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Abstrakt:

Uvod: Optimalni péée o neprakla mozkova aneuryzmata (AN) zistava kontroverzni. Velka
mezinarodni studie (ISUIA) shledala nizkeé riziko ruptury a znatelné riziko 1é€by. Mnoha
nepraskla AN by tedy neméla byt aktivné léCena. Komplexni vysledky endovaskularni 1éCby
131 pacientt s neprasklym mozkovym AN jsou predkladany. Dale je uveden model
srovnavajici riziko 1é¢by a prirozeny pribéh neprasklych mozkovych AN.

Material a metodika: Za obdobi prosinec 1996 — zari 2005 podstoupilo 131 pacientd (93
zen, 38 muzl; primérny vék 51 let) endovaskularni osetfeni 151 neprasklych mozkovych AN.
Charakteristika pacientd, AN, komplikace lécby, klinické a grafické vysledky byly
zhodnoceny z prospektivné vedené databaze.

Vysledky: Endovaskularni 1é¢ba byla Gspésna u 145 (96%) AN. Jedno AN prasklo béhem
vykonu s fatalnim vysledkem. Bylo pozorovano 10 trombembolickych komplikaci, 1 pacient
zlistal lehce invalidizovan. Kombinovana morbidita/mortalita 6 mésicli po léché Cinila 1,5%
(95% interval spolehlivosti: 0,07 — 5,7%). Na zakladé modelu postaveného na téchto
vysledcich Ize 1é¢bu s nizkym rizikem komplikaci nabidnout vétsiné pacient( s neprasklym
mozkovym AN.

Zaveér: Endovaskularni IéCba neprasklych mozkovych AN nese nizké riziko komplikaci.

S vyjimkou nahodného ndlezu AN mensiho nezli 7 mm v predni cirkulaci u pacienta starsiho

60 let Ize endovaskularni Ié¢bu nabidnout viem pacientlim s neprasklym mozkovym AN.

Kli¢ova slova: neprasklé mozkové aneuryzma, endovaskularni 1é€ba, matematicky model,

komplikace IéCby



Summary:

Background: The management of unruptured intracranial aneurysms (UlAs) remains
controversial. The international study of UIAs (ISUIA) found low rates of rupture and
appreciable treatment risks, which can be interpreted that many Ul As should not be treated.
Results of endovascular coiling of 131 patients with UIAs are presented along with a risk-
benefit analysis based on patient and aneurysm characteristics.

Patients and methods: From December 1996 to September 2005, 131 patients (93 women
and 38 men, mean age 51 years) with 151 UIAs were treated using detachable coil
embolisation. Data on procedural complications, patient and aneurysm characteristics, clinical
and radiological follow-up were entered into a prospectively collected database. A risk-
benefit analysis was performed.

Results: Endovascular treatment was successful in 145 (96%) aneurysms. One aneurysm
ruptured intraoperatively with a fatal outcome. Ten thromboembolic events occurred, leaving
one patient moderately disabled. The combined morbidity and mortality rate at 6 months per
patient is 1,5% (95% confidence interval: 0,07 — 5,7%). Risk-benefit analysis comparing these
data with published natural history suggests that treatment with low complication rates can be
offered to most patients with UIAs.

Conclusion: UIAs can be coiled with low morbidity and mortality. The risk-benefit analysis
suggests it is reasonable to offer treatment to all patients with the exception of patients over
60 years of age with incidentally found aneurysms less than 7 mm in diameter of the anterior

circulation.

Keywords: unruptured intracranial aneurysm, coiling, mathematical modelling, procedural

complications
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1. Uvod
1.1. Podékovani

Predkladana dizertacni prace by nemohla vzniknout bez pomoci celé fady osob. Na
prvnim misté musim viele podékovat mému Skoliteli prof. MUDr. Stejskalovi DrSc za mnoho
hodnotnych rad a pfipominek béhem celé doby studia. Jemu téZ patfi moje velka vdécnost za
trpélivost, se kterou se mi pres své vlastni pracovni vytizeni vénoval a opakované nevahal
podnétné pfipominkovat mé publikace €i tuto praci a poméahat pfi odstrariovani celé fady chyb
a nedostatk.

Dalsi velky dik nalezi mému otci za podporu béhem postgraduélniho studia a mého
dosavadniho medicinského plsobeni viibec; jeho cenné rady pfi pripravé publikaci, pfednasek
i této prace mnohdy napomohly usmeérnit tok myslenek spravnym smérem.

Svym koleglim z Neurochirurgického oddéleni Krajské Nemocnice Liberec, jmenovité
pak jejimu priméafovi, Doc. MUDr. Suchomelovi PhD, musim podékovat za umoznéni studia
v mnohdy vypjatém pracovnim procesu, kdy mé absence byly znat na chodu oddéleni.

Shelley Renowden, Patrick Mitchell a Andrew Molyneux mi béhem mého studijniho
pobytu v Bristolu dovolili zpracovat jejich soubor pacientl, ¢imz polozili zaklad publikacim a
prednaskam, které v kone¢ném ddsledku vedly k sepsani této prace.

Za opakované vysvétlovani zaludnosti statistiky dékuji MUDr. Bradacovi, doufam jen,
Ze jsem nebyl pFili§ nechapavy.

Na zavér tohoto vyctu bych jesté rad podékoval neocenitelnym pracovnicim knihovny
KN Liberec, které vZdy ochotné a rychle vyhledaly publikace, z nichz vétSina je citovana

v této préci.



1.2. Pouzité zkratky

AN — Aneuryzma

ASA — American Society of Anestesiologists

Cl — Confidence Interval — interval spolehlivosti

CTAg — PocitaCové tomograficka angiografie

DSA - Digitélni subtrak&ni angiografie

FIA — Familial Intracranial Aneurysm Study

GDC - Guglielmi Detachable Coil — Guglielmiho odpoutatelny kojl (spiralka)
GOS - Glasgow Outcome Scale

ISAT - International Subarachnoid Aneurysm Trial

ISUIA — International Study of Unruptured Intracranial Aneurysms

MM - Morbidita / Mortalita

MRAg — Magneticko rezonancni angiografie

SAK - Subarachnoidalni krvéaceni

TEAM - Trial on Endovascular Aneurysm Management

UIA — Unruptured Intracranial Aneurysm — neprasklé intrakranialni aneuryzma
VB - Vertebrobazilarni

WEFNS - World Federation of Neurological Surgeons



1.3. Nepraskla intrakranialni aneuryzmata — zakladni epidemiologicka data a ivod do
problematiky

Intrakranialni aneuryzma (AN), neboli vydut, predstavuje ziskanou lézi mozkove
tepny. Jedna se o slepy vacek oslabené arterialni stény, ktery se nejcastéji vyskytuje v misté
vétveni mozkovych tepen v subarachnoidalnim prostoru na bazi mozku. Vedle nejcastéji se
vyskytujicich vakovitych AN rozliSujeme z etiologického hlediska je$té AN disekujici,
traumaticka Ci infek¢ni. Dale Ize kazdé AN délit podle ruptury na prasklé a neprasklé;
pricemz kazdé prasklé AN bylo plivodné neprasklym. Pfedmétem této préace jsou nepraskla
vakovitd AN.

Pfresna epidemiologickéa data neprasklych mozkovych aneuryzmat (Unruptured
Intracranial Aneurysm — UIA) nejsou k dispozici; chybi dostatecné velké populacni studie.
Jejich prevalenci Ize pouze odhadovat na zékladé velkych pitevnich studii na 1-6% (115,
176). Intrakranialni AN jako nahodny nalez na mozkové angiografii se vyskytuje zhruba u 1%
pacientl (15). Rinkel et al. systematicky zhodnotili pitevni a angiografické studie a dospéli
k prevalenci 2% (240). V ramci Spojenych Stét(i se jedna zhruba o 1 az 12 milion( obyvatel
(258); v naSich podminkéch poté o 100,000-200,000 obyvatel (pfi prevalenci UIA 1-2%).

Nejobavanéjsim projevem dosud némé neprasklé intrakranialni vyduté je jeho ruptura.
Néasledné subarachnoidalni krvaceni (SAK) (Obrazek 1) predstavuje devastujici udalost
v Zivoté kazdého jedince a jeho rodiny. Nasledky SAK jsou, i pfes veSkerou dostupnou
intenzivni péci a rehabilitaci, velmi Casto tézké a trvalé, 12-34% pacientli zemfe nahlou smrti,
aniz by se jim dostalo nemocnicni péce (108, 208, 262). | poté je SAK spojeno s vysokou
mortalitou (az 40% do pul roku) (66, 115, 136, 167, 202, 212, 249), ¢i dokonce 65% (322).
Trvalé nasledky se u prezivsSich vyskytuji az z jedné tfetiny (66, 115, 136, 156, 167, 190, 212,

249), vyjimkou nejsou ani neuropsychologické poruchy ¢i poskozeni kognitivnich funkci (68,



218, 274). Celkovd MM je tedy 70-80%. Takto hrozivych Cisel dosahuji hemoragické horecky

(5, 140, 163), horsi zlistava pouze vzteklina (49, 77, 119).

Obrézek 1. SAK po ruptufe AN na
bifurkaci a. basilaris.

Chirurgicka ¢i endovaskularni terapie pFichazejici po atace SAK nefesi nasledky vzniklé
béhem krvéaceni. Z cirkulace pouze vyfazuje jeho pFi€inu a chrani tak pacienta pfed obavanym
opakovanym krvacenim, které ma jesté zavaznéjsi progndzu nez inicialni krvaceni (136, 137).
V pfipadé UIA se snaZime zasahnout pfed prvnim, mnohdy fatalnim, krvacenim. Pfedejit a
zabranit takovéto znicujici prihodé je pro kazdého zainteresovaného lékare velmi atraktivni.
Mohutny rozvoj zobrazovacich metod koncem minulého stoleti s sebou pfinesl i Castéjsi
diagnézu mozkové vyduté jako vedlejSiho ¢i nahodného nalezu, ale ruku v ruce s timii
pozdgjsi rozpaky nad optimalnim postupem u takto diagnostikované némé léze.

Ridice se principy cerebrovaskularni neurochirurgie, je jakakoliv 1é¢ba AN ve
skutecnosti 1éCba preventivni. Na jednu misku pomysinych vah musime poloZit riziko ruptury
AN se vSemi nasledky a na druhou riziko kazdé nami navrzené lécby, ktera je samoziejmé
zatizena urcitymi komplikacemi. V pfipadé AN jiz jednou prasklého je bezesporu nutné jeho
akutniho vyfazeni z cirkulace — vysoka MM opakovaného krvaceni jasné pfevazuje riziko

endovaskularniho ¢i chirurgického vykonu (136, 137). Pro UIA musime zvaZit jeho pfirozeny



pribéh ovlivnény celou fadou faktor( a srovnat ho s riziky endovaskularni ¢i chirurgické
IéCby. Nabizi se paralela s karotickou endarterektomii, kde velké randomizované studie
prokazaly ucinnost operace v sekundarni prevenci iktu jak u symptomatickych, tak u
asymptomatickych stendz (6, 7, 19, 26, 88, 199). V tomto pripadé mame k dispozici pomérné
jasna indikacni kritéria angiograficka (60% sten6za u asymptomatické tepny, 50% sten6za u
symptomaticke), klinicka (Zivotni progndza minimalné 5 let), a v neposledni fadé i jasné
danou pozadovanou MM pracovisté (3% u asymptomatickych, 6% u symptomatickych
stendz, 10% restendzy) (2, 31, 186). Podobna randomizovana studie srovnavajici pfirozeny
pribéh UIA (nebo téz riziko ruptury v €ase) s rizikem léchy endovaskularni pravé probiha
(Trial on Endovascular Aneurysm Management — TEAM) (231), jeji vysledky vSak nebudou
k dispozici jesté celou Fadu let. Do té doby se musime opirat o literarni Udaje a vysledky
vlastniho pracovisté.

Abychom se tedy mohli ,,Celem* postavit ke kazdému nové diagnostikovanému AN a
pacienta poctivé, validné a dikladné informovat o povaze onemocnéni a moznostech jeho

IéCby, musime znat nésledujici:

PFiznaky vedouci k odhaleni AN (viz Kapitola 1.4. — Symptomatologie)

Presnou morfologii AN (viz Kapitola 1.5. — Diagnostika)

- Pfirozeny pribéh UIA a jeho ovlivnéni; tedy faktory zvysujici riziko ruptury (viz
Kapitola 1.6. — Prirozeny pribéh)

- Moznosti terapie a jeji rizika; tedy MM chirurgické a endovaskularni 1é¢by (viz
Kapitoly 1.7. a 1.8. — Chirurgicka a Endovaskularni terapie)

- Srovnani obou lé¢ebnych modalit navzajem a s pfirozenym priibéhem onemocnéni
(viz Kapitola 1.9.)

| pfes mnozstvi dostupnych literarnich Gdaji musime ke kazdému nemocnému

pFistupovat multidisciplinarné, ale individualné. Cilem diagnostické rozvahy je terapie ,,Sita
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na miru® jednotlivému pacientovi a jeho AN. Kontinualni kritické hodnoceni vlastniho
souboru pacientd dovoluje pracovisti sledovat vyskyt komplikaci a dle tohoto eventualné
upravit terapeuticky pristup.

Do devadesatych let minulého stoleti byla viechna AN feSena chirurgicky — svorkou.
Ackoliv pokusy o endovaskularni 1é¢bu jsou znamy jiz ze sedmdesatych let (255), teprve
vynélez elektrolyticky odpoutatelnych spirdlek dovolil dramaticky rozvoj endovaskularnich

technik (84, 85) (Obrézek 2).

Obrézek 2.
Endovaskularni (A) a
chirurgické feSeni (B)
intrakranialniho AN.
Prevzato z (125).

Plivodné byli k tomuto feSeni indikovani pacienti nevhodni k chirurgické Ié¢bé. Avsak
technologicky pokrok, inicialni dobré vysledky, stoupajici jistota, technicka zdatnost a
nadseni endovaskularnich neurochirurgd, stejné jako atraktivita pro nemocné, ktefi nemuseli
podstoupit kraniotomii, vedla k narlstu po¢tu pacientd podstupujicich tuto lé¢bu. Tento trend
vyvrcholil randomizovanou studii International Subarachnoid Aneurysm Trial (ISAT)
porovnavajici obé techniky u AN prasklych (tedy u pacientli po SAK) (182, 184, 185). Tato

vvvvvv

(alesponi z kratkodobého hlediska), coz v disledku vedlo k zvyseni poctu takto osetfenych
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AN; nadale zvysujice erudici intervencionalistl. (Studie ISAT bude podrobnéji probrana

v Kapitole 1.9.) Nicméné dlouhodoba Gc¢innost endovaskularni 1écby zatim stale Ceka na své
zhodnoceni. DalSi kontroverzi do tématu vnesla studie ISUIA (International Study of
Unruptured Intracranial Aneurysms) zabyvajici se pouze neprasklymi vydutémi (8, 322).
Valna vétSina AN diagnostikovanych angiograficky v druhé poloviné minulého stoleti byla u
pacient( po prodélaném SAK. Pravé ISUIA upozornila na vyssi riziko ruptury AN u pacient(
s jiz jednou prodélanym SAK ve srovnani s aneuryzmaty odhalenymi ndhodné. Zaroven se
ukézala pomérné vyznamna MM chirurgické i endovaskularni terapie, kterd byla doposud
povazovana za mnohem niZsi. (Studie ISUIA bude podrobngji rozebrana v Kapitolach 1.6. az
1.9.) Tyto poznatky vedly ke konzervativngjSimu nahledu na neprasklé vyduté a vzbudily
novy velky zajem o porovnani pfirozeného pribéhu s proceduralni MM.

Dnes existuje Fada pracovist’ (Frenchay Hospital v Bristolu, kde tato prace vznikla,
nevyjimaje), ktera endovaskularni 1é¢bu upfednostiuji coby lIé¢ebnou metodu volby. Ovsem i
zde je multidisciplinérni pFistup k pacientovi samozfejmosti a chirurgické terapie neni
metodou konkurencni; obé metody se doplfiuji. Dnes je v Evropé endovaskularné oSetfeno
kolem 70% nemocnych. Pravé pro tuto pfevahu endovaskularni terapie je jeji komplexni
zhodnoceni pfedmétem této prace. Vlastni vysledky pracovisté jsou pak srovnany s literarnimi
Gdaji a konfrontovany s pfirozenym pribéhem (predevsim s dosud nejvétsi a nejvyznamnéjsi

studii — ISUIA).
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1.4. Symptomatologie
1.4.1. Nahodny nélez

PFi predpokladané 2% prevalenci AN (240) a incidenci SAK 1:10,000 (116, 212), je
zfejmé, Ze vétSina AN nikdy nepraskne. V kvalitni populaéni studii z okresu Olmstead (Mayo
Clinic, Minnesota) 30% pacienti nemélo Zadné priznaky, diagnéza AN byla tedy ,,Stastnym
zakoncenim* vySetfovaciho procesu Ci vedlejSim pitevnim nalezem (177). Hlavni pfednosti
této studie je minimalizace selek&ni bias oproti jinym studiim, ISUIA nevyjimaje. V
prospektivni ¢asti studie ISUIA byla bolest hlavy nejcastéjsim pfiznakem vedoucim
k diagndze (témér 30% pacientll) (322). Nespecificka cefalea jako diivod MRI ¢i CT vsak
rozhodné neni zplisobena AN. Samotné AN je nalez nahodny, a tedy asymptomaticky.
K CastéjSi diagndze téchto incidentalnich vyduti vede mohutny rozvoj CT a MRI technik,
rozsiteni téchto pfistrojl, a z toho plynouci zna¢na liberalizace indikaci. Dvodem
k vySetfeni, vedle jiz zmifované bolesti hlavy, je nejcastéji cerebrovaskularni ischemicka
nemoc Ci jeji specifické projevy (napf. transientni ischemické ataka) (322). Ateroskler6za a
intrakranialni AN spolu sdili spole¢né rizikové faktory — jedna se o tutéz cévni sténu. Vyskyt
AN u pacientl se stendzou a. carotis interna byl pozorovan u 2,3-7% pacientt (16, 80, 134,
135, 209). Kombinovana prevalence téchto studii ¢inila 3,2%, u zhruba 1% pacientd se
jednalo o AN vétsi nez 5 mm (92). Dal$im diivodem CT ¢i MR vedouci k odhaleni AN byl
vysetfovaci algoritmus u mozkovych tumord, epilepsie, degenerativniho onemocnéni mozku
¢i nesouvisejiciho intrakranidlniho hematomu (322). Toto je vSak situace pomérné vzacna.

AN odhalena za téchto podminek jsou v literatufe oznacovana jako ,,incidentalni*.

1.4.2. Lokalni pFiznaky
Typickym pfiznakem lokalni manifestace AN je jeho tlak na n. oculomotorius.

PFi¢inou byva AN pfi odstupu a. communicans posterior i pfi bifurkaci a. basilaris.

13



Rezultujici paréza byla pozorovana u 3% pacient( v popula¢ni studii (177), ale u 11% ve
studii ISUIA (322). Dlvod tohoto rozdilu je nasnadé — ¢astéjsi doporucovani pacient(
s parézou n. 111 k FeSeni (tzv. ,referal bias“). Vznik parézy n. I11 nutno chapat jako varovny
priznak; pravdépodobné doslo k narlistu velikosti AN a hrozi jeho brzka ruptura (203).
Konzervativni postup vzhledem k uvedenému postrada smysl, AN by mélo byt v nejblizsi
mozné dobé vyreSeno. Vznikly neurologicky deficit jesté vice hovori ve prospéch ¢asné
16Cby, pfi delsi prodlevé nemusi dojit k jeho plné Upravé (27, 87).

Vzacné se mize velké i gigantické AN projevit rozmanitou neurologickou

symptomatologii: ,,hemi* pfiznaky pfi utlaku dlouhych drah v capsula interna ¢i v mozkovém

kmeni (Obrézek 3), epilepsii, hydrocefalem pfi utlaku akveduktu,vertigem nebo poruchou

zraku pfi tlaku na opticky nerv (62).

Obrazek 3. 50 lety pacient

s levostrannou hemiparézou a
nalezem Castecné
trombdzovaného gigantického
UIA a. basilaris utlacujici
mozkovy kmen. (T2-vazené
MRI)
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Mozkova ischemie jako prvni pFiznak AN se mliZze vyskytnout u 3-7% pacientl (197,
222, 230, 323). Epizody ischemie zpdsobi, bud distalni embolizace z ¢astecné
tromb6zovaného AN, Ci okluze matefské tepny trombem z AN (12, 251, 254, 304). Nutno
vylougit ipsilateralni stendzu karotidy ¢i kardiogenni zdroj embold.

AN projevivsi se nékterym z vyse uvedenych priznakid oznacujeme jako

»Symptomaticka“.

1.4.3. Subarachnoidalni krvéceni

Subarachnoidalni krvaceni pfedstavuje nejobavanéjsi manifestaci intrakraniadlniho AN.
Ackoliv k rupture AN mdze dojit kdykoliv, Castéjsi je ruptura béhem fyzické namahy i stresu
(259). Typickym pfiznakem je prudkd, dosud nepoznana bolest hlavy s nahlym zacatkem. Tu
¢asto doprovazi nauzea ¢i zvraceni, nezfidka ztrata védomi. Tretina az polovina pacientd
prodéla v dobé predchazejici manifestnimu krvaceni neobvyklou bolest hlavy (158, 206). Tato
cefalea je nejspise zplisobena drobnym krvacenim do subarachnoidalniho prostoru ¢i stény
AN (158, 206, 300), AN takFikajic ,,place* (277). Tyto prodromy nejsou leckdy rozeznany a
fada pacientli se SAK je inicialné lé¢ena jako migréna ¢i sinusitida (261).

Krvéaceni do subarachnoidalniho prostoru je déj, ktery sam sebe limituje (175).
S narGstem intrakranialniho tlaku dochazi k rychlé redukci mozkového perflzniho tlaku, coz
spolu s mechanismy koagulaéni kaskady vede k zastaveni krvéaceni. Intrakranialni tlak miize
prevysit stfedni arterilni tlak, a tak dojde k Uplné zéstavé intrakraniélni cirkulace. Vysledné
mozkové poskozeni zavisi na prudkosti inicidlni hemoragie, krevni sraZlivosti, rychlosti
poklesu a délce trvani redukce mozkového perflzniho tlaku. Cim pomalejsi je inicialni
krvaceni do subarachnoidalniho prostoru, tim trva déle, ale redukce v perfaznim tlaku neni tak
vyrazna (175). Mozkové cisterny samy o sobé zpomali pritok krve (286). Podobné piisobi

narlistajici intrakranialni tlak (175). Oba tyto déje spolu s plsobenim likvoru na koagulacni
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kaskadu (58) podpofi tvorbu koagula a tim i zastaveni krvaceni. Krvaceni nemusi nutné
probihat pouze v subarachnoidalnich prostorech, pfi prudkém krvaceni AN pfiléhajiciho
k mozkové tkéni dojde ke vzniku intracerebralnino hematomu, kdy proud krve doslova drti
mozkovou tkarn a mlZze se provalit do komorového systému.
Vedle popsaného patofyziologického déje se na vysledném stavu pacienta podili jeSté
nasledujici:
- Casna recidiva krvaceni (zvIasté u pacientl uzivajicich léky ovliviujici krevni srazlivost)
- MM chirurgicke €i endovaskularni lecby
- pozdni prdvodni jevy SAK (hlavné vazospazmus a hydrocefalus)
- recidiva SAK po uzavieni AN; tedy selhani léCby
- komplikace spojené s recidivou AN (tedy kontrolni angiograficka vysetfeni a eventualni
opakovany vykon).
| pres kvalitni intenzivni péci, propracovanou chirurgickou a mohutné se rozvijejici
endovaskularni 1é¢bu, je SAK stale spojeno s vyznamnou morbiditu / mortalitu. Inicialni
krvéceni jako pfiCina nahlé smrti (definovana jako umrti pred pfijezdem do nemocnice Ci pred
zahajenim IéCby) je v literatufe uvadéno kolem 12% (108, 262), v minulosti az 34% (208).
Pllro¢ni mortalita pak dosahuje v nékterych studiich az 40% (66, 115, 136, 167, 202, 212,
249), ve studii ISUIA zemielo na SAK dokonce 33 pacientl z 51 (65%) u nichz doslo
k rupture dosud némého UIA (322). Zhruba jedna tfetina pfezivsich zlistava postizena
trvalymi nasledky (66, 115, 136, 156, 167, 212, 249). Neuropsychologické nasledky jsou
Casté (68, 218).
SAK ovliviiuje téZ dlouhodoby vyhled pacienta. Doba preziti pacientd po SAK byla
signifikantné niZsi ve srovnani s béZnou populaci ve 20 letém sledovani (63). | pacienti
prezivsi déle neZ rok po SAK meéli 2x vyssi riziko umrti ve srovnani s béznou populaci (35,

243). Uvadéné statistiky jsou na tomto misté znovu zdlraziiovany zamérné, aby vynikla
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vysoka mortalita, ¢etnost trvalych nasledk(l u pacientli po SAK a horsi oéekavana délka
Zivota.

Rocni incidence SAK se ve Spojenych Statech pohybuje kolem 1:10,000 (116, 212), ve
Finsku a Japonsku je dvojnasobna, v zemich Jizni a Stfedni Ameriky polovi¢ni (54). Ceské
republika se pohybuje v dolni poloviné s ro¢ni incidenci zhruba 5-7:100,000 obyvatel (28).
Vzhledem k jeho vyse popsanym nasledk(im se tedy jedna o zavazny medicinsky, ale i
socioekonomicky problém.

U zhruba 10-20% pacientll s prodélanym SAK (136, 238), vyjma AN za toto
zodpovédné, nalézame jesté dalSi dosud neprasklé vyduté. Tyto jsou oznaCovany jako

v

»additional“, tedy ,,dalSi* ¢i ,,nasledné“.
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1.5. Diagnostika

Abychom mohli zodpovédné rozhodnout o zplisobu Ié¢by UIA, musime
bezpodminecné znat jeho presnou lokalizaci a morfologii. Toho jsou dnes téméF dokonale
schopny v8echny tfi niZze uvedené techniky.

Intraarterialni digitalni subtrak¢ni angiografie (DSA) je stale povaZzovana za zlaty
standard (258). Jako metoda invazivni v3ak neni zcela bez rizika, Fadoveé se trvala MM
pohybuje v desetinach procenta (47, 59). Na mnoha pracovistich se dnes pouZziva jiz pouze
v pfipadé nasledného endovaskularniho oSetfeni AN. DSA dovoli pfesnou anatomickou studii
velikosti AN, jeho krcku, vztahu k matefskeé arterii a okolnim tepnam. 3D zobrazeni dopIni
tyto informace v prostorovém modelu. Velkou vyhodou DSA je moznost konverze na
terapeuticky vykon po predchazejici antikoagulacni pfipravé pfi ponechaném sheathu v tfisle
a po uvedeni pacienta do anestezie. Ve vét§iné center tomuto pfedchazi mezioborova diskuze
mezi interven¢nim radiologem a neurochirurgem, berouci v potaz nejen AN samotné, ale i
faktory pacienta, pripadné i dostupnost lé¢ebné modality. Hlavni nevyhodou je pouziti
kontrastni latky (potencionalni nefrotoxicita a alergen) a radiacni zatéz pacienta, ktera se pri
jednom lécebném ,,sezeni“ pohybuje kolem 530 béznych snimkd hrudniku (227).

Neinvazivni metody, tedy CTAg a MRAg, se vyborné hodi jako vySetfeni ,,prvni
linie“. CTAg pak v kontextu SAK obvykle navazuje na nativni CT. Jeho nespornou
nevyhodou je radiaCni zatéZ a nutnost podani jodové kontrastni latky. MRAg jako vySetfeni
bez radiaCni zatéZe a podani jodové kontrastni latky je idealnim vySetfenim screeningovym
(36, 38) nebo kontrolnim po endovaskularni 16¢bé. Nevyhodou obou technik byla nizsi
vytéznost v porovnani s DSA u AN velikosti do 5 mm (320, 321), u modernich pfistroji se
s timto omezenim jiz témér nesetkdvame. CTAg je dnes nejCastéji pouzivanou modalitou.
Priklad velkého UIA na intrakranialnim Gseku pravé a. carotis interna zobrazeném viemi

tfemi modalitami pro ilustraci uvadime na Obrazku 4.
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Obrazek 4. 65 leta pacientka s prfechodnou
diplopii na podkladé velkého UIA odstupujiciho
z intrakranialniho Useku a. carotis interna
vpravo, jak patrno z CTAg (A), MRAg (B),
klasické DSA (C) a jejich 3D rekonstrukci (D).
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1.6. Prirozeny prlibéh
1.6.1. Vyznamné svétove studie

Znalost pfirozeného pribéhu, tedy rizika ruptury neprasklého AN, je zcela zasadni pro
rozvahu ohledné jeho dalsi terapie. Prvni zminka o prirozeném priibéhu UIA se v literature
objevila v roce 1966 v ramci Cooperative Study of Intracranial Aneurysms and Subarachnoid
Hemorrhage (166). Riziko SAK z dosud neprasklého AN bylo stanoveno na 2,5%/ rok (166).
Vyznam dalSich tFi studii je omezeny pro maly pocet pacientll a kratkou dobu sledovani (64,
219, 330). Wiebers et al. na souboru 130 pacientd se 161 UIA vznesl pochybnosti nad
opodstatnénim terapie AN menSich nezli 10 mm. V tomto souboru doslo k 15 rupturam,
vSechny u AN vétSich nezli 10 mm (323). Autorovi téZ nalezi vyznamna zésluha za organizaci
studie ISUIA.

ISUIA I (8) byla multicentricka (53 center) retrospektivné-prospektivni studie. Celkem
se ji zUCastnilo 1449 pacientll s 1937 UIA, 727 pacientll bez anamnézy predchoziho SAK
(skupina 1), 722 po této prihodé (skupina 2). Celkova doba sledovani doséhla vice nez 12,000
pacient-rok(. Béhem sledovani doslo ke 12 SAK ve skupiné 1 a k 20 SAK ve skupiné 2. Jako
rizikové faktory pro rupturu byly ve skupiné 1 identifikovany velikost a lokalizace AN.
Riziko ruptury pro AN mensi nezli 10 mm bylo stanoveno na 0,05%/rok, pro vétsi AN stoupa
riziko 20tindsobné, u AN vétsich nezli 25 mm je pak 6%/rok. Rovnéz lokalizace ve VB
povodi a pfi odstupu a. communicans posterior byla spojena s vyssim rizikem ruptury. Ve
skupiné 2 nebyla nalezena souvislost mezi velikosti a rizikem ruptury, vyssi riziko bylo
shledano pro AN na bifurkaci a. basilaris a dale u starsich pacient(l. StéZejnim je poté
srovnani AN do 10 mm mezi ob&ma skupinami zaroven. Jak jiz zminéno, ve skupiné 1 se
riziko ruptury pohybovalo kolem 0,05%/rok. Naopak ve skupiné 2 bylo 11x vyssi: kolem
0,5%/rok. Z tohoto jasné vyplyva ohroZena skupina pacientl — ti ktefi ve své anamnéze maji

prodélané SAK. Uvedené je mozno povazovat za hlavni zjisténi studie ISUIA I.
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Prospektivni vétev se dockala publikace v roce 2003 (322). Po dobu 6544 pacient-rokd

bylo sledovano 1692 pacient(i s 2686 AN (1077 ve skupiné 1, 615 ve skuping 2). K ruptufe

AN doslo u 51 (3%) pacientll. Srovnani rizika ruptury mezi obéma skupinami potvrdilo

nalezy prvni ¢asti studie: u AN do 7 mm bylo pozorovano vyssi riziko ruptury u pacient( ve

skupingé 2 (tedy po prodélaném SAK). Studie dale stanovila tzv. ,,cut-off“ hodnoty pro

velikosti AN, ato na AN mensi nezli 7 mm, AN o prliméru 7-12 mm, 13-24 mm a Vétsi nezli

25 mm. Se zvétSujici se velikosti stoupd riziko ruptury; u AN vétSich nezli 7 mm jiZ nebyl

signifikantni rozdil mezi pacienty obou skupin. Lokalizace na bifurkaci a. basilaris a pfi

odstupu a. communicans posterior byly opétovné spjaty s vysSim rizikem ruptury. Ro¢ni

riziko ruptury AN podle ISUIA 11 je shrnuto v Tabulce 1.

Mensi nez 7 mm

Pfedchozi
Incidentalni 7-12 mm | 13-24 mm | =25 mm
SAK

Kavern6zni Usek

0 0 0 0,61 1,3

ACI

0

ACM, ACA, ACI (0,08 pokud 0,30 0,53 3,1 9,7
s PCom)

VB povodi, PCom 0,51 0,67 3,1 4,0 13

Tabulka 1. Rocni riziko ruptury AN dle velikosti, lokalizace a predchozi anamnézy SAK
podle (301, 322). (ACI - a. carotis interna, ACM — a. cerebri media, ACA - a. cerebri

anterior, PCom — a. communicans posterior)

Obe studie ISUIA jsou dodnes pod palbou kritiky (155, 305, 306). Hlavni vytkou je

selekce pacient(; pacienti Iéceni do 30 dnll byli ze studie vylouceni, velmi pravdépodobné se

jednalo o pacienty s rizikovymi AN. Déle je zarazejici nepomérné mnozstvi AN

21




v kavernéznim splavu (ktera SAK zpdsobit nemohou) a amrti 55 pacientll z ,,jiné“ ¢i nejasné
priciny, coz v pripadé pfitomnosti UIA je lehce podezielé. | pres tyto nedostatky zlstavaji obé
studie ISUIA témi nejkvalitnéjSimi daty, ktera jsou dodnes ohledné pfirozeného pribéhu UIA
k dispozici. Z tohoto dlivodu je miizeme pouZzit jako zakladni data, se kterymi se daji
srovnavat vlastni vysledky. Stejné tak mohou slouzit pro diikladné pouceni pacienta ohledné
rizika ruptury spjatého s pritomnosti neprasklé mozkove vyduté.

Ponékud stranou stoji studie japonskych a finskych autord. Incidence SAK je v téchto
zemich vyssi nezli jinde na svété (130, 287, 328). Metaanalyza pFirozeného priibéhu
v japonském pisemnictvi zhodnotila celkem 13 studii (922 pacient(l). V pribéhu sledovani
(3801 pacient-rokd) doslo k 104 rupturam (11%), coz odpovida 2,7% riziku ruptury za rok
(190). Za rizikové faktory byly oznaeny velikost, lokalizace a symptomatické AN. Ve
srovnani se studii ISUIA byla pozorovéna signifikantné vyssi incidence ruptury AN. Toto
autofi pripisuji na vrub Castéjsi ruptufe AN, nikoliv jejich vétsi prevalenci v populaci. Za
touto nejspiSe stoji geneticka odlisnost (190). Posledni japonska studie pak zaznamenala ro¢ni
riziko ruptury 1,4%. Jako rizikové faktory byly oznaCeny vétsi AN, lokalizace ve VB povodi
a predchozi historie SAK (117).

Juvela et al. opakované publikoval pfirozeny pribéh onemocnéni na souboru 142
pacientll se 181 AN (128, 130). Hlavni prednosti této studie je dlouha doba sledovani —
primérné 18 let; 130 pacientl bylo sledovano minimalng pét let. K SAK doslo u 33 (23%)
pacient(, ro¢ni riziko ruptury bylo stanoveno na 1,3%. Kumulativni riziko ruptury celého
souboru 10, 20 a 30 let po stanoveni diagndzy bylo 10,5%, 23% a 30,3%. Nutno oviem
zdliraznit slozeni studované populace. Ze 142 pacient(l prodélalo 131 (92%) SAK z jiného
AN v minulosti. Odpovidaji tedy skupiné 2 studie ISUIA. Pouze Sest pacientti mélo
symptomatické AN, u 5 byl nalez zcela nahodny. Po rozdéleni dle symptomatologie AN bylo

rocni riziko ruptury nasledovné: 2,6% pro ,,skupinu 2, 1,3% pro symptomatické AN a 1%
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pro incidentalni. Otazkou zlistava, nakolik miZeme tato data prenést na béznou
stfedoevropskou populaci vzhledem k vyssi incidenci SAK ve Finsku.

VySe zminované studie byly zakomponovany do metaanalyzy publikované v roce
2007 (313). Metaanalyza zahrnovala vice nez 4700 pacientl sledovanych po dobu del$i nezZli
26,000 pacient-rokl. Riziko ruptury bylo vyznamné vyssi u pacientl starSich 60 let, u Zenau
finské Ci japonske populace. Koureni rovnéz zvySovalo riziko ruptury, aviak nesignifikantné.
Lokalizace AN ve VB povodi, velikost vétsi nezli 5 mm a symptomy jiné nezli SAK byly
rovnéz spjaty s vyssim rizikem ruptury. Protokol studie a jeji provedeni téz ovliviiovaly riziko

ruptury: kvalitni studie (pouze dvé) mély riziko nizsi (313).

1.6.2. Faktory ovliviujici riziko ruptury
1.6.2.1. Velikost aneuryzmatu

Jiz mnohokrate zmifiovana studie ISUIA oznacila velikost 7 mm jako kritickou pro
rupturu AN (Tabulka 1) (8, 322). V pfimém protikladu pak stoji Juvelova studie, kde 20% AN
zodpovédnych za SAK bylo 2-6 mm velkych. Nutno ovsem znovu zd(raznit Ze se jednalo
hlavné o pacienty s anamnézou SAK (130). Ve studii ISAT byla prvni epizoda SAK
zpUsobena rupturou AN mensiho nezli 5 mm v 52% a mensiho nezli 10 mm dokonce v 92%
(182). Rada dalsich studii srovnavala velikosti prasklych a neprasklych AN. Typickym
nalezem je prlimérna velikost neprasklého AN mezi 4 a 6 mm, prasklého pak mezi 5 a 8 mm
(22, 103, 195, 250, 307). Tento rozdil je povaZzovan za signifikantni (155). | tak je vétSina
prasklych i neprasklych AN mensi nezli 7 mm, zna¢né Cast prasklych dokonce mensi nezli 5
mm (67, 279).

Na tomto misté se slusi zminit o rdstu AN. Zvétseni velikosti AN bylo pozorovano u
3-24 % pacient( (39, 171, 181, 211, 295, 314, 315). Cim v&tsi bylo AN na pocatku

pozorovani, tim spise doslo k jeho rlstu (39, 171, 181, 211). Velikost vétsi nezli 5 mm (181,
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211), 8 mm (39) a 10 mm (171) byla oznaCena za rizikovou pro zvétseni AN. Ke zvétseni
vSak doslo i u 25% AN menSich nezli 5 mm (295). Déle lokalizace na bifurkaci a. basilaris, a.
carotis interna (171), a. cerebri media (181), vyskyt vicecetnych (39, 181, 314) Ci
multilobarnich AN (211), rodinnd anamnéza SAK (181) a koureni (131, 314) byly
identifikovany jako nezavislé rizikové faktory rdstu AN. Riziko rlistu v prvnim roce bylo
2,5% a v dalSich letech stoupalo (171). Na AN tedy musime pohliZet jako na dynamické
onemocnéni, nikoliv jako na statickou zaleZitost. Rlst AN zvySuje riziko ruptury a pacienta
posunuje do rizikovéjsi skupiny. Pacienti léCeni konzervativné by méli v pravidelnych
intervalech absolvovat vysetfeni MRAg, abychom véas odhalili nardist velikosti AN a

pfipadné doporucili aktivni 1écbu.

1.6.2.2. Lokalizace aneuryzmatu

Stanoveni rizika ruptury s ohledem na umisténi AN je problematické. Studie obvykle
dovoli odliseni predni a zadni cirkulace, vice specifické rozdéleni jiz z dGvodu malych Cisel
neudavaji. Kombinace velikosti AN, lokalizace a historie pfedchoziho SAK nas stavi pred
otazku typu: Jaké je riziko ruptury 8 mm AN na a. cerebri media u pacienta bez predchoziho
SAK? Takovychto skupin Ize snadno vytvofit vice nez 20 (45). Pro Ucely statistické analyzy
poté neni dostatek pacientll a zavéry z ni plynouci jsou tedy znaéné omezené. Na zakladé
studie ISUIA a dalSich (8, 240, 313, 322, 323) dnes miizeme pomérné jisté tvrdit, Ze AN ve
VB povodi maji signifikantné vyssi riziko ruptury nezli AN v predni cirkulaci. DalSi rozdéleni
pfedni cirkulace na oblasti a. communicans anterior, a. cerebri media a a. carotis interna neni
prili§ praktické, a snad ani nutné, jelikoZ opakované nebyly zjistény konzistentni rozdily mezi
nimi (301). Otazkou zlstavaji AN pfi a. communicans posterior, které ISUIA fadi mezi zadni
cirkulaci. Dlvodem tohoto zafazeni byly pravdépodobné dvé ruptury incidentalnich AN, které

vedly k post hoc pfifazeni zadni komunikanty k VB povodi. Tato hypotéza vSak nebyla
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testovana na nezavislém prospektivnim souboru. Wiebers navic nalezl riziko ruptury pfiblizné
stejné jako zbytku predni cirkulace, ale asi 10x niZsi nezli cirkulace zadni (323). Tudiz

zafazeni AN této oblasti mezi zadni cirkulaci postrada opodstatnéni (45, 301).

1.6.2.3. Ostatni morfologické faktory

Vedle velikosti a lokalizace i samotna morfologie AN miZze byt spojena s vy$sim
rizikem ruptury. AN nepravidelného tvaru, AN s dcefinym vakem ¢i ,,vaCkem* jsou timto
dobie znamy (23, 86, 170, 250). Cela fada dalSich morfologickych parametri byla
dopodrobna studovana: napfiklad Sife kr€ku, Sife AN, jejich pomér (,,bottleneck ratio*), uhel
AN k matefské tepné, tvar AN a tzv. ,,aspect ratio“ (22, 86, 103, 104, 170, 195, 250, 291,
307). Pouze posledné jmenovany parametr doznal vSeobecngéjSino uznani. Jedna se o pomér
velikosti AN k §ifi jeho krcku. Srovnani neprasklych a prasklych AN ukazuje vysSi aspect
ratio u prasklych AN ve vétsiné studif (103, 195, 250, 253, 291, 307). Otazkou zlstava
hodnota spolehlivé odliSujici praskla a nepraskla AN: ve studiich se pohybuje v pomérné
Sirokém rozmezi mezi 1,6 a 2,2. Lze viak pomérné jisté oznaCit AN s aspect ratio mensi nez 1
za nizkorizikové, naopak AN s aspect ratio vétsi nez 3 za vysokorizikové (155).

V literatufe se objevuje cela fada dalSich parametrd véetné detailnich
hemodynamickych studii, aviak na své kazdodenni uvedeni do praxe teprve ¢ekaji. Pro

souhrn viz napf. pfehledny Clanek Lalla et al. (155).

1.6.2.4. Faktory pacienta
O zvyseném riziku ruptury u pacientd s anamnézou SAK, stejné jako o zcela
specifické finské a japonské populaci, jiz bylo dostate¢né pojednéano v odstavcich

zabyvajicich se témito studiemi, proto jsou zde uvedena pouze pro Uplnost.
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Komplexni pohled na dalSi faktory ovliviiujici rupturu AN nejlépe shrnuje
metaanalyza Wermerové z roku 2007 (313). Autofi nalezli pro vék vyssi nezli 60 let zvySené
riziko ruptury. Toto je v pfimém protikladu se studii Juvelovou (130), ktera nasla vztah
inverzni. Nutno vSak mit na paméti zcela vyjimecna specifika Juvelovy studie, jejiz zavéry
nelze zcela jednoznacné a bez vyhrad prenést do jinych podminek (130). Mladsi vék vSak
nutné neznamena protekci pred rupturou. Pravé naopak, pacient je totiz riziku ruptury
vystaven po kumulativné delSi dobu.

Vedle vyssiho véku, jako signifikantni faktor zvysujici riziko ruptury, bylo dale
identifikovano Zenské pohlavi (313), rodinny vyskyt AN (36), vyskyt vice AN u jednoho
pacienta (328) a koufeni (36, 130). Symptomatologie jina nezli SAK byla také spjata zhruba
se 4x vysSim rizikem ruptury nezli AN Cisté incidentalni (313).

Asociace AN s nékterymi dédicnymi syndromy (napf. autozomalné dominantni
polycysticka nemoc ledvin ¢i Ehlers-Danlos(v syndrom typu 1V) hovofi pro geneticky
podminéné pozadi AN a jejich pfipadné ruptury u nékterych pacientli (111). Tato jisté
zajimava problematika vSak dosud ¢ekéa na své podrobnéjsi zhodnoceni.

S nar0stajicimi znalostmi faktor( zvysujici riziko ruptury AN mizeme sméle tvrdit, Ze

kaZda dalsi studie zCasti zodpovi jednu otazku, ale zaroven pfinese nékolik novych (149).

1.6.3. De novo aneuryzma

Proces vzniku AN je multifaktorialni. Jeho patogenezi ovliviiuje cela fada faktord
genetickych, vnéjSiho prostredi a jejich vzajemné interakce (36). Geny zodpovédné za
formaci AN se rekrutuji z nemoci pojivoveé tkané a poruchy tvorby cévni stény. Jedna se napfr.
0 elastin (204, 205, 247), elastazu a alfa-1-antitrypsin (148, 281), kolagen typu I a Il (71,
198, 207, 217, 293) a celou fadu dalsich (196). Zenské pohlavi je téZ spojovano s vy3$im

rizikem vzniku AN (131), SAK (145) Ci viceCetnymi AN (223). Mezi modifikovatelné faktory
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patfi koufeni (131, 308, 314), uzivani alkoholu a vysoky krevni tlak (283, 314). SniZeni rizika
je nasnadé — kontrola hypertenze a vystiihani se obou zlozvykd.

Vzhledem k mnohocetnému vyskytu AN zhruba u 20-30% pacientl (112, 127), nutno
vzit v potaz Cetnost jejich vzniku de novo. Juvela et al. pozoroval vznik 19 novych AN u 15
pacientll (z 89, valna vétsina po predchozim SAK) béhem 1789 pacient-rokl. Ro¢ni
pravdépodobnost vzniku AN byla 0,84% na pacienta (131). Dalsi studie uvadi podobnou
ro¢ni pravdépodobnost vzniku: 0,37-1,20%; nové vzniklé AN bylo diagnostikovano u 16%
pacientl (314). Uvedené rozmezi vyplyva z rozdéleni AN na jista (nepfitomna na inicialni
angiografii) a pravdépodobna (autofi neméli ke srovnani staré vysetfeni, pouze jeho popis).
VSichni vySetfovani pacienti vSak prodélali v minulosti SAK (314). Cheong et al. sloZitym
matematickym modelovanim dospél k ro¢ni pravdépodobnosti vzniku 0,28-1,62% (112), coZ
se velmi bliZi 0,9% rocnimu riziku pozorované Ednerem ve 20 lete Svédské studii (63) Ci

0,89%, jak publikoval Tsutsumi (288).

1.6.4. Screening

Screening zaméfeny na detekci nové vzniklych ¢i zvétseni znamych AN se mlzZe na
prvni pohled jevit uziteCny, jak vyplyva z vySe uvedené studie Wermerové provedené na
pacientech po prodélaném SAK (314). Vedle zminénych 16% pacient(l s de novo AN doslo u
dalsich 25% AN k narGstu velikosti (314). Skupina pacient(i po probéhlém SAK se tedy jevi
jako idealni populace ke screeningovému vysetieni. Otazkou zUstava, kdy toto vysetreni a
v jakych intervalech indikovat — pfinos CT ¢i MR angiografie rok po SAK byl velmi omezeny
(315). PFiCinou SAK nemusi nutné byt ruptura zndmého a jiz zformovaného AN. Kataoka pri
histopatologické analyze nalezl zndmky akutniho formovani stény AN (138), SAK tedy mize
byt zplsobeno nové zformovanym AN kratce po jeho vzniku (230, 244, 260). Takova léze

velmi pravdépodobné unikne screeningovému odhaleni v relativné kratkém obdobi mezi
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vznikem a rupturou. Nelze téZ zapominat na cenu vysetfeni, radiaCni zatéz CTAg a
potencionalni toxicitu kontrastnich latek.

Jak tedy pfFistupovat k pacientovi po SAK a strachem z jeho opakovani?
Samoziejmosti je omezeni vlivu rizikovych faktorl (koufeni, alkohol, hypertenze) (37).
Wermerova et al., v nasledné studii vyuZivajici Markoviv model, dospéla k vysledkiim, které
je mozno interpretovat nasledovné: screening kazdych pét let ma opodstatnéni u pacienta,
jehoZz kvalita Zivota je ovlivnéna strachem z recidivy SAK a u néhoz je riziko recidivy vyssi
(312, 331). Nicméné vSeobecny screening kazdého pacienta po SAK nelze dnes doporucit (9,
310, 312).

Limitovanim vySetfované populace na pfimé pfibuzné pacientd po SAK v ramci
Familial Intracranial Aneurysm Study (FIA) vedlo k detekci AN v 19% pripad( (38). Toto
zjisténi potvrzuje drivéjsi nalezy vyssiho vyskytu UIA u pfibuznych prvniho a druhého
stupné, pricemz za nejvice rizikové jsou povazovani sourozenci (9, 144, 225, 241, 242). Vice
AN bylo detekovano u Zen, kurakd a hypertonik( (38). Zarazejici je az 17x vyssi riziko
ruptury malych (do 7 mm) AN familialné se vyskytujicich ve srovnani se sporadickymi AN
ze studie ISUIA (36). Jednorazovy screening nejblizSich pribuznych po SAK by tedy mohl do
budoucna identifikovat celou fadu pacientd ohroZenych rupturou AN. Vedle téchto zavérd

studie FIA jesté ukazala na vysokou vytéznost MRAg v ramci screeningu (36, 38).

Zavérem shrnujeme nejdilezitéjsi poznatky tykajici se prirozeného priibéhu UIA.
Hlavni faktory zvysujici riziko ruptury UIA jsou: probéhlé SAK v anamnéze, velikost vétsi
nezli 7 mm a lokalizace ve VB povodi. Po probéhlém SAK je ro¢ni riziko vzniku de novo AN
zhruba 1%, nicméné nékteré rizikove faktory Ize pomérné snadno omezit Ci eliminovat.

S vyjimkou primych pribuznych pacienti po SAK a pacient(, jejichz kvalita Zivota je
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vyznamné ovlivnéna strachem z jeho recidivy, nejsou zatim k dispozici data podporujici SirSi

uZiti screeningu.
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1.7. Chirurgicka lécba

V minulych kapitolach byla probréna jedna miska pomysinych vah — riziko
prirozeného priibéhu neprasklého intrakranialniho AN. V této a nasledujicich kapitolach se
budeme vénovat misce druhé — 1eCbé a s ni spojenymi riziky.

Prvni chirurgické oSetfeni AN provedl v roce 1937 Walter Dandy (52). Za
nasledujicich 70 let pak neurochirurgie doséhla vyznamného pokroku. Za tim stoji mimo jiné
pfedevsim pouzivani operacniho mikroskopu, propracovana perioperacni péce, dokonala 3-D
diagnostika, multioborovy pfistup k pacientovi a v neposledni fadé téz za onéch sedm
desetileti neustale zdokonalovana operacni technika v€etné mikrochirurgie. Za vyznamné
poznatky v chirurgické 1é¢bé AN vdécime takovym velikanlim jako Yasargil, Drake, Spetzler,
Heros, Batjer, Hernesniemi ¢i Fukushima. Prvni AN v nasi zemi chirurgicky oSetfil jiz v roce
1949 Petr (28), o dalsi rozvoj této problematiky se pak zaslouzili zejména Kunc (152, 153),
Fusek (69) ¢i Bene$ mladsi (28). Zasluhou jejich vysledkid dnes mdzeme chirurgickou lécbu

povazovat za zlaty standard v 16€bé intrakranialnich AN.

1.7.1. Morbidita a mortalita chirurgické 1é€by neprasklych mozkovych aneuryzmat

Literatura zabyvajici se chirurgickou lé¢bou UIA nabizi znatné mnozstvi vice ¢i méné
kvalitnich studii. Za prvni zminku mliZeme povazovat 20% mortalitu v souboru 10 pacientd
z roku 1970 (210). King et al. (143) v roce 1994 provedli metaanalyzu 28 studii z let 1971-
1992. V téchto studiich se mortalita pohybovala mezi 0-7,7% a morbidita mezi 0-16,7%.
Kombinované mortalita pak byla 1% (95% CI: 0,4-2,0%), morbidita 4,1% (95% CI: 2,8-
5,8%). Metaanalyza neméla dostatecnou statistickou silu k identifikovani vice ohroZenych
skupin pacient(. Potvrdila vSak do té doby uznavané hodnoty MM kolem 5% (91, 213, 252,

324, 325).
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DalSi metaanalyza z roku 1996 hodnotila jiZ 61 studii z let 1970-1996 (226). A€ vysla
0 pouhé Ctyfi roky pozdéji, jeji vysledky ponékud zchladily nadSeni nad dosud domnéle
nizkou MM elektivni chirurgie. Celkem bylo chirurgicky oSetfeno nejméné 2568 AN u 2460
pacient. Z téchto 64 pacientli zemrelo (2,6%; 95% CI: 2,0-3,3%). V jednotlivych studiich se
mortalita pohybovala mezi 0% (38 studii z 61) a 29%. Pokles mortality byl sledovan
v noveéjSich studiich. Trvala morbidita byla pozorovéana u 10,9% (95% CI: 9,6-12,2%)
pacient(, polovina z pacientd zlstala postizena téZce. Lokalizace AN v predni cirkulaci byla
spjata s nizsi MM, giganticka AN s vyssi. Vék ani pohlavi pacientl nepatfily mezi
signifikantné vyznamné faktory ovliviiujici MM. Diskrepance mezi obéma metaanalyzami je
zfejmé zplsobena vyloucenim symptomatickych AN v Kingoveé souboru, vétsim zastoupenim
AN mensich nezli 10 mm, jejich Castéjsi lokalizaci v pfedni cirkulaci a menSim mnoZstvim
pacientd (226).

Prospektivni ¢ast studie ISUIA (322) hodnotila vedle celkové mortality a morbidity
(pomoci Rankinovy Skaly (229)) téZ kognitivni deficit, ktery byl po€itdn mezi morbiditu. Rok
po operaci MM ¢inila 12,1%. Vék nad 50 let, AN Vétsi nezli 12 mm, VB povodi, ischemicka
cerebrovaskularni nemoc a symptomatické AN, byly identifikovany jako pfedpoklady pro
Spatny vysledek chirurgické Ié¢by. ISUIA také upozornila na dosud ponékud opomijené
kognitivni a neuropsychologické postizeni. Pacient, ktery ,,pfijde po svych®, adekvatné
odpovida a je ,,bez lateralizace", byva automaticky zafazen mezi dobré vysledky. Nicméné
pFili§ hruba Skala (napf. Rankinova (229) ¢i Glasgow Outcome Scale (120)) nemusi
dostate¢né jemné odrazet vSechny aspekty zotaveni se po 1é€bé AN, obzvlasté pak
v kognitivni roviné Ci v pacientové vnimani vlastniho zdravi (142, 256). Tuffiash et al. na
souboru 25 pacienttl s UIA nenalezla signifikantni rozdil v baterii neuropsychologickych test(i
pfed a po operaci (290). Neuropsychologické nasledky po Ié¢bé AN v kontextu SAK lze tedy

pricist na vrub hlavné krvaceni samotnému.
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Moznost identifikovat vice ohroZené skupiny pacientli vedla Khannu et al. k vytvoreni
skorovaciho systému pro UIA (141). V potaz je bran vék pacienta (<40, 0 bodd; 41-60, 1 bod;
>60, 2 body), velikost AN (do 10 mm, 0 bod(; 11-25 mm, 1 bod; nad 25 mm, 2 body) a
lokalizace AN (jednoduché v predni cirkulaci, 0 bodl; komplexni tamtéz, 1 bod; jednoduché
ve VB povodi, 1 bod; komplexni tamtéz, 2 body). S vy38im poctem bod(l pak narlsta i MM,

Podobnou stratifikaci provedli Ogilvy et al. (201). Vytvofrili normogramy, kde vék
pacienta je postaven proti velikosti a lokalizaci AN. Orientacné pak Ize snadno odecist
pravdépodobnost dobrého vysledku. Obé studie vSak pracovaly s dichotomickym rozdélenim
klinického stavu pacienta na “dobry” a “Spatny”, neuropsychologické nasledky nebyly brany
v potaz viibec. Dale nesmime zapominat na zku$enosti téchto tymd, jejich preneseni do
podminek méné erudovaneho pracovisté nemusi byt adekvatni. Nicméné jako nastroj k
pfedb&znému a rychlému informovani pacienta se obé hodi velmi dobfe.

Lee et al. se pokusili kriticky zhodnotit publikované prace ve snaze odhalit publikaéni
“pias” (160). Na souboru vice nez 11,000 pacientl sebranych z literatury dospéli ke
kumulativni MM 17,8% (95% CI: 17,2-18,6%). MM téZ odvisela od typu studie:

v retrospektivnich studiich byla 7,9% (95% CI: 6,7-9,3%); naopak v prospektivnich,
multicentrickych ¢i komunitnich 19,7% (95% Cl:17,2-18,6%). Tento rozdil vynikl na
scattergramu, kde retrospektivni studie vyznamné podceriovaly primérnou MM. Zajimavym
zjisténim byl téZ vzestup MM v sériich publikovanych v pozdgjSich letech, jejim podkladem
byly hlavné zminované studie vyssi kvality.

U jedné takové studie se zastavime detailnéji, jelikoZ jeji zavéry lze aplikovat v Sir§im
méritku. Barker et al. zkoumali reprezentativni vzorek 3498 pacientl podstoupivsich operacni
feSeni UIA v USA v letech 1996-2000 (18). Dimise jinam nezli dom( byla definovana jako
Spatny vysledek operace, tedy morbidita. Mortalita v této studii Cinila 2,1%, dalSich 3,3%

pacient( bylo pfeloZeno do rehabilitacnich Ustavi a 12,8% pacientl do jiného zafizeni. Vyssi
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vék vyznamné predpovidal amrti Ci pfeloZeni do jiného zafizeni. Z&sadnim zjisténim této
studie je vSak zavislost MM na ro¢nim poctu operaci centra. V nemocnici s méné nezli 4
odoperovanymi AN za rok byla mortalita 2,2%, morbidita 23,8%, ve srovnani s 1,6%
mortalitou a 15,6% morbiditou v centru oSetfujicich vice nezli 20 AN za rok. Podobné
vyznélo i porovnani poCtu operaci na jednotlivého chirurga. Pacienti ve velkych centrech téz
meéli méné neurologickych komplikaci. Z této studie jasné plyne nutnost o3etfovani AN ve
specializovanych centrech s velkym poctem pacientl (18).

Zavérem tedy zdlraznéme idealni scénar pro klip aneuryzmatu: mlady pacient s
malym AN v predni cirkulaci oSetfené den pred hypotetickou rupturou v centru s vysokym

rocnim poCtem operacné feSenych AN.

1.7.2. Riziko recidivy a krvaceni zaklipovaného aneuryzmatu

SAK nésledné po osetfeni UIA mize mit vice pricin. Rupture AN de novo vzniklého
nelze predejit nezli pravidelnym screeningem, jehoZ klady a zapory jiz byly diskutovany
v Kapitole 1.6.4. Takovou udalost viak nelze povazovat za selhani 1é¢by. Naopak, ruptura AN
oSetfeného klipem, jiz jasnym netspéchem lécby je. Ruptufe obvykle predchazi narlist AN
v misté klipu; tam, kde je cévni sténa jiz patologicky zménéna. Dalsi pFi¢inou mdze byt
nedostatecné uzaviené AN pri operaci, tedy vice ¢i méné znamé rezidualni AN. Na zéakladé
pooperacni angiografie David et al. rozliSuji AN kompletné zaklipované (bez rezidua), dale
pak AN s residualnim krékem. Tyto opét déli do dvou skupin: s tzv. ,,psim uchem* (,,dog-ear*
v anglickém pisemnictvi), kdy nevelké rezidualni AN je patrné mezi klipem a matefskou
tepnou; a na tzv. expanzivni AN. V tomto pripadé klipem rekonstruované tepenné lumen

zabira Gast stény AN. Narlist AN se pak déje pfi bazi klipu a dochazi k jeho migraci lateralné

od tepny (53) (Obrazek 5).

33



Obrazek 5. Rezidualni AN podle Davida et al. (53): A —tzv. ,,psi ucho* s odstupem mensi
vétve pfimo z vaku AN; B — expanzivni AN narlstajici pfi bazi klipu.

Pro Uplnost dodejme, Ze zmitiované ,,psi ucho* miZe byt imysiné ponechané reziduum pro
odstup perforatoru ¢i mensi vétve. Autor ve skupiné 135 zcela zaklipovanych AN zaznamenal
narlist na kontrolni angiografii po tfech letech pouze ve dvou pfipadech (1,5%), SAK
pozorovano nebylo. U dalSich osmi AN bylo pozorovano ,,psi ucho® na pooperacni
angiografii, ke zvétseni doSlo u dvou AN, z nichz jedno se projevilo recidivou SAK. Ro¢ni
riziko krvéceni bylo v této skupiné stanoveno na 1,9%. Narlst byl dale pozorovan u t¥i ze Gtyr
expanzivnich AN, k recidivé SAK nedoSlo. Ro¢ni riziko SAK v celém souboru autofi
spocitali na 0,26% (53).

Tsutsumi et al. v souboru 115 zaklipovanych UIA pozorovali pét pripadd naslednych
SAK, opakovany nardst AN po klipu byl pFi¢inou pouze jednoho SAK. Zadny pacient pritom
neprodélal v minulosti SAK, prasklé AN bylo dle autord zaklipovano kompletné. Kumulativni
riziko SAK v tomto souboru bylo pomoci Kaplan-Meierovy metody stanoveno na 1,4% v 10
letech a 12,4% ve 20 letech (289). Stejni autori v nasledné studii 112 pacientd se 140 AN
pozorovali narlist AN ve ¢tyfech (2,9%) pripadech, tfi AN byla plivodné zaklipovéana bez
rezidua (288).

Recidivu SAK po klipu prasklého AN prodélalo 18 pacientll ze 752 (2,4%) v rozsahlé

studii z Utrechtu. Jeho pri¢inou byla recidiva AN v oblasti klipu ¢tyfikrat, zbytek jde na vrub

de novo AN (311). ZaréZejici je az 22x vyssi incidence SAK ve srovnani s béZnou populaci
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(10). Na této se hlavné podili de novo formace AN, nikoliv reruptura rezidua ¢i rekurence
znamého AN. Rekurentni SAK mé vysokou MM, pouze 53% pacientl dosahlo uspokojivého
klinického vysledku (316).

Srovnani recidivy krvaceni ve velkych studiich porovnavajici obé 1é¢ebné modality

bude diskutovano v Kapitole 1.9.
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1.8. Endovaskularni 1é¢ba

vrchol moZno povaZzovat Uspésné transorbitalni zavedeni stfibrného dratu do gigantického
paraklinoidalniho AN v roce 1941 (317). AvSak teprve technologie umoziujici bezpe¢nou
intravaskularni navigaci pomoci mikrokatetr(i umoZznila rozhodujici pokrok v této oblasti
(169). Serbinenko poté uvedl do praxe Ié¢bu AN pomoci odpoutatelnych balénkd (255), ktera
se stala velmi populérni v 1éCbé celé fady intrakranialnich cévnich patologii (30, 55, 56, 95).
Zahy se vSak ukdzaly nevyhody tohoto postupu; napf. obtizné katetrizace, nedostatecna
okluze AN ¢i deflace balonku po néjaké dobé. Dnesni vyuZiti této metody spociva hlavné

v okluzi materské tepny Ci léCbé karotidokaverndznich pistéli (276). Jako dalSi nastroj

k endovaskularnimu uzavieni AN pfiSel na fadu kojl. Ackoliv moderni material byl

k dispozici jiz v roce 1975 (75), k jeho specifickému vyuZiti v IéCbé intrakranialnich AN
doslo az na konci 80. let (61, 96, 98). Hlavni nevyhodou prvnich typl kojlli vSak zlstavala
nemoznost jeho opétovného vytazeni. Teprve Guglielmiho kombinace intravaskularni
elektrolyzy a elektrotromb6zy vedla k vyvoji odpoutatelnych platinovych spiralek, dnes
znamych jako Guglielmi Detachable Coil (GDC) (84, 85). Jejich uZiti bylo zpo¢atku omezeno
na pacienty ve Spatném klinickém stavu i na nevhodné chirurgické kandidaty. Nasledny
mohutny rozvoj endovaskularnich technik v 90. letech a minimalni invazivita metody

v kombinaci s dobrymi vysledky vedla k Sirokému vyuZziti GDC. Poctivé hodnoceni
komplikaci a dlouhodobé efektivity endovaskularni terapie zlistava samoziejmosti a literarnim

poznatk(m z této oblasti budou vénovany nasledujici dva oddily.

1.8.1. Morbidita a mortalita endovaskularni Ié€by neprasklych mozkovych aneuryzmat
JelikoZ neuroradiologové s oblibou Fesi vice AN pfi jednom terapeutickém vykonu

(32, 200, 224), je tfeba pFi hodnoceni klinického stavu pacienta po endovaskularni lé¢hé
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intrakranialniho AN zohlednit, zda se jedna o AN prasklé ¢i neprasklé. V pfipadé prasklého
AN je nutno pocitat s nasledky SAK, klinicky stav je tedy pfedevsim odvisly od zavaznosti
krvaceni a pfipadnych pozdnich komplikaci. Neuspokojivy Kklinicky stav (GOS 1-3) se
v takovych studiich pohybuje kolem 20% (41, 73, 162, 182, 184, 185, 234, 238, 271). Nutno
pamatovat, Ze se jedna o vybranou skupinu pacientd, ktefi se dockali 1é¢by na rozdil od
neselektované populace, kde toto ¢islo mize dosahnout az k 40% (136, 156, 202). Odlisit
nakolik klinicky stav pacienta po SAK ovlivnila pravé proceduralni komplikace je nékdy
obtizné, zejména pak u pacienta v bezvédomi. Vzhledem k témto specifiklim Ié¢by prasklych
AN proceduralni komplikace v jejich kontextu vice diskutovat nebudeme a zaméfime se Cisté
na MM endovaskularni terapie UIA. P¥i elektivni 16Cbé UIA lze jakékoliv zhorSeni
neurologického stavu pacienta povazovat za komplikaci. Jaka je tedy MM endovaskularni
léCby UIA?

Za prvni zminku v literatufe mdzeme povazovat praci samotného vynalezce GDC
z roku 1992, tedy kratce po zavedeni kojld do praxe (83). Ze 120 pacientl se vsemi druhy AN
bylo u 17 oSetfeno UIA bez komplikaci. Dalsi studie rovnéz neuvadi Zadnou MM, je tfeba
vsak brat na zietel maly pocet pacientll (do 10) (43, 139, 189, 237). Tyto a dal$i studie (32,
200, 224) nehodnoti 1é¢bu Cisté UIA, ale hodnoti 1é¢bu viech, tedy i prasklych AN. Zdstava
otazkou, kolik AN je Feseno v ramci jednoho vykonu. MM pak mliZze byt autory pFi¢itana na
vrub bud’ SAK, nebo vykonu na prasklém AN. Uvedené je pochopitelné, autofi hodnoti
techniku jako takovou, nikoliv jeji specifika v urcité skupiné pacient(l. Opétovné se nabizi
paralela s karotickou endarterektomii: 1éCba symptomatické stendzy je analogicka Ié¢hé
prasklého AN — snaZi se predejit opakovani téZe cévni pfihody. Kontralateralni
endarterektomie na asymptomatické sten6ze u pacienta po iktu odpovida Ié¢bé dalSiho AN u
pacienta po SAK, pfedchazi cévni pfihodé v jiné lokalizaci. A kone¢ng, FfeSeni nahodné

odhalené stendzy €i AN pFedchazi prvni cévni prihodé pred jeji manifestaci. Riziko
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komplikaci se lisi podle zarazeni pacienta do té které skupiny. Uvedena problematika je
v cévni neurochirurgii velmi dobfe zndma a propracovana (29), endovaskularni terapie AN
zpocatku tento podstatny rozdil jeSté zcela nebrala na zfetel.

Lanterna et al. shrnuli vySe zminované (a dalsi) studie za obdobi 1992-2002
do metaanalyzy publikované v roce 2004 (157). Celkové analyzovali 30 studii s 1379
pacienty a dospéli k mortalité 0,6% (95% CI: 0,2-1%) a permanentni morbidité 7% (95% CI:
5,3-8,7%). Hlavni pFi¢inou komplikaci byla ischemie (80%), hemoragie (7,5%) a progrese
lokalnich priznakl AN (7,5%). Permanentni morbidita se v novéjSich sériich sniZila na 4,5%
(157). Zarazeni studii z center s velkou zkuSenosti, a nevyhnutelné, ponékud limituje
aplikovatelnost zaveér(l a uvedenych ¢isel na pracovisté s mensimi zku$enostmi. Erudovanost a
zkusenost jesté vice vynikne, kdyz si uvédomime, Ze vétsina pacientd byla povazovana za
rizikové pro neurochirurgicky vykon. Vysoky podil ischemickych pfihod na MM zéaroveri
naznacuje optimalni cestu k jejimu sniZeni. Ostatné, redukci MM v pozdéjSich studiich jiz Ize
zdlivodnit optimalizaci antikoagulacniho rezimu, nardstajicimi zkuSenostmi a samoziejmé
technologickym pokrokem. Tento pokles MM v ¢ase podporuji i nékteré dalsi série (57, 126,
187, 192, 193) ¢i literarni analyzy (160). Na rozdil od podobné metaanalyzy zabyvajici se
chirurgickou terapii (226), velikost AN, jeho lokalizace Ci vék pacienta nebyly identifikovany
jako prognosticky vyznamné (157).

V prospektivni ¢asti studie ISUIA podstoupilo 451 pacientd endovaskularni lé¢bu AN.
MM byla hodnocena mésic a rok po vykonu pomoci Rankinovy Skaly (229) a zahrnovala téz
kognitivni deficit (322). Ve skupiné pacientl bez anamnézy SAK (n=409) ¢inila MM rok po
vykonu 9,8%, ve skupiné po SAK (n=42) pak 7,1%. MM byla spojena s AN vétSim nezli 12
mm a s lokalizaci ve VB povodi. Nespornou silnou strankou této studie zdstava vedle prisné
definice MM i hodnoceni stavu pacienta nezavislymi pozorovateli v pfedem stanovenych

¢asovych intervalech.
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JelikoZ literatura oplyva celou fadou vice ¢i méné kvalitnich studii, pokusili se Lee et
al. o jeji kritické zhodnoceni (podobné jako pro chirurgickou terapii) (160). Celkem hodnotili
19 studii s 1925 pacienty z let 1998-2003, prospektivni ¢ast ISUIA nevyjimaje. Kumulativni
MM ¢inila 8,8% (95% ClI: 7,6-10,1%). Na rozdil od chirurgickych sérii nalezli mensi
pravdépodobnost publikacni ,,bias”, i retrospektivni studie z jednoho pracovisté se
kumulativni MM velmi pfiblizovaly (primérna MM 8,1%), pricemz 4 kvalitni studie se na
celkové poctu podilely 1019 pacienty.

Efekt poCtu endovaskularné lecenych UIA na MM byl pfedmétem studie z roku 2003
(102). Zahrnuto bylo 421 pacient( lé¢enych v 81 nemocnicich. Jako morbidita byla
definovana dimise jinam nezli domd, hlavné pak do rehabilitacnich tstavi. V této studii sedm
pacientll zemrelo (1,7%; 95% CI: 0,7-3,4%), 10 bylo pfeloZeno do rehabilitaénich Ustav(
(2,4%; 95% ClI: 1,1-4,3%) a 22 do jinych zafizeni (5,2%; 95% CI: 3,3-7,8%). Vys5i vék
signifikantné predikoval smrt a dimisi jinam nezli dom(. Zasadnim zjisténim vSak byla vyssi
pravdépodobnost propousténi domd v nemocnicich s vy$$im objemem UIA (vice jak 24
pripadd za rok). K ovlivnéni mortality nedoslo, pravdépodobné kvili malému poctu pFipad(
(102). Z uvedeného opétovné vyplyva nutnost feSeni UIA ve specializovaném centru
zabyvajicim se endovaskularnimi technikami. Zde pfinaSime pro ilustraci MM nékolika pravé
takovych pracovist’ z aktualni literatury.

Gonzales et al. v souboru 217 pacientli zaznamenal dvé Gmrti (obé zplsobené
proceduralni rupturou AN) a zhorseni neurologického stavu u dalSich péti pacientdl.
Bezprostfedni MM tedy Cinila 6,4% (78).

Podobného vysledku dosahl van Rooij: v sérii 149 pacient(i doslo ke dvéma umrtim
(1,3%; 95% CI: 0,7-5,1%), permanentni morbidita pak Cinila 2,6% (95% CI: 0,8-7,0%) (296).

V sérii Standhardta et al. byly komplikace pozorovany u 19,3% vykon(. Cast mozno

klasifikovat jako prechodné, nicméné Sest pacientd prodélalo manifestni iktus. Jeden pacient
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zemiel a dalsi zlstal téZce poskozen v souvislosti s perioperacni rupturou AN. Permanentni
MM Cinila tedy 4,0% (275).

V prospektivni multicentrické studii 290 pacientl s 321 UIA doslo k ischemickym
komplikacim u 28 pacientll (9%) a k perioperacni ruptufe AN u osmi pacientd (2,6%), pét
z nich zemrelo (1,7%). Trvalé nasledky pak byly patrny u 23 pacientl (7,7%) (72).

V dalSi rozsahlé prospektivni multicentrické studii (ATENA) s 649 pacienty a 1100
UIA z Kanady a Francie doslo ke klinicky manifestnim komplikacim u 5,4% pacient(.
Mésicni mortalita Cinila 1,4% a morbidita 1,7%. Morbidita byla signifikantné ¢astéjsi u
pacientd starsich 60 let (216).

Holmin et al. ve skupiné 146 UIA méli nulovou mortalitu, permanentni morbidita
Cinila 3,42% (105).

Korejsti autofi na souboru 370 pacientll udavaji 44 komplikaci, z nichZ pouze jedna
vedla k permanentnimu neurologickému deficitu (0,27%) (114).

Zajimava je prace Grunwalda et al., ktery pomoci MRI sledoval vyskyt ischemickych
Iézi na souboru 50 pacient( pred a po endovaskularni 1é¢bé UIA (82). Nové Iéze byly patrné u
21 pacient( (42%), klinicka manifestace ve smyslu nové vzniklého deficitu byla patrna pouze
u dvou pacienttl (4%). Touto problematikou se jiz dfive zabyvali dalsi autofi, ktefi dospéli az
k alarmujicim 64% novych 1ézi na MRI (245, 272). Novy neurologicky deficit byl nastésti
patrny vZdy pouze u jednoho pacienta. Embolizace béhem endovaskularni 1éCby AN je tedy
déj velmi Casty, avsak ve valné vétsiné pripad(i probéhne asymptomaticky.

Pomérné detailné jsme dosud rozebrali komplikace manifestujici se neurologickym
postiZzenim pacienta. VVSechny vySe jmenované studie vsak vedle téchto komplikaci téz
udavaji tzv. technické komplikace. Jedna se o riizné problémy s odpoutavanim kojld ¢i jejich
protruzi do materské tepny. DalSi nepfijemnou pFihodou jsou tfiselné Ci retroperitonealni

hematomy. V3echny tyto komplikace autofi klasifikuji jako pfechodné, klinicka odezva neni

40



povazovana za relevantni. Pochopitelng, pokud protrudujici kojl vede k trombdze materské
tepny €i distalni embolizaci je situace diametralné odlisnd, a bez vyjimky téz pfiznana a
autory poctivé zapocitana do MM.

Na zékladé uvedenych studii a analyz literarnich poznatk( miizeme s jistym omezenim
konstatovat, Ze mortalita endovaskularni 1é¢by UIA se pohybuje kolem 1% a permanentni

morbidita v rozmezi 5-10%.

1.8.2. Riziko recidivy a krvaceni po endovaskularni 1é¢bé aneuryzmatu

Ke zhodnoceni anatomické uspésnosti endovaskularni 1écby se v pisemnictvi
nejcastéji uziva tzv. Montrealska klasifikace podle Raymonda a Roye (246). Uzavér AN je
hodnocen na tfistupriové Skale. Kompletni okluze (stupefi I) znamena uplné vyfazeni AN
z obéhu, pfi angiografii se pIni pouze matefska tepna, neni patrna ani ¢ast AN. Rezidualni
kréek (stupen 1) charakterizuje defekt ve sténé tepny, opacifikuje se tedy pouze plvodni
vstup do AN, nikoliv AN samotné. Jakakoliv kontrastni naplii v plivodnim vaku AN definuje
tzv. rezidudlni AN (stupen I11). Stupné I a Il Ize povaZovat za UspéSnou IéCbu, 111 poté za

selhani terapie (Obrézek 6).

COMPLETE RESIDUAL NECK RESIDUAL ANEURYSM

Obrézek 6. Tzv. Montreélska Skala okluze AN rozliSujici kompletni okluzi (stupen 1),
rezidudlni krcek (stuperi 1) a reziduéIni AN (stupen 111). Pfevzato z (246).
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Stupen okluze se hodnoti bezprostfedné po I6Cbé AN a pfi kontrolnich vySetfenich. PFi
zhorSeni anatomického nalezu hovorime o rekanalizaci, pripadné o rekurenci AN. V opacném
pfipadé o ,,progresivni tromboze". Pravé moZnost rekanalizace AN a ndsledného krvéceni je
hlavnim zdrojem obav a nejvétsi dosavadni limitaci endovaskularni 1é¢by — vstup do AN
z(istava otevien, neni kryt intimou. Vyrobci kojld na tento problém reaguji neustavajicim
uvadénim stale novych spiralek na trh. K dispozici jsou tedy kojly potazené kyselinou
polyglykolovou (25, 194, 214, 215), hydrogelem (46, 70), ,.chlupaté* kojly (164) ¢i dokonce
radioaktivni (233, 235). RovnézZ byla vyvinuta a zdokonalena cel4 fada technik, napf. okluze
za pomoci docasného uZziti balonku (tzv. remodelacni technika) (3, 50, 161, 188, 270), stentu
(118, 174, 309) nebo rliznych ,lepidel“ (168, 174, 183). Alfou-omegou téchto technickych
fines z(stava snaha o zajisténi co nejdlkladnéjsi a nejtrvalej$i okluze AN, jenom takova
predstavuje maximalni moznou protekci pfed dal$im krvacenim. Zlatym standardem, v{ci
kterému jsou uvedené techniky porovnavany, zdstava pdvodni GDC. Jejich pFinos vSak na své
kvalitni zhodnoceni teprve ¢eka (154, 319). Literatura je tedy doslova pfesycena mnozstvim
studii do detailli rozebirajicich vyvoj okluze AN v Case, jejich rozbor by vydal na nékolik
desitek stranek. Omezime se proto pouze na souhrnné konstatovani statistik plynouci z
nékterych novéjsich vyznamnych studii a literarnich metaanalyz. Jejich zavéry lze uplatnit

v SirSim kontextu a dobre odréZeji soucasny stav problematiky.

Technicka Uspésnost v endovaskularni 1ecbé UIA byva obvykle definovana jako
zavedeni minimalné jedné spiradlky do AN a pohybuje se vysoko nad 90% (27, 72, 78, 105,
114, 118, 193, 200, 216, 246, 275, 296, 303). Dodejme, Ze technicky nelspésny vykon
predstavuje to nejhorsi, ¢emu mdze léCha pacienta vystavit: pouze komplikacim, benefit je
nulovy. Kompletni okluze AN po zavedeni posledniho kojlu se podafilo dosahnout ve 47-82%

IéCenych UIA, rezidudlni krcek €i vysoky stupen okluze byl patrny v 18-42% a rezidualni AN
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ve 4-19% (27, 72, 82, 94, 105, 114, 193, 216, 246, 275, 296, 303, 322). Lepsich vysledkd se
dafi dosdhnout u mensich AN a u AN s uzsim krckem (78, 193, 246, 275).

Dalsi vyvoj okluze AN vyborné ilustruje prace Standhardta et al (275). Inicialné byla
kompletni okluze patrna u 57,5% AN, rezidualni kréek u 34% a rezidualni AN u 8,5%.
V dalSim sledovani doslo k sniZeni po€tu AN s kompletni okluzi (na 47,9%) Ci s rezidualnim
krckem (na 23,9%) na Ukor nardstu poctu rezidualnich AN (28,2%). Celkem 32 AN (16,1%)
bylo nutno znovu fesit (275). Naopak povzbudivé vysledky prezentoval Im et al. Stabilni
okluze byla patrna u 94,1%, rekanalizace u 5,9%. Autor v3ak neuvadi blizsi vyvoj okluze
podle inicialniho stupné, za stabilni v ¢ase tak miZe byt povazovan i rezidualni kréek ¢i AN,
které byly po terapii patrny u 18%, respektive 5% AN (114). Rekanalizace kojlovaného UIA
se dle velkych studii pohybuje mezi 12-32% (27, 78, 106, 193, 296), k trombdze dochazi u 8-
36% (72, 78, 106, 193). Rekanalizace zavisi pfedevsim na inicialnim stupni okluze, velikosti
AN, velikosti kréku a poméru téchto dvou parametrl (72, 193, 246, 296). Cim vétsi je AN Ci
jeho krcek, tim vétsi moznost rekanalizace. DalSim vyznamnym prediktorem vyvoje je
stabilita okluze na naslednych kontrolnich vysetfenich. Pokud nedoSlo k morfologické zméné
k hor§imu na dvou kontrolnich angiografiich béhem roku, bylo riziko dalsi rekanalizace pouze
4,3%, v opacném pripadé 41,7% (106). Celkové je nezbytné ve 2-16% pripadd prikrocit
k dalSimu vykonu pro grafickou rekurenci (27, 72, 93, 106, 114, 239, 246, 275, 296).
Komplikace béhem téchto opakovanych embolizaci, stejné jako pfi kontrolni DSA, nutno
pocitat mezi MM, naStésti nejsou pFili§ Casté (93, 239), v pfipadé kontrolni DSA pak pfimo
vzAacné (47).

Obavanou manifestaci rekanalizace UIA predstavuje jeho ruptura. JelikoZ jednotlivé
studie nemaji potfebnou statistickou silu k jejimu blizSimu kvantifikovani, provedli Lanterna
et al. metaanalyzu 30 studii (157). Zahrnovala 703 pacientl s celkovou dobou sledovani 1416

pacient-rok(. Endovaskularné osetfené UIA bylo pricinou SAK u 13 pacientd. Roc¢ni riziko
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krvaceni po endovaskularnim oSetfeni UIA bylo stanoveno na 0,9% (95% ClI: 0,41-1,4%).
Z&dn4 z pozorovanych ruptur nenastala u AN mensiho 10 mm &i u AN kompletné
vyfrazeného. Avsak ro¢ni riziko ruptury u AN vétsiho nezli 10 mm jiz bylo 3,5% (95% CI:
0,8-6,2%). Toto riziko se velmi blizi studii ISUIA (8, 322). Nekompletni endovaskularni
terapie takovychto AN mdZe negativné ovlivnit jejich prirozeny pribéh a iatrogené zvysit
riziko ruptury. Patofyziologickym mechanizmem se jevi tzv. ,,compliance mismatch* uvnitf
AN: modifikaci stavajicich hemodynamickych parametrl dochazi k precipitaci ruptury cestou
zvySeného tecného napéti u stény AN (76, 81). Podobny fenomén je dobfe znam u
nekompletné vyfazenych arteriovendznich malformaci, kde parcialni terapie mlze zvysit
riziko krvaceni z malformace (4, 20, 21, 220).

VySe uvedene tvrzeni, Ze k Zadneé ruptufe nedoslo u AN mensiho nezli 10 mm a u
kompletné embolizovaného AN, nutno kriticky zhodnotit (157). Doba sledovani
v jednotlivych studiich byla pFilis kratké nez aby mohla z dlouhodobého pohledu blize
stanovit skutecné riziko ruptury. SAK z kompletné vyfazeného UIA je v literatufe téZ dobre
popsana zalezitost (34, 99, 107, 173, 282).

Z&mérngé jsme predeslé odstavce omezili na nepraskla AN, ve srovnani s nimi praskla
AN zfejmé rekanalizuji signifikantné Castéji (48, 232), ackoliv aktualni metaanalyza literatury
toto nepotvrdila (65). Kompletni okluze prasklého AN zarucuje dobrou protekci pred
opakovanym krvécenim, z dlouhodobého hlediska se vSak nekompletné vyfazené plivodné
prasklé AN pribliZzuje pfirozenému pribéhu UIA (40, 238, 302). Dlouhodoba odolnost

endovaskularni 1é¢by zlstava tedy nadale nezodpovézenou otazkou.
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1.9. Srovnani lé¢ebnych modalit a pfirozeného priibéhu

V predchazejicich kapitolach bylo na UIA pohlizeno ze t¥i GhlG pohledu: prirozeny
pribéh, chirurgickéa a endovaskularni Ié¢ba. Nyni se pokusime o jejich vzajemné porovnani.
Na Gvod predestirame, Ze pfima konfrontace pfirozeného priibéhu UIA neni k dne$nimu dni
mozna vici ani jedné z lé¢ebnych modalit, chybi jejich pfimé porovnani v randomizované

studii. Ze stejného diivodu nelze validné stanovit, které léebné Feseni je lepsi pro UIA.

1.9.1. Pfirozeny pribéh a lécha

Jednim ze zpUsobUl srovnani pFirozeného priibéhu a terapie je epidemiologicka
populaéni studie na velkém poctu pacient(. Britz et al. analyzovali databazi vsech pacientt,
ktefi podstoupili operaci AN ve staté Washington v letech 1978-2001 (35). Porovnali 1062
pacientll po chirurgickém vykonu s 1092 pacienty s UIA, ktefi lé¢eni nebyli. Operovani
pacienti méli signifikantné niz8i 30 denni mortalitu (5,5% oproti 7,6%) a tento rozdil
pretrvaval po dobu 10 letého sledovani (24% oproti 44,5%). Podobné bylo signifikantné méné
¢asté Umrti na neurologickou pricinu (SAK nevyjimaje) u operovanych pacientd (2,3% oproti
5,6%). Zavéry nutno interpretovat s omezenim vzhledem ke sloZeni obou skupin: neoperovani
pacienti byli starsi, spiSe muzi a méli vy3si zastoupeni komorbidit (35).

Dalsi, pomérné oblibeny, zplsob konfrontace pFirozeného priibéhu s rizikem lécby
predstavuji matematické a statistické modely. VVSechny berou v Gvahu celou fadu
predpokladl: napf. normalni predpokladanou délku Zivota, MM SAK, MM léchy, protekci
pred krvacenim a dalSi. Na jejich zakladé jsou pak vytvareny grafy odrdZejici eventuélni
prinos lIéCby. Napfiklad Chang et al. (109) porovnali operacni MM (0-2%), riziko ruptury AN
(0,5-2%/rok) ve vékovych skupinach 40-70 let. PFinos operacniho FeSeni vyjadfil
v prodlouZeni pfedpokladané délky Zivota. Pfi 2% MM operacni IéCby a ro¢nim riziku ruptury

1% bylo prodlouZeni pfedpokladané délky Zivota pro 40 letého pacienta 3,4 roku, ale pro 70
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letého jiZ jen 0,4 roku. Se stoupajicim vékem se tedy benefit terapie sniZzoval (109).
Yoshimoto do Markovova rozhodovaciho modelu mimo jiné zakomponoval jesté de novo
vznik AN a narlst jeho velikosti (329). Benefit pramenici z Ié¢by vysoce odvisel od velikosti
AN; 60 lety pacient s AN menSim nezli 7 mm z 1éCby neprofitoval, pravé naopak. Podobné
analyzy provedli i dalSi autofi (13, 124, 132, 159, 280, 292). Obvyklym zavérem je definovani
urcité skupiny pacient( a jejich specifickych AN, ve které jiz 1é¢ba postrada svlj prinos a

pacienta naopak vice ohroZuje svymi komplikacemi, jak doklada ilustracni Obréazek 7.
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Obrézek 7. Graf zobrazujici klesajici zisk rokd Zivota pro chirurgickou Ié¢bu UIA
v zavislosti na jeji MM a véku pacienta. PFi operacni MM 10% prestava byt lécba
pfinosna ve véku kolem 48 let (Sipka). Pfevzato z (109).

Odlisnym zplsobem postupovali Krisht et al (149). Nejprve kriticky zhodnotili MM
vlastniho souboru 116 operovanych pacientd (0,8% mortalita, 3,4% morbidita). Své pacienty
poté ,,dosadili“ do studie ISUIA (8, 322) a do studie Juvelovy (130). Dle dat studie ISUIA by
v 10 letém sledovani byla MM souboru 12,1%, v Juvelové poté 7,35%. Rozdil byl oproti
obéma studiim statisticky signifikantni pro mortalitu, pro morbiditu jiZ nikoliv. Pfi pouze

pétiletém sledovani jiz rozdil signifikantni nebyl. Dle autor(i dosahla chirurgicka terapie
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lepsich vysledk(l ve srovnani s pfirozenym priibéhem u pacientll s predpokladanou délkou
Zivota minimalné 10 let. Toto tvrzeni je podporeno vynikajicimi vysledky autord a neméli
bychom jej tedy zobecriovat na pracovisté s mensi erudici.

Ani ISUIA sama nezlstala usetfena dalSich analyz. Vindlacheruvu et al. porovnali
MM chirurgické a endovaskularni 1éChy této studie s pFirozenym pribéhem UIA (301).
Vékoveé specifikované rocni riziko umrti vSeobecné populace zndmé z nérodnich statistik
autofi postavili proti MM a ro€nimu riziku ruptury AN pravé ze studie ISUIA. V potaz byla
téZ brana lokalizace a velikost AN, Ci zda se jednalo o AN incidentalni nebo nasledné.
Pravdépodobnost ,,Spatného* vysledku po SAK byla pocitana jako 75%. Uvedené parametry
umozriuji dle autord 22 kombinaci. Pro vybrané byl prezentovan graf zobrazujici roky Zivota
zachrénéné Ci ztracené 1éCbou a vék, ve kterém terapie ztrati své opodstatnéni, tzv. vék
prekroCeni nuly — ,,zero crossing age* (viz téZ Obrazek 7). Grafy mély celou fadu spole¢nych
znak(: pocet rok( Zivota zachranénych léchou klesa s narlistajicim vékem. Pro kazdé AN
existuje vék, po kterém jiz dochazi ke ztraté ocekavanych roki Zivota nasledkem Iécby. Pro
incidentalni AN mensi nezli 7 mm v pfedni cirkulaci jaké&koliv terapie po 20 letech véku vedla
ke ztraté ocekavanych rokl Zivota; dlivodem je nejnizsi mozné teoretické riziko ruptury
téchto AN. Pro zbyla AN (tedy pro ta ,,nebezpecnéjsi*) byla terapie prinosna, pokud bylo
oCekavané preziti delSi nezli 15-45 let, coZ pro normalni populaci odpovidéa véku 45-70 let.
Roky Zivota zachrdnéné u mladsi populace byly velmi variabilni; zalezi na typu AN. Naopak,
vék prekroceni nuly prili§ variabilni nebyl; tento je hlavné urcen rizikem léCby, které s vékem
narlista. Limitaci této prace je samoziejmé zavislost na ISIUA a kvalité plivodnich dat (301).

Vsechny vyse uvedené studie a analyzy trpi celou fadou metodologickych neduh(:
selekce pacientd, pFilis hruba definice MM, ztraty pacientll pfi sledovani, predpoklady
vychazejici z jinych studii nemusi byt opravnéné nebo chybi nezavislé hodnoceni klinického

stavu pacienta atd. Hlavné v literatufe chybi kvalitni pfimé porovnani dvou dobre
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srovnatelnych skupin pacientd, z nichz jedna podstoupi lé¢bu a druha bude dlouhodobé lé¢ena
konzervativné. Pravé takova studie srovnavajici riziko endovaskularni 1é¢by a pfirozeny
pribéh AN v soucasnosti probiha (TEAM) (231). Randomizovano bude 2002 pacient(l
stejnym dilem mezi endovaskularni I1é€bu AN a konzervativni postup, tedy prostou observaci.
Studie bude probihat po dobu nejméné 14 let: tfi roky pro nabor pacientd a minimalné 10 let
sledovani. Hlavnim cilem studie je zjisténi kombinované MM z intrakranidlni hemoragie Ci
nasledkem endovaskularni IéCby. Déle pak zjisténi Cetnosti intrakranialniho krvéaceni v obou
skupinach, morbidita endovaskularni 1é€by, morfologické vysledky po 5 a 10 letech, celkovy
klinicky stav v tuto dobu a kvalita Zivota pacienta (236). Vysledky tedy nebudou k dispozici
celou fadu let, moZnd i desetileti. Snad bychom mobhli i fici, Ze tato studie je pro moji generaci
doby se pfi informovani pacientl musime spoléhat na literarni tdaje a kritické hodnoceni
vlastni MM. Model porovnavajici pfirozeny priibéh a MM endovaskularni lé¢by vlastniho

souboru bude prezentovan ve vysledkoveé Casti této prace.

1.9.2. Porovnani chirurgické a endovaskularni 1é¢by neprasklych mozkovych aneuryzmat

Soucasna literatura pfi absenci randomizované studie nabizi k porovnani
endovaskularni a chirurgické Ié¢by UIA v zasadé pouze dva typy studii. Jednak se jedna o
analyzy rozsahlych databazi hospitalizovanych pacientd. Tyto dobre odhali mortalitu za
hospitalizace, avsak morbidita byva obvykle definovana jako dimise do jiného zdravotnického
zafizeni Ci rehabilitaCniho Ustavu. Takova definice morbidity je pomérné hrubd, oziejméni
neuropsychologickych nasledk( dom(l propusténych pacient neni realné, stejné jako
dlouhodobého stavu pacienta. Druhy typ studii pak predstavuji série pacientd z jednoho ¢i
vice center s rlizné kvalitni metodologii. Vyznamné studie obou typ( stru¢né rozebereme

v nasledujicich odstavcich.
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Pfed 10 lety srovnali Johnston et al. (122) 2357 pacientl lé¢enych chirurgicky s 255
endovaskularné v 60 univerzitnich nemocnicich v USA, za uZiti vySe definovanych kritérii
MM (morbidita rovna se preklad do rehabilitatniho zafizeni). Mortalita byla signifikantné
nizsi u pacientll lééenych endovaskularné (0,4% oproti 2,3%), stejné jako celkova MM
(10,6% oproti 18,5%) Ci délka pobytu v nemocnici. Jiz samotnéa skladba nemocnic mohla
vyznamneé ovlivnit vysledky: 42 z 60 neposkytovalo endovaskularni 1é¢bu viibec, 90%
pacient(l lé¢enych endovaskularné bylo ze &tyF center. Jak zminéno dfive (102), centralizace
pacient(l vede k lep$im vysledk(im. Charakter studie dale nemohl zohlednit dal$i faktory
potencionalné vedouci ke zkresleni zavér(: chyby pri zadavani kodd pacientli a vykond do
databaze, vyznamné rozdily mezi l1é€enymi pacienty a v neposledni fadé, jiz zmifovana
definice morbidity. Chirurgicky léCeni pacienti se mohou zotavovat pomaleji, ale jejich
zotaveni mize byt Gplné i pfes prechodny pobyt v rehabilitacnim zarizeni. Mortalita po
propusténi navic nemizZe byt zohlednéna viibec (122).

Stejni autofi podobnou metodologii zhodnotili 1éCbu UIA ve staté Kalifornie na
vzorku 1699 chirurgicky a 370 endovaskularné lécenych pacientd (126). Také tyto zavéry se
velmi podobaly vySe uvedené studii. Mortalita za hospitalizace byla signifikantné vyssi u
chirurgicky lécenych pacientl (3,5% oproti 0,5%), stejné jako celkova MM (25,4% oproti
9,7%). Béhem doby studie (1990-1998) se MM endovaskularni 1é¢by signifikantné sniZzovala,
chirurgické nikoliv. Centra lé¢ici rocné vétsi pocet pacientli méla signifikantné nizsi MM
nezli centra s malym poctem pacient(l. Limitace této prace se vsak téz nelisi od dfive uvedené,
jeji vysledky tedy nelze generalizovat.

Dalsi studie z této kategorie do$la jiz k lehce odlisnym vysledkim, odvislym od
definice MM (17). Mortalita sama o sobg jiz nebyla signifikantné rozdilna (2,1% chirurgie
oproti 1,7% endovaskularni). Dimise do dlouhodobého rehabilitacniho zafizeni spolu

s mortalitou se téZ signifikantné neliSily mezi obéma terapeutickymi modalitami. Zahrneme-li
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do definice MM i dimisi do kratkodobého rehabilitacniho zafizeni, poté je rozdil jiz
signifikantni ve prospéch endovaskularni 1é€by (9,1% oproti 18,4%). JazyCek na vahach zde
tvofili pacienti nad 65 let, ktefi byli prekladani do kratkodobych rehabilitacnich Gstavd. Pro
Uplnost jesté uvadime vysledky dvou takovychto studii: Cowan et al. nenalezli signifikantni
rozdil v mortalité, ale vice chirurgickych pacientl bylo preloZeno jinam nezli domi (51). Ve
studii Higashidy et al. jiz vyznéla endovaskularni lé¢ba lépe jak v mortalité tak morbidité
(97). Metodologické nedostatky vsak zlstavaji stejné.

Kratky prehled studii jednotlivych center zatneme opét u Johnstona et al (125).
Pomérné zvlastnim metodologickym postupem, ktery autofi nazvali ,,blinded prospective
review*, selektovali z 216 pacient(i 130 (68 chirurgicky a 62 endovaskularné lé¢enych). Obg
skupiny byly dobre srovnatelné ve vSech zékladnich parametrech, pouze pacienti podstupujici
endovaskularni 1écbu byli nepatrné starsi (o Ctyfi roky) a spiSe se prezentovali lok&Inimi
priznaky z tlaku AN. Ke zhor$eni o dva a vice bod( na Rankinové $kale doslo u 25%
chirurgicky a u 8% endovaskularné lééenych pacient(. PFi analyze vSech 216 pacient( byly
vysledky podobné (28% oproti 5%). Délka hospitalizace a naklady na 1é€bu byly téZ
signifikantné vyssi v chirurgické vétvi. Intrakranialni krvaceni bylo pozorovano u Ctyf
pacient(, jeden z nich byl lééen chirurgicky. Rozdil vSak nedosahl statistické vyznamnosti.
V porovnani s chirurgii hodnoti autofi endovaskularni 1é¢bu jako slibnou techniku, jeji
dlouhodobou G¢innost viak nelze zatim potvrdit (125).

Brilstra et al. prospektivné porovnala 32 chirurgicky a 19 endovaskularné lécenych
pacientll (34). ZhorSeni na Rankinové $kale po operaci autofi pozorovali u &tyr (13%)
pacientd, kdezto po endovaskularnim vykonu u dvou (10%). Avsak zasadni pFispévek této
préace spociva v hodnoceni kvality Zivota pomoci dotaznik( SF-36 a EQ-5D a v hodnoceni
deprese a Uzkosti. TTi mésice po operaci byla u pacientd vyznamné ovlivnéna kvalita Zivota

ve srovnani se stavem pred ni. Oproti normalni populaci pacienti téZ Castéji trpéli depresi a
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zkosti. Do roka doslo k vyznamnému zlepseni, av$ak plvodnich hodnot dosazeno nebylo. U
endovaskularni Ié¢by k ovlivnéni kvality Zivota nedoslo. Studie tak zaroven zdlraziuje
nutnost uZiti ,,jemného* hodnoceni stavu pacienta (34).

Prospektivné uplatnény protokol Raftopoulose, ktery povazoval endovaskularni Ié¢bu
za metodu volby pfinesl nasledujici vysledky (228). V endovaskularni skupiné 38 pacient(
pozoroval 10% prechodnych a 7,5% trvalych komplikaci. Uspésné obliterace AN bylo
dosazeno v 70,7%. Ve skupiné chirurgicky lééenych 39 pacientll byla pfechodna morbidita
16,3%, trvald 1,7% a Uspé3na obliterace v 94,9%. Je tfeba upozornit na néktera fakta, jez
mohla vysledky ovlivnit. Autofi neuzivali remodelacni techniku ¢imz vysvétluji Spatné
anatomické vysledky. Dal$im ddivodem mize byt vysoké zastoupeni AN s nevyhovujicim
pomérem kréek / vak. PoCet komplikaci v endovaskularni skupiné se zda pfrilis vysoky, vice
nez polovina nastala u pacienti s AN v oblasti a. cerebri media. Tato lokalizace neni obecné
povazovana za p¥ilis vhodnou ke kojlovani, vétSina center zde lokalizovana AN fesi
chirurgicky. Proto musime brat zavéry autor(i s témito omezenimi (228).

SpiSe nezli upfednostnéni jedné léCebné modality pfed druhou, jako v pfedchozim
pripadé, povede k nejlepsim vysledkdm vybér lééebné metody pro dané AN. S touto filozofif
dosahli Gerlach et al. vynikajicich vysledkd (74). Nové vznikly neurologicky deficit se
vyskytl u 6,4% operovanych a 7,7% kojlovanych pacient(. PGl roku po vykonu ¢inila celkova
morbidita jen 2,3% (3 pacienti). Anatomicke vysledky endovaskularni 1éCby vSak za
klinickymi pokulhavaly: kompletni obliterace byla patrna jen u 26 AN (66,7%), pét muselo
byt znovu feSeno. Naopak chirurgicka terapie vedla ke kompletni obliteraci v 93,6%, Zadné
reoperace nebyla tfeba (74).

Porovnat viechny tfi léCebné moZnosti (konzervativni, endovaskularni a chirurgickou
terapii) se pokusil Greving za uZiti Markovova modelu berouci v potaz riziko ruptury, lé¢ebné

komplikace, formaci nového AN, jeho rekurence a eventudlni ruptury, a kone¢né, MM SAH
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(79). Pro 50 leteho muZe s AN majici 1% rocni riziko ruptury bylo doZivotni riziko SAH
22,8% pfi konzervativnim postupu, 1,6% po operaci a 3,4% po endovaskularnim vykonu.
VSechna uvedena rizika se s rostoucim vékem sniZzovala. Formace de novo AN pfilis velky
vliv na vysledky neméla. Vzhledem k delSimu preZiti byla rizika lehce vy3Si u Zenské
populace (26,3% riziko SAH bez 1é¢by, 2,1% po operaci a 4,1% po kojlovani) (79).
Zavérem pro Uplnost jesté zopakujeme vysledky studie ISUIA (322). Rok po vykonu

¢inila MM chirurgickych pacient( 12,1% oproti 9,5% endovaskularné lééenych.

1.9.3. Porovnéani chirurgické a endovaskularni 1écby prasklych mozkovych aneuryzmat

JelikoZ je problematika prasklych mozkovych AN mnohem vice probadana, nelze na
tomto misté nezminit nékteré vyznamné studie. K dispozici mame metodologicky viceméné
dobfe postavené randomizované pokusy, jejichz vysledky ovlivnily 1é¢bu AN jako takovych,
a jejichz zavéry lze s jistou davkou obezretnosti aplikovat i na AN nepraskla. Proto si zaslouZi
bliZzSiho pohledu.

Prvni randomizovanou studii porovnavajici chirurgickou a endovaskularni lé¢bu
akutné prasklych AN provedl jiz v letech 1995-1997 Vanninen et al (299). Za toto obdobi
autofi randomizovali do dobfe srovnatelnych skupin 52 (kojl) a 57 (klip) pacientl. Klinické
vysledky tfi mésice po 1é€bé byly zcela srovnatelné a vysledny stav pacienta odvisel
predevsim od tize SAK. Uspokojivého klinického stavu dosahlo 81% pacient( lé¢enych
endovaskularné oproti 79% chirurgicky (p=0,36). Angiografické vysledky v pfedni cirkulaci
byly signifikantné lepsi u klipovanych pacientd, naopak ve VB povodi se ukazala lepsi
endovaskularni 1écba. PFi rocnim sledovani nedoslo k Zadné signifikantni zméné, stav
pacienta zavisel hlavné na incidenci vazospazmu, tizi SAK, nutnosti zkratové operace a
velikosti AN (146). PFi neuropsychologickych testech nebyl pozorovan signifikantni rozdil

mezi obéma modalitami ani ve tfech mésicich, ani v roce. V obou skupinach vSak doslo
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k signifikantnimu zlep$eni za toto obdobi (146). K podobnym dlouhodobym vysledkim
dospéli i jini autofi (68). V rozséahlejsi studii stejny tym porovnaval vyskyt ischemickych 1ézi
na MRI rok po operaci Ci kojlu akutné prasklého AN (24). Klinické vysledky obou vétvi byly
opét porovnatelné, avsak chirurgicti pacienti méli signifikantné Castéjsi ischemickeé léze

v povodi matefské tepny. Tyto léze dobre korelovaly s vysledky neuropsychologickych testd.
VSechny tfi uvedené studie vSak pochazeji z jednoho centra, jejich vysledky tedy nelze
generalizovat a spiSe odrazeji vytfibenou techniku taméjsich odbornik( a Groveri péce o
pacienta po SAK.

Nejveétsi dosud publikované studie International Subarachnoid Aneurysm Trial (ISAT)
randomizovala 2143 pacientd z 9559 moZnych ve 43 centrech do chirurgické (1070) Ci
endovaskularni (1073) vétve (182). Nabor pacientl byl pfedCasné zastaven pro jasnou
pfevahu endovaskularni l1éCby, ale jejich sledovani stale pokraCuje. Obé vétve byly dobre
vyvazené, co se tyce zakladnich charakteristik pacientli. Témér 88% pacient(l bylo v dobrém
klinickém stavu (WFNS stupefi 1 a 2). Vice neZ 97% AN se nachézelo v predni cirkulaci,
vétSina pak v oblasti a. cerebri anterior €i intrakranidlniho Gseku a. carotis interna; vice nez
92% AN bylo mensich nez 10 mm. Velka Britanie se na poctu pacient(l podilela z vice nez z
76%. Tyto statistiky zde vyzdvihujeme zcela zamérné, aby vynikla studované populace. Déle
zminéné vysledky bychom proto neméli aplikovat na vSechny pacienty po SAK. Rok po
vykonu 23,7% pacientll podstoupivsich endovaskularni 1é¢bu zemrelo nebo bylo ve $patném
klinickém stavu oproti 30,6% pacientll lé¢enych chirurgicky (p<0,0001). Pravé tento rozdil
ved| ke zmifiovanému pred¢asnému zastaveni studie. V dlouhodobém sledovani (pét let)
doSlo ke smazéni tohoto rozdilu: dobrého klinického stavu dosahlo 626 ze 755 sledovanych
(83%) endovaskularnich pacientli a 584 ze 713 sledovanych (82%) operovanych pacient(i
(184). Za timto ziejmé stoji jejich dlouhodobéjsi zotaveni. Ackoliv endovaskularni lé¢ba

sniZzovala riziko nésledné epilepsie (185), pravé opacny efekt byl pozorovan u recidivy SAK
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(184, 185). Rocni riziko opakovaného SAK bylo stanoveno na 0,063% po klipu AN oproti
0,21% po 1é¢bé endovaskularni. Analyza téchto dat vedla k zavéru preferujici chirurgickou
Ié¢bu u pacientl mladsich 40 let (180). Opakovany vykon na prasklém AN byl témér 7x
pravdépodobnéjsi u endovaskularné reSenych, komplikace téchto vykon( se vsak na
vysledném klinickém stavu neodrazily (42). Podskupina pacientl starsich 65 let vice
profitovala z endovaskularni l1ecby pfi lokalizaci AN na a. carotis interna i pfi odstupu a.
communicans posterior; naopak AN na a. cerebri media byla vhodnéjsi pro chirurgické FeSeni
(248). Zajimavé je porovnani ceny obou lé¢ebnych modalit v této studii: Zadny rozdil
neshledali autofi, pokud analyzovali pouze pacienty lé¢ené ve Velké Britanii (326), naopak
preneseni vysledkd do Spojenych Statli oznacilo endovaskularni 1é¢bu jako drazsi, ale
spojenou s lepSim vysledkem (172).

ISAT je oblibenym cilem kritik( (51), zde uvadime jen nékteré hlavni vytky.
Randomizovano bylo jen 22% pacientd z celkového poctu osetfenych v participujicich
centrech, coZ mohlo vést k selekci pacientli. Navic 60% z vyfazenych podstoupilo operacni
feSeni (165) a jejich vysledny stav neni znam. Pouze dva pacienti ve studii byli 1éCeni ve
Spojenych Statech, vysledky tedy nelze aplikovat na tuto zemi (90). Neobvykle vysoky pocet
opakovanych krvaceni v obou vétvich nuti k zamysleni nad erudici chirurgl ¢i intervencnich
radiologll. Autofi bohuZel neposkytli data ohledné zkusenosti jednotlivych center (napf. pocet
AN IéCenych za rok). Podobné nezvykle dlouhy interval mezi SAK a chirurgickou Ié¢bou (a
béhem této doby mnoZzstvi opakovanych krvaceni) nejspiSe reflektuje specifické logistické
(ne)moznosti Velké Britanie. Jiz zmifiovana skladba pacienti a AN neodrazi typickou kohortu
pacientll se SAK lécenych v centru, kde neni mozna selekce.

Jaké je tedy hlavni poselstvi této studie? Pokud se urCité AN jevi stejné vhodné

k 1eCbé jednou €i druhou metodou, endovaskularni pristup by mél mit pfednost.
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Studie CARAT (Cerebral Aneurysm Rerupture After Treatment) porovnava mimo jiné
rozdil v opakovaném SAK mezi nerandomizovanymi kohortami pacient(i po endovaskularnim
¢i chirurgickém oSetfeni prasklého AN. Rocni riziko reruptury po roce sledovani bylo
stanoveno na 0,11% (95% ClI: 0-0,63%) pro zakojlované AN a 0% (95% CI: 0-014%) pro
zaklipované AN (11). Riziko reruptury v prvnim roce pro viechny pacienty bylo 2,2%, ve
druhém roce 0,2% a nulové posléze (121). Uvedené vysvétluje fakt, Ze 17 z 19 reruptur
probéhlo béhem mésice po vykonu. Riziko reruptury jako takové bylo vy3si u endovaskularné
feSenych AN: 3,4% oproti 1,3% u chirurgicky. Rozdil inklinoval k signifikanci, aviak
nedosahl ji. Riziko reruptury se signifikantné sniZzovalo se zvysujici se okluzi AN (121).
Studie CARAT tak v podstaté potvrdila vysledky ISATu co se tyCe rizika opakovaného SAK.

Jako posledni zminime studii porovnavajici riziko opakovaného SAK u adekvatné
zakojlovanych prasklych AN, (tedy téch s vice nez 90% okluzi), a zaklipovanych AN (257).
Ve vysoce vyselektované skupiné 283 pacientl s adekvatni okluzi na pllro¢ni kontrole doslo
k nasledné ruptufe pouze u jednoho pacienta, dvé reruptury byly suspektni. Toto odpovida
osmileté kumulativni incidenci 0,4% (95% CI: 0,4-1,2%). Rekurentni SAK byl pozorovan u
17 ze 748 zaklipovanych AN, v osmileté kumulativni incidenci se jedné o 2,6% (95% ClI: 1,2-
4,0%). Ohledné pacientl bez adekvatni okluze autofi mi¢i, ackoliv jak patrno nejen z vyse
uvedené studie CARAT (121), prave stupefi okluze AN je rozhodujici pro protekci pfed
krvacenim. Pfimé porovnani s chirurgickou lécbou tedy pokulhava (257).

Na vysledky dalSich tfi randomizovanych studii (Barrow Ruptured Aneurysm Trial —
BRAT, HydroCoil Endovascular Aneurysm Occlusion and Packing Study — HELPS (318) a
Cerecyte Coil Trial) si musime jesté pockat, jisté pfinesou cenna data ohledné 1écby prasklych

AN.
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Zavérem Casti porovnavajici obé lé¢ebné modality AN musim jako neurochirurg
s jistou davkou zavisti konstatovat, Ze endovaskularni léCba se na zékladé soucasnych
literarnich poznatkd jevi jako Setrngjsi k pacientovi, je zatizena mensim rizikem komplikaci,
avsak jeji dlouhodoba Gcinnost zlstava prinejlepsim nejista. Jeji dobré vysledky vsak
paradoxné pfispivaji k minimalizaci komplikaci neurochirurgi a cely nas obor tak posouvaji

kupredu, nemam tedy obavy, Ze by AN vymizela z operacnich sald.
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1.10. Shrnuti poznatkd

- prevalence UIA se v populaci pohybuje mezi 0,5-2%

- nejobavanéjsSim projevem AN je jeho ruptura a nasledné SAK

- MM SAK se pohybuje kolem 60-70%, neuropsychologické nasledky jsou Casté

- roéni incidence SAK v CR je zhruba 5-7:100,000 obyvatel

- vétSina UIA tedy nepraskne, pokud ano, nasledky jsou devastujici, preventivni feSeni je
velmi atraktivni, av3ak je tfeba jej postavit proti riziku aktivni IéCby

- riziko ruptury zvysuje narlstajici velikost AN, lokalizace ve VB povodi a SAK
vV anamneze

- Sirsi uziti screeningu nelze dle soucasnych poznatk( doporudit

- MM chirurgicke léCby se pohybuje mezi 10-15% a zavisi predevsim na lokalizaci,
velikosti AN a véku pacienta

- rocni riziko ruptury UIA po klipu jsou fadové desetiny procenta

- MM endovaskularni l1éCby se pohybuje mezi 5-10%

- rocni riziko ruptury UIA po kojlu je fadové 10x vyssi nezli po klipu a nar(sta s velikosti
AN a nelplnou okluzi

- zhruba 30-40% zakojlovanych AN rekanalizuje a 10% je nutno opakované feSit

- lepsich vysledkl dosahuji obé techniky v centrech s velkym poétem pacient(

- pfimé porovnani prirozeného pribéhu UIA, endovaskularni a chirurgické l1écby dodnes
neni k dispozici

- jak pro chirurgickou, tak endovaskularni terapii existuji pacienti, u nichz riziko lecby
prevazi prirozeny pribéh onemocnéni

- endovaskularni 1é¢ba se na zakladé soucasnych literarnich pramen( jevi jako Setrnéjsi

k pacientovi, avSak jeji dlouhodoba Gcinnost zlstava nejista
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2. Cile studie
Cilem studie bylo komplexni zhodnoceni endovaskularni IéCby UIA na pracovisti
s velkou spadovou oblasti a porovnani jeji MM s pFirozenym priibéhem znamym z literatury.

Konkrétné se jednalo o nasledovné:

1. Technické Gspésnost endovaskularniho vykonu (Kapitola 4.1.)

2. Okluze UIA bezprostiedné po embolizaci (Kapitola 4.2.)

3. Vyvoj okluze v Case, tedy rekanalizace Ci progresivni tromboza (Kapitola 4.3.)

4. Nutnost opakovaného feSeni rekanalizovaného UIA (Kapitola 4.3.)

5. Komplikace Ié¢ebnych vykon a jejich klinicka manifestace (Kapitola 4.4.)

6. Dalsi vyvoj neurologického deficitu zplsobeny pfimym tlakem AN (Kapitola 4.5.)

7. Stav pacientli béhem sledovani (Kapitola 4.6.)

8. SAK z o8etfeného UIA béhem doby sledovani (Kapitola 4.6.)

9. Porovnani permanentni MM s pFirozenym pribéhem UIA z literatury pomoci
matematického modelu (Kapitola 4.7.)

10. Definice pacientd, u nichz je l1écba UIA indikovana (Diskuze)
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3. Material a metodika

V letech 2004-2005 jsem dostal pFileZitost pobyt Sest mésicll na stipendijnim pobytu
ve Frenchay Hospital v Bristolu (Velka Britanie). Jiz dfivéjSi kontakty s taméjsim
neurochirurgickym a neuroradiologickym oddélenim vyustily ve spolupréci, jejiz vysledky
byly nejen publikovany v impaktovanych ¢asopisech (27, 238, 239) a pfedneseny na mnoha
kongresech, ale tvori i podklady pro niZze uvedenou préci. PFi jejim hodnoceni prosim Ctenare
0 pamatovani, Ze ne v8e, co plati v Britanii, plati i jinde ve svété Ci v naSich podminkéach.
Prezentovana data jsou vysledky pouze jednoho, byt velmi aktivniho pracovisté s velkou

spadovou oblasti a tudiz vysokym objemem pacient.

3.1. Populace pacient(

Vsichni pacienti, ktefi prodélali 1é¢bu UIA ve Frenchay Hospital za obdobi prosinec
1996-z4ri 2005 byli identifikovani z prospektivné vedené databdze. Celkem se jednalo o 131
pacient(l (93 Zen a 38 muz(l) u nichz bylo Ié¢eno endovaskularné 151 UIA. Priimérny vék
souboru Cinil 51 let (2-82 let). Pfedchazejici SAK vedlo k diagndze 77 dalSich UIA u 66
z téchto 131 pacientd. Plvodné prasklé AN bylo identifikovano na zakladé rozlozeni krve na
CT, vzhledu AN (pfedevsim pak jeho velikosti a tvaru) a pritomnosti eventualniho
vazospazmu. Toto AN bylo oSetfeno primarné béhem péce o pacienta po SAK, dalSi AN
nasledovné pri dobrém zotaveni se z inicialniho krvéaceni. U dal$ich 24 pacientd se stejny
pocet AN projevil fokalnim neurologickym deficitem plynoucim z tlaku na okolni struktury.
Nesouvisejici zobrazovaci vysetfeni vedlo k diagnéze 50 incidentalnich UIA u 41 pacientd.
Celkem 65 pacientl (49,6%) mélo vicecetna AN. Zakladni data populace jsou shrnuta

v Tabulce 2.
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Muzi: Zeny

93: 38

Prdmérny vék (rozmezi)

51 (2-82) let

Pfedchozi SAK

66 pacientd

77 aneuryzmat

Tabulka 2. Zakladni
charakteristika souboru
pacient( a jejich
aneuryzmat.

Lokalni tlak

24 pacientd

24 aneuryzmat

Néhodny nalez

41 pacient(

50 aneuryzmat

Celkem

131 pacientd

151 aneuryzmat

ViceCetna aneuryzmata

65 pacientd

3.2. Charakteristika aneuryzmat

Ze vSech 151 AN bylo 131 (87%) lokalizovano v predni cirkulaci a 20 (13%) ve VB

povodi. Nejcastéji se UIA vyskytovalo v oblasti odstupu a. communicans posterior (36 AN,

24%) a a. cerebri media (34 AN, 22%). Jednotlivé zastoupeni anatomickych lokalizaci

ukazuje Tabulka 3.

Lokalizace n | %
A. communicans posterior 36 | 24
A. cerebri media 34 | 22
A. oftalmica 30 | 20
A. communicans anterior 19 | 11
Bifurkace a. carotis interna 11 | 8
A. pericalosa 4 3
Bifurkace a. basilaris 11 | 7
Ostatni VB povodi 9 6

Tabulka 3. Lokalizace aneuryzmat.
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VétSina AN byla malych (do 7 mm) — 97 (64%). Stfedni velikost AN (8-12 mm) byla
pozorovana u 37 (24%) AN, velké (13-24 mm) u 12 (8%); pét AN (3%) bylo gigantickych

(nad 25 mm). Velikosti AN a jejich kréki jsou shrnuty v Tabulce 4.

Velikost AN n | % Tabulka 4. Velikost léenych UIA
s uvedenim rozméru kréku AN

Mala (7 mm) 97 | 64 v kazdé skupiné.

- Uzky kréek (=4 mm) 61

- Siroky kréek (>4 mm) 36

Stfedni (8-12 mm) 37 | 24

- Uzky kréek (=4 mm) 9

- Siroky kréek (>4 mm) 28

Velka (13-24 mm) 12 | 8

- Uzky kréek (=4 mm) 3

- Siroky kréek (>4 mm) 9

Giganticka (=25 mm) 5 3

3.3. Komplikace a dalsi sledovani pacient(

Neurologické komplikace béhem endovaskularniho vykonu byly klasifikovany jako
hemoragické nebo ischemické (trombembolické). Tyto byly dale rozdéleny na klinicky néme
(tedy takové, jejichZ diagn6za byla pouze radiologickd, na klinickém stavu pacienta se
neprojevily), pfechodné (k pIné Upravé doslo béhem Sesti mésicl) a trvalé (perzistence
neurologického deficitu po Sesti mésicich). Jakakoliv zména v neurologickém stavu ve
srovnani se stavem pred vykonem byla povaZzovana za neurologickou komplikaci. Toto se
tykalo predevsim pacientli po SAK, u kterych nedoslo k plné Gpravé klinického stavu a trvalo

neurologické postizeni. Toto vSak nikdy nebylo tak vazné, aby pacienty omezovalo v béZném
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zivoté. Vysledny klinicky stav pacienta byl hodnocen pomoci Glasgow Outcome Scale (120),
a to béhem kontrolni DSA (Sest mésicli po vykonu) nebo pfi kazdoro¢ni nasledné MRAg.
Vyjma zobrazovacich vySetfeni, byli vSichni pacienti sledovani cestou pravidelnych
ambulantnich ndvstév. V8echny dalSi komplikace vedle neurologickych byly téz
zaznamenany. Vyvoj neurologického deficitu zplsobeného tlakem samotného AN byl
klasifikovan jako Gplné zotaveni, pokud do$lo k pIné regresi symptom(; ¢aste¢né, pokud bylo
zlepSeni neuplné; beze zmény a zhorseni.

PFi dimisi mél kazdy pacient naplanovanou kontrolni DSA po Sesti mésicich, po této
nasledovala kaZzdoro¢ni MRAg. Pokud na této bylo podezfeni na rekanalizaci AN, indikovali
jsme nasledné DSA. Recidivujici AN byla opakované oSetfena, pouze pokud to aktualni
klinicky stav pacienta dovoloval. Stupen okluze AN byl klasifikovan pomoci jiz zmifiované
Montrealské Skaly podle Raymonda-Roye (246): kompletni okluze (stuperi I) — nedochazi
k Zadnému pInéni vaku AN ¢i jeho krcku; reziduélni kréek (stuperi 1) — dochézi k plnéni
pdvodniho vstupu do AN; a konec¢né rezidualni AN (stuperi 111), které charakterizuje
kontrastni naplni v plvodnim vaku AN. AN bylo povaZzovano za stabilni, pokud na
kontrolnich vySetfenich nedoSlo ke zméné oproti minulym vySetfenim (nedo$lo k progresi
k vys§imu stupni). Jako rekanalizace byla definovana novéa oblast kontrastem se opacifikujici
(progrese k vyssimu stupni). Jakékoliv AN s nezménénou morfologii hodnocenou pivodné
jako stupen 111 bylo oznaCeno za rekanalizaci, stejné tak jako kazdé AN vyZadujici dalsi
feSeni. Progresivni trombo6za pak definovala zlepSeni okluze mezi jednotlivymi grafickymi
vySetfenimi. UZita Skala je schematicky zndzornéna na Obrazku 6 pfevzatém z citované prace

(246) a na ilustrativnich pfikladech (Obrazky 8 a 9).
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Obrézek 8. AN na bifurkaci a. basilaris, jak patrno z DSA (A), jejich 3D rekonstrukci
(B). P¥i kontrolnim vySetfeni AN plIné vyfazeno (C).

RESIDUAL NECK

—H

Obrézek 9. A — Reziduélni krcek (Sipka) na AN na a. communicans anterior pfi
kontrolni DSA.

B — Rezidualni aneuryzma (Sipka) na kontrolni DSA po nepfili§ Uspésné
endovaskularni 1é¢bé AN na bifurkaci a. basilaris.
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VSechny endovaskularni vykony byly provedeny dvéma zkuSenymi intervenénimi
neuroradiology (Shelley A. Renowden a Andrew J. Molyneux) s nejméné tfiletymi
zkuSenostmi s endovaskularni 1é¢bou mozkovych AN na zaCatku této studie. Detailni popis
endovaskularniho vykonu mné jako neurochirurgovi nepfislusi, zdjemce odkazuji na mnohé
reference citovane v Casti prace zabyvajici se endovaskuléarni 1éCbou (zejména pak Kapitoly

1.8.a1.9).

3.4. Matematicky model

Jeden ze spoluautor(i ndmi publikované prace (27) (P. Mitchell) jiz dfive publikoval
modely porovnavajici pfirozeny priibéh UIA s riziky 1é¢by (179, 301). Jejich cilem bylo
definovani benefitu 1é€by ve smyslu ovlivnéni pfedpokladané délky Zivota. JelikoZ nejsou
k dispozici randomizované studie, jako zakladni data poslouzily samostatné populace
pacientd, ktefi byli bud’ 1éceni nebo pouze observovani (hlavné pak ze studie ISUIA (322)).
Pro model v této praci byla pouzita MM souboru a porovnana s priibéhem UIA znamym
z literatury (45, 240, 313, 322). Byla provedena adjustace berouci v Uvahu rozdil mezi nasi
populaci a literarnimi zdroji ve smyslu vékové distribuce a typu AN. Tento efekt se ukazal
mit minimalni vyznam, zodpovidal za méné nez 1% celkového rizika IéCby.

UIA jsme rozdeélili do dvou skupin podobné jako ve studii ISUIA (322), tedy na AN
projevivsi se jinak nezli SAK a na AN nasledna u pacientll s pfedchozim SAK. Rozdéleni AN
podle velikosti jsme uZili rovnéz stejné: <7 mm, 8-12 mm, 13-24 mm a v&tSi nez 24 mm. Pro
vzniklych sedm skupin (AN Vétsi nezli 24 mm se v druhé skupiné nevyskytlo) byl vytvoren
model porovnavajici prirozeny pribéh s MM souboru v kazdé podskupiné pacientli s ohledem
na vek.

V tomto modelu bylo ro¢ni riziko ruptury povazovano za konstantni v ¢ase. Na

zakladé spojité Poissonovy distribuce byly vypocteny 95% intervaly spolehlivosti. Klinicky
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vysledek po SAK byl klasifikovan jako dobry (zadné nebo minimalni postizeni) a Spatny (vSe
ostatni). Riziko krvaceni bylo znasobeno prospektivné pozorovanou MM SAK (75%) (301).
Model dale predpokladal ovlivnéni o¢ekavané doby preZziti pacienta s mozkovym AN; ve
srovnani s béznou populaci je kratsi (63, 180, 243). Pfi vyfazeni AN jsme predpokladali 90%
ochranu pred rupturou (180). Detailni metodologie matematického modelu je pro pfipadné

zajemce uvedena v Priloze 11.1.
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4. Vysledky
4.1. Technicka Uspésnost

Technicka Uspésnost byla definovana jako katetrizace AN s odpoutanim alespon jedné
spiralky do jeho vaku. Celkem bylo provedeno 142 endovaskularnich vykon( (Sest pro
rekanalizaci). Endovaskularni I1é€ba byla technicky UspésSna u 145 AN (96%) a selhala u péti.
Téchto pét pacientll podstoupilo nekomplikovany neurochirurgicky vykon. Posledni pacient

bude probréan nize v rdmci mortality.

4.2. Okluze aneuryzmatu bezprostredné po embolizaci
Jak zminéno v pfedchozim odstavci, embolizace byla Gspé3na u 145 UIA. Uplné
okluze se podafilo dosahnout u 92 AN (63%), rezidualni kréek zlstal patrny u 44 AN (30%) a

rezidudlni pInéni vaku u deviti AN (6%).

4.3. Vyvoj okluze v Case a dalsi FeSeni rekanalizace

Angiograficka kontrola byla k dispozici u 112 pacientti se 122 AN (85%). Stabilniho
vysledku se podafilo dosahnout u 94 AN (77%), 28 AN (23%) rekanalizovalo. Z téchto je 17
klasifikovano jako stupen Il a jsou pfedmétem pravidelného MRAg sledovani. DalSich 11 AN
(pét malych, ¢tyfi velka a dvé giganticka) bylo hodnoceno jako stupeni I11; Sest pacient(
podstoupilo opakovany vykon. Pro progredujici rekanalizaci po opakované endovaskularni
I6Cbé podstoupili dva pacienti nekomplikovany neurochirurgicky vykon. DalSi Ctyfi pacienti
byli Gispésné léc¢eni pouze embolizaci pro pokracujici rekanalizaci. Zbyvajicich pét pacient(
zlistava v observaci, diivodem ke konzervativnimu postupu u tfech z nich je pokroc€ily vék a
vyhlidka na technicky obtizny vykon (jak chirurgicky tak endovaskularni) u zbylych dvou.

lustrativni priklad pacienta se dvéma UIA ve VB povodi je uveden na Obrazku 10.
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Obrézek 10. 48 lety muz vySetfeny pro bolesti hlavy. Patrna 2 UIA na pravé a. cerebelli
anterior inferior (AICA) a levé a. cerebelli posterior inferior (PICA). A — DSA bezprostfedné
pred embolizaci. B — DSA bezprostfedné po embolizaci: okluze AN na AICA hodnocena jako
stupen 111 (patrné pInéni vaku AN), okluzi AN na PICA nelze z této projekce hodnotit. C —
kontrolni DSA po pdl roce: na AICA doslo k Castené progresivni tromboze, t. €. okluze
hodnocena jako stuperi 11, PICA poté jako stupen I.

4.4. Komplikace a jejich klinickd manifestace

Ze 131 pacientl zlistalo 123 (94%) neurologicky intaktnich nebo bez progrese
perzistujiciho neurologického deficitu pritomného jako nasledek SAK.

Ke komplikacim doslo u 15 vykont (10,5%).

Fatélni hemoragicka komplikace (0,7%) nastala u 51 leté Zeny s incidentalnim AN
v oblasti levostranné bifurkace a. cerebri media. Pro Siroky kréek u malého AN bylo
pristoupeno k remodelacni technice za pomoci balonku. PFi jeho zkuSebnim nafouknuti (jesté
pfed odpoutanim prvni spiralky) doslo k ruptufe AN s masivnim SAK. Zéastava intrakranilni
cirkulace nésledovala vzapéti, veskerd dalsi terapeuticka snaha jiz byla marna. Pficinou
ruptury bylo pravdépodobné nahlé prudké zvyseni tlaku v AN, jehoZ sténa jiz zfejmé byla

oslabena.
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Trombembolické komplikace byly pozorovany u 10 pacientd (7%). Klinicky némé
(tedy patrné pouze v priibéhu vykonu na DSA) byly tfi. Kratkodoba hemiparéza regredujici
do dimise se vyskytla u péti pacientd. Vsichni byli hodnoceni jako GOS 5. U zbylych dvou
pacient(l pretrvavala dysfazie a hemiparéza (GOS 3), k pIné tpravé do pdl roku doslo u
jednoho z nich. Kombinovand MM byla tedy 2,1% pfi dimisi a 1,5% (95% CI: 0,07-5,7%) pri
pllrocni kontrole. Celkové riziko endovaskularniho vykonu tohoto souboru je signifikantné
nizsi nezli studie ISUIA (1,5% oproti 9,5%, p=0,0033, Fisher(v test).

Mezi dalSi technické komplikace nutno pocitat protruze spiralek ¢i jejich migrace do
matefskeé tepny, pokazdé v jednom pFipadé (1,4%). Balonkovéa angioplastika postacila k
repozici kojlli v prvnim pfipadé. U druhého pacienta bylo nutno ,,uplavané“ kojly chirurgicky
odstranit z bifurkace a. carotis interna. Cely vykon se sou¢asnym chirurgickym oSetfenim AN
probéhl nekomplikované. Dalsi vykon musel byt predCasné ukoncen pro asymptomatickou
disekci a. carotis béhem katetrizace. Nasledny neurochirurgicky vykon se obeSel bez prihod.
Jako posledni komplikaci musime pocitat tfiselny hematom, ktery postaCilo 1é€it
konzervativné.

Béhem Sesti opakovanych endovaskularnich vykont nedoslo k Zadnym komplikacim.

Komplikace a jejich vysledky shrnuje Tabulka 5.
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Komplikace n GOS Pozndmka

Ruptura béhem zkuSebni inflace
Ruptura 1 1 (smrt)

angioplastického bal6nku

Trombembolické 10
- asymptomatické 3 5 Radiol. diagndza, klinicky némé
- prechodné (do dimise) 5 5 Hemiparéza plIné regredujici
- prechodné (do 6 mésicll) | 1 5 Hemiparéza a dysfazie pIné regredujici
- trvalé (po 6 mésicich) 1 3 Perzistujici hemiparéza a dysfazie
Protruze / migrace kojld 2 5 1x angioplastika, 1x chirurgicky vykon
Disekce a. carotis 1 5 Asympt., nasleduje chirurgicky vykon
Triselny hematom 1 5 Uspésny konzervativni postup
Celkem 15 6 mésicni MM 1,5%

Tabulka 5. Komplikace béhem endovaskularniho vykonu a jejich klinicky dopad.

4.5. Vyvoj neurologického deficitu zplsobeného tlakem aneuryzmatu

Z 24 AN prezentujicich se pfiznaky lokalniho tlaku se 14 nachézelo pfi odstupu a.
communicans posterior, dvé gigantick& na bifurkaci a. cerebri media, Ctyfi pfi odstupu a.
oftalmica, tfi ve VB povodi a jedno na a. communicans anterior. U 15 pacientl AN
zplsobovalo parézu I11. hlavového nervu a v péti pfipadech zrakovou poruchu. U zbylych ¢tyf
pacientll se jednalo o hemiparézu, hydrocefalus a kmenové pFiznaky.

Kompletni tprava neurologického deficitu po endovaskularni 1é¢bé byla pozorovana u
deviti pacient( (38%), ¢aste¢na u dalSich 10 (42%). Celkem tedy k uréitému zlepseni doslo u

80% pacientll. Zména nenastala u ¢tyF pacientd (17%), u posledniho pacienta (4%) doslo
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k mirnému pfechodnému zhor3eni parézy I11. hlavového nervu. Vyvoj neurologického

deficitu ukazuji Tabulky 6 a 7.

n | ZlepSeno (%) | Zhorseno (%) || Tabulka 6. Neurologicky deficit pred
vykonem a nasledny vyvoj.

Parézan. IlI 15 |12 (80) 1(4)
Zrakové poruchy |5 5 (100)
Ostatni 4 2 (50)

Malé Velké Gigantické | Celkem
A. communicans post. | 10 (7) 4 (4) - 14 (11)
A. oftlamica 1(1) 3(3) - 4 (4)
VB povodi 1(1) 1(2) 1(0) 3(2)
A. cerebri media - - 2 (1) 2(1)
A. communicans ant. - 1(2) - 1(1)
Celkem 12 (9) 9(9) 3(1) 24 (19)

Tabulka 7. Lokalizace a velikost aneuryzmat zpdsobujicich
pfiznaky lokalnim tlakem. (V zavorkéch uveden pocet

pacient( s ¢aste¢nou ¢i Uplnou Upravou.) Pozn.: AN stfedni

velikosti zplisobujici lokalni priznaky se v sérii nevyskytlo.
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4.6. Stav pacient(l béhem sledovani

Informace o klinickém stavu byla k dispozici u viech pacient(, ackoliv pouze 112
z nich podstoupilo kontrolni vysetfeni DSA. Primérna doba sledovani ¢inila 10,4 mésice (2-
67 mésicl). K umrti doslo u péti pacientll. Perioperacni mortalita je popsana vyse. TTi pacienti
zemreli 3-6 mésicl po vykonu na nesouvisejici onemocnéni. V dobé vykonu
nediagnostikovany karcinom laryngu byl pfi¢inou smrti jednoho pacienta. DalSi dva pacienti
podstoupili obecné chirurgicky vykon a zemreli na pooperacni ventilacni komplikace.
Kone¢né, posledni pacient zemrel dva mésice po endovaskularnim oSetfeni AN pfi odstupu a.
communicans posterior na kontralateralni hypertonické krvaceni zplsobené nejspise Spatné
uzivanou antihypertenzni lécbou. PFi posledni ambulantni navstévé bylo 120 pacientd
klasifikovano jako GOS 5, pét pacientll jako GOS 4 (vSichni nasledkem inicialniho SAK),
jeden pacient jako GOS 3 (viz. Kapitola 4.4.), pét amrti je popsano vyse.

Béhem doby sledovani nedoslo k intrakranialni hemoragii z oSetfeného UIA.

4.7. Porovnani morbidity / mortality souboru s pfirozenym pribéhem

Porovnani MM a pfirozeného pribéhu ve skupiné pacientll bez anamnézy SAK je
ukézano na Obréazku 11. Pro AN vétSi nezli 8 mm je jasné patrny pozitivni pfinos
endovaskularni 1écby az do osmého decenia. Pro pacienty s AN menSim neZli 7 mm je efekt
pomeérngé hranicni, ve véku kolem 55 let prekracuje nulu a posléze zlstava jiz negativni. Grafy
zobrazujici efekt endovaskularni 1é¢by pro jednotlivé velikosti AN s korespondujicimi 95%
Cl uvadeji Obrazky 12-15, zdrojova data modelu vztazena ke véku a velikosti AN jsou

uvedena v Pfiloze 11.2.
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Aneuryzma u pacienta bez SAK

Ziskané / ztracené roky Zivote

20 30 40 50 60 70 80
y7 47 39 29 20 13 7
VEK pfi 1éché

Ocdekavana délka Zivota

Obrézek 11. Porovnani pfirozeného priibéhu s endovaskularni Ié¢bou u pacienta bez
anamnézy SAK pro uvedeneé velikosti AN. Pro AN mensi nezli 7 mm je efekt terapie
hrani¢ni, ve véku kolem 55 let prekracuje nulu a nasledné zlistava negativni.

Aneuryzma u pacienta bez SAK <7mm
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Obrézek 12. Porovnani pfirozeného priibéhu s endovaskularni Ié¢bou u pacienta
bez anamnézy SAK pro AN mensi nezli 7 mm. Po 55 letech véku jiZ terapie
nepfinasi benefit.
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Aneuryzma u pacienta bez SAK 8-12 mm
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Obrazek 13. Porovnani prirozeného prdbéhu s endovaskularni 1é¢bou u pacienta bez
anamnézy SAK pro AN velikosti 8-12 mm.

Aneuryzma u pacienta bez SAK 13-24 mm
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Obrézek 14. Porovnani pfirozeného priibéhu s endovaskularni Ié¢bou u pacienta bez
anamnézy SAK pro AN velikosti 13-24 mm.
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Aneuryzma u pacienta bez SAK vétsi nez 24 mm

Ziskané / ztracené roky Zivota

20 30 40 50 60 70
57 47 30 29 n 13

Obrézek 15. Porovnani pfirozeného priibéhu s endovaskularni Ié¢bou u pacienta bez
anamnézy SAK pro AN Vétsi nez 24 mm.

Podobné porovnani pro AN vSech velikosti u pacientd s anamnézou SAK je uvedeno
na Obrazku 16. Zde je jasné patrny posun efektu terapie ve skupiné AN do 7 mm doprava az
k 70 letem véku. Tento efekt je zplisoben vétsim rizikem ruptury téchto AN. Grafy
zobrazujici pfinos endovaskularni [é€by pro jednotlivé velikosti AN s korespondujicimi 95%
Cl uvadéji Obrazky 17-19, zdrojova data modelu vztaZzena ke véku a velikosti AN jsou opét

uvedena v Pfiloze 11.3.
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Nasledné aneuryzma u pacient’i po SAK

Ziskané / ztracené roky Zivota
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Ocekavana délka zZivota

Obrézek 16. Porovnani pfirozeného pribéhu s endovaskularni Ié¢bou u pacienta s anamnézou
SAK pro uvedeneé velikosti AN. Pro AN mensi neZli 7 mm doslo ve srovnéni s pacienty bez
anamnézy SAK k posunu pozitivniho efektu terapie doprava az k 70 letem véku vlivem vy3siho
rizika ruptury téchto AN.

Nasledné aneuryzma u pacientd po SAK <7 mm
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Obrézek 17. Porovnani pfirozeného pribéhu s endovaskularni Ié¢bou u
pacienta s anamnézou SAK pro AN mensi nezli 7 mm.
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Nésledné aneuryzma u pacientl po SAK 8-12 mm
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Obrézek 18. Porovnani pfirozeného pribéhu s endovaskularni Ié¢bou u
pacienta s anamnézou SAK pro AN velikosti 8-12 mm.

Nasledné aneuryzma u pacientll po SAK 13-24 mm
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Obrézek 19. Porovnani pfirozeného priibéhu s endovaskularni Ié¢bou u
pacienta s anamnézou SAK pro AN velikosti 13-24 mm.
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Pro relativni zjednoduSeni jsme posléze vSechna AN rozdeélili do tfi skupin, a to podle

ro¢niho rizika ruptury, jak uvadi Tabulka 8, a pro kaZzdou skupinu vytvofili analogicky model.

Lokalizace
Predni cirkulace VB povodi
Bez anamnézy SAK Bez anamnézy SAK
Velikost
SAK v minulosti SAK v minulosti

<7 mm Nizké Stredni Stredni Stredni
8-12 mm Stredni Stredni Vysoké Vysoké
>12 mm Vysoké Vysoké Vysoké Vysoké

Tabulka 8. Rozdéleni UIA podle ro¢niho rizika ruptury. Ro¢ni riziko ruptury

nasledovné: nizké: <0,1%/ rok, stfedni: 1,5%/rok, vysoké: >4%/rok (27).

Na Obrézku 20 jsou patrné ztracené nebo ziskane roky Zivota endovaskularni Ié¢bou
UIA tohoto souboru pacientll v porovnani s pfirozenym priibéhem pfi rozdéleni AN podle
Tabulky 8. Pro vysoce rizikova AN je tento zisk vyznamny: ve véku 20 let se pohybuje kolem
32 rokl a s narlstajicim vékem postupné klesa, nicméné zlistava pozitivni az do osmého
decénia. Pro stfedné rizikova AN, zisk zhruba 17 rokd Zivota ve 20 letech klesa na tfi v 60
letech véku, a k nule v 80. Pro nizce rizikova AN je benefit terapie hranicni, ve véku 20 let
pfiblizné jeden rok, v 58 letech nula a posléze je jiz zaporny. Zdrojova data grafu uvadi

Priloha 11.4.
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Ziskané / ztracené roky Zivota endovaskularnilécbou neprasklych
mozkovych aneuryzmat pfi rozdéleni podle rizika ruptury
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Obrézek 20. Porovnani pfirozeného priibéhu s endovaskularni Ié¢bou neprasklych
mozkovych aneuryzmat pfi rozdéleni rizika ruptury podle Tabulky 8.
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5. Diskuze

V Casti prace zabyvajici se MM obou lé¢ebnych modalit jsme opakované zminovali,
Ze centra, ktera I6Ci vétsi mnozstvi pacientll za rok, vykazuji lepsi vysledky (17, 18, 51, 97,
102, 123, 126, 273). PocCet pacientl s nalezem intrakranialniho AN rocné lécenych ve

Frenchay Hospital tuto nemocnici mezi takova centra jisté fadi, jak doklada Obrazek 21.

Pocet vSech oSetfenych AN ve Frenchay Hospital (1997-2004)

100 ~

1997 1998 1999 2000 2001 2002 2003 2004

‘I Endo - UIA @ Endo - Prasklé m Chir - Se

Obrézek 21. Pocet AN léCenych ve Frenchay Hospital v Bristolu v letech pokryvajicich
pfevaznou Cast obdobi této studie. (Endo — UIA — endovaskularné lé¢ena nepraskla AN;
Endo — Prasklé — endovaskularné 1é¢ena praskla AN; Chir — vSe — v8echna AN léCena
chirurgicky)

Z grafu je tézZ jasné patrny trend poslednich let, kdy endovaskularni Ié¢ba prevlada nad
chirurgickou, coz ostatné potvrzuji i jini autofi. Ve Spojenych Statech se pomér
endovaskularné léCenych AN zvysil z 11% v roce 1998 na 43% v roce 2003, ve skupingé
pacientll nad 60 let pak pFesahuje polovinu (51). RovnéZ na evropskych pracovistich, snad

s respektem ke studii ISAT (182), zde endovaskularni 1éCba vyznamné prevaZzuje. V nasSi zemi
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dle tdajti Ceské Neurochirurgické Spole€nosti endovaskularni 1é&ba prevlada zhruba

v poméru 7:3. Za stejné obdobi také doslo ke zdvojnasobeni poctu léCenych UIA (51), coz
jisté souvisi s ¢astéjSim a liberalnéjSim vyuzitim modernich zobrazovacich metod. Nardst
poctu pacientl vSak s sebou nenese pouze Vvétsi zkusenosti plynouci z objemu vykond, ale i
vétSi zodpovédnost v rozhodovani nad osudem kazdého jedince s diagn6zou UIA. PFi absenci
velkych randomizovanych studii se dnes musime spolehnout na vlastni zkuSenosti a znalost
nejlepSich dostupnych dat, abychom mohli pacientovi podat adekvatni a poctivé informace,
které mu napomohou v rozhodovéani. Kone€né rozhodnuti je pak jiz pouze a jenom na ném.

V tento moment hraje MM pracovisté rozhodujici Glohu a jsme povinni ji nemocnému poctivé
sdélit. Je vSak také samoziejmé, Ze nemocnému musime Fici vlastni ndzor na jeho individudlni
AN a do urcité miry ho i vést spravnym smérem v jeho rozhodovani. V nasi spolecnosti ne
kazdy je schopen a ochoten prevzit odpovédnost za sebe sama.

Miru komplikaci a MM predkladaného souboru Ize pfiznivé porovnat s ostatnimi
srovnatelnymi studiemi ¢i metaanalyzami (72, 78, 106, 114, 157, 160, 216, 275, 296). Mohli
bychom tedy usuzovat, Ze endovaskularni léCba UIA dosahla takové urovng, kdy u vétSiny
pacientl jeji prinos prevazi mozné komplikace. Dosavadni nalezy ukazuji, Ze pacienti
s incidentalnim AN v predni cirkulaci mensim neZli 7 mm jsou vyjimkou. V této populaci je
efekt terapie hranicni, avak i tak Ize demonstrovat benefit témér az do véku 60 let, navic se
Sirokymi intervaly spolehlivosti (Obrazek 22). Na tomto obrazku miizeme v zavislosti na véku
rozlisit tfi oblasti. V levé Casti, kde se oba intervaly spolehlivosti nachézeji v pozitivnich
hodnotach (Sipka vlevo), nalézdme pacienty, u nichZ benefit terapie jisté pfevysi jeji riziko,
témto pacientlm by méla byt vZdy doporucena lécba. Na pravé strané jiz oba intervaly
spolehlivosti dosahuji zapornych hodnot (Sipka vpravo). U téchto pacient( terapie svij pfinos
postrada. Existuji samoziejmé specifické situace, napf. lokalni tlak AN na nervové struktury,

kdy i tito pacienti jsou Ucelné léCeni; i v této sérii se takovi pacienti vyskytuji. Mezi obéma

80



Sipkami pak nalézame oblast nejvétsi klinické nejistoty, kdy u kazdého pacienta musime

dikladné a individualné zvazit prinos lécby. Tito pacienti jsou téZ vybornymi kandidaty pro
zafazeni do randomizované studie. Ovlivnéni kvality Zivota znalosti pfitomnosti UIA mize
byt pomysinym jazy¢kem na vahé&ch vedoucim pacienta k vyhledani aktivniho pristupu. Jak
ukazuji nékteré prace, tato znalost miiZze vést k invalidizaci pacienta v psychologické roving

(285, 294). K podobnym zaveérim dospéli i jini autofi (147).

AN s nizkym rizikem ruptury

Ziskané / ztracené roky Zivota
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Ocekavana délka zZivota

Obrézek 22. Blize viz text.

V této sérii bylo 97 UIA (64%) menSich nezli 7 mm. V kontextu vySe uvedeného se
nabizi, Ze tito pacienti neméli byt l1éCeni. Pfed publikaci studie ISUIA (8, 322) bylo riziko
ruptury malych UIA povazovano za vysSi, a jelikoz obé prace ISUIA byly publikovany
v priibéhu této studie, inicialné nemohly byt jeji vysledky zohlednény. Znacna ¢ast AN se téz
nalézala u pacientd po probéhlém SAK; tedy v ohrozenéjsi skuping. Narlst v objemu pacient(
IéCenych od roku 2003 vysvétlujeme zvySenou detekci UIA, nikoliv roz§ifenim indikaci. Od
publikace ISUIA jsou k lé€bé UIA menSiho nezli 7 mm indikovani pacienti mladsi 50 let, po
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SAK, s pozitivni rodinou anamnézou SAK a kone¢né symptomaticka Ci ,,nezdravé*
vyhliZejici AN. Kazdy pacient je probran v rdmci multidisciplinrniho seminare za G¢asti
zku$eného neuroradiologa a cerebrovaskularniho neurochirurga a posléze dikladng
informovan o pfirozeném priibéhu jeho UIA a moZnostech Ié€by. Pokud riziko 1écby
presahuje jeji benefit, a pacient pfesto trva na feSeni AN, je l1éCen modalitou povaZzovanou za
méneé rizikovou.

Dalsi vytkou neurochirurgll by se jisté mohlo stat vysoké zastoupeni AN na a. cerebri
media (vice nez pétina), ktera jsou povazovana za lépe feSitelna chirurgicky nezli
endovaskularné. Tento fakt souvisi s vyvojem péce o AN ve Frenchay Hospital, kde pomérné
zéhy zacalo upfednostriovani endovaskularni Iéby, plivodné rezervované pouze pro
polymorbidni €i chirurgicky obtiZzné pacienty. Toto rozhodnuti, ostatné pozdéji potvrzené
studii ISAT (182), vedlo k ziskani zkuSenosti v 1é¢bé i AN prasklych (238). Kazdé prasklé
AN, vCetné toho na a. cerebri media, je v sou¢asnosti povazovano v prvni fadé za léCitelné
endovaskularng. Jak dokazuji zkusenosti jinych center, i tato AN Ize po dikladném zvazeni
lokalni anatomie fesit efektivné endovaskularné s nizkou MM (60, 113, 221). Tato strategie
16Cby AN vede k vysoké technické Uspésnosti, jak v 1é¢bé neprasklych (96%) tak prasklych
(238) AN. Rovnéz anatomické vysledky jsou zcela srovnatelné se sou¢asnymi studiemi (viz
Kapitola 1.8.2.) a nizky poCet opakované FeSenych AN opét podporuje tuto strategii. V této
sérii byl opakovany endovaskularni vykon nutny v Sesti pfipadech. Ke komplikacim nedoslo,
ackoliv ty jsou u opakovanych embolizaci vzacné (239, 268). Uvedené vysledky lze nejlépe
vysvétlit centralizaci pacientl v regionu s velkou spadovou oblasti.

Nutnost FeSeni UIA ve specializovaném centru dokladaji nejen pfedchozi fadky, ale i
feSeni komplikaci. V tomto souboru u jednoho pacienta doslo k migraci kojli do kritického
mista intrakranialniho FeCisté, a pouze neurochirurgicky vykon spocivajici v jejich urgentnim

odstranéni z kraniotomie uchranil pacienta pred devastujicim iktem. V pfipadé nedostupnosti
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neurochirurga by pribéh byl s nejvétsi pravdépodobnosti velmi nepfiznivy. Tento pacient
dosahl pIného zotaveni jiz pfi dimisi, neni tedy zapocitan mezi trvalou MM, ackoliv
podstoupil plivodné neplanovanou kraniotomii. Soubor tedy nelze hodnotit Cisté jako
endovaskularné léeny, vysledky jsou prezentaci cerebrovaskularniho centra. Nutnost
spoluprace obou obord jesté vice vynikne, pokud si uvédomime, Ze feSeni AN, u kterych
endovaskularni 1écba selhala je chirurgické, eventualné kombinované (44, 100, 101, 284).
Velka a giganticka AN zlstavaji ofiskem pro oba obory (149, 150, 174, 191, 201, 226, 269,
322). Tato AN tvofila v tomto souboru pouze 11% vSech AN, ale jiz celou polovinu AN

s lokalni tlakovou symptomatologii.

PFitomnost neurologického deficitu zplisobeného lokalnim tlakem AN jasné hovori
pro nutnost aktivniho pFistupu. LéCba v dobé, kdy deficit jeSté nebyl Gplny, tedy zifejmé ve
fazi neurapraxie, se ukazal jedinym prediktorem kompletni regrese symptomi (89). Alespori
Castecné regrese symptomu po endovaskularni 1é¢hé se v literature udava mezi 62-90% (89,
151, 278, 296-298, 303), uvadéné vysledky (79%) jsou tedy opét zcela srovnatelné. Zajimaveé
je potom srovnani obou lé¢ebnych modalit z tohoto Ghlu pohledu. Chirurgicky vykon fesi
lokalni tlak primou dekompresi utlaCované struktury. Endovaskularni l1éCba pouze ,,vymeéni*
pulzujici vak za nepulzujici, mnohdy vétsi velikosti, a pfesto vede ke srovnatelnym
vysledklim (1, 327). Vedle pfimé komprese, hraje ziejmé ddlezitou roli pravé pulsujici efekt
cévni stény (33), tak jak vidame napfiklad u neuralgie trigeminu (263-265) ¢i hemifacialniho
spazmu (266, 267). Jini autofi naopak u téchto nemocnych vehementné doporucuji
chirurgické feSeni (110). Uvedené plati pfedevsim pro parézu n. oculomotorius a ostatni
hlavové nervy, zrakovy nerv ma jako vychlipka centralniho nervstva sva znama specifika.

Hlavnim cilem endovaskularni 1é€by vSak neni regrese neurologického deficitu, ale
ochrana pred krvacenim z AN. Paradoxné praveé toto z{stava dodnes jeji hlavni limitaci a

zdrojem znepokojeni a obav. Dlivodem je vysoka mira rekanalizace AN a vyssi riziko
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krvaceni ve srovnani s chirurgii (viz Kapitoly 1.8. a 1.9.). V tomto souboru pacientd doslo
béhem sledovani k jedné s AN nesouvisejici intrakranialni hemoragii. Krvaceni z oSetfeného
AN sice nebylo pozorovano, ale doba sledovani (v roce 2005 priimérné 10,4 mésice) je
pomérné kratka, ackoliv az do poloviny roku 2010 se SAK u Zadného z téchto pacient(l
nevyskytlo (S. A. Renowden, osobni sdéleni). Fatalné prob&hlou rupturu AN sice vyloucit
nelze, nicméné systém referovani pacientll se SAK v regionu témér vylucuje jeho uniknuti ze
zietele. Kazdé neurochirurgické pracovisté, kde se objevi pacient se SAK z endovaskularné
oSetfeného AN, ,,s potéSenim* uvédomi pFislusné endovaskularni centrum v ramci
profesionalni rivality.

Vedle tohoto omezeni je dale tfeba mit na paméti, Ze se inicialné jedné o vybranou
skupinu pacientl. Pacienti Iéeni chirurgicky (zhruba 50) nebo konzervativné v této studii
zahrnuti nejsou, coz mlize uméle ovliviiovat dosazenou MM. Velmi pravdépodobné se
jednalo o AN, u nichZ se dal pfedpokladat komplikovangjsi vykon. Dalsi limitaci je pak
(ostatné jako v mnohych studiich) uziti pFilis hrubé Skaly pfi hodnoceni klinického stavu
pacienta; idealni by bylo neuropsychologické vySetfeni v jasné definovanych ¢asovych
intervalech (68, 218, 274). Jistou kompenzaci tohoto nedostatku je hodnoceni klinického
stavu pacient(l pfi ambulantnich navstévach relativné nezavislymi neurochirurgy, ktefi svym
endovaskularnim kolegdim nic neodpusti.

Rovnéz predkladany model porovnavajici riziko endovaskularni IéCby a pfirozeného
pribéhu nutno interpretovat obezretné. Jako kazdy model zjednodusuje na tkor spolehlivosti.
Mozny zdroj chyb miZzeme hledat jiZ v porovnavanych populacich. Na jedné strané srovnani
stoji liter&rni udaje, v nichz dominuje kritizovana studie ISUIA (45, 240, 313, 322), a na
strané druhé pak dosazend MM v tomto souboru pacientd. Ackoliv po adjustaci s ohledem na
vék a typ AN se rozdil mezi obéma populacemi ukazal zanedbatelny, jisté vystfihani se chyby

dokéze zarucit pouze randomizace. Bohuzel ISUIA i pies své nedostatky zlistava dosud
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nepfekonana a tudiz ji musime bréat jako zatim nejkvalitnéjsi dostupnou studii a tedy zaklad
pro naSe vypocty.

Pouhé nasobeni ro¢niho rizika ur€itym poctem let, a tak stanoveni kumulativniho
rizika ruptury napr. po deseti letech, nemusi odpovidat skutecnosti. Pfedpoklada totiz
konstantni riziko ruptury. Tento pfedpoklad nemusi odpovidat skute€nosti, jak naznacuji
nékteré prace (178). V pfipadé, Ze AN naroste, posune tak pacienta do rizikovéjsi skupiny a
nami odhadované riziko bude podcenéno. Naopak, minimalizace rizikovych faktor( pacienta
po diagndze UIA (koufeni, hypertenze), povede k precenéni daného rizika. PFi konstrukci
modelu bylo dale pfedpokladano riziko protekce pred krvacenim pouze 90%. Riziko krvaceni
z oSetfeného UIA neni zndmo, pouze Lanternova metaanalyza hovofi o ro¢nim riziku 0,9%,
nicméné k zadné rupture nedoSlo u AN mensiho nezli 10 mm (157). Na druhou stranu jsou
popsana krvaceni z dokonale vyfazeného AN (34, 99, 107, 173, 282). UZita hodnota je
extrapolovana ze zndmych dat prasklych AN (184, 185) a jisté se v budoucnu stane
predmétem revize.

PFi dosazovani konkrétniho pacienta do predkladaného grafu (Obrazek 20), by jeho
kalendarni vék mél slouZit pouze jako jakési voditko. Na prvni pohled je zfejmy rozdil mezi
dvéma hypotetickymi padesatniky s identickym UIA, z nichZ jeden se t&Si pInému zdravi,
pravidelné sportuje a jeho nejvétsi nefesti je sobotni marias. Druhy je kufak, trpi nadvahou,
diabetem a ischemickou chorobou srdecni. Jejich o¢ekavana délka Zivota bude diametralné
odlisna. Prvniho pacienta musime na ose x posunout doleva, druhého naopak doprava.

Z tohoto dlivodu také v grafech uvadime ocekavanou délku Zivota, nejen vék. Uvedené
extrémni pFiklady dokladaji, nakolik je ddlezité namisto kalendarniho véku zohlednit vék
biologicky. Pro kaZzdodenni praxi toto rozliseni vyborné odrézi ASA klasifikace fyzického

stavu pacienta (14), kterou stru¢né pfipominame v Tabulce 9. Zde je patrny jasny skok mezi
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tfidou I11 a V. Pacientlim ve tfidé IV, ktefi jsou trvale ohroZeni na Zivoté svym systémovym

onemocnénim, nelze preventivni vykon v celkové anestezii viibec doporucit.

ASA riziko

Fyzicky stav pacienta

Normalni zdravy pacient

Pacient s lehkym systémovym onemocnénim

Pacient s téZkym systémovym onemocnénim

Pacient s téZkym systémovym onemocnénim, Které

ho trvale ohrozuje na zivoté

Moribundni pacient, o kterém Ize pfedpokladat, ze

by bez operace neprezil

Tabulka 9. ASA
klasifikace fyzického
stavu pacienta.
Pacienti trvale
ohroZeni na Zivoté
téZkym systémovym
onemocnénim nejsou
vhodnymi kandidaty
preventivniho vykonu
v celkové anestezii.
Prevzato z (14).

Vi

Pacient s konstatovanou smrti mozku, kterému

jsou odebirany organy za ucelem transplantace

U kterych pacientdl bychom tedy méli na zakladé nejlepsich soucasnych poznatkii

uplatnit aktivni pristup? Opét uZijeme dva extrémni pfipady. U mlade 30 leté Zeny po SAK

z AN na a. cerebri media nalezneme jesté nasledné UIA na vétveni a. basilaris velikosti 9 mm.

V tomto pFipadé neni sporu o nezbytnosti 1éCby. Opacnym pdlem budiz 80 lety muz, u

kterého CTAg provedena pro transitorni ischemickou ataku odhali 5 mm velké incidentalni

UIA v oblasti a. communicans anterior. Pokud navrhneme operacni ¢i endovaskularni 1é¢bu,

velmi pravdépodobné sdm pacient nas vykéze do patficnych mezi. Mezi témito extrémy

mizeme uzit voditko zobrazené schematicky na Obrazku 23 na nasledujici strané, kde se

pokousime vytvorit ndpomocné rozhodovaci schéma jiz berouci v potaz i fyzicky stav

pacienta podle ASA klasifikace.
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Obrézek 23. Indikaéni schéma pro léCbu UIA zohledfiujici anamnézu SAK,

symptomatologii, lokalizaci, velikost a tvar AN. U pacientl nad 50 let véku Kl
bere v potaz psychologické omezeni pramenici ze znalosti pfitomnosti AN vybrat

a u vsech pacientll pak jejich anesteziologické riziko (vyjadieno ASA).




V navrhovaneém indikacnim schématu se snaZzime postupné zohlednit parametry UIA,
které zvysuji riziko jeho ruptury. PFi bliz§im pohledu zjistime, Ze zleva doprava nardista
klinick& nejistota a kontroverze.

V prvnim kroku bereme v potaz zasadni zjisténi studie ISUIA (8, 322) — vy3Si riziko
ruptury nasledného AN u pacienta s prodélanym SAK; u téchto pacientli by mél mit aktivni
pristup absolutni prioritu. Dalsi vétev poté Fesi stary problém vSech neuroobord —
neurologicky deficit na podkladé IéCitelné anatomické léze. Jiz mnohokréat jsme v této praci
hovofili o prinosu aktivniho feSeni, jak ostatné napovidaji i prezentovane vysledky. V dalsi
Casti diagramu se jiZz dostavame do kontroverznéjsi oblasti. Lokalizace UIA ve VB povodi je

v

zatiZzena vysSim rizikem ruptury (8, 322), v tomto pfipadé bychom méli rovnéz navrhnout
IéCbu. AvSak UIA v predni cirkulaci mensi nezli 7 mm stavi klinika pred sloZitéjsi rozhodnuti.
Pokud AN vypada ,,na prasknuti, tedy neni pravidelného tvaru, rozhodovani ve prospéch
I6Cby samo usnadni. Nejvétsi dilema predstavuji posledni dvé rozdéleni. Na zakladé naSich
vysledkl (a jediného tmrti) jsme zde UmysIné zvolili 50 let véku jako hranici, kdy je Iéba
jesté prinosnd, aCkoliv nasSe vysledky v této skupiné tuto hodnotu zhruba o pét let
podhodnocuji (Obrazek 12). Jelikoz se pohybujeme ve skupiné zcela asymptomatickych
pacientd s minimalnim rizikem ruptury, kde kazdy vykon je Cisté a jenom preventivni, riziko
komplikaci by mélo byt minimalizovano. Onéch pét let véku si tedy mizeme predstavit jako
jakysi ,,bezpecnostni polstar«. Mladsim pacientlim feSeni UIA doporucime, u starsich toto
rozhodovani miizeme po ddkladném pouceni nechat na nich samotnych. Velkou roli zde
dozajista bude hréat ovlivnéni kvality Zivota znalosti diagnézy.

Rozhodnuti Iékafe o navrhu aktivni 1éCby bude na zavér zaviset na fyzickém stavu
konkrétniho pacienta, proto je kazda vétev algoritmu zakon¢ené rozdélenim podle ASA

klasifikace. Navrhované schéma jisté nevystihuje vSechny situace, pred které mdze byt lékar

¢i pacient postaven, individualni posouzeni kazdého nemocného zlistava pravidlem. Zamérné



jsme téZ ve schématu neuprednostfiovali jednu lé€ebnou modalitu pred druhou. Toto
rozhodnuti zavisi na individualnich vlastnostech toho kterého UIA a pacienta, které musi byt
zohlednény v kvalitni mezioborové diskuzi.

Zde prezentovany model porovnavajici riziko Iéchy s pFirozenym priibéhem netfeba
omezovat na endovaskularni [é€bu UIA. Stejnou metodologii Ize snadno prenést na 1é€bu
chirurgickou. Poctivé hodnoceni vlastnich komplikaci a znalost dlouhodobého stavu pacienta
zlistava podminkou umoziujici porovnani jedné ¢i druhé lé¢ebné modality s pFirozenym
pribéhem.

Z pohledu pacienta bychom dilema rozebrané v této praci mohli shrnout nasledovné.
Pokud se rozhodne podstoupit endovaskularni ¢i chirurgickou lé€bu svého UIA, vystavuje se
ur€itému riziku jejich komplikaci sméstnaného do kratkého perioperacniho obdobi. PFi volbé
konzervativniho postupu pak pfijima sice niZsi, ale pretrvajici riziko ruptury AN se viemi

moznymi devastujicimi nasledky po zbytek svého Zivota. Potom hraje vyznamnou roli

psychologie a schopnost pacienta ,,sZit se* se svym AN.
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6. Zavéry

1.

2.

10.

Endovaskularni lé¢ba UIA mé vysokou technickou Uspésnost.

Rekanalizace UIA zlstava nadale jeji hlavni limitaci — pFiblizné ¢tvrtina AN
rekanalizuje béhem sledovéani a Ctvrtinu z téchto je nutno znovu resit.
Komplikace béhem opakovanych vykon( jsou vzacné.

Po endovaskularni 1é¢bé UIA projevujicim se neurologickym deficitem Ize velmi
pravdépodobné ocekavat jeho alespon ¢astecnou Upravu.

Endovaskularni 1écba UIA je spjata s malym, ale nezanedbatelnym rizikem
trvalych nasledkd.

Pro kazdé UIA existuje vék, kdy riziko vykonu prevysi jeho eventudlni pFinos.
Stoupajici riziko ruptury posouva indikace aktivniho pristupu do vyssich
vékovych skupin.

Mira komplikaci endovaskularni Ié¢by je natolik inosnd, Ze kazdé UIA vétsi nezli
7 mm by mélo byt FeSeno. Vyjimku tvofi velmi stafi a polymorbidni pacienti.
PFi nahodném nalezu UIA mensiho neZli 7 mm v pfedni cirkulaci je aktivni
reSeni v pasmu relativni indikace.

Vyznamnou ulohu hraje psychologickd zatéz pacienta a touto ovlivnéna kvalita

zivota, kterd mlze vést k vyhledani aktivni lécby.

11. Aktivni pFistup by mél byt pravidlem u mladsich pacientd a pacient(

12.

13.

s prodélanym SAK.
Dlouhodobé& ochrana pred krvacenim zlstava otazkou.
Navrhované indikacni schéma miZze slouZit jako voditko, kterému pacientovi

doporudit aktivni FeSeni jeho UIA.
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7. Summary
7.1. Introduction

The prevalence of unruptured intracranial aneurysms (UIA) is believed to be about 2%
(240). Risk of rupture depends, among other factors, on size, site and previous subarachnoid
haemorrhage (SAH) from another aneurysm (8, 240). Haemorrhage rate of about 1% per year
has been suggested by observational studies (128-130, 147, 240, 313). However, purely
incidental small UIAs have a substantially lower risk of less than 1% per annum (322). A
cumulative rupture rate adds up to a substantial lifetime risk in young and middle aged
patients, suggesting that preventive treatment may be justified.

Previously, the only treatment for aneurysms was surgical clipping. Since the advent
of endovascular therapy in the early 1990s, the once narrow indication criteria for aneurysm
treatment have widened considerably. Most patients treated by endovascular therapy were
considered poor surgical candidates, however promising results and minimal invasivity of the
method lead to its widespread use. This eventually resulted into a randomised controlled trial
comparing both treatment methods which found endovascular therapy superior to surgical
clipping of selected ruptured aneurysms (182, 185). However, this has never been shown for
UIAs (322) in a proper trial. The long-term efficacy of coiling in preventing haemorrhage
remains a matter of considerable debate and concern. The large international study (ISUIA)
added another controversy (8, 322). Most UIAs treated prior to that time were found in
patients with previous SAH from another aneurysm. These so called additional aneurysms
were detected on angiography following SAH. Nowadays, most UIAs are found incidentally
due to the advances in neuroimaging and more liberal use of these widespread noninvasive
diagnostic techniques. These incidental aneurysms not associated with a previously ruptured
aneurysm have considerably lower risk of rupture, with some of them having an annual risk of

rupture less than 0,1% (322). The ISUIA study also showed, that treatment risks are
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considerably higher than previously believed (8, 322). These findings lead to a more
conservative treatment for many aneurysms and to a new interest in comparing treatment risk
with natural history. Although the ISUIA remains a target of considerable criticism, its results
have been influential and represents the best data available to date.

Since SAH remains a griveous disease with morbidity and mortality (MM)
approaching 75%, the treatment of an UIA seems very appealing. On the other hand,
treatment associated risks of an UIA, as shown by many studies, are small, but certainly not
negligible. A comparison of natural history of an UIA with its treatment risks is thus
necessary in order to define optimal management. The proper solution is randomisation and a
controlled trial is currently underway (231). Its results will not be known for many years, even
decades. Untill then, in order to inform patients effectively and truthfully, we must rely on
best available data from the literature and our own institutional experience.

Since endovascular therapy is the method of choice of aneurysm treatment in many
centers around Europe, we chose to analyse our own institutional experience in the treatment
of UlAs. The aim of this study was evaluation of endovascular therapy particulary in terms of:
technical feasibility; angiographic results; need for retreatment; procedural complications and
their clinical consequence; evolution of neurological deficit caused by the aneurysm; patient
long-term outcome; haemorrhage from treated aneurysm and comparison of natural history
with our procedural MM. Last but not least, we try to identify patients where treatment is

justified.

7.2. Patients and methods
7.2.1. Patient population
All patiens who underwent treatment of an UIA in Frenchay Hospital Bristol (United

Kingdom) were identified from a prospectively collected database covering the period
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December 1996 to September 2005. A total of 131 patients (93 women and 38 men) with 151
UIAs were treated. Mean age was 51 years (range: 2-82 years). A history of SAH led to
diagnosis of additional 77 UIAs in 66 patients. The aneurysm causing the initial SAH was
treated first, whereas the UIA after successful recovery from the haemorrhage. Mass effect
attributable to the UIA was present in 24 patients with as many aneurysms. In 41 patients 50

truly incidental aneurysms were diagnosed (Table 2).

7.2.2. Aneurysm characteristics

Out of the 151 UIAs, 131 (87%) were located in the anterior circulation and 20 in the
posterior circulation. Posterior communicating artery origin was the most common site (36;
24%) followed by the middle cerebral artery bifurcation (34; 22%) (Table 3). Of the 151
UlIAs, 97 (64%) were small (<7 mm), 37 (24%) medium (8-12 mm), 12 (8%) large (13-24

mm) and five (3%) were giant (=25 mm) (Table 4).

7.2.3. Complications and follow up

Procedure-related complications were classified as either haemorrhagic or
thromboembolic. These were further subclassified as clinically silent (diagnosed only during
the procedure without any clinical consequence), transient (full recovery within six months)
and permanent (persisting neurological deficit beyond six months). Any other complication
was also recorded. In patients after successful recovery from SAH any change in their
baseline neurological status was regarded as complication. Only patients with good recovery
from SAH were treated. Patient outcome was assessed by the GOS scale (120) at the time of
discharge and at each follow up visit. All patients were scheduled to undergo formal
angiography six months after the procedure and MRAg annualy thereafter. Besides imaging,

patients were followed regularly on out-patient basis. The evolution of neurological deficit
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caused by the aneurysm was classified as complete resolution, partial resolution, no change
and progression.

The degree of aneurysm occlusion was assessed on immediate postembolisation and
follow up angiogram using multiple projection and classified according to Montreal
Raymond-Roy scale (246) (Figure 6): class | — complete occlusion without any contrast filling
of either the aneurysm sack or neck; class Il — residual neck; and class 11 — residual
aneurysm. An aneurysm was considered stable if no recanalisation was seen on follow up
angiograms (no progression to worse class) and recurrent when increased contrast filling was
visible. An unchanged class I11 result was also considered recurrent aneurysm, as was any

aneurysm requiring retreatment.

7.2.4. Risk-benefit modelling

One of the coauthors of this study has previously developed models comparing risks
of untreated UIAs with the risks of treatment (179, 301). The aim was definition of treatment
benefit in terms of life expectancy for such treatment. In the absence of randomised trials data
were taken from separate populations of patients selected for treatment and those merely
observed (mainly from the ISUIA study (322)). In the presented model we used the current
treatment data and compared it with data for untreated UIAs taken from literature meta-
analysis (45, 240, 313, 322). An adjustment was made to allow for the difference between the
two datasets in terms of distributions of patient age and aneurysm type. This effect proved
minimal, amounting to less than 1% of overall treatment risk.

UIAs were divided into two groups according to the ISUIA study (322): those found in
patients without history of SAH and those found in patients with previous SAH. Aneurysms

were further subdivided according to size, again same as in the ISUIA study: <7 mm, 8-12
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mm, 13-24 mm and larger than 24 mm. A model comparing MM with natural history in each
group was constructed.

In this model, annual rupture rate was assumed to remain constant in time. Using
compound Poisson distributions, 95% confidence intervals (Cl) were calculated. Outcomes
following SAH were divided into good recovery (no or minimal disability) versus poor
recovery. Haemorrhage rates were multiplied by the adverse outcome rates following SAH
(75%) (301). The model also assumed that life expectancy for persons with aneurysm is lower
than that of the background population (63, 180, 243). Endovascular coiling was assumed to

afford 90% protection from haemorrhage (180).

7.3. Results
7.3.1. Technical feasibility

Technical success was defined as successful deployment of at least one coil into the
aneurysm. A total of 142 endovascular procedures were performed, including six repeated
embolisations for aneurysm recurrence. Endovascular treatment was successful in 145
aneurysms (96%) and failed in five aneurysms. All five patients underwent uneventful

clipping of their anerysm, the last patient will be addressed in the Complication section.

7.3.2. Immediate post treatment occlusion

As stated above, embolisation was successful in 145 aneuryms. Complete occlusion

was achieved in 92 aneurysms (63%), residual neck was visible in 44 aneurysms (30%) and

nine aneurysms (6%) were classified as residual aneurysm.

7.3.3. Occlusion development and recanalisation treatment
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Follow up angiography was available in 112 patients with 122 aneurysms (85%).
Stable result was achieved in 94 aneurysms (77%), 28 aneurysms (23%) were considered
recanalised. Of these, 17 are classified as class Il occlusion and are under MRAg observation.
Further 11 aneurysms (five small, four large and two giant) were classified as class I11
occlusion; six patients underwent further treatment. Two patients underwent uneventful
clipping for progressive recanalisation following additional coiling and four patients
underwent successful additional coiling only. The remaining five patients were not retreated

due to advanced age or anticipated difficulties.

7.3.4. Complications and clinical consequences

From the 131 patients, 123 remained neurologically intact or without worsening their
baseline condition caused by the initial SAH.

Alltogether, 15 procedures (10,5%) were complicated (Table 5).

One aneurysm ruptured (0,7%) during the procedure with a fatal outcome. Ten (7%)
thromboembolic events occured. Three of these were clinically silent and were diagnosed
angiographically during the procedure only. Transient hemiparesis completely resolving by
discharge (GOS 5) was observed in five patients. The remaining two patients were moderately
disabled with mild hemiparesis and dysphasia at discharge (GOS 3). The deficit resolved
completely in one patient at six months. The combined MM was 2,1% at discharge and 1,5%
at six months (95% CI: 0,07-5,7%). The overall combined MM of the current patient
population is substantially lower than that of the ISUIA (1,5% versus 9,5%, p=0,0033,
Fisher’s exact test).

Coil protrusion or migration into the parent artery was observed once in each case
(1,4%). The protruding coils were replaced by balloon angioplasty in the first case. The

second patient underwent craniotomy and coil removal from the internal carotid artery
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bifurcation. Another procedure had to be abandoned due to asymptomatic carotid artery
dissection; the following surgical procedure was uneventfull. Furthermore, one groin
hematoma responding to conservative therapy was observed.

No complication occured during additional endovascular procedure.

7.3.5. Evolution of neurological deficit caused by the aneurysm
Focal neurological deficit caused by the aneurysm completely resolved in nine patients
(38%), partial improvement was noted in 10 patients (42%), no change occurred in four

patients (17%) and one patient experienced slight transient worsening of third nerve palsy.

7.3.6. Patient follow up

Clinical follow up information was available for all patients with a mean follow up of
10,4 months (range: 2-67). Five patients died before their scheduled six months angiography.
One death is directly procedure related and is described above. Three patients died 3-6 months
after treatment of unrelated causes (cancer and complicated unrelated surgery in two patients).
The last patient died of hypertensive intracerebral heamorrhage contralateral to a treated
aneurysm two months after treatment. At the last clinical visit, 120 patients were classified as
GOS 5, five patients as GOS 4 (cause being the initial SAH in all cases), one patient was GOS
3 (see Complications) and the five deaths are described above.

No haemorrhage from treated aneurysms was observed during the follow up period.

7.3.7. Comparison with natural history
Figure 11 shows comparison of treatment MM with natural history among patients
without previous history of SAH. For aneurysms larger than 8 mm there is clear positive

effect of therapy up to 80 years of age. For patients with aneurysm smaller than 7 mm the

97



benefit is marginal, around age of 55 crosses zero and remains negative thereafter.
Corresponding 95% CI are for each aneurysm size are shown in Figures 12-15.

Similar comparison for patients with previous history of SAH is presented in Figure
16. For aneurysms smaller than 7 mm, there is clearly increased benefit of treatment, up to 70
years of age. This is caused by higher rupture rate of these aneurysms. Corresponding 95% CI
for each aneurysm size are shown in Figures 17-109.

For sake of simplicity all anerysms were divided into three groups according to their
risk of rupture as shown in Table 8. Similar comparison for each aneurysm group is then
shown in Figure 20. Here we can appreciate life years lost or gained by endovascular therapy
of UIA. For high-risk aneurysms, the gains are substantial, being around 32 life years at the
age 20 and subsequently falling with age but reamining positive up to 80 years of age. For
medium-risk aneurysms, gains of 17 life years at the age 20 fall to approximately three life
years by age 60 and zero life years by age 80. For low-risk aneurysms the benefits are much
more marginal, being about one life year at age 20 and falling to zero life years at

approximately 58 years of age and become marginally negative thereafter.

7.4. Discussion

Centers treating high volumes of cerebral aneurysms may have better patient outcomes
(17, 18, 51, 97, 102, 123, 126, 273). The proportion of endovasculary treated aneurysms has
increased in the United States from 11% in 1998 to 43% in 2003, among patients older than
60 years to more than 50% (51). In Europe, where results of the ISAT trial (182) bear more
influence, endovascular therapy of cerebral aneurysms prevails even more. The ratio between
coiled and clipped aneurysms in the Czech Republic is approximately 7:3. The number of
treated UIAs has doubled during the same period, which is most likely explained by more

liberal use of non-invasive diagnostic imaging. Increased number of patients brings not only
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increased experience but also higher responsibility when deciding which UIA deserves
treatment. Due to the absence of randomised trials, we have to rely on our knowledge of best
available data and our own institutional experience, if we are to inform patients truthfully and
thoroughly. Final decision is on the patient’s side. At this moment, the center’s MM plays a
crucial role.

Our MM rate compares favourably with other studies or literature meta-analyses (72,
78, 106, 114, 157, 160, 216, 275, 296). We could thus conclude, that endovascular therapy of
UIAs has reached such a level, where treatment can be offered to most patients and its benefit
outweighs potential risks. The main exception seem incidentally diagnosed aneurysms in the
anterior circulation with diameter under 7 mm. In this population, the effect of therapy is
marginal. Still, benefit was demonstrated up to almost 60 years of age and with wide
confidence intervals as shown in Figure 22. On this figure we may distinguish three areas. On
the left side, where both confidence intervals are in positive values, are patients, where benefit
clearly outweighs treatment risks. These patients should be treated. On the right side, where
both confidence intervals are in negative values, treatment has lost its benefit. However, these
patients are sometimes treated as well (and this series is no exception), reason being for
example a new onset of third nerve palsy. Between these two areas is what can be considered
an area of clinical uncertainity. Potential treatment benefit in every individual patient has to
be thoroughly evaluated. The knowledge of harboring an UIA and of its possible consquences
can force the patient to seek active treatment. Such patient’s quality of life declines as a result
of knowledge of presence of an UIA (285, 294).

The majority of UIAs treated in this study (64%) were smaller than 7 mm. In the
context of the previous paragraph, it may seem, that these patients should have not been
treated. Prior to the publication of ISUIA study (8, 322), the risk of rupture was deemed to be

higher. Our study period spans publication of both ISUIA papers, thus these findings could
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not be originally incorporated into our indication criteria. A sizable portion of small UIAs was
also found in patients with a history of previous SAH, thus in a population more endangered
by rupture. The increased number of treated UIAs since 2003 we explain by their increased
detection rate, rather than by more liberal indications for treatment. Since the publication of
the ISUIA study we treat UIAs smaller than 7 mm in patients younger than 50 years,
aneurysms found in addition to a ruptured aneurysm, aneurysms in patients with family
history of SAH, symptomatic or irregularly shaped aneurysms. Every patient is discussed in a
multidisciplinary meeting with experienced neuroradiologist and cerebrovascular
neurosurgeon. The patient is then informed about his particular lesion and the risk of both
treatment methods. An informed choice can then be made and the patient’s wish is respected.
If the treatment risks are deemed to outweigh natural history and the patient insists on
treatment, the aneurysm is treated by the method believed to carry the lowest risk of
complications.

Another point of criticism may be a relatively high proportion of UIAs found at the
middle cerebral artery (more than 20%). These are often regarded as more suitable for
surgical clipping. Over the years spanning the period of this study, the decision to opt for
endovascular treatment over clipping was initially based on medical comorbidities and/or
anticipated surgical difficulties. Endovascular therapy gradually became the prefered
treatment method both for ruptured and unruptured aneurysms, a decision later supported by
the results of the ISAT trial (182). Nowadays, every aneurysms, including one found at the
middle cerebral artery is considered suitable for coiling as a treatment method of choice. As
shown by other authors, after careful evaluation of the angiographic anatomy, even middle
cerebral artery aneurysms can be coiled effectively with low MM (60, 113, 221). This strategy
has lead to a high treatment rate of 96% for both ruptured (238) and unruptured aneurysms.

Also our anatomical results are comparable with contemporary literature. Repeated
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embolisation was neccessary in six aneurysms in this series and no complications were
encountered during these procedures (239, 268). These results are best explained by treating
high volumes of patiens in a center with large referral area.

The necessity of treating a UIA in a specialised center is not only shown above, but
also in complication management. One patients in this series had to undergo a craniotomy
with coil removal from a critical point of intracranial vasculature. Only an emergent
neurosurgical procedure saved the patient from dire consequences. This patient was
neurologically intact on discharge and is not considered in MM, even though he had to
undergo an unplaned craniotomy. The presented results must thus be viewed as results of a
cerebrovascular center. The need for collaboration is emphasized, when we remember, that
treatment of aneurysms, where endovascular therapy failed is surgical, or combined (44, 100,
101, 284). Large and giant aneurysms remain a challenge for both treatment methods (149,
150, 174, 191, 201, 226, 269, 322). These aneuryms represent only 11% in this series,
however, they were found in half of the patients presenting with neurological deficit caused
by the aneurysm. The presence of local mass effect is also a strong argument for treatment.

The main objective of aneurysm treatment is haemorrhage prevention. This remains
the main concern of endovascular therapy, reasons being higher recanalisation and bleeding
rates in comparison to surgery. There was no haemorrhage from treated UIA in this series,
although our follow up is relatively short (mean 10,4 months in 2005). However, no
haemorrhage happened during extended follow up until middle of 2010. We cannot exclude a
fatal aneurysm rupture, but as the only neurovascular center in the region, we are likely to be
notified about any surviving cases of SAH in the area.

This is a selected population and patients treated conservatively or with surgical
clipping (approximately 50) were not included in this study. This may have influenced the

results because cases deemed as having a high treatment risk did not necessarily undergo
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endovascular treatment. Another limitation is the use of relatively insensitive GOS for patient
outcome assessment. This may be slightly compensated by independent neurosurgeons, who
assessed patients during follow up visits: their endovascular colleagues can expect no
concession from them.

Also the presented mathematical model needs to be interpreted with caution.
Modelling is useful for calculating easily interpreted relationships but there is a danger of
enhancing clarity at the expense of reliability. A potential source of error can be found already
in the compared patient populations. Results observed in one population are compared with
treatment outcomes observed in another. Although we tried to adjust for the differences, the
only way to avoid bias is randomisation. Unfortunately ISUIA (despite its shortcommings)
remains the best available data today and must be viewed as such. Therefore it was chosen for
our modelling.

Simply multiplying the annual rupture rate by a given number of years need not be
accurate estimation of cumulative rupture risk. This assumes constant risk of rupture, which
may not be true (178). If the aneurysm grows, and becomes a higher-risk lesion, the
cumulative rupture risk is underestimated. On the other hand, elimination of other risk factors
(smoking, hypertension) can lead to overestimation. We assumed only a 90% protection from
rupture after coiling of an UIA. The true risk of rupture of a treated UIA is unknown, we
extrapolated from data known for ruptured aneurysms. Bleeding from a completely occluded
UIA has also been described in the literature (34, 99, 107, 173, 282). This figure is
conservative and subject to future revision.

When considering a patient suitable for treatment, his calendar age should be viewed
as a hint only. There is a clear difference between two hypothetical 50 year old patients. One
is a fit and well healthy athlete and the other a smoker with advanced diabetes and ischemic

heart disease. Their life expectancy is completely different. The first patient needs to be
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shifted to the left on the x axis in Figure 20, whereas the second far to the right. Thus it is
necessary to use biological age or life expectancy instead of calendar age. In daily routine,
this is nicely expressed by the ASA classification (14) of patient’s physical status. The critical
difference is between class I11 and V. Preventive procedure in general anesthesia cannot be
recommended to a patient whose systemic disease is a constant threat to life (ASA class V).

According to the best knowledge available today, which patients should be treated?
Again, two extreme examples can help. A 30 year old patient with SAH from aneurysm at the
middle cerebral artery is diagnosed with an additional basilar bifurcation UIA. Need for active
treatment is clear in this case. On the other side is a 80 year patient who suffered a transient
ischemic attack and a 5 mm large incidental UIA at the anterior communicating artery is
diagnosed. If we propose endovascular or surgical treatment, the patient himself will probably
know better. Between these two extremes, we propose a general indication diagram taking
into account patients’ physical status according to the ASA classification (Figure 23).

In this indication diagram we try to take into consideration factors that increase the
rupture risk of an UIA. Taking a closer look, the degree of clinical uncertainity increases from
left to right.

In the first step the crucial finding of the ISUIA study is considered: higher risk of
rupture among patients with prior SAH (8, 322). Active treatment should be the rule in this
patient population. Next division addresses an old neurosurgical problem — presence of
neurological deficit caused by a mass lesion. Active approach needs not be more emphasized,
since long lasting neurological deficit may not resolve. UIA location in posterior circulation is
also associated with higher risk of rupture (8, 322), again these aneurysms should be treated.
Harder decision is presented by incidental aneurysms smaller than 7 mm in the anterior
circulation. If the shape of the lesion is irregular, a decision for treatment can be made more

easily. The last two divisions present the greatest dilemma. Based on our results (and our one

103



and only mortality) we chose 50 years of age as a border, where treatment is still beneficial,
even though our results in this patient group underestimate this value by approximately five
years. Since these patients are asymptomatic and the UIA has the lowest known risk of
rupture, every procedure is in nature entirely preventive. Risk of complications thus needs to
be kept at absolute minimum. These five years can be regarded as a ,,safety-cushion®.
Younger patients are adviced to seek active treatment, older patients are properly informed
and left to decide. Impairment of psychological quality of life surely plays an important role.

The final decision of the physician whether to recommend treatment will in the end
depend od the physical status of the patient, and therefore is every arm of the diagram
concluded by the ASA risk assessment.

The presented model which compares natural history with treatment risk needs not be
restricted to endovascular treatment only, but can easily be transfered to surgical clipping as
well. Honest analysis of surgical MM is critical to comparison with natural history.

From the patient’s point of view the dilemma presented in this work can be
summarised as follows. If the patient decides to undergo treatment of an UIA, he or she is
exposed to a small but definite risk of permanent complications. This risk is taken over a short
periprocedural period of time. If a conservative approach is chosen, a lower, but certainly not
negligible, risk of aneurysm rupture with all its known consequences is accepted for the rest

of patient’s life. The ability to cope with this knowledge plays an important role.

7.5. Conclusions
1. Endovascular treatment of UIAs has a high rate of technical feasibility.
2. Recurrence remains its main limitation — approximately one fourth of UlAs
recanalise during follow up and one fourth of these will require retreatment.

3. Complications during repeated embolisations are rare.
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10.

11.

12.

13.

Neurological deficit caused by the UIA can be expected to at least partially
resolve after endovascular therapy in majority of cases.

Endovascular treatment of UIAs is associated with small, but definite risk of
permanent consequences.

For every UIA there is an age, where the risk of treatment outweighs its potential
benefit.

Increasing risk of rupture allows active treatment in older age groups.

The rate of complications of endovascular treatment of UIA is such, that every
UIA larger than 7 mm should be treated. The exception are old and polymorbid
patients.

When an UIA smaller than 7 mm in the anterior circulation is found, potential
benefit of treatment has to be assessed individually.

Psychologically impaired quality of life plays an important role and may be a
reason for active treatment.

Active approach shlould be the rule in young patients and in those with prior
SAH.

Long-term protection from rupture remains unanswered.

The proposed indication diagram can be used as a hint, whom to recommend

treatment.
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Abstract

v

Background: The management of unruptured
intracranial aneurysms (UIAs) remains contro-
versial. The International Study of UlAs (ISUIA)
found low rates of rupture and appreciable treat-
ment risks. This finding could be interpreted as
suggesting that many UlAs should not be treated.
Coiling technology has continuously improved
over the years and, since the publication of the
International Subarachnoid Aneurysm  Trial
results, increasing numbers of aneurysms have
been coiled, and neurointerventional skills have
significantly improved. We present the results
of endovascular coiling of 131 patients with UlAs
from a high volume unit and a risk-benefit analysis
based on patient and aneurysm characteristics.
Patients and methods: From December 1996
to September 2005, 131 patients (93 women and
38 men, mean age 51 years) with 151 UIAs were
treated using detachable coil embolisation. Data
on procedural complications, patient and aneu-
rysm characteristics, clinical and radiological fol-
low up were entered into a prospectively collected
database. A risk-benefit analysis was performed.
Findings: Endovascular treatment was success-
ful in 145 (96%) aneurysms. One aneurysm rup-
tured intraoperatively with a fatal outcome. Ten
thromboembolic events occurred, leaving one
patient moderately disabled. The combined mor-
bidity and mortality rate per patient at 6 months
is 1.5% (95% confidence interval: 0.07-5.7%). A
risk-benefit analysis comparing these data with
the published natural history suggests that treat-
ment with low complication rates can be offered
to most patients with UlAs.

Conclusion: UIAs can be coiled with low mor-
bidity and mortality. The risk-benefit analysis sug-
gests it is reasonable to offer treatment to patients
with the exception of patients over 60 years of
age with incidentally found aneurysms less than
7mm in diameter of the anterior circulation.

“Neurovascular Research Unit, Oxford University, Oxford, United Kingdom

Zusammenfassung

v

Hintergrund: Das Management unrupturier-
ter intrakranieller Aneurysmen (UIA) bleibt
kontrovers. Die internationale Studie tiber UlAs
(ISUIA) zeigte geringe Rupturraten bei nicht zu
unterschitzenden Behandlungsrisiken. Diese
Ergebnisse suggerierten dass die meisten UlAs
nicht behandelt werden sollten. Uber die Jahre
ist es zu einer kontinuierlichen Verbesserung der
Coil-Technologie gekommen. Aullerdem fiihrte
die ISAT-Studie zu einem Anstieg der Rate der
gecoilten Aneurysmen, mit daraus resultierender
Zunahme neurointerventioneller Fertigkeiten.
Wir prasentieren die Ergebnisse der endovas-
kuldren Coilbehandlung von 131 Patienten mit
UIAs und erstellen eine Risiko-Nutzen-Analyse,
welche Charakteristika der Patienten und der
Aneurysmen einbezieht.

Patienten und Methodik: Von Dezember 1996
bis September 2005 sind 131 Patienten (93
Frauen, 38 Mdnner) mit 151 UIAs endovaskular
mittels Coil-Embolisation behandelt worden.
Informationen tiber prozedurale Konplikationen,
Patienten- und Aneurysma-Eigenschaften, kli-
nische und radiologische Folgeuntersuchungen
wurden prospektiv in einer Datenbank erfasst.
Eine Risko-Nutzen-Analyse wurde durchgefiihrt.
Ergebnisse: Die endovaskulire Therapie war
in 145 der 151 UlAs (96 %) erfolgreich. Ein Aneu-
rysma rupturierte wahrend der Intervention
mit todlichem Ausgang. Zehn thrombembo-
lische Ereignisse wurden registriert, wovon eine
Thrombembolie zueiner moderaten Behinderung
des Patienten fiihrte. Die kombinierte Morbiditdt
und Mortalitdt 6 Monate nach Intervention pro
Patient war 1.5% (95 % Konvidenzintervall: 0.07-
5.7%). Die Risiko-Nutzen-Analyse, in der die pra-
sentierten Daten mit den Daten beziiglich des
nattirlichen Verlaufs von UIAs verglichen wurde,
legt nahe, dass wegen der geringen prozeduralen
Komplikationsrate die endovaskuldre Therapie
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den meisten Patienten mit UIAs angeboten werden kann. Aus-
nahmen sind Patienten {iber 60 Jahre mit einem inzidentellen
Aneurysma der vorderen Zirkulation, welches kleiner als 7mm
im Durchmesser ist.

Schlussfolgerung: UIAs kénnen mit geringer Morbiditat und
Mortalitdt coil-embolisiert werden. GemaR der Risiko-Nutzen-
Analyse erscheint eine Coil-Embolisation des UIA bei der Mehr-
zahl der Patienten sinnvoll.

Introduction

v

The prevalence of unruptured intracranial aneurysms (UIAs) is
about 2-3% [34]. Risk of rupture depends on size, site and previ-
ous subarachnoid haemorrhage (SAH) from another aneurysm
[1,34]. Observational studies suggest a haemorrhage rate of
about 1% per year for untreated UlAs [14,16,34,43]. Although
purely incidental, small aneurysms have a substantially lower
risk of 1% per annum [45]. A cumulative rupture rate adds up to
a substantial lifetime risk in younger and middle-aged patients,
suggesting that treatment may be justified.

Previously, the only treatment for aneurysms was surgical clip-
ping. Thus most UlAs that were found were clipped. The early
1990s saw the introduction of detachable coil embolisation,
which was found to be safer in selected patients for the treat-
ment of ruptured aneurysms [24,25] in the short term, although
this has not been shown for unruptured [45] aneurysms in a
proper trial. However, the long-term efficacy of coiling in pre-
venting haemorrhage is unclear. A large international study on
unruptured intracranial aneurysms (ISUIA) [1,45] added further
controversy. Most UlAs detected prior to that time were addi-
tional to ruptured aneurysms because they were detected on
angiography after SAH. With advances in neuroimaging, UlAs
are frequently found incidentally. The ISUIA showed that these
incidental aneurysms that were not associated to other ruptured
aneurysms were considerably less prone to rupture, with many
having bleeding rates of 0.1% per year [4]; furthermore, the risks
of treatment with both clipping and coiling were higher than
previously thought. For many aneurysms these findings led gen-
erally to a more conservative management. Although not the
only study, the ISUIA remains the largest to date and its conclu-
sions have had a strong influence on contemporary neurosurgi-
cal practice. Most treated cases in the ISUIA were treated with
surgical clipping, although several studies have reported coiling
to be associated with better clinical outcomes compared with
clipping [1-3,11-13,19,28,45]. Moreover, neurosurgical clip-
ping is a mature treatment but endovascular methods have
improved since these data were collected, partly because of
technological progress in coils and digital imaging equipment
and partly because more aneurysms are now coiled following
publication of the International Subarachnoid Aneurysm Trial
(ISAT) [24, 25], increasing neuroradiological experience and con-
fidence.

SAH remains a grievous disease, making treatment of an UIA
very appealing. A comparison of the natural history with treat-
ment-related risks is necessary in order to define optimal man-
agement. Although a randomised controlled trial is currently
underway [31], its results will not be known for many years.
Meanwhile, we must rely on institutional series and data from
the literature. In order to counsel patients effectively, we have
used a risk-benefit analysis model based on our treatment
results, as well as patient and aneurysm characteristics.

Patients and methods

v

Patient population

All patients undergoing treatment of an UIA in Frenchay Hospi-
tal, Bristol, were identified from a prospectively collected data-
base covering the period December 1996 to September 2005. In
total, 131 patients (93 women and 38 men) harbouring 151 UIAs
were identified. Mean age was 51 years (range 2-82 years). Pre-
vious SAH led to the diagnosis of 77 additional aneurysms in 66
of these 131 patients. The ruptured aneurysm was identified by
blood distribution on cranial computed tomography, aneurysm
appearance and the distribution of angiographic vasospasm. The
ruptured aneurysm was treated first, whereas the UIA was
treated after successful recovery from the initial ictus. Twenty-
four patients harbouring as many aneurysms presented with a
focal neurological deficit attributable to aneurysmal mass effect.
In 41 patients examined for unrelated conditions, 50 other inci-
dental aneurysms were discovered. Altogether, there were 65
patients (49.6%) with multiple aneurysms (© Table 1).

Aneurysm characteristics

There were 151 aneurysms: 131 (87 %) were located in the ante-
rior circulation and 20 (13%) in the posterior circulation. The
most common aneurysm site was the posterior communicating
artery origin (n=36, 24 %), followed by the middle cerebral artery
bifurcation (n=34, 22%) and the ophthalmic segment of the
internal carotid artery (n=30, 20%) (© Table 2). Of the 151
aneurysms 97 (64%) were small (<7mm), 37 (24%) were
medium (7-12mm), 12 (8 %) were large (13-24mm) and 5 (3%)
were giant (=25 mm) (& Table 3). Of the 24 aneurysms present-
ing with mass effect, 14 were found at the origin of the posterior
communicating artery, 2 giant aneurysms at the middle cerebral
artery bifurcation, 4 at the ophthalmic segment of the internal
carotid artery, 3 in the posterior circulation and 1 at the anterior
communicating artery. Location and size of these aneurysms is
given in © Table 4.

Complications and follow up

Procedure-related neurological complications were classified as
either haemorrhagic or thromboembolic. Thromboembolic com-
plications were further subclassified as clinically silent (e.g.,
those diagnosed during the endovascular procedure without any

Table 1 Patient and aneurysm characteristics.
Patients 131
male: female 93:38
mean age (range) 51 (2-82) years
previous SAH 66 patients 77 aneurysms
mass effect 24 patients 24 aneurysms
incidental finding 41 patients 50 aneursyms
aneurysms 151
multiple aneurysms 65 patients
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Table 2 Aneurysm location.

Aneurysm location n %
posterior communicating 36 24
middle cerebral 34 22
ophthalmic 30 20
anterior communicating 16 11
internal carotid termination 1 8
pericallosal 4 3
basilar termination 1 7
other posterior circulation 9 6

Table 3 Aneurysm size.

Aneurysm size n %
small (<7 mm) 97 64
- small neck (<4mm) 61
- large neck (>4 mm) 36
medium (7-12mm) 37 24
- small neck (<4mm) B
- large neck (>4 mm) 28
large (13-24mm) 12 8
- small neck (<4mm) 3
- large neck (>4 mm) 9
giant (=25mm) 5 3

clinical consequence), transient (full recovery within 6 months)
or permanent (persistent neurological deficit after 6 months).
Any change from baseline neurological status was regarded as a
complication. In patients who recovered successfully after initial
SAH, any change in their baseline neurological status following
coiling was regarded as a complication and further classified as
either thromboembolic or haemorrhagic. Only patients with
good clinical outcomes following SAH were treated. Clinical out-
come was assessed by the Glasgow Outcome Score (GOS) [10] at
the time of discharge and at the 6-month control angiography or
at the magnetic resonance angiography performed annually
thereafter. Patients who did not undergo repeated angiography
were followed up on an outpatient basis. In addition to neuro-
logical complications, all other complications were also recorded.
Improvement of neurological deficit caused by the aneurysm
was classified as complete, when there was complete resolution
of the deficit; partial, when there was some improvement; no
change in deficit; and worsening, when the deficit progressed.

Each patient was scheduled to undergo cerebral angiography 6
months after initial treatment and annually thereafter if recur-
rence was suspected. Long-term follow up was otherwise per-
formed by magnetic resonance angiography (MRA) only. When
aneurysm recurrence was suspected, formal angiography was
performed. Recurrent aneurysms were retreated when deemed
clinically appropriate. The degree of aneurysm occlusion was
assessed on immediate post-embolisation as well as follow up
angiograms using multiple projections. These angiographic
results were classified according to the Montreal Raymond-Roy
classification [35]; class I - complete occlusion without any con-
trast filling of the aneurysms sac or neck; class Il - residual neck;
class Il - residual aneurysm. An aneurysm was considered sta-
ble on follow up if there was no increased contrast filling (no
progression to worse class) and recurrent if the follow up angi-
ography showed increased aneurysm filling when compared to
immediate post-embolisation image (progression to worse
class). An unchanged class III result was considered as recurrent

Table 4 Location and size of aneurysms causing mass effect. Numbers in
parentheses indicate number of patients with complete or partial symptom
resolution.

Small Large  Giant Total
posterior communicating 10(7) 4(4) - 14(11)
ophthalmic 1(1) 3(3) - 4(4)
middle cerebral - - 2(1) 2(1)
posterior circulation 1(1) 1(1) 1(0) 3(2)
anterior communicating - 1(1) - 1(1)
total 12090 9(9)  3(1) 24(19)

Note: there were no medium sized aneurysms causing mass effect in our series

Table 5 Classification of aneurysms as a function of risk.

Anatomical location

Size range s . N )
Anterior circulation Posterior circulation

Mm Incidental ~ Additional Incidental  Additional

<7 low medium medium medium

7-12 medium medium high high

>12 High high high high

Annual rupture rates: low 0.1%, medium 1.5%, high 4%

aneurysm. Also any aneurysm requiring retreatment was con-
sidered to be recanalised (class III).

Risk-benefit modelling

We developed models comparing the risks for untreated UIAs
with the risks of treatment [22,42] in order to calculate the net
benefit (in terms of life expectancy) for such treatments. In the
absence of randomised trials, data were taken from separate
populations of patients selected for treatment and those who
were merely observed (mainly from the ISUIA study) [45]. Here
we used the current treatment data and took data for untreated
UlAs from a meta-analysis of the literature [4,34,43,45]. An
adjustment was made to allow for the difference between the
two datasets in terms of distributions of patient age and aneu-
rysm type. However, this effect proved minimal, amounting to
less than 1% of the overall treatment risk.

Unruptured aneurysms were divided into three risk groups
depending on size, anatomical location and whether they were
found incidentally or in addition to a previously ruptured aneu-
rysm as defined in © Table 5. Average annual haemorrhage rates
for the three groups are also given in ¢ Table 5. These were
assumed to remain constant over time. Using compound Poisson
distributions, 95% confidence limits were calculated. Outcomes
following treatment and SAH were divided into good recovery or
moderate disability versus severe disability or death. Haemor-
rhage rates were multiplied by the adverse outcome rates fol-
lowing prospectively observed SAH (75%) [42]. The models
assumed that the life expectancy for persons with aneurysms is
lower than that of the background population [23], even if the
aneurysm is protected and that coiling only affords 90% protec-
tion from haemorrhage rather than 100% [23].

Results

v

Technical feasibility

A total of 142 procedures were performed including 6 repeated
embolisations. Endovascular treatment was successful in 145
aneurysms (96 %). Five aneurysms (4%) could not be embolised.
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Table 6 Preoperative neurological deficits attributable to the aneurysm and
their resolution.

n Improved
3rd nerve palsy 15 12 (80%)
visual disturbances 5 5(100%)
other (hemiparesis, brainstem compresion) 4 2(50%)

Three patients underwent uneventful clipping of their aneu-
rysms while the remaining two aneurysms were wrapped with-
out complications.

Complications and clinical outcome

In total, 123 patients (94%) remained neurologically intact or
without worsening of their baseline neurological condition that
was caused by the initial SAH.

Fifteen treatment-related complications occurred (10.5% of the
procedures).

One (0.7 %) aneurysm ruptured during the treatment procedure,
resulting in a fatal outcome. Ten (7 %) thromboembolic compli-
cations occurred. Three of these were clinically silent and were
diagnosed angiographically. Five patients had episodes of tran-
sient hemiparesis that had resolved by the time of discharge
(GOS 5). The remaining two patients were moderately disabled
with mild hemiparesis and dysphasia (GOS 3). In one of these,
the neurological deficit had resolved by 6 months. The combined
morbidity-mortality per patient was 2.1% at discharge and 1.5%
at 6 months (95 % confidence interval [Cl]; 0.07-5.7 %, binomial).
The overall interventional risk of the current dataset is substan-
tially lower than that of the ISUIA (1.5 vs. 9.5%, p=0.0033, Fish-
er’s test).

Coil protrusion or migration into the parent artery was observed
twice (1.4%). The protruding coils in one patient were success-
fully replaced by balloon angioplasty. In the second patient, after
repeated attempts to secure an ophthalmic aneurysm, coils had
to be removed surgically from the internal carotid bifurcation
and the aneurysm was wrapped. Neither patient showed clinical
deficits. One procedure had to be abandoned because of an
asymptomatic internal carotid artery dissection; the subsequent
surgical procedure was uneventful. One groin haematoma that
responded to conservative treatment was also observed.

Focal neurological deficit (n=24) caused by the aneurysm com-
pletely resolved in 9 patients (38%), partial improvement was
noted in a further 10 patients (42%), no change occurred in 4
patients (17%) and one patient (4%) experienced slight worsen-
ing of her 3rd nerve palsy (© Tables 4 and 6).

Follow up

Clinical follow up information was available for all patients,
whereas angiographic follow up was obtained for 112 patients
(85%). The median follow up interval was 10.4 months (range
2-67 months), with a total of 2004 patient-months. Five patients
died before the follow up. One death was directly procedure
related. Three patients died 3-6 months after treatment of
causes unrelated to treatment. One patient died of cancer which
was undiagnosed at the time of treatment. Two further patients
died of respiratory failure and severe chest infection after under-
going other surgical procedures unrelated to their aneurysm.
The fifth patient died of a hypertensive intracerebral haemor-
rhage 2 months after endovascular treatment of a contralateral
posterior communicating artery aneurysm. The reason for this

CEN/2008-09-0A-0194/13.5.2009/Macmillan

haemorrhage was deemed to be a hypertensive crisis following
poor compliance with antihypertensive medication. He was not
anticoagulated. Nine patients refused follow up angiography,
eight were without any neurological deficit or evidence of
intracranial haemorrhage and one was moderately disabled fol-
lowing SAH. There were no intracranial haemorrhages from
treated UlAs during the follow up period.

Anatomical results

Immediate post treatment assessment was available for 145
aneurysms (5 aneurysms were technical failures and one patient
died during the procedure). Class I occlusion was achieved in 92
aneurysms (63 %), class Il in 44 aneurysms (30%) and class [ll in
9 aneurysms (6%).

Further angiographic follow up available for 112 patients with
122 aneurysms (85%). A stable result was achieved in 94 aneu-
rysms (77%) and recurrence was observed in 28 aneurysms
(23%). Of these, 17 were classified as class II occlusion and are
under MRA observation. Further 11 aneurysms (5 small, 4 large
and 2 giant) in as many patients were classified as class IIl occlu-
sion; 6 patients received further treatment. Two patients under-
went uneventful surgical clipping after repeated recurrence, as
two other patients underwent additional successful endovascu-
lar procedures after further recurrence. The remaining 5 patients
were not retreated because of anticipated difficulties (2 patients)
or advanced age (3 patients). No angiographic or clinical compli-
cations were encountered during these procedures.

Comparison with natural history

© Fig. 1 presents the estimated life years gained or lost by coil-
ing of UlAs compared with no treatment. For high-risk aneu-
rysms, the gains are substantial, being around 32 life years at the
age of 20 and subsequently falling with age but remaining posi-
tive up to 80 years of age. For medium-risk aneurysms, gains of
17 life years at age 20 fall to approximately 3 life years by age 60
and 0 life years by age 80. For low-risk aneurysms, the benefits
are much more marginal, being about 1 life year at age 20, falling
to 0 life years at 60 years of age and becoming marginally nega-
tive thereafter.

Discussion

v

Centres treating high volumes of cerebral aneurysms may have
lower complication rates than low volume centres [7,38]. Insti-
tutions treating more than 23 cases per year compare favourably
with those treating less than 4 cases with regard to morbidity
(5.2% compared with 17.6 %) and mortality (1.0 % compared with
3.7%). In a recently reported single centre study, mortality was
1.3% and morbidity 2.6% [41]. In a recent systematic review of
30 studies that included 1379 patients, mortality and morbidity
were, on average, 0.6% (range 0-4.4%) and morbidity 7% (range
0-20%), respectively [18]. An aggregate analysis of the literature
[19] reported cumulative adverse outcome rates for coiling of
8.8% (95% CI: 7.6-10.1%). In this literature analysis, the individ-
ual study mortality rates ranged from 0-12% and all adverse
outcomes were 0-30%, depending on whether the studies were
prospective or retrospective, single, multi-centre or community-
based studies and the time period they covered, with morbidity
rates decreasing significantly in the latter half of the study period
(4.5% vs. 8.6%) reflecting greater experience and improved tech-
nology.
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Fig. 1 Graphs of average gain or loss of life

expectancy in years afforded by the coiling of
unruptured aneurysms. Calculations were made by

taking the functions of aneurysm behaviour derived

from reported data and comparing these data
with the interventional risks of the current dataset.

Aneurysm types are divided according to whether
the aneurysm is additional to a previously ruptured

aneurysm or an incidental finding, anatomical
location and size range (€ Table 4). 95% confidence

limits based on compound Paisson distributions are
shown as fine dashed lines.

Life years saved or lost by treatment

20 30 40 50 60
57 47 39 29 20

70 80
13 7

Age at time of treatment. Corresponding life expectancy in italics.

Our results compare favourably with these studies and indicate
that coiling has improved to the point where life expectancy
may be increased by intravascular coil embolisation of UlAs in a
majority of cases, the main exception being incidentally discov-
ered aneurysms under 7mm in diameter. In these cases, the net
effects of treatment are marginal but we still estimated benefits
up to the age of 60 years and with wide confidence intervals.
Similar recommendations have been put forward by others [16].
The majority of aneurysms treated in this series were small (97
aneurysms). In view of the statement above, it may seem that
treatment of small aneurysms is not justified. Before the publi-
cation of the ISUIA study [1,45], the estimated risk of rupture
was thought to be higher. The period of our study spans the pub-
lication of both articles, so they could not be initially incorpo-
rated into our management policy. Since the publication of the
prospective part of the ISUIA study [45], we treat small aneu-
rysms found in patients younger than 50 years, aneurysms found
in addition to a ruptured aneurysm, aneurysms in patients with
a familial history of SAH, and symptomatic and irregularly
shaped aneurysms. Every case is discussed in a multidiscipli-
nary meeting with experienced vascular neurosurgeons and
endovascular neuroradiologists. The patient is then briefed on
the natural history of his particular lesion and the risk of treat-
ment, both endovascular and surgical. An informed choice can
then be made and the patient’s wish is respected. When the
patient insists on having his aneurysm treated although the esti-
mated natural history does not outweigh the risk of treatment,
the aneurysm is treated by the method believed to carry the
lowest risk of complications.

One fifth of the aneurysms treated in this series were found at
the middle cerebral artery, although these are often regarded as
more suitable for surgical clipping. Over the years spanning the
period of this study, the decision to opt for endovascular treat-
ment over clipping was initially based on medical comorbidities
and/or anticipated surgical difficulties. Endovascular treatment
gradually became the prefered treatment method in our institu-
tion, a decision which was later supported by the results of the
ISAT study [24, 25]. This has allowed us to treat a large number
of aneurysms [32] and acquire experience and confidence. Cur-
rently, we consider all ruptured aneurysms, including those of
the middle cerebral artery complex, suitable for coiling as a first
line treatment in preference to surgical clipping. Middle cerebral

artery aneurysms can be treated effectively with low morbidity
and mortality by endovascular means following careful evalua-
tion of the angiographic anatomy [5,9,29]. This strategy has
resulted in a high endovascular treatment rate of 96% for both
ruptured [32] and unruptured aneurysms. Our low complication
rate may be explained by the high volume of treated aneurysms,
as shown by other authors [7,38]. Treatment of large and giant
aneurysms remains a challenge for endovascular coiling [20,37]
as well as surgical clipping [17,26,27,30,45]. After careful eval-
uation in a multidisciplinary meeting, we proceed with the
treatment method deemed to have the lowest risk. Recurrent or
residual aneurysms are retreated after further interdisciplinary
evaluation.

This is a selected population, and patients treated conservatively
or with surgical clipping (approximately 50 patients during the
study period) were not included in this study. This may have
influenced the results, because cases deemed as having a higher
treatment risk did not necessarily undergo endovascular treat-
ment. Similarly, patients treated conservatively are not consist-
ently followed up, although, as the only neurovascular centre in
the region we are likely to receive any surviving cases with new
SAH from our referral area.

Complications encountered during repeated embolisations have
to be taken into consideration. We encountered no complica-
tions during these procedures in the presented series of UlAs
and achieved similar results in overall aneurysm treatment [33]
as reported by other authors [15,36,41], although it is necessary
to remember that some patients did not undergo retreatment
because of anticipated dificulties and risks.

With regard to the actuarial models, when estimating the life-
time risk of bleeding in UlAs, merely multiplying the annual risk
by a given number of years results in overestimation. This sim-
plistic approach may be reasonable in the short term but not for
the long term. Second, it is not justified to compare an immedi-
ate risk with a risk spread equally over many years. Taking into
account the ISUIA data on rupture rates, assuming a constant
risk of bleeding annually without decreasing in time, assuming a
30% favourable outcome following SAH, a 90% protection from
coiling that does not change with time and the 2001 census
mortality statistics for the UK, mathematical modelling was car-
ried out. Data was obtained and graphs were constructed, relat-
ing age at the time of treatment and corresponding life
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expectancy with life years saved or lost by treatment [42]. This
mathematical model has been applied using our institutional
risk of a bad outcome through coiling (& Fig. 1) and may be used
as a guide to manage our patients with UlAs.

These conclusions are not without their limitations. Modelling is
useful for calculating easily interpreted relationships but there is
a danger of enhancing clarity at the cost of reliability. We have
assumed a constant risk of bleeding over time which has been
observed but is based on few ruptures. Results observed in one
population are compared with treatment outcomes observed in
another. We compared the results from coiled UlAs observed in
our centre to the behaviour of untreated UIAs taken from the
literature [4,34,43,45], which is dominated by the ISUIA study.
This could potentially introduce bias. The solution is randomisa-
tion, and thus a trial (TEAM) [31] is currently underway but data
will not be available for several years. Until then, treatment has
to be individualised and take two factors into account: the best
currently available data, however imperfect it is, and patient
psychology.

The graphs in © Fig. 1 involve the extrapolation of currently
available data over long periods. It is assumed that the risk of
rupture of UlAs remains constant over the duration of the
patient’s life. This assumption may or may not be true. It has
been suggested that the risk of haemorrhage declines over time
[21], and if this conjecture is true, the benefits of treatment pre-
sented in © Fig. 1 would be overly optimistic. On the other hand,
growth of an aneurysm is likely to move the patient from a low
risk group to a medium risk group, which would justify treat-
ment. Long-term observation, preferably with magnetic reso-
nance angiography, is advisable.

Although the durability of coiling is an important issue, it is not
well defined yet. The late annual rate of rebleeding for coiled
ruptured aneurysms has been observed to be 0.2% compared
with 0.06% for neurosurgical clipping [25]. For UIA, the haemor-
rhage rate following coiling is not known. Haemorrhage from a
completely coiled UIA is unusual but has been reported
[3.6,8,39]. We have extrapolated from ruptured aneurysm data
and assumed that coiling reduces the haemorrhage rate from
UlAs by an average of 90%. This figure, however, is conservative
and therefore subject to future revision.

Another limitation of our study is the relatively short follow up
period of a median of 10 months. It is our current policy to per-
form MRA after conventional angiography until aneurysm sta-
bility has been demonstrated on two consecutive MRA
examinations. Further observation is then left to the discretion
of the patient’s general practitioner/neurologist, although only
after advice on possible aneurysm regrowth or de novo forma-
tion [40,44].

Conclusion

v

The risks associated with endovascular treatment of UIA have
been variably reported but have improved with time and are
now likely to be low in experienced hands. In this study, we
reported a morbidity and mortality of 1.5%; when compared
with the natural history of UlAs this finding may justify treat-
ment in the majority of cases, the main exception being aneu-
rysms under 7mm in diameter in patients over 60 years of age
and with no previous history of SAH.
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Objective: The introduction of detachable coils revolutionised the management of patients with intracra-
nial aneurysms and is now considered a first-line treatment in our institution, The purpose of this study
was to review 10 years of experience with this method.

Methods: A retrospective review of prospectively collected data on 711 patients undergoing endovascular
treatment of ruptured intracranial aneurysm between 1996 and 2005 with regard to technical feasibil-

Keywords: ity, procedural complications, rebleeding, anatomical outcome, need for retreatment and overall clinical
Aneurysm treatment outcome

Coiling 5 . X

En:‘klav:srular therapy Results: Endovascular treatment failed in 25 aneurysms from a total of 717 (4%). Aneurysm rupture com-
Rebleeding plicated 37 procedures (4,7%) leaving 10 patients permanently disabled or dead (1.3%). Thromboembolic

events complicated 35 procedures (4.5%) leaving 8 patients permanently disabled or dead (1%). One other
patient died because of fatal parent vessel rupture. Further 6 procedures were complicated by arterial
dissection and 18 by coil loop protrusion, however all of these patients achieved independent recovery.
Overall morbidity-mortality was 2.9%, Further subarachnoid heamorrhage occurred in 16 patients (2.3%),
12 of which died. Altogether, 121 aneurysms from 511 (24%) were recanalized on follow up angiography,
52 required retreatment (7.1%). At 6 months follow up, 580 patients (82%) were independent, while 130
patients (18%) were disabled or dead.
Conclusion: Detachable coil embolisation of intracranial aneurysms is a very feasible treatment method
associated with a small risk of permanent morbidity—-mortality. Risk of further bleeding is small, but
related with devastating outcome. Approximately 25% of aneurysms will recanalize and 7% will require
retreatment. Despite these shortcomings, vast majority of patients will achieve independent recovery.

© 2008 Elsevier B.V. All rights reserved.

Procedural complication
Clinical outcome

1. Introduction

The introduction of controllable, retrievable, electrolytically
detachable coils in 1990 [1,2] revolutionised the management of
patients with intracranial aneurysms. Initially, those aneurysms
considered too risky for neurosurgery were treated using coils,
but gradually the previously narrow criteria for endovascular ther-
apy became wider and their therapeutic efficacy was eventually
proven by the International Subarachnoid Aneurysm Trial (ISAT)
[3,4]. Although level one evidence is provided by this study, sin-
gle centre large series can also give useful information concerning
treatment complications and their outcomes as well as long-term
anatomical results. We reviewed the experience of 10 years of
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endovascular coil occlusion of ruptured intracranial aneurysms
from a single centre. The main points of our study were techni-
cal feasibility, treatment complications, rebleeding, overall clinical
outcome and anatomical results including the need for repeated
treatment.

2. Patients and methods
2.1. Patient population

This is a retrospective observational study of 711 patients
referred to Frenchay Hospital, Bristol, United Kingdom, for treat-
ment of subarachnoid haemorrhage (SAH) due to ruptured berry
aneurysms. All patients underwent primary endovascular coiling
over a 10-year period between January 1996 and December 2005.
Patients with fusiform or dissecting aneurysms (9 patients) and
those treated with primary parent vessel occlusion (5 patients)
were excluded. Patient information, aneurysm characteristics,
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Table 1
Clinical grade of patients prior to treatment according to the World Federation of
Neurosurgical Societies (WFNS) scale [5].

WENS grade Number of patients Percentage of total
1 438 62
11 17 16
1 37 5)
v 84 12
v 35 5

details of treatment and clinical course were entered prospectively
into a database and subsequently analysed.

Of the 711 patients, 459 (65%) were women and 252 (35%) were
men. The mean age was 53 years (median 53 years, range 16-85
years). Clinical condition was assessed just prior to treatment using
the World Federation of Neurosurgical Societies (WFNS) grading
scale [5]. Altogether, 438 patients were grade [ (62%), 117 were
grade [1(16%), 37 were grade Il (5%), 84 were grade IV (12%) and 35
were grade V (5%) (Table 1). Patients of poor clinical grade without
reasonable chance of survival at presentation were treated conser-
vatively and are not included in this study. During the study period
additional 344 patients underwent microsurgical clipping of their
ruptured aneurysm (Fig. 1).

2.2. Decision to treat

In the early years, the decision to opt for endovascular treat-
ment over clipping was based on associated medical co-morbidity
and anticipated surgical difficulties. Over time endovascular coil-
ing became the preferred method of treatment in our institution,
a decision that was later supported by the results of the ISAT trial
[3,4]. This is reflected in yearly increase in the number of endovas-
cular procedures performed, increasing from 22 in 1995 to 120 in
2005 (Fig. 1). Presently, approximately 95% of ruptured aneurysms
are treated endovascularly in our institute. All procedures were
performed by a board certified neuroradiologist (SAR, AJM) with
a minimum of 3.5 years of experience of coil embolisation at the
start of the study period. Patients were treated as soon as practica-
ble after the initial ictus, however due to late referral some patients
did not receive treatment until later in the course of disease. Once
admitted to our institute, patients were usually treated the same
day. Overall, 388 patients (55%) were treated within 2 days of their
original SAH, 204 (29%) were treated between days 3 and 7 and 64
(9%) were treated during the second week after the ictus (Table 2).

Table 2
Time from ictus to endovascular treatment.

Time to treatment (days) Number of patients Percentage of total

0-2 388 55
3-7 204 29
8-14 64 9
15-30 31 4
Over 30 24 3

The remaining 55 patients (7%) were treated later. When necessary,
an external ventricular or lumbar drain was inserted to relieve early
hydrocephalus.

2.3. The endovascular procedure

Endovascular coiling was performed using conventional tech-
niques. Patients were treated under general anaesthesia. A bolus
of intravenous heparin was followed by continuous infusion via
the catheter flushing system at a concentration of 5iu./ml. The
aim was to place coils sequentially into the aneurysm sac to
the point of angiographic occlusion. The vast majority of coils
deployed were bare platinum; either Guglielmi Detachable Coils
(Boston Scientific, Freemont, CA) or Micrus (Micrus corporation,
San Jose, CA), however a small number of coated bioactive coils,
Matrix (Boston Scientific, Freemont, CA) and Cerecyte (Micrus,
San Jose, CA) were also used. Following diagnostic angiography
the aneurysm was selectively catheterised with a microcatheter
using standard techniques, through a guiding catheter placed in
the appropriate cervical carotid artery or vertebral artery. The pro-
cedure of routine coil embolisation is well described and where
necessary, balloon remodelling or stent-assisted coil embolisation
was employed for the treatment of wide-necked aneurysms. Tech-
nical failure was defined as an attempted embolisation procedure
during which no coils were detached. Any procedural or other
subsequent complication was recorded as well as any change in
patients’ neurological status after the procedure.

2.4. Aneurysms treated

A total of 780 aneurysms were treated in these 711 patients.
The aneurysm responsible for the bleeding was identified by blood
distribution on computer tomography (CT), aneurysm appearance
and vasospasm distribution. This aneurysm was treated first;
the additional aneurysms were either treated during the same

Coiled v. clipped aneurysms during
each year of the study
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Fig. 1. Number of patients who underwent coiling or clipping of ruptured berry aneurysm in each year of the study.
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Table 3
Number of aneurysms treated in each patient presenting with subarachnoid
haemorrhage.

Number of aneurysms Number of patients Percentage of total

1 649 912
2 56 7
g8 5 0.7
4 1 0.1

session or after recovery from the haemorrhage. In 5 patients,
each with two aneurysms, it was unclear, which aneurysm was
the one responsible for the haemorrhage, both were thus con-
sidered as ruptured and treated initially. One other patient had
an unruptured aneurysm treated first; a clot formed at the site
of the ruptured aneurysm prevented its identification, it rebled 2
weeks later and was then treated. According to these criteria, 717
ruptured aneurysms were treated. Altogether, 649 patients had
one aneurysm treated, 56 patients had two, 5 patients had three
and 1 patient had four (Table 3).

The most common aneurysm site was the anterior communi-
cating artery (229 aneurysms, 32%), followed by the origin of the
posterior communicating artery (147 aneurysms, 21%). Altogether
591 (82%) aneurysms were found in the anterior circulation and
126 (18%) in the posterior circulation (Table 4).

Six hundred and five aneurysms (84%) were small (<10 mm),
and of these 454 had small necks (<4mm) and 151 had wide
necks (>4 mm). One hundred and three aneurysms (14%) were large
(between 11 and 24 mm); of these 17 had small necks and 86 had
wide necks. Eight aneurysms (1%) were classified as giant (>25 mm)
(Table 4).

Twelve patients received previous surgery; two aneurysms were
wrapped and ten were clipped. Four patients experienced acute
rebleeding from previously clipped aneurysms. The remaining
patients were either treated during the acute phase of SAH after fail-
ure of microsurgical treatment (4 patients) or after initial recovery
for a known residual aneurysm (4 patients).

2.5. Clinical and anatomical follow up

Clinical outcome was obtained from patients during each hos-
pital visit and assessed by the Glasgow Outcome Scale (GOS) [6],

Table 4

Aneurysm location and size (ICA: internal carotid artery, PCom: posterior communi-
cating artery, ACA: anterior cerebral artery, ACom: anterior communicating artery,
MCA: middle cerebral artery).

Small Large Giant Total %

(<10 mm) (11-24 mm) (>25 mm)
Anterior circulation 510 75 6 591 82
ICA total 170 29 2 201 28
Ophthalmic 16 4 1 21 3
PCom 126 20 1 147 21
ICA bifurcation 20 4 0 24 3
Other ICA 8 1 0 9 1
ACA total 251 30 1 282 39
ACom 200 29 0 229 32
ACA other 51 1 1 53 7
MCA total 89 16 3 108 15
MCA bifurcation 77 15 3 95 13
MCA other 12 1 0 13 2
Posterior circulation 95 28 3 126 18
Basilar tip 44 18 2 64 9
Other 51 10 1 62 &)
Total 605 103 9 "7
Z 84 14 1 100
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GOS of 5 representing a good outcome, GOS 4 moderate dis-
ability, but independent, GOS 3 disabled and dependent, GOS 2
persistent vegetative state and GOS of 1 being death. For patients
who did not attend their scheduled visit, a dedicated nurse
using a structured questionnaire to determine clinical outcome
performed a telephone interview. The patient, family, general prac-
titioner or attending physician was contacted. Length of clinical
follow up was calculated as the number of days between the
date of original treatment and date of last contact. In case of a
patient’s death, every effort was made to find out the cause. This
was classified as procedure related, SAH related, rebleed related,
surgery related, caused by another intracranial haemorrhage or
unrelated. During each contact with the patient, family, or the
attending physician, specific effort was directed towards exclud-
ing further intracranial haemorrhage. Every suspicious episode
was thoroughly investigated to confirm or exclude recurrent
SAH.

Each patient was scheduled to undergo cerebral angiography
6 months after initial therapy and annually thereafter. How-
ever, some patients underwent their initial angiography earlier
to exclude early recurrence. Since 2004, long-term follow up was
performed using magnetic resonance angiography only. When
aneurysm recurrence was suspected, formal angiography was
performed. Recurrent aneurysms were retreated when deemed
clinically appropriate. Procedural complications encountered dur-
ing these procedures are included as well as further clinical and
anatomical follow up. Cerebral angiography was not performed in
some patients because of severe disability, old age or patient refusal,
however in these patients clinical outcome was obtained.

The degree of aneurysm occlusion was assessed on immediate
post-embolisation as well as follow up angiograms using multiple
projections. These angiographic results were classified according
to the Montreal Raymond-Roy classification [7]; class [-complete
aneurysm occlusion without any contrast filling of the aneurysm
sac or neck, class lI—residual neck, and class IlI—residual aneurysm.
An aneurysm was considered stable on follow up if there was
no increased contrast filling (no progression to worse class) and
recurrent if the follow up angiography showed increased aneurysm
filling when compared to the immediate post-embolisation image
(progression to worse class). An unchanged class Ill result was con-
sidered recurrent aneurysm. Any aneurysm requiring retreatment
was also considered to be recanalized.

2.6. Statistical analysis

All analysis was performed using a normal approximation of the
logical data (true=1 and false= 0) to produce a mean and standard
deviation of the percentages presented. This allowed construction
of 95% confidence intervals (Cl). p-values are produced using a Stu-
dent’s t-test.

3. Results
3.1. Technical feasibility

A total 783 endovascular procedures were performed, including
32 technical failures. These predominantly occurred in the early
years, 28 failures from 1996 to 2000, and only 4 failures from 2001
to 2005. Endovascular therapy was unsuccessful in the treatment
of 25 aneurysms (4%). Twenty patients underwent microsurgical
clipping, 5 patients who were also considered to be poor surgical
candidates, were treated conservatively. Five other aneurysms were
clipped because of incomplete occlusion after endovascular therapy
during the acute phase of SAH.



182 S.A. Renowden et al. / Clinical Neurology and Neurosurgery 111 (2009) 179-188

Table 5

Size and location of aneurysms that ruptured during endovascular procedure (ICA:
internal carotid artery, PCom: posterior communicating artery, ACA: anterior cere-
bral artery, ACom: anterior communicating artery, MCA: middle cerebral artery,
PICA: posterior inferior cerebellar artery, PCA: posterior cerebral artery, SCA: supe-
rior cerebellar artery).

Total number of procedural aneurysms ruptures 37
Size Small 34
Large 3

PCom 6

ICA Ophthalmic 2

Terminal ICA 1

ACom 10

X ACA Pericallosal 3
Loaon MCA Bifurcation 9
Basilar tip 2

o PICA 2

Posterior circulation PCA 1

SCA 1

3.2. Complications

3.2.1. Aneurysm rupture

Thirty-seven procedures (4.7%, Cl: 3.3-6.2) were complicated
by aneurysm rupture. Size and location of these aneurysms are
presented in Table 5. The initial pre-operative WFNS grades were
as follows: grade [: 24 patients; grade II: 6 patients; grade IlII:
2 patients; grade IV: 4 patients and grade V in 1 patient. When
aneurysm rupture occurred, heparin was reversed immediately
with protamine, coiling continued to limit the extent of the haem-
orrhage and measures were taken to reduce intracranial pressure by
removing cerebrospinal fluid (CSF) via ventricular drainage. In this
series, 8 patients with an external ventricular draininserted prior to
procedure and 6 patients in whom a ventricular drain was inserted
immediately post-procedure had CSF removed via this route.

Twenty-seven ruptures remained clinically silent (Table 6).
Six patients died (GOS 1), one became dependent (GOS 3), 3
patients eventually made good recovery (GOS 4 or 5). Among the
poor-outcome patients, all but one, who was WFNS grade V at
presentation, all were initially good-grade (WFNS I or II) patients.
Overall permanent morbidity-mortality from aneurysm rupture
was 1.3% (CI: 0.5-2.1) at 6 months, the rate of death or depen-
dency rate being 0.9%. However, when rupture occurred, the rate of
permanent morbidity-mortality was 27%.

During the first 5-year period (1996-2000) of the study, rupture
rate was 5.9% per procedure, decreasing to 3.9% during the second
5-year period (2001-2005). This difference did not reach statistical
significance (p=0.27).

3.2.2. Thromboembolic events
Thirty-five procedures (including 8 parent vessel occlusions
caused by thrombus formation) were complicated by a throm-

boembolic event (4.5%, CI: 3.0-5.9) (Table 6). Remodelling
technique was used in three of these. Eight events remained clin-
ically silent, and 16 were transient, however 5 patients died and
three became dependent, 3 patients eventually made a good recov-
ery (GOS 4 or 5) having only a minor deficit. Overall permanent
morbidity-mortality per procedure resulting from thromboem-
bolic events was 1.4% (CI: 0.6-2.3), the rate of death or dependency
being 1.0%.

During the first 5-year period (1996-2000) of the study, 3.7%
of procedures were complicated by a thromboembolic event.
This figure slightly increased during the second 5-year period
(2001-2005) to 4.9%. This difference did not reach statistical sig-
nificance (p=0.47).

3.2.3. Other procedural complications

A small number of other complications were also encountered
(Table 6); there were 6 procedures (0.8%) complicated by internal
carotid artery dissection (2 symptomatic, both making a recovery to
GOS4or5), 7 procedures (1.0%) complicated by groin haematomas
(only 1 requiring surgery), and 1 procedure complicated by par-
ent vessel rupture after balloon angioplasty (the patient died).
Finally 18 procedures (2.4%) were complicated by coil protrusion
into the parent vessel, but none produced clinical or thromboem-
bolic sequelae.

3.24. Overall procedural morbidity and mortality (Table 6)

When assessed at 6 months post-procedure, patient morbidity
(GOS 2-4)directly attributable to a procedure was 1.5% (CI: 0.6-2.5)
and mortality (GOS 1) was 1.7% (Cl: 0.7-2.6). Procedural complica-
tions were responsible for poor outcome (GOS 1-3) in 16 patients
(2.3%, CI: 1.2-3.3); the other 7 patients (1.0%) are moderately dis-
abled but independent (GOS 4).

3.2.5. Rebleeding after therapy

Further spontaneous SAH after endovascular therapy occurred
in 16 patients (2.3%, CI: 1.2-3.3), 11 patients rebled within 1 month
(classified as early) after therapy, 5 rebled more than 4 weeks (clas-
sified as late) after coiling. Only one patient is known to have rebled
more than a year after therapy.

Among the patients who had rebleeds early (Table 7), 8 patients
died, one has moderate disability and 2 recovered fully. Two
patients suffered rebleed after unsuccessful coiling procedures,
bothdied(cases number4 and 11).In yet another patient, the source
of bleeding was not identified due to clot formation and another
aneurysm, which was thought to be responsible for the haemor-
rhage was successfully coiled (case number 5). The unidentified
aneurysm rebled and was successfully treated and the patient made
full recovery.

All but one of the patients who had rebleeds later than 1 month
after initial therapy died within 30 days of the recurrent SAH
(Table 8). One patient died due to rupture of an additional aneurysm

Table 6

Number of procedural complications by type (with percentage calculated from number of procedures) and outcome according to the Glasgow Outcome Scale (GOS) [6].
Complication Aneurysm rupture Thromboembolic Other Total
Total number 37(4.7%) 35(4.5%) 25(3.2%) 97(12.4%)
Clinically silent 27(3.4%) 8(1.0%) 2127%) 56(7.1%)
GOS 5 (good recovery) 0 16(2.0%) 2(0.3%) 18(2.3%)
GOS 4 (moderately disabled, independent) 3(0.4%) 3(0.4%) 1(0.1%) 7(0.9%)
GOS 3 (severely disabled, dependent) 1(0.1%) 3(0.4%) 0 4(0.5%)
GOS 2 (persistent vegetative state) 0 0 0 0

GOS 1 (dead) 6(0.8%) 5(0.6%) 1(0.1%)? 12(1.5%)
GOS 1-3 7(0.9%) 8(1.0%) 1(0.1%) 16 (2%)
GOS1-4 10(1.3%) 11(1.4%) 2(0.3%) 23(2.9%)

* The “other” category encompasses parent vessel rupture, arterial dissection and coil loop protrusion, but does not include groin haematoma (7 procedures).
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Table 7

Early (within 4 weeks) rebleeding after coiling or attempted coiling. Timing is time to rebleed in days from initial coiling. Word Federation of Neurosurgical Societies (WFNS)
grading is post-rebleed (BA: basilar artery, ACom: anterior communicating artery, MCA: middle cerebral artery, Perical: pericallosal artery, GOS: Glasgow Outcome Scale).

Case Sex Age Timing WENS Size Location Treatment result Retreated GOS Comment
1 F 74 3 2 Small BA tip Complete occlusion No 1
2 M 58 0 5 Large ACom Residual aneurysm No 1
3 M 37 1 4 Large BA tip Residual neck No 1
4 M 59 3 1 Large BA tip Not treated Yes 1 Technical failure, successful retreatment
5 M 56 2 1 Small ACom Not treated Yes 5 Two aneurysms, wrong aneurysm treated
6 F 41 15 4 Small BA trunk Residual neck No 1 Negative initial diagnostic angiogram
7 M 76 3 2 Small ACom Residual neck No 1
8 F 39 1 1 Small MCA bif Residual neck Yes 4 Recanalized
g F 59 7 4 Small Perical Residual neck No 1 Severe vasospasm
10 M 59 0 3 Small ACom Complete occlusion Yes 5 Partially thrombosed
1 F 63 4 4 Small Perical Not treated No 1 Technical failure twice, poor grade patient
Table 8

Late (more than 4 weeks) rebleeding after coiling or attempted coiling (WFNS: World Federation of Neurosurgical Societies grade, Ophthal: ophthalmic artery, MCA: middle
cerebral artery, BA: basilar artery, PCom: posterior communicating artery, N/A: not applicable).

Case Sex Age WFNS Timing Size Location  Treatment result Retreated GOS  Comment

12 M 30 1 2 months Giant  Ophthal Residual neck No 1 Remodelling

13 F 34 1 6 weeks Small MCADbIf NJA No 1 Untreated aneurysm

14 F 56 1 7 months Small ~ BAftip Complete occlusion  Yes 1 Recanalized, rebled after repeated treatment

15 F 69 4 11 months  Large  PCom Residual aneurysm  No 1 Residual aneurysm on follow up

16 M 55 1 24months  Small  PCom Residual neck Yes 5 Followed up and retreated elsewhere, stable neck remnant
Table 9

(case number 13). Another patient with a small basilar bifurcation
aneurysm rebled just prior to control angiogram, the aneurysm
had recanalized and was successfully retreated, however it rebled
again and the patient died (case number 14). Case number 15 was
a patient whose control angiography showed residual aneurysm,
however due to unfavourable local anatomy a repeated procedure
was deemed too risky. The aneurysm re-ruptured 6 months later
and the patient died. We know of only 1 patient (case 16) who has
had a rebleed more than 1 year after treatment.

Overall recurrent SAH was responsible for 0.1% morbidity (GOS
2-4) and 1.8% mortality (GOS 1), or for poor outcome in 12 of our
patients (1.8%, CI: 0.8-2.8). Once a recurrent SAH occurred, the
mortality was 75%. The annual rebleed rate was 1.8%.

3.2.6. Overall clinical outcome

This patient cohort was followed up for a total of 10,637 patient
months, mean follow up period was 17 months, median 9 months.
The longest follow up was 101 months. Clinical outcome at 6
months was available on 710 patients (99.9%). The one remaining
patient was WENS grade Il and was discharged home without hav-
ing any neurological deficit (Table 9). Altogether, 523 patients (74%)
made a good recovery (GOS 5), 57 patients (8%) made an indepen-

Patient outcome according to Glasgow Outcome Scale (GOS) [6] in relation to World
Federationof Neurosurgical Societies (WFNS) [5] gradeattime of treatment. Number
in parentheses indicates percentage of total.

GOS 5 GOS4  GOS3  GOS2  GOS1 Total
WENS | 385 19 6 1 27 438 (62)
WENS I 77 15 6 0 18 116 (16)
WENS 11 20 9 4 0 4 37(5)
WENS IV 32 1 7 0 34 84 (12)
WENS V 9 3 a 2 17 35(5)
Total 523(74)  57(8)  27(4)  3(04)  100(14)  710°

@ One patient was lost to follow up review.

dent recovery (GOS 4), 27 patients (4%) were severely disabled and
dependent (GOS 3), 3 patients (0.4%) were in a persistent vegetative
state (GOS 2) and 100 patients (14%) were dead (GOS 1). Indepen-
dent outcomes (GOS 4 or 5) were achieved by 580 patients (82%),
while 130 patients (18%) were severely disabled or dead (GOS 1-3).
Among patients presenting in a good grade (WFNS grades | and
1) 58 patients (10%) were severely disabled or dead. The reason
being vasospasm (30 patients), endovascular procedural compli-
cations (13 patients), rebleed (6 patients), respiratory or cardiac

Outcome v. year of treatment

s — 1 1 1 1 1

0% —1 1 1 1 1 1
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T T T T T T T T T T
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Fig. 2. Percentage of patients who achieved independent outcome during each year of the study.
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Table 10

Size and location of stable and recurrent aneurysms. Giant aneurysms not shown because of small sample size (n =3) (ICA: internal carotid artery, Ophthal: ophthalmic artery,
PCom: posterior communicating artery, ACA: anterior cerebral artery, ACom: anterior communicating artery, MCA: middle cerebral artery, BA: basilar artery).

Small (<10 mm)

Large (>10mm) Overall recurrence (%)

Stable Recurred % Stable Recurred %
Anterior circulation 295 78 21 32 22 41 23
ICA total 94 29 24 15 9 38 26
Ophthal 10 1 L) 1 2 67 21
PCom 69 22 24 13 5 28 o5
ICA bifurcation 12 4 25 1 2 67 82
Other ICA 3 2 40 0 0 - 40
ACA total 140 40 22 13 8 38 24
ACom 111 32 22 13 7 35 24
ACA other 29 8 22 1 100 24
MCA total 61 9 13 4 5 56 18
MCA bifurcation 53 9 15 4 4 50 19
MCA other 8 0 0 0 1 - 11
Posterior circulation 48 16 25 14 3 18 23
BA tip 23 8 26 8 B3 27 26
Other 25 8 24 6 0 21
Total 343 94 46 25 508
b4 78 22 65 35 23

problems (4 patients), surgical complications (3 patients) and can-
cer (2 patients). Among WEFNS grade III patients, 8 patients (22%)
were severely disabled or dead, vasospasm being the cause in 6
patients, endovascular procedural and surgical complications in
one patient each. Among poor grade patients (WFNS grades IV and
V) 64 patients (54%) were severely disabled or dead. Vasospasm
was responsible for poor outcome in 36 patients, initial SAH sever-
ity in 10 patients, recurrent SAH in 7 patients, respiratory or cardiac
problems in 5 patients, surgical complications in 4 patients and
endovascular procedural complications in 2 patients. Altogether,
vasospasm was responsible for poor outcome in 72 patients (10%).

Fig. 2 shows clinical outcome during each year of the study
period. No trend toward improved outcomes during ensuing years
was identified.

There were 100 patient deaths during the study period; 63
patients died of SAH complications, 6 deaths were related to a
surgical procedure and 7 patients died of other causes. Procedural
complications and recurrent SAH accounted for 12 deaths each.

3.2.7. Anatomical results

Using the Raymond classification [7], immediately after treat-
ment 429 aneurysms (62%) showed complete occlusion (class I),
226 aneurysms (33%) had residual neck (class I1) and 37 aneurysms
(5%) showed residual filling of the aneurysm sac (class III). Thus
95% of all aneurysms showed complete or near-complete occlu-
sion. Class I result was achieved in 67% of small aneurysms, 35% of
large aneurysms and in 11% of giant aneurysms. Class II result was
achieved in 29% of small aneurysms, 51% of large aneurysms and
56% of giant aneurysms. Class Il result was found in 3% of small
aneurysms, 14% of large aneurysms and 33% of giant aneurysms
immediately after treatment.

Follow up angiography was performed in 509 patients with 511
aneurysms (71% of all aneurysms). The mean time to first follow
up angiography was 7.6 months (range 1-63 months). Aneurysm
recurrence according to size and location is shown in Table 10. A
stable result was achieved in 78% of small aneurysms, in 65% of
large aneurysms and in one of the three giant aneurysms (Table 11).
Overall, follow up angiography showed stable occlusion in 390
aneurysms (76%) and recurrence in 121 aneurysms (24%). Thirty-
six of these were recoiled (Fig. 3), including 2 that were coiled and
then clipped, further 3 patients underwent direct microsurgical
clipping. Of the 82 remaining recanalized aneurysms, 66 were class

Il occlusions and are being observed. Of the class IIl occlusions (16
patients), 2 patients are managed elsewhere, 6 patients were too
old or unwell to consider further treatment appropriate, and one
patient refused additional treatment. Six patients who were also
not considered for further treatment at the time of follow up proved
to show unchanged appearances over a period of 14-76 months.
The reasons for not retreating these patients were anticipated dif-
ficulties (3 patients) or unfavourable local anatomy with an arterial
branch arising from neck (3 patients). The last patient, who was
considered to be a high procedural risk, suffered recurrent SAH and
died (Table 8, case 15).

A second follow up angiogram was performed in 206 patients
with as many aneurysms. The mean time from initial treatment to
second follow up angiogram was 27 months (range 10-70 months).
Stable occlusion was documented in 183 aneurysms (89%) and
23 aneurysms recurred (11%). Further aneurysm coiling was per-
formed in 6 patients, one aneurysm was successfully clipped and
one giant aneurysm was treated by parent vessel coil occlusion.
Nine aneurysms were class Il result and were observed. A class Il
result was found in 6 aneurysms; 5 were unchanged when com-
parison was made with the previous angiogram, the last, which
recurred, was not retreated because the procedural risks were
deemed too high.

A third angiogram was performed in 42 patients with as many
aneurysms. The mean time from initial treatment to third follow
up angiogram was 47 months (range 20-102 months). Stable result
was found in 37 aneurysms (88%), 5 aneurysms (12%) were classi-
fied as recurrent (all class I11). Among these, four were unchanged
when compared to the previous control; the last was recoiled.

Table 11
Size and initial post-embolisation occlusion grade of stable and recurrent
aneurysms. Giant aneurysms not shown because of small sample size (n=3).

Small Large Total recurrence
Stable Recurred % Stable Recurred %
Class | 218 71 25; 18 10 36 28%
Class I 118 19 14 26 10 28 17%
ClassI+1l 336 90 21 44 20 31 22%
Class 111 7 4 36 2 5 71 50%
Total 343 94 46 25 19
78%  22% 65% 35% 23%
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Died 100
Patients Too old: 19
treated: 711 Surgery: 21

Too unwell: 19

Refused: 24

Overseas: 3
1* follow up Other reason: 16
angiogram:

509 patients
511 aneurysms

Recoiled: 36
Clipped 5

Aneurysms Aneurysms Class I1
stable: 390 recanalised: 121 aneurysms: 66
Old / unwell: 6
Class 111 Refused: 1
aneurysms: 16 Rebled / died: 1
2" follow up Elsewt 2
angiogram
206 patients Not retreated:
206 aneurysms Procedure difficult 3
Unfavourable anatomy 3 All uncharged
for 14-76
Aneurysms Aneurysms menthe
stable: 183 recanalised: 23 Resolleds 1
Clipped: 1
PVO

3% follow up
angiogram:
42 patients
42 aneurysms

Aneurysms Class 111
stable: 37 aneurysms: 5

Class Il
aneurysms:

Class 111
aneurysms;

Recoiled 1
Unchanged: 4

Fig. 3. Flowchart of aneurysm recanalization and retreatment (PVO: parent vessel occlusion).

To determine long-term anatomical results we identified a
group of 49 patients with as many aneurysms who had an addi-
tional follow up angiography or magnetic resonance angiography
after having previous follow up of more than 15 months. This sub-
group of patients was followed up for additional mean 27 months
(range 7.4-89 months). In comparison with the previous occlusion
grade as documented by the last control angiogram (10 class I occlu-
sions, 36 class Il occlusion and 3 residual aneurysms), there was no
recurrence observed. The 3 residual aneurysms (6%) showed stable
and unchanged appearance.

3.3. Retreated aneurysms

During the study period 52 aneurysms were retreated because
of recurrence (7.1% retreatment rate). Repeated coiling was per-
formed in 43 aneurysms; 37 aneurysms were recoiled once, 4
aneurysms were recoiled twice and two aneurysms were recoiled
three times. The mean time to retreatment was 14.2 months (range
0.5-55 months). 51 repeated coiling procedures were carried out.In
addition, 6 aneurysms were clipped, one was treated by parent ves-
sel occlusion and 2 patients were retreated in another institution
(Fig. 4). Control angiography was available for all patients recoiled
in our institution. This showed stable occlusion in 30 aneurysms
(70%) and recanalization in 13 aneurysms (30%). Follow up after
the second coiling procedure showed 15 complete occlusions, 24
residual necks and 4 residual aneurysms. One residual aneurysm
was clipped as well as one aneurysm with residual neck. Further
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coiling was performed in 6 aneurysms (3 class Il and 3 class III
results). Complete occlusion was achieved in 2 aneurysms and
residual neck in the remaining 4 aneurysms. Repeated recurrence
was observed in 2 aneurysms (a small wide-necked periophthalmic
aneurysm and large wide-necked middle cerebral artery bifur-
cation aneurysm), both were retreated and afterwards classified
as stable for more than 3 years. Additional follow up angiogram
after the second coiling procedure was available on 19 aneurysms;
only one aneurysm recanalized from class 1 to class II result,
however remained stable on further follow up. Thus, after retreat-
ment, on the last available follow up angiogram, 328 aneurysms
(64%) were classified as class 1 occlusion, 168 aneurysms (33%)
as class II occlusion and 15 aneurysms (3%) as class IIl occlu-
sion.

4. Discussion

Over 10 years spanning the result of the ISAT trial [3,4], there
has been a dramatic increase in the number of patients undergo-
ing endovascular procedures as the first treatment for a ruptured
intracranial aneurysm in our institute, increasing from 22 to 120
patients per annum. In our practice we consider all ruptured
aneurysms for endovascular coil occlusion as a first-line treatment
in preference to microsurgical clipping. Even middle cerebral artery
aneurysms are treated endovascularly because following careful
evaluation of the angiographic anatomy, most may be treated effec-
tively with low morbidity and mortality [8-10]. This has resulted
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Retreated aneurysms: 52

| Recoiled aneurysms: 43

Stable on follow up: 30 | ‘ Recanalised on follow up: 13

Clipped: 4
Elsewhere: 2
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Fig. 4. Flowchart depicting aneurysms recanalizatiol

in a very high endovascular treatment rate of 96%. Other authors
report similar treatment strategies [11].

Surgery was performed when primary endovascular coiling
failed, when no coiling service was available and surgery offered
amore timely treatment and when a rebleed occurred. Altogether,
only 32 unsuccessful coiling procedures were performed and sub-
sequently 20 patients required neurosurgical clipping, the majority
(28 procedures) occurred in the first 5-year period of this study.
Endovascular procedures had a distinct advantage over a cran-
iotomy in the treatment of the 62 patients with multiple aneurysms
(approximately 9% of this cohort). Not infrequently it is unclear
which aneurysm is the one that ruptured (6 patients in this series)
and endovascular treatment of multiple aneurysms in a single ses-
sion is a more appealing prospect than an additional craniotomy
when multiple aneurysms cannot be treated through the same
approach. On the other hand, microsurgical clipping was performed
in 11 patients with aneurysm recanalization to prevent rebleed-
ing from residual or regrown aneurysm. Other surgical indications
include mass effect from an adjacent haematoma, vital neural
structure compression from aneurysm, newly formed aneurysm
with unfavourable anatomy at the site of previous coiling and the
need for urgent revascularization after complicated endovascular
procedure. The need for a specialized and highly experienced neu-
rovascular team is evident [12].

The earlier that treatment can be instituted the lower the risk
to the patient from rebleeding. Surgical treatment of ruptured
aneurysm is usually recommended either within first 4 days fol-

d:2

n after retreatment (PVO: parent vessel occlusion).

lowing SAH, or in cases of late referral, patients undergo clipping
after day 14 to avoid the time window of maximal vasospasm. Our
data show that 55% of patients are treated between the day of the
ictus and day 2, with a further 29% being treated by the end of the
first week. A protection rate of 84% by the end of the first week is not
an ideal situation, rather a reflection of referral and patient trans-
fer practice. Further analysis of our results show that outcomes for
patients treated in the period of maximal vasospasm do not differ
from those treated before and after this period.

Aneurysm ruptures occurred in 4.7% of procedures. There is an
overall patient morbidity-mortality rate of 1.3% with 0.9% being
dead or dependent (GOS 1-3). In this series there is a tendency
for the middle cerebral artery bifurcation aneurysms to be over-
represented, accounting for approximately 24% (Cl: 10.3-38.3)
of aneurysms rupturing during a procedure, but only 13% (CI:
10.7-15.7) of all aneurysms. However, this relation is not statis-
tically significant (p=0.14). Our overall procedural rupture rate is
very similar to Henkes et al. [13] who reports a perforation rate
of 5.0% (n=1034) and van Rooij et al. [11] reporting a 4.4% rup-
ture rate (n=681) with a combined morbidity-mortality rate of
1.1%. Park et al. [14] had a rupture rate of 7.6% with a mortality
rate for procedural rupture of 2.5%. Rupture rate during treatment
of ruptured aneurysm range in the literature from 1.4% to 16%
[15,16].

Thromboembolic events complicated 4.4% of procedures. These
are frequently symptomatic, albeit transiently in the majority of
cases. The overall permanent morbidity-mortality rate is 1.4% with
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1.0% being dead or dependent (GOS 1-3). These are again similar to
Henkes et al. [13] who reports a thromboembolic event rate of 3.1%
and van Rooij et al. [11] reporting a 4.7% rate. Park [14] had a higher
thromboembolic complications rate of 11.0% with overall throm-
boembolic mortality being 3.4% and morbidity 5.9%. The range of
thromboembolic events reported in the literature is between 2.5%
and 28.0% [17,18]. However, many subclinical events are likely to
occur and will only be detected by peri-procedural magnetic reso-
nance imaging [17]. In practice these events are fortunately of no
clinical consequence.

Combined with other procedural complications, overall patient
morbidity is 1.5% and mortality 1.7%. These compare favourably
with the van Rooij et al. series [11] with rates of 3.2% and 2.6%,
respectively. Our rupture rate was similar with a comparable
rate of poor outcome, however the thromboembolic events were
much less likely to be associated with a bad outcome in our
series. Henkes et al. [13] reports a procedure related death rate
of 1.5% and morbidity of 5.0%, Park et al. [14] reports a mortal-
ity rate of 7.6% and procedural morbidity of 5.9% for ruptured
aneurysms, but this is a smaller series of 118 patients. Practitioner
experience and workload volume is likely to have an effect on
complication rates with high-volume centres having a lower com-
plication rates. This has been reported for unruptured aneurysm
treatment [19]. When we tried to analyse complication rate and
clinical outcome during the time span of the study, no statistically
significant difference was identified. However, improvement was
clearly seen in technical efficacy—only four technically unsuccess-
ful procedures were performed during the latter half of the study,
presumably representing increase in technical expertise and device
efficacy.

This study followed up patients for a total of 10,637 months
(mean 9 months). The final clinical outcome of patients reflects
clinical grade at presentation. Patients presenting as WFNS grade [
have an 88% chance of a GOS 5 outcome, whereas for grades Il to V
the percentages with a good recovery are 66%, 54%, 38% and 26%,
respectively. Likewise the chance of death (GOS 1) for WFNS grades
[toVare 6%, 16%, 11%,40% and 49%. These figures only relate to those
patients in whom treatment was instituted as patients deemed too
ill for treatment have been excluded from this study and selection
bias may thus have been introduced.

The angiographic results of coiling demonstrate that only 62% of
aneurysms are completely occluded with a further 33% having small
neck remnants. Neck remnants are a frequent finding at the end of
a coiling procedure and are usually accepted because further coil
placement is either not possible or there is a risk of prolapse of the
coilsinto the parent vessel. Only 5% of aneurysms are left with resid-
ual aneurysm filling. These are usually the larger, difficult to treat
aneurysms, however some of these will go on to thrombose once
the procedural anticoagulation has been stopped. It is possible to
successfully treat larger aneurysms [20], but larger aneurysms are
difficult to treat whichever treatment modality is used [21]. Addi-
tional techniques such as balloon remodelling and stent-assisted
coiling are used when absolutely necessary. This approach is in
accordance with other authors who have found that more devices
increase the complication rates [11,13,22]. This is counterbalanced
by the fact that these rapidly evolving procedural adjuncts allow
a greater range of aneurysm morphologies to be treated, including
complex and wide neck aneurysms. This trend is certain to continue
in the future.

The recurrence rate following coil occlusion is 24%, however
rates of up to 33% have been reported in other studies [23,24].
This includes aneurysms in which the occlusion grade [24] either
worsens and those which remains as a grade Il occlusion. Grade Il
occlusions (neck remnants) that remain stable are not considered as
a recurrence. The aneurysms most likely to recur are the large, but
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there is no preponderance towards any particular aneurysm loca-
tion. This is supported by Raymond et al. [24], who also reports that
recurrence is associated with treatment in the acute phase, wide
aneurysms neck and prolonged follow up. Despite a high recurrence
rate between initial treatment and the 6 months check angiogram,
nearly 90% of aneurysms remain stable after the 6 months check.
Other reports suggest that short-term follow up is insufficient to
detect recurrences. Our practice is to perform follow up until 2 years
of stability have been demonstrated.

The retreatment rate is only 7.1%, and once retreatment has
occurred 97% of aneurysms have a grade [ or [l occlusion grade. Only
3% demonstrate ongoing interstitial aneurysm filling. The retreat-
ment rate compares favourably with that found in the follow up
period of ISAT (9.2%) [3,4,23].

The ultimate aim of aneurysm treatment is to prevent rebleed-
ing. In our cohort, 16 (2.3%) patients suffered a rebleed during
the follow up period. Most occurred within the first month (11
patients), further 4 occurred before 12 months had passed and only
one occurred after 1 year. Sluzewski reports an early rebleed rate
of 1.4% (6 of 431 patients) [25] and a late rebleed rate of 1.3% (5
of 393) [26]. A systematic literature review found annual bleeding
rates following endovascular therapy to be 0.9% (CI: 0.41-1.4) [27].
Our results may seem to be in the upper part of the reported results.
However, as further analysis shows, only 11 of the 16 patients
received endovascular treatment. Recurrent SAH in the remain-
ing patients occurred after technical failures (2 patients), treatment
of wrong aneurysm, negative diagnostic angiography and from an
additional aneurysm (one patient each). Furthermore, five of the
aneurysms that rebled were located on the basilar artery, a location
deemed very difficult for surgical clipping. For those 12 aneurysms
that had been treated, after the initial treatment, 3 were complete
occlusions (one with an intraluminal thrombus), 7 were neck rem-
nants and 2 were residual aneurysms. It may be argued, that when
complete occlusion has been achieved, rebleeding is very unlikely,
and rebleeding rates are very low even when occlusion is incom-
plete at the time of initial coiling. This is similar to the experiences
of other authors [4,15,23,28,29].

The purpose of our study was not to embrace endovascular coil-
ing as the only method in the treatment of ruptured aneurysms,
although it is considered the treatment of choice in our institu-
tion. Despite the ongoing debate regarding the results of the ISAT
trial [3,4], the data from ISAT remain the best available evidence
to date and until proven otherwise, endovascular coiling should be
considered the superior of the two treatment methods leading to
more favourable clinical outcome. Our study has no ambition to
resolve the coil versus clip dilemna, rather to show that in expe-
rienced hands similar or better results can be achieved. Being a
single center study, the presented results must inadvertently suf-
fer from selection and referral bias. It is the policy of our department
not to treat patients without a reasonable chance of survival. When
referred from an outside institution, these patients are not admitted
to our department. Should such a patient show signs of improve-
ment, coiling is performed on semi-elective basis. However, data on
these patients were not collected and the total number of them is
unfortunately unavailable. The conclusions regarding clinical out-
come are thus based on patients receiving endovascular treatment
in our institution, consequently these results cannot be applied to
the whole SAH population.

Another potential shortcoming of this study is the limited num-
ber of patients with long-term follow up, although no change in
appearance was demonstrated in this highly selected subgroup.
These findings cannot be generalized to all aneurysms treated.
Long-term follow up, preferably with magnetic resonance angiog-
raphy is mandatory until at least 2 years of stability have been
demonstrated.
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5. Conclusion

This is a detailed analysis of endovascular treatment of ruptured
intracranial aneurysms in a single center over a ten-year period.
This reflects the true workload in a busy regional neurosciences
department and reports aneurysm anatomy, procedural compli-
cations, rebleeding rates, angiographic outcomes, and retreatment
procedures. Importantly it also presents information about clinical
outcomes in patients managed using endovascular techniques.

Detachable coil embolisation of intracranial aneurysms is a very
feasible treatment method associated with a small risk of per-
manent morbidity-mortality. Risk of further bleeding is small,
but related with devastating outcome. Approximately 25% of
aneurysms will recanalize and 7% will require retreatment. Despite
these shortcomings, vast majority of patients will achieve indepen-
dent recovery.
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BACKGROUND AND PURPOSE: A significant minority of aneurysms treated by endovascular means
undergo additional subsequent therapy to treat aneurysm recurrence. Our study was undertaken to
determine the risk of additional coil embolization of aneurysms recurring following endovascular
therapy.

MATERIALS AND METHODS: Patients were identified during a 10-year period from prospectively col-
lated data bases at 2 different neuroscience institutions. Patient outcome was obtained from the data
bases or the patient’s neurosurgical records. Occlusion grade was assessed at the time of treatment
and at follow-up angiography as complete, near-complete, or incomplete.

RESULTS: Of a total of 1834 aneurysms in 1631 patients, 100 aneurysms in 99 patients treated
between January 1996 and December 2005 required additional coiling because of an enlarging
remnant and subtotal occlusion. This comprised 6% of the patients treated and 8% of the total
followed. Thromboembolic events complicated 3 retreatment procedures, but all 3 patients remain
independent. Ninety-five patients were followed for 8-103 months (mean, 42.3 months) by conven-
tional or MR angiography.

CONCLUSION: Coil embolization of aneurysm recurrences has a low complication rate and leads to
satisfactory occlusion in most cases. The risk from additional coil embolization does not negate the

c oiling of ruptured intracranial aneurysms achieves an ab-
solute reduction in death or dependence at 1 year of 7.4%
and a relative risk reduction of 23.9% when compared with
neurosurgical clipping.' The main concern is the durability of
endovascular treatment. Aneurysm recurrence is potentially
disadvantageous. Our knowledge ofthe long-term natural his-
tory ofa coiled aneurysm remnant is incomplete. Rebleeding,
though uncommon, is well recognized.””> Our aim was to de-
termine the complication rate of additional coil embolization
in previously coiled aneurysms with unruptured remnants.
Because the rupture risk from aneurysm recurrences is very
low, it is essential that retreatment be effective and carry only a
small additional burden of morbidity.

Materials and Methods
Patients were identified from prospectively collated and on-going data
bases on endovascular aneurysm treatment, commenced in January
1996 at 2 different neuroscience institutions. Patient outcome was
obtained from the data bases or the patient’s neurosurgical records.
Duringa 10-year period (January 1996 to December 2005), a total
of 1834 aneurysms in 1631 patients was treated at these centers by coil
embolization. Most of the coils used were bare platinum alone, with
just >10% of the patients being treated with bioactive coils or a com-
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advantage of the initial embolization.

bination of bioactive and bare platinum coils. Patients who were
treated with Onyx (ev3, Irvine, Calif) were excluded from the study.
One thousand five hundred seventeen aneurysms were ruptured and
317 were unruptured. Of those patients who presented with sub-
arachnoid hemorrhage (SAH), 76% of aneurysms were World Feder-
ation of Neurologic Surgeons grades 1 and 2. At treatment, 56% of
aneurysms were completely occluded, 37% had a neck remnant, and
7% were subtotally occluded.

Follow-up angiography was performed in 1233 patients (76%)
with 1284 aneurysms (70%). Follow-up was performed by conven-
tional angiography during the early years of the study, moving toward
MR angiography in the later years. Of these, 141 aneurysms (11%)
demonstrated subtotal occlusion. One hundred aneurysms in 99 pa-
tients have been recoiled. This study deals exclusively with the latter
cohort of patients.

Of the 41 patients (with 41 aneurysms) who were not retreated
with coils in the study period, 1 patient sustained a fatal rebleed after
11 months; 6 underwent surgical clipping without recoiling; and in
the remaining 34 patients, retreatment has not been performed be-
cause of patient age, clinical status, or anticipated procedure-related
difficulties based on vascular anatomy.

Three hundred ninety-cight patients (24%) did not have fol-
low-up angiography. Of those, 161 patients died before interval an-
giography. After unsuccessful coiling, we clipped 38 aneurysms in the
acute phase. The cause of death before follow-up was as follows: 94
patients because of SAH and complications, 10 as a result of surgical
procedures, 21 from endovascular procedural complications, 12 from
recurrent SAH, and 24 from unrelated causes.

In our original cohort of 1631 patients, rebleeding occurred in 18
patients (1%), 12 within I month and 6 later. Four of the latter rebled
during the first year (6 weeks and 2, 7, and 11 months), 1 at 3 years,
and 1 at 7 years.
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Results

Of the 1233 patients (76%) with follow-up angiography, 100
(8%) aneurysms in 99 patients (59 women, 40 men; 20—85
years of age) received further embolization because interval
angiography demonstrated an enlarging remnant and subtotal
sac obliteration. Ninety-three aneurysms had previously rup-
tured (6% of ruptured aneurysms), and 7 were unruptured
(2% of unruptured aneurysms). The patients underwent fur-
ther coil embolization 7-102 months after the initial treat-
ment (mean, 19.9 months). Although 23 aneurysms (23%)
were completely occluded at the initial treatment, 12 (12%)
had subtotal occlusion, and the remaining 65 (65%) had a
neck remnant. None were completely occluded at the time of
the first follow-up angiogram. Fifteen were initially observed
and treated as late as 102 months after initial coiling because
subsequent follow-up showed an enlarging remnant. One re-
treatment of an anterior communicating aneurysm failed at 8
months, but retreatment became subsequently possible with
the use of newer catheters (63 months after initial coiling).
One wide-necked small basilar termination aneurysm was not
retreated until 53 months because the patient did not attend
follow-up.

The location of the recoiled aneurysms was anterior com-
municating (n = 27), posterior communicating (n = 25),
basilar (n = 12, two associated with fenestrations), middle
cerebral (n = 12), terminal internal carotid (n = 9), carotid
paraophthalmic (n = 5), posterior inferior cerebellar (PICA)
(n = 4), superior hypophyseal (# = 3), anterior choroidal
(n = 2), and posterior cerebral (n = 1) arteries.

Sixty-two aneurysms were small (<10 mm), 12 with wide
necks; 36 aneurysms were large (=10 mm), 32 with wide necks
(>4 mm); and 2 were giant aneurysms. The percentage of
small aneurysms with small necks receiving further coiling was
3%; small wide-necked aneurysms, 3%; large small-necked
aneurysms, 7%; and large wide-necked aneurysms, 21%.

Of the 99 patients who had further coil embolization, 7 had
multiple procedures. The total number of procedures was 111.
Four were stent-assisted.

Clinically significant complications (as defined by a com-
plication resulting in permanent neurologic deficit or death)
from thromboembolic events occurred in 3 patients (3%)
(compare with 3% thromboembolic events at the time of pri-
mary treatment). Two patients with left middle cerebral artery
aneurysms were dysphasic and had memory difficulties, and 1
patient with a right anterior choroidal aneurysm had poor
concentration and mild-to-moderate cognitive deficits relat-
ing to memory difficulties. All remain independent. One pa-
tient developed a small asymptomatic anterior cerebral artery
infarct after retreatment of a paraophthalmic aneurysm. There
were no procedural ruptures (compare with 5% procedural
ruptures at the time of primary treatment).

Four patients were not followed, either because further
treatment was not thought to be an option (n = 2) or because
they did not attend follow-up (n = 2). Follow-up for the re-
maining 95 patients (96 aneurysms) ranged from 8 to 103
months (mean, 42.3 months). It was by conventional angiog-
raphy in the eatlier years, moving toward MR angiography in
the later years of the study.

Of the retreated aneurysms that were followed, 75 (78%)
had stable satisfactory angiographic appearances (complete or
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near-complete occlusion) and there has been no rebleeding
(follow-up for 24—103 months; mean, 50.5 months; median,
44.5 months). Eleven (11%) who are still under surveillance
(8-30 months; mean, 14 months; median, 10 months) show
no significant recurrence so far, but longer follow-up is re-
quired to assess stability.

Ten of the 95 retreated patients (11%) had a second recur-
rence. Four had further endovascular treatment. Two patients
with re-recurrent giant posterior communicating artery aneu-
rysms and 1 with a re-recurrent carotid paraophthalmic aneu-
rysm were subsequently treated with stents and high-attenua-
tion Onyx (one had a good outcome and stable complete
occlusion and the other was dysphasic due to a guidewire per-
foration of an M3 artery and hematoma formation). Another
with a PICA recurrence was treated with balloon occlusion of
the ipsilateral vertebral artery. One patient required further
treatment. In 5 other patients, the recoiled remnant was not
stable and the patients opted for neurosurgery with good
outcome.

Discussion

The complication rate following recoiling of aneurysms
ranged from 0% to 11% in previous series.” "' Some of these
series included patients who had undergone repeated coiling
following aneurysm rerupture or as part of a multistage treat-
ment. Our series excluded these patients to determine the risk
associated with elective treatment of unruptured aneurysm
recurrences.

Of 20 aneurysm recoiling procedures in the series of Park et
al,* 4 had thromboembolic complications, 2 (10%) resulting
in neurologic deficit. This contrasts starkly with our experi-
ence and that of other published series, which have reported
low rates of complication associated with additional coiling.®”
Despite the fact that the series of Henkes et al * included a great
proportion of large and giant aneurysms in 495 retreatments,
only 3.2% of patients had a permanent neurologic deficit and
there was 1 death. The series of van Rooij and Sluzewski ” also
included a large proportion of reopened large or giant aneu-
rysms, but they had no complications in 23 retreatments. In
the series of Kang et al,'"” there were no complications in 32
recoiled aneurysms.

Our study demonstrates that this additional treatment is
associated with a low complication risk and results in satisfac-
tory stable occlusion in most patients. This is a selected group
in whom safe retreatment should be predictable. We did not
encounter aneurysmal rupture, probably because much of the
dome was already well protected by coils. The thromboem-
bolic risk was the same as that for the initial treatment.

Our retreatment rate of 8% is similar to that 0f4.7%-10%
quoted currently in the literature.**'>"* The International
Subarachnoid Aneurysm Trial (ISAT)' reports that 66% of
aneurysms were completely occluded, 26% had a neck rem-
nant, and 8% showed incomplete occlusion at the first follow-
up. Our cohort of patients differed from that in the ISAT trial
in that it included both ruptured and unruptured aneurysms.

Neurosurgery does not always result in complete oblitera-
tion. In ISAT, 42% of clipped aneurysms underwent postclip
angiography, and in this selected population, 12% had a neck
remnant and 6% of aneurysms were incompletely occluded.
Other surgical series report 4% completely unclipped and 4%
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incompletely clipped aneurysms,'* and Feuerberg et al'®
found 3.8% incidence of aneurysm rests after clipping and
reported a 3.7% incidence of rebleeding in these patients. Suc-
cessful coil embolization of surgical remnants is, of course,
also described'®!” and was also our experience (unpublished
observations by Renowden and McConachie; 2007).

Our decision to retreat those aneurysms with an enlarging
remnant and/or incomplete occlusion was made because of
the reported increased risk of further hemorrhage associated
with unstable remnants and incompletely occluded aneu-
rysms.>* The incidence of rebleeding in recurrent aneurysms
is 7.9% in comparison with 0.4% in stable occlusions.” In a
large meta-analysis, 12 of 90 aneurysms that were subtotally
occluded rebled, compared with 2 of 254 aneurysms with
complete or near-complete occlusion.? Additionally, in 1 se-
ries of 105 aneurysms with complete or near-complete occlu-
sion, no further rebleeding occurred during a mean follow-up
period of 41.2 months."?

The rebleed rate after endovascular therapy quoted in
ISAT' was 0.2% per patient year with a follow-up from 1 to 8
years (mean, 4 years). In the Cerebral Aneurysm Rerupture
After Treatment (CARAT) study, the rehemorrhage rate in the
coiled group was 1.3/100 patient years, and no rehemorrhage
occurred after 2 years.'® In the series of Sluzewski et al,” the
incidence oflate rebleeding was 1.27%, with a mortality rate of
0.76%. They recorded an annual risk of late rebleeding of
0.32%, with risk factors including large aneurysm size, initial
incomplete aneurysm occlusion, and incomplete occlusion at
6-month follow-up. Their median period of follow-up was
51.5 months. The incidence of late rebleeding reported else-
where of 1.1-1.3%* is similar to our own (0.5%).

Aneurysm retreatment inevitably incurs some risk. Given
what is known concerning the rerupture rate of aneurysm re-
currences, the risk of retreatment must be very low to improve
patient outcomes. Our study shows that recoiling carries a 3%
risk of minor permanent neurologic deficit, which does not
offset the benefit of coiling versus clipping demonstrated in
the ISAT trial. However, further investigation is required,
preferably by means of a randomized controlled trial, to eval-
uate whether there is a benefit from treatment of aneurysm
recurrences.

Recanalization occurs more frequently in large aneurysms
(>10 mm), with large necks (>4 mm) and incomplete occlu-
sion at initial treatment.* Small aneurysms with small necks
are, however, by no means exempt from recanalization. Dense
aneurysm packing is an important factor in reducing recana-
lization, and coils should occupy at least 25% of the aneurysm
volume to reduce the risk.'” We pack densely until no more
coils can be safely introduced into the aneurysm.

Raymond et al* noted that recurrence occurs more fre-
quently in previously ruptured aneurysms, perhaps reflecting
abiologic difference between the 2 groups. Six percent of rup-
tured aneurysms were recoiled in this series in comparison
with 2% of unruptured aneurysms.

Most important, the first follow-up angiogram often per-
formed at approximately 6 months is not sufficient to detect
all aneurysms that may require additional coiling. Although
most were detected and retreated after the initial angiogram,
15 were retreated following later angiograms because the neck
remnant progressively enlarged. Nine of the 15 were treated

after their second follow-up at approximately 2 years, but the
remaining 6 required later treatment, 1 as late as 102 months
after initial coiling. Progressive neck remnant enlargement has
been demonstrated in 14.8% of aneurysms in the first year
after treatment.'?

Raymond et al* have also reported progressive deteriora-
tion with reopening of aneurysms that were angiographically
occluded at 6 months. None of the aneurysms in our series of
patients who went on to receive additional coiling were com-
pletely occluded at 6 months, but 1 patient who presented with
a rebleed from the same aneurysm at 7 years had complete
angiographic occlusion at 2 years. Raymond et al found major
recurrences in 20.7% at a mean of 16.48 * 15.93 months.
Nearly half were retreated with coils and half of these showed
a second recurrence after a mean follow-up of 15.56 = 18.43
months. The authors detected 46.9% of all recurrences by 6
months and 96.9% by 36 months.

In ISAT,' 2 aneurysms that were completely occluded at 6
months reruptured.

We routinely perform follow-up angiography at 3-6
months. Intra-arterial angiography was used until 2004, but
we now follow patients by using MR angiography source data,
multiplanar reconstructions, and maximuim intensity projec-
tions or surface-rendered images. When the aneurysm is com-
pletely occluded, we perform an additional follow-up study
after a further 18—24 months. Ifa small remnant is seen at 3-6
months, MR angiography is arranged at 12 months. If the
aneurysm is then stable, a further study is arranged 2 years
after that. If an enlarging remnant is demonstrated, retreat-
ment is considered. The patients are followed to ensure 2 con-
secutive years of angiographic stability. Most significant recur-
rences should therefore be detected by using this protocol.
Gallas et al'? reported that 96% of aneurysms completely oc-
cluded at 1 year remained stable, with a mean follow-up pe-
riod of 36 months. They also reported that no patient with a
completely occluded aneurysm at 2 years demonstrated recan-
alization at 3 years. [t is currently debatable for how long these
patients should be followed. A case could be made for delayed
imaging at 10 years, but the numbers of investigations would
be prohibitively large and the yield of significant recurrences
very small after stability had been demonstrated for 2 years.

Conclusion

In conclusion, the rupture risk from aneurysm recurrences is
very low; therefore, it is essential that retreatment be eftective
and carry a small additional burden of morbidity. In our se-
ries, most retreated patients had stable satisfactory angio-
graphic appearances and there was no case of rebleeding. The
risk of additional treatment in this small subgroup of patients
with previously coiled aneurysms was 3%. Although this does
not offset the benefit of coiling versus clipping, further inves-
tigation is required to assess whether patient outcomes benefit
from treating aneurysm recurrences.
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11. Prilohy
11.1. Matematick& metoda

Rocni riziko r, které s sebou nese pritomnost neprasklého aneurzymatu bylo stanoveno
jako roc¢ni pravdépodobnost krvaceni nasobena pravdépodobnosti nepfiznivého vysledku
krvaceni. Mortalita v zavislosti na véku v obecné populaci m byla aproximovana
exponencialni funkci polynomu étvrtého stupné proloZzenou metodou nejmensich étvercl
hodnotami mortality v pétiletych intervalech udanymi v Britske statistické roence z roku
2001. ProloZeni bylo testovano s polynomy prvniho az Sestého stupné a exponencialnimi
funkcemi polynomu prvniho aZ ¢tvrtého stupné s poZzadavkem na pozitivitu prvni derivace
v celém definiénim oboru. Exponencialni funkce polynomu ¢tvrtého stupné byla vybrana,
nebot’ nejlépe aproximovala prokladana data, tzn. minimalizovala rezidualni rozptyl. Celkova
ro¢ni vékoveé specificka pravdépodobnost Umrti, ¢i tézkych trvalych nasledkd pacienta
s neprasklym aneuryzmatem M je potom dana souctem m + r. Pravdépodobnost preziti do
véku x (Kterou budeme nazyvat 5{x)) po diagndze ve véku a, je poté dana rekurentni formuli
S(x) = (1 —M(x)) » 5(x — 1), kde klademe S(a) = 1. Celkové pfedpokladané dozZiti ve véku a

je potom dano vztahem
j S(x)dx

Predpokladané doziti pacienta s Gspésné oSetfenym aneuryzmatem ve véku a bylo
vypocteno uZitim analogickych vztahl s tim rozdilem, Ze inicialni pravdépodobnost preziti
S{a) =1 —ny, kde y je proceduralni morbidita a mortalita. Pravdépodobnost trvalého
vyfazeni aneuryzmatu byla stanovena jako 90%. Tedy 10% pacient( bylo povazovano i po
oSetfeni aneuryzmatu za ohrozené jeho rupturou se vsemi dlsledky, zbylych 90% procent
pacientd ma mortalitu shodnou s normalni populaci. V rekurentni formuli tedy byl pro M uzit

vztah M =m + 0.1 =r. VypocCty byly provedeny v prostfedi Matlab.
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11.2. Vysledky matematického modelu pro incidentélni aneuryzmata

Velikost AN Dolni 95% CI Horni 95% CI
Vék <7mm 8-12mm  13-24mm  >24mm <7mm 8-12mm  13-24mm  >24mm <7mm 8-12mm  13-24mm  >24mm
20 1,1947 18,4311 27,1185 37,4429 0,32623 17,2106 24,8886 34,016 1,4822 18,8351 27,8566 38,5773
21 1,1389 17,8801 26,3656 36,5281 0,26518 16,6522 24,1223 33,0806 1,4281 18,2865 27,1081 37,6693
22 1,0866 17,3387 25,6249 35,6263 0,21304 16,1109 23,3819 32,1792 1,3758 17,7451 26,3674 36,7674
23 1,0376 16,8065 24,8958 34,7363 0,16871 15,5854 22,6648 31,3076 1,3253 17,2108 25,6343 35,8713
24 0,99153 16,2834 241777 33,8572 0,13115 15,0742 21,9686 30,4622 1,2763 16,6836 24,909 34,981
25 0,94799 15,7689 23,47 32,9879 0,099385 14,5762 21,2911 29,6393 1,2289 16,1636 24,1912 34,0963
26 0,90672 15,2627 22,7721 32,1274 0,072525 14,0904 20,6302 28,8357 1,1829 15,6508 23,4811 33,2171
27 0,86743 14,7648 22,0836 31,2751 0,049728 13,6156 19,9841 28,0485 1,1381 15,1452 22,7786 32,3432
28 0,82986 14,2747 21,404 30,4302 0,030216 13,1509 19,3509 27,2748 1,0946 14,6467 22,0837 31,4746
29 0,79377 13,7924 20,733 29,5919 0,013276 12,6955 18,7291 26,5122 1,0521 14,1555 21,3964 30,6114
30 0,75893 13,3176 20,0703 28,7599 -0,00175 12,2486 18,1172 25,7583 1,0107 13,6715 20,7168 29,7535
31 0,72514 12,8503 19,4156 27,9335 -0,01545 11,8094 17,514 25,0112 0,97029 13,1948 20,045 28,9009
32 0,69223 12,3902 18,7686 27,1124 -0,02837 11,3775 16,9184 24,269 0,93076 12,7254 19,381 28,0537
33 0,66002 11,9373 18,1291 26,2964 -0,04099 10,9521 16,3292 23,5302 0,89208 12,2634 18,725 27,212
34 0,62838 11,4915 17,4972 25,485 -0,05375 10,5328 15,7458 22,7934 0,85418 11,8089 18,077 26,376
35 0,59718 11,0528 16,8726 24,6783 -0,06702 10,1193 15,1673 22,0575 0,81704 11,3618 17,4371 25,5459
36 0,5663 10,6211 16,2554 23,8762 -0,08112 9,7112 14,5931 21,3215 0,78061 10,9223 16,8056 24,7218
37 0,53565 10,1965 15,6455 23,0785 -0,09634 9,3083 14,0228 20,5847 0,74485 10,4905 16,1827 23,904
38 0,50515 9,7789 15,043 22,2855 -0,11292 8,9102 13,4561 19,8466 0,70975 10,0664 15,5684 23,0928
39 0,47475 9,3684 14,4481 21,4973 -0,13103 8,517 12,8927 19,1069 0,67527 9,6502 14,9629 22,2885
40 0,44438 8,965 13,8608 20,714 -0,15081 8,1285 12,3325 18,3654 0,6414 9,2419 14,3666 21,4914
41 0,41402 8,5688 13,2812 19,936 -0,17238 17,7447 11,7756 17,6221 0,60814 8,8417 13,7796 20,702
42 0,38365 8,18 12,7097 19,1637 -0,1958 7,3656 11,2219 16,8772 0,57547 8,4496 13,2022 19,9206
43 0,35326 7,7986 12,1465 18,3974 -0,22108 6,9914 10,6718 16,1311 0,54338 8,0658 12,6346 19,1476
44 0,32285 7,4246 11,5917 17,6377 -0,24822 6,6221 10,1255 15,3842 0,51189 7,6903 12,0771 18,3836
45 0,29244 7,0584 11,0458 16,885 -0,27717 6,2579 9,5833 14,6373 0,48099 7,3234 11,5299 17,629
46 0,26204 6,7 10,509 16,1399 -0,30786 5,899 9,0457 13,8911 0,4507 6,9651 10,9934 16,8843
47 0,23171 6,3495 9,9817 15,4031 -0,34019 5,5457 8,5133 13,1464 0,42102 6,6155 10,4678 16,1501
48 0,20147 6,0071 9,4643 14,6752 -0,37402 5,1983 7,9867 12,4044 0,39198 6,2749 9,9534 15,4269
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Velikost AN Dolni 95% CI Horni 95% CI

Veék <7mm 8-12mm  13-24mm  >24mm <7mm 8-12mm  13-24mm  >24mm <7mm 8-12mm  13-24mm  >24mm
49 0,17139 5,6731 8,9571 13,957 -0,40919 4,8571 7,4664 11,666 0,36358 5,9432 9,4505 14,7153
50 0,14152 5,3475 8,4605 13,2491 -0,44553 4,5224 6,9532 10,9327 0,33585 5,6206 8,9595 14,0159
51 0,11193 5,0305 7,975 12,5524 -0,48285 4,1946 6,4478 10,2055 0,30881 5,3072 8,4805 13,3293
52 0,08268 4,7224 7,5008 11,8677 -0,52092 3,8741 5,9511 9,4859 0,28249 5,0032 8,0139 12,6561
53 0,053855 4,4233 7,0386 11,1957 -0,55952 3,5612 5,4637 8,7754 0,2569 4,7086 7,5599 11,9969
54 0,025531 4,1333 6,5886 10,5373 -0,59841 3,2564 4,9866 8,0752 0,23207 4,4235 7,1189 11,3522
55 -0,00221 3,8526 6,1513 9,8932 -0,63734 2,96 4,5205 7,387 0,20803 4,1481 6,6911 10,7228
56 -0,02929 3,5814 5,727 9,2644 -0,67605 2,6725 4,0664 6,7123 0,1848 3,8823 6,2767 10,1091
57 -0,05562 3,3199 5,3161 8,6515 -0,71428 2,3942 3,625 6,0525 0,16242 3,6263 5,8759 9,5119
58 -0,08112 3,0681 4,9191 8,0555 -0,75178 2,1256 3,1971 5,409 0,14089 3,3801 5,4891 8,9315
59 -0,1057 2,8262 4,5362 7,4769 -0,78829 1,8669 2,7836 4,7835 0,12025 3,1438 5,1163 8,3685
60 -0,1293 2,5943 4,1677 6,9167 -0,82355 1,6186 2,3851 4,1772 0,10052 2,9173 4,7577 7,8235
61 -0,15182 2,3724 3,8139 6,3754 -0,85732 1,3809 2,0025 3,5916 0,08171 2,7006 4,4135 7,2969
62 -0,17321 2,1607 3,4751 5,8538 -0,88935 1,1542 1,6363 3,0279 0,063849 2,4938 4,0837 6,7892
63 -0,19339 1,9591 3,1514 5,3522 -0,91944  0,93867 1,2872 2,4873 0,046947 2,2968 3,7685 6,3006
64 -0,2123 1,7676 2,843 4,8714 -0,94737  0,73457 0,95573 1,9709 0,031018 2,1096 3,4678 5,8316
65 -0,22989 1,5863 2,5501 4,4118 -0,97294  0,54206 0,64231 1,4798 0,01607 1,932 3,1817 5,3823
66 -0,24612 1,4152 2,2727 3,9736 -0,99598  0,36129 0,34734 1,0147 0,002108 1,764 2,91 4,9531
67 -0,26093 1,254 2,0108 3,5573 -1,0164  0,19234 0,071148 0,57644 -0,01087 1,6055 2,6528 4,544
68 -0,2743 1,1028 1,7643 3,163 -1,0339 0,035245 -0,18607  0,16561 -0,02285 1,4562 2,4099 4,1552
69 -0,28621  0,96141 1,5332 2,7909 -1,0486 -0,11 -0,42418 -0,21733 -0,03385 1,3161 2,1811 3,7866
70 -0,29664  0,82965 1,3173 2,4409 -1,0602 -0,24346 -0,64316 -0,57209 -0,04389 1,1849 1,9663 3,4382
71 -0,30559  0,70735 1,1165 2,113 -1,0688 -0,36526 -0,84307 -0,89852 -0,05296 1,0624 1,7652 3,1099
72 -0,31307  0,59429 0,93043 1,8071 -1,0743 -0,47554 -1,0241 -1,1966 -0,06109  0,94843 1,5774 2,8015
73 -0,31909  0,49023 0,75883 1,523 -1,0767 -0,57454 -1,1864 -1,4666 -0,0683 0,8427 1,4028 2,5126
74 -0,32367 0,3949 0,60134 1,2602 -1,0761 -0,66251 -1,3305 -1,7087 -0,07461  0,74493 1,2408 2,243
75 -0,32684 0,308 0,45755 1,0184 -1,0724  -0,73976 -1,4566 -1,9234 -0,08006  0,65483 1,0912 1,9922
76 -0,32865  0,22922 0,32701 0,797 -1,0657 -0,80665 -1,5654 -2,1114 -0,08467 0,57211 0,95345 1,7597
77 -0,32914  0,15821 0,20923  0,59549 -1,0562 -0,86357 -1,6575 -2,2734 -0,08848  0,49644 0,82716 1,5451
78 -0,32837 0,094632 0,1037 0,41318 -1,0439 -0,91095 -1,7334 -2,4102 -0,09152 0,4275 0,71182 1,3478
79 -0,3264  0,03811 0,009836  0,24934 -1,0289 -0,94925 -1,794 -2,5229 -0,09384  0,36495 0,60695 1,167
80 -0,32329 -0,01174 -0,07293  0,10319 -1,0115 -0,97897 -1,84 -2,6125 -0,09547  0,30844 0,51201 1,0022
81 -0,31913 -0,05529 -0,14521 -0,02611 -0,99176 -1,0006 -1,8722 -2,6803 -0,09647  0,25763 0,42647  0,85248
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Velikost AN Dolni 95% CI Horni 95% CI
Veék <7mm 8-12mm  13-24mm  >24mm <7mm 8-12mm  13-24mm  >24mm <7mm 8-12mm  13-24mm  >24mm
82 -0,31398 -0,09296 -0,20763 -0,13944 -0,96984 -1,0147 -1,8916 -2,71274 -0,09687  0,21217 0,3498 0,71725
83 -0,30792 -0,12512 -0,26082 -0,23771 -0,94594 -1,0218 -1,899 -2,7553 -0,09672 0,1717 0,28145  0,59567
84 -0,30104 -0,15219 -0,30542 -0,32186 -0,92026 -1,0224 -1,8953 -2,7653 -0,09607  0,13588 0,22087  0,48696
85 -0,29342 -0,17455 -0,34207 -0,39285 -0,89299 -1,0172 -1,8815 -2,7587 -0,09495  0,10438 0,16752  0,39031
86 -0,28515 -0,19259 -0,3714 -0,45163 -0,86433 -1,0066 -1,8585 -2,7371 -0,09343 0,076856 0,12086 0,3049
87 -0,2763 -0,2067 -0,39405 -0,49916 -0,83448 -0,99117 -1,8272 -2,7017 -0,09153 0,052983 0,08036  0,22994
88 -0,26696 -0,21723 -0,41063 -0,53638 -0,80365 -0,97149 -1,7886 -2,6541 -0,08931 0,032449 0,045515  0,16463
89 -0,25722  -0,22454 -0,42172 -0,56424 -0,77202  -0,94805 -1,7435 -2,5956 -0,0868 0,014952 0,015824  0,10819
90 -0,24714  -0,22899 -0,4279 -0,58363 -0,73979  -0,92136 -1,6928 -2,5276 -0,08406 0,000203 -0,00919 0,059866
91 -0,2368 -0,23088 -0,42973 -0,59543 -0,70714 -0,8919 -1,6373 -2,4514 -0,08111 -0,01207 -0,02998 0,018917
92 -0,22628 -0,23054 -0,42772 -0,6005 -0,67425 -0,86012 -1,5779 -2,3682 -0,07799 -0,02213 -0,04698 -0,01536
93 -0,21565 -0,22825 -0,42237 -0,59962 -0,6413 -0,82646 -1,5153 -2,2792 -0,07475 -0,03023 -0,0606 -0,04363
94 -0,20496 -0,22428 -0,41415 -0,59356 -0,60844 -0,79132 -1,4501 -2,1856 -0,0714  -0,03657 -0,07123 -0,06655
95 -0,19428 -0,21888 -0,40349 -0,58305 -0,57581 -0,75508 -1,3831 -2,0885 -0,06799 -0,04139 -0,07922 -0,0847
96 -0,18367 -0,2123 -0,39079 -0,56874 -0,54356  -0,71809 -1,3148 -1,9889 -0,06454 -0,04487 -0,08491 -0,09865
97 -0,17317 -0,20474 -0,37642 -0,55126 -0,51182 -0,68067 -1,2459 -1,8875 -0,06107 -0,04719 -0,0886 -0,10892
98 -0,16283 -0,1964 -0,36073 -0,53119 -0,48069 -0,64312 -1,1769 -1,7854 -0,05761 -0,04852 -0,09057 -0,11601
99 -0,15269 -0,18746 -0,34402 -0,50905 -0,45028 -0,60569 -1,1081 -1,6833 -0,05419 -0,04901 -0,09109 -0,12034
100 -0,1428 -0,17808 -0,32658 -0,48532 -0,42069 -0,56863 -1,0401 -1,5819 -0,05081 -0,0488 -0,09039 -0,12234
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11.3. Vysledky matematického modelu pro aneuryzmata u pacienti s anamézou predchoziho SAK

Velikost AN Dolni 95% CI Horni 95% CI
Vék <7mm 8-12mm  13-24mm <7/mm 8-12Zmm 13-24mm <7mm 8-12mm 13-24mm
20 5,7583 10,8831 14,9119 4,8898 19,6625 12,6821 6,0458 11,2871 15,6501
21 5,6605 10,5296 14,4328 4,6868 9,3017 12,1895 5,8497 10,936 15,1753
22 5,3683 10,1845 13,9661 4,4947  8,9568 11,7231 5,6574 10,5909 14,7086
23 5,1814 9,8475 13,5112 4,3124  8,6263 11,2802 5,469 10,2518 14,2497
24 4,9994 9,5181 13,0672 4,1391  8,3089 10,8581 5,2842 9,9184 13,7985
25 4,8222 9,1959 12,6334 3,9736  8,0033 10,4546 5,1031 9,5907 13,3547
26 4,6494 8,8806 12,2092 3,8152  7,7082 10,0674 4,9256 9,2687 12,9182
27 4,4808 8,5719 11,794 3,6631  7,4227 9,6945 4,7515 8,9523 12,489
28 4,3161 8,2694 11,3871 3,56164  7,1455 9,3339 4,5808 8,6414 12,0667
29 4,1551 7,9728 10,988 3,3746  6,8759 8,9841 4,4134 8,3359 11,6514
30 3,9976 7,682 10,5964 3,2369 6,6129 8,6433 4,2494 8,0359 11,2429
31 3,8434 7,3966 10,2117 3,1028 6,3558 8,3102 4,0885 7,7412 10,8411
32 3,6924 7,1166 9,8336 2,9718 6,1038 7,9834 3,9309 7,4518 10,4461
33 3,5444 6,8416 9,4618 2,8434  5,8564 7,6619 3,7764 7,1678 10,0576
34 3,3993 6,5716 9,0959 2,7171 5,613 7,3445 3,6251 6,889 9,6757
35 3,2569 6,3065 8,7359 2,5927 5,373 7,0305 3,4768 6,6155 9,3004
36 3,1173 6,0461 8,3814 2,4698 5,1362 6,7191 3,3316 6,3473 8,9316
37 2,9802 5,7903 8,0322 2,3482  4,9021 6,4096 3,1894 6,0843 8,5694
38 2,8457 5,56391 7,6884 2,2276  4,6705 6,1015 3,0503 5,8266 8,2138
39 2,7136 5,2924 7,3499 2,1079 4,4411 5,7945 2,9142 5,5743 7,8647
40 2,5841 5,0503 7,0165 1,9889 4,2138 5,4883 2,7811 5,3272 7,5223
41 2,4569 4,8127 6,6883 1,8705  3,9885 5,1826 2,651 5,0855 7,1867
42 2,3322 4,5796 6,3653 1,7527  3,7652 4,8775 2,524 4,8491 6,8578
43 2,2099 4,351 6,0475 1,6356  3,5438 4,5729 2,4 4,6182 6,5357
44 2,09 4,1271 5,7352 1,519 3,3245 4,2689 2,2791 4,3927 6,2206
45 1,9726 3,9078 5,4283 1,403 3,1073 3,9658 2,1612 4,1728 5,9124
46 1,8577 3,6932 5,1271 1,2878 2,8923 3,6638 2,0464 3,9584 5,6115
47 1,7453 3,4835 4,8316 1,1734  2,6797 3,3632 1,9347 3,7495 5,3177
48 1,6355 3,2786 4,5421 1,0601 2,4698 3,0645 1,826 3,5463 5,0312
49 1,5284 3,0787 4,2588 0,94781 2,2628 2,7681 1,7206 3,3488 4,7522
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Velikost AN Dolni 95% CI Horni 95% CI

Vék <7mm 8-12mm  13-24mm <7/mm 8-12Zmm 13-24mm <7mm 8-12mm 13-24mm
50 1,4239 2,884 3,9818 0,83688 2,0589 2,4745 1,6183 3,1571 4,4808
51 1,3222 2,6945 3,7115 0,72746  1,8586 2,1843 1,5191 2,9712 4,217
52 1,2234 2,5102 3,4479 0,61977 1,6619 1,8982 1,4232 2,791 3,9609
53 1,1274 2,3315 3,1915 0,51403 1,4694 1,6166 1,3304 2,6168 3,7128
54 1,0344 2,1583 2,9423 0,41047 1,2814 1,3403 1,2409 2,4485 3,4726
55 0,94446 1,9907 2,7007 0,30934 1,0981 1,07 1,1547 2,2862 3,2405
56 0,85763 1,829 2,4669 0,21088 0,92004 0,80634 1,0717 2,1299 3,0166
57 0,77399 1,6732 2,2411 0,11533 0,74747 0,54998 0,99203 1,9796 2,801
58 0,6936 1,5233 2,0236 0,022934 0,58075 0,30162 0,91561 1,8353 2,5936
59 0,61652 1,3795 1,8145 -0,06606 0,42024 0,061908 0,84247 1,6971 2,3946
60 0,54281 1,242 1,614 -0,15144 0,26624 -0,16851 0,77263 1,5649 2,2041
61 0,47252 1,1106 1,4224 -0,23297 0,11908 -0,38902 0,70606 1,4388 2,022
62 0,40569 0,98551 1,2397 -0,31046 -0,02096 -0,59906 0,64275 1,3187 1,8484
63 0,34235 0,86677 1,0661 -0,3837 -0,15362 -0,7981 0,58269 1,2045 1,6832
64 0,28252 0,75438 0,90166 -0,45254 -0,27868 -0,98566 0,52584 1,0963 1,5264
65 0,22623 0,64835 0,74651 -0,51682 -0,39593 -1,1613 0,47219 0,99403 1,378
66 0,17346 0,54867 0,60065 -0,57641 -0,5052 -1,3247 0,42168 0,89752 1,238
67 0,12422 0,4553 0,46411 -0,63121 -0,60638 -1,4755 0,37428 0,80674 1,1062
68 0,078474 0,36819 0,33685 -0,68114 -0,69937 -1,6135 0,32992 0,72158 0,98246
69 0,036199 0,28728 0,21882 -0,72615 -0,78412 -1,7386 0,28855 0,64194 0,86675
70 -0,00265 0,21247 0,10991 -0,76622 -0,86064 -1,8506 0,2501 0,5677 0,75888
71 -0,03814 0,14365 0,010009 -0,80134 -0,92895 -1,9496 0,2145 0,49871 0,65867
72 -0,07034 0,080687 -0,08106 -0,83156 -0,98915 -2,0356 0,18165 0,43483 0,56593
73 -0,09932 0,023426 -0,16348 -0,85694 -1,0413 -2,1087 0,15148 0,37589 0,48044
74 -0,12518 -0,0283 -0,2375 -0,87756 -1,0857 -2,1693 0,12388 0,32173 0,40197
75 -0,14802 -0,07468 -0,30336 -0,89354 -1,1224 -2,2175 0,098763 0,27215 0,33028
76 -0,16796 -0,11591 -0,36136 -0,90502 -1,1518 -2,2538 0,076019 0,22698 0,26508
77 -0,18513 -0,15222 -0,41181 -0,91216 -1,174 -2,2785 0,05554 0,18601 0,20611
78 -0,19964 -0,18383 -0,45506 -0,91515 -1,1894 -2,2922 0,037212 0,14904 0,15307
79 -0,21164 -0,21098 -0,49145 -0,91419 -1,1983 -2,2953 0,020921 0,11586 0,10566
80 -0,22127 -0,23393 -0,52137 -0,90949 -1,2012 -2,2884 0,006549 0,08625 0,063569
81 -0,22868 -0,25292 -0,5452 -0,90131 -1,1982 -2,2722 -0,00602 0,060001 0,026487
82 -0,23402 -0,26823 -0,56334 -0,88988 -1,19 -2,2473 -0,01691 0,036895 -0,00591
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Velikost AN Dolni 95% CI Horni 95% CI

Vék <7mm 8-12mm  13-24mm <7/mm 8-12Zmm 13-24mm <7mm 8-12mm 13-24mm
83 -0,23744 -0,2801 -0,5762 -0,87546 -1,1768 -2,2144 -0,02624 0,016717 -0,03393
84 -0,2391 -0,28882 -0,58418 -0,85832 -1,1591 -2,1741 -0,03412 -0,00075 -0,05789
85 -0,23914 -0,29463 -0,5877 -0,83871 -1,1373 -2,1271 -0,04067 -0,0157 -0,07811
86 -0,23772 -0,29781 -0,58715 -0,81691 -1,1118 -2,0742 -0,046 -0,02836 -0,09489
87 -0,23499 -0,29859 -0,58294 -0,79318 -1,0831 -2,0161 -0,05022 -0,03891 -0,10853
88 -0,2311 -0,29723 -0,57546 -0,76778 -1,0515 -1,9534 -0,05344 -0,04756 -0,11932
89 -0,22617 -0,29397 -0,56509 -0,74097 -1,0175 -1,8869 -0,05576 -0,05448 -0,12755
90 -0,22036 -0,28904 -0,55218 -0,713 -0,98141 -1,8171 -0,05728 -0,05985 -0,13346
91 -0,21377 -0,28265 -0,53708 -0,68411 -0,94366 -1,7447 -0,05808 -0,06384 -0,13733
92 -0,20655 -0,27501 -0,52013 -0,65452 -0,90459 -1,6703 -0,05826 -0,06661 -0,13939
93 -0,19879 -0,26632 -0,50164 -0,62444 -0,86453 -1,5945 -0,05789 -0,0683 -0,13987
94 -0,19061 -0,25675 -0,4819 -0,59409 -0,8238 -1,5178 -0,05705 -0,06905 -0,13898
95 -0,18211 -0,24648 -0,46117 -0,56364 -0,78268 -1,4408 -0,05582 -0,06899 -0,1369
96 -0,17338 -0,23567 -0,43972 -0,53328 -0,74147 -1,3638 -0,05425 -0,06824 -0,13384
97 -0,16451 -0,22445 -0,41777 -0,50316 -0,70039 -1,2873 -0,05241 -0,06691 -0,12994
98 -0,15557 -0,21297 -0,39553 -0,47343 -0,65969 -1,2117 -0,05035 -0,06509 -0,12537
99 -0,14662 -0,20133 -0,37319 -0,44421 -0,61956 -1,1373 -0,04812 -0,06288 -0,12026
100 -0,13774 -0,18964 -0,35093 -0,41564 -0,58019 -1,0644 -0,04576 -0,06035 -0,11474
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11.4. Vysledky matematického modelu pro aneuryzmata podle rizika ruptury

Riziko ruptury Dolni 95% CI Horni 95% Cl
Vék 0,10% 1,50% 4% 0,10% 1,50% 4% 0,10% 1,50% 4%
20 0,93707 16,8406 31,6892 -0,24003 15,1863 28,6669 1,4846 17,6101 33,0949
21 0,89834 16,3422 30,8855 -0,25893 14,7158 27,9141 1,4366 17,0987 32,2675
22 0,86038 15,8495 30,0859 -0,27702 14,251 27,1655 1,3894 16,593 31,4442
23 0,82323 15,3626 29,2907 -0,2943 13,792 26,4214 1,343 16,0931 30,6253
24  0,78687 14,8817 28,5003 -0,31077 13,339 25,682 1,2974 15,5992 29,8111
25 0,75131 14,4069 27,715 -0,32643 12,8922 24,9478 1,2526 15,1114 29,0021
26  0,71656 13,9384 26,9351 -0,34128 12,4517 24,2191 1,2086 14,6299 28,1984
27 0,68263 13,4764 26,161 -0,35531 12,0176 23,496 1,1654 14,1548 27,4005
28  0,64951 13,0209 25,3928 -0,36854 11,5901 22,7789 1,123 13,6863 26,6085
29 0,6172 12,572 24,6309 -0,38096 11,1692 22,0681 1,0815 13,2245 25,8229
30 0,58572 12,13 23,8756 -0,39257 10,7552 21,3638 1,0407 12,7695 25,0439
31 055505 11,695 23,1273 -0,40337 10,348 20,6664 1,0008 12,3215 24,2718
32 052521 11,267 22,3861 -0,41338  9,9479 19,9762 0,96176 11,8805 23,507
33 0,49619 10,8461 21,6525 -0,42258  9,5549 19,2935 0,92353 11,4467 22,7497
34 0,468 10,4326 20,9266 -0,43099  9,1692 18,6184 0,88613 11,0202 22,0002
35 0,44062 10,0265 20,2089 -0,4386  8,7908 17,9515 0,84957 10,6012 21,2589
36 0,41408 9,6278 19,4997 -0,44543  8,4199 17,2928 0,81385 10,1897 20,5261
37 0,38835 9,2368 18,7992 -0,45147  8,0565 16,6429 0,77897  9,7858 19,8021
38 0,36345 8,8536 18,1078 -0,45673  7,7009 16,0019 0,74493  9,3897 19,0873
39 0,33938 8,4781 17,4258 -0,46122 7,353 15,3702 0,71175 9,0015 18,3819
40 0,31612 8,1106 16,7536 -0,46494  7,0129 14,7481 0,6794  8,6212 17,6863
41 0,29368  7,7512 16,0914 -0,4679  6,6809 14,136 0,64791 8,249 17,0009
42  0,27206  7,3999 15,4397 -0,47011  6,3568 13,5341 0,61726 7,885 16,326
43 0,25126  7,0568 14,7987 -0,47158  6,0409 12,9428 0,58746  7,5293 15,6619
44  0,23126  6,7221 14,1688 -0,47231  5,7333 12,3623 0,5585 7,182 15,009
45 0,21207 6,3958 13,5504 -0,47232  5,4339 11,7932 0,5304 6,8431 14,3677
46  0,19369 6,078 12,9437 -0,47161  5,1429 11,2355 0,50313 6,5128 13,7383
47  0,17611  5,7687 12,3493 -0,47021  4,8604 10,6898 0,47672  6,1912 13,1211
48 0,15932 54682 11,7672 -0,46812  4,5864 10,1563 0,45115 5,8783 12,5165
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Riziko ruptury Dolni 95% CI Horni 95% Cl
Vék  0,1% 1,50% 4% 0,1% 1,50% 4% 0,1% 1,50% 4%
49  0,14331 5,1763 11,198 -0,46535  4,3209  9,6353 0,42641 55742 11,9249
50 0,12809 4,8933 10,642 -0,46193  4,0641  9,1271 0,40252 5,279 11,3466
51 0,11364 4,6191 10,0994 -0,45787  3,8159 8,632 0,37946  4,9927 10,7819
52 0,099957 4,3539  9,5707 -0,45319  3,5765  8,1504 0,35723  4,7155 10,2312
53 0,087028  4,0975 9,056 -0,44791  3,3457  7,6825 0,33583  4,4472  9,6948
54 0,074844  3,8502  8,5557 -0,44204  3,1238  7,2285 0,31526  4,1881 9,173
55 0,063396 3,6118  8,0701 -0,43562 2,9105 6,7888 0,2955 3,938 8,666
56  0,05267 3,3825  7,5994 -0,42866 2,706  6,3635 0,27654  3,6971  8,1742
57 0,042654  3,1621  7,1438 -0,42119  2,5102  5,9529 0,2584  3,4653  7,6978
58 0,033333 2,9508 6,7037 -0,41324  2,3231  5,5571 0,24104  3,2427 7,237
59 0,024694  2,7483  6,2791 -0,40483  2,1447  5,1763 0,22447  3,0291  6,7921
60 0,016719 2,5548 5,8703 -0,39599  1,9748  4,8106 0,20867 2,8246  6,3631
61 0,009391 2,3702 5,4773 -0,38675  1,8135  4,4602 0,19364 2,6291  5,9504
62 0,002693 2,1943  5,1003 -0,37715  1,6605 4,125 0,17936  2,4426  5,5539
63 -0,0034  2,0272  4,7393 -0,36721  1,5158  3,8052 0,16582 2,265  5,1738
64 -0,00889 1,8686  4,3944 -0,35697  1,3794  3,5006 0,153  2,0961 4,81
65 -0,01383 1,7184  4,0654 -0,34647  1,2509  3,2114 0,14089  1,9359  4,4627
66 -0,01821 1,5766  3,7525 -0,33574  1,1304  2,9373 0,12948  1,7842  4,1317
67 -0,02207 1,443  3,4555 -0,32481  1,0175  2,6782 0,11874  1,6409 3,817
68 -0,02544  1,3174  3,1742 -0,31372  0,91221 2,434 0,10865 1,5058  3,5185
69 -0,02833  1,1995 2,9085 -0,30251 0,81418  2,2045 0,099205 1,3788  3,2359
70 -0,03077 1,0893 2,6581 -0,29122 0,72324  1,9893 0,090376  1,2595  2,9691
71 -0,03278 0,98641  2,4227 -0,27987 0,63915  1,7883 0,082142  1,1479  2,7178
72 -0,0344 0,89068  2,2022 -0,26851 0,56167  1,6011 0,074484  1,0437  2,4817
73 -0,03565 0,80184 1,996 -0,25717 0,49052  1,4272 0,067377 0,94664  2,2605
74 -0,03656 0,71963  1,8038 -0,24588 0,42545  1,2664 0,060799 0,85645  2,0538
75 -0,03715 0,64377 1,6252 -0,23468 0,36616 1,118 0,054726 0,77289  1,8611
76  -0,03745 0,574  1,4598 -0,2236 0,31239 0,98181 0,049135 0,69568  1,6821
77 -0,03748 0,51002  1,3069 -0,21266 0,26382 0,85714 0,044001 0,62453 1,5161
78 -0,03727 0,45154  1,1662 -0,20191 0,22017 0,74352 0,039299 0,55916  1,3628
79 -0,03685 0,39827 1,0371 -0,19135 0,18113  0,6404 0,035006 0,49926  1,2216
80 -0,03625 0,3499 0,91898 -0,18103 0,14642 0,54723 0,031096 0,44454  1,0919
81 -0,03547 0,30613 0,81132 -0,17096 0,11572 0,46345 0,027547  0,3947 0,97312
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Riziko ruptury Dolni 95% CI Horni 95% Cl

Vék  0,1% 1,50% 4% 0,1% 1,50% 4% 0,1% 1,50% 4%

82 -0,03455 0,26668 0,71353 -0,16115 0,088757 0,38847 0,024334 0,34944 0,86472
83 -0,03351 0,23125 0,62503 -0,15164 0,065234 0,32172 0,021435 0,30847  0,7661
84 -0,03237 0,19956 0,54523 -0,14243 0,044873 0,26263 0,018826  0,2715 0,67667
85 -0,03114 0,17131 0,47354 -0,13354 0,027401 0,21063 0,016486 0,23825 0,59583
86 -0,02985 0,14624  0,4094 -0,12497 0,012556 0,16516 0,014393 0,20842 0,523
87 -0,02851 0,12409 0,35224 -0,11675 8,64E-05 0,12569 0,012528 0,18177 0,45761
88 -0,02714 0,1046  0,3015 -0,10886 -0,01025 0,091675 0,010871 0,15802  0,3991
89 -0,02575 0,087539 0,25667 -0,10132 -0,01867 0,062622 0,009403 0,13694 0,34692
90 -0,02435 0,072669 0,21722 -0,09413 -0,02541 0,038043 0,008108 0,11828 0,30055
91 -0,02296 0,059776 0,18266 -0,08729 -0,03064 0,017478 0,006968 0,10183 0,25949
92 -0,02158 0,048659 0,15255 -0,0808 -0,03457 0,000494 0,005969 0,08737 0,22327
93 -0,02022 0,039129 0,12642 -0,07464 -0,03736 -0,01332 0,005096 0,074705 0,19142
94 -0,01889 0,031009 0,10389 -0,06883 -0,03917 -0,02433 0,004335 0,063652 0,16352
95 -0,0176 0,024138 0,084548 -0,06335 -0,04015 -0,03291 0,003675 0,054041 0,13918
96 -0,01635 0,018366 0,068051 -0,05819 -0,04043 -0,03936 0,003105 0,045712 0,11801
97 -0,01515 0,013557 0,054068 -0,05334 -0,04012 -0,04399 0,002613 0,038523 0,099678
98 -0,014 0,009587 0,042295 -0,04881 -0,03933 -0,04707 0,002191 0,03234 0,083862
99 -0,0129 0,006343 0,032456 -0,04456 -0,03816 -0,04885 0,00183 0,027042 0,070271
100 -0,01185 0,003725 0,024301 -0,04061 -0,03669 -0,04953 0,001522 0,022521 0,058639
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