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Abstract

Unruptured intracranial aneurysms (UIA) are the most common cause of subarachnoid
hemorrhage, with a high mortality rate. Nowadays, computed tomography angiography and
magnetic resonance angiography of the brain are increasingly used. Resulting in UIA being
detected incidentally and increasingly. Known risk factors are hypertension, smoking, and
genetic diseases. To prevent aneurysm rupture, there are effective surgical and endovascular
interventions. But these procedures also carry a risk of adverse complications. Therefore,
the decision on whether to consider preventive (endovascular or surgical) treatment of UTA
should be made with all relevant aneurysm, patient-related risk factors for aneurysm rupture,
and balance against the presumed risk of preventive aneurysm treatment. This study’s purpose

is to review the natural history of UIA and identity management options for patients.
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Introduction

Unruptured intracranial aneurysms (UIA)
A a a & Aa |
fannuialnfveiraaaiaaninisldinasaad

Q d g a a
niInRaaLRaauadlwaued TniaNANURA
Un@nineideaanuntanasaiieans 3 14 (intima,
. .. a . P
media, adventitia) 138071 true aneurysm laan
UIA Lﬂummqmad non-traumatic subarachnoid
= o

hemorrhage (SAH) dszanm 80-85% Talugihe
aneurysmal SAH 3 mortality 30-40% W&z 30%
VBINNTBATIATAMINNWNRNTWNTUULTY'

Wasndagiudnisld CT usz MRI

X .. . .
¥NTn lRaTIany Unruptured intracranial
. &

aneurysm (UIA) lavspannau laowuldluged
2-5% vasdszanina i ad1elsiaiy aneurysm
fulngJuwaldn (<5mm: 66%, 5-9mm: 27%,
>10mm: 7%) WAz 50-80% haiuanluaiiedia® 34
I dl 1 =) a a d' Y ar
Wuninaulalunsidenfansaninwineileaiu

NIILLANVBN aneurysm

Types of UIA
Unruptured intracranial aneurysm w31
anwue e saccular uaz non-saccular
- N§u Saccular type (ﬂTW“?'l 1) wudasdszun
90% @‘hLL%ﬂaﬁwuﬁﬂaéﬁ proximal arterial
bifurcation lu circle of Willis lag 85% aglu
anterior circulation \n% middle cerebral artery
(MCA) 28.1-36.2%, internal carotid artery (ICA)
18.6-29.8%, anterior communicating artery
(ACom) 10.3-30.5% &uposterior circulation i
WUa8: posterior communicating artery (PCom)
14.5-15.5%, tip of basilar artery 6.6%" °
- naw Non-saccular type tsznau¢ag Fusiform fig
aneurysm Aflanwmemsltaneslagsanvean
NIl®RBALREALAY, Dolichoectatic fia aneurysm
ﬁﬁé’m&mwaa@Lﬁaﬂiﬂawaa%aamm:ﬂmﬁrm
NNTu, Dissecting fia aneurysm 7LAa21N
maugniuethaisuniuestu intenal elastic
lamina \fi@¥ intramural hemorrhage %dﬂﬁj&l

non-saccular type tJunguinwuldvas

dl 1 1 &)

%8910 aneurysm sulng)iln saccular
LL&:Wm%amwmsd’nﬁukﬂmmmju non-saccular
~ o 2 o =
FanunannasluganuwnalU3981999 saccular

I . - &
typetdudinlnal vnfsunanad

Risk factors of UIA

Non-Modifiable factors 11% Wulunis
VNN (1.3-3.6 : 1), wumﬂﬁq@luﬁ’mmq
50-70 ¥ TuTsdsziaasaunuduiladodoed
ddny Taowoiluaseuaifidawmiu UIA 1 au
fanudsefiazasiany 4% uazluaseuasifian
Adludioud 2 auduwld Senudos 8-10%° Tulsa
maﬁugﬂssuﬁﬁuﬁufﬁu UIA 1% autosomal
dominant polycystic kidney disease (ADPKD)
wumﬂﬁq@ fanugnaes UIA dszanmto%’ 13
maﬁuﬁqﬂﬁwﬁu 9 ¢l Ehlers-Danlos syndrome
type IV, Marfan syndrome, neurofibromatosis
type I, multiple endocrine neoplasia type I’
wonanidinumsiinduuas UIA lulsadail:
moyamoya disease, intracranial arteriovenous
malformation (AVMs), SLE, fibromuscular
dysplasia wazcoarctation of the aorta®

Modifiable factors laun msgmq‘v\%i LAz
AnuGulafings ueuiFslumaia UIA (@319
i 1) Tuwensnunuimssenmasedhsanigue
aanuFsalunILfia UIA®

Pathobiology & Pathophysiology
fnwmeilduas intracranial aneurysm
wall @a loss/rupture of internal elastic lamina
(mwﬁ 2: gne3817), intimal thickening, muscle
fiber disarray, depletion of cellular component
e irregularities lw luminal surface %aﬁ‘nqwﬁ
91 inflammation JunuIMEAY BaiBuduann
hemodynamic stress lasn1z low wall shear
stress ﬂi:(si'ulﬁ \N@ disorganization W&z apoptosis
284 endothelial cell ¥nlw& endothelial dysfunction
WazLA@ inflammation reaction fiarterial wall log
\finaT99fiu macrophage wazsmooth muscle cell

(SMCs) 1lunan las macrophage 9289 matrix
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metalloproteinases (MMPs)@avinang extracellular
matrix W&z inflammation &4A13¢ high wall shear
stress N3zduld SMCs migration wazidfouanw
10-11

ldaansnasns collagen wazifia apoptosis®" vl

NikTaInaaaLlaaUIadLAaLle aneurysm o

fnonufidnmenuduiuiseninsdnsue
aneurysm wall "UN9LA@ rupture lasuUIaNE L
aneurysm wall t1lu 4 132101 1.endothelialized wall
with linearly organized SMCs (42% ruptured),
2.thickened wall with disorganized SMCs (55%
ruptured), 3.hypocellular wall (64% ruptured),
4.thin and hypocellular wall (100% ruptured)
H9ug@sfiy inflammation reaction ﬁgaﬂdﬂuﬂ@:u
ruptured aneurysm®

'
) 1 a

WHa93NNNITUIBNNTHINNTeILAAN

hemodynamic stress Farmusmiid turbulent
flow 194 arterial bifurcation 3aifludunibsfiny
cerebral aneurysm l@lay, SINAUANMMERLAL
284 arteries 1w circle of Willis Aguiafy CSF
w4 subarachnoid space las@34 (no tissue support)
vildifa aneurysm Ididentinasaidoauniag

Clinical Presentation
wyseanldmudnsmefiasrany UIA
letun

1. Incidental as29wulagisldyaInn13as29
01MIM9szLUL TN AN 9 : headache (23.7-
47.4%), ischemic stroke (10.6%), TIA (10.5%),
seizure(2.9%), subdural or intracerebral
hemorrhage (1.2%), brain tumor (0.8%), CNS
degenerative disorder (0.4%)

2. Additional avawuiitasandszin aneurysmal
SAHfﬂ’maneurysma'lu 9 (3.8-30.4%)

3. Symptomatic Wua1n1331n UIA: cranial
nerve palsy (8%), other symptoms of mass
effect (2.7%) \T% 1M IuFAIINN Ml AT U0
aneurysm LLﬁ’m@d’mmaaauaaﬁagﬂﬂﬁlﬁm 51
PCom aneurysm vinl#iLfia third cranial nerve
palsy, 1w stroke/TIA finT29Wy aneurysm

ag}'muﬁumaaﬁnmﬁmmLﬁa@u,a:wud'] Y
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intrasaccular thrombus 813818 ld3ndusine
284 stoke/TIA % ¢ 1% MCA aneurysm lw

i@ hemiparesis, seizure®

Diagnosis/Imaging
Tagiuinsasiafiduinasgiu 3 35 léud

DSA, CTA, MRA

- DSA (Digital Subtraction Angiography) fia
\ugold standard Tum3ifiady, fanwligs
Taganwizad198lu aneurysm fiflauwiaidn
1 3 mm. uaglfszifiunaaafondn § 1T
perforator 6@ wainzunsndauwanmavinle
1% contrast-related event, cerebral infarction,
aneurysm rupture, arterial injury tT¢% uglag
mldanadssdendnien wuifimazunsndau
fivldszuudszanfiaUnddiasa 0.3% a3
00/016

- CTA (Computed Tomography Angiography)
Uaqiiudl sensitivity, specificity gdmﬂ"ﬁu (96.3,
100% AWEGU) weili aneurysm AiRIWIALEN
n3mmazdanaanitd (81.8, 100%)” mMyad
AMW3188931n CTA 219u&9a9 neck, dome,
waaalRaaldn 9 Tradedldldondesraysnt
adnvlsfeay CTA faindunisaaifiade
\asduuazlilumasindansosts uavszlomd
Tums@aaa aneurysm 7ildsunsSnwenades
asnszgnIunvanlanglilunisinm wou
coils, clips, stent

- MRA (Magnetic Resonance Angiogram) &%
11733 time-of-flight (TOF) 3al% contrast

AMNILIWNUI A sensitivity 89-98%,
specificity 80-95%" wsil% aneurysm fiflwa
<5 mm. 3 Telsa TOF MRA  sensitivity (98.2-
98.7%) specificity (93.2-94.8%)% uazWu31 MRA
\dumsasefiemaiifivszansnmnalu aneurysm
Alasumssnuaslailasunssne wiizgnIunIu
nlane A71897BWL31 MRA 8101500529WD
residual aneurysm 'l@la gl sensitivity 82-89% Lz
specificity 85-92% ooy DSA? mInTa




non-contrast 1% TOF 73 Lﬂum\‘uﬁaﬂlugﬂa g
nsvnauaadla lung

#ONANHMIANE MRI vessel wall Wi
NIATIIWY aneurysm wall enhancement FUNUT

A 1 22 =

MILANTaIRaaaLRanaNadlUINEIZ MIANEN wall
shear stress 813130¥1 leen8 computational fluid
dynamics (CFD) analysis Y9910 CTA, MRA uaz
DSA23—25

Screening
laviagtugslifidwusilddansaslungy

Usemnsia Ly LL@iﬁﬁﬂLLuzﬁﬂﬁﬁ@maﬂuﬁﬁﬁmm

Foslun1aifia aneurysm &9 ldun

- Qﬁﬁﬂ%’lumam%’a 1fw intracranial aneurysm
(IA) Goua 2 audnly (1 auiiln optional) tiziin
TWEudanas Lﬁamq 18-20 Taiwly e CTA/
MRA lagszoziann 9 5-10 U lapszuziom
luns@aanuwiwrinladeldfaan andnm
cost-effective Wuinasiann 7 i Iuﬁaamq
321379 20-80 ﬂﬁé’jummﬂﬁq@ze' 2

- Qﬁlﬂu ADPKD uugiinlfaadansas (las
lanzehsbslunsaunsiiidssTa 1A) TasSuda
N384 Lﬁamq 18 f9uwly d1s CTA/MRA lag
JzEzvann 9 5-10 T

- %‘ﬁlﬂu coarctation of the aorta 97.n ACC/AHA
guideline® uunzinldasiadansaiaraCTA/
MRA aghaiae 1059 landyldlaszyszoeisuas
Q@??uq@‘lumsﬁ@maa nMIAnaas Cook et
al. wuan UIA Mﬁg‘ﬁlﬂu coarctation of the aorta
mﬂﬂ’hﬂimﬂiﬁﬂﬂi@ma,w*]:arhdﬁ'a"ﬁwa'}q
40-60 U ?imu:ﬁ’ﬂﬁﬁ@mauﬁamq 40 Dl

Natural history of UIA
n3AnssIINTIAveslinztinlideys
\igafiulamiaf aneurysm azuan wat lURarson
\Woufuenudssszdszlomiannsinsdaeis
619 9
31N International Study of Unruptured
Intracranial Aneurysms (ISUIA) phaset®, 1998

! A = . o
FaundunsAnswuy retrospective cohort luﬁd

1t 1449 Au (1937 anurysms) leudsgthodu 2
nga
- ﬂ@:&l‘ﬁl 1 sl SAH: aneurysm 2w@ <10
mm. & rupture risk 0.05%/yr U419 =10 mm. i
rupture risk 0.95%/yr Wa¢ aneurysm Tu
posterior circulation (basilar tip, vertebrobasi-
lar/PCA 73713 PCom) ¥ rupture risk gx‘m’hlu
anterior circulation (RR 13.8, 13.6, 8 @Ua6G1)
CRHE uauazeundadutladoifosnig
LL@Iﬂluﬂ@:Nﬁ 1
- ﬂ@:uﬁ 2 \apfl SAH 90 aneurysm 84 9 :
aneurysm U@ <10 mm. & rupture risk 0.56%/
yr 2u1@ >10 mm. & rupture risk 0.64%/yr (lai
din9ruatafiusény) wu aneurysm i basilar
tip tuildbiFosdonmsuan
gauniinsfinw ISUIA phase2®, 2003 &2
fdumsinen prospective natural history lug
1781 1,692 A1 (2,686 aneurysms) I@uﬁ@@mumﬁﬁ
41 U ldudeliensdidoyamu 1amwa 2.6 unue
3.13527@89 SAH 910 aneurysm o (@m’mﬁ 2.)
Tayawudn rupture risk TUALTINA USRI
Tasvwnalnaudanudsauindu waz aneurysm
lw posterior circulation ﬁmflmﬁmgdﬂ’hﬁnm
3w Usziaves SAH liduiladuifoalu aneu-
rysm A1#1@ >7 mm. nmfnsitusaslfiiu
1 aneurysm fi711a <7 mm., ’ﬁ'"l,aja%ﬂu posterior
circulation, uazlaiflilsz 3@ SAH ﬁmﬂuﬂ@:uﬁﬁmm
\Fo9eunfiazuan (extremely low risk)
mydanw1 UCAS japan" Fadunuidy
prospective cohort 1321113 5,720 A (6,697
aneurysms) WUl rupture rate 0.95%/aneurysm-yr
Taofidasudns (mwil 3. waz 4.) leur 1210 (27
mm.) 2. uwilifl ACom uaz PCom SAnuiies
§9n41 MCA hazard ratio: 1.9 Uag 2.02 aua1aL)
3.aneurysm fifl daughter sac ﬁm’]mémqm’h
sfdswaﬁﬂf:"ﬁwaﬁumgmﬂ aneurysm 7183w 27
mm., AFURIS PCom ﬁﬂfnméﬂa‘lumimnﬁa
970 Meta-analysis® 71guwin Tadeifes
@aMIUANYBY aneurysm |@lA 818 >60 4, e

a a & A A A & .
Wiy, ArasodluniaWnianed, symptomatic
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aneurysm, 141@ > 5mm., a%ﬂu posterior circulation
(a319% 3.)

' < A = A

ad9 lsnauii s g9 wn1IAnEaNd i
SUAVe study®, 2010 fiLg@d31 aneurysm 1o
=3 1 . . . 1 v
\@nuazaglu anterior circulation ld'ldfiaaw
A A o ' P A v Ao
WREINazwanaIn1Inag19nUsadnly 1ueuiay
A8y small UIA @nwn UIA 919919 <5 mm.
il overall rupture rate 0.54%/yr l@g aneurysm #
LL@ﬂﬁG%N@aglu anterior circulation, ﬁau’[myj"[&iﬁ
15270189 SAH %30U570n50UA WMDY WAL
WU ULREIVAINITUAN bA LA Annatywas <50
T, 2w1@ aneurysm ) (24 mm.), aAnuanladia
§9 uazdl aneurysm naHEURUINNNUITLVEY
Juvela®, 2013 T91Tw prospective cohort TumuaKA
a X Aaa o a Aa
mmugﬂmmmaﬂuﬂ 1956-1978 NiTz8LIAN

#ae1uuI% (median follow-up time 21 years) Wy

'
=

cumulative rate of bleeding 1 10, 20 uaz 30 :
10.5%, 23% W8 30.1% GMNA19U WasladuLFe-

@aNIILANTEY aneurysm LGLA YWIAaneurysm

]
=

>7 mm. %uvl,ﬂ, aneurysm 1 ACom, g’i.l‘i.g‘lﬁf, fal
WaaNagasuIn, mquﬂawnﬁuﬁ‘um’]mﬁmlumi
wan

ﬁmiﬁm:mﬁi’mi’auﬁagamu%’%’fﬁLn_l‘l_l
prospective cohort 6 NM3ANI \as1s PHASES
score [Uszfiunnandsifiazifia rupture aneurysm
lustla ﬂﬂéjuﬁ 5-year risk of aneurysm rupture
>15% deiiunguvery high risk® (MWl 5. uaz
6.) :NNMIAN®1289 Bijlenga et al. WEAIINMT I
PHASES score i 3-4 Dwnasilunisuengdihe
ﬂ@:umﬁmémgmmﬁﬂdﬁe

anume morphology ¥89 aneurysm il
\a risk of rupture laun growth aneurysm,
multilobulated aneurysm W8 aneurysm il aspect
ratio (dome height/neck) >1.3%" %

nsAN®BUAYIRY growth aneurysm &
9wl UIA § growth aneurysm 1.8-3.7%/
yr WaTWUIN rupture risk o growth aneurysm
§9NT7 stable aneurysm 12-31 1in* Taduide
aneurysm growth ldunieny 250 U, wwandy, gu

‘.Lj“ﬁ%, IWIQ aneurysm =5 mmO, aneurysm agfl,u

posterior circulation®™*

A15An®1 The Familial Intracranial
aneurysm (FIA study) AnssnBnaseuniIng
UIA >2 au' “ 1ilu prospective cohort 1/5:11n73
548 aw Wuil UIA 20.6%, 11 aneurysm fi <7 mm.
il rupture rate 1.2%/yr (‘fdgdﬂ’i’l rupture rate 31N
m3fne ISUIA f9 17 wh laifisuiuawauss
UML) Uaz multiple aneurysm annndnga UIA
Tutszannamaly (35.6% vs 27.9%, p<0.001)

mMadns UIA slumjmgﬂw ADPKD iaz
Coarctation of the aorta WUINANMTUE aneurysm,
aneurysm growth uaz rupture risk ldna1nngu
UIA ludszmnsimald wdwy UIA luagosndn
(30-501])*

mﬁ\‘iagﬂﬁa%mﬁm@iamnmnmaama@
Faaldsluawes (i 4.)

Management
wi9tdu Conservative & intervention
option Lﬁaamﬂ‘luﬂagﬁuﬂ’ﬂﬁﬁﬁaga ‘ﬁs:qms
Snnfduuswmendaon deiwnsinendoald
waneiadoduasdlsznoutiaiSouiiauanudes
289 aneurysm rupture MUAWFLIINATINE
Tasufiarsnihunfasandszneudls
1. 1998984 aneurysm LT LR, U0, AN1DL
2. ﬂa%’waa@ﬂwrﬁumq, Tsadse9n6n, Ui v
SAH, wazilseansauaiAnfy aneurysm
3o SAH
3. Tadvpasdlinisine 1w anunienzvas
qﬂmmuazméaaﬁa

Conservative management
UsenaudIumMIAaaNaIns, MIeN Las
NMIUIUNOANIIY
MIAAMNBIMT: et IR ATINEANAN

o A L™ 5 =] =S d‘ o
N9TIR ﬂafguum"l,uumsﬂﬂmmmum:ﬂmm
=} ada 1 53 ad e A d‘
wIadsN1vatItaan IsnIneSiruuulanmung
sungadsldddeyandaau nluld TOF MRA
L AUAULIN 13489970 bR aSIRLR: CTA 11lu
maden lagawidsamlng aradaauaiousn
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Tug29 6-12 LHAURAINITATIINLUAZATIINN 1-2
T aunszlIwu aneurysm AIfENANINAAAINE
lunsasradaauadle®
mssnmanudulafagelugiinUIAena
Fraannudzdumaiia aneurysmal SAH (Class
I; Level B)*
mydSunginTsuiieaannuidniniiia
aneurysmal SAH ﬂfamﬁnLﬁiﬂaﬂwguq%‘%LLaxﬁu
waanagasunniiwly (Class I; Level B)®
n3lTen: luﬁﬁ]@ﬁ’uﬂ’ﬂajﬁmmﬂums
SN cerebral aneurysm LL@iLﬁﬂd%ﬂﬂﬁagaLﬁiﬂiﬁﬂ
pathogenesis 189 UIA ‘a3 1figadaefiy
inflammation 39fin133ipAnuAvIiueAidnaan
inflammation process
- Aspirin: annsanmludainanss (ny) wu
el nﬁjuﬁivl,@? aspirin §81908@ degradation of
internal elastic lamina, medial layer thinning,
aneurysm size, macrophage infiltration UWaen13
1888 matrix metalloproteinases (MMP) RN
s endothelial progenitor cell lunszusiion ot
Siusdmosia® wananitdelnuisouuy
RCT swaianluunus lasAnwnaved aspirin
faan®Mea0d signal intensity 1w ferumoxytol
-enhanced MRI l8¢ immunostaining Tu
aneurysm W71 aspirin 8138@ inflammation
T UIA®
msanunlunieadfinues aspirin: 4n1s
AN®ILUY case-control WIANMUFUWUTYD
laris] aspirin NUNIIULANVDY aneurysm 9
l89oyadszsInsain ISUIA phase2 WUWW)
lunsflesiunisuanves aneurysm lugfld
aspirin Lngﬁ"bﬁ aspirin >3 aSsdasUak &
893INITUANTAY aneurysm WoayaIad 19Ny
8105 (OR0.27; 95%CI 0.11-0.67; P=0.03)"
N9M89 Gross et al.® Gau retrospective
cohort WM aspirin agriaw l'ld \AuAY
JUUTIVBIDINNT, NNTUNINTOU NIBHAVEINT
aufiulsalugilie aneurysmal SAH ¢éuuzii
M3l aspirin andayaluagtu ;E"?'isl"ﬁ aspirin
970 medical condition 5% 9 nauasIany UIA

Tautiadaylunmyas uddeyadsliifioswedi
azuusn IF1T aspirin iiatloaru aneurysm
rupture®

- Statin: IMsAnEludainanss (Wu)* wud
ﬂ@l&l“?'llvl,ﬁ simvastatin 4 macrophage infiltration
e MMP 8983, 1419 aneurysm finanduaz
AMURWITBITU media Lﬁuﬁuaﬂﬂaﬁﬁyﬁﬂﬁ@
MIANWINNARTEN 9IWITB289 Yoshimura et
al.55 1unsfinm case-control ludijuny
13l statin FUARSAVNNTLANTY aneurysm
finaag (adjusted odds ratio: .30, 95% CI: 0.14-
0.66) ualuuIduvad Bekelis et al.* n3@nm
retrospective cohort WUINMSLT statin T UTA

ld@uWusAuN31Aa aneurysm rupture

Intervention management
1 Qo I ada =1 .

wudnisine e 2 37 @8 surgical
treatment 482 endovascular treatment 1@ ﬂﬂﬁ]fgﬁ’u
Q 1a v 1 ad a = 1 dq’d
mvl,umaymnﬁmﬁﬂm wuulaniiandn vassiii
M3dn®uuy RCT: The Canadian UnRuptured
Endovascular Versus Surgery Trial (CURES)
= = = a a 1 . .
AnELUIBULNEUUIERNTAINITWING clipping L

ey & ' & o a = A

coiling mmxuagiumamumaﬂa (FumMsanELile
2 gwEw A.6.2010 ANa7NaL leanIsAn L e
nw1uw 0.61.2030)

Surgical treatment

mardaine UIA sauwlnaiidu Direct
surgical clipping uazlu aneurysm NTuTa

mdd‘ 1 1 . .

81917350 § 394 L% occlusion with bypass
& wrapping Muazldga surgical technique a9
aneurysm clipping agjuanniauvadiiteniinan
= dy :: o q‘/ v U o !
fsluunanudt Juaannannildlaun nsdana
K178, N13219UKY craniotomy, microsurgical
approach, arachnoid dissection, exposed
aneurysm W8z placement of permanent clip 91
aneurismal neck (nNwh 7.)

Safety of surgical treatment of UIA: 21N

TonavadlUSIA phase213 11891471 11 1 Tnainns

e 222

W

ho]

@¥ overall mortality 2.3% morbidity 12.1% I
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%213 morbidity 374 modified rankin scale (mRS)
>2 w3ail impaired cognition (1% MMSE <24, uuu
FuMBOINIINTewe <27) wudn impaired cognition
\WAevaea@eduness% a9 morbidity Fanua
Aazunsndenarnnisdidafinuldun cerebral
infarction 11%, intracranial hemorrhage 4.1%,
hydrocephalus 1.1%, other surgical complications
(CSF leak/fistula, surgical site infection, hematoma)
2.9%, seizure 4.4%, medical complication (MI,
pneumonia, PE, DVT) 4.6% 370 meta-analysis

289 Kotowski et al.”’

WUINd mortality 1.7%,
morbidity 5% laawuuwiluaaasuad mortality&
morbidity lumsfnwlund 9

Efficacy & Durability : 97N meta-analysis
289 Kotowski et al. wui1idl completely occluded
90-93.2%, neck residual 2.9-5.2% laz incompletely
occluded 3.3-5.7%" 31n Raaymaker et al.*® wuin
ficompleted occluded 93%

n3dn®E" long-term efficacy of surgical
clipping
>1 1

luﬂ@:u completely occluded & recurrence rate

0.14-0.52%/yr liwy SAH #ae3nm

-6 gaulnaiun13nsra angioghaphy

lungw neck residual & regrowth rate 1.38-
2.9%/yr uae risk of SAH 1.5%/yr
mfnmanuEsifiasiia SAH nisan
clipping UIA Overall risk of SAH %83 clipping
0.26%/yr61 lauwy cumulative risk for SAH 1.4%
1w 10 T waz 12.4% lu 20 T*
Tumsfine1289 Britz et al. wudn UIA i
& clipping & mortality rate fitko Uﬂdﬁﬂémﬁvlﬂvlﬁ
Snwnathadiadny lasdunase mortality daifias
wilfi 10 Tndsn35nE7 (mortality 24% vs 44.5%)
MIANHNATZEZ81 UM T80 mortality (mean F/U
13 1) W‘]_I’J"]E:J:“?]Iﬁ UIA7 Wlé5nsnd 50% excess
long-term mortality Wiufudszmnsialy Tunga
fisnsee clipping twe T8 survival proportion
windszmnamly, WWeandeil 28% excess long-

term mortality®
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mM3sns MswennIatlsalunaninwnaiiean
A0 UAMIINBIY clipping Ia@TIMIMLIINADN
endovascular treatment agnINTBENAY™

NNMIANH TR UIRUTRNTN WD
surgical clipping Taunainisnusnduwluns
Y a i da . o .
memﬂuﬂaum residual a3 clipping

Risk factors of surgical morbidity &

mortality: 310 ISUIA phase2® léun a1y (250
U RR 2.4), 2u1@ (>12mm. RR 2.6), aglu
posterior circulation (RR 1.6), #1323@ ischemic
cerebrovascular disease (RR 1.9) waziiain13a1n
aneurysm (£NL3% rupture aneurysm i 9 RR 1.59)
971 meta-analysis 984 Kotowski et al.”” wuilady
Fusasmsrhda leud vua aneurysm (>10 mm.
RR 3.5), aneurysm a%ﬂu posterior circulation
(RR 4.1)

N13AN®1 morbidity &mortality 1w
°1h<1 perioperative (nelu 30 Ju) wuiniladni
L‘W;\J perloperatlve mortality Ao operative time
‘nmumu chronic steroid use muﬂaﬁmmwu
perioperative morbidity fa mgm u’m"ﬂu, operative
time ﬁmu*’fu, DM, COPD LLazgﬁ"ﬁ’mmﬁaé’aLaa
VL&JVL 267, 68

anuTwRnITuM T dafinadants
Snwn nmsansnuilsswenuaivhmIride
1NN (>20 cases UL <4 cases dall) Faan
maFeTIakesnd uazlidanminduiuginin®

Technical advances: inalulagfnuin

1 ltg28lun19kndaisu Intraoperative
angiography (IOA) oaTFa completed
occluded aneurysm Hn13@N®INULIINTT
1f I0A virli@siamy vessel occlusion w3a
residual aneurysm ﬁﬁ’]vlﬂgj clip repositioning
8.2%"° welfiesan I0A ffasrnadsldinan
mﬂ%u,sl,%qﬂﬂmiuazqﬂmﬂﬂﬁ'uﬁu 3971540
\Sesliadu 9 w1l wu Intraoperative Doppler

¥ -
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Indocyanine green videoangiography (ICG-VA)
winnsfe dass ICG (Gailw Near-infrared
(NIR) fluorescent dye) T IET It TAt- TP RTITee
NIR light vhlwifiu blood flow lunaaiden
HAWNAITUNIN ATadfasanInlsziiin vessel
occlusion/residual aneurysm 6@, ¥ laTaiauas
natnaLfssen Tadasfalsziin neck residual ﬁazj
W&y aneurysm le&1n” n3lT intraoperative mild
hypothermia lu UIA fagdudslaifinangiwiiios
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Endovascular treatment (EVT)

113 0611995 FDA 'lé5usa9n1sld Guglielmi
detachable coil lwn133nw" cerebral aneurysm
winfifinsdne ISAT? Gadunmsdnslu
Ruptured intracranial aneurysm W31 coiling &
mortality & morbidity ¥aenin clipping luz24 1
3N absolute risk reduction 7.4% (95% CI 3.6-11.2,
p=0.0001) WuiANFBIBEINNFuTIalute 7
ﬂmaan@lw‘ﬁ' coiling @?ﬂﬂ’hmjmﬁ clipping ag19d
wodeny J9nuInlusel a.7.1998-2003 WuIIN3
$nw" UIAs ¢28 endovascular treatment A&§as21
Aiatwant 1% 1Ju 43%™

Tunounin 9 289 endovascular treatment:
access to common femoral artery, navigate guide
catheter ¥w1@ 5-7 Fr 'lUfs internal carotid artery
W38 vertebral artery, microcatheter 3@ 1.7-2.3
Fr advanced over microwire, microcatheter az1d
i la aneurysm de'le projection azcoil 3zgn
Uaasa1n microcatheter 19'l4¢9 aneurysm lasaz
Tdaunszii aneurysm 143 filling contrasts ¥38
coil limannldldadnadasady (nwii 8.

Safety of endovascular treatment of UIA:

M3AnBUALIRY morbidity & mortality a3 EVT
970 ISUIA phase2® Tpawi1 71 1 Tnds EVT
i overall mortality 3.1% morbidity 6.4%; 971
meta-analysis 789 Naggara et al.”® wuind
mortality 2.0%, morbidity 2.8%; 37n ATENA
study” & mortality 1.4%, morbidity 1.7% las

complication 1 waInsneudslaidu 3 ngundn

@un thromboembolic event 7.1-9%, perforation/
rupture 2.6% Waz device-related 2.9-3%" "
Efficacy & Durability: 971N meta-analysis

289 Naggara et al.”
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86.1% (complete occlusion + neck remnant)
970 ATENA study”™ wan133nunil satisfactory
occlusion 80.7% (complete occlusion 59%, neck
remnant 21.7%) MIAN®EN long-term efficacy 284
coiling Wuil recurrencefl 11.3-24.4%, i risk of
SAH %83 coiling 0.2%/yr u@il retreatment rate
9.1%™ 7 FaiiuAMNAIMUTES aneurysm 7i5ne1ey
coiling fyavdutadas

iladufisanade recurrence Wi coiling o
seozena (>3 1) léud aneurysm fivwna =8 mm.
(OR 1.2), ina e (OR 3.8), 811 <40 T (OR 2.89),
conventional coiling (OR 3.3), #Mu143 aneurysm
(Acom/Pcom: OR 3.1) azd minor recurrence o
F9TiR A URAISN BT 9uIN(OR 3.1)"

Arunzin lwun99 i Tosuns i IR ld
clipping ugthe UIA ﬁmqﬁaﬁﬂ’j'} 40 17

MIANEINATZEZE1 IWN1380 mortality
(mean F/U 13 1)) wu’jﬂﬂ@:uﬁ%’ﬂmﬁm coiling
el survival proportion whdszannarmly,
IWAAI9N 23% excess long-term mortality 181y
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mortality®

Risk factors of endovascular morbidity
& mortality: 910 TUSIA phase2 laun awa >12
mm. (RR 2.4), ayﬂ,u posterior circulation (RR
2.25)° 9Inuped Ji et al® wuhiladefidnade
neurological complications %9 coiling laun
1@ =10 mm. (OR 3.23), aneurysm agﬂu
perforator-rich vessels (OR 2.86) uaztdugilas
lsanaaaiaaasuad (OR 2.84) lu ATENA study
WU aneurysm AUWaGa complication uad
coiling lag aneurysm = 7 mm. flanaifa
thromboembolic event §4ni1 (9.9%, 4.6%) ud
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rupture §4n31 (3.7%, 0.7%) Uaziil ﬂ"?'imqmﬂﬂd’]
60 T filamaifia morbidity 910 coiling §9n31
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stent-assisted coiling §9n31 (OR 1.66) 1aqiiu
fimsfin® RCT: Stenting in the Treatment
of Aneurysm Trial (STAT) Sadumsdine
138 ULy recurrence rate 3¢%314 coiling N
stent-assisted coiling aglugaaiudaya (aa
eglanalulfauuniay @.¢.2026)
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A7 11. Flow chart for management of unruptured intracranial aneurysm

| Unruptured cerebral aneurysm

'

Age < 60 |

Aneurysm < 7 mm

« If no risk factors: conservative
medical management; treat
hypertension and encourage
smoking cessation

« If significant risk factors like
family history of SAH, presence
of symptoms or daughter sac or
location in PCom or ACom:
coiling versus clipping

Aneurysm > 7 mm

> Coiling versus clipping based
on location, patient’s

comorbidities and the aneurysm’s
morphology.

Age > 60

Aneurysm < 7mm

« If no risk factors: conservative
medical management; treat
hypertension and encourage
smoking cessation

« If significant risk factors like family
history of SAH or presence of
symptoms or daughter sac or
location in the PCom or ACom:
consider coiling versus clipping

Aneurysm 7-12mm

= Anterior circulation: if no
significant risk factors, consider
conservative medical management

« Posterior circulation: consider
coiling or clipping based on patient’s
comorbidities and aneurysm’s
morphology

Aneurysm > 12 mm

= Consider coiling versus clipping

based on the location, patient’s
comorbidities, and the aneurysm’s
morphology

715797 1. Interaction between smoking and hypertension for the risk of UIA®

Patients with
Control OR
UIA
(n=574) (95% CI)
(n=206)
No smoking, no hypertension 65 353 Ref.
Smoking, no hypertension 64 117 3.0 (2.0-4.4)
Hypertension, no smoking 45 83 2.9 (1.9-4.6)
Smoking and hypertension 32 9 8.3 (4.5-15.2)
013197 2. 5-year cumulative rupture rate (%)
<7 mm.
13-24
Group 1 | Group 2 |7-12 mm. >25 mm.
mm
Cavernous carotid artery (n=210) 0 0 0 3.0 6.4
Anterior circulation/ ICA (n=1037) 0 15 26 14.5 40
Posterior circulation/ Pcom(n=445) o5 3.4 14.5 18.4 50
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715197 3. Relative risks of rupture according to patient and aneurysm characteristics®

Al Studies With Data All Studies With Data
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. i 57(0-399) - 2 ol Cavernous sinus 5 6.1 (0-20.0 2159 2 0.1 (0-0.3)
Size of aneurysm
Female 10 570309 WS OB5 161124 P 0 39010 1@s 10 et
Hypertension =7 mm 5 710.4-399 7206 32 .
" 4 BpND T B i 510 mm 9 61(01-209 1187 14 2301052
Yes 4 65009  S- 9 11022 ~10 mm 9 620399 3670 55 2901557
Smoaking =12 mm 3 5.7 10-20.0 1089 42 7538149
Mo 1 9.8 (0.7-30.9) 1404 13 Rt Gtant (=15 mm) ] 50(0-39.9) 293 18 11855258
Yes 1 987-3¥9 3¢ 0 1TME33  Type of aneurysm
Poputation %) Incidental 12 5.5 (0-39.9) 3315 50 Rel
Not JapanesaFinnish 11 46(03-309 W42 M Rt (%) Additional 8 550399 358 46 10{07-14)
Japanese or Finnish 8 5.3(0~12 693 13 3412644 %) Symptomatic 8 50[0-399) 2 0¥ A4[2BEH

= o A ~ ;
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Risk factors Explanation
Size Larger aneurysms (>5mm) are at higher risk for rupture®
Location Posterior circulation aneurysm more likely to rupture®
Shape Multiple lobes, growth aneurysm, and aspect ratio >1.3 increase the risk of rupture® *

Family history [ Having a first-degree relative with a history of rupture increases the risk of rupture® *

Smoking Smoking increases the risk of rupture®

Hypertension | Hypertension increases the risk of rupture®®

Gender Aneurysms in women are more likely to rupture®

Race Japanese and Finnish®
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7135197 5. Unruptured intracranial aneurysm treatment score (UIATS)

Age (single) <40 years 4
40-60 years 3
61-70 years 2
71-80 years 1 D
> 80 years 0
Risk factor incidence [Previous SAH from a different aneurysm 4
(multipie) Familial intracranial aneurysms or SAH 3
Japanese, Finnish, Inuil ethniclty 2
Current cigaretie smoking 3
Hypertension (systolic BP > 140 mm Hg) 2
Autosomal-polyCysiic kidney disease 2
Current drug abuse (cocaine, amphetaming) 2
e st e O
j Clinical Symptoms related to  Cranial nerve deficit 4
UIA (muttiple) Clinical or radiological mass effect 4
Thromboemboiic events from the aneurysm 3 D
Epilepsy 1
Other [Reduced quality of life due to fear of rupture 2
i) Aneurysm multiplicity 1
Maximum diameter £3.9 mm ] ‘
(single) 4.0-6.9mm 1
70-129mm 2
13.0-24.9mm 3 D
225 mm 4
i Morphology Irregularity of lobulation 3
"" (multipie) Size ratio > 3 or aspect ratio > 1.6 1
=4 Location BasA bifurcation 5
(single) Vartebralbasiar artery 4 D
AcomA or PcomA 2
Other Aneurysm growth on serial imaging 4
{muRipie) Angurysm de novo formation on serialimaging 3 D
Contralateral stencocciusive vessel disease 1
risk <40 years o
(singie) 41-60 years 1
61-70 years 3 1
71-80 years 4 D
- > 80 years 5
) Aneurysm sizerelated risk < 6.0 mm [}
S (snge) £.0-10.0mm 1
@ 10.1-20.0 mm 3
> 20 mm 5
Aneurysm complexity-rolated High 3
risk Low 0

Intervention-related risk Constant*

0

Favors Favors UIA
UIA  conservative
repair management

715197 6. Advantage and disadvantage in surgical and endovascular treatment

Treatment option Advantages Disadvantage

Surgical Higher rate of complete obliteration, | Higher rates of complications, longer
lower recurrence rates recovery

Endovascular Minimally invasive, lower Higher recurrence rates, risk of incomplete
complications obliteration of the aneurysm

A5 7. ﬁqﬂ/u%?W?Jﬂ’li@?@@?’)&fﬂ’lif/ﬂﬂ’) UIA

Management Follow up interval

Conservative management | First follow-up study at 6-12 months after initial discovery,
followed by subsequent yearly or every other year follow-up, may

be reasonable.

Clipping Initial radiological follow-up 3-12 months to detect remnants /
recurrence

- Completely clipped: may not require long term follow up

- Incompletely clipped: shared decision-making process between

the physician and patient

Endovascular Follow-up regimen might involve an early imaging study at 3-6

months, followed by a second study at 12-24 months, and again at

3-5 years posttreatment
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