Scale (mRS) in both modalities [3]. In our study, a favorable outcome was
achieved in 65% of the endovascular group and in 75.5% of the surgical group. However, this difference
in outcomes is not statistically significant (Figure 3). Steklacova et al. reported comparable outcomes to
our cohort: a favorable outcome in 74% of the clipped patients and 70% of the coiled patients in a large
single center study covering the recent period of seventeen years [4]. Pietrantonio reported better clinical
outcomes in their cohort for endovascular treatment [5]. In a subgroup of the Barrow Randomized
Aneurysm Trial (BRAT) patients with ACom aneurysms, there was no statistical difference in outcome
between surgery and endovascular treatment [6]. In a meta-analysis by Li, which covered all intracranial
aneurysms, better results were presented for endovascular methods as opposed to surgery [7]. However,
the GOS and mRS scale are too broad and do not capture the subtle and subclinical deficits which can
be revealed by detailed neuropsychological examination, which was not the subject of this study. Our
study was not focused on neuropsychological sequelae. As reported in the International Subarachnoid
Aneurysm Trial (ISAT) cognitive outcomes, approximately one-third of patients who were not disabled
in mRS had cognitive impairment which was more frequent in the surgical group. This can be explained
by the retraction of the frontal lobe and the gyrus rectus dissection in the anterior communicating
region [8]. Among the major factors influencing the final outcome, we consider the deleterious effect
of the SAH and additionally the secondary deleterious effect of delayed cerebral ischemia associated
with cerebral vasospasm, considered a predominant cause of an unfavorable outcome. Angiographic
vasospasm can be seen in as many as 70% of patients after SAH and 20-40% have clinical symptoms.
However, the final outcome is influenced by many factors [9].

As expected, there was a difference in the distribution of the Hunt-Hess grades between both
modalities. The mean Hunt-Hess grade for microsurgery was significantly lower than that for endovascular
treatment (p = 0.02), confirming our preference for the endovascular treatment of patients in a worse
clinical condition. In a recent study from Thailand, there was no statistical difference in Hunt-Hess
grades and WENS grades between surgical clipping and endovascular treatment of ruptured posterior
communicating artery aneurysms [10]. A similar policy to ours—the preference to microsurgery in lower
Hunt-Hess grades (1-3)—can be found in other centers [4].

Our institution has adopted the protocol of the active treatment of ruptured intracranial aneurysms.
Therefore, all ruptured aneurysms amenable to treatment are addressed within 24 h of admission.
This approach allows us to reduce the occurrence of rebleeding of an aneurysm and potentiate the prevention
and treatment of secondary ischemia associated with cerebral vasospasm. Close 24/7 cooperation between
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a vascular neurosurgeon and an endovascular team is crucial for selecting and performing the appropriate
treatment of the aneurysm and for combining both modalities whenever needed. In patients with two
aneurysms or an aneurysm with several lobes in the ACoAA region, it is sometimes even beneficial to
combine both modalities: occlude one aneurysm in this region or its lobe by endovascular means and the
other by microsurgery or vice versa. The gap between the proportion of patients treated by microsurgery,
which was dominant in the early years, and endovascular treatment has been steadily closing over the
years. This trend is apparent in Figure 2. In the last year of this cohort, the number of patients treated
by endovascular treatment was still lower than the number of patients treated by microsurgery, but their
numbers were almost equal. This trend may have been caused by both institutional and global trends
and influences.

In the treatment of SAH patients we follow the protocol described in Figure 1. This protocol has
been developing over the years and is described here in a simplified version. Generally, we adhere to
it in the vast majority of cases. Occasionally, based on an individual situation, we may decide which
factor plays a more important role (e.g., in patients on blood thinners with anteriorly pointing aneurysm
we have to choose endovascular treatment whereas without this medication we would opt for surgery).
The protocol has proved effective over the years and will definitely be developed further in the future
based on the availability and development of both treatment methods.

It is well known that the shape and size of the aneurysm, including the neck to dome ratio, play
an important role in the ability of endovascular methods to occlude an aneurysm permanently [11].
The same applies to the subgroup of anterior communicating artery aneurysms. Aneurysms with broad
necks, very small aneurysms, and branching vessel(s) at the aneurysm are considered unfavorable for
simple embolization, and much like dual antiplatelet therapy, require additional methods to support the
occluding material within the aneurysm (stenting, remodeling, etc.). The shape of the dome, including
irregularities, plays a role in the behavior of the aneurysm. Irregular domes have unstable walls and
are prone to rupture [12]. In the literature, surgery has been shown to offer higher stability along with
a lower need for retreatment in comparison to endovascular methods [13]. Aneurysms treated by
endovascular treatment have more frequent rebleeding and require more frequent retreatments than
surgery [7].

Age plays an important role in undergoing the procedure and recovery from it. Elderly patients
have more fragile brain tissue which is less tolerant to microsurgery even when the brain is handled
gently to minimize the traumatic effect of surgery. Based on this, we tend to recommend surgical
treatment for younger patients if the technical and other aspects of the treatments are favorable. In older
patients (>60 years) with multiple comorbidities and/or on blood thinners, we generally recommend
endovascular treatment. Interestingly, we expected the endovascular group to be older. In reality,
the age distribution of the patients in both modalities of this study was similar and the difference was
statistically insignificant (p = 0.45). Although we tend to propose endovascular treatment for older
patients, other factors, which play a role in the decision about treatment modality (Table 1), outweigh
the age factor. In the literature, there was an apparent association between increasing age, after the age
of 50, and a worse outcome [14]. A recent paper by Chernysev reported that endovascular treatment
in the elderly provides a better clinical outcome but microsurgical clipping yields higher complete
aneurysm occlusion [12].

Each treatment modality—surgery and endovascular treatment—has its specific complications
related to aneurysm occlusion. Complications occurred in 12% of the surgical group and 17.6% of the
endovascular group, however, this difference lacks statistical significance. This corresponds to the
outcome, which is slightly worse in the endovascular group.

Recently, it has been documented that the mortality rate in SAH treated patients has decreased
over time [13]. Despite the advancements of the modern neurosurgical era such as microscopes and
other adjuncts (e.g., indocyanine-green videoangiography), further advances in the management of an
ACoAA can still be made in endovascular methods and microsurgical techniques as well as in intensive
care treatment [15]. High-level targeted neurointensive care treatment is essential for overcoming or
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minimizing possible acute stage complications which may lead to neurological deterioration and an
unfavorable outcome.
The limitations of this study are given by its design: it is a single center and retrospective study.

5. Conclusions

ACoAAs are the most common intracranial aneurysms. However, their treatment remains challenging,
especially when they rupture. In this single center study, more than two-thirds of the patients (72.5%)
treated actively for a SAH from an ACoAA reached a favorable outcome. There was no difference in the
age of patient subjects to each treatment modality. Microsurgery was performed on patients with lower
Hunt-Hess grades. Risks of complications are present and specific for both modalities despite the efforts
to minimize them.
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7. Vysledky 1é¢by subarachnoidalniho krvaceni u seniorii, vyznam osetieni

v této vékové skupiné s doporucenim postupu

Vek populace ve vyspélych zemich se prodluzuje. Je to dano vice faktory — zlepSujici se
vyzivou a lepsi [éEbou onemocnéni, a i lepSim zdravotnictvim. Populace setrvava déle v dobré
fyzické a mentalni kondici, coz vyustilo i ve zvySeni poctu pacientl, ktefi potfebuji oSetieni
nitrolebniho aneuryzmatu pro subarachnoidalnim krvaceni, a 1 oSetfeni neprasklych
aneuryzmat. I proto je velmi dulezity multidisciplinarni pfistup, ktery vede ke spravné volbé
vhodné 1é¢ebné modality. Maximalni vek, kdy je jest¢ mozné oSetiovat prasklé aneuryzma u
pacienta a dosahnout dobrého vysledku 1é¢by, je individudlni a neni pfesné urcitelny. Je dan
biologickym v€kem pacienta a celkovym zdravotnim stavem. Stanoveni vékové hranice se
obtizné provadi, zejména v situaci, kdy hranice neni pfesnd, ale je velmi neostrd a proces
starnuti neni okamzity, ale pozvolny kontinualni biologicky proces. Z téchto divodu je i dle
literatury vhodné aktivné oSetfovat i praskla aneuryzmata u seniortt v dobrém ¢i stabilnim
klinickém stavu’+7>. Indika¢ni kritéria pro vybér modality zahrnuji klinicky stav pacienta, vék,
pfitomnost komorbidit, 1écbu léky na fedéni krve, vlastnosti aneuryzmatu a piitomnost
signifikantniho intracerebralniho hematomu. Vys$si vék a Spatny klinicky stav pfi pfijeti jsou
jedny ze znamych rizikovych faktorti neuspokojivého vysledku 1é€by po aneuryzmatickém
subarachnoidalnim krvaceni’*7®. Ve vyse uvedené nas vedlo k provedeni studie s cilem tyto
nejasnosti vice objasnit a vytvofit si vlastni algoritmus, ktery by mohl poslouzit nejen
neurochirurgiim, ale i dal§im odborniktim v 1é¢bé téchto pacientd.

Cilem nasi studie bylo zjistit vysledky 1écby u pacientt s aneuryzmatickym subarachnoidalnim
krvacenim (SAK) u seniornich pacienti pacientll po 3 mésicich od ataky a srovnat je s pacienty
mlad$imi, a to vobou modalitaich - po oSetfeni aneuryzmatu clippingem (NCH) nebo
endovaskularni 1écbou (EV). Studie byla provedena na zaklad¢ retrospektivni analyzy databaze
pacientll s mozkovymi aneuryzmaty, ktefi byli léceni mezi lety 2009 a 2019 ve FN Brno. Do
studie bylo zatfazeno 499 pacientll. Z téchto pacientli bylo 345 (69 %) oSetteno NCH a 154
(31%) bylo oSetfeno EV. Pacienty jsme rozdélili do 4 skupin: dle véku na skupiny 0-64 let a
65+ let a dale dle modality oSetfeni vyduti NCH nebo EV. Hodnotili jsme vliv vstupniho Hunt-
Hessova skore (HH) na vysledek osetieni dle véku a dané modality a také vztah mezi aktudlnim
vékem pacienta a vysledkem 1écby po 3 meésicich od ataky SAK, hodnocenym pomoci
modifikované Rankinovy $kély (modified Rankin scale; mRS), kde uspésny vysledek 1é¢by byl
mRS 0-2 (sobéstacny pacient).
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Z celkového poctu 499 pacientli bylo 345 (69 %) osetfeno NCH a 154 (31 %) EV, ptficemz
primérny vék NCH a EV oSetfenych pacientll nebyl statisticky signifikantné rozdilny (p =
0,2216). U chirurgicky i endovaskularné 1é€enych pacientt ve vSech v€kovych kategoriich jsme
nezaznamenali statisticky signifikantni rozdil ve skére HH (p = 0,1664), ani v grafické
zavaznosti SAK dle Fisherova skore (p = 0,5041). Uspokojivy vysledek 1é¢by (mRS 0-2) po 3
mésicich od ataky mélo ve skupiné 65+ let po NCH 49 pacientt (52,88 %), u 65+ po EV 23
(60,61 %). Neuspokojivy vysledek 1é¢by (mRS 3—-6) po 3 mésicich mélo 43 pacientti (47,12 %)
osetfenych NCH a 15 (39,39 %) oSetfenych EV, coz je statisticky vyznamné (p = 0,0002).
Uspokojivy vysledek 1é€by (mRS 0-2) po 3 mésicich s dobrym klinickym stavem pfi pfijeti
(HH 1-2) mélo ve skupin¢ 0—64 let po NCH 136 pacientl (55 %) a u 65+ po NCH 28 (33 %).
Neuspokojivy vysledek 1écby (mRS 3-6) po 3 mésicich pfi Spatném pocatecnim klinickém
stavu (HH 3-5) mélo 50 pacientti (20 %) oSetienych NCH ve skupiné 0-64 let a 39 (44 %)
osetfenych NCH ve skupiné 65+, coz je statisticky vyznamné (p = 0,0001). Seniofi (65+ let) na
rozdil od mladsich pacientl po SAK maji zvySené riziko neuspokojivého neurologického stavu
po 3 mésicich od ataky, obzvlasté jsou-li v t¢zkém klinickém stavu pfi pfijeti. Nezanedbatelna
cast téchto pacientl v§ak po oSetieni vyduti zistava v dobrém klinickém stavu, proto je potieba
metodu oSetfeni a rozsah 1é¢by posuzovat individualng. U seniorii osetienych endovaskularné
jsme pozorovali o néco lepsi vysledek 1écby po 3 mésicich ve srovnani s pacienty oSetfenymi
otevienou operaci. Lepsi vysledek 1écby po EV u seniort si vysvétlujeme vétSinou kratSim
trvanim procedury, a tim kratsi celkovou anestezii a s tim spojenou mensi celkovou zatézi pro
pacienta. Také nedochazi k manipulaci s mozkovou tkani a k mikrotraumatizaci edemat6zniho
a ve vysSim véku fragilnéjsiho mozku. U starSich pacientll dale existuje vyssi riziko vzniku
chirurgickych komplikaci v disledku hor$i vyzivy a snizené obranyschopnosti, je zhorSena
regenerace organismu. V nami sledovaném souboru jsme u operovanych pacienti ve véku nad
65 let nicméné nezaznamenali vyznamny nartst ¢asnych chirurgickych komplikaci. Dnes
zvazujeme lécbu u vSech starSich pacientil i u starSich 80 let, obzvlast’ v situaci, kdy vime, ze
jejich dosavadni kvalita Zivota byla uspokojiva, byli sobéstacni a nemaji zdsadni ptidruzené
komorbidity a jsou v dobrém stavu po SAK (HH 1-2). I podle naSich vysledki je v souc¢asné
dobé vek okolo 65 let neostrou hranici pro chirurgické oSetfeni aneuryzmatu s Sanci na
minimum casnych komplikaci a s dobrym vysledkem 1écby s ptihlédnutim i1 k ostatnim
faktorim. Ohkuma a kolegové tuto hranici uvadi dokonce ve véku 85 let’.

Ve skupiné 0-64 let jsme nezaznamenali signifikantni rozdil ve vysledku 1é€by mezi skupinou

pacientl oSetfenou NCH ¢i EV.
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I pti srovnani s literaturou lze pozorovat, ze podobné vysledky jako na$e ma fada pracovist’>",

Nase hodnoceni vysledku 1é¢by probéhlo po 3 meésicich od krvaceni, coz je nejkratsi mozna
spolehliva doba posouzeni vysledku 1é¢by. Nékteti autoti hodnotili vysledku po NCH vykonu
a EV s del§im odstupem a zde vysledky mezi modalitami nebyly statisticky vyznamné®’, Toto
i naSe vysledky kazdopadné dokladuji, Ze postaveni mikrochirurgie je stale silné a vyznamné 1
u seniorni ¢asti populace. Selektivni a uvazlivy vybér vhodnych pacienti ve vy$§im véku
k oSetieni nitrolebniho aneuryzmatu po krvaceni je zdsadni a vede ve vyznamné proporci
nemocnych k dosazeni dobrého vysledku 1éCby.

Nase prace byla zaméfena na porovnani vysledku lécby (hodnoceného dle mRS) po

mikrochirurgickém clippingu a endovaskularnim coilingu®17482838473

. Ve sledovani po 3
mésicich od ataky se ukazalo, ze ve skupin€ 65+ maji lepsi vysledek 1écby pacienti oSetfeni EV
nez ti, ktefi podstoupili clipping z kraniotomie, coZ je v rozporu s Capatanem el al., ktefi
vychazeli ze studie BRAT a jejichz studie si stanovila vékovou hranici taktéz 65 let, ale z niz
vvvvvv 8586878889

Obdobnych vysledkt jako v nasi studii docilili Ikawa et al., ktefi své vysledky hodnotili také v
podobném horizontu sledovani a udévaji endovaskularni oSetteni jako to, jez ma lepsi vysledky
1é¢by nez oteviené neurochirurgické intervence™. Dale se z této studie dovidame, ze v Japonsku
je obecnym trendem vice oSetfovat praskld aneuryzmata NCH, a to asi v poméru 3:1, coz je
rozdil oproti ostatnim zemim, které se po studii ISAT piiklonily k EV’3. Tento pomér o$etieni
clip vs. coil byl podobny jako na nasem pracovisti v letech 2009-2019, v soucasné dobé je na
nasem pracovisti pomér zhruba 1:1. Bekelis et al. ve své studii z roku 2016 neudavaji statisticky
vyznamny rozdil ve vysledku 1é¢by mezi danymi modalitami u seniorti a stejné tak je tomu
v praci od Prousta et al. z roku 201878, Tyto prace vSak vychazeji ze sledovani po jednom
roce.

Vysledky nasi prace a studie nyni reflektuji soucasnou situaci v klinické praxi. Tyto nyni
zohlediiujeme a opirame se o nasi studii v klinické praxi a v rozhodnutich tykajicich se 1écby u

seniornich pacienti ¢ili pfimo aplikujeme vysledky nasi prace do klinické praxe.
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Uvod: Cilem nasf studie je prezentovat vysledky lécby u pacientd s prodélanym aneuryzmatickym
subarachnoidalnim krvacenim (SAK) po 3 mésicich od ataky, ktefi byli osetfeni clippingem (NCH)
nebo coilingem (EV). Materidl a metodika: Studie byla provedena na zakladé retrospektivni analyzy
databéze pacientli s mozkovymi aneuryzmaty, ktefi byli é¢eni mezi lety 2009 a 2019 ve FN Brno.
Do studie bylo zafazeno 499 pacient(. Z téchto pacientd bylo 345 (69 %) osetfeno NCH a 154 (31
%) bylo osetieno EV. Pacienty jsme rozdélili do 4 skupin: dle véku na skupiny 0-64 let a 65+ let
a dale dle modality o3etfeni vyduti NCH nebo EV. Hodnotili jsme vliv vstupniho Hunt-Hessova
skore (HH) na vysledek o3etfeni dle véku a dané modality a také vztah mezi aktualnim vékem
pacienta a vysledkem lécby po 3 mésicich od ataky SAK, hodnocenym pomoci modifikované
Rankinovy skély (modified Rankin scale; mRS), kde Uspésny vysledek Iécby byl mRS 0-2 (sobéstacny
pacient). Vysledky: Z celkového poctu 499 pacientl bylo 345 (69 %) osetfeno NCH a 154 (31 %)
EV, pficemz primérny vék NCH a EV osetienych pacientd nebyl statisticky signifikantné rozdilny
(p =0,2216). U chirurgicky i endovaskuldrné lé¢enych pacientl ve viech vékovych kategoriich jsme
nezaznamenali statisticky signifikantni rozdil ve skore HH (p = 0,1664) ani v grafické zavaznosti SAK
dle Fischerova skére (p = 0,5041). Uspokojivy vysledek Iécby (mRS 0-2) po 3 mésicich od ataky mélo
ve skupiné 65+ let po NCH 49 pacient(i (52,88 %), u 65+ po EV 23 (60,61 %). Spatny vysledek lé¢by
(MRS 3-6) po 3 mésicich mélo 43 pacientl (47,12 %) osetfenych NCH a 15 (39,39 %) osetienych
EV, coz je statisticky vyznamné (p = 0,0002). Uspokojivy vysledek Iécby (mRS 0-2) po 3 mésicich
s dobrym klinickym stavem pfi pfijeti (HH 1-2) mélo ve skupiné 0-64 let po NCH 136 pacientt
(55 %) a u 65+ po NCH 28 (33 %). Spatny vysledek lé¢by (MRS 3-6) po 3 mésicich pii $patném
pocatecnim klinickém stavu (HH 3-5) mélo 50 pacientd (20 %) o3etfenych NCH ve skupiné 0 -64 let
a 39 (44 %) osetienych NCH ve skupiné 65+, coz je statisticky vyznamné (p = 0,0001). Zdvér: Seniofi
65+ let) na rozdil od mladsich pacientl po SAK trpi zvysenym rizikem Spatného neurologického
stavu po 3 mésicich od ataky, obzvIasté jsou-li v tézkém klinickém stavu pfi pfijeti. Nezanedbatelna
Cast téchto pacientl viak po osetfeni vyduti z(stava v dobrém klinickém stavu, proto je potieba
metodu o3etfeni a rozsah 1é¢by posuzovat individualné. U seniord osetfenych endovaskularné
jsme pozorovali lepsi vysledek lé¢by po 3 mésicich ve srovndni s pacienty osetfenymi otevienou
operaci.
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Uvod

Ruptura intrakranidlntho aneuryzmatu je
zodpovédna za 80 % pfipadl netraumatic-
kého subarachnoidainiho krvaceni (SAK) [1].
Utelem ¢asného osetieni zdroje krvé-
cenf je predejit opétovné ruptufe aneuryz-
matu s fatadlnimi nasledky. Vydut mozkové
tepny je standardné odetfovana jednou ze
dvou modalit — chirurgickym clippingem
(NCH) nebo endovaskuldrnim coilingem
(EV) [2].

Prodluzujici se pramérny vék doziti popu-
lace, kterd setrvava v dobré fyzické a men-
taIni kondici, vyustil ve zvyseni poctu pa-
cientd, ktefi potfebuji osetfeni pro SAK
z prasklého aneuryzmatu, proto je velmi dd-
lezity multidisciplindrni pfistup, ktery vede
ke spravné volbé vhodné modality.

Vy$si vék a Spatny klinicky stav pfi pfi-
jetf jsou jedny ze zndmych rizikovych fak-
tord neuspokojivého vysledku lé¢by po
SAK [3-9]. Maximalni vék, kdy je jesté mozné

osetfovat prasklé aneuryzma u pacienta
a dosahnout dobrého vysledku lécby, je in-
dividudIni. Z toho ddvodu je dle literatury
vhodné aktivné osetiovat i praskld aneuryz-
mata u seniorll v dobrém ¢i stabilnim klinic-
kém stavu [10,11].

Indikacni kritéria pro vybér modality zahr-
nuji klinicky stav pacienta, vék, pfftomnost
komorbidit, lé¢bu léky na fedénfkrve, charak-
teristiku aneuryzmatu a pfitomnost signifi-
kantniho intracerebrélniho hematomu [3-6].
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Abstract

Introduction: The aim of our study is to present the treatment outcomes of patients with aneurysmal subarachnoid hemorrhage (SAH) 3 months after
the attack who were treated with clipping (MS) or coiling (EV). Materials and methods: The study was based on a retrospective analysis of a database
of patients with cerebral aneurysms who were treated at the University Hospital Brno between 2009 and 2019. A total of 499 patients were included
in the study. Of these patients, 345 (69%) were treated with surgical MS and 154 (31%) were treated with EV. Patients were divided into 4 groups:
according to the age into 0-64 years and 65+ years group, and according to the modality of treatment of aneurysm by MS or EV. We evaluated the
effect of the initial Hunt-Hess (HH) score on the treatment outcome according to age and modality and also the relationship between the current
age of the patient and the treatment outcome at 3 months after the SAH attack, as assessed by a modified Rankin scale (mRS), where the successful
treatment outcome was mRS 0-2 (self-sufficient patient), and the effect of the initial Hunt-Hess score (HH) on the treatment outcome was based on
age and modality. Results: Of the 499 patients, 345 (69%) were treated with MS and 154 (31%) with EV, and the average age of MS and EV treated patients
was not statistically significantly different (P = 0.2216). In both surgically and endovascularly treated patients in all age categories; we did not observe
a statistically significant difference in HH score (P = 0.1664) or in graphical severity of SAH according to the Fischer score (P = 0.5041). Satisfactory
treatment outcome (MRS 0-2) at 3 months after the attack was found in 49 (52.88%) in the 65+ years group after MS and 23 (60.61%) in the 65+ years
group after EV. Poor treatment outcome (MRS 3-6) at 3 months was found in 43 (47.12%) in MS treated and 15 (39.39%) in EV treated patients, which
was statistically significant (P = 0.0002). Satisfactory treatment outcome (MRS 0-2) at 3 months with good clinical status on admission (HH 1-2) was
seen in 136 (55%) patients in the 0-64 years group after MS and 28 (33%) in the 65+ years group after MS. Poor treatment outcome (MRS 3-6) after
3 months with poor initial clinical condition (HH 3-5) had 50 (20%) patients treated with MS in the 0 -64 years group and 39 (44%) treated with MS
in the 65+ years group, which is statistically significant (P = 0.0001). Conclusion: Elderly (65+ years) after SAH are at a higher risk of poor neurological
status 3 months after the attack compared to younger patients, especially if they are in a severe clinical condition on admission. However, a significant
proportion of these patients remain in a good clinical condition after treatment of an aneurysm, so the method of treatment and extent of treatment
needs to be assessed individually. In elderly patients treated endovascularly, we observed a better treatment outcome at 3 months compared with

patients treated by open surgery.

Moderni pfistup k managementu SAK zahr-
nuje cilené, pfisné individudlni posouzenf
onemocnéni pacienta.

Cilem nasi prace je zhodnotit vysledky
|é¢by pacientd seniort (nad 65 let), srov-
nat je s mladsimi nemocnymi a literaturou
a identifikovat potencialni oblasti zlepsent
péce alécby o tyto nemocné.

Material a metodika

Studie byla provedena na zékladé retro-
spektivni analyzy databaze pacientli s moz-
kovymi aneuryzmaty, ktefi byli 1é¢eni mezi
lety 2009 a 2019. V uvedeném intervalu bylo
s diagndézou spontanniho SAK hospitalizo-
vano celkem 671 pacientd, pficemz do stu-
die bylo zafazeno 499 pacientd, ktefi byli
hospitalizovani s diagnézou SAK z ruptury
aneuryzmatu mozkové tepny a byli osetieni
jednou z modalit NCH nebo EV, pfipadné
obéma modalitami. Pacienti se SAK, u kte-
rych nedoslo k priikazu aneuryzmatu, a pa-
cienti léceni pouze konzervativné byli ze stu-
die vyfazeni.

Pacienti o3etfeni obéma modalitami byli
zatazeni do skupiny té modality, ktera defini-
tivné vyradila aneuryzma z cirkulace. Jednalo
se o pacienty primarné coilované, u kterych
bylo aneuryzma osetfeno nedostatecné (vy-
znamné plnénf vaku) nebo kteff prodélali re-
bleeding po endovaskularnilécbé. Proto byli
nasledné osetfeni clipem. Pfipad nedosta-

te¢ného osetieni clipem s moznosti defini-
tivniho osetfenf coilem jsme v nasem sou-
boru neméli.

Tito pacienti byli o3etfeni vzdy do 24 h
od ataky SAK a vzdy bylo dostupné osetent
obéma modalitami, tedy NCH i EV. Zahrnuti
jsou pacienti s krvacenim v prednim i zad-
nim povodi, ve vech lokalitach intrakranial-
nich tepen.

K NCH jsme indikovali pacienty s expan-
zivné se chovajicim intracerebrdlnim he-
matomem, aneuryzmata se Sirokym kr¢-
kem, predominantné v predni cirkulaci nebo
tam, kde technicky nebylo mozné provést
EV (napf. pro anatomické pomeéry nebo pa-
tologie cévniho fecisté). Déle jsme indikovali
mladsi pacienty s neostrou vékovou hranici
65 let a pacienty v dobrém pocate¢nim neu-
rologickém stavu (Hunt-Hessovo skére [HH]
1-2).

EV byli osetfeni predeviim starsi (65+),
polymorbidni pacienti s farmakologickou
anamnézou lékl ovliviujicich krevnf srazli-
vost, v horsim klinickém stavu (HH 3-5), bez
expanzivni intracerebralni hemoragie, aneu-
ryzmaty v zadnim povodi a s aneuryzmaty
s ptihodnym pomérem krcek/vak.

Pacienty jsme rozdélili do 4 skupin: dle
véku na skupinu 0-64 let a 65+ let a déle
dle modality osetfeni vyduti NCH nebo EV.
U pacientl hospitalizovanych po osetfent in-
trakranidlntho aneuryzmatu, jsme hodnotili

vztah mezi aktudlnim vékem pacienta a vy-
sledkem lécby po 3 mésicich od ataky SAK,
hodnocenym pomoci modifikované Ranki-
novy skély (modified Rankin scale; mRS), kde
Uspésny vysledek 1écby byl mRS 0-2 (sobé-
stacny pacient), a také vliv vstupniho skoére
HH na vysledek osetfeni dle véku a dané
modality.

Data jsou prezentovana formou popis-
nych statistik, zahrnujicich absolutni i re-
lativni hodnoty, a néslednych analyz. Ka-
tegoridlni data byla hodnocena pomoci
chi-kvadrat testu. V pfipadé spojitych dat
byla distribuce testovanych dat hodnocena
pomoci D'Agostino-Pearsonova testu nor-
mality. Ke statistickému hodnoceni dat byly
pouZity neparovy t-test s Welchovou korekcf,
Kruskal-Walisdv test s naslednym Dunnovym
vicendsobnym srovnavacim testem. Za hla-
dinu vyznamnosti byla povazovéna hodnota
o = 0,05. Statistické zpracovani dat bylo pro-
vedeno pomoci softwaru GraphPad Prism
version 7.03 for Windows (GraphPad Soft-
ware, La Jolla, CA, USA).

Vysledky

Z celkového poctu 499 pacientd bylo
345 (69 %) osetfeno NCH a 154 (31 %) EV.
Primérny vék chirurgicky osetienych pa-
cientl byl 53,77 let (smérodatnd od-
chylka [SD] = 13,69) a praimérny vék endovas-
kuldrné osetfenych byl 55,35 let (SD = 13,17;
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Tab. 1. Struktura souboru dle HH skére, véku a typu vykonu.

0-64 EV 0-64 NCH 65+ EV 65+ NCH
n % n % n % n %
HH1 13 11,02 35 13,78 2 555 8 8,79
HH2 46 38,98 12 44,10 17 47,22 26 28,57
HH3 35 29,66 57 22,44 10 27,78 31 34,07
HH4 13 11,02 28 11,02 5 13,89 1 12,09
HHS il 932 22 8,66 2 5,56 15 16,48
EV - coiling; HH — Hunt Hessovo skore; n — pocet; NCH - clipping
Tab. 2. Struktura souboru dle Fischerova skore, véku a typu vykonu.
0-64 EV 0-64 NCH 65+ EV 65+ NCH
n % n % n % n %
F1 3 2,56 6 2,37 0 0,00 3 3,26
F2 9 7,69 25 9,88 1 2,70 4 4,35
F3 67 57,27 139 5494 25 67,57 45 4891
F4 38 3248 83 32,81 11 2973 40 43,48
EV - coiling; F - Fischerovo skére; n - pocet; NCH - clipping
Tab. 3. Struktura souboru dle mRS, véku a zplsobu osetieni.
0-64 EV 0-64 NCH 65+ EV 65+ NCH
n % n % n % n %
mRS 0 6 526 6 2,47 1 3,03 0 0,00
mRS 1 66 56,14 149 60,49 12 30,31 35 3794
mRS 2 15 12,29 36 14,40 10 27,27 14 14,94
mRS 3 14 11,40 20 782 7 18,18 10 10,34
mRS 4 8 6,14 15 576 3 6,06 16 17,24
mRS 5 5 3,51 13 4,94 2 6,06 10 11,49
mRS 6 6 526 10 412 3 9,09 7 8,05

EV - coiling; mRS — modifikovand Rankinova skala; n — pocet; NCH - clipping

p = 0,2216, nepérovy t-test s Welchovou
korekci).

Tabulka 1 ukazuje strukturu souboru
dle HH, véku a typu vykonu. U chirurgicky
i endovaskuldrné lécenych pacientl ve
viech vékovych kategoriich prevazoval kli-
nicky stav odpovidajici HH 2, nasledovalo
skore HH3. Ve struktufe souboru nebyl na-
lezen signifikantni rozdil zavislosti na HH,

véku a typu vykonu (p = 0,1664, chi-kvadrat
test).

Tabulka 2 ukazuje strukturu souboru dle
Fischerova skore (Fs), véku a typu vykonu.
U chirurgicky i endovaskuldrné lécenych pa-
cientl ve viech vékovych skupindch preva-
Zovala na CT grafickd zadvaznost SAK odpo-
vidajici Fs 3, nasledovalo Fs 4. Ve struktufe
souboru neni signifikantni rozdil ani v zavis-

losti na Fs, véku a typu vykonu (p = 0,5041,
chi-kvadrét test).

Prmérna hodnota mRS po 3 mésicich ve
skupiné 0-64 let po NCH byla 1,852 a u EV
1,886 (p = 0,9999, Dunnllv vicenasobny srov-
navaci test).

U chirurgicky i endovaskularné léc¢enych
pacientl ve viech vékovych kategoriich po
3 mésicich prevazoval vysledek lécby mRS
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Tab. 4. Souhrn poctu pacientl s uspokojivym vs. neuspokojivym vysledkem lécby dle zpUsobu osetteni a véku.

EV - coiling; n - pocet; NCH - clipping

0-64 EV 0-64 NCH 65+ EV 65+ NCH
n % n % n % n %
dobry 88 73,68 192 7737 23 60,61 49 52,87
$patny 32 26,32 57 22,63 15 3939 43 4713

Tab. 5. Vysledek Ié¢by v zavislosti na vstupnim HH skére u jednotlivych vékovych skupin a modalit osetfeni (HH+: HH 1-2, HH-:
HH 3-5, mRS+: mRS 0-2, mRS—: mRS 3-6).

0-64 EV 0-64 NCH 65+ EV 65+ NCH
n % n % n % n %
HH+ mRS+ 55 46 136 55 13 37 28 33
HH+ mRS— 8 5 9 3 5 13 4 3
HH- mRS+ 34 28 56 22 8 22 18 20
HH- mRS— 26 21 50 20 10 28 39 44

EV - coiling; HH - Hunt Hessovo skére; mRS — modifikovana Rankinova $kala; n — pocet; NCH - clipping

1, ndsledné mRS 2 s vyjimkou skupiny NCH
65 +, kde nésledoval vysledek Ié¢by mRS
417,24 %) - viz tab. 3.

Tabulka 4 popisuje souhrn poctu pacientt
s uspokojivym vs. neuspokojivym vysled-
kem lé¢by dle zpUsobu osetieni a véku. Roz-
dily byly statisticky vyznamné (p = 0,0002,
chi-kvadrat test).

Vysledek Ié¢by v zavislosti na vstupnim kli-
nickém stavu u jednotlivych vékovych sku-
pin a modalit osetfeni uvadime v tab. 5. Roz-
dily byly statisticky vyznamné (p = 0,0001,
chi-kvadrat test).

Diskuze

Cilem nasi prace bylo zhodnotit vysledky
|é¢by pacientd seniord (65+ let), srovnat je
s mladsimi nemocnymi, literaturou a iden-
tifikovat potencialni oblasti zlepseni péce
a lécby o tyto nemocné.

Nase studie ukazuje, ze jsme v pribéhu
11 let osetfili vice pacientd chirurgicky, a to
v pomeéru 345 (69 %) NCH : 154 (31 %) EV.

Vys$si vék a zavazny klinicky stav pfi pfi-
jeti pacientl se SAK je spojen s rizikem $pat-
ného vysledku lé¢by, a tedy s hor$im neuro-
logickym deficitem [4,12-17]. Stejné tak jsme
v nasi studii zjistili, ze vy3si vék pacientl a za-
vazny vstupni klinicky stav jsou rizikové fak-
tory pro Spatny neurologicky stav pii klinické
kontrole po 3 mésicich, tedy relativné krat-
kém vysledku lécby.

Nase préce byla zaméfena na porov-
néani vysledku lécby (hodnoceného dle
mRS) po mikrochirurgickém clippingu a en-
dovaskuldrnim coilingu [18-23]. Ve sledo-
vani po 3 mésicich od ataky se ukazalo, Zze
ve skupiné 65+ maji lepsi vysledek lé¢by
pacienti osetfeni EV nez ti, ktefi podstou-
pili clipping z kraniotomie, coz je v roz-
poru s Capatanem el al. [12], ktefi vychéa-
zeli ze studie BRAT [24-27] a jejichz studie
si stanovila vékovou hranici taktéZ 65 let, ale
z niz vyplyva NCH jako Uspésnéjsi modalita
osetrent.

Obdobnych vysledkd jako v nasi studii do-
cilili lkawa et al. [11], ktefi své vysledky hod-
notili také v podobném horizontu sledovani
a uddvaji endovaskularni osetienf jako to, jez
ma lepsi vysledky Iécby nez oteviené neu-
rochirurgické intervence. Déle se z této stu-
die doviddme, Ze v Japonsku je obecnym
trendem vice odetfovat praskld aneuryz-
mata NCH, a to asi v poméru 3 : 1, coz je roz-
dil oproti ostatnim zemim, které se po studii
ISAT [18] pfiklonily k EV. Tento pomér osetient
clip vs. coil byl podobny jako na nasem pra-
covisti v letech 2009-2019, v soucasné dobé
je na nasem pracovisti pomér 1: 1.

Bekelis et al. [28] ve své studii z roku
2016 neudavaji statisticky vyznamny roz-
dil ve vysledku lécby mezi danymi modali-
tami u seniorl a stejné tak je tomu v praci
od Prousta et al. [29] z roku 2018. Tyto prace

vsak vychézeji ze sledovani po jednom
roce.

Lepsi vysledek 1écby po EV u seniorl si
vysvétlujeme vétsinou kratsim trvanim pro-
cedury, a tim kratsi celkovou anestezii. Také
nedochazi k manipulaci s mozkovou tkanf
a k mikrotraumatizaci edematozniho mozku.
U starsich pacient( déle existuje vy3si riziko
vzniku chirurgickych komplikaci v dasledku
malnutrice a snizené obranyschopnosti [30].
V ndmi sledovaném souboru jsme u opero-
vanych pacientd ve véku nad 65 let nicméné
nezaznamenali vyznamny nartst ¢asnych
chirurgickych komplikaci.

Dnes zvazujeme lé¢bu i u pacientl star-
3ich 80 let, obzvlast v situaci, kdy vime, Ze je-
jich dosavadni kvalita zivota byla uspoko-
jiva a jsou v dobrém stavu po SAK (HH 1-2).
I podle nasich vysledkd je vék okolo 65 let
neostrou hranici pro chirurgické osetfenf
aneuryzmatu s sanci na minimum casnych
komplikaci a s dobrym vysledkem lécby
s pfihlédnutim i k ostatnim faktortim. Oh-
kuma et al. tuto hranici uvadi dokonce ve
véku 85 let [10]. Ve skupiné 0-64 let jsme ne-
zaznamenali signifikantnf rozdil ve vysledku
|é¢by mezi skupinou pacientd osetfenou
NCH ¢i EV.

Skoére HH a Fs hodnotici klinickou a gra-
fickou zdvaznost SAK pfi pfijeti, nemély dle
nasich vysledkd vliv na vybér modality zvo-
lené k osetfeni aneuryzmatu - s vyjim-
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kou expanzivné se chovajicich intracereb-
ralnich hematom(, u kterych byl indikovan
NCH z kraniotomie. Dle retrospektivné ziska-
nych dostupnych dat byla pro vybér moda-
lity osetfeni nejddlezitéjsi anatomie aneury-
zmatu (lokalizace, velikost, sméfovéani vaku
a Sife kreku vs. vaku). Pfinosem by mohly
byt lavdz postizené oblasti a redukce mnoz-
stvi krve, o niz si myslime, Ze je pfi¢inou va-
zospazmU [31]. DalSim postupem, uplat-
nujicim se v rdmci operac¢niho zakroku na
nasem pracovisti, je fenestrace lamina ter-
minalis. Podle nékterych autord Ize fenes-
traci lamina terminalis snizit riziko vzniku
hydrocefalu [32-35].

To, ze klinicky a graficky stav pfi pfijeti ne-
meély zdsadni vliv na vybér modality oset-
fenf, popisuji i Zanaty et al. [19]. V jejich stu-
dii je ovsem rozhodovéni ovlivnéno faktem,
Ze proceduru osetfeni provadi neurochirurg
trénovany na obé modality o3etfent.

Limitaci nasi studie je, Ze jsme ziskali vy-
sledky Ié¢by v odstupu 3 mésict od ataky,
coz pro mnohé nemusi byt dost dlouha
doba sledovani, predevsim chceme-li hod-
notit jako vysledek lé¢by kvalitu Zivota. Mno-
hymi autory je minimalni doba ke zhodno-
cenfivysledku lé¢by 1 rok od ataky [29,36].

Zavér

Seniofi (65+ let) po SAK jsou ve zvyseném
riziku $patného neurologického stavu po
3 mésicich od ataky oproti mladsim pacien-
tdm, obzvIasté jsou-li pfi pfijetl v tézkém kli-
nickém stavu. Aviak nezanedbatelnd ¢ast
téchto pacientl zUstava po osetfeni vyduti
v dobrém klinickém stavu, proto je potieba
metodu osetfenf a rozsah Ié¢by posuzovat
individudné. U seniord osetfenych endovas-
kuldrné jsme pozorovali lepsi vysledek lécby
po 3 mésicich ve srovnani s pacienty o3etfe-
nymi otevienou operaci.

Etické aspekty

Prace byla provedena ve shodé s Helsinskou deklaraci
zroku 1975 a jejimi revizemi v letech 2004 a 2008. Studie
nepodléhd schvéleni etickou komisi. Pacienti podepsali
souhlas s diagnostickym a lé¢ebnym procesem.
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8. Vysledky chirurgické 1é¢by pialnich arteriovenoznich malformace mozku —

retrospektivni studie z Neurochirurgické kliniky Fakultni nemocnice Brno

Na Neurochirurgické klinice Fakultni nemocnice Brno madme dlouhodobé velké zkuSenosti s
1écbou arteriovenoznich malfomaci mozku (AVM). Cilem tohoto ¢lanku bylo zhodnotit
pacienty, ktefi podstoupili operaci pidlnich AVM na této klinice v poslednich 15 letech.

Tato naSe retrospektivni, monocentricka studie zahrnovala pacienty, ktefi podstoupili
chirurgickou 1é¢bu pialni AVM na Neurochirurgické klinice Fakultni nemocnice Brno v letech
2005 az 2019. Data byla shromdzdéna z lékarské dokumentace a byla vedena v databazi
pacientl s AVM a vSechny analyzy byly provedeny na anonymizovanych datech.

Diagnéza AVM byla stanovena na zakladé CT a CT angiografie, digitalni subtrakéni
angiografie (DSA) nebo MR vcetné MR angiografie. DSA byla opakovéna ptiblizné tyden po
operaci k potvrzeni kompletni resekce pidlni arteriovendzni malformace. Byly hodnoceny
nasledujici klinické charakteristiky: klinické ptiznaky, lokalizace a lateralizace AVM, stupen
S-M, 3mési¢ni vysledek 1écby dle Glasgow Outcome Score.

Studie zahrnovala 50 pacientt, ktefi podstoupili operaci pro pidlni AVM (28 muza [56 %]).
Nejmlad$imu pacientovi bylo 13 let, nejstarSimu 70 let. Primérny vék byl 39,6 + 13,85 let v
celém vzorku, 40,18 + 13,24 let u muzt a 38,86 + 14,88 let u zen. Dvacet osm (56 %) pacientek
bylo mladsich 40 let (do 39 let, skupina 40+) a 22 (44 %) pacientek bylo starSich nez 40 let (40
a vice let, skupina 40+). Ve skupiné 40+ bylo 16 (32 %) muzii a 12 (24 %) zen a ve skupiné
40+ bylo 12 (24 %) muzt a 10 (20 %) zen.

Nejcastéjsim piiznakem bylo krvaceni, které bylo pfitomno u 50 % pacientli. Krvaceni bylo
Castéj$iu zen (55 % vs. 46 % u muzil) a starSich pacientt (64 % vs. 39 % u mladych pacientt).
Epilepsie byla ptitomna u 34 % pacientil, o néco Castéji u muza (36 % vs. 32 % u Zen) a
mladSich pacientd (43 % vs. 22 % u starSich pacienttll). Cefalea byla méné ¢astym ptiznakem
(10 % pacientd) a 6 % AVM bylo diagnostikovano nadhodné¢.

Vétsina AVM (86 %) byla lokalizovana v supratentoridlni oblasti, se stejnou frekvenci u muzt
(86 %), zen (86 %), 40-letych (86 %) a 40+ let (86 %). Supratentorialni AVM byly nejcastéjsi
ve frontdlnim a tempordlnim laloku. VSechny infratentoridlni AVM (14 %) byly lokalizovany
v mozec€ku. Lateralizace AVM byla v celém vzorku rovnomérnd, 44 % AVM bylo lokalizovano
v levé hemisféte, 44 % v pravé hemisfére a zbyvajicich 12 % mélo bilateralni lokalizaci.
Podobné rozlozeni bylo pfitomno v muzské a zenské podskupiné (46 % vlevo, 46 % vpravo).
Lateralizace do pravé hemisféry byla castéjsi ve skupiné 40-50 % vpravo vs. 38 % vlevo),

zatimco rozlozeni ve skupiné 40+ melo opacny trend (53 % vlevo vs. 37 % vpravo). Podle skaly
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S-M byla vétsSina AVM stupné II (54 %), nésledovana stupném I (30 %) a stupném III (14 %).
Podobné rozlozeni bylo pozorovano u muzi (G II - 68 %, G1—-21 %, GIII - 11 %), ve skupiné
40- (GII-60 %, G1—24 %, GII - 12 %, G IV — 4 %) a ve skupin¢ 40+ (G I1 - 55 %, G 1 -
27 %, G Il — 18 %). Rozlozeni u zen bylo mirn¢ odlisné (G I — 41 %, G II — 36 %, G III — 18
%, G IV —4 %).

Totalni resekce byla provedena u 48 pacientt (96 %). Chirurgické resekci predchazela u dvou
pacientii endovaskularni obliterace. U obou pacientli byla AVM zasobena jedinou tepnou
vychazejici z arteria cerebri posterior. Jeden pacient (2 %) podstoupil subtotalni resekci a u
dalsiho pacienta nebyla AVM béhem operace zjisténa (2 %). Jednalo se o 55let¢ho muze s
malou AVM stupné S-M II v levé centrdlni oblasti. Chirurgicka technika byla velmi Setrna kvuli
lokalizaci v motorické oblasti a AVM nebyla nalezena. Pooperacni MRI bylo negativni, nebyl
proveden zadny dalsi zakrok a vysledek pacienta byl v dobé psani tohoto ¢lanku vyborny, bez
neurologického deficitu.

Ctyticet Sest pacientii (92 %) mé&lo nové diagnostikovanou AVM a chirurgicka 1é¢ba na nagem
oddéleni byla prvnim zédkrokem, zatimco Etyfi pacienti (8 %) méli [éCbu AVM jiz v anamnéze.
Dva z nich podstoupili subtotalni resekci a dal$i dva radiochirurgii gama nozem, ktera nebyla
pln€ uspé$nad. V jednom piipadé probéhlo recidivujici krvaceni a v jiném piipadé nebyla
graficka odpoved na radiochirurgii. VSichni Ctyfi pacienti podstoupili na naSem odd¢leni totalni
resekci s dobrym vysledkem.

Ttimésicni vysledek byl s Giplnou uzdravou — bez deficitu u 44 pacientl (88 %), stfedné tézké
postizeni bylo pfitomno u 5 pacient (10 %) a tézké postizeni u 1 pacienta (2 %). Podobné
rozloZeni bylo pfitomno ve vSech podskupinach: muzi (dobré — 89 %, stfedné t¢zké — 11 %),
zeny (dobré — 86 %, sttedné t€¢zké — 9 tézké — 5 %), skupina 40+ (dobré — 92 %, stiedni — 8 %)
a skupina 40+ (dobré — 82 %, stiedni — 24 %, t&zké — 4 %). AVM stupné S-M 1. m¢ly dobry
vysledek ve 100 % ptipadd, stupné S-M II v 85 % a stupné S-M III v 71 %. Stiedné tézké
postizeni bylo spojeno s opacnym trendem (S-M I: 0 %, S-M II: 11 %, S-M III: 29 %). Stfedné
tézké postizeni bylo pfitomno u 5 pacientd (10 %). U 4 pacientd byla invalidita spojena s
pocatecnim krvacenim a u 1 pacienta s kombinaci pocate¢niho krvaceni a pooperacniho
hematomu. T¢zk4 invalidita souvisela s pocatecnim krvacenim v jednom ptipadé — 70letd Zena
s AVM S-M stupné II v mozecku méla paraparézu. Souhrnné lze konstatovat, Ze mira morbidity
v naSem vzorku byla 10 %, zatimco mira mortality byla 0 %.

AVM jsou vrozené patologie, které jsou nejcasté&ji diagnostikovany ve &tvrté dekadé zivota®.

Nase zjisténi jsou v souladu s jinymi pracemi — primérny veék naSich pacientl byl 39,6 let.
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AVM nemaji genderovou predilekéni preferenci®®. To je v souladu s riznou genderovou
dominanci pozorovanou v jinych studiich®?®. V nasi studii bylo o néco vice Zen.

Nejcastéjsim klinickym projevem AVM bylo krvaceni (50 %), coz je v souladu s obvykle
uvadénym rozmezim 45-65 %°!%2, Dominantnimi rysy AVM v nasi studii byly supratentorialni
lokalizace (86 %) a S-M stupeii II (54 %). To je podobné piedchozim publikacim, které zjistily
supratentorialni lokalizaci u 85 % pacientti a S-M stupeni III nebo niZ§i jako dominantni rysy u

pacienti, ktefi podstoupili chirurgickou 1é¢bu?®-?

. Totalni resekce byla provedena u 96 % a
dobrého vysledku bylo dosazeno u 88 % pacienti. Celkova morbidita byla 10 % a byla pfevazné
spojena s pocatecnim krvacenim. Morbidita spojend s chirurgickym zakrokem byla 2 % a
mortalita 0 %, coZ Ize vysvétlit peclivym vybérem pacientl k chirurgické 1é¢bé. Tyto vysledky
jsou podobné piedchozim publikacim a podporuji vSeobecny nazor, ze mikrochirurgie je
metodou 1€cby k 1é¢be vétSiny AVM s mensi nebo stiedni velikosti nidu s nizkou mortalitou a
morbiditou, pokud je pfesné naplanovéana a provedena specializovanym cévnim tymem!72%-28,
Klicovym krokem v péci o pacienty s pidlni AVM je vybér 1écebné metody, kterd je vzdy
individualizovana podle celkového stavu pacienta a charakteristik AVM. Limitujicimi faktory
chirurgické i endovaskularni 1é¢by jsou zavaznost neurologickych ptiznaki, biologicky vek a
lécebné metody, jsou stupen S-M, pratok krve AVM, aneurysmata souvisejici s AVM,
intracerebralni hematom a hydrocefalus. Mezi dalsi klicové faktory patii pocet a dostupnost
arteridlnich feeder, pocet drendznich zil a umisténi AVM (hluboké nebo povrchové).
Dtlezitou roli hraje i hustota a kompaktnost nidu. Pokud je AVM zasobena jednou nebo
nékolika pfivodnymi arteriemi, je obliterace pfed operaci prospésnd, coz usnadiiuje a Cini
pravidelné se pouziva i k 1écbé AVM S-M stupné 11, ¢asto v kombinaci s jinymi lé€ebnymi
metodami.

Mikrochirurgie je vhodnou metodou 1écby pidlnich AVM stupné S-M I-III. Peclivy vybér
pacienti k chirurgické 1écbé je klicovy. Zasadni je peclivé predoperacni plénovani a
individudlni pfistup. Pro tspéSnou lécbu jsou nezbytné precizni technika, pecliva hemostaza a
vynikajici pooperacni intenzivni péCe. Pokud jsou splnéna vSechny tyto podminky, je
chirurgicka lé€ba AVM stupné S-M I-III bezpecnou a ti¢innou metodou 1€¢by, ktera je spojena
s nizkou morbiditou a mortalitou.

V poslednich dobé je hodné diskutovand technika pfedoperacni embolizace mozkové AVM
s cilem zlepsit prubéh vykonu jeho potencidlnim vyhodami jako je zkraceni operac¢niho Casu,

zmenSeni perioperacnich ztrat a sniZeni rizika pooperaniho krvéaceni. Tato technika je
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pouzivana v praxi jiz alespon posledni dvé dekady a predpokladaly se jeji vySe uvedené
vyhody. Ve studiich, které se timto tématem zabyvaly, ale pfi zhodnoceni vysledku 1écby
pacienti nebyla vyhoda pfedoperacni embolizace a néasledné operace versus pouze

mikrochirurgicka resekce jednoznacné prokazana 234,
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RESEARCH ARTICLE

Croat Med J. 2021;62:353-9
https://doi.org/10.3325/cmj.2021.62.353

The efficacy of surgical
treatment of cerebral
arteriovenous malformations in
a single academic institution: a
case series

Aim To report on patients who underwent surgical treat-
ment of arteriovenous malformations (AVMs) at our insti-
tution.

Methods This retrospective single-center case series en-
rolled the patients who underwent surgical treatment of
pial AVM at the Department of Neurosurgery, University
Hospital Brno, between 2005 and 2019. The data are sum-
marized as descriptive statistics presenting basic charac-
teristics in all the patients and in sex or age subgroups.

Results Fifty patients were enrolled. The majority of AVMs
were of Spetzler-Martin grade Il (n=27; 54%), localized su-
pratentorialy (n=43; 86%), and half of AVMs were ruptured.
A total resection was performed in 48 patients (96%), and
a good overall outcome was achieved in 44 patients (88%).
Surgery-associated morbidity was 2%, and the mortality
rate was 0% due to meticulous selection of patients for
surgical treatment.

Conclusion Microsurgery is an appropriate method of
treatment for S-M grade I-IIl pial AVMs. Microsurgery may
be used to treat the majority of small-nidus AVMs with a
low mortality and morbidity, when precisely planned and
performed by an expert vascular team. The meticulous se-
lection of patients for surgical treatment is crucial.
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RESEARCH ARTICLE

Cerebral arteriovenous malformations (AVMs) are con-
genital abnormalities of cerebral vessels, forming a nidus
that directly shunts arterial blood to the venous system.
The incidence of AVMs is around 1/100000 persons per
year (1). The symptoms include urgent medical conditions,
such as intracerebral hemorrhage or subarachnoid hem-
orrhage, other medical conditions such as seizures or fo-
cal neurological deficit, as well as less severe conditions,
such as headache (1). Rupture of AVMs is associated with
a high morbidity (80%), and the mortality rate is 10%-30%
(2). Permanent neurological deficit may be presentin up to
42% of patients, while only 33% of patients survive bleed-
ing without neurological deficit (3). The annual risk of AVM
rupture is 2%-4% in the case of intact AVMs, and in the case
of ruptured AVMs, the risk of re-rupture increases to 6%-8%
during the first year and then slowly decreases (4,5).

Treatment of AVMs may be conservative or interventional.
If possible, interventional treatment is preferred, because
conservative treatment is associated with a risk of bleed-
ing/rebleeding. The general goal of interventional treat-
ment is to eliminate blood flow in AVM; only the complete
elimination of blood flow may be considered as a curative
intervention (6,7). The treatment strategy is always indi-
vidualized, because every AVM and every patient is unique
(89). The Spetzler-Martin grading system, originally pub-
lished in 1986 and updated by Spetzler and Ponce in 2011,
is a helpful tool for AVM treatment (10,11). Most neurosur-
gical centers use microsurgery for S-M grade I-Il AVMs and
the majority of S-M grade IIl AVMs, sometimes in combina-
tion with embolization or radiosurgery. Some of S-M grade
I AVMs and the majority of S-M grade IV AVMs are treated
with endovascular treatment or radiosurgery. Conservative
treatment is used for some S-M grade IV AVMs and mainly
for S-M grade V AVMs, which are predominantly managed
with radiosurgery or conservative treatment.

Endovascular and radiosurgical treatment may be used
separately, together, or in combination with surgical treat-
ment. Endovascular embolization, using coils or Onyx, may
be used for nidus reduction and sometimes for complete
obliteration (12). Complete obliteration of AVMs may be
achieved in approximately 13% of patients, but endovas-
cular procedure is associated with complications in 7% of
cases (13). Radiosurgery, using gamma knife or linear ac-
celerator, is an option for AVMs that cannot be treated by
surgery and that are not accessible with endovascular
technique. Radiosurgery is beneficial for the treatment
of small and deep AVMs, especially in older patients.
The major disadvantage of radiosurgery is the laten-

www.cmj.hr

67

Croat Med J. 2021;62:353-9

cy before AVM obliteration, which usually takes 2-3 years
(2). Complete obliteration may be achieved in 50%-90% of
cases and it inversely correlates with nidus size (2). Radio-
surgery is associated with approximately 5% risk of severe
neurological complications or death (13).

Microsurgery is considered as a gold standard for AVMs
treatment. A small nidus (up to 3 cm) can be completely
removed in more than 94% of patients, with a good overall
outcome in more than 90% cases (5). Surgical treatment of
bigger AVMs or AVMs in eloquent areas is more complicat-
ed and thus less successful. Total excision of S-M grade IV
AVMs is possible in 22% of cases and of S-M grade V AVMs
in 17% of cases (5). This is why microsurgery is not usually
used for the treatment of S-M grade IV and V AVMs. The
general principle of surgical treatment is a resection of ar-
terial feeders, followed by a nidus resection and a resection
of draining veins. Modern methods, like neuronavigation
or indocyanine- green videoangiography, help to improve
the results of surgical treatment (2,14). Multimodal treat-
ment combining microsurgery, endovascular treatment,
and radiosurgery is the next step in the complex treatment
of AVMs.

The Department of Neurosurgery University Hospital Brno
has valuable experience in the treatment of AVMs. The aim
of this article is to report on patients who underwent sur-
gery for pial AVMs in our department during the past 15
years.

PATIENTS AND METHODS

The study was approved by the Ethics Committee of Uni-
versity Hospital Brno (13-170221/EK). This retrospective,
single-center case series enrolled patients who under-
went surgical treatment of pial AVM at the Department of
Neurosurgery, University Hospital Brno, between 2005 and
2019. Data were collected from medical documentation,
and all the analyses were performed on anonymized data.
The diagnosis of AVM was based on digital substraction
angiography (DSA)/MRI angiography, which was repeated
approximately one week after surgery to confirm the effect
of surgical treatment. The following clinical characteristics
were evaluated: clinical symptoms, localization and later-
alization of AVM, S-M grade, 3-month outcome based on
Glasgow Outcome Score (Good - GOS 5; Moderate - GOS
4, Severe - GOS 3). Data are presented as descriptive statis-
tics in the whole sample and in sex or age subgroups. The
results are presented in absolute (n) and relative (%) val-
ues and descriptive statistics (mean+ standard deviation)
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computed using GraphPad Prism version 5.00 for Windows
(GraphPad Software, San Diego, CA, USA).

RESULTS

Patient characteristics

The study enrolled 50 patients who underwent surgery for
pial AVMs (28 men [56%]). The youngest patient was 13,

the oldest 70 years old. The mean age was 39.6+13.85 in
the whole sample, 40.18+13.24 in men, and 38.86+14.88

CM)

inwomen. Twenty-eight (56%) patients were younger than
40 (up to 39, 40- group) and 22 (44%) patients were older
than 40 (40 and older, 40+ group). There were 16 (32%)
men and 12 (24%) women in the 40- group and 12 (24%)
men and 10 (20%) women in the 40+ group.

Symptoms and basic characteristics of AVMs
The most frequent symptom was bleeding, which was

present in 50% of patients. Bleeding was more frequent in
women (55% vs 46% in men) and older patients (64% vs

TABLE 1.The basic characteristics of all the patients (All), men (M), women (F), patients younger than 40 (40-), and patients older

than 40 (40+)*
All M F 40- 40+
n % n % n % n % n %
Symptoms
accidental 3 6 3 1 0 0 2 7 1 5
cephalea 5 10 2 7 3 13 3 n 2 9
epilepsy 17 34 10 36 7 32 12 43 5 2
bleeding 25 50 13 46 12 55 n 39 14 64
Localization
Supratentorial
F 1 2 5 18 6 27 6 21 5 23
F-p 4 8 4 14 0 0 2 7 2 9
FT 4 8 1 4 3 14 3 n 1 5
F-T-P 1 2 0 0 1 5 1 4 0 0
0] 2 4 0 0 2 9 0 0 2 9
p 1 2 1 4 0 0 0 0 1 5
P-0 5 10 3 1 2 9 3 n 2 9
T 10 20 7 25 3 14 6 21 4 18
T-0 4 8 2 7 2 9 2 7 2 9
T-P 1 2 1 4 0 0 1 4 0 0
total 43 86 24 86 19 86 24 86 19 86
Infratentorial
cerebellum 7 14 4 14 3 14 4 14 3 14
Lateralization
left 19 44 n 46 8 42 12 50 7 37
right 19 44 n 46 8 42 9 38 10 53
bilateral 5 12 2 8 3 16 3 12 2 1
Spetzler-Martin grade
| 15 30 6 21 9 41 6 24 6 27
Il 27 54 19 68 8 36 15 60 12 55
M1l 7 14 3 n 4 18 3 12 4 18
v 1 2 0 0 1 5 1 4 0 0
\% 0 0 0 0 0 0 0 0 0
Outcome
good 44 88 25 89 19 86 23 92 18 82
moderate 5 10 3 n 2 9 2 8 3 14
severe 1 2 0 0 1 5 0 0 1 4
*Abbreviations: F - frontal; P - parietal; O - occipital; T - temporal.
www.cmj.hr
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39% in young patients). Epilepsy was present in 34% of pa-
tients, slightly more often in men (36% vs 32% in women)
and younger patients (43% vs 22% in older patients). Ce-
phalea was a minor symptom (10% of patients), and 6% of
AVMs were diagnosed accidentally.

The majority of AVMs (86%) were localized in the supraten-
torial region, with equal frequency in men (86%), wom-
en (86%), 40- (86%), and 40+ (86%) groups. Supratentori-
al AVMs were most frequent in the frontal and temporal
lobes (Table 1). Finally, all the infratentorial AVMs (14%)
were localized in the cerebellum.

Lateralization of AVMs was uniform in the whole sample,
44% of AVMs were localized in the left hemisphere, 44% in
the right hemisphere, and the remaining 12% had bilateral
localization. Similar distribution were present in the male
and female subgroup (46% left, 46% right). Lateralization to
the right hemisphere was more frequent in the group 40-
(50% right vs 38% left), while the distribution in group 40+
had an opposite trend (53% left vs 37% right)

According to the S-M scale, the majority of AVMs were
grade Il (54%), followed by grade I (30%) and grade Il
(14%). Similar distribution was observed in men (G Il - 68%,
G1-21%, G Il - 11%), in the group 40- (G Il - 60%, G | -
24%, G Il = 12%, G IV - 4%), and in the group 40+ (G Il
—55%, G | = 27%, G Ill = 18%). The distribution in women
was slightly different (G 1 - 41%, G Il - 36%, G lll - 18%, G
IV —4%) (Table 1).

Treatment

An illustrative case demonstrating typical patient in our co-
hort is shown in Figure 1. A total resection was performed in
48 patients (96%). Surgical resection was preceded by endo-
vascular obliteration in two patients. In both patients, AVYM
was supplied by a single feeding artery arising from the ar-
teria cerebri posterior. One patient (2%) underwent subtotal
resection and in another patient AVM was not found dur-
ing surgery (2%). This was a 55-year-old male patient with a

Croat Med J. 2021;62:353-9

small, S-M grade Il AVM in the left central region. The surgi-
cal technique was careful because of localization in the mo-
tor area and the AVM was not found. Postoperative MRI was
negative, no other intervention was performed, and the pa-
tient's outcome at the moment of writing was good.

Forty-six patients (92%) had a newly diagnosed AVM, and
the surgical treatment in our department was the first in-
tervention, while four patients (8%) had treatment of AVM
in medical history. Two of them underwent subtotal resec-
tion and the other two gamma-knife radiosurgery, which
was not fully successful. Rebleeding was reported in one
case and no response to radiosurgery in another case. All
four patients underwent total resection in our department
with a good outcome.

Outcome

The 3-month outcome was good in 44 patients (88%), mod-
erate disability was present in 5 patients (10%), and severe
disability in 1 patient (2%). Similar distribution was present
in all the subgroups: men (good - 89%, moderate - 11%),
women (good - 86%, moderate — 9%, severe — 5%), the 40-
group (good - 92%, moderate - 8%), and the 40+ group
(good - 82%, moderate - 24%, severe — 4%). S-M grade |
AVMs had a good outcome in 100% of the cases, S-M grade
Ilin 85%, and S-M grade Il in 71%. Moderate outcome was
associated with the opposite trend (S-M I: 0%, S-M II: 119%,
S-M Il 29%) (Table 2). Moderate disability was present in 5
patients (10%); disability was associated with initial bleed-
ing in 4 patients and with a combination of initial bleeding
and postoperative hematoma in 1 patient. Severe disability
was related to initial bleeding in one case -a 70-year-old
woman with S-M grade Il AVM in the cerebellum experi-
enced paraparesis. In summary, the morbidity rate in our
sample was 10%, while the mortality rate was 0%.

DISCUSSION

In this article we summarized our experiences with surgical
treatment of AVMs and reported on 50 patients who un-

TABLE 2. Patients’ outcomes according to the Spetzler-Martin (S-M) grade

S-Mgrade
| I Il v v
Outcome n % n % n % n % n %
Good 15 100 23 85 5 7 1 100 0 0
Moderate 0 0 3 il 2 29 0 0 0 0
Severe 0 0 1 4 0 0 0 0 0 0
www.cmj.hr
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derwent surgical treatment of pial AVM in our department
during past 15 years.

AVMs are congenital pathologies, which are most often
diagnosed in the fourth decade of life (15). Our findings
are consistent with these observations - the mean age
of our patients was 39.6 years. AVMs do not have gender
predilection (15). This is in accordance with different gen-
der dominance observed in various studies (13,15). In our
study, there were slightly more women.

C

FIGURE 1. Anillustrative case of a typical patient who un-
derwent surgical treatment of arteriovenous malformations
(AVM). A 44-year-old man with a history of sudden severe
headache and nausea was referred by his general practitioner
to the regional hospital. Computed tomography (CT) and CT
angiogram revealed right temporo-occipital intracerebral
hematoma caused by the AVM, Spetzler Martin grade Il (A).
The patient was admitted to the neurosurgical ICU and was
neurologically intact. Angiography confirmed temporo-
occipital AVM, fed mainly by posterior cerebral artery (B) on
the right and terminal branches of the middle cerebral artery
(€). There was also very subtle filling of the AVM from the
occipital artery. Because of stable and intact neurological
condition, endovascular preoperative embolization of the AVYM
was performed two weeks after the bleeding with almost total
occlusion of the AVM after the intervention. The following day,
the AVM was removed microsurgically, through navigated
craniotomy and excision. On the fourth postoperative day,
angiography showed total removal of the AVM without any
filling (D). The course of the inpatient stay was uneventful, and
the patient remained neurologically intact.

CM)

The most frequent clinical presentation of AVM was bleed-
ing (50%), which is in accordance with the usually report-
ed range of 45%-65% (16,17). The dominant features of
AVMs in our study were supratentorial localization (86%)
and S-M grade Il (54%). This is similar to previous reports,
which found supratentorial localization in 85% of patients
and the S-M grades equal or below Il as dominant features
in patients who underwent surgical treatment (13,16).

A total resection was performed in 96% and a good out-
come was achieved in 88% of patients. The overall mor-
bidity rate was 10% and it was predominantly associated
with initial bleeding. Surgery-associated morbidity was 2%
and the mortality rate was 0%, which may be explained
by the meticulous selection of patients for surgical treat-
ment. These results are similar to previous reports, support-
ing the general opinion that microsurgery may be used to
treat the majority of small-nidus AVMs with a low mortality
and morbidity, when precisely planned and performed by
an expert vascular team (2,5,13).

A critical step in the medical management of AVMs is
the selection of treatment modality, which is always in-
dividualized according to the patient’s overall status and
AVM characteristics. The limiting factors of both surgical
and endovascular treatments are severity of neurological
symptoms, biological age, and comorbidities. The most
important characteristics of AVM, which have to be taken
into account when selecting treatment modality, are S-M
grade, blood flow through AVM, AVM-related aneurysms,
intracerebral hematoma, and hydrocephalus. Other cru-
cial factors include the number and accessibility of arterial
feeders, number of draining veins and their location (deep
or superficial), and the density and compactness of the ni-
dus. If the AVM is supplied by one or a couple of feeding
arteries, obliteration before surgery is beneficial, making
surgery easier and safer.

Microsurgery is a first-line treatment for S-M grade I-Il AVMs
and it is regularly used for the treatment of S-M grade |l
AVMs, often in combination with other treatment modali-
ties. Preoperative planning is a crucial part of surgery. Basic
characteristics of AVM, including localization, character of
the nidus, its filling, arterial feeders, draining veins, and rela-
tion to eloquent areas, are assessed based on DSA and MRI
imaging. Important aspects of surgery are the position of
the patient with the head above the heart, larger cran-
iotomy, and careful opening of the dura. The first step
of AVM resection is an identification of feeders, both
superficial and deep, and identification of draining
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veins, which must stay intact in the initial phase. Intra-arte-
rial injection of indocyanine green dye may be very helpful
to distinguish feeders from normal arteries and to visualize
the dynamics of blood flow (18). Proximal control of arterial
feeders, using temporary clips, precedes their resection. Af-
ter the resection of arterial feeders, nidus resection is per-
formed. The final step of AVM resection is coagulation and
an interruption of draining veins. Meticulous hemostasis is
essential because a problem with hemostasis may signal-
ize residual AVM left behind. In the postoperative phase,
normotension and normovolemia therapy is used. Analge-
sia, sedation, and antiepileptic drug are used individually.

The limitation of our study is that we did not use supple-
mentary S-M grading system, which may provide addition-
al information compared with traditional S-M grading sys-
tem (19,20). Several studies have reported better predictive
value of the supplementary grading system for estimating
neurological outcome after the treatment (20,21).

Although we have a relatively clear idea about the treat-
ment of AVMs, the final conclusion has to be based on fu-
ture research. Randomized multi-center clinical trials are
needed to determine the optimal AVM treatment modal-
ity. Recently, ARUBA trial has tried to answer the question
of optimal AVM treatment, and although the results are
controversial, it has significantly contributed to the field
(22,23).

Microsurgery is an appropriate method of treatment for
S-M grade I-/ll pial AVMs. A meticulous selection of patients
for surgical treatment is crucial. Careful preoperative plan-
ning and individual approach are required. Precise tech-
nique, meticulous hemostasis, and accurate postopera-
tive intensive care are essential for successful treatment. If
all criteria are fulfilled, surgical treatment of S-M grade I-Il|
AVMs is a safe and efficient modality, which is associated
with a low morbidity and mortality.
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9. Gigantické intranidalni aneuryzma v arteriovenozni malformaci,

kazuistika a rozbor problematiky.

Vakovitd aneurysmata jsou Casto pfitomna u pidlnich arteriovendznich malformaci (AVM),
pravdépodobné v dasledku zvyseného hemodynamického stresu piisobiciho na cévni sténu.
Vyskyt takové asociace byl publikovan mezi 5,5 % a 12 %°>°6. Vé&tSina t&chto aneurysmat je
malych nebo stfednich rozmért, gigantickd aneurysmata jsou velmi vzacna, publikovano je jen
nékolik pfipadii. Nékterad z asociovanych aneurysmat, zejména téch umisténych na arterialnich
ptivodech AVM, se mohou po uplné¢ 1écbé AVM zmensit nebo dokonce uplné zmizet.
Intranidéalni aneurysmata, obvykle zilniho pivodu, vSak vyzaduji 1écbu a pii mikrochirurgické
16cbé by méla byt odstranéna spolu s nidem AVM. Pokud je intranidalni aneurysma obrovské
infra¢ervend indocyaninova zelena videoangiografie (ICG) muze byt v takové situaci uzitena,
zejména pro intraoperacni orientaci. Zde prezentujeme kazuistiku AVM spojené s gigantickym
intranidalnim aneurysmatem, ktera byla uspésné 1é¢ena intraoperacni ICG.

35leta Zzena méla epilepticky zachvat a nésledné obdobi alexie. MR prokézala levostrannou
temporookcipitalni AVM s perifokdlnim edémem v blizkosti Wernickeho oblasti, coz
vysvétlovalo alexii. Na CT a MR byla zjisténa velka, ¢astecné trombozovana 1éze spojend s
AVM. DSA potvrdila, Ze se jedna o gigantické vakovité intraniddlni aneurysma, které bylo
Castecné trombozované a pravdépodobné Zilniho piivodu. Intranidalni umisténi aneurysmatu
bylo potvrzeno soucasnym naplnénim vaku aneuryzmatu spolu s nidem AVM. Nejdelsi rozmér
celé 1éze v podélné ose byl 66 mm. Nidus AVM byl vyZzivovan rozsifenou temporookcipitalni
vétvi arteria cerebri media usek M4. AVM méla pouze povrchovou drenaz pies Labbého zilu
do levého sigmoidalniho sinu. Stupeni dle Spetzler-Martinovy $kaly byl IV, coz ukazuje na
vysoké chirurgické riziko. Vzhledem k mass efektu a neurologickému deficitu zpiisobenému
aneurysmatem a piivodnymi i drendZnimi cévami jsme se rozhodli 1é¢it tohoto pacienta ptimo
mikroneurochirurgickou resekci AVM bez piedoperacni embolizace. Pacientka byla operovana
v poloze na parkové lavi¢ce prostfednictvim levostranné temporookcipitalni kraniotomie. ICG
byla pouzita pro intraoperacni orientaci k identifikaci hlavniho ptfivodu a hlavni drenazni zily.
Gigantické aneurysma bylo na pocatecni ICG viditelné pouze Castecné, protoze naplii vaku byla
skryta silnymi sténami aneuryzmatu, cévami nidu a okolni mozkovou tkani. Navic byla jeho
intralumindlni napln latkou ICG jeho intralumindlni casti omezena kvuli pfitomnosti
intralumindlnich trombt. ICG ndm diky své dynamické funkci pomohla nalézt ptivodnou tepnu

kratce po durotomii, bez zbytecné pocatecni disekce kolem AVM a mozného poranéni nidu.
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Bez ICG by mohlo byt obtizné rozlisit pfivodnou tepnu od jinych niddlnich cév. S
pferuSovanym pouzitim docasnych svorek byla AVM kompletné¢ resekovana spolu s
gigantickym aneurysmatem, coz bylo potvrzeno néaslednou ICG, kterd neukézala, Zze by v
resekéni duting zlstala rezidudlni ¢ast AVM. Operacni postup byl Setrny, aby byla co nejmin
naruSena okolni mozkova tkan. Nakonec byla na vétev M4, diive vyzivujici AVM, umisténa
Yasargilova svorka (Aesculap AG & Co., Tuttlingen, Némecko), aby se zajistila trvala zéstava
pratoku krve pies disekovany arteridlni pahyl. Pooperacni zobrazeni (DSA a CT) neprokazalo
zadné zbytky AVM. Pooperaéni prabéh byl bez komplikaci a pacientka se plné zotavila z alexie.
Po 14 dnech byla propusténa domt bez neurologickych deficitu.

Publikovali jsme prvni pfipad AVM spojeného s gigantickym intraniddlnim aneurysmatem,
mikrochirurgicky odstranénym s pomoci ICG. Pozadi aneurysmatického rlstu, nékdy i
rychlého, je nejasné a muze byt zpltisobeno hemodynamickymi faktory, ale také odliSnou
expresi vaskularniho endotelialniho rastového faktoru®’. Intranidalni aneurysmata, nalezena u
12 % pacientii s mozkovou AVM, se nachazeji v bezprostfedni oblasti nidu s vyplnénim vaku
kratce po arterialni injekci kontrastni latky. Intraniddlni aneurysma bylo v naSem piipadé
zjiSténo na predoperani DSA a intraoperacné na ICG. Obecné pouzivame ICG pfi operaci
AVM ve dvou fazich — (1) pro ¢asnou intraoperacni orientaci a (2) po dokonceni resekce. V
nasem piipad¢ byla ICG uzitecnd hlavné v pocatecni fazi resekce pro identifikaci piivodné
tepny a spravnou aplikaci do¢asnych klipti. RozliSeni mezi pfivodni a nidalni cévou pii operaci
AVM miuize byt obtizné, jako v tomto piipadé. Nezadouci krvéaceni bez spravného umisténi
docasnych klipi mize operaci komplikovat a dokonce vést k horSimu vysledku 1écby.
Doplitkové zobrazovaci metody, jako je ICG, poskytuji operacnimu tymu pocit bezpeci a
usnadiiuji a urychluji prubéh operace. Domnivame se, Zze Spetzler-Martinova klasifikace a
nasledné chirurgické riziko u tak neobvyklé 1éze nemusi byt zcela adekvatni, vzhledem k
vétSimu nidu tvofenému pievazné gigantickym aneurysmatem.

Dtvodem pro 1écbu obou 1ézi je také vyssi kumulativni riziko krvaceni z intranidélniho
aneurysmatu (9.8%/rok) ve srovnani s pacienty pouze s AVM. S dal§im rozvojem
endovaskularnich metod a radiochirurgie se kombinovana 1é€ba AVM stava Castéjsi. Lécebné
modality, pfipadné jejich kombinace, by mély byt posuzovany individudlné.

I dalsi prace potvrzuji spravnost lé¢ebného postupu u tohoto ptipadu. Napiiklad Thompson a
kolegové v jejich praci uvadeji, Ze mikrochirurgicka lécba obou entit v jedné operaci je
vyhrazena pro ptipady, kdy jsou v tésné blizkosti, jsou dostupné z jednoho operacniho piistupu

a kdy velikost AVM umozfiuje resekcei v jednom stadiu’®. Timto zptsobem je 1é¢ba jednodussi.
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Tento piipad je vzacny a neobvykly pro gigantické intranidalni aneurysma spojené s AVM a
pouzitim ICG pii operaci AVM. Dokumentuje Uspé€$né feSeni takového pacienta
mikrochirurgickou cestou. V tomto a podobnych piipadech jsme zastanci mikrochirurgického
odstranéni takovych komplexnich 1ézi. Tato prace dokumentuje nenahraditelnost chirurgického
feSeni pidlnich arteriovenoznich malformaci mikrochirurgickou cestou v soucasné dobé i pies
neustaly rozvoj dalSich modalit 1écby jako je sterotaktickd radiochirurgie a zejména
endovaskularni 1écba. Proto je edukace a vychova mladych neurochirurgii v cerebrovaskularni

neurochirurgii stale Zaddouci a nutna.
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1. Introduction

Saccular aneurysms are frequently associated with arteri-
ovenous malformations (AVMs) probably due to hemodynamic
stresses exerted on an arterial wall. The incidence of such an
association has been reported between 5.5% and 12% [1,2]. Most
of these aneurysms are small or medium sized, giant aneurysms
are very rare with only few cases published. Some of the associ-
ated aneurysms located on the arterial feeders of the AVM may
decrease in size or even disappear completely after the AVM
treatment [3]. However, intranidal aneurysms usually venous in
origin, require treatment and when treated microsurgically, they
should be removed together with the AVM nidus. If the intranidal
aneurysm is giant (>25mm), the complete removal of the AVM
becomes even more challenging. Microscope integrated near-
infrared indocyanine green videoangiography (ICG) can be useful
in such a situation mainly for intraoperative orientation. Here we
present a case report of an AVM associated with giant intranidal
aneurysm, which was treated successfully with the aid of intraop-
erative ICG.

* Corresponding author at: Department of Neurosurgery, Fakultni nemocnice
Brno, Jihlavska 20, 62500 Brno, Czech Republic. Tel.: +420 532232741;
fax: +420 532232190.
E-mail address: ondras76@yahoo.co.uk (O. Navratil).
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2. Case report

A 35-year old woman presented with an epileptic seizure
and subsequent period of alexia. MRI showed a left-sided tem-
poroocipital AVM with perifocal edema close to the Wernicke’s
area explaining the alexia (Fig. 1a). A large, partially thrombosed
mass, was seen to be associated with the AVM. DSA confirmed this
lesion to be a giant, saccular intranidal aneurysm, which was par-
tially thrombosed and probably venous in origin. The intranidal
location of the aneurysm was revealed by simultaneous filling of
its sack with the AVM nidus. The longest dimension of the whole
lesion in longitudinal axis was 66 mm. The AVM nidus was fed by
the distended temporaloccipital M4 branch (Fig. 1b). The AVM had
only superficial drainage via the vein of Labbe into the left sigmoid
sinus. The Spetzler-Martin grade was 4, showing high surgical risk.
Due to the mass effect caused mainly by the aneurysm and sin-
gle feeding and draining vessels, we decided to treat this patient
directly with microneurosurgical removal of the AVM without pre-
operative embolization. The patient was operated in park bench
position via left-sided temporoccipital craniotomy. ICG was used
for intraoperative orientation to identify the main feeder and the
main draining vein (Fig. 1c). The giant aneurysm was only par-
tially seen on initial ICG as it was hidden by its thick walls, nidus
vessels and surrounding brain tissue. Furthermore, the filling of
its intraluminal part was limited due to the presence of intra-
luminal thrombi. ICG, because of its dynamic feature, helped us
to find feeding artery shortly after durotomy, without unneces-
sary initial dissection around AVM and possible injury to nidus.
Without ICG, it could have been difficult to distinguish feeding
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Fig. 1. (a) T2 weighted image of the lesion, (b) preoperative DSA of the lesion, (c) indocyanine green videoangiography prior to the resection, (d) postoperative DSA. Asterisk
- giant intranidal aneurysm, x - part of AVM nidus without the aneurysm, arrow - feeding artery.

artery from other nidal vessels. With the intermittent use of tem-
porary clips, the AVM was completely resected along with the
giant aneurysm which was confirmed with subsequent ICG that
did not show any part of AVM left behind in the resection cav-
ity. No additional sessions of ICG during resection were needed
to guide the orientation. The operative procedure was careful as
not to sever surrounding eloquent brain tissue. Finally, Yasargil
clip (Aesculap AG & Co., Tuttlingen, Germany) was placed on M4
branch, formerly feeding the AVM, to ensure the arrest of blood
flow through the discised arterial stump. Postoperative imaging
(DSA and CT) showed no remnant of AVM (Figs. 1d and 2). Postop-
erative course was uneventful and patient recovered fully from the
alexia. She was discharged home after 14 days with no neurologic
deficits.

3. Discussion

To our knowledge, we report the first case of AVM associ-
ated with a giant intranidal aneurysm, microsurgically removed
with the aid of ICG. The background of aneurysmal growth,
sometimes even rapid, is unclear and may be caused by hemody-
namic factors but also different expression of vascular endothelial
growth factor [4]. Intranidal aneurysms, found in 12% of patient
with cerebral AVM, are located in the immediate region of
nidus with filling of the dome shortly after the arterial injection

of contrast medium [1]. Intranidal aneurysm in our case was
seen on preoperative DSA (Fig. 1b) and intraoperatively on
ICG (Fig. 1c).

Generally, we use ICG in AVM surgery in two phases - (1) for
early intraoperative orientation and (2) after deemed completeness
of the resection. Additionally, especially to help further intraopera-
tive orientation during resection, other sessions of ICG may be done
with limitations by maximal daily dose of indocyanine green dye.
In our case, ICG was mainly helpful in the initial phase of resection
for the identification of feeding artery and correct temporary clip
application. The differentiation between feeding and nidal vessels
in AVM surgery may be difficult as in this case. Unwanted bleed-
ing without proper location of temporary clips may complicate the
operation and even lead to worse final outcome. Additional imaging
modality, such as ICG, provides the operating team with the feeling
of safety and facilitates and accelerates the course of the operation.
ICG after deemed completeness of resection may reveal remnants
of nidus left behind in the resection cavity. In this case, the final
ICG showed no filling of residual AVM. Therefore, in some cases
the use of ICG may also reduce the need for intraoperative DSA.
Despite increased surgical risk (Spetzler-Martin grade 4), removal
of the AVM with the aneurysm was swift and safe, with minimal
blood loss. We feel that Spetzler-Martin grading and consequently
surgical risk for such a unique lesion may not be entirely adequate,
due to greater proportion of nidus formed by the giant aneurysm.
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Fig. 2. Postoperative CT scan.

Intraoperatively, microdoppler and DSA are routinely being
used to check the patency of cerebral vessels. ICG is safe, practi-
cal and cheap real-time intraoperative method for the assessment
of blood flow in vessels of brain and spinal cord. For microsurgery
of AVMs, ICG has proven to be a helpful tool for the: (a) real time
dynamics of blood flow through feeding and draining vessels, nidus
and possible intranidal aneurysm during the resection, (b) control
of completeness of AVM resection, (c) noninvasiveness and practi-
cality, (d) relatively low price, (e) repetitive use with short breaks
(7 min). In AVMs, we use low zoom (from 1.5 to 3.5) to visualize the
whole AVM and surrounding brain tissue. Without ICG, the oper-
ating team can be misled by the naked eye and the intraoperative
situation could become difficult to handle. However, ICG in AVM
surgery has its limitations in cases where vascular structures, espe-
cially feeding and draining vessels, are located deep or hidden by
brain tissue or AVM itself as this method is able to visualize only
superficially located structures normally visible in the microscope.
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Thompson and associates advocate endovascular or surgical
treatment of an aneurysm first and then AVM irrespective of symp-
tomatic lesion. Microsurgical treatment of both entities in one
operation is reserved for cases when they are in a close proximity,
accessible from a single operative approach and when the size of the
AVM allows resection in a single stage [5]. The rationale for aggres-
sive treatment of both lesions is also based on higher cumulative
riskof bleeding from an intranidal aneurysm (9.8% per year) as com-
pared to patients with AVM alone [2]. With further development
of endovascular methods and radiosurgery, combined treatment
of AVMs became more frequent. Treatment modalities, possibly
their combinations, should be considered on an individual basis.
In our case, due to single feeding artery and its expected superfi-
cial location, preoperative embolization of AVM was not considered
necessary. The need for additional treatments may also be reduced
by the use of ICG to the bed of AVM to confirm the completeness of
resection. Possible residual can be removed immediately.

4. Conclusion

This case demonstrates a rare case of giant intranidal aneurysm
associated with the AVM and the use of ICG in AVM surgery. We
advocate microsurgical removal of such complex lesions with the
aid of this simple method which adds some more preciseness and
safety for the operating team.
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10. Soucasny stav mikrochirurgie mozkovych piidlnich arteriovenoznich

malformaci. ZkuSenosti z Neurochirurgické kliniky v Helsinkach, Finsko.

Néro¢nym aspektem péce o pacienta s pidlni arteriovenozni malformaci (AVM) je racionalni
volba lécebné strategie. To plati zejména v piipadé, Ze je jedinec mlady a proto ma vysoky
pocet let ohrozeni touto 1ézi.

Nejlepsi a definitivni 1é€bou pidlnich AVM stdle zlstavd kompletni mikrochirurgické
odstranéni v rukou zkuSenych odbornikii. Mikrochirurgické technika komplikovanych AVM
neuplné odstranéni vést i k imrti nebo invalidité. Soucasny stav nasich mikrochirurgickych
technik je popsan v nésledujicim textu, ktery zahrnuje (I) pfedoperacni embolizaci; (2)
optimalni vybér chirurgického pfistupu; (3) rozpoznani a zachovani normalnich arterialnich
cév; (4) pouziti doCasnych svorek na ptfivodnych tepnach; (5) specidlni metodu koagulace
zvanou ,,Spinava koagulace®(,,dirty coagulation) hlubokych malych obtizné oSetfitelnych cév
uvnité zdanlivé normalniho mozku kolem AVM; (6) odstranéni celé AVM; (7) peclivou
hemostazu; (8) intra- a pooperacni digitalni subtrakéni angiografii (DSA); (9) klinické a
radiologické sledovani. VSechny kroky vysvétluje tato prace.

Pro diagnostiku pouzivame pocitacovou tomografii - (CT) s angiografii (CTA), nasledovanou
DSA. Toto je povazovano za zlaty standard a mulze poskytnout dynamicka data o
angioarchitektufe, skutecné velikosti a umisténi AVM. Samotna CTA se na naSem oddéleni
pouzivd pouze u malych AVM s velkymi hematomy lécenymi jako urgentni piipady.
Magneticka rezonance (MRI) se provadi rutinné pro lepsi pochopeni umisténi a anatomie
AVM. Funkéni MRI a traktografie se pouzivaji u AVM lokalizovanych v elokventnich
oblastech.

Hlavni autor (Juha Hernesniemi) 1é¢il vétSinu pacientl s prasklymi AVM mikrochirurgicky od
roku 1980, s vyjimkou nékterych starS$ich a/nebo umirajicich pacient a né€kolika ojedinélych
ptipadu, ktefi odmitli operaci. AVM diagnostikované pro epileptické zachvaty byly obvykle
operovany, zejména ty, které zpiisobuji nelécitelnou epilepsii. Stale vice ndhodnych AVM bylo

také 1éceno mikrochirurgicky u pacientll v rozumném véku, umoziujicim operacni 1écbu.

Mikrochirurgicka 1écba
Velké AVM lze casto zmenSit pfedoperacni embolizaci. Intervenéni neuroradiologické

techniky uzaviraji vyZzivujici tepny a redukuji nidus malfomace pomoci pomalu tuhnouciho
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lepidla Onyx”®. AVM lze jen ziidka zcela obliterovat b&Znou embolizaci (jen v 10 %), ale s
pomalu tuhnoucim lepidlem (Onyx) lze dosdhnout az u 50 % selektivné vybranych pacientd
kompletni okluze. Ve zbyvajicich ptipadech je ¢astecnd okluze velmi cennd, diky ¢emuz je
embolizace Onyxem zpusobila revoluci v 1é€cbé velkych AVM, protoze mnoho z nich Ize po
embolizaci Onyxem bez vétSich problému vyftadit z cirkulace a/nebo resekovat.

Embolizace je také velmi uzite¢na pfi obliteraci hlubokych vyzivnych cév, které jsou obtizné
dostupné mikrochirurgicky, coz chirurgickou obliteraci technicky ¢&ini provediteln&jsi'®.
Bohuzel malé, hluboké a obtizn¢ dostupné cévy lze embolizovat jen ziidka. Parcidlni
embolizace sama o sob¢ podle naSich zkuSenosti a literatury zvySuje riziko krvaceni a méla by
se pouzivat pouze po radiochirugické nebo mikrochirurgické 1€¢bé.

Operace se provadi za mirné hypotenze. Hlava je vyrazné¢ zvednuta nad troven srdce az do
polosedu nebo témét sedu, ale skutecna poloha vsedé se pouziva ziidka. Vyjimkou jsou dnes
zfidka mikrochirurgicky 1é¢ené malformace Galenské Zily a n&které AVM v zadni jameg!01102,
V laterdlni ¢asti zadni jamy se AVM daji operovat v poloze na parkové lavicce, stejné jako
mnoho AVM umisténych vice temporodorzalné, parietalné a okcipitaln€. Operac¢ni mikroskop
a standartni mikrochirurgické nastroje jsou dualezité a jejich pouziti je rutinni béhem excize
mozkovych AVM. Zadnd AVM nyni neni operovana bez mikroskopu nebo mikronéstrojii. V
mikrochirurgii se stale Cast&ji pouZzivaji pomérné¢ malé kraniotomie (primér mens$i nez 2
palce)!03104105106 "y mikrochirurgii AVM vSak pouzivame vétsi kraniotomie pro dosaZeni lepsi
orientace v AVM a jejim okoli. Nicméné u hluboko ulozenych AVM je pouzitelny i princip
klicové dirky!071089

Po kraniotomii se dura mater peclivé prohlédne a otevie pod operaénim mikroskopem, protoze
mnoho drenaznich zil a také samotnd AVM mohou byt pfirostlé nebo adherovat k dura mater.
Adherence dury k mozku ¢i vlastni AVM je bézna v piipadech opakovanych operaci a po
silném nebo opakovaném krvaceni a/nebo nékolika embolizacich. V zdvislosti na umisténi a
velikosti AVM se nejprve pokusime lokalizovat pfivodné tepny. Ty lze sndze vizualizovat u
povrchovych AVM pomoci intraoperacni ICG videoangiografie. Drenazni zily je nutno také
identifikovat a zachovat az do poslednich krokl excize. AVM, které maji pouze jednu drendzni
jsme 1é¢ili, probihala jedind obrovskéa drenazni zila ¢asteCné uvniti kosti a byla pfetrzena pfi
zvedani kostni ploténky. Katastrofické krvaceni bylo osetfeno stlacenim vatickami na misto
krvaceni a cirkuldrnim pfiSitim tvrdé pleny, aby se krvaceni zastavilo az do konecné faze

odstranéni velké AVM. Pii jiné operaci zadni jdmy mozkové dosSlo k poskozeni obrovské
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drendzni Zily pii disekci uvniti jizvy, coz vedlo k rychlému otoku velké AVM. Rychlé
odstranéni AVM dvéma zkuSenymi neurochirurgy pacienta zachranilo. V mnoha piipadech,
kdyz byly pieruSeny vétsi privody, jsme umistili cévni klip do distalni ¢asti arterialnich feederti
co nejblize k AVM. Tyto klipy pomahaly i s orientaci béhem operace a mohly byt pouzity i
jako rukojet’ pii manipulaci. Stejny manévr byl €asto pouzivan i s drendznimi Zilami. V mnoha
ptipadech byla ke klipu pfipojena ligatura, kterd umoznovala velmi opatrné aplikovani urcitého

tahu na lézi béhem excize AVM.

Dalsi disekce a pouziti docasnych klip

Hranice mezi AVM a okolnim mozkem v bilé¢ hmot¢ mozkové je obecné naSedld a je tvofena i
gliovou jizvou, zejména po krvaceni. Po embolizaci AVM ¢asto obklopuji malé infarkty a tuto
mékkou macerovanou tkan Ize snadno Setrné odsat. Hematom c¢asto zptlisobi disekci AVM od
mozku, takze AVM je snazsi najit a odstranit. Znamky predeslého krvaceni byly zjiStény i bez
ptedchozich klinickych zndmek ruptury u nékterych AVM; v téchto piipadech mohlo byt
krvaceni chybné diagnostikovano jako epilepticky zachvat.

Identifikace disekéni roviny mezi AVM a mozkem je mimotadné nutnd pii excizi téchto 1¢ézi.
Na zacatku operace je tieba vénovat hodné casu peclivé preparaci AVM od okoli ostrou jehlou,
pinzetami a ostrymi mikrontizkami, stejn€ jako pouZzivat disekci stiikackou s vodou. Tento Cas
se vyplati, protoze s jasnym anatomickym pochopenim intraoperacni situace je usnadnéno
odstranéni i1 obtizné€ vypadajicich AVM.

Identifikuji se vyzivujici tepny, na které¢ obvykle umistime docasnou svorku, dokud je pozd¢ji
nekoagulujeme a poté nepterusime. Doba trvani aplikace docasnych klipii je monitorovana a
zaznamenavana. I ptes dlouhou dobu (az hodiny), po kterou jsou docasné svorky na miste, se
nepozoruji obvykle zadné nasledky. Je to pravdépodobné zplsobeno dlouhodobou adaptaci
ob¢hu na ,steal fenomén* zplsobeny pistélovou povahou pidlnich AVM. To je odlisné od
mozkovych aneuryzmat, kde je doba naloZeni docasné svorky piesné¢ dana. Obvykle se
k trvalému uzavieni malych nebo velkych vyzivnych tepen (nebo Zil) nepouzivaji zadné trvalé
klipy; misto toho se po odstfizeni arteridlniho pfitoku jeji konec pojisti dikladnym popalenim

této cévy bipolarni koagulaci podruhé.

Koagulace a disekce malych arteridlnich feederti: ,,Spinava koagulace®, ,,dirty coagulation*
Endovaskularni 1é€ba pomohla v mnoha ohledech v mikrochirurgii pfi uplném odstranéni
mozkovych AVM, ale bohuzel drobné cévy nelze uzaviit endovaskuldrnimi metodami.

Hemostaza malych a tenkosténnych kiehkych cév, které jsou Casto v t€sné blizkosti mozkové
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komory, patii mezi nejobtiznéjsi ¢asti mikrochirurgického zékroku. Krvaceni mize byt obtizné
zastavitelné, protoZe tyto cévy maji piilis tenkou sténu na to, aby byla koagulace t¢inna. Casto
prasknou a stdhnou se do bilé hmoty, nacez se bipolarni koagulaci musi misto krvaceni znovu
osetfit, dokud neustane. Neexistuje zde moznost tamponddy téchto cév, protoze jsou vicecetné,
a pokud je jich vice, misto krvaceni se obtizn¢ hled4 a mélo by byt oSetfeno pod velmi vysokym
zvétSenim mikroskopu. Diive se tyto cévy jako posledni moznost klipovaly specidlnimi
mikroklipy a v nékterych ptipadech bylo pouzito az deset mikroklipi. Hromadéni mikroklipt
v operacni oblasti Casto komplikovalo operaci, protoze se jich operatér posléze mohl dotknout
¢i s nimi pohnout a zptsobit nové krvaceni. Misto pouziti mikroklipii operatér nyni zkoaguluje
mezi branzemi tupé bipolarni koagulace tenkosténné cévy soucasné¢ s malym mnozstvim
prilehlé mozkové tkdn€. Jedna se o proces nazyvany ,,Spinava‘“ koagulace (,,dirty coagulation®).
Jednim z problému pii koagulaci téchto malych cév je slepeni branzi bipolarni koagulace, které
zpiisobuje nové krvaceni a vyzaduje dalsi trpélivost a dalsi peclivou koagulaci. PouZziva se
nastaveni Malis 20-25, v zavislosti na velikosti a charakteru bipolarni koagulace. Vhodné je
pouziti nelepivych branzi bipolarni koagulace.

dochazi k psychomotorické inavé operatéra a mize dojit k malym chybam, které vedou ke
krvaceni. Krevni tlak je béhem krvéceni snizen (systolicky tlak pozadujeme niz8i nez 100
mmHg), sdni miize byt zvySeno na vyssi Groven, mista krvaceni jsou vyhleddna a stlacena
vatiCkami a posléze nasleduje ,,Spinava koagulace* — dirty coagulation.

Pokud se objevi nékolik mist krvaceni, AVM se co nejrychleji a nejSetrnéji musi odstranit. Pak
krvaceni ustane. Protoze excize komplexnich AVM zahrnuje mnoho opera¢nich krok,
preferujeme operaci sviznym tempem (nez se dostavi Unava), s vyjimkou piedchoziho
peclivého a ¢asové neomezen¢ dlouhého studia anatomie. Nékteré velké malformace s ¢etnymi
ptivody krve a pfi mensich zkuSenostech vyzadovaly dlouhou opera¢ni dobu (az 8 hodin);
AVM jsou vSak obvykle zresekovany béhem 2—4 hodin.

Po resekci AVM je nasi soucasnym a dlouhodobym zvykem se zlehka dotykat povrchu resekéni
dutiny $pi¢kami bipolarni koagulace a vatickami. Pokud dojde ke krvaceni, 1ze obvykle nalézt
maly zbytek AVM, ktery je oSetfen bipolarni koagulaci. Nakonec se povrch resekéni dutiny
pokryje fibrinovym lepidlem s Oxycelem, ktery se pfitlaci na Cerstvé lepidlo po celém obvodu
dutiny.

Intraoperacni DSA provadime vZzdy po odstranéni komplexni AVM a pted uzavienim rany. Pfi
intraopera¢ni DSA pouzivame Sugitiiv rdm; jednu nebo dvé kvalitni projekce lze vySetfit

pomoci C-ramene. Po uzavieni rany se DSA opakuje, obvykle na operacnim séle. Po dosazeni
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perfektni hemostazy a uzavéru rany je pacient prevezen na jednotku intenzivni péce. Pacienti s
komplexnimi AVM, zejména ti s ¢etnymi malymi cévami vyzadujicimi intenzivni pouZiti
,»spinavé® koagulace, jsou obvykle nékolik dni udrzovani v kontrolované stfedni arteridlni
hypotenzi (systolicky tlak 100-120 mmHg); v n&kterych komplexnich ptipadech v hluboké
hypotenzi n¢kolik dni. Pacienti s malymi a stfedn¢ velkymi AVM jsou okamzité probuzeni a
obvykle jsou nésledujici den piesunuti z JIP na bézné odd¢leni.

Pacienti po operaci jsou pravidelné klinicky pieSetfovani. Devadesat procent pacientll s malymi
a stiedn¢ velkymi operovanymi AVM ma uspokojivy vysledek 1é¢by dle Glasgow Outcome
skore (GOS) 4 nebo 51119,

Rozhodnuti o optimalni 1é€b€ ¢i konzervativnim postupu a zptsobu 1é€by mozkovych pidlnich
arteriovenoznich malformaci je stale predmétem diskuze. Je tfeba vzit v Givahu nésledujici
faktory: (1) prezentaci a piirozeny prib&h onemocnéni; (2) znalost (vlastnich) vysledka
dostupnych terapeutickych moznosti; (3) veék a celkovy zdravotni stav pacienta; (4)
neurologicky stav (Groven védomi, motorické nebo senzitivni deficity, epilepsie, bolesti hlavy
nebo asymptomatika); (5) faktory souvisejici s AVM, vcetné: umisténi, velikosti, poctu a
feederti, umisténi Zzilni drenaze; (6) pritomnost hematomu. Kazdy z téchto faktort miize byt
velmi dualezity pfi rozhodovani o daném pacientovi.

Primérnim cilem operace AVM je zabranit krvaceni a nasledné zachvatlim, neurologickému
deficitu nebo smrti. Toho lze dosdhnout pouze uplnou okluzi, vnaSem piipade
mikrochirurgickou excizi AVM!07198% Neuplné osetfené AVM mohou znovu krvacet, protoze
piStélové spojeni mezi tepnami a zilami v loZisku 1éze zatizi okolni cévy a rychle je ucini stejné
rizikovymi jako ty, které byly jiz vyfazeny z krevniho fecisté¢ a byly soucasti AVM. Pro
potvrzeni trvalého vyléCeni je nezbytné dlouhodobé sledovani chirurgicky lécenych

pacientii!®’

. Pacienti s ¢asteCnym vyfazenim AVM by méli podstoupit dalsi radiochirurgickou
1é¢bu, opakovani mikrochirurgické operace nebo dalsi embolizaci s cilem uplného vytazeni
AVM z cévniho feciste.

Rozvoj mikrochirurgickych technik zménil operacni 1écbu AVM. V historické sérii resekci
AVM z Helsinek (1947-1973) bylo pouze 40 % pacientd s AVM operovano!'®. V této pozdé&jsi
studii byla velka vétSina (90 %) pacientil chirurgicky léCena. Pii soucasnych operacnich
metodach jsou centrdlni, hluboké thalamické a mesencefalické AVM neoperabilni a mély by

byt, pokud viibec, 1é¢eny endovaskularné a/nebo radiochirurgicky!!!

. NaSe zkuSenosti jsou v
souladu s rozsahlou sérii Yasargila a mnoha dalSich!!2!11311411516 " Velks AVM umisténa ve

frontalnim polu je obvykle chirurgicky odstranéna bez problémul pro pacienta, ale mala, i
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drobné malformace v miSe, mozkovém kmeni nebo thalamu je obvykle chirurgicky nepiistupna
a nefesitelna.

Chirurgické komplikace se obvykle vyznamné zvySuji s velikosti AVM. Vysledky
kombinované 1é¢by s ptredoperacni embolizaci Onyxem a nasledovanou mikrochirurgii vsak
nyni naklonéni k 1é¢b¢ i téchto 1ézi s embolizaci Onyxem a s dobrymi vysledky. Tyto AVM,
diive neoperovatelné¢ v rukou vétSiny zkuSenych neurochirurgii, se staly IéCitelnymi
(,,praktickymi*, jak Drake nazval tyto pfipady pfistupné chirurgické 1é¢b&)!'2!17, T nyni, a tak
to 1 zlistane, nejsou mozné zadné terapeutické intervence u umirajicich pacientli, kde zdvazné
krvéceni zni¢ilo mozkovou tkan bez jakékoli Sance na zotaveni. Pouze diagnostika a 1é¢ba pred
takovym katastrofickym krvacenim by mohla mozné tyto pacienty zachranit. Nasi pacienti
s velkymi intraparenchymalnimi hematomy operovanymi urgentné by vSak zemfeli bez akutni
operace.

Zavérem lze konstatovat ptfinos této prace v tom, ze detailné popisuje chirurgickou techniku
mikrochirurgické resekce pialnich arteriovenoznich malfomaci na Neurochirurgické klinice v
Helsinkach zaloZené na dlouholetych bohatych zkuSenostech profesora Juhy Hernesniemiho.
anatomické umisténi, v€k pacienta a zkuSenosti neurochirurga a tymu. Podle naSich zkuSenosti
lze malé a stiedné velké AVM ve vétSin€ piipadti s dobrymi vysledky odstranit, a to i
v elokventnich oblastech mozku. V kazdé zemi by méla byt k dispozici centra specializujici se

na mikrochirurgii mozkovych arteriovenéznich malformaci a aneurysmat.
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Chapter 11

Present State of Microneurosurgery of Cerebral Arteriovenous

Malformations

Juha Hernesniemi, Rossana Romani, Martin Lehecka, Puchong Isarakul, Reza Dashti, Ozgtir Celik, Ondrej Navratil,

Mika Niemeld, and Aki Laakso

Abstract Microneurosurgical excision is known to be the
definitive treatment for brain arteriovenous malformation
(AVMs). The most important factors governing the opera-
bility of an AVM are location, size, age of the patient, and
the neurosurgeon’s and team’s experience. We present in
this review the surgical experience of the senior author (JH)
in microneurosurgical treatment of brain AVMs. This con-
sists of the following steps: (1) accurate preoperative embo-
lization; (2) optimal selection of the surgical approach; (3)
accurate definition and preservation of the normal arterial
vessels of passage; (4) temporary clipping of the feeding
arteries; (5) a special method of coagulation called “dirty
coagulation” of the deep small difficult vessels inside appar-
ently normal brain around the AVM; (6) removal of all
AVM; (7) meticulous hemostasis; (8) intra- and postopera-
tive digital subtraction angiography (DSA); (9) clinical and
radiological follow-up. These steps are not possible in
AVMs lying entirely within central eloquent areas. Nine
out of ten small- and medium-sized arteriovenous malfor-
mations (AVMs) are suitable for direct surgery, but surgical
complications increase drastically with the size of the AVM.
Nevertheless, the actual results of combined treatment with
preoperative Onyx embolization followed by microsurgery
have decreased these risks.

Microsurgical
Preoperative
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techniques Multimodality —treatment
embolization - Onyx
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Introduction

The most challenging aspects of caring for a patient harbor-
ing an AVM is to decide rationally upon a management
strategy. This is particularly true if the individual is young,
and therefore has a high number of years at risk. A rough
algorithm for the patient and relatives is that the risk to die in
rebleeding from an untreated AVM during the remaining
lifetime is (90-age)%, the percentage being higher for the
probability of neurological disability. The new long-term
results of the Helsinki AVM database allow the patient and
the referring physician to grasp the risks of living with an
AVM for a year or a decade rather accurately, and also
demonstrates the high variability in the bleeding frequency
of AVMs with different characteristics [1]. One should also
have available — and experience with — the whole range of
treatment options for AVMs; some are casily and safely
treated by one method and are quite unsuitable for others
[2-9]. Finally, the surgeon’s own record of success or failure
with these treatment modalities needs to be factored into the
decision tree.

The best and definitive treatment of cerebral AVMs still
remains complete microsurgical removal in experienced
hands [1, 5, 10-13]. However, the microsurgical technique
of complicated AVMSs remains one of the most difficult tasks
of microsurgery: unlike in tumor surgery incomplete remov-
al is likely to lead to death or disability. The present state of
our microsurgical techniques is described in the following,
consisting of (1) accurate preoperative embolization; (2)
optimal selection of the surgical approach; (3) definition
and preservation of the normal arterial vessels of passage;
(4) temporary clipping of feeding arteries; (5) a special
method of coagulation called “dirty coagulation” of the
deep small difficult vessels inside the apparently normal
brain around the AVM; (6) removal of all AVM; (7) metic-
ulous hemostasis; (8) intra- and postoperative digital sub-
traction angiography (DSA); (9) clinical and radiological
follow-up. We explain all steps in this report.
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Patients and Diagnosis

Size and location of 623 arteriovenous malformations in the
Helsinki AVM database are described elsewhere [14]. The
experience of the senior author differs from this as one-third
of the senior author’s patients were operated on in Kuopio
UH (1980-1997). For diagnosis we use computed tomogra-
phy (CT) with angiography (CTA), followed by DSA. This
is considered the gold standard and can provide dynamic
data on the angio-architecture, real size, and location of
AVM. CTA alone is used in our department only in small
AVMs with large hematomas treated as emergencies. Mag-
netic resonance imaging (MRI) is done routinely, to better
understand the AVM site and anatomy. Functional MRI and
tractography are used in AVMs located in eloquent areas.

Surgical Indications

The senior author (J.H.) has treated the main part of patients
with ruptured AVMs surgically since 1980, except for some
elderly and/or moribund patients and few occasional cases
refusing operation. AVMs diagnosed during the evaluation
of epilepsy have usually been operated on, especially those
causing intractable epilepsy. An increasing number of inci-
dental AVMs have also been treated by microsurgery in
patients of reasonable age.

Microsurgical Treatment
Preoperative Embolization

Large AVMs can often be reduced in size with preoperative
embolization. The interventional neuroradiologic techniques
occlude inflowing feeders and reduce the nidus of the shunt
with particulate material, mainly by rapidly, or recently by
slowly (Onyx) setting glue [6]. It has been rare that an AVM
can be completely obliterated by regular embolization alone
(10%), but with slowly setting glue (Onyx) even up to 50%
of the selected cases can be totally occluded. In the remain-
ing cases, partial occlusion is very valuable, making the final
microsurgical total occlusion safer and straightforward. Pre-
operative Onyx embolization has revolutionized the treat-
ment of large AVMs, as many of these can, after extensive
filling with Onyx, be occluded and/or resected without diffi-
culties [8, 15, 16].

Embolization is also very useful in obliterating deep feed-
ing vessels difficult to reach microsurgically, making surgical
obliteration technically more feasible [9]. Unfortunately, the
deep small difficult vessels can seldom be embolized. Partial
embolization alone is, according to our follow up, increasing

the risk of rebleeding, and should be used only when followed
by radio- or microsurgery (manuscript in preparation).

Positioning of the Patient and Approach

Operations are performed under moderate hypotension. The
head is significantly elevated above the heart level for a
semi-sitting position or nearly so, but a true sitting position
is seldom used. Exceptions are the nowadays rarely micro-
surgically treated vein of Galen malformations and some of
the midline posterior fossa AVMs [17, 18]. Lateral posterior
fossa AVMs are operated upon in a park bench position, as
are many of the more posterior temporally, parietally and
occipitally located AVMs. The very mobile balanced model
of the operating microscope and some microsurgical instru-
ments are of special importance, and routine during the
excision of cerebral AVMs. In fact, no AVM should be
operated upon without a microscope or micro-instruments
[19]. In microsurgery, our trend has been toward the use of
rather small bone flaps (diameter of less than 2 inches)
[10-13]. In AVM surgery, however, we have used larger
openings to obtain better orientation of the AVM and its
surroundings. Nevertheless, for deeply sited AVMs the key-
hole principle is often applicable [1, 5, 14].

Dural Opening and Initial Dissection

After opening the skull. the dura mater is carefully inspected
and opened under the operating microscope because many
draining veins, and also the AVM itself, can be firmly
adherent to the dura mater. Adherence is common in redo
cases and after severe or several bleedings and/or several
embolizations. Depending on the location and size of the
AVM, we first attempt to locate the feeding arteries. These
can be more easily visualized in superficial AVMs by using
intraoperative ICG videoangiography. Draining veins are
also identified and preserved until the last steps of the exci-
sion. Those AVMs having only one draining vein are more
difficult to treat than those with multiple ones. In one parietal
AVM the single huge draining vein was partially running
inside the bone, and was torn during raising the flap. A
catastrophic bleeding was treated by compressing a cotton
patty on the bleeding site, and by suturing it circumferen-
tially to the dura to seal the bleeding until the final stage of
large AVM removal. In another posterior fossa redo surgery
the huge single draining vein was injured when dissecting
inside the scar, resulting in rapid swelling of the large AVM.
Fast four-handed removal of the AVM by two experienced
neurosurgeons saved the patient.
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In a few cases of small AVMs, the draining vein was cut
initially and used as a handle to help the dissection. In many
cases, as larger feeders were severed, we placed a vascular
clip into the distal part of the arterial feeder at the side of the
AVM. This clip helped with orientation during the operation
and could be used as a handle. The same maneuver was often
used with the draining veins. In many cases, a silk ligature
was connected to the clip and permitted a very careful
application of some tension during excision of the AVM.

Further Dissection and Use of Temporary Clips

The borderline between the AVM and the surrounding brain
is generally grayish and has some glial scarring, especially
after hemorrhages. After embolization, small infarctions
often surround the AVM, and this soft macerated tissue
can easily be suctioned away. Many times the hematoma
has dissected the brain so that the AVM is easier to find and
remove. Signs of past bleeding were found in the absence of
any previous clinical evidence of rupture in some AVMs; in
these cases the bleeding may have been misdiagnosed as an
epileptic seizure.

Identification of the cleavage plane between the AVM
and the brain is extremely helpful when excising these
formidable lesions. In the beginning of the operation a lot
of time should be spent on careful dissection with a sharp
necdle, jewelers’ forceps and sharp microscissors as well as
water injections. This time pays back, as with a clear anato-
mical understanding the removal of even difficult looking
AVMs is facilitated.

Feeding arteries are identified, after which we usually
place a temporary clip on them until at a later stage they
are coagulated and then cut. The duration of temporary
clipping is monitored and recorded. Considering the often
prolonged times (up to hours) the temporary clips are in
place, surprisingly little or no adverse effect are secn. This
is probably due to long-term adaptation of the circulation to
“the vascular steal” caused by the fistulous nature of the
AVM. Usually no permanent clips are used to seal small or
large arteries (or veins); instead, after dividing, vessel ends
are sealed with bipolar coagulation for the second time. It is
our long-time experience that the placed clips may cause
problems when accidentally touched.

Coagulation and Dissection of Small Feeders:
“Dirty coagulation”

Endovascular treatment has helped in many ways in
open microsurgery in the total removal of cerebral AVMs,
but unfortunately the tiny vessels cannot be occluded by

endovascular means. Hemostasis of small and thin-walled
fragile feeders, most cumbersome in the close proximity of
the ventricle, remains the most difficult part of the surgical
procedure. Bleeding is difficult to control as these vessels
have too little tissue for coagulation to be effective. They
often burst and retract into the white matter, at which point
bipolar coagulation is again continued until the bleeding
stops. There is no possibility to tamponade these bleedings
as they are profuse, and if multiple, the bleeding sites are
difficult to find, and should be managed under very high
magnification.

Earlier, as the last resort, we clipped these vessels with
special microclips, and, indeed, in some cases, up to ten
microclips were used. The accumulation of microclips in
the operative area often complicated microsurgery. as they
were later touched and new bleedings were produced. In-
stead of using the microclips by Sundt and Sugita to control
bleeding from troublesome vessels, a small amount of brain
substance is taken between the tips of a rather blunt bipolar
coagulation forceps, and the small vessel is coagulated to-
gether with the brain substance. This is the process of dirty
coagulation, called like that because the forceps used are
blunt and large in relation to the vessels. Blunt, clean, and
cold forceps prevent scarring and sticking. One of the mis-
eries in the treatment of these small vessels is sticking of
the forceps, producing a new bleeding and needing further
patience and careful coagulation. Malis settings 20-25 are
used, depending on the tip of the forceps. Dirty coagulation
has produced frightening postoperative hematomas from
these profusely bleeding small arteries, occurring as late as
1 week after the operation, an extreme rarity.

Final Stage of the AVM Removal

In large AVMs, the final stages of excision prove to be the
most difficult. It is the senior author’s (J.H.) experience that
at the beginning of the operation of a large AVM, the feeling
of being one of the world’s best neurosurgeons in action may
be present, just to change to being the worst one when the
ultra-small feeders situated at the deepest part of the AVM
bleed! In prolonged operations psychomotor weakness
occurs easily, and small errors may be made, resulting in
bleeding. If this happens, the team is alarmed by closing the
radio, but usually the situation is recognized already at the
screens of the OR. The blood pressure is lowered (systolic
pressure even lower than 100 mmHg), suction may be
changed to a bigger level, bleeding sites are sought and
tamponaded with patties, followed by dirty coagulation.
Seldom is the site packed with hemostatics and a new work-
ing area is sought, returning later to the bleeding site. When
several bleeding sites occur, the AVM is excised as quickly
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as possible. As the excision of complex AVMs involves
many operative steps, we prefer to operate at a brisk pace
(before fatigue sets in), except for the initial careful and time
consuming study of the anatomy. Some large malformations
with myriads of feeders and less experience required long
operating times of up to 8 h; however, ordinary AVMs are
excised within 2-4 h.

Glue Covering of the Surgical Bed and Final
Hemostasis

All kinds of hemostatics: small muscle pieces, tissue glues,
Oxycel (Becton Dickinson, Sandy, UT), Spongostan (Ferro-
san, Denmark), or Avitene (Alcon, Puerto Rico) have been
used to stop the bleeding. After resection of the AVM, our
present and long-time policy is to touch the surface of the
resection cavity gently with the tips of the bipolar forceps
and cotton patties. If bleeding occurs, a small remnant of the
AVM can usually be found, and this is controlled by bipolar
coagulation. Finally, the resection cavity surface is covered
with glue and Oxycel. which is pressed on the fresh glue all
around the cavity.

Postoperative DSA and Care

We always perform intraoperative DSA after the removal of
complex AVM and before closing. We use the regular Sugita
head frame in intraoperative DSA; one or two good projec-
tions can be tailored with a C arm. After obtaining a perfect
hemostasis, the patient is transferred to the intensive care
unit. After closing the wound the DSA is repeated, usually in
the OR. Patients with complex AVMs, especially those with
myriads of nasty small vessels requiring heavy use of dirty
coagulation, are usually maintained for several days in con-
trolled moderate arterial hypotension (systolic pressure
100-120 mmHg): in some complex cases in deep hypoten-
sion for several days. Patients with small and straightforward
medium-sized AVMs are wakened up immediately, and are
usually discharged from the ICU to the ordinary inpatient
ward the next day. Anticonvulsants are used routinely, and
hypotensive drugs frequently.

Staged Operation

Earlier in the 1980s, some large AVMs were operated by
first ligating the largest feeding vessels and later excising the
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whole AVM. In a few cases, an intraoperative embolization
with Spongostan particles or tissue glue was done. This
procedure has naturally been replaced by preoperative em-
bolization. In the past 20 years, no two-step operations or
intraoperative embolizations were used. Patients with large
intracerebral hematomas were operated on as emergencies,
usually removing the AVM in the same session.

Results

Due to our special admission policy, all patients are clinical-
ly evaluated several times postoperatively. Ninety percent of
the patients with small and medium sized AVMs operated on
are independent, with a Glasgow outcome score (GOS) of
4 or 5 [20].

Discussion

The decision to treat or not and how to treat a cerebral AVM is
still debated. The following factors must be taken into consid-
eration: (1) the presentation and natural history of the lesion;
(2) the knowledge of (own) results of the available therapeutic
choices; (3) patient’s age and general medical condition; (4)
presenting neurological status (level of consciousness, motor
or sensitive deficits, epilepsy, headache, or asymptomatic);
(5) the AVM-related factors including: location, size, number
and flow pattern of the feeding vessels, location of the venous
drainage; (6) the presence of a recent or remote hematoma.
Each of these factors might be the most important one when
making decisions for the individual patient.

The primary goal of AVM surgery is to prevent hemor-
rage and consequently seizures, neurological deficits, or
death. This can be achieved only by total occlusion, in our
case with microsurgical excision of the AVM [1, 5]. Incom-
pletely treated AVMs may rebleed as the fistulous connec-
tion between arteries and veins in the nidus of the lesion will
recruit surrounding vessels and rapidly make them as prom-
inent as those that have been occluded. A prolonged follow-
up of surgically treated patients is necessary in order to
confirm permanent cure [14]. Patients with partial occlusion
of their AVMs should have additional radiosurgical treat-
ment, redo surgery, or additional embolization.

Surgical Treatment

The advent of microsurgical techniques has changed the
operative treatment of AVMs. In the Helsinki historical
series (1947-1973) [21], only 40% of the patients with
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Fig. 1 Sagittal MRI (a) showing
a parietal AVM preoperatively
embolized with Onyx by

Dr. Moret in Paris. Antero-
posterior X-ray (b) and DSA

(c) showing the Onyx and the
parietal AVM. Post-operative
DSA showing the removal of the
parietal AVM (d). The patient, a
male 25 years old, recovered from
a slight left postoperative
hemiparesis | month after the
operation

AVMs were operated upon. In the present study, the large
majority (90%) of patients were surgically treated [1, 5, 14].
With the present operative methods central, deep thalamic,
and mesencephalic AVMs are inoperable, and should be
treated by endovascular and/or radiosurgery [15]. Our expe-
rience is in line with the large series of Yasargil and many
others [3, 4, 19, 22-25]. A large AVM located in the frontal
pole is surgically removed without deficits for the patient,
but a small, even tiny, malformation within the spinal cord,
brain stem or thalamus may remain surgically inaccessible.
Usually surgical complications increase drastically with the
size of the AVM. However, the actual results of combined
treatment with preoperative Onyx embolization followed by
microsurgery have decreased those risks. After an earlier,
more conservative approach to large parietal AVMs, with
Onyx embolization we are very much encouraged to treat
also these lesions with good results (Fig. la—d). These AVMs,
previously inoperable in the hands of most skilled neurosur-
geons, have become treatable (“practical” as Drake called
those cases amenable to treatment) [3, 26]. Even now, and
thus it will remain, no therapeutic interventions are possible in
moribund patients where most severe bleeding may destroy in
seconds the brain without any chances for recovery. Only
diagnosis and treatment prior to such catastrophic bleedings

might save these patients. However, our patients with large
intraparenchymal hematomas operated on emergently would
have died without acute surgery. Real general screening for
cerebral AVMs is unlikely to happen in the near future, as
their occurrence is not familiar.

Conclusions

The most important factors governing the operability of
AVMs are their location and site, the age of the patient, and
the experience of the neurosurgeon and the team. According
to our experience, small- and medium-sized AVMs can be
excised with good results in most cases, even in eloquent
regions of the brain. A center(s) specializing in the surgery of
arteriovenous malformations and aneurysms should be avail-
able in every country.
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11. Zavéry habilita¢ni prace

V soucasné dobé¢ mame k dispozici nékolik modalit k oSetfeni cévnich 1ézi mozku. Jedné se o
mikrochirurgii, endovaskularni 1écbu a stereotaktickou radiochirurgii. VSechny tyto modality
osetfeni jsou moznostmi pro 1écbu vcetné jejich kombinaci. Pecliva selekce zalozend na
individudlnim posouzeni pacienta, jeho véku, komorbiditach, anatomickych charakteristikach
lécené 1éze, prezentaci léze, ptitomnosti signifikantniho intracerebralniho hematomu a
posouzeni vlastnich schopnosti 1é€it danou 1ézi je zadsadni. Podstatnd je spoluprace odborniki,
kteti tyto modality provadi.

V soucasné dobé jsou i v Evrop¢ na vzestupu bimodalni (hybridni) odbornici (mikrochirurgie
a endovaskularni 1écba) k oSetfeni nitrolebnich aneuryzmat i pidlnich arterioven6znich
malformaci, ktefi jsou schopni oetiit aneuryzma obéma modalitami. V Ceské republice zatim
jesté toto neni k dispozici a oSetfeni cévnich 1ézi se d€li mezi neurochirurgy a intervenéni
radiology ¢i je zavislé na jejich spolupraci.

Jsou ale situace, kdy je zasadni postaveni jedné modality. Jak jsme ukazali v nasi praci ohledné
aneuryzmat na sttedni mozkové tepn¢ s intracerebralnim hematomem, role mikrochirurgie je
nejen znaSeho pohledu nadédle nezastupitelnd, nebot fesi okamzit€¢ a vjedné dobé jak
intracerebralni hematom, tak i aneuryzma jako zdroj krvaceni’.

V ptipad¢ aneuryzmat pfedni komunikujici tepny je postaveni mikrochirurgie nadale velmi
silné, nebot’ mikrochirurgicky mizeme oSetfit vyznamnou ¢ast aneuryzmat, zejména doptedu
a doli sméfujici aneuryzmata a n¢kdy i1 aneuryzmata smétujici nahoru a dozadu, kdyz je
endovaskularni 1écba rizikova ¢i neproveditelna. Je to v situacich, kdy je aneuryzma malé,
Siroce nasedlé a zejména pii dominanci jedné Al, kdy by bylo nutné pouzit stenting, coz je
obecné o néco rizikovéjsi. V pripade, kdy je Al dominantni, je riziko uzadvéru obou segmentii
A2 embolizacnim materidlem bez moznosti kolateralniho pratoku do A2 cestou druhostranné
Al, kterd je hypoplasticka nebo aplasticka. V naSem souboru pacientii s aneuryzmatem na
pfedni komunikujici tepné (ACoA) bylo oSetieno 71% mikrochirurgickym zplsobem
s uspokojivym vysledkem 1é¢by u 75,5% pacientll, coz nadale dokladuje stézejni vyznam této
modality i pro tuto lokalizaci aneuryzmat®.

U velkych aneuryzmat s mass efektem, kde je nutné i dekomprese, je postaveni mikrochirurgie
také zdsadni a na prvnim misté u vhodnych pacienti. Odstranéni mass efektu a ve stejné dob¢
oSetfeni aneuryzmatu klipy, naptiklad nami popsanou metodou za pouziti De-Bakeyho svorky,

je moznosti jak tuto situaci definitivné vyftesit!!8,
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U pacienti v seniornim véku se subarachnoiddlnim krvicenim je nadéale postaveni
mikrochirurgie silné. Zde se ovSem snazime davat prednost spiSe endovaskularnim metodam,
nebot’ pacienti ve vyssim véku, dle nasi prace nad 65 let, vice toleruji tuto modalitu oSetieni a
vysledek 1é¢by je o néco malo, ale signifikantné lepsi pro endovaskularni metody!!%.

Uloha mikroneurochirurgie je a v blizké budoucnosti bude zasadni i u dalsich 1ézi jako jsou
pialni arteriovendzni malformace. Tyto 1éze Ize fesit operacné, endovaskuldrné, stereotaktickou
radiochirurgii nebo kombinované. Zejména u pialnich arteriovenoznich malfomaci Spetzler-
Martin grade L.-II1. ziistava mikrochirurgie obvykle metodou volby na prvnim misté. V ptipadé
soucasného vyskytu aneuryzmat u arteriovendznich malfomaci, jako tomu je v pfipad¢ nasi
pacientky v publikované kazuistice, je zvySené riziko krvaceni z AVM a i z 1éze jako je flow-
related nebo intranidalni aneuryzma. Obé tyto 1éze miize mikrochirurgie v mnohych ptipadech
vytesit pfimocareji i jednoduseji nez endovaskularni terapie. I zde je opét potieba zdiiraznit
vybér spravné modality 1éCby, jako v naSem ptipadé, kde byla celd 1éze vcetné intranidalniho

aneuryzmatu resekovana'!!’

. V jinych ptipadech je ale moznost oSetfeni bud’to aneuryzmatu
nebo celé 1éze endovaskuldrné Onyxem nebo kombinované postupné za pomoci vice modalit.
Na souboru pacientli s mozkovou pidlni arteriovendzni malformaci z Neurochirurgické kliniky
Fakultni nemocnice Brno a Neurochirurgické kliniky v Helsinkdch dokumentujeme vysledky
1écby a mikrochirurgické postupy 1éCby u pacientll s témito lézemi. Obé prace potvrzuji
soucasné pevné postaveni mikrochirurgického oSetfeni pialnich arteriovenoznich malformaci
mozku.

Do budoucna je nutny dal$i rozvoj vSech dostupnych modalit k feSeni cévnich 1ézi mozku,
neurochirurgicky trénink zaméteny na rozvoj dovednosti mladych neurochirurgli, pouZzivani
opera¢niho mikroskopu a mikronastroji. Absolvovani specializovanych stdzi u nejlepSich
odbornikili a na co nejlepsich pracovistich je klicem k posunu a dal§imu zlepSovani péce o tyto

pacienty!'%’,

Tim zajistime potfebny dal§i rozvoj oboru a péfe o nemocné s cévnim
onemocnénim mozku. Koncentrace pacientl s cévnim onemocnénim v centrech a spoluprace
odbornikll vSech specializaci pro 1é€bu cévniho onemocnéni mozku, zejména neurochirurgd,
intervencnich radiologli i neurologl je zasadni pro optimalni management lécby téchto
pacientl. Rozvoj subspecializaci v oboru neurochirurgie véetné cévni neurochirurgie, je
zasadni pro uspésnou lécbu pacientl s cévnimi 1ézemi mozku. Cilem v budoucnu by mohlo byt
1 bezpetné oSetfeni t¢zSich, v souCasné dobé nefeSitelnych cévnich 1ézi mozku bez

neurologického deficitu. Cilem je a bude dosahovat co nejlepSich vysledki 1é¢by u pacientti a

postupné¢ se snazit tyto vysledky i nadale zlepSovat.
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12. Seznam zKkratek

ACA — Ptedni mozkova tepna

ACI/ICA — Vnitini krkavice

ACM / MCA — Stfedni mozkova tepna
ACoA / AComA — Predni komunikujici tepna

ACo0AA — aneuryzmata na predni komunikujici tepné

AICA — Ptedni dolni mozeckova tepna

AIS — Ukazatel Article Influence Score (védecky ukazatel)
ARUBA — Mezinérodni klinickd studie o neprasklych AVM

AVM — Arterioven6zni malformace

BRAT — Klinicka studie Barrow Ruptured Aneurysm Trial

CT — Pocitacova tomografie

CTA — Pocitacova tomografickd angiografie

CUSA — Ultrazvukovy aspirator

DHC — Dekompresivni hemikraniektomie

DSA — Digitélni subtrak¢ni angiografie

GOS — Skala vysledného stavu (Glasgow Outcome Scale)

HH — Klasifikace zavaznosti subarachnoidalniho krvaceni dle Hunt-Hessa
ICH — Intracerebralni hematom

ICP — Intrakranialni tlak

IF — Impakt faktor védeckého Casopisu

ISAT — Klinicka studie International Subarachnoid Aneurysm Trial
ISUIA — Studie International Study of Unruptured Intracranial Aneurysms
JIP / ICU — Jednotka intenzivni péce

KRAS — Specificky gen a signalni draha ovliviiyjici formaci cév
mRS — Modifikovana Rankinova $kala disability a sobéstacnosti
PCA — Zadni mozkové tepna

RCT — Randomizovana kontrolovana studie

SAK / SAH — Subarachnoidalni krvaceni
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SBP — Systolicky krevni tlak

S-M — Klasifikacni systém dle Spetzlera-Martina

TCD — Transkranialni dopplerovska sonografie

TEN — Tromboembolicka nemoc

UCAS — Japonska studie o neprasklych mozkovych aneuryzmatech
UIA — Neprasklé mozkové aneuryzma

VEGFA — Vaskularni endotelidlni ristovy faktor A

WEFNS — Skala klinického stavu Svétové federace neurochirurgickych spoleénosti
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