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Interventional Management for Cerebral
Revascularization in Acute Stroke
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m1519% 1 Modified Thrombolysis in Cerebral Infarction (mTICI) reperfusion grade*

TICI Grade Description
0 No perfusion
1 Perfusion past the initial occlusion with limited distal filling and slow perfusion
2a Partial filling of occluded territory <50%
2b Partial filling of occluded territory >50%
3 Full perfusion with filling of all distal branches

* 2c: Near-complete reperfusion with slow flow in distal cortical branches or presence of distal cortical emboli

/15797 2 Modified Rankin Scores

Score Description

0 No symptom

1 No significant disability: able to carry out all usual activities despite some symptoms

2 Slight disability: able to look after own affairs without assistance but unable to carry out all previous
activities
Moderate disability: requires some help but able to walk unassisted

4 Moderate severe disability: unable to attend to own bodily needs without assistance and unable to walk
unassisted

5 Severe disability: requires constant nursing care and attention, bedridden, incontinent

6 Dead




Neurological Surgery
Vol. 9 No. 2 July - December 2018

41

s s |

ganeazlilananissnunaenaiiligneen lneazsag

'
=] =] A d

HIZUUUSHIFAANITNA NLATDINENTNY NE wasiix
%3 d‘ U s dld £ 1
Shwnwsan dadendualawn
1. 92ZLIATIUNITLSHSNYN
A15%11 MT 9271113 comprehensive stroke center
7151N15%11 neurointervention NNINWBaE19HBUTEN 1M
L= 1 1 LA d' (=3 a
200 51gmal N1sUse 1w IRagUIeNTIALGT D8
WniadeNazdieanszezlaa1nawniIssne)  ¥an
4 a o o o
awiiiag lnauazdlsone1uian w150n399A7
LY o 19 o U o . -
nsoegUaeranz wlsunziinlwyi drip and ship Aa
Sulven iv TPA Wa2 Seayin MT ¥in auiiie
win Lallnasnnn15vi1 mothership Aa3usigdae ' com-
prehensive stroke center Lagfialln" gnuNe o
1w anterior circulation HA284N155NWIAN 6
winlesun1ssnwinielu 6 dalas TwnsdingUaels
. 1 -2 1 d‘t[’ o w1 U | dl
iVTPA annauwuazddadsdlunisyin MT T4 "sgfUaeiiie
i MT 1597 alaelaidassonazes ivTPA Tunsdilasu

a ]

53N Anndt 6 Falug JAw sadnnlvnns
TNWIA835% 1H8991NLHE NBIUTS IRITLTNAE
n1n2w Ineludagiueansulate 8 #alue dnangin
aAAADIAINTBYA meta-analysis'© WUIINTT3NWH
39NV medical therapy #Uszleait_sn31 n151W medical
therapy aensLREIgAE@MAINTNWIAETW 7.2 Falne
a = 1 =1 =} QI
fis1eemnsAnean alud 2018 nsdlisunis
SnwtAnnd 6 Falug n15Us2LEW tissue perfusion
azidHd % A annlen19AR " wlan1snen wan
qUsefinm wURElsnuN13AnYI randomized control
. 14 o 15 & (%
trial (RCT) DAWN ~ #i58 DEFUSE3 ~ i 181905011
12835 MT 1o Imelu DAWN Anwilaeidenngagiae
d‘d . . . . . s |
NN clinical-imaging mismatch ‘Lumiiﬂmgﬂw |
4291981 6-24 Falag lmeRgUaefidnmd clinical-
imaging mismatch 18N8 NgxLsn 81 80 Uanly
NIHSS 10 #wlU infarct volume %aenin 21 mL ﬂ'siN
o v | o & )
7 89 81gwaand1 80 U NIHSS 10 Ay infarct vol-

ume %#B8NI1 21 mL NgNN W 81gwaend 80 U

NIHSS 20 #wlU infarct volume A& 31 mL wHkae
n171 51 mL Y1N155A¥IA8UAY medical treatment
2819LA7 USTLRBNANISSNEIN 3 LAaW WUIT mRS
0-2, 49% vs. 13% I DEFUSE3 Anwngtaeil per-
fusion-core mismatch LA maximum core size GL%
nstiensnugUaeludi01aan 6-16 Falug infarct size
%aen31 70 mL USLIed hypoperfusion fg infarct core
1.8 12wlU penumbra area 15 mL il ¥iA13
SNYUNBUAU medical treatment p819LAEY UsZLEH
NANIS3N®IN 3 LABW WUI1 MRS 0-2, 45% vs. 17%
1 L2

2. angyadnannlae

msAnw) ulnegrinlungaeng 18 Yauld wans
s 1 AL [~ o oo a 1 U 1
snentunguivaeandsddnna lungue sengainndn
80 U n13vih MT sinangiwinlauszlazd uddua

oo dl U =] 1 1 v 1 =]
nenainilaazldfiviingueigiasnit 8o U laglu
meta-analysis TWNgHA% 1818 > 80 U Wul1 27%
2095098 MRS 0-2 71 90 % luanuz? 34% wa9y
! o 16
e edin

3. National Institute of Health Stroke Scale
(NIHSS)
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4. Imaging

N156579 noncontrast CT fiaLllwn15mAsIaslamh
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n1suinAnSnun Cavernous Carotid Artery Aneurysms
Surgical Treatment of Cavernous Carotid Artery Aneurysms

NANS ﬂ'%am%’muqa, W.U. 2.2. Uz mAagA1 as
UL 9 9AIEIIHIYUA, W.U. 2.2. Use MARLAT B3

HLAYSA 'Nﬁ‘fq%elﬁ’uﬁ, W.U. 2.2. Usz mAagA1 as

nuIgUse MAFLAT A5 AIATHIAREAT A5
ANSUNNEAT ASITINEIUIA NN1TNEIEEWINWNTIETY

Unango Abstract

Cavernous carotid artery aneurysm (CCAA) W aneurysm ﬁagiu’%mm cavernous segment of internal
carotid artery (ICA) Iuaﬁmiﬁ’mi%’nmfrﬂa direct clipping ﬁaﬁwﬂuﬁmmﬁa skull base approach
iiasanaglusuniefiiatugiwnzinandasfelsenn uaswuimdadnfns cranial nerve deficit 81n%%
ﬁ\‘nf% Indirect surgical treatment 5G§Lﬁ’lﬂ4’1ﬁUﬂU’lmm%‘ﬁ‘ Iﬁﬂ%ﬁﬂnﬁiﬁa parent artery occlusion
2819LAEINIBIINAU extracranial-intracranial (EC—IC) bypass Iﬂﬂ%%ﬂ’liﬁﬁgﬂ trapping of aneurysm, proxi-
mal occlusion of ICA Wa2 proximal occlusion of common carotid artery 3989lnfi%o ’gﬂﬁﬁmﬁmiﬁ%
nslawannz 8 K Snazfingey EC-IC bypass (low-flow %58 high-flow bypass) AgoiDuiinniieein
UNANIRTIRNINUNIWITINNSIHRANERTU SIUTINIBNsuazRan1sShwn T6de 3U71 CCAA lailaan
A8 direct carotld cavernous fistula (CC flstula) N1SHIAR hlgh -flow bypass with cervical ICA ligation
%’Tﬂ L%N’]u N‘Yl E] E]El’l\‘iv[’iﬂﬁﬂ}m’m’]ﬂ"lﬁl direct CC fistula ’d\‘iLL mm CCAA E]EJT.%ﬂTJu active bleeding
mimmﬂwmmz NVl qﬁlﬂa high-flow bypass with trapping of aneurysm uaﬂmﬂ%umvlml,m'lzﬂnavlﬂmimﬂ

aneurysm thrombosis 9711N19%11 cervical ICA ligation

Cavernous carotid artery aneurysm is the aneurysm located at cavernous segment of internal carotid
artery (ICA). In the past, the main surgery was direct clipping which caused significant cranial nerve deficits
and morbidities due to the cavernous sinus exposure, therefore the indirect treatment was developed and
almost totally replaced the former treatment. The principle of indirect treatment is parent artery occlusion
with or without extracranial-intracranial (EC—IC) bypass. Several procedures for the parent artery occlusion
include trapping of aneurysm, proximal occlusion of ICA, and proximal occlusion of common carotid artery.
The best procedure is still controversial. Also, the necessity (with or without bypass) and the type (Iow—flow
or high-flow type) of EC-IC bypass is debatable. The data of many literatures were collected and reviewed
in this article about the treatment methods and outcomes. From many information, we can conclude that the
most appropriate treatment is high-flow bypass with cervical ICA ligation except for the CCAA presented with
direct carotid-cavernous fistula (CC fistula) which should be treated with high-flow bypass with trapping of
the aneurysm. We also discuss and postulate the possible mechanism of aneurysm thrombosis after cervi-
cal ICA ligation.




Neurological Surgery
Vol. 9 No. 2 July - December 2018

53

unun

Aneurysm 284 cavernous segment of internal ca-
rotid artery (ICA) ¥138 cavernous carotid artery aneu-
rysm (CCAA) 1T aneurysm ﬁagim&lsl% cavernous si-
nus 891w extradural structure ﬁﬂﬁugﬁuﬂzfﬂanﬁiux
A19970 intradural aneurysm HABMT HIBULAZ
A114819289 CCAA QNAGHAIE fiber 284 cranial nerve
L1V, VI, VI WAE V2 ABAIILAzAI iy skull
base ¥Ml#aIN15Uaz01N150 A9PBIEUIBAI9910 an-
eurysm #Ha8% AN BefiazumnuazdIGenean
1@ LUl subarachnoid space Alainnn gUaeainazan
A2881N15289 mass effect AalAsd 319lngsau
Ii9991nAN N AWl BALHII 2D g aneurysm AT
FlnssnsnuRnadudanannnitsuntebng
ToBRSin155NILUU direct clipping F9@a9a e skull
base approach Lﬁlatﬁl’l; cavernous sinus WUI1Ha4
n3e1ERfNIUIALEUsD neural structure fiagsau
aneurysm ag19f1e A vinldAnnswmwINg
INWIUY indirect surgical treatment %Gﬂ‘ﬁﬁﬂmiﬁa
parent artery occlusion 8819LAEINIOIINAY extrac-
ranial-intracranial (EC-IC) bypass Fefinaneis

N5 e trapping of aneurysm, proximal occlusion of

=]

ICA @z proximal occlusion of CCA Fadislaida U

WREWINIENITIamNIE 4Tl ANIIUUINANITINY

wazfiANFUdawlwn1sHIsAae

S:U1AdNg

ccaa wulslavas wuUssanme 3-5% 289 in-
tracranial aneurysm LasNUUIEHNIN 14% P9 inter-
nal carotid artery (ICA) aneurysm Iae wanlany
'leﬁifmam (idiopathic) ’lmﬁlﬁuﬁwuvlrﬁ’wiu L

= ) o & @ v 12
INNISUIALAY (traumatic), WAZNIIEALAD LULAY

91IN1sn1vAalin

91N19UAZINTSI AYZBY CCAA WANRAIGAIN in-

tracranial aneurysm 5%’] Lﬁiaamnagj"lu extradural
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\iR91N mass effect 289 aneurysm FalATI 3794181
ﬁalﬁl,l,ﬁ ophthalmoparesis, ptosis, facial numbness Lag
facial pain uan wan aneurysm ﬁﬂ%’lﬁliﬁfyju’m
81917 optic nerve Yl¥LARBINIIANNALAT9NSEl
LLUUf:WUﬁaEI ﬂ’nNLdIEIGSL%miLﬁﬂ subarachnoid hem-
orrhage (SAH) vioe™®
SAH WUUS2H15E 0-16% 289 CCAA QSLﬁﬂi%ﬂ’ifﬁ
i aneurysm flawnlnaduuazlmgranl subarach-
noid space, ﬂﬂﬂiLLﬁﬂﬂzqdﬁumﬁﬂﬂaﬂ cavernous si-
nus 421 subarachnoid space %38 baLanlulu sellar tur-
cica LLﬁULLMﬂﬂ:QﬁW% diaphragm sellae 191 subarach-
noid space H5789719%371 CCAA ﬁLﬁ@U%L’J&! anterior genu
of ICA flm’INLdIEN uﬂs[,%ﬂ'l‘il,ﬁﬂ subarachnoid hemor-
rhageﬁ’7
Tunsdifi ccaa umnisn | cavernous sinus ilw
\im direct carotid cavernous fistula (CC fistula) &
{18328 1698871119 sudden severe neuro-ophthalmo-
logic symptoms %GLﬁm’m engorgement 284 superior
orbital fissure B38813N1F18 intracerebral hemorrhage
ﬁ@Lﬁﬂ%’ln cortical venous congestion8
uvsganasAeiantuanlng (epistaxis)
LARRIN aneurysm wmnigtuln sphenoid sinus Ine
ulngjaas CCAA finTzanuneInuIEnIng CCAA fiu
sphenoid sinus wazwui1 4% lafinszaniwas’
8IN15UALEINTTU AYADY CCAA lagnIausanty
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Table 1 Clinical presentations of cavernous carotid artery

aneurysms

Clinical presentations of cavernous carotid artery

aneurysm

- Mass effect on cranial nerves
- Ptosis
- Ophthalmoparesis
- Facial pain or numbness

- Visual disturbance

- Dysarthria

- Acute subdural hematoma

- Subarachnoid hemorrhage

- Intracerebral hemorrhage

- Direct carotid-cavernous fistula causing acute loss of
vision

- Epistaxis

Table 2 Indications for treatment of cavernous carotid ar-

tery aneurysms®®

Indications for treatment of

cavernous carotid artery aneurysms

Asymptomatic aneurysms
- Extension of aneurysm into subarachnoid space
- Extension of aneurysm into sphenoid sinus
- Origin from anterior genu of cavernous carotid

- Radiographic enlargement of aneurysm

Symptomatic aneurysms
- Subarachnoid hemorrhage
- Epistaxis
- Unbearable ipsilateral face or retro-orbital pain
« Progressive ophthalmoplegia
- Progressive visual loss

- Sudden, severe ophthalmoplegia

i 6
U5 I w5190 22

NIsSuinAnRSNUn CCAA la:wan1ssSnun

lAevaNN15289n155nN87 cerebral aneurysm 35

N15NAN AAB N13M13A aneurysm 88NIINTZUUNIT

Tnadsudanlnesnui parent vessel az normal ves-
sel dwl3lAle

ad

Twafsn #n151WN19HARSN¥IA2835n15 direct

o

. . = i . & @ odd o
clipping ¥i98 clip reconstruction ‘dﬂL‘tJWJﬁ‘VWI'IV[,GIEJ’m
\%8991n CCAA aglu cavernous sinus dsaeRngm
nzlvnandswe 31 JuAa9a1Ae skull base technique

a = v od o a

(extradural approach) uwaznanideelalanasmaed

HANIZNURBD neural structures ﬁaglliau cavernous si-
a & a da |

nus 8ANGLHAISHTU aneurysm AiNawIAlrEaNa

Suduiag temporary clip w14 baglanzag9ds giant

aneurysm mﬂ '‘mauULiNe reconstruct lumen 284 ICA

< o o § v a . o o § v a
1imSaefienn 81avinlALAm ICA occlusion Reavinliiim
neurological deficit AAINISHIARDLNHEY ALY LT
oculomotor nerve palsy, abducens nerve palsy, visual
deterioration, blindness LLas contralateral hemipare-

. 10-18
SIS

88n15HR RSB NWUURTIAB indirect surgical
treatment Iﬂﬂ parent artery occlusion ae19LR 87
$©3899NAU distal revascularization 'ﬁﬁgﬁ“‘mﬁi’nﬂ%
FatdnlUni aneurysm laemss anlan1 n1sUNALRU
m8 neural structures J8U7 cavernous sinus Va4
NSHIAR LAz 11507 lHALAR thrombosis T1467 an-
eurysm v[ﬁﬁ%ﬁl,‘d'%ﬁ'%&m

AINNITNUNIWBITIUNTINULALAITINIUSE N
AagA R399 Awiedaguunudn indirect surgical
treatment dnainwaneds wa qUleae'®' 0207

1. Cervical ICA occlusion (direct ligation %38
gradual occlusion Ineld Selverstone clamp)
2E19LAYINIDIINAU EC-IC bypass

2. Common carotid artery occlusion AERNGER
$¥38994NU EC-IC bypass

3. Aneurysm trapping (cervical ICA ligation and
clipping of supraclinoid ICA just proximal to ophthalmic

artery) a819LFEI1383INAU EC-IC bypass

lA8N157I1 EC-IC bypass ARAIINTIAINAATE 9
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1. Selective revascularization W3134197N
HB2DINT5¥1 balloon test occlusion (BTO) lmeuus
pamluiuulayin EC-IC bypass, Y11 low-flow bypass
(< 50 mi/min)15 A% superficial temporal artery-
middle cerebral artery (STA-MCA) bypass ¥38%11 high-
flow bypass (> 50 mI/min)15 N high-flow bypass fi
fiviansld radial artery graft (RAG) ¥38 saphenous
vein graft (SVG) lme protocol 289 BTO Wag criteria
ﬂﬂﬂﬂqiﬁﬁﬂﬁmqﬁuﬁﬂﬂﬁqﬂumﬂﬁiflﬂﬁ%quLLF’iﬂﬂ}' ﬂqﬁ%
delaifinmaguildtiuadne e’

2. Universal revascularization W319641%11 EC-
IC bypass T%nﬂiflﬂﬁﬁfl ICA occlusion 81343 STA-
MCA bypass, EC-RAG-MCA bypass, 1158 EC-SVG-MCA
bypass Ine 'm‘lmgﬁ’mﬁm high-flow bypass

| =3

AN51USe MMARYAN m%ﬁmmamumﬂa}qﬁuﬁ

=K s

prafinfiuanssiueanly Sedslaifde quidaian
P38nslamang wil alunnsiidnsnen coaa

Iw Brain surgery (1993) lmg Apuzzo (US54
§n13) Fukushima wazAmzunzi1In Twnsel giant CCAA
T‘ﬁcj’lﬁﬂ simple carotid occlusion Y58 trapping of an-
eurysm 8819LA8IN3BIINAY EC-IC bypass™ -

1% Management of cerebral aneurysms (2004)
Ime Le Roux wazAmME (USSM15N13) Russell WAz Jafar
WU IRSA¥IR2838 complete trapping adn9LAen

= | s

W3839INAUEC-IC bypass lAgin cervical ICA uaz 1'
clip ‘ﬁ supraclinoid ICA % proximal Fa ophthalmic
artery \Ronathn2ad bypass IEIEIGL?}J preoperative BTO
1 BTO HIWWAzAT CBF UnA wueinl#vin permanent
endovascular balloon occlusion ﬁﬁ’s aneurysm Iﬂ&lv[,ﬂi
3 Judnevin EC-IC bypass®

1w Neurovascular surgery QUUANNASIN B9
(2015) lne Spetzler LazAmz(USIMUIENTS) Welch
WazAME ULWKINTHEIARSNEY cavernous carotid

aneurysm AI835 complete trapping 2eE19LA8INTE

SIHAU EC-IC bypass Irﬂﬂgﬂ cervical ICA waz 1 clip
supraclinoid ICA % proximal e ophthalmic artery
wazliAINNLAWINIE proximal carotid ligation agn9LRen
92 retrograde filling 181 | aneurysm a1avinl#Liin de-
layed rupture, 811191114 cranial nerve LEaY WAz throm-
boembolic phenomenon3

fu'lﬂm‘m‘um%aﬁmﬂﬁm%ﬁﬂf]ﬁli}ﬁ% e
case series TMN33NwIsIEna1e3s wasusanlasodt

¥ 10809 Little WazAME S189IBN1TINET symp-
tomatic CCAA 41%2% 15 518 A28A19%11 ICA occlusion
without high-flow bypassfmaiﬁ’ﬂm &35 121 Selverstone
clamp occlusion of ICA Aag Tnaulln finlw 24 Mlug,
ICA ligation, Aneurysm trapping, STA-MCA bypass with
Selverstone clamp occlusion of ICA "mef,mﬂﬁmaﬂﬁ
SNWIA WUIH delayed ipsilateral cerebral ischemia
41I% 2 518 (13%) uazdl partial retrograde filling of
the aneurysm 1WI% 3 518 H complete aneurysm
thrombosis $1%3% 78.6% "

U 1999 Houkin WazAMEI1E9IWNNTINWIHUE
giant 738 large CCAA ‘ﬁm sI8 ocular nerve signs 1%
36 518 lae 53 ligation of ICA ( wlngjaaegilae)
ED) trapping of ICA (cervical ICA ligation and ICA clip-
ping just proximal to Ophthalmic artery origin) ( "%
wazzasiae) laaynselasunisvin ECA-RAG-MCA
bypass RAINIAANUINH bypass graft patency 97 % (35
578) g8 1 9188 bypass graft AuHAINIAAYIIALAR
cerebral infarction #9a1n15hauannIzn1eln 1 Han
v[,aJ‘W‘U ischemic symptoms 1158 cerebral hypoperfusion
syndrome Iuﬁﬂw‘ﬁ'ﬁ bypass graft patency Bl 70
SIEWAINISHIFANDINITNIIAET WAL aneurysm
welunonan

U 2000 Niiro LazANIIBIIHNI1TINWINYUIL gi-
ant 1138 large CCAA 9117% 11 518 A3835 gradual
occlusion ‘Vdi ICA 1158 common carotid artery Ineld

Selverstone clamp Inelaivin EC-IC bypass RRINIAG
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WU iR Early Wae delayed ischemic events i wod
dniieaufivin carotid occlusion §1WIw 3 318
(27.3%) 2 318 (18%) fn1947iA aneurysm AisUMM
5% (de novo aneurysm) 91nN13ARAHEYIETZEZEN7
Tsiwn cCAA #19m5993 WA anterior communicating
artery aneurysm ‘ﬁﬂLﬁﬂﬁ]’m hemodynamic stress”’

U 2006 Chibbaro wazANI1BITWNITINWEUIE
symptomatic CCAA 8 518 A38n15%11 EC-IC bypass with
aneurysm trapping IEIEJ preserve ophthalmic artery (1%
N15Lianyin bypass #9UINERNWWG 1Y selective
revascularization (Iﬂ&llg]il’mmazlaﬂ balloon test occlu-
sion) LLﬁiﬂaﬂﬁﬁﬂLﬂﬁlﬂummj universal revascularization
Inel? radial artery graft lpnan1ssnuns aneurysm
el 100% r;jﬂwﬁy'wumﬁmmsﬁﬁu H perioperative
stroke 1 318398111387 w 508 72°

U 2007 Kai 4azAdz31891%N153NwIHU8 gi-
ant CCAA 19 518 F18n15%1 ICA occlusion B&19LAE"
%3839NAU EC-IC bypass bneNa1584191N preopera-
tive balloon test occlusion Y11 proximal ICA occlusion 8
578 findavi coil trapping dvae 10 s1elesunisri
bypass (low-flow bypass 7 518, medium-flow bypass
2 978, high-flow bypass 1 518) WRIHARDINSHA
16 519 H transient ischemia 1 ‘51818

U 2007 Murai azAMz31891%EU98 giant WA
large CCAA 3112% 13 578 1HA155n¥1A28 EC-RAG-
MCA bypass with cervical ICA ligation (9 518) uae
trapping of aneurysm (4 519) “qni'lal‘wuzh aneurysm
e lUNAIEARLAZ bypass graft patency & 810158
%4 61.5% ifin cranial nerve dysfunction (Il Lag 1V)
Fams1masHIERsIwIn 3 318°7

¥ 2010 Shimizu wazAMelAT189IBAITINEN
large LLae giant CCAA pI78 cervical ICA occlusion (Imﬁg
ligation %38 coil embolization) B&19LALINIDIINAY
bypass (STA-MCA ¥i3a high-flow bypass) Zuagfi

HNaYBY preoperative BTO LLae single photon emission

computed tomography NANIISNWINUIN LR postop-

erative ischemia 16.7% LaavanamAL T embolic stroke
9

WAz aneurysm Mg lURNA 100%

U 2010 Elhammady 4azAMzIN155NEIHU°e
large WAz giant CCAA #ilal 1w1sardUnsal '2madn
1Ag1%I 7 518 SNE1P28A15%11 common carotid ar-

. . 1 a (=1 1 s =} U
tery ligation 8819LAYINIBIINNU bypass (Lﬂﬂﬂ[ﬁ]ﬁl"l"d
preoperative BTO NUIN aneurysm ﬂ'lEleUnﬂi’lﬂ

o ad =) o
Tuszezusnuazionnisfaw nies1e8 recurrent aneu-

d & g o o . .
rysm NAIURAINITINYN Ime mean radiographic long-
term follow-up tN1AU 14.2 LABY BBNAINHEINUINH
de novo CCAA 2W1A 4 mm NEIASITINAUNTIN com-
mon carotid artery ligation 91%3% 1 578 91 3 UnaIN3
R TR

U 2011 Murai kazAMzI1891%N153NWIHYE 9

| a, dd . .
81¢ (¥1nNN31 70 U) 7 large WA giant symptomatic
ccAA laenaneyin High-flow bypass (Iaeld RAG) uaz
cervical ICA ligation NN NEINUTN aneurysm

ad =) =
‘ﬁ'lﬁlv[,ﬂﬂNﬁlnﬂi’IEl 91N15A2% 87.5% lagniiesed
postoperative small area of cerebral infarction 11 fron-
tal lobe ElalAEIN ﬁ'ﬂﬁlﬁﬂ transient dysarthria LLag
gait disturbance "IENIIERIIH convulsive seizures
£ o . . 29
29LNRMN postoperative hyperperfusion syndrome

U 2013 Ohtaki WazAMEYININ133N WL 10 518

da ) ad

(11 aneurysms) 7i# large uaz giant CCAA lne38 cer-
vical ICA occlusion 8819LRgI%3a5INNU EC-IC bypass
(without bypass 38 low-flow ¥38 high-flow bypass
IUAUNA preoperative BTO) 7N318HHaN13TNWIA
gALin 1 5184 ipsilateral cerebral infarction HRIN
N115711 endovascular ICA occlusion without bypass #q
a . 3

LARYN false negative result 289 BTO ©

U 2014 Menon wazANYININI33NWIHUIL large
and giant cavernous carotid aneurysm I 11 9318
2875 EC-IC bypass (low-flow %38 high-flow bypass

ARNUNA preoperative BTO) with cervical ICA ligation
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N384 aneurysm thrombosis NAIN1ITNYT 81NT5H
% 4 518 91n15ALEN 4 318°

¥ 2014 Ishishita LAZAMZIIBIIWBNITINEN large
WAz giant CCAA 9117% 18 918 #2875 universal EC-
IC graft bypass (radial artery %38 saphenous vein graft)
with cervical ICA ligation WUIIH aneurysm obliteration
100% 13l complication nnawﬁmmsﬁ%wé’mwa
Snwn®?

¥ 2016 Matano LATANZIILITWBATHIARSNBN
large and giant ICA aneurysm Aa83d high-flow bypass
with cervical ICA ligation [agTud wangtenoman 38
518 1¥% CCAA 91%7% 28 918 (73.6%) HAN1TINY

lagsaanudn gUrsfarnismienisnesiinuaznis

v
[ 1

naoNATRARUNARINAINNOREIGR 73.6% UazwU?
aneurysm H complete obliteration 94.7% H asymp-
tomatic cerebral infarction 13.1% L& complication
5'%,]33

18n135n91 U8 HANITINET WAZAIL

unsndaunain1siian lagnsausanliluaisned 3

nsudeaunasoinuiuy selective U Nastin
1donu3uniLnuu universal (Selective revascu-

larization vs. Universal revascularization)

N135W31541Y11 EC-IC bypass Wi flow preser-
vation (flow replacement) lutagunuvsaanidn
aﬂﬂ'wimﬂ A 1). Selective revascularization Wag
2). Universal revascularization”®
Annug wanfieald selective revascularization
Aa N1SNINTUNIN9LH EC-IC bypass NawN1511 ICA
occlusion n3ala wazd1azyin bypass azlduuy STA-
MCA bypass 1158 EC-RA-MCA bypass #158 EC-SV-
MCA bypass ﬁ?u ?T%agllf?ﬁ_l collateral blood flow #i58
cross flow '?iﬂ“nril ElUIE]EJﬂ’I‘iVT’I preoperative BTO19’34

8918191 preoperative BTO 22811 WAANWUILAR ischemic

stroke MINNILATY 30% WAIRINYINITGA ICA waz

nsfiazUeddn BTO dawndalati Swaneinaminmd
mslﬂw’i"m V2% neurologic, radiographic, electrophysi-
ological, perfusion, and provocative testing (hypoten—
sive challenge)® wananiiw &1 BTO laiw EC-IC
bypass #%AlA (STA-MCA bypass 38 EC-RA-MCA
bypass %38 EC-SV-MCA bypass) 2zL¥a1z NThAETg
Taifge UATAAN H991NNITNUNINITINTTH

q

wufirarsuwinenazdslafunanieladlasunis
gansuldilnansginw !0

Fanusune miuwaAndn A selaesisaes
n15laivi revascularization Tugtlaefl 1sn3acIw 1CA
balloon occlusion test (ﬂ'J’lNL&Elﬁﬁl’mﬂ’lsﬁ’l BTO LO4F®
3.7-7%%% false negative rate 28J BTO ‘ﬁd;ﬂﬁam’m
LdIEIG‘ZIEN immediate ischemic complications HRIN
11 carotid artery occlusion LN1AU 7-22% H mortality
rate 5.5%) fXINATIAIINL" 8I9INNITH R
revascularization (EC—IC bypass surgical risk = 3-
10%) wanant gefAna esluszezenininnisi
arterial occlusion without revascularization ﬁuﬁa de
novo formation of aneurysms (new aneurysm forma-
tion) (0-10%) \WaennaIn hemodynamic stress
US1anu “wanfdw collateral blood supply ﬁﬂ‘lf%ﬁ
Anusngaisodandiaziin revascularization Tugae
“qni’lﬂﬁ‘ﬁ’l occlusion of a parent vessel Lﬁﬂ%’ﬂﬂﬂ com-

. . . 26,32,38,39
plex aneurysms (universal revascularization)

n1sidenulinuov graft 1Wal3 bypass

@ao d o

GL%ﬂEiN?IEN universal revascularization N8YNATOTH

1 bypass graft 7%a1a (STA, RAG or SVG) Nz«

130l blood flow nAuNwL “wieafignaaluls

agaLfieene 1afim low-flow related ischemic com-
plication T8 1AR

HANKG IWaINHANI5UUI EC-IC bypass aaniUn

3 2AANIRTINT5IHALEeUSNIAS (volume blood rate)

s 1) low-flow bypass (14 STA graft) 15-25 ml/
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18,19,23-33

Table 3 Summary of indirect surgical treatment and outcome of cavernous carotid artery aneurysms

Author No. of  Surgical technique Symptom % of complete % of postoperative Other
cases improve aneurysm ipsilateral complication
thrombosis ischemic
stroke
Little et al. 15 1. Selverstone clamp occlusion 33% 78.6% 2/15 cases (13%)  CN3,CN5 palsy
1989 of ICA over 24 hr. (8 cases)  (60% not - One case for 2/15 cases
2. ICA ligation (1 case) change) STA-MCA bypass
3. Aneurysm trapping *30 days with Selverstone
(4 cases) after clamp occlusion
4. STA-MCA bypass with surgery - One for ICA
Selverstone clamp occlusion ligation
of ICA over 24 hr. (2 cases)
Houkin et al. 36 1. ECA-RA-MCA bypass with 100% 100% 1/36 cases -
1999 cervical ICA ligation — most (2.8%)
cases - RA graft
2. ECA-RA-MCA bypass with occlusion
trapping (cervical ICA ligation
and ICA clipping just
proximal to OphA origin)
— few cases
Niiro et al. 1 Selverstone clamp occlusion of 72.7% 100% 3/11 cases -De novo aneurysm
2000 1. Common carotid artery with (27.3%) formation (2 cases,
ECA ligation (8 cases) - Early 1 case contralateral CCA and
2. ICA (3 cases) - Delayed 2 cases ~ Acom)
-Ruptured Acom
aneurysm (1 case)
-Delayed re-enlarge-
ment of CCA
(2 cases)
Murai et al. 13 ECA-RA-MCA bypass with 61.5% 100% 0% CN3,6 palsy (3/1 3
2007 1. Cervical ICA occlusion cases)
(9 cases)
2. Trapping (4 cases)
Shimizu 12 Cenical ICA occlusion 66.7% 100% 2/12 cases -CN2 (1 case)
etal. 2010 (ligation or coil (16.7%) -CN3,4 (2 cases)
embolization) with -Both are embolic -CN3,4,6 (1 case)
1. High flow bypass (6 cases) stroke. -CN6 (1 case)
2. STA-MCA bypass (4 cases) -One case is
3. No bypass (2 cases) asymptomatic.
Depend on BTO and SPECT
Chibbaro 8 Trapping with high-flow 100% 100% 1/8 perioperative
et al. 2006 bypass (depend on preop. Stroke
BTO)
ICA occlusion 84.2% 100% 1719 cases

(12.5%)
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18,19,23-33

Table 3 Summary of indirect surgical treatment and outcome of cavernous carotid artery aneurysms

(continued)

Author No. of  Surgical technique Symptom % of complete % of postoperative Other
cases improve aneurysm ipsilateral complication
thrombosis ischemic
stroke
Kai et al. 19 (proximal occlusion = 8, - - develop transient -
2007 coil trapping = 11) ischemia
with/without EC-IC bypass
(depend on preop
BTO) (bypass = 10,
No bypass = 9)
Elhammady 7 Common carotid artery ligation 100% 100% 0% -De novo aneurysm
etal. 2010 with or without bypass (1 case formation 1 cases
(depend on preop. BTO) recurrence (contralateral CCA)
after 3 years after common
1 year) carotid artery ligation
Murai et al. 8 (all  ECA-RA-MCA bypass with 87.5% 100% 1/8 cases -CN4 (1 case)
2011 cases  cervical ICA occlusion (12.5%) -Epilepsy due to
>70 - A small ipsilateral ~ hyperperfusion
year) frontal ischemia syndrome (1 case)
(transient dysarthria
and gait
disturbance)
Ohtaki et al. 11 Cervical ICA occlusion 100% 100% 1 case after -
2013 with/without EC-IC bypass endovascular ICA
(without bypass or low-flow occlusion without
or high-flow bypass depend bypass
on preop. BTO)
Menon et al. 11 EC-IC bypass (low-flow or 36.4% 100% 0% -
2014 high-flow bypass depend (no change
on preop. BTO) with cervical 36.4%)
ICA ligation
Ishishita 18 Universal EC-IC graft bypass 100% 100% 0%
etal. 2014 (radial artery or saphenous
vein graft) with cervical ICA
ligation
Matano et al. 28 Universal EC-IC graft bypass 76.3% 94.7% Overall 13.1% -
2016 (radial artery or saphenous (overall) (overall) asymptomatic

vein graft) with cervical ICA

ligation

cerebral infarct

Abbreviations: anterior communicating artery (Acom), balloon test occlusion (BTO), cranial nerve (CN), external carotid artery (ECA), internal

carotid artery (ICA), middle cerebral artery (MCA), Ophthalmic artery (OphA), radial artery (RA), superficial temporal artery (STA),
vertebral artery (VA)



60

21 1sUs: Aagm ns
in 9 atun 2 nsngex - suNAN 2561

min, 2) moderate (intermediate )-flow bypass (14 RAG)
40-70 ml/min U19518971% 50-150 ml/min kaz 3)
high-flow bypass (14 SVG) 70-140 mi/min U714

194041 4199789 UL §

31897 100-250 ml/min
EC-IC bypass aaniln 2 #%n Aa 1) low-flow bypass
(< 50 mi/min) #inld STA 10w graft uag 2) high-flow
bypass (> 50 mi/min) inld RAG 38 SVG 10w graft'
Surdell uazAnzNUI L “wEnAndnawlaeaie
284 superficial temporal artery (STA) &2 occipital ar-
tery (OA) A8 2 mm 28 radial artery (RA) Ad 3.5 mm
2849 saphenous vein A8 5 mm lAgHANNLANETIINY
TugUaeusiazsnauasanenuainey
ﬁl'mm’m‘é'ﬂ'mﬁaﬂ’l 3 Darcy’s equation W&
Hagen-Poiseuille’s equation i AILHLAWIN BRSNS
InaideUSums (volume flow rate) WUSHUAHA
AUHANTSIAA (cross-sectional area) WuAa dm
n13lralZaUSNIAsUUIHUAINL “wHAuENa1928910

anfi1ae 84 ( [diameter]2 )24

IINTDYAFINA1IAE
Wnlad1 ansinnsinaidelSanms (volume flow rate)
289 graft uAazaRATWI9ANe wazle graft #dia
LA EINWLEIA RIBIALANAIIABNIN WU BZA
uazuRazEI8E Fotunsh graft ax1¥USHAS blood
flow xnn3aviasnulaldiuagivafingas graft ws
Awagiuanin (L “wHiAWENa19) 289 bypass graft 7
WRantd **

WU patency rate 289 radial artery graft (RAG)
A 91-100% 7849 saphenous vein graft (SVG) Ao
73-93% 1i1991nn158 valve uazn15LAn varices vl
SVG §i patency #1n31 RAG #atsulunnsvin high flow
bypass 39W3151LEaNLd RAG LUWALEDALSN
anciulunsdifi Allen test TWrauan Sesludoadanld
SVG lme Matsukawa H uazAmzlsl wa valveless
saphenous vein graft technique lAeN156m SVG "Ju‘ﬁfl
valve 88nWaz¥11 end-to-end anastomosis N@WHINT

1w bypass graft wud leiviim graft vasospasm Lag,

H patency rate 100% PAIINNITATIEAMNTINAIY 93—
287 T (1af8 210 1) uazldwu low-flow related
. . . . 45

ischemic complication

HONIINATTNINTUNE patency rate LLag avail-

D_

o w

ability 289 bypass graft WAazARALED 97 ATy
nndnadneniiefe bypass graft ALaenldiuaos
19815019 USHRS blood flow LWEIWBAUAIH
Aagn1slae lavinlALAR low-flow related ischemic com-
plication iuﬂ'lﬁmﬁﬂ U3H1615 blood flow ﬁ"[ﬁmn EC-
IC bypass %%ag:ﬁ’ml%’lmlaﬂ donor vessel44, bypass
graft15 Wa recipient vessel*° Tallaguiuzfinua by-
pass graft ’J"IL‘[“]% STA, RAG 138 SVG42 Matsukawa H
wazAmzvinnsAnendadelunisifia low-flow related
ischemic complication LLazmﬂ'l’iﬁLLEI'awn\ﬁxUU
U5 IMPRAINIARTNEN complex ICA aneurysm pl2g
high-flow bypass WUI1 middle cerebral artery pres-
sure (MCAP) ratio < 0.7-0.8 uaz (graft/C2 diam-
eter)® < 0.4-0.68 AN “NWHSAUN5LAR low-flow
related ischemic complication LLaza’lmi‘ﬁLLﬂ'm
neszULUse mednefive MA lag MCAP  1x1sa
TAlAYMEHIAATIAI91NN15HY STA-M2 bypass Lag
M5 am catheter awaLanLElUln side branch 289
STA graft LAz IR pressure 3MNLLAWBIADI STA fg pres-
sure transducer (Lﬂ%a\ﬁﬂ arterial line) lae clip oc-
clusion M59 STA "% proximal 8 side branch MCAP
ratio A pressure BagsaNUaae bypass graft LLae clamp
ICA L& (bypass pressure) 13678 pressure nawlaas
bypass graft Laz Naw clamp ICA (initial pressure) (gﬂ‘ﬁ
1 )42,43
A15Aag 1150 monitor MCA pressure alagns
1t 926095N15% bypass 119 low-flow bypass (STA-
M3) Wae high-flow bypass U ipsilateral M2 branch
RANENGU 158N “double-insurance bypass” LHa¢a1n
1) 1815al# blood flow TUg4 distal MCA territory

32177971518 RAG ¥138 SVG U M2-3 uaz 2) 18198
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monitor N1s3lnraiewdan (perfusion) lwdsusanm
(quantitative estimation) ﬁgﬂdﬂ%ﬁ”l high-flow bypass
(initial MCA pressure, gtJ‘Ydi 1A) %a931n clamp ICA
(collateral pressure, gﬂv”i 1B) wazviada1nile high-
flow bypass (bypass pressure, g‘i.l“/di 1C) 47,4849
ndayafiin (graft/c2 diameter)® < 0.4-0.68
AN TNAWGAUNT9LAR low-flow related ischemic
complication WAZBINITALEAeINI9TzUUUSE N
aenafinie "Ar (1,2) aztAnlean a1 wenAwdnans
289 bypass graft Laz C2 segment (ophthalmic seg-
ment) of ICA (graft/C2 diameter) ® & %iaenin
0.63-0.82 azflan Lfim low-flow stroke MAIN1T
NAGR 9Tow Lﬁa's'mu,cmﬁi:ﬁ'inﬁqm ICA mIsHNS
U3zLHn Allen test uazt “WHARENA19289 bypass graft
(RAG 38 SVG) WAz C2 segment of ICA fiawN15
tNARlAE IR CT angiography 38 digital subtrac-
tion angiography (DSA) oAt RAG/C2 diameter
WA ratio AN < 0.63-0.82 ®38 Allen test IHNAUIN

o o @ v o o
Afmndulnaasld sve unu RAG (Imeiafe SVG

Figure 1

fawimlnginin RAG) lmeo1afarsanld valveless
saphenous vein graft technique ﬁdﬂ&i1’342’43’45 N
97N518 high-flow bypass WazkA cervical ICA L7 €11
middle cerebral artery pressure (MCAP) ratio > 0.7 -
0.8 1 M4 bypass graft 1415019 cerebral perfu-
sion LINENE %aﬂﬁl’mﬁ?ué‘l’ﬁ 1HI1980 monitor bypass
pressure LARAAANITHIGAAABEINDWT ANILIATWE
‘ﬁ'ﬂﬁ’ T1N190 detect N3¢ intraoperative bypass graft
occlusion s ag1¢lsfimId n159m MCAP  1819n
UaﬂvLﬁLﬁﬁia cortical perfusion vlai 1H190UBN deep ce-
rebral perfusion ﬁx‘igﬂiﬁyﬂ\‘iﬁw perforating artery T
50LL%31§’11%’1‘5’ neurophysiologic monitoring L2 soma-
tosensory-evoked potential (SSEP) %58 motor-evoked

potential (MEP) $3:f1UN13 monitor MCAP*®

The appropriate surgical treatment of CCAA

9Indayadnefn (m157199 3) 9LAnI1 N193NWI
nlowad (aneurysm wialua1s aan1sgUaenan)

LazH postoperative ipsilateral cerebral ischemia BN

POV

ransducer |
MCA pressure after
temporay clampsng

of ICA + cotatersl gressuse

wanoniteaas STA gniinlusenu M3 distal sia M2 N19z10w recipient 289 high-flow bypass fiat (double-

insurance bypass) BAIDINHHINNITHE bypass graft AU M2 8@ catheter 2W1A 22-gauge vl side

branch 289 STA WazRABNAU pressure transducer Lia monitor MCA pressure (MCAP) (A) Initial MCA pressure

Talae clamp STA T30 proximal 58 side branch Iﬁi&iﬁ\‘imﬂa’iﬂ clamp bypass graft (B) 1M MCAP %a931n

temporary clamping 1 cervical ICA #9.Tw collateral pressure (C) bypass graft alsvdsanmane clamp bypass

graft Waz¥i1N13 monitor pressure falUiSas Jannsznadutanttidsue middie cerebral artery (MCA), super-

ficial temporal artery (STA), second segment (M2) and third segment (M3) of middle cerebral artery (ARKUAIAIN

42,43
Matsukawa LazREus )
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) 1) 35 high-flow bypass with cervical ICA ligation
LLas 2) 35 high-flow bypass with aneurysm trapping
(cervical ICA ligation and ICA clipping just proximal to
ophthalmic artery origin) (gﬂ“fdll 2) Fons 0935m0
nanldnan1ssnendenin’’ ¥inwain3s aneu-
rysm trapping 32589} 'nBUT C3 segment of ICA just
proximal to ophthalmic artery L‘ﬁa preserve blood flow
TUgs ophthalmic artery #an15azvindusismlasin
31 Uusn9vi anterior clinoidectomy wazita distal dural
ring F918unst Braauazanafinnnizunsndonlag
Taidnu sonnwisnisiidudowiosd aTerasTin high-
flow bypass with cervical ICA ligation®**° Tagazidan
1% bypass graft ﬁﬁmimﬁ%aéﬁ’u graft/C2 diameter ra-
tio WAZHAZAY Allen test - +3*°

Tunsdisresunonamdunadi coaa Taldagln

N17¢ active bleeding ) EJ'IR]L?J% unrupture aneurysm

Peod
Distal outfion occlusion

Froxmal occ'uson

common carotid artery

A

d o o

w3 ruptured aneurysm 71 lalFadludradiddunn
WHMIN CCAA B8l®wA17e active bleeding Fowuluwg
ﬂ?ﬂﬁmﬁ?ﬂ direct carotid-cavernous fistula (CC fis-
tula) 18931 AN5UANYEY CCAA 11 | cavernous si-
nus Fefin1ssinlsafisnns Taud nswaofiuue
mat’i’lﬁ’;m‘%a, papilledema, LLae refractory elevation
of the intraocular pressure aefaifusatadlnnis
INW10819M A (emergent treatment) Hasegawa
LazANE 31897128 CCAA finiae severe direct CC
fistula HB1N15UIAATHLULAZNNTHOIABARAIDEN
590157 1A bAN155NWIR8 urgent EC-RA-MCA bypass
with aneurysm trapping (cervical ICA ligation W& clip-
ping of C3 segment of ICA just proximal to ophthalmic
artery) (3Uf 3) Tmegthafionnisfiawuas direct CC

. o o a I o 8
fistula ﬁqﬂlﬂﬂ%ﬂﬁﬂﬂﬂqiﬂﬂﬁlﬂ

RAG

cervical ICA
ECA

Proxima’ ooclution

commaon carotid artery

B

Figure 2 (A) Trapping (cervical ICA ligation with clipping of C3 segment of ICA, just proximal to ophthalmic artery origin)

of CCAA with high flow bypass. (B) Cervical ICA ligation with high flow bypass. 119 8438%¥il#iAR complete

aneurysm thrombosis L¥H8111% First segment of anterior cerebral artery (A1), anterior choroidal artery (AchA),

first segment of middle cerebral artery (M1), second segment of middle cerebral artery (M2), ophthalmic artery

(OphA), posterior cerebral artery (PCA), posterior communicating artery (PcoA), radial artery graft (RAG).
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Vs
Direct ¥, o'\~

Cc fist la Proxima occlusion

common carotid artery

Distal outflow occ usion

RAG s

cervical ICA

ECA

Proxma’ seclusion

common carotid artery

Figure 3 N15HARIN®Y CCAA finN1ma8 direct CC fistula (A) #2835 proximal ICA occlusion agatfan 1o 1w1saln

fistula AWNALTOIANNNH retrograde flow N84 fistula (B) 835 trapping of the aneurysm 1H130%gRA blood

flow NEl fistula LENWA

Mechanism of aneurysm thrombosis after high-
flow bypass with cervical ICA occlusion

A159 aneurysm v8lUnadan15¥ proximal ICA

Y

occlusion galddni1sasulanalnlaagrsuudn a1n

(%
o o

ANSNUNINITTUNTTNAN ) HIDNARIh

LY

[ Ly

HANIGUI9MIU31897%N195NW1H U8 aneurysm
AI8NTS parent artery occlusion Taensly “plind-alley
formation” (blind-end formation) strategy Semens
g6 parent artery (proximal %38 distal 518 aneurysm)
WAZUIUIAIITADY parent artery ¥ITIH aneurysm ag
Tutanesu (gUfl 4)*50°"1°2

Takahashi WAZAMEIIEITWNITINWINUIY giant
partially thrombosed basilar tip aneurysm 78 proxi-
mal parent artery occlusion (clipping of BA) W6l aneu-
rysm VLN'Lﬁm complete thrombosis BAINISEHB R
L‘ﬁ;mmnﬁ blood flow a1f posterior communicating
artery 0 89914 (U 5A) Savihnsnsinmsen aslaeld

“blind-alley” formation technique Aa clip occlusion 7

Figure 4 n7WL 79 (A) aneurysm and (B) N193Nw91578
“plind-alley formation” (blind-end formation)
strategy Ilﬁlﬂm‘éqm parent artery % proximal
A8 aneurysm WATLAWIZBY parent artery ¥i1bH
aneurysm agllulaneis (AAwUadaIn Shimizu
LATAME52)

posterior communicating artery il”m“nﬁ;\‘il,l,az P2 seg-
ment of PCA #19LAgINWRAIRINTI1 STA-P2 bypass
¥ilA aneurysm aglulaesn (3U 5B) wAHIAR
NUIH complete obliteration 284 aneurysm50

Miyamoto WazAMEI1891A1IINEIHYUIY giant
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A

B

Figure 5 (A) ANSEIARSNEN partially thrombosed giant basilar tip aneurysm AI8N1S proximal occlusion Zalal 1159

1$$8931nH blood flow §197A posterior communicating artery (PcoA) 79 EJG?“JJ’I\‘JL?T’I; aneurysm TuwnsHARASILSN

(B) Twn1si1smAseRt as 1 ' clip LANA PcoA #n9nitanaz occlude PCA (P2 segment) #ndLieanuradannyin

STA-PCA bypass vl aneurysm agﬂ%ﬂa’lﬂﬁ% (“blind-alley formation”) ARIARNUINH complete aneu-

rysm thrombosis (AALUAIIIN Takahashi WazAME50) Basilar artery (BA), superior cerebellar artery (SCA),

superficial temporal artery (STA), posterior cerebellar artery (PCA)

partially thrombosed basilar tip aneurysm 2 51867835
“maximal flow reduction strategy” ‘?iﬂ%’f’l,l,mﬁmﬁmﬁ'u
“blind-alley” formation U5z UNA 153 twn15¥bALAR
complete aneurysm thrombosis (gﬂﬁ 6)51

Shimizu LAzAMIIEIIHAITINEEUE unclip-
pable ophthalmic segments of ICA aneurysm 1 978
Wae supraclinoid segments of ICA aneurysm 2 918
Usz URa "15alun153n¥1mIe38 “blind-alley” forma-
tion technique +/- EC-IC bypass52

N135nNW1628795 parent artery occlusion 31891

N13LAR ischemic complication 2849 small branch fiog

a

> o . . o S21,44,53
1nan‘u occlusion site Bd%

Jafar LATAMNZIILIIBNISLARA anterior choroidal
artery thrombosis 1NN1TINWN giant posterior com-
municating artery segment aneurysm fl78 ECA-SVG-
MCA bypass with cervical ICA ligation LLag 371897%
N19LAR perforator thrombosis INN1TINWI giant

midbasilar artery aneurysm 578 ECA-SVG-SCA by-

pass with endovascular occlusion of parent vertebral
artery21

Sughrue LAZAMZINLIIWNT5LARA thrombotic oc-
clusion 284 perforators L8 branch artery IUING 518
(7%) ¥aIN1FINWIUIGARA giant intracranial aneurysm
lnenn31es patency of bypass Avonae laenaaog
fihe 2 578 ldun s1efindadn gant basilar trunk
aneurysm 7iNN155N¥1698 EC-RAG-PCA bypass with
distal occlusion Ut basilar artery B¢ aneurysm clip

s s

HRINIAANUT AR gradual thrombosis 28J aneurysm

d o

wae LR basilar perforators occlusion 7197184

220

antegrade blood flow [U€s basilar trunk 9RaTAY
UaeL 885, 5189 0915w giant ICA bifurcation aneu-
rysm IN¥1AIEY EC-RAG-MCA bypass with proximal
occlusion ‘Vdi supraclinoid ICA "% distal 18 PcoA #78
aneurysm clip PRINIAANUINAR aneurysm thrombo-
sis WATH occlusion 289 anterior choroidal artery

vilAm capsular infarction'*
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perforator

A

perforator
-PCA bypass

B

Figure 6 (A) A partially thrombosed giant basilar tip aneurysm. (B) N13H16ASN41A28 maximal flow reduction strategy

(“blind-alley formation”). (ARLUAIIIN Miyamoto LazAME51)

Ota WAZAMZINYITHATTING complex intracra-
nial aneurysm 7 318 Aa8N1571 EC-IC bypass proce-

- |

dure to PCA ¥a9HBIRA 3 518 LM infarction USLI0

=]

ﬂLgﬂﬁﬁﬁﬂ perforator ﬁaaﬂﬁnn PCA Thanu occlusion
site Boifinan “Blind-alley” (Blind-end) formation
‘ﬁ'ﬂﬁlﬁﬂ retrograde thrombosis 284 parent artery H
BRI perforators ﬂmmﬁnﬁaan"lﬂﬁﬁu occlusion site
(ol blind end) 1iAN15gAAY (thrombosis) (U7
7) Lﬁmﬁgﬂ%ﬂ’icﬁ endovascular coiling LLa& open sur-
gery Hotloynnitgolal wwnsauilalatudagiu®
Murakami WaZAMEIIEITWNTINEIHUIE CCAA
16 318 A paraclinoid ICA aneurysm 16 318 2kl
EC-IC bypass with proximal occlusion of ICA (16
srem1dw ccAA 1958 cervical ICA ligation, 9%
paraclinoid aneurysm ﬁﬁg\‘l cervical ICA ligation, trap-
ping by clip, proximal ICA occlusion &g distal ICA oc-
clusion) WUI1 5 918 LR ischemic complication
U%L'Jmﬁl,’g&l\‘iﬁ:]ﬂ perforator L& anterior choroidal ar-
tery finglndfiu occlusion site Faifimianizln
paraclinoid aneurysm L“/iwf% Iﬁil’a ’;;U'j'l ICA aneu-
rysm ‘lelagli distal location aglliﬂﬁﬁu perforators “1AgY

(paraclinoid aneurysm) #ANL"896aNT19LAR perfo-

s R

STA

Antegrade
thrombosis

BA

Retrograde
thrombosis

Figure 7 N1SHIARSNYN fusiform PCA aneurysm G805
proximal occlusion with STA-P2 bypass LR
thrombosis 1% blind end %19 89Auaa9 clip
9HalALAR perforator occlusion USLI8M proxi-
mal B8 occlusion site W& aneurysm thrombo-
sis USLa0u distal sl clip posterior cerebral ar-
tery (PCA), second segment of posterior
cerebralartery (P2), superficial temporal artery
(STA)

rator occlusion 1NN ICA aneurysm ﬁﬁlgl: proximal
(cavernous segment) WLAzN13gA parent artery FI28
endovascular coiling PRI o) perforator occlu-

. ! 3 . 53
sion HMNAINTIERARATEY Cllp5
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Sato WAZAMZII8ITHNITINY broad-neck
paraclinoid ICA aneurysms %16 6 mm ‘Vdi communi-
cating segment LLae 13 mm ‘Vdi ophthalmic segment
2875 ECA-RAG-M2 bypass with cervical ICA ligation
Iﬂﬂ‘ﬁ'ﬂﬁlﬁﬂ reversed blood flow aam‘ﬁl supraclinoid
ICA 88nN19 ophthalmic artery ’B;GL"%Elﬂ’j'lL“lz]% “flow
outlet” WAzLAiA thrombosis 284 aneurysm i 29gn
Tnerlsitiin occlusion 289 anterior choroidal artery (gﬂ‘ﬁ
oA) TWATafindn Fosfuzuizas ICA Nfiawialneg
Wa‘vdllﬁ]zl,ﬂ% flow outlet "%9U reversed blood flow
L‘ﬁla‘ﬂa\‘iﬁu perforator thrombosis ﬁﬂ ophthalmic artery
Tne 'wannfiawiaiingwenazidn flow outlet 28y
reversed blood flow 31N ECA-RAG-M2 bypass #ad

91n¥iIN19KN cervical ICA Fslaitin thrombosis 289

Hypoplastic PcoA

RAG

cervical ICA

OphA
Flow outlet

anterior choroidal artery W& posterior communicating
artery L‘ﬁ;aﬂmnﬁ blood flow THAETW communicating
segment LLa% ophthalmic segment of ICA Tusand oph-
thalmic artery (V[,N'M blind end) Waz "mﬁagj proximal
h) ophthalmic artery mvl‘dwﬁa common carotid ar-
tery 22LAiA thrombosis Lﬁaﬂf\l’lmﬂ% blind end 31n
ﬂ’liﬁiﬁgﬂ cervical ICA 13 € posterior communicating
artery flawalnawadiaz 18150.5% flow outlet T A
IH1TOVINTT trapping ophthalmic segment aneurysm
[ﬁlﬁlgﬂ cervical ICA uazl ' clip Ut ICA Tsisa posterior
communicating artery 16 (:J‘Ll‘ﬁ' 9B)**
Kazumata WAZAMNZSI89IHATTI B ruptured
blood blister-like ICA aneurysm 31%I% 20 518 FIg

aneurysm trapping 138 direct clipping with EC-IC by-

Flow outlet

RAG

cervical ICA

ECA

Figure 8 N195N11 broad-neck paraclinoid ICA aneurysms 1 communicating segment LLas ophthalmic segment (A) SL%

NS PcoA HawALAN F9H1ARAG835 ECA-RAG-M2 bypass with cervical ICA ligation ¥Nl¥LAm reverse blood

flow 1% aneurysm neck @9¥1Ed OphA Z4¥ivivi7lln flow outlet ¥NlHLAA aneurysm thrombosis NIVINA

uazlaitfim AchA occlusion (B) Twn3elf PcoA ﬁﬂ%ﬂﬂiﬂajwa 13150911 trapping of communicating ICA aneu-

rysm 16 lmelaitfim AchA occlusion 1842711 PcoA ¥innsinflln flow outlet (AALUAIIIN Sato UAZAME4) an-

terior choroidal artery (AchA), external carotid artery (ECA), internal carotid artery (ICA), ophthalmic artery(OphA),

posterior communicating artery (PcoA), radial artery graft (RAG), second segment of middle cerebral artery(M2)



Neurological Surgery
Vol. 9 No. 2 July - December 2018

67

pass PRIUIFANUIN 2 518010 trapping # infarction
28d anterior choroidal artery #9ANRINARDIN retro-
grade thrombosis 311N157 PcoA RAWIALAN B30 an-
eurysm 8¢ distal 68 origin of PcoA (3U7l 9)
I d9 v = o 55
Lﬂ%ﬂ’]iﬂi‘ﬂm%ﬂ’l’m 1AEUAB flow outlet

AINISIUNTINI WA WNYINNITHIAASNWT CCAA

€

18738 cervical ICA occlusion with high-flow bypass s
wui%ﬁqumﬁmaa anterior choroidal artery (AchA)

o [ 14,19,24,27,29-33
ED) perforators AAINTINIBIFLAE L

%Hmm postoperative CTA e angiography NUINH
retrograde blood flow 311 bypass graft W% MCA &4
NIAWE ophthalmic segment of ICA aanluds oph-
thalmic artery (flow outlet) laelau1nasluds
aneurysm24’29'31’33 29871908 ’;;‘1_]"[,51”51 ophthalmic ar-
tery (Ime "2481N) W38 posterior communicating ar-

tery (N5el Ophthalmic artery R2WIALANNIA WA pos-

terior communicating artery ﬁ‘ammimy'ma)

wnsnvimingd flow outlet T (5Uf 10)

Patency 284 branch artery HRINISYIN parent ar-
tery occlusion AUaEAUTWIAL “WeiNAUENA19284 branch
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4101 “wHEwENaAnT _ainladfias 18150y
vk 7% flow outlet & Yamao wazmmzwun cortical
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Audna1e 2 mm Aanaaimyindidn flow outlet 6t
Tun155n8" true posterior communicating artery an-
eurysm 518733 flow reduction surgery56 Grand LLasAUE
NITANYIL WHIABENA192BINABALADE HBI WU
ophthalmic artery 82418 0.7 - 2.0 mm (Lﬂgﬁl 1.1
mm), posterior communicating artery Hawm 0 - 2.5
mm (LQT?]IEJ 1.5 mm), anterior choroidal artery N5
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196988 “0nadn | wienfifiawial “wHinaugnang
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Figure 9 N155N¥" ruptured blood blister-like ICA aneurysm (A) N3l aneurysm 8¢581319 OphA WAz PcoA (proximal

type) 1411958152835 trapping with bypass 61 OphA W&z PcoA Hammalnawafiaziln flow outlet 15 azlaiifim

antegrade thrombosis LU origin of AchA (B) i1 PcoA fawimanamlal 1nsa1lu flow outlet Ta az1fin AchA

occlusion 911 antegrade thrombosis (C) N36if aneurysm 8¢ distal g PcoA (distal type) TRN133NwW6A83E

trapping with bypass 22LAim AchA occlusion 370 antegrade thrombosis LARAWLIABIAIN AchA Hau1ALENaIn

18 1u15018n flow outlet 16 anterior choroidal artery (AchA), internal carotid artery (ICA), ophthalmic artery

(OphA), posterior communicating artery (PcoA)
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Indocyanine green-videoangiography (ICG-VA) %38
N196AAIN motor evoked potential (MEP) 2 A A

N1935N%W1 large e giant ICA aneurysm Ine3s
carotid ligation wuilan1 n15ufim thrombosis 289
aneurysm “aIN1I¥I carotid ligation UUSHNEWAU
USum29 collateral circulation WazEIsULHIaS
aneurysm g proximal #1nti1le lan1 n15Lim throm-
bosis AEININA Ha%ih aneurysm AR petrous
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sis #4107 _ALasanAuaweawaLinuazswauios
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nial circulation wazlaitdu flow outlet 289 retrograde

blood flow 971 intracranial collaterals (53U 10) An-

Flow outlet

cervical ICA

Thrombosis

Proximal occluihg

eurysm AEUAIbS ophthalmic, supraclinoid segment
%38 ICA bifurcation $lan fim thrombosis %BEa
AINEIRU Li18991n§l retrograde blood flow K1 aneu-
rysm neck 9N1E9 anterior communicating artery, pos-
terior communicating artery LLa& ophthalmic artery 51
(5U7 8A) &niiu aneurysm sufilana
9z4fim thrombosis BELAD L4% partially thrombosed

aneurysmss’59 758 giant aneurysm 718A1 dome/neck
ratio 81n°° masulnenalunissnuisaessged
Usz“nBnwiiaeln aneurysm fisuwwe anterior ce-
rebral artery LLa& middle cerebral artery
FIeaNYaEN19N18INIAAT AR TaRuans
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Y ophthalmic artery, posterior communicating artery
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-

=
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Figure 10 A1SHIARAINET cavernous carotid artery aneurysm 2838 cervical ICA occlusion with high-flow bypass Ing

° o I % a a a o &
YI# aneurysm aglulaedn (blind end) 9z17iA antegrade thrombosis 91NU3LIAANYN ligation Awlunaan
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519 Anterior choroidal artery (AchA), internal carotid artery (ICA), ophthalmic artery (OphA), posterior com-

municating artery (PcoA)
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%38 anterior choroidal artery (ﬁﬁﬂ%’lﬁf’lﬁfyﬂ,ﬁﬂﬂwaﬁ
2zl flow outlet) ag distal Ha aneurysm
HAMANSHIARSA¥IAI8N15Y high-flow bypass with
cervical ICA ligation SERERURITR T complete aneu-
rysm thrombosis vLm‘Tmtlesilﬁlaﬂﬁﬂ trapping ﬁlx‘iaw
asunanalnlssae “blind-alley” (blind-end) forma-
tion wazlunalyiim occlusion #a4 perforators, ante-
rior choroidal artery A& posterior communicating ar-

tery' (E‘U‘Vdi 10)

Conclusion

AINATTNUNIBITIUATINNUIT ATTHIBRTNEN
coaa lalsusae direct CC fistula 337ivang wil @
Tuan1s3nuf n1zunsndauas uazinadials
dudan Ae High-flow bypass with cervical ICA ligation
Ine aneurysm thrombosis 813LAAAIN antegrade
thrombosis 910 “blind-alley” (blind-end) formation

'"7N56d CCAA N1N1A78 direct CC fistula AISEHIAR

[y

7838 High-flow bypass with trapping of aneurysm

399z w130da fistula leiad1s aysal
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VAS: Visual analog scale, ODI: Oswestry disability index, SRB: selective nerve root block, EPI: Epidural steroid injection
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