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Abstract

Objective: To describe and evaluate the surgical techniques of occipital artery- posterior inferior
cerebellar artery (OA-PICA) bypass for treatment of patients with vertebral artery and posterior
inferior cerebellar artery (PICA) aneurysms using “L” shape skin incision and multiple-layer
dissection of suboccipital muscle techniques.

Methods: This was a retrospective descriptive study in patients with vertebral artery and PICA
aneurysms who received OA-PICA bypass at Faculty of Medicine Vajira Hospital between June
2015 and September 2018. Morphology of aneurysm, location, definite treatment, bypass
patency rate, complete obliteration rate of aneurysm, surgical complication and outcomes
were collected from medical records. The surgical techniques and 3 illustrative cases were
also described.

Results: Nine patients with vertebral artery and PICA aneurysms received OA-PICA bypass. Vertebral
artery dissecting aneurysm, fusiform artherosclerotic vertebral artery aneurysm and proximal
PICA aneurysm were detected in 7, 1 and 1 patient respectively. All patients presented with
subarachnoid hemorrhage and 77.8% of them were classified into poor-grade group.
For definite treatment of the aneurysm, proximal occlusion, trapping and aneurysm neck
clipping were performed in 7 patients, 1 and 1 patient respectively. One hundred percent was
achieved for bypass patency rate and complete obliteration of the aneurysms. Surgical
complication rate was found in 2 patients (22.2%), one patient had postoperative diparesis
with dysphagia and one had surgical wound infection. One patient died from severe sepsis
after operation. Five patients (55.6%) achieved Glasgow Outcome Score (GOS) of 4, 5 at
1 month after operation.

Conclusion: The presented techniques of OA-PICA bypass were safe and provided precise OA-PICA
anastomoses which resulted in high patency rate of bypass graft.

Keywords: occipital artery- posterior inferior cerebellar artery bypass, vertebral artery aneurysm, PICA
aneurysm, cerebrovascular bypass
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Auwsaliiig (5Udnelag Ains ATeusinuna We 20 Mgy 2560)

N13AINANIAR (skin incision)
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ring y99ndutie sternocleidomastoid (SCM) e

voundwwasnaunile splenius capitis (SPC) (g‘dﬁ 3B)
OA Fausidruilaslu@endn “intermuscular segment”
nturhnsdandile suboccipital Lﬂu%u‘*] Fail
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FoussRsimeImng (U7 40) sntuaen SSC sanan
superior nuchal line aauluau inferomedial (gﬂ‘ﬁ 5A)
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process of Cl ‘dﬁﬁLﬂuﬁgmLﬂﬂzﬁuaﬂﬂéjﬂmLﬁaﬁmﬁ 3231 V3 (RCPm)) wag rectus capitis posterior minor 99131n
segment of vertebral artery %ﬂgﬂé’amauﬁw vertebral  n3¥QN occipital Aauas inferior udy foramen
venous plexus vaglasandtuiiiedall (UM 58)  magnum (5U7 50)

WAy aennauLile rectus capitis posterior major

WAPILUILHANIAR (skin incision) LazLUITDINARALEDALAY occipital
OA = occipital artery, SNL= superior nuchal line ( gl/ﬁ"lfﬂﬁiﬂ AaNT ﬂ?amfmuqa Wia 20 Aeneu 2560)

(A) WEPIUUILKNAHIAR (skin incision) waZLUITOIMADALEBALAL occipital (OA) (B) dleanansav OA
ASUILKAKTFRlALAY mau scalp flaplU inferomedial 1@1z OA @2u subcutaneous segment AUR
ﬁauﬁmaﬂéf fascial ring vesndmiile sternocleidomastoid waz veundwwesnduie splenius capitis
(©) @z sternocleidomastoid muscle pauluaiu lateral awLiiu mastoid body LLazﬂé}mLﬁla splenius capitis
Lmzﬂéjﬂmﬁa occipitalis mau%{uﬁm superior. MG = mastoid grove, OA = occipital artery, OC = occipitalis
muscle, SCM = sternocleidomastoid muscle, SNL = superior nuchal line, SPC = splenius capitis muscle,

SSC = semispinalis capitis muscle (: 3‘1/776)[@5/ nNang ﬂ’?am%’muqa 1o 22 fueegu 2560)
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AL (A) |endisiile splenius capitis 89n310 superior nuchal line wag mastoid body maulums

inferomedial azLiuraBAEanULAT occipital (intermuscular segment) ﬁa@l%ﬂﬁ‘?jﬁﬂagUUﬂéﬁmﬁ’a semispinalis
capitis waz Yevay 70 Seaenldronduile longissimus capitis (B) lanzndaile longissimus capitis sanann
mastoid body aaulung inferior aziiu mastoid groove, transverse process of Cl Wag posterior belly U893
n&auile digastric %ﬂ@gj}ﬁﬁ@&i@ OA inznduise digastric 8ana N mastoid groove (C) 11y OA BanNNELED
semispinalis capitis udsduiiaenls ﬂéJmt,ﬁa digastric mau OA TuUsnu superolateral 14 fish hook e 3l
Pnusnaiivsdanglnanfisss Di = posterior belly of digastric muscle, LGC = longissimus capitis muscle,
MG = mastoid grove, OA = occipital artery, OC = occipitalis muscle, SCM = sternocleidomastoid muscle,
SNL = superior nuchal line, SO = superior oblique muscle, SPC = splenius capitis muscle, SSC = semispinalis
capitis muscle (3Uaalne Ains Aioussauna e 22 Fueteu 2560)

LTI (A) la1gnasile semispinalis 880370 superior nuchal line mauluAu inferomedial agiiunannile

S6

superior oblique, rectus capitis posterior major La¢ inferior oblique (ma&hLﬁugﬂammﬁwﬁandw
“suboccipital triangle”). (B) ianenanile superior oblique 88na1n inferior nuchal line lUaudls transverse
process of C1 pauluau inferior 59 V3 segment of vertebral artery (Qﬂﬁmﬁw vertebral venous plexus)
‘ﬁﬂaéﬁwdw QuiTLEI origin ﬂlaﬂﬂéﬁmﬂi’a rectus capitis posterior major (C) Lmsﬂé’ml,% rectus capitis posterior
major k&g minor 88N31NNIEAN occipital quiisweU foramen magnum aauluau inferomedial. CF = condylar
fossa, FM= foramen magnum, INL = inferior nuchal line, IO = inferior oblique muscle, LGC = longissimus
capitis muscle, MG = mastoid grove, OA = occipital artery, OC = occipitalis muscle, OD = occipital
condyle, RCPmj = rectus capitis posterior major muscle, SCM = sternocleidomastoid muscle, SNL = superior
nuchal line, SO = superior oblique muscle, SPC = splenius capitis muscle, SSC = semispinalis capitis
muscle, VA = V3 segment of vertebral artery (3U0lag AGns A3oussauna Wlo 22 Fugeu 2560)
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Transcondylar fossa approach’”
Mnsilanglnandsey (craniotomy) nilau
retrosigmoid craniotomy (gﬂﬁ 6A) 1 condylar fossa
Iﬂﬂ%ﬁﬂ posterior condylar emissary vein 891310
vertebral venous plexus ﬂiaﬁa%mz@ﬂﬁnm foramen
magnum &g condylar fossa 98N NIBNTYANIULIAY
YPUVDY sigmoid sinus AaDALYI aan dura 88NN
sigmoid-magnum triangle (ﬂiz@ﬂﬁauﬁagjizwd’m

sigmoid sinus @4g¢u lateral iU foramen magnum
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%qagﬁm medial) Fadu posterior part ¥83 jugular
tubercle 14 retractor spatula fii dura ®9n27n jugular
tubercle N posterior part of jugular tubercle (g‘d‘ﬁ 6B)
979N39 posterior part of occipital condyle selunsdl
ﬁiaaiiaaiuiﬁ’l (inferior) N1 hypoglossal canal vignLGon
USnafidaliuisian 1Daderuauosdu dura Wugy

1 “C” 9InUTA jugular tubercle AuUDY transverse

sigmoid junction (gﬂﬁ 6C LLazgﬂﬁ 7)

AN (A) wanesiivius burr bole Uag skull flap. (B) USIINNTBIWIAY sigmoid sinus Lag transverse

sinus Wagnse condylar fossa Wagdu dura A28 retractor ey sigmoid-magnum triangle (posterior part
of jugular tubercle) wEwhnnsnsedantl. (€ wansuwanisda dura. CF = condylar fossa, FM= foramen
magnum, INL = inferior nuchal line, IO = inferior oblique muscle, JT = jugular tubercle, LGC = longissimus
capitis muscle, MG = mastoid grove, OA = occipital artery, OC = occipitalis muscle, OD = occipital
condyle, RCPmj = rectus capitis posterior major muscle, SCM = sternocleidomastoid muscle,
SNL = superior nuchal line, SO = superior oblique muscle, SPC = splenius capitis muscle, SS = sigmoid
sinus, SSC = semispinalis capitis muscle, TS = transverse sinus, VA = V3 seement of vertebral artery

(3U10lng Ains Aioussnuna ile 22 muengu 2560)
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LLam\‘iglJMé'\‘m’]iﬁ’l transcondylar fossa approach LagluIvaIMaaALaaALAY occipital (OA)
OA = occipital artery (3Ua78lag Agws ATousinuNa e 2 w1y 2560)

PICA exposure

w§19nsrUIetasanoarlvdunds
(cerebrospinal fluid) ®8n31A cisterna magna
¥msen cerebellum Fuuusag retractor (gﬂﬁ 8)
%1 tonsillomedullary segment of PICA (caudal loop)
visidunasniden recipient @am rubber band
laranasndon NYUAIUNAY rubber band fe gel
foam iteliusnafiazinnissenaendennuiy
19 feeding tube No.8 @®fiu suction (continuous
drainage system) aam*ﬁwlﬂé’aa’auﬁﬁﬂﬁqmaa
operative field lnglivrenisifunasnden fuvate
feeding tube 28 cottonoid

nsiiuviaantian OA-PICA (OA-PICA anastomosis)

dlew3sunaeniden recipient Saudosuda
¥imsia OA sennauiidniumlsdsue Td temporary
clip Tidhugures oalddindenameu sy (heparinized
saline) Tu OA graft Tilfiuuazld temporary clip 8néa
frulndfudruvatses OA Ynmsasiiledeseus

Wy adventitia ®anvINUaty OA g1Useund 1-2 cm
Anuate OA 1WugU fish mouth Fednyiyu 60 e uay
finpnsunvaeadoniumue i (a = b) (3UTl 9A)
theveuremasndionsie gentian violet W3s nylon
9-0 %139 10-0 T1UNIUABIAU ARYIUTZNIU 5 LWURLUAT
WU stay suture ﬁyu heel va3Uae OA 9ntusnUans
OA wngushaidnlilndfiunasaiien recipient
Fiw3enls the centian violet Uu recipient vessel U3kl
fgihnmsdiavaeniden (arteriotomy) 1d temporary clip
s proximal uae distal slou3nnidiazse Wavaoniden
recipient 18 microscissor A3LWIB1 Tg1IAY
a + b ¥nsidu stay suture UShad heel Lag toe 84
OA sudIy wazifuudnafimdesie interrupted
sutures (3U1 98) Tasmenenldunuy everting 99
NTIVIARRADANIUIENUAULUY intima-to-intima %&331n
iuauasunnULE e temporary clip fiogdudane
103 OA lifaudnudnadifuvasaiden (anastomosis)
ietlaafudenlnadoudnundl stump ves OA raft
(anlenansiia graft thrombosis) Mntudes temporary
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clip UumaenLian recipient @ distal taz proximal
auddu Useidiu leakage assusnadfiuvasniden
(anastomosis) Tnemsana (irigate) shetiinde dilsessh
TihnadudenliZeudosnou Weliflgniuds Udes
ternporary clip Assdusiuaes OA Usyiliunasdeusess
UL OA graft Pntuane temporary clip AssauUae
293 OA \Huahdiuanine Uszidiu patency 183 bypass e
microdoppler waga151383uas (indocyanine green)
(U7 86)

AsnnInvasnldanauaslisnes (definite treatment
of aneurysm)'®*

N&9INN"591 OA-PICA bypass La3ai3auioanan
Jevin1sANdnrasnLdonauelUInDInTIng1daA N
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Tneandu vertebral artery dissection N13¥ILAEN
proximal occlusion wagUs origin U849 PICA (gllﬁ 108B)
Tunsdifisinsunnvosvaendenauaslvnasvmuesndn
(intraoperative aneurysm rupture) fa3¥in trapping

(gﬂﬁ 10B) usitnith saccular aneurysm v neck clipping

n15UAUIALKE (closure)

¥ dura Tnglddundnaile (muscle patch
graft) iulagsau OA graft dufiureu dura tnglallv
wiLauAUlY dura dnufivdeidiunuuni enslvandsue
(skull flap) 1ailvine OA graft Bundranile suboccipital
Husuqlioglusumiaiu aeszunesdonaudus

(low pressure drain) ulantlsAswenuuni

(A) uane3Unaen1s¥vin transcondylar fossa approach (B) uamsnnnasainia dura mater
wagen cerebellum 14U superomedial (C) #dsa@an rubber band T¢wo tonsillomedullary segment of PICA

(caudal loop) wieidunaenden (D) waswnyinisse OA fu PICA (E) ndsUaes clip Ul PICA uaz OA (F)

nnaeeliiusosneviaonidon 28189aW E (G) LaRS patency ¥89 bypass graft Aaga13IS0MaS

(indocyanine green) OA = occipital artery, PICA = posterior inferior cerebellar artery (3“1/67'78[978/

Agns AousAUNA (e 10 5u1IAN 2560)
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(A) wams fish mouth trimming finuane graft ‘v'hagu 60 89PN LATAAAIULLINADALEDATUAIINYTY
i @ b Iemwiiu a) (8) wassszeznisiindy dnduinsannveuvesniden [A] whiuassvivesemamn
vemaenden (@) [A=2a] 8niiu stitch AiRARU heel uaz toe stitch WidudU recipient (O) wihfuaumu
YomaeaLien (a) [C=a] srevvinausag stitch [B] wiriuaeawivesrnumuvewmaeniien (a) [B=2a] (U110
Tn Afins rieusinuna e 22 Augeu 2560)

wanINIsANdnasnLaanaNeslUsnes vertebral dissection (definite treatment of vertebral
dissection) (A) ugns proximal occlusion of aneurysm (B) Wén4 trapping of aneurysm BA = basilar artery,
OA = occipital artery, PICA = posterior inferior cerebellar artery, VA = vertebral artery ( 3‘7]:17?)25]8 naNg
ARousshuna e 22 Aueneu 2560)
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NAN13IY
NNINUNILNTT U oundedeus o
fguieu 2558 fufloufiugigy 2561 wuindlgue
viaondenauadUmedidniunsindntamue 550 51
1 9 $efildun1siIfa OA-PICA bypass iesn®
naoaldonaulUinesueinaonldaniay vertebral
war PICA lnesngazideateyaniadtinvesuieuay
namssnulsignarusaililunssdl 1 fihedam 7 9
vJu vertebral artery dissecting aneurysm 1 518
WJu fusiform artherosclerotic vertebral artery
aneurysm Wagdn 1 sreudu proximal PICA aneurysm
HUrgnnTeNevasniienauadlUanainn laedl
World Federation of Neurosurgical Societies (WFNS)

grade 4 Wag 5 (ﬁaﬁﬂﬁi‘guLLiﬂ: poor grade) U 5 518
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(Sowaz 77.8) gthedwiu 7 neldsumsmiavasniion
auedlUaney (definite treatment of aneurysm) lag
proximal occlusion 1 $18lag trapping uag 1 1
108 neck clipping NANITHIAANUI19RMTY bypass
graft patency wag ensinsmgliaunua (complete
obliteration rate) vonasndanaLDlUINDUVINAY
Sowaz 100 NMZUNINFOUINNITUIRATIIUIU 2 58
whitvdesay 22.2 Tae 1 1efinsinidovesunaridn
wazdn 1 5189 diparesis waz dysphagia §Uhe 1 518Wde
FAandansindaainnisiaidelunssuadon fuae
5 518 ($988y 55.6) & Glasgow Outcome Score (GOS)
4 uay 5 (WAN133NWIA: good outcome) 7 1 Liou

NAINIGIA
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Right VA
including Dissection proximal
1 53/F 2 good yes 5 no
PICA 4x5 mm occlusion
origin
Left VA ; ;
; ; ) ) ) Diparesis
including Dissection proximal
2 52/M 2 . good yes 3 (Lt. > Rt)
PICA 3x10 mm occlusion )
o Dysphagia
origin
Right VA
including Dissection proximal
3 55/F 5 _ good  yes at D7 4 no
PICA 5%x10 mm occlusion
origin
Left Saccular
neck
4 54/F 4  proximal neck 2 mm o good yes 5 no
clipping
PICA dome 4 mm
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wanstayanenatinvediae 35n1sinw wan1sinwuaznansunndeu (sie)
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Left VA trapping
including Dissection (intraoper- Wound
5 52F 4 good yes 5
PICA 6x17 mm ative infection
origin rupture)
Right VA
including Dissection proximal
6 43/M 5 good yes 3 no
PICA 7x17 mm occlusion
origin
Left VA
including Dissection proximal
7 59/F 4 good yes 5 no
PICA 5x15 mm occlusion
origin
Right VA
including Dissecting proximal
8 43/M 4 good yes 3 no
PICA 5x10 mm occlusion
origin
Left VA proximal
Atherosclerotic
including ligation at )
9 T5/F 4 fusiform good yes 1 sepsis
PICA Left V3
3 mm
origin segment

D = day, Lt. = left, M = male, F = female, f = fetal type posterior communicating artery, PcoA = posterior communicating artery,
PICA = posterior inferior cerebellar artery, Rt. = right, VA = vertebral artery
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Feg1egiiaeei 1 (Uhevaeiay 5 Tuasieil 1)
A0y 52 U 1lsaneunameensviunes
Fundu usn3uiilsaneuna WENS grade 4 ¥ computed
tomography (CT) wu diffuse subarachnoid
hemorrhage (SAH) laewu subarachnoid clot USuneu
wnd cerebellomedullary cistern 914918 91
computed tomography angiography (CTA) wu
V4 segment of left VA dissection (pearl and
string sign) Yu1n 6x17 fadiunilag PICA origin
aguu dissecting segment (E‘U‘ﬁl 11) la5un1snnsn
left OA-PICA bypass dowinifinnsusnvesvasaidon
aneqlUanesvusNIdn (intraoperative aneurysm
rupture) Falavin aneurysm trapping e aneurysm
clip viwhdngiefuddndaf nduommsuazinld 1aid
focal neurological deficit computed tomography
angiography (CTA) #dafianud dissecting segment
muly bypass graft & patency 7 lufl cerebellar
infarction wAnuifin1sinieiiunaradn 13w

A28 antibiotics N9%AALABAMILAY wound
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debridement Uszana 1 WauUvassngnd GOS = 5 ALLUY

Feg1egireed 2 (Uhevaneiay 7 Tuansiedl 1)
HUdeudeey 59 U u1lsaneuiasiesinis
Urnfsugsulssuazvunad usnfuillsangiuta WENS
grade 4 1 CT scan wu diffuse subarachnoid
hemorrhage (SAH) Taewu diffuse subarachnoid
clot wag intraventricular hemorrhage 7i fourth
ventricle Y11 computed tomography angiography
(CTA) mu V4 segment of left VA dissection (pearl
and string sign) AU1A 5x15 adwmns lae PICA origin
aguu dissecting segment (E‘Uﬁ 12) lasunmsendn left
OA-PICA bypass, proximal occlusion 7i va segment
Fnfunaondendiuiildsmnesuazniu origin of PICA
A28 aneurysm clip Mﬁﬂﬂhﬁmgﬂ’mauﬁﬁﬂﬁ’sa 14l focal
neurological deficit CTA nadu1fnwu3N dissecting
segment e/l bypass graft & patency @ il cerebellar
infarction Uszinad 1 HoundINIsind GOS = 5 Azl

(A) Computed tomography (CT) ugas subarachnoid hemorrhage il cerebellomedullary cistern

£

(
(

Occipital Artery-Posterior Inferior Cerebellar Artery Bypass Wenssnvvaenidenausslianesvosmaonideniag Vertebral wag Posterior Inferior Cerebellar

213918 (B) 3-dimentional computed tomography angiography (3D-CTA) uans left vertebral dissection (@nes)
C) 3D-CTA uansvaaniianual occipital 19418 (@neis) (D) 3D-CTA ndin1sidn linuvaenidenausdlimes
E) wag (F) 3D-CTA #aen1sHIdinkans occipital artery bypass graft (§nis) Wagwiuuarfin (Lud staples)
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(A) CT scan w@ns intraventricular hemorrhage ﬁ fourth ventricle (B,C) 3D-CTA u@n4 vertebral
dissecting aneurysm 1381elnedl origin of PICA aanandludildsnas (D) 3D-CTA wansvaonLionuas

occipital 919%8 (E) CT scan #adn6in biwu cerebellar infarction (F,G) 3D-CTA #adN18inLaAs occipital

artery bypass graft uaglinuasaidond1uinluswes (H) kUl staples LAAILUILNANIFA

Frog1effiaened 3 (Uhevaeiay 9 Tuasied 1)
Athendgeny 75 U 1lsanenuiameensuungs
usn¥ufilsamenuna WENS grade 4 ¥ CT scan mu diffuse
subarachnoid hemorrhage (SAH) lagwu diffuse
subarachnoid clot uag subarachnoid clot %
cerebellomedullary cistern ¥19%18 %1 CTA
WU atherosclerotic fusiform aneurysm Yu1n
3 fiadwms 7 V4 seement of left VA dissection lag
PICA origin @anaindudilvanes (Ul 13) é3y
n5H6R Left OA-PICA bypass, proximal ligation 7 V3
segment (Lﬁaﬂmﬂ%aamaamu‘%nm V3 segment
fimnuudenn sbianansaniiusae aneurysm clip 16)
wazwily origin of PICA ndsrhdngireRusdnsan laif
focal neurological deficit CTA #asAANUIN dissecting
segment w18lU bypass graft il patency & laiil
cerebellar infarction CSF profile fwu bacterial
meningitis Uszdad 2 dUnvindaidnil severe sepsis
lanavaussiunisieuazidedin
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3750l

Taovhlumsilaunardaliinguuulag dmsy
retrosigmoid %39 far lateral approach finaznellin
nsumidusie OA lunAdeevilulianusadandu
bypass graft o iuﬂiﬂﬁmsmﬁmﬁiammﬁmmmmﬁu
#o PICA (PICA occlusion) mtanz OA WAuliifield
Usleatnardniuisiinnuddgy

nayuaddgMinlin1siida bypass Uszau
audniafie nislufidenuisuniuusnaiinidn
(bloodless operative field) vaugynsifiunasaiion
(anastomosis) wagn1sldidavenegslunisinda (high
magnification) wenaniigtuagfuamnimyes bypass
oraft fanzoonin Tneawzegnsde OA Aifimadudousnn
memeimavililemainnsuindusedudonvazIay

ﬁmqﬂ&lZ,lS
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(A) CT scan w&@n4 subarachnoid hemorrhage 7 cerebellomedullary cistern 913%18 (B, C)
3D-CTA w@nd atherosclerotic aneurysm fivaendonun vertebral $19d1e (D) CTA w@ne atherosclerotic
aneurysm fivaendonuns vertebral 919918 (E) CT scan ndwsaliny cerebellar infarction (F, G, H)

3D-CTA MaInsWIdaueans occipital artery bypass graft waglinuvaendondiunlvmes (G) LanIuILKa
KRR (WU staples)

WARINI3LAA antegrade thrombosis #84971NN15%11 proximal occlusion of parent artery mﬂ‘wqwﬁ
Blind-alley formation Tun133nwn vertebral artery dissection. (A) nsel PICA #8na1n dissecting segment.
(B) nsdl PICA oon distal sie dissecting segment PICA 10u flow outlet. (C) n5el PICA ®8n proximal

#e dissecting segment. PICA = posterior inferior cerebellar artery (yUnlag NANs ATousHUND o 22
AUEIEU 2560)
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nsEvinsdunasadenluian wWu OA-PICA
anastomosis AdAgYAD NVINUTNATHIGR (operative
field) Taungn lnon1sidaunaidu skin flap waz
multiple-layer dissection 983nanuLile suboccipital
% o 4 1% 9 &
FANANLAYIAINUNRUIVDINBUNAULUD (Muscle bulk)
TunsalMdauialNaluuldunss (linear incision)

= aa a v & o O
nIoNTUMUANAALIEBLUY myocutaneous flap 8AYIY
a v & L. < O a
n1sdananulie suboccipital tUUBUGHINNILINA
Mlnerenisians OA uaziinavinliin muscle atrophy
Hounimsrnfimaivesnailelnensuilosannluvinld

a I3 1 a
LNANITUIALIURND muscle fibers

a = 1 1

finsAnwlue1ansdlug (cadaver) wulnnsany
OA Tngldf unarfnLuy “reverse-C” shape lneaiula
8¢l mastoid process vilvanunsaiaty OA laagnadl
UszaAnsanuaziinnisuinldunevasnldentiosnin
WHAKIARAWUY hockey-stick’

UWNARIFIALUY “reverse-C” shape fA1MuLAE5D
n154An skin ischemia lagtanizangIuves skin flap
WAy AetiudsinuUasurandadu “L” shape vilgu
2949 skin flap ninauagldiintguinisvinien
USnamlsAsvemndndudesindnsndnanile®’

Joidvraunatiaiiie nslBuAUNALIHDNAULY
Mduuldnasnnnwasmsidulwiulag el dunu
(water-tight suturing) due1nAIN dwmalniilenaia
CSF leak opnannunansinlasnnn wenanfidanaliia
potential space 11NNI1N5UAKUY myocutaneous
flap vinlndilonanIsiiAN I TazaNTD B MaILaLIdeN
(fluid and blood collection) USIULNANIFATIDI9
ildnisiaeniiudula

1neylun1svin OA-PICA bypass Lazn1914n
naenLdonaNedlUines (definite treatment of aneurysm)
1in9in159a7 origin of PICA F1e13v1l¥ilAn antegrade
thrombosis 1Ug4 perforators #agiu3ans proximal PICA
il Uaeiien1sves lateral medullary syndrome
Fawu 1 yglusenuadull (a9 2) yenaniu g
371915909 1N199 DULTIVDIUVUADIT NS INITHG A

IAERUUEI B BULTININATIMIUYI HIDudUTugIUI
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DIUANINMIVIAEIAUIIA cervicomedullary junction
Fadunainannmsgadiusiovasnidenuas anterior spinal
970 aneurysm clip #5801 cerebral vasospasm®

N33 vertebral artery dissection @nsnsaviile
IRon trapping'® %38 proximal occlusion of parent
artery" sLUi’WEJQWUEEﬂ’JEJQﬁUﬁ%L%%%‘ proximal occlusion
Hhudaann Siftes 1 967433 trapping losinnisuan
YoInaontaenanaslUsnesuuiIsna (intraoperative
aneurysm rupture) n19L435 proximal occlusion
a11150911% dissecting seement wglusanuale
Falnwdnlngarmelundsnsindaiud fidies 1 58
(5107 3) Fmeluuisdrumdansindaiuiivasmely
Hevuannely 7 Sundenisinda (delayed aneurysm
thrombosis) dufivgiuiteraifinaindiud clip
occlusion 88119310 dissecting segment w1 nyiuly
winld clip 1H3adu dissecting segment mﬂﬁqm
wiitvinlganavilit dissecting seement welulsvud
wdIn1sHGR Feaslenianisiinnisuanvemasaiden
auolUaneInaIn19kIsn (postoperative aneurysm
rupture) nalnn1sLAn aneurysm thrombosis #a3270
N15%11 proximal occlusion 813LAA91n “blind-alley”
formation vil#iAa antegrade thrombosis Fuludia
dissecting segment aufisuinafituvudlvameiavu
flow outlet U PICA %38 vertebrobasilar junction
(5U 19" dlesan dissecting segment ihudhufiiuszun
deson1suan’® Snsansaifl dissecting segment
fimnugnunyilavane distal egdnvIeds wienae
nM3n1AT0Y distal part of vertebral artery diA13e1n
won1sidde vilwnisld clip ilogadiu distal s
dissecting segment turhldennuazeraiimuidscso
NIUANTEIINNITHIAA N5 proximal occlusion of
parent artery WWinfunasnidonaussdiuiilianes
unitgadaduAsifanuniosniiuagliuamieudy
N13%1 aneurysm trapping

Tunsiifivaendonuns vertebral d19fifasgaiia
(sacrifice) 1ud1a7ieiu (dominant) w3e asAEoALA

vertebral 919953914 (contralateral vertebral artery)
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a I a a ~ ° Y oa v
HYUINEAN mwmmmmmwﬂmmﬂmuauaa
LE8A (brainstem ischemia) lﬁwﬁﬂmﬂém (sacrifice)

\* 919915841911 preoperative

aoALdonALAY vertebra
balloon test occlusion (BTO) Faisreeuanudes
9NNV BTO Ae Sewaz 3.7-7 uaz false negative
rate WiriuTesay 7-22 Tunsalynviaeaiienailssn

) $159919MANTUN

(internal carotid artery ligation
collateral blood supply 211 preoperative vascular study

Steinberg las1eaunsinudUienasniien
TWanesdi basilar apex, basilar trunk wasviaendenuas
vertebral $1u3 201 Teitliianansavh direct clipping 161
lneviinisan (occlusion) aanidian basilar vive vertebral
Tudnugithenlizunsinulnenseavasniden basilar
(basilar artery occlusion) LaANAIUNAITAIINENDS
PIaLden (ischemic deficit) d91uau 3 918lu 51 518
(ovax 5.8) lnsfihonquiliviaendenuns posterior
communicating (PcoA) Thdesineumannnimehiy
1 fadiwns wenmilearnnsdliaziinaruiinisann
AUR3VIALER (ischemic deficit) 11N (Foeay 26-45)
Tuseeuladldszyseasdenin PcoA Wuwiin fetal type
vieoliuarsunuise”

YY1V IANNTAAIAALLLNITAR
aueIuIaLEen (brain ischemia) #833MNN158A (sacrifice)
viaendonuns vertebral $1awdlalddn drnaenidonund
vertebral 919953914 (contralateral vertebral artery)
U < 1 Jadwwnsuazd PcoA qua > 1 Jaaluns
Teeestng viiednaenidenuns vertebral $19msedn
(contralateral vertebral artery) 9110 > 1 Haaluns
WAz PcoA vum > 1 fadunsesatosnileine axilona
\inaasuaLdion (brain ischemia) 118331ng0 (sacrifice)
ViaeALdaALAl vertebral Wazilpunvisawniuiosas 5.8
Tnegimussianuiiui PeoA fianfinnsandulsiemsidu
wiia fetal type ludinusatuilldnudUaedfiiuauos
Y1aden (brainstem ischemia) Mé’dﬂﬁ@@ (sacrifice)
naeAlioAuwnd vertebral fUlgyNIIeIvaanionwA
vertebral 919m5391% (contralateral vertebral artery)

Yualidaenin 2 Dadwns JudasieNuune 2 Daduns
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warlaldl PcoA Tedestne wonnideinnsaldnsduil
913315841911 flow preservation bypass \ieanlenia
n1sLARAUaNDIIALEen (brainstem ischemia)
WU vertebral artery reconstruction lagly radial
artery graft (RAG) #9910 V3 segment U8 distal Va4
segment (V3-RAG-V4 bypass) #5elt RAG #ian V3
1U8s P2 segment of posterior cerebral artery
(V3-RAG-P2 bypass)"

dgu

n1sta1z OA laeldimatinunanfauuy “L”
shape Wag multiple-layer dissection veandnuile
suboccipital ¥ilianusaians OA Feflmududounn
manginialaedgialigienuasaiusadnen patency
veanaaaLdenlilaauninazyinnisiiunaeniden
(anastomosis) Snviederiliusiaansa (operative
field) fiandumuandu vlvnisidureonidentu PICA
ﬁmmgﬂé’amﬁuﬁmméasﬁu danalit patency rate

U84 bypass graft dugemulumie
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