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[__0A-PICA bypass for the treatment of aneurysm of vertebral artery and PICA using “L” 6

shape incision and multiple-layer dissection of suboccipital muscles

0A-PICA bypass lilanisSnumaanidon vavlJowevuav vertebral artery ua: PICA Ine5 “L”
shape incision 11a: multiple-layer dissection of suboccipital muscles

Wik 9 oRsassnlaf, Afns A3NIIBWNA

s18vUgUogLa:uNAWUSNAU (Case report and Review article)

[__“Bonnet” hypass to M2 segment of middle cerebral artery with radial artery interposition graft: .............. 22
A case report

Wi ¢ dAsassalal, Afns ASansThuna

[__Giant hypothalamic hamartoma treated with thermocoagulation: A case report and literature review........ 32

Piyanat Wangsawatwong, Krishnapundha Bunyaratavej
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DRG version 5)

;Y 1

1. ?lelaignmaﬂ LA Qyﬂwﬁ principal diagnosis
: Acute subdural hematoma YINA1SHIAALELRBABEAN
5P §1J Operation: craniotomy LL‘VIW?i% ';ﬂ craniotomy
with clot removal A1RW amadll 2.8056

(UszNmusoeas 256)

e 15T gURwAvnANes, Dx: ac.SDH. It ivdhdmendanAtaan
ag ™. 7 Fu anaan

m | Ac. Traumatic SDH,It |
Craniotomy,
[ o |
clot removal
[ Rw | 1.0973 3.9029
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2. aaunis JUldgneias wdu gUlegdRime
NUINH open depressed skull fracture WaE epidural
hematoma A333¢ ?d Principal Dx : epidural hematoma
VL:H'GL?_{ open depressed skull fracture WWS12AT RW an

adll 0.4241

Compound depressed fx Epidural hematoma

Compound depressed fx

1.0973

Epidural hematoma

0.6732

3. jUldAsu Wudgniinudes wasyinlwan
; 1 ) a 1 w1 =1
RW sNANHNLUKASS 1w gulednegene 54 U Dx:
Left basal ganglion hemorrhage #lsAUszd6a Atrial
fibrillation LailsivinsAm og . 10 9% szHItouan
0. WiAuNANAYIU grade 1 d1lal JulsAsanuazlsn

WN3N A1 RW anadlumafl g

112 54 | Dn: BGH It ;U/D: AF; consenvatve Rx ; compiication: pressure sore gr.1; LOS 10 d

Adj RW = 1.0563

DRG 01550 (no CC) RW =1.0563 WTLOS=3.60 OT=12

Adj RW = 1.4058

DRG 01552 (mod CC) RW =1.4058 WTLOS=4.48 OT=16

Adj RW =2.2846

DRG 01553 (severe CC) RW =1.4058 WTLOS =638 0T =24

PDx: It. Basal ganglion hemerrhage

Comorbid : atrial fibrillation

Complication : pressure sore gr.1

uana1nn1s Ulsauazvnanisliiasy  wysal
pafilafnmsguasnuaiunsidanalwissdowudn
RDINIIUIN1389TDYAL5ALM 3% comorbid LAz com-
plication 1N15089ALaLAY 15 19A BN18AININ
arsaalsAfifiaaa Aolwnssnvuazinasenn
RW iftasanlsaunelsni suanalaiufenwuiasmi Rw
wanaNd finnnnsiinedasnsandss myuasuas
09 laan U A8 tracheostomy tW31zaz/AT RW 9

& o1 > a 1 o
?J%N']fﬂ:ﬂ‘élLQW’WE\!‘U’JEW]%E]%LH%H'J'] 20 1%

|11'IEJ 547 Dx: BGHt ;U/D: AF: consevative Ry ; complication: pressure sore gr.1; LOS 10d |

Adj RW = 1.0563

DRG 01550 (no CC) RW =1.0563 WTLO5=3.60 OT=12

Adj RW = 1.4058

DRG 01552 (mod CC) RW =1.4058 WTLOS=4.48 OT =16

Ad] RW = 2.2846

DRG 01553 (severe CC) RW =1.4058 WTLOS=638 0T =24

Adj RW = 2.2846

DRG 01553 (severe CC) RW =2.2846 WTLO5=6.38 OT=24

PDx: It. Basal ganglicn hemorrhage

Comorbid : atrial fibrillation

Complication : pressure sore gr.1

OR procedure : tracheostomy

OR procedure : trachecstomy |Adi RW =23.2187"* (LOS >20 d) ‘

DRG 01164 (catas CC) AW =23.27187 WTLOS=47.44 OT =152

910115 Ul5ALAZHRANTIIAIN DRG grouper

(=3 1 =] g 1 dl =3
sniudfisn ngalsanu meflsnrnnguuseasnis
Snwae Ao level of CC laudauaznan avinelu
DRG laefl 0 waneds mild CC, 1 naneiis moderate

CC, 2 uaz 3 “N1809 severe WAy catastrophic cc

o
LRt ORG 5.1 Geouper, S1A000M0  For Thai DRG. ¥ LS} - a
T
BouaHun
Age AgeDay  Sex Disc Type Adm Wi LOSD  LOSHr PDx
54 1 1 14 00:00 D333
trears) ‘w-rs) LEE IEEVTE LS B ) -y} Boursy
SOx1  SOx2 SDx) SDwd  SOxS  SDxS  SDW7 SOt SOx3  SDxi0 SOx1 SOwi2
an e
Proct Proc Procd Procd ProcS Prock Proc?  Procl Procd Procid Proctt Proci2 Proctd Proctd Proctd

l-ui'ngl W1 DRG TRz uANI T DRG

HanN1IM1 DRG
(Nervous system neoplasms, w catas CC)
[RW='35262]  [WTLOS=1002] [OT=350] [AdjRW="3.5262]

v d

HLAEUNARDY ';Ufiml,a:ﬁ'mnn'ﬁm'm DRG grou-
per Iﬂ&lLL‘U'\‘mQ:N comorbid & complication ANUUBY

N9FEENIINUSE M WU WeazszAu CC lanAlsa
&
%

e

N
Mild CC Ac. Posthemorrhagic anemia

Electrolyte imbalance

Mild infection - URL, UTI

Sepsis

Mod. CC. Organ failure eg. Heart failure, AF, cardiac
arrest with successful resuscitation, liver

failure, coagulation defect

Severe CC. :  Severe infection eg. Ac. Respiratory failure,
pneumonia, pyelonephritis, influenza,

pressure sore
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Tnens qulsafiagli cc szauideaiuilsafias
azldmn Rw R Tallaian RW tinduainsiuinlsn
fi 3U winnsnfisw Tsaflaglusziu cc dnoin onad
mmﬁumm‘guuimaa cc 16 19w hypokalemia ajlu
ngx mild CC d15INAY atrial fibrillation 1Ngs mod-
erate CC 9zUsunga DRG lriaglungs severe CC
ﬁ%ﬂ%ﬂ’mn‘sfﬁﬁﬁ infection ﬁa@flunéu severe CC 2
TsA 14w pressure sore 3INfU pneumonia 2ziin
ANgwLss DRG T¥oglungs catastrophic CC dgil
A1 RW fufisduazifindiuronsafindudngaasls
NINHN uRag1aninunslsananans RW 1w Tulse
NYIUNAZB9L51813 03 1w InanTwuaazd tdwlse
WEIUIANNETHIZY ﬁa‘iflmuﬁﬂwﬁﬁmaz hypokale-

mia 313 nanesnal pressure sore 670 IManenal

No surgery

No CC. | Mid CC | Mod CC | Seve CC | Case CC

Concussion 0.2727 | 05009 | 05986 | 1.1008 | 3.7701
Skull fracture 0.6732 | 1.1306 | 14276 | 2.3464 | 5.0183
Other focal or 1.0973 | 1.9688 4030 | 35308 | 5.0945
diffuse injury

SAH, ICH infarction 1.0563 | 1.3330 | 1.4058 | 2.2846 5.2774

(0.8459) | (1.115) | (1.5477) | (L.7310) | (2.7443)
Stroke 0.6099 | 0.8016 | 0.8840 | 1.4502 | 3.9456
TA 0.5478 | 0.931 0.8525 | 1.3167 3.6201
Brain tumor 0.7611 | 1.096 1.6306 3.5262

(s1e9udsEdnT sw.yneBusngy Ysudseanm 2560)
Aodusnelsfiinawa1a DRG group HAAMATERW
v dilisaalsasandng Afnssnsuelals
19 wmsulsonerunalng g an oM Muaenldiies
0.1 a19fiA sfufausesdiwuin wanaind
fefaneazdenilaninnis sulsAuazvmanisie T

dUren9AaenssnUse 1MAANI5HAATY admission

& @

LAEINWAASINAIN A2LAAT RW L HawRIS AN

=

53UUUsE MMASOLEED BniwANSHNART LA BaRY
ASUNALEUNTS WB9 BNSHNBRrAIERSIaz AT RW
A

didenlavinaisneaalsantodasnssalse m

fnwudoglulssneruiagud ialdifival RW AifiA7

]
=]

F19 9 AINANTURSIZRIlIAN U

SAH (160)

No CC. | Mild CC | Mod CC | Severe CC | Catas CC

Conservative 10563 | 13330 | 14058 | 2.2846 | 52774
(0.8459)| (1.1888) | (15477) | (L7310) | (2.7443)

Ventriculostomy /VP shunt | 5.2934 | 6.9334 | 8.8684 | 10.4282
Clipping
Ventriculostomy + clipping

Clipping+ decompressive
craniectomy

Clipping + decompressive
with graft 10.9561 12.0307 13.7177 | 15.9951
Clipping + shunt

EVD + clipping + shunt

EVD + clipping
+ decompress + shunt

Above + tracheostomy

(>204d) 18.2866 20.9294 23.2187
ICH (161) Infarction (163)
No CC. | Mild CC | Mod CC | Severe CC | Catas CC No CC. | Mild CC| Mod CC | Severe CC | Catas CC
Conservative 1.0563 | 1.3330 | 1.4058 2.2846 5.2774 Conservative 1.0563 | 1.3330 | 1.4058 2.2846 5.2774
(0.8459)| (1.1888) | (1.5477) | (1.7310) | (2.7443) (0.8459)| (1.1888)| 1.5477) | (1.7310) | (2.7443)
Ventriculostomy (02.2)/ 1. Decompressive
VP shunt (02.34) craniectomy (01.25)
EVD (02.2) 2. Decompressive with
+ shunt (02.34) 52934 6.9334 8.8684 | 10.4282 dura graft (02.12) 5.2934 6.9334 8.8684 | 10.4282
Remove clot (01.39) 1+ shunt (02.34)
Remove clot (01.39) 2+ shunt (02.34)
+shunt (02.34)
Above + tracheostomy
Above + tracheostomy 18.2866 20.9284 23.2187
(204) (>20d) 18.2866 20.9284 23.2187

*() wanede gUaedmiinalaenis refer
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Traumatic intracranial hemorrhage (EDH SO640)

No CC. Mild CC Mod CC Severe CC Catas CC
Conservative 1.0973 1.9688 2.4030 3.5308 5.0945
Remove clot 3.9029 4.2439 5.1576 6.2971 8.6872
Remove clot + decompressive
Remove EDH, recraniotomy remove EDH 6.9138 8.7453 10.8629 14.4059
Remove EDH, rt, Recraniotomy remove
EDH, rt and craniotomy remove SDH it
Remove clot + shunt
Remove clot + decompressive + shunt 3.9029 4.2439 5.156 6.2971 8.6872
Craniectomy for opened depressed FX
Above + tracheostomy (> 20 d) 18.2866 20.9284 23.2187

A1 RW 7ilsa1nnas sUlsAuasimnnis vild
dinsnesunelulsenerviamadin asliifnluiie
Fuudd ui “ofiAasiansmsieie s189 8RR
nnmsigiasaglsameruawinlaglidniv iios
91nA RW #ile 2zfidasandilafinnsidewutas
wiIgUreaznonlsoweruianIuinn wag1Innan
woefuluazfinsuSudnsiinegn “RnmsanaTuuew Ae
Adjusted RW (Adj RW) ivinanAnsielazaslsaneiuna

@
o o s

Aatth Tuaw (length of stay : LOS) ANz wvild

Tsanenunafisne3uil wgafusiede wdw §ilae Rup-
tured cerebral aneurysm Snwnazientulsane1ung
Wnodwsy Rwalan Sauaninwenludas 6-43
$1A1 Adj RW Aefi naneanndludasnani swazdnls
76,931 U (6,700 UINGIA RW) Tuaaued IN.NNG

d 1

Fusay HAldIeafssaAnlIzNIn 4,000 UIN

9 '
o

Aadu 6o tRalilasnesuninninsese §uae
Fa 1 a @ @ o v o a
578%# LOS Laitfin 19 Tu (AaznlnalAganinaass

FnadiuA1ldanelunissnuilsAnnang wInin)

a

[ Female 60 y,Ruptured ACoA aneurysm, clipping 1602, 39533

[-

3 B8.6117
4 9.0710 60,776
5 9.4155 63,084

6-43 11.4823
76,931
44 11.5340 77,345
45 11.6056 77,758
60 12.5304 83,954

ted income Expected cost Diff. cost
6700 B) (*4000 B/D)
57,698 12,000 45,698

16,000 84,776
60,000 43,084
72,000 - 172,000 52,981
(-95,069)

176,000 -98,655
180,000 -102,242
240,000 -156,046

LOS=15.2

DRG 01080: RW 11.4823: WTLOS 15.83: OT 43
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Female 60 y,Ruptured ACoA aneurysm, clipping } 1602, 39533
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lae U s1elsazaslssneruiaainnissnen
weragUagnannsiiinsesuilaunainns U
TsAuaziigsziiowiinsudan gnidas Aamainas
nannNmTingg U ieousliunndynyinunszninia
Aw ARaeants qulsauasimanisitldnszvinde
awld snnadasfinnstuiindanalwigszdewdie
\Dundngiwlunis sulsAuasinnnsing waznis
ansednalnentsanivuwawd lddndnae 1dw n1g

=] | v U 1 as 1 s [t U
LIF]‘JEJN[&!‘U’JE&%W?QNHE]%’J%N'W]@ LB

lon 159108V

1. ngwiftedelsrsan: nawmwiwazUszlogilulszng
Ine (DIAGNOSIS RELATED GROUP: DEVELOPMENTS
AND USES IN THAILAND) An~n5 wssanglasis
AMSUNNEAT RIS HMNINEABwIAIs SnTaRualan
65000 SWIIAN 2544

2. 5180wl Tssnenunannsluey Auoglan
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OA-PICA bypass for the treatment of aneurysm of verte-
bral artery and PICA using “L” shape incision and mul-
tiple-layer dissection of suboccipital muscles
OA-PICA hypass 1Won1s$Snumaonidon vavlUowevuov
vertebral artery ua: PICA Ingl§ “L” shape incision ua:
multiple-layer dissection of suboccipital muscles

UL 9 9AI535NLYA, W.U. 2.2. Use MARYAT B3

NANS ﬂ%'am%’muqa, W.U. 2.2. U5z MARLAT AS

nUIgUse MAALAT A5 AIATIIAREAT BT
ANSUNNEAT ATITINETUIE NHI1TNEI1FEWINUNTIETY

UNNAED

UNAMNIARIL BonATAlunSHIAR occipital artery-posterior inferior cerebellar artery (OA-PICA)
bypass TwnssnwgUevasndan saslUanasaas vertebral artery uaz PICA §1wiw 7 518 Lnaldinatia
“L” shape skin incision ka2 multiple-layer dissection of suboccipital muscle Ejﬂi&lﬁ’]%’m 6 51eLTw verte-
bral artery dissecting aneurysm L& 1 enn proximal PICA aneurysm NANISHIAANUIT bypass graft
patency rate Lae complete obliteration rate 2091 A0RALABR NENI‘I‘JGWEN WINAUSa8aE 100 A1
unsndanainnsEnsafisIwin 2 sewiniusess: 28.6 lae 1 sefinsBadezeunarian uazdn 1
5784 diaparesis WAz dysphagia U7 michﬁﬂﬁw%%ﬁﬂaamﬁﬂﬁ’uﬁﬂama: 14150711 N15¥11 OA-PICA

anastomosis AANGNABILNWET IWALH patency rate 289 bypass graft _9

A1 “1Ay: vasadan NoalUiwes

Abstract
This article describes the surgical techniques of occipital artery- posterior inferior cerebellar artery
(OA-PICA) bypass for treatment of 7 patients with vertebral artery and PICA aneurysm using “L” shape skin
incision and multiple-layer dissection of suboccipital muscle techniques. There were 6 patients with verte-
bral artery dissecting aneurysm, and 1 patient with proximal PICA aneurysm. The postoperative patency rate
of bypass graft and complete obliteration rate of aneurysm were 100%. Two patients (28.6%) had surgical
complication, 1 patient had surgical wound infection and 1 patient had postoperative diaparesis and dysph-

agia. The presented techniques are safe and provide high patency rate of bypass graft.
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Introduction

Extracranial-to-intracranial bypass ﬁﬂiﬂ&lﬂ‘lﬂ%
ﬂ?ilﬁ%ﬂ‘leﬂ intracranial aneurysms ﬁﬁmﬁlv[,ai N30
\USnw normal parent artery 1318 wia #fiafs
AB9AN46 parent artery (deconstructive strategies ) L2t
fusiform aneurysm, dissecting aneurysm, wide-neck
aneurysm, partially thrombosed aneurysm, atheroscle-
rotic aneurysm, complex aneurysm 7138 giant aneu-
rysm Lag aneurysm ARANALIWIZBIRAEALADADEN
H137N aneurysm L2% vertebral dissection ﬁil' poste-
rior inferior cerebellar artery (PICA) 88191167 aneu-
rysm Lﬁavlﬂﬁl,ﬁmm';: brain infarction' 2

Occipital artery- posterior inferior cerebellar ar-
tery (OA-PICA) bypass 1#1n195nW vertebral artery

aneurysm 715 PICA 88NN aneurysm Y38 aneurysm

=

M18¢Ut PICA (true PICA aneurysm) #9159 aneu-
rysm aanmaﬁﬂﬁlﬁmmsqmﬁ%ﬁ PICA tiiallasnis
N15L0/ cerebellar infarction A15Y17 bypass ?Iﬁﬂf:
fANeINLTlagan operative field HAITHLAULAS
§n wenNaINTWNITLENZ occipital artery (0A) fivila
gL iage1nuwIzes 0A RAHTUFaun1eneinia
3n°°

unAMNilEsranafanaialkn13 OA-PICA
bypass L‘ﬁa%’ﬂw’l aneurysm 84 vertebral artery LLag
PicA Taald «L” shape skin incision ka2 multiple-layer
dissection of suboccipital muscle ﬁagnﬁ’m%ﬂma
Rokuya Tanikawa WaZ Hiroyasu Kamiyama NONUN
L wadayaLAZNANITI N9 28990 9918

azidemzassagegiasunese®*®

Materials and Methods

v d

diewlavinnisnuniwngssiondounanous

a

\Wanfiguiew 2558 fofausuinan 2560 lag

\FangUrenaanion weslUinasneraniilasunis

%

HIRR occipital artery-posterior inferior cerebellar ar-

tery (OA-PICA) bypass \o5nwn vertebral artery an-
eurysm Lag PICA aneurysm Iﬂ&li’mi’mi’lﬂﬂmﬁﬂm
Foyaniondfinaadiiens A, a1g, WFNS grade,
AWM, BNBUIADI aneurysm WAZAISINE 619
A15797 1

UL RWEANITTNY bkl Glasgow outcome score
(GOS) I 1 |HOURAINITHIFR A1IzUNINTounas

ﬂ’li&i’]ﬁﬁ, graft patency a8 obliteration of aneurysm

Surgical technique®™®

Patient position

Favigaelwegluvimzumefiondt (Semi-prone
park-bench position) lneUanauanaislwringaanan
WnzauLResmuuw 1anndouawias 137U skull clamp

Tdnuawaanyulasnusniagniuwas Usurnheld

a

o I o s

8167 muneg _an1 zlwn dalnaaidouas zlnn
Tadiadldund a Inafiegauwunazlialdmn
wihmausaldudilagladodldnunniie vildlna
go9gUa8 29190159190 0auvinsRavaanLE R
InlAAIYE 9% vertex aglwindsnu Aweaglunn
azumslnedansinasismansiael® mastoid body og
Ut A28 operative field ANAB (neck flexion) \Bnsiae
FaguTi 1

Skin incision

Tif Doppler ultrasound #3284 occipital artery
USLILARaRAe superior nuchal line (subcutaneous
segment of OA) 11ALKI skin incision Lﬂ%gﬂﬂﬁ']ﬂﬁ?
“L” Taganns “wrtawazauIwiy superior nuchal line

Uszanod 1 cm (32HYANFANULKIZAG OA) Lrikaea

q

(% [

asterion IWHIZOUNAIZBY mastoid body LLAIAINAY
NIATNLWIZOUNAI28Y mastoid body AWLARD mas-
toid tip Usza1mu 1-2 cm GegUT 2 uas 3A

OA harvesting

1812 OA ImenSuag skin incision USLIifiaav

L1l OA 71 identify piag Doppler ultrasound 1y (E‘Uﬁ
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A1 1 U Aedayani1eAdingasgUls 35n1195nW1 Nan13INwILazATIzuNINdan
Case Age | WFNS | Aneurysm Aneurysm |Contralateral | PcoA | Aneurysm Graft Aneurysm GOS | Compli-
(years)/ grade Location morphology VA Rt/Lt | Treatment | patency | obliteration | at 1 cation
Sex (mm) (mm) months
1 53/F 2 Right VA Dissection 2 0/0 proximal good yes 5 no
including 4x5 mm occlusion
PICA
origin
2 52/M 2 Left VA Dissection 4.5 0/2 proximal good yes 3 Diparesis
including 3x10 mm occlusion (Lt. > Rt.)
PICA Dysphagia
origin
3 55/F 5 Right VA Dissection 2.3 0/0 proximal good yes at 4 no
including 5x10 mm occlusion D7
PICA origin
4 54/F 4 Left Saccular = = neck good yes 5 no
proximal neck 2 mm clipping
PICA dome 4 mm
5 52/F 4 Left VA Dissection 2 <1/ trapping good yes 5 Wound
including 6x17 mm 2.3f | (intraoper infection
PICA origin ative rupture)
6 43/M 5 Right VA Dissection 2.7 1.5/0| proximal good yes 3 no
including 7X17 mm occlusion
PICA origin
7 44/F 4 Left VA Dissection 2.1 0/1.3| proximal good yes 5 no
including 5x15 mm occlusion
PICA origin

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

3A) Inels bipolar cutting technique a2 Kamiyama
fish hooks BoRanThna eednedeazdae 419 tension
aBavinliinesanisianzangn wenensnen pa-
tency 289 OA awNINazlSuviNISAeanannLden OA
1w 'mﬁagimﬁaﬁia superior nuchal line i{a:aﬂiuﬁv’%
subcutaneous tissue L8 (superficial ) B8 occipitalis
muscle (1380791 “subcutaneous segment™) &9 skin
incision tRaAINUWINA [ Taw A Wa27N15IaE 0A
Taasluds "au proximal auwifin OA yaaslsima fascial
ring 984 sternocleidomastoid (SCM) WAz 28URAI2DS

splenius capitis muscle (SPC) (U 3B) OA AIul

uitasluiSendn “intermuscular segment” sal
MMN1sUe suboccipital muscle Lﬂ%‘ﬁg%'] ﬁ\‘lf: Legn SCM
28n31n SPC mauluA1udg 1Az occipitalis muscle
RAUZUAb superior (gﬂﬁ 3C) 8N SPC 8NN su-
perior nuchal line kA% mastoid body ﬁla‘UVLUﬁ"I%
inferomedial (gﬂ‘ﬁ 4A) 537179880 SPC 88NN semi-
spinalis capitis muscle (SSC) Wag longissimus capitis
muscle (LGC) #B93231 OA azagszninendaiitainanit
(70% 289 OA azoglAns LGC, 30% aginitana LGC)
natifi oA azagleia Lac Thiaendaiiiasinitaanain

mastoid body BRAUAY inferior Iﬂ&lizﬁlx‘m’ﬁU’lﬂL%Uﬁa
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v

sUN 1 u AevingUae semi-prone park-bench position mzwmsfsnd Tnafiogsuunazlialusuninauusliadae

@

5UN 3 (A) L MILWI skin incision UATUWIZBY occipital artery. (B) Lil® identify occipital artery A3dWw73 skin incision W&3

Scalp flap

RAU scalp flapv[fd inferomedial L81% occipital artery ‘1% subcutaneous segment AU 'mﬁagmme(ﬁ fascial ring
284 sternocleidomastoid muscle LAz A8UNAI2DY splenius capitis muscle. (C) 1@ sternocleidomastoid muscle
mauvlﬂﬁ’m lateral 924#% mastoid body LLas splenius capitis muscle L8 occipitalis muscle mau%%ﬁﬂu 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
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OA flagiFuans (3Ufl 4B) ¥in191a1¢ OA BaNan SSC
A% qmu%nm‘ﬁ' OA A8R bHFB posterior belly of digastric
muscle (Di) aan Di 88NN mastoid groove 4R
fazls 0A B1ImAEAROLAUSIIN skin incision B
Unanisusnndase mastoid body Liialaily 0A 2919
A15%1 craniotomy AaU OA hUF1% superolateral AN
w3 skin incision taeld fish hook vigalilaelduse
Refiwanane ('gﬂ‘v"i 4C) INTWABN SSC BANIIN SU-
perior nuchal line maulusw inferomedial (g‘d‘ﬁl 5A)
a@n superior oblique muscle (SO) 88nan inferior
nuchal line k&g occipital bone Auig transverse pro-
cess of C1 %aL‘iﬁJuqmn']wmnﬁww{aﬁm{ 9279 V3
segment of vertebral artery %agné’amauﬁaﬂ verte-
bral venous plexus ﬁ]zayﬂﬁﬁiaﬂﬁ’lmﬁaﬁﬂﬁ (E‘U‘lel 5B)
kAT 88BN rectus capitis posterior major muscle (RCPmj)
LA rectus capitis posterior minor muscle a8anan

occipital bone BIRUAY inferior Wi foramen magnum

(U 5¢)

Transcondylar fossa approach7_9

17113 burr hole W& craniotomy Wilaw retro-
sigmoid craniotomy (gﬂﬁ 6A) L4111 condylar fossa
Iﬂﬂ%ﬁﬂ posterior condylar emissary vein 881311 ver-
tebral venous plexus ﬂiaﬁ%a{‘i}Uﬂix@ﬂU%nm foramen
magnum Las condylar fossa aan ﬂiaﬂ’i:rﬂﬂﬁ]mﬁ%
2BUABY sigmoid sinus BRABDALWI AN dura BaNIN
sigmoid-magnum triangle (ﬂizgﬂ 'm‘ﬁagjsxwﬁ'm sig-
moid sinus ﬁaagjﬁm lateral AU foramen magnum
%ﬂagjﬁ'm medial) Fa1 5% posterior part 289 jugular
tubercle GL‘ZQIJ retractor spatula retract dura 881310 jugular
tubercle N98 posterior part of jugular tubercle (gﬂﬁ
6B) 819N98 posterior part of occipital condyle 28
stop bleeding U3l surgical field TﬁLLﬁGﬁ N 1R dura
Lﬂ%gﬂ C shape il'mu%nmjugulartubercle WD trans-
verse sigmoid junction (’g‘dﬁ 6C LLazgﬂﬁ 7)

PICA exposure

189910 release CSF 88n31n cisterna magna

C1 transverse process

C1 Mansvisrss process

g‘dﬁ 4 (A) LAY splenius capitis muscle 8@NY1A superior nuchal line LA mastoid body mauvlﬂma inferomedial 32471

occipital artery (intermuscular segment) ﬁaﬂﬁ’wﬂﬁﬁﬁaaﬂuu semispinalis capitis muscle Las 70% 3980ALAMD

longissimus capitis muscle. (B) La1% longissimus capitis muscle 881311 mastoid body aaulunig inferior 3zL#i%

mastoid groove, transverse process of C1 Wa¢ posterior belly of digastric muscle ﬁaagimﬁar;ia occipital artery

LA1e digastric muscle 88nN31A mastoid groove. (C) LAg occipital artery 88N31N semispinalis capitis muscle

Auhd IuNaan e digastric muscle BaU occipital artery Tusw superolateral 1# fish hook tAelilvwuan

USLIeNazin craniotomy. 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
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gﬂ‘ﬁl 5 (A) LA1E semispinalis muscle aana1n superior nuchal line mauvl,ﬂﬁ'm inferomedial L4 superior oblique,
rectus capitis posterior major e inferior oblique muscle ('J’Nﬁ'.lL‘l“JWE‘lJ 'lNLﬁ?iElNL%EJﬂ'j’T suboccipital trianglae).
(B) LA1e superior oblique muscle aanNa1n inferior nuchal line Iﬂﬂuﬁﬂtransverse process of C1 mauvlﬂﬁ'm
inferior 3239 V3 segment of vertebral artery (gﬂﬁﬂﬁ?&l vertebral venous plexus) %dﬂgll‘ﬁ’mﬁ"m 9zLfi% 9% origin
2809 rectus capitis posterior major muscle (C) LAY rectus capitis posterior major AL minor muscle 8anNanN
occipital bone AUH9ZOU foramen magnum naulun 1w inferomedial. CF = condylar fossa, FM= foramen magnum,
INL = inferior nuchal line, 10 = 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

gﬂ‘ﬁl 6 (A) b AIFUNWI burr bole WAz skull flap. (B) BAIAINNTOAWLAK sigmoid sinus WA transverse sinus WATAD
condylar fossa W& retract dura Lﬁaslﬁlﬁ% sigmoid-magnum triangle (posterior part of jugular tubercle) Tp!
¥nsnse i, (C) & meuuwIN154UA dura. CF = condylar fossa, FM= foramen magnum, INL = inferior nuchal
line, 10 = 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 segment

of vertebral artery
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g‘dﬁ 7 U AI3UNAINISHN transcondylar fossa approach

LAsLWIYBY occipital artery OA = occipital artery

¥N15 retract cerebellum ZWU% (gﬂ‘ﬁ' 8) identify
tosillomedullary segment of PICA (caudal loop) vie
LTI% recipient vessel @/ rubber band 1sTﬁiaﬁaamL§am
ﬂt&%ﬁ"l%ﬂﬁ'\‘l rubber band R7g gel foam L‘ﬁas[ﬁlopera—
tive field BWa% A feeding tube No.8 HafiU suction
(continuous drainage system) Ui unand ,P1289
operative field Inglsizinenisifunasmdenindenly
WxUaN86E cottonoid (50 9)

OA-PICA anastomosis

\fiBLa5es recipient vessel 138U3BELET ¥N1S
R OA 89NN IWAEAAY skin 1 ' temporary clip 7

“IB%2B9 OA 6[ ' heparinized saline 1% OA graft W{

g‘dﬁ 8 1 AIAINHAIINNLTUA dura mater WAz retract cerebellum v[‘lJ superomedial ﬂzLﬁ% cranial nerve (CN) @:ﬁ 9, 10,

11 0812

j Al
Feeding tube

31Jﬁ 9 1L AV tonsillomedullary segment of posterior inferior cerebellar artery #HI9INNTS 8/ silicone sheet WAZINY

feeding tube (continuous drainage system)
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winwazl ' temporary clip 8nfanwinany wUanee
99 OA vinstanzuilalfiasouuas adventitia aan
a1nUane OA g1UsENM 1-2 cm ArUae OA LT
U fish mouth ABARYINYN 60 BIAT UATHRATNLWI
naaAdanlsANEIT YN (a = b) (SUA 10 Uw)
tezauresviaaniianmnae gentian violet LASEH nylon
9-0 ‘Vi%ﬂ 10-0 1% E]\TLD% ﬁﬁ]ﬁﬂ?ﬂiiﬁﬁ\ﬂm 5 cm
Lﬁuﬁlaguﬁy’q 09%09Ua18 OA (heel UaT toe) AINTH
anUane OA 181 operative field TALNANU recipient
vessel U8 gentian violet Ut recipient vessel USL3eu
‘lelﬁ]zﬁ'] arteriotomyel ' temporary clip A% proximalllae
distal RauSIfiazae 1D arteriotomy A28 FNWSe
microscissor 81LNAU a + b ﬁ'lﬂ'liL?]U stay suture
US1Ial heel waz toe faw wazfuuSmfiniasie
interrupted sutures (U7 10 a19) Tnewenealsfifn
intima-to-intima suturing ﬁéﬁmmglmuﬂiunﬂﬁ'm
&7 818 temporary clip ﬁagj 'uUaneaas 0A T
\iougAusians anastomosis Wiiallasiwbanlnadan
Lﬂ”’lmﬁ stump 6139 OA graft (aEIIEmW N15LAR graft
thrombosis) ‘-\]’mﬁ?%ﬂﬁa&l temporary clip Ut recipient
vessel % distal WAz proximal ANNEIAU USeLi leak-
age M99 anastomosis Lﬁﬂi&iﬁﬁ;ﬂ%uﬁj Uaae tempo-
rary clip A59 IMAKLEE IWUA18289 OA ANNAIAU
UgeLin patency 284 bypass 28 microdoppler LA
indocyanine green (’g‘dﬁ 11)

Definite treatment of aneurysm1 o

$18997NN15Y11 OA-PICA bypass b 33438USD8LA?
39911013 definite treatment A54Wes AW laad T
vertebral artery dissection 2VINIT proximal occlu-
sion %138 trapping ﬂiiﬁﬁﬁ intraoperative aneurysm
rupture (’gﬂﬁ 12) wadudw saccular aneurysm fivin
neck clipping

Closure

¥Mn15Ua dura taeld muscle patch graft ﬁNIﬁlﬁl

58U OA graft Wit NwaaU dura baelaliumaninly

31]17; 10 5UU% & M9 fish mouth trimming ARUATE graft
VYN 60 BIAT WAZARBINLWINADALER LY
AMHEITINAY (53 b Ihenviiu a)
sUa9 u meszezn1sUnida dnidavingannaau
naamLdan (A) WINAU 89VI289AITNAKIZEY
BaOALHER (a) [A=2a] &INLI% stitch FBAAU heel
WAz toe stitch LHUGIW recipient (C) MNAU
AINRUIZDINADALADR (a) [C=a] 3x8ZHIILARS
stitch (B) 111U 99LY1N1289AITHAWIADINADA
\Ram (a) [B=2a]

dura unwaaL8umINUNG 219 skull flap lalvinm 0A
graft L§‘1J suboccipital muscle Lﬁ%ﬁ’%’ﬂﬁ’ﬂgﬂ%

° 1 a & o i a
ALAWBILEN LEUUR skin BANUNG
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31Jﬁ 11 1 AYATNNBWLAZHAINISYIN OA-PICA anastomosis OA = occipital artery, PICA = posterior inferior cerebellar

artery

BA

PICA

VA OA

A

BA

PICA

VA A OA

B

g‘dﬁ 12 U By definite treatment of vertebral dissection. A L R proximal occlusion of aneurysm. B U ®4 trapping of

aneurysm. BA = basilar artery, OA = occipital artery, PICA = posterior inferior cerebellar artery, VA = vertebral

artery

Results

AINNTISNUNIWLIY LT BN DUNE IR IUGLE D%
Nguw1ew 2558 HuRawsWIIAN 2560 WUy
waoadon xaslUenaeidnsunsEAaTonan 300
518 WU 7 518 leSUNTSHNGA OA-PICA bypass
L‘ﬁﬂ‘%’ﬂu'l vertebral artery aneurysm WLae PICA aneu-
rysm lagsneazidendayaniondnnaosfUisuasng

nssnunlagnsusanlilumisned 1

moegwilossien 3

dUhemdgeang 55 U anlsswenunameainisnas

Raunaw usnsufilsswenuia WENS grade 5 CT scan
WU diffuse subarachnoid hemorrhage (SAH) %1 CTA
NU V4 segment of left VA dissection (pearl and string
sign) ;e PICA origin agi‘u% dissecting segment (gﬂ‘ﬁ
15) TA5UN15HAR left OA-PICA bypass with proximal

A

occlusion of aneurysm ¥aSHBANUIBHILAUS NEIA
3 I¥o1mnsnne "eene Ta# focal neurological deficit
WRnE% CTA NEIRNAANUIN dissecting segment 118
TURSIHILIAW proximal BAINTSEAGATNA 1 LazHIe
Tuvannanieln 7 SunasnisHIse bypass graft &

patency A (3U1 16) 13l cerebellar infarction Uszae
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1 LABWHAAINIARAN GOS = 4 N1TONAWBWILAL

2115 be

moaguglousien 4

Uaendeang 54 U anlsowe1unasigain1snas
Raunam usnSUAlsenenu1a WENS grade 4 CT scan
WU diffuse subarachnoid hemorrhage (SAH) W&z in-
traventricular hemorrhage at fourth ventricle 1 CTA
WU saccular aneurysm U138 left PICA origin lag an-
eurysm neck ARAIMNATIILALABUSIIMININNTIASS
wite29t *us8UI9289 PICA (gﬂ‘ﬁ 17) \iegannas
1 'ARUT aneurysm neck a'mﬁ’flﬁ’l,ﬁmn'ﬁqﬂﬁmia PICA

origin b6 39¥NN136NHR left OA-PICA bypass AINAIE

o
(%

. . s 1 >3 w1 [=1 s 2= a2
aneurysm clipping WadHAREUIBNIZAUF NAIRYH

Qs

9= a & o 1
Tad focal neurological deficit tWHAYW CTA HAIHNIBRA
WU aneurysm ¥l bypass graft # patency # (E‘Uﬁ
18) 148 cerebellar infarction Ussana 1 LHaunra

1 o o

HIBRN GOS = 5

moeg0UsusIen 5

dhemdeang 52 U snlsswenuiamieainisnam
AAUNAW WINSUNLSINE1U1a WENS grade 4 CT scan

WU diffuse subarachnoid hemorrhage (SAH) laawu

thick subarachnoid clot ‘ﬁ left cerebellomedullary cis-
tern ¥i1 CTA WU V4 segment of left VA dissection (pearl
and string sign) ;e PICA origin agiuu dissecting seg-
ment (5U7 13) 1#5Un"56167 left OA-PICA bypass
Lﬁ;a\‘iﬁ]’ml,ﬁﬂ intraoperative aneurysm rupture ﬁaiﬁvl,ﬁlﬁ’l
aneurysm trapping naSH1AREUBARS NAIE ndw
E]'m’l’il,l,az‘lf’lv[ﬁ Taidl focal neurological deficit CTA
HAINIARNUTN dissecting segment ey bypass graft
§i patency & 18§l cerebellar infarction (gﬂﬁ 14) ug
wuirfnishedefiunanidn 1¥nnssnuisaeen anti-
biotics N1IVABALABAAILAZ wound debridement

1 o o

UseNl 1 LADWNRAINIAAN GOS = 5

Discussion

Tnanalunsulla skin incision ladnguuuule
MU retrosigmoid vi38 far lateral approach Nnae
1 v a [~ 1 1 @ v o 1
nalWAnn1sUIALRURAS OA taNINAWaEYILY LN
101504 N T% bypass graft bo MNSRNNISHIHA
#lan1 \Am PICA occlusion n1stanz OA wiuliiiialed
Uszlegstiinandniniefinnug ey

neyua AR lANI9HIs R bypass Usz U

AN “W59A8 NS LURLAIANISUNIUINEYIINS anas -

tomosis (bloodless operative field) Waz N13LA

sUN 13 gU85781 3. A N9 CT scan fawe16R B. b A4 dissecting segment of right vertabral artery Uag PICa origin (gn

F5%). C & MY right occipital artery (§NFS%). PICA = posterior inferior cerebellar artery
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gﬂﬁ 14 rgﬁ'J'JEJ'i’]Elﬁ 3. A 77 CTA %aJH6R OA-PICA bypass with proximal occlusion of aneurysm & B occipital artery
bypass graft (§NF5%). WAzWHI skin incision (W13 staples). B L A4 dissecting segment €9AILNADAE AT distal
HRINISHIAR T b (gﬂﬂ‘i‘zdi). C b B left occpital artery bypass graft Las dissecting segment wgluninam

WARINISHIARIWN 7. OA = occipital artery, PICA = posterior inferior cerebellar artery

g‘dﬁ 15 A Uae B U A9 diffuse subarachnoid hemorrhage e intraventricular hemorrhage. C 1t 74 left occipital artery. D

Wae E L MY saccular aneurysm 1 origin of left posterior inferior cerebellar artery.

o I o ) . ) v oA = 5,12,13
ﬂ’lawmﬂmﬂ%msmmm (high magnification) b WLADRAYUSEATISHAN

o & | o o ad o ) S |
WONIMNWLIIWBYNUAUNINABY bypass graft Niae n58l#1vi1 anastomosis TN 149 OA-PICA anas-

'
a

sanu1 lnelawizaenede occipital artery ARAMNGU  tomosis 9 "MATYAB N5 operative field THAWN A

o a 3 a 1 o ) . . .
?jaumﬂmammmﬂmiﬁ/[am WIRNISUALAURD Iﬂ&lﬂ’lil,ﬂﬂl,ﬂ% skin flap &% multiple-layer dissec-
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gﬂﬁ 17 Q"\‘J’Jﬂﬁ 5. A U8% B I AININW subarachnoid hemorrhage Tt CT scan. C 1 m4 lefté occipital artery (Qﬂﬂ‘i?di). D
WAz E U A9 dissecting segment of left vertebral artery 3% proximal (gn#sLan) waz % distal (gnesing)) Ao
origin of PICA (ﬁ?gﬂﬂi) PICA = posterior inferior cerebellar artery
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tion of suboccipital muscles ﬁwﬁmﬁlﬂam’mﬂmﬂaa
muscle bulk ‘L%nm‘i‘ﬁ'lﬂm skin WUU linear incision
wians@MUand aiie LUy myocutaneous flap 8
ﬁg(‘lﬂﬂiL‘TJﬂ suboccipital muscle Liﬁluﬁy’%’]mumﬁﬁﬂ’m
ylRdnesani1siatz OA uazinavinliiin muscle at-
rophy Ra8nINNSEAT AIE1289na N e lAEAS
asanlavnldAnnisuimduse muscle fivers”

fn15Anwlw cadaver wuiin1sianz oA lmeld
“reverse-C” shape skin incision Ine '?ufﬁﬂagl:ﬁ mas-
toid process ¥inl¥ 1x1501a12 OA [sae19d
Usz"nEnnuaziinnisunaiiureviaeniianitaanin
skin incision LWUU hockey—stick5

Skin incision LbUU “reverse-C” shape ﬁﬂ’J’INLAEN
RON15LA skin ischemia lAgLawIzd1g1uaa9 skin flap
WAY AITRI9RALUAS skin incision 1T% “L” shape
ilhgiuaas skin flap ndrendiuazlsiiatlewi skin
ischemia nnsuudpornandndrondis™’

Fo1"graamafiafiae nsfuRwnaaLanauLEn
Mankuldanannniuaznisifuldunnlaelaly
Wndaein (water-tight suturing) uennndn awali
flan1 1im CSF leak 8BNINAUNAKIGALANIAATN
wananiigenalwifia potential space ¥1NNIINT5

1JAKUU myocutaneous flap inl#lanT n15LAm fluid

' o
o =1 v

o o ' o & 4
or blood collection mmamv[,ﬂumimmamwmu 2]

Tnesialun137in OA-PICA bypass Wazvin definite
treatment 518 aneurysm ﬁﬂﬁ]xﬁmiqmﬁ origin of PICA
Feanavinliiie antegrade thrombosis €43 perfora-
tors ﬁagju%nm proximal PICA vinl#gUaefiannisaas
lateral medullary syndrome "’Z’}G‘W‘U 1 iﬂﬂiuiﬂﬂﬂﬂuaﬁuﬁ
(3187 2) wananiiu Q’ﬂqaswﬁé’qﬁmmidamm
20042% 89TNVAINTTHAR IRELanTEBanLTININ
N3142%297 {1381 wikyg1uine1ainaInn1521e
LHaRUSLIMN cervicomedullary junction ﬁauﬂuwam
91NN19QARAWEE anterior spinal artery 310 aneurysm
clip 1380172 cerebral vasospasm4

N195nW vertebral artery dissection Tw15a¥nle
ﬁgﬁ‘g trapping10 138 proximal occlusion of parent
artery11 ‘lmwmmjﬂwaﬂ’uﬁﬁ%ﬁ% proximal occlusion
Hw ausnn Sifles 1 518711958 trapping 1ipeand
intraoperative aneurysm rupture ﬂ’lﬂfﬁ% proximal oc-
clusion 1H150¥ 1A dissecting segment el
vanaals Felae wlngaznielundonisinsanud
fiifes 1 s1efinngluune undenisdiianuiiuas
welunonanniels 7 TWnaen1skee (delayed an-
eurysm thrombosis) “WikWg1%319719LiR1N "3 clip
occlusion agl:ﬁ’lﬂ%’m dissecting segment NnuAiwly
nint ' clip Wamnu dissecting segment N'm‘ﬁl N7

Wi leea1avilA dissecting segment nneluls

gﬂﬁ 18 rglj‘l'J'JEJ'i’]Elﬁ 5.A I B9ATN CTA BAJH1HR OA-PICA bypass with aneurysm trapping WU dissecting segment

nwelU. B WAz C L A9 occipital artery bypass graft (gﬂﬂi%). LA skin incision (i3 staples). OA = occipital

artery. PICA = posterior inferior cerebellar artery
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thrombosis

5UN 19 W AINT5LAA antegrade thrombosis ¥AIIINNTTHT proximal occlusion of parent arterydInNgw4] Blind-alley

formation 1%A135n8" vertebral artery dissection. A N6l PICA 88nann dissecting segment. B n5tl PICA aan

distal fi® dissecting segment PICA 1w flow outlet. C N8l PICA aan proximal h) dissecting segment. PICA =

posterior inferior cerebellar artery

uinasn1sknsa Feanlant n19uRA postoperative
aneurysm rupture nabnNI1sLAR aneurysm thrombosis
BAILINNTISNN proximal occlusion 813LAAAN “blind -
alley” formation R antegrade thrombosis "?gll%v[,ﬂ 09
dissecting segment aufauSanifuawslnanafiazidu
flow outlet 1% PICA ¥138 vertebrobasilar junction (s
19)" §loeann dissecting segment 1w iz
Unadesanisuan'® Snnansdifl dissecting segment
fimwenaninyinlilane distal agdnnie g wis
AgN183N1A2aY distal part of vertebral artery q
ANEINABNTSLENE ¥l¥inIsT | clip Lﬁaqmﬁm distal
Ao dissecting segment %wyinlae1nuazo1afing
L B9aNTISUANSZ1IN9NTSHAGA N5 proximal oc-
clusion of parent artery Tﬁ'ﬁmﬁu aneurysm N'm"?'i B
S0 uaERfanNenieenuaz IR namAeniunisrh
aneurysm trapping

Tunifﬁ‘ﬁ vertebral artery ?Tﬂaﬁﬁaﬂ sacrifice WU
ﬁ?x‘l‘ﬁl dominant ¥i58 contralateral vertebral artery Y
FwIALEn a19fiAa sefiazyinl¥iAe brainstem is-
chemia bA#&931N sacrifice vertebral artery14 kY
WI15841¥" preoperative balloon test occlusion (BTO)

AINTI1BITWAIING - €991AN15Y1N BTO AD 3.7-7% WAz

false negative rate WNAU 7-22% 1wnSe internal
carotid artery Iig_gationm‘17 $39813W315847 collateral
blood supply 11 preoperative vascular study
steinberg'* lsisne91un195nwngdUae basilar
apex, basilar trunk LLag vertebral artery aneurysm I
201 s189ilsl 1815a% direct clipping 1a Taen1svin
occlusion 283 basilar artery %38 vertebral artery
Tudwangihefildsunissnulag basilar artery oc-
clusion WALARM ischemic deficit 131% 3 51811 51
518 (5.8%) Imaé’ﬂjﬂﬂduﬁﬁ posterior communicat-
ing artery (PcoA) 11 84819zwIARINNIIWSaLAfU 1
findiuns wonndieainnsdifiaziiin ischemic deficit
NN (26-45%) Twneaulilassyseazifen
35l fetal type of PcoA aalauazsnwInisne
9INTDYARINAII019VILA 1NITOAIAALLANTS
LA ischemia ¥i84AINANT sacrifice vertebral artery
iﬂﬁﬁﬁﬂiﬁﬁ? §1 contralateral vertebral artery awim <
1 finfumIuasfl PcoA 2516 > 1 RaBLNASHI 89919
13861 contralateral vertebral artery 2115 > 1 NAALHAT
WAz PcoA 2wm > 1 Aadinmsegeiaeniiedne axdl
Iaﬂ’l LR ischemia ¥&991n sacrifice vertebral artery

WiaztpanImsainy 5.8% lnagAnwsHAINLE®
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11 PeoA fisinanfiansansinlanasiBuadia fetal type
’Luﬁwuéaﬂ’uﬁﬁﬁwu@ﬂmﬁﬁ brainstem ischemia
89N sacrifice vertebral artery é’ﬂ?ﬂ“f;ﬂi'}ﬁlﬁ con-
tralateral vertebral artery 2W1m bd3iaenI 2 Radiuns
finttesefionie 2 fafiwnsuazlald PcoA 11s a9t
wanNWHoaNnIalTadwit 9195 flow pres-
ervation bypass Wioaalant n151fA brainstem is-
chemia L2%% vertebral artery reconstruction Iﬂfﬂﬁ ra-
dial artery graft (RAG) 8911 V3 segment LUé distal
V4 segment (V3-RAG-V4 bypass) n38ld RAG Aaain
V3 VL‘UQJ\‘I P2 segment of posterior cerebral artery (V3—
RAG-P2 bypass)11

Conclusion

N19L812 occipital artery bagldinAdia “L” shape
skin incision LAZ multiple-layer dissection of suboc-
cipital muscle 'ﬁﬂ‘ﬁl THNI0LANE occipital artery "’Z’%\‘i
fimndudauninnisniednialaedisldgeainuas

14190507 patency 289NABALASR LI LAABNINRE
717119 anastomosis 5ﬂﬁy’\‘1€|'\‘lﬁ’ﬂﬁ surgical field ‘lelﬁﬂ
WnEWNINZY 1i11¥N15911 anastomosis iU PICA 8
ﬂmugnﬁaul,;iue‘ifmfln?iﬁu 96819 patency rate 289

bypass graft ﬁf%m\‘im’mlﬂ A28
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(Case report and Review article)

“Bonnet” bypass to M2 segment of middle cerebral
artery with radial artery interposition graft:
A case report

UL 9 9AI555NLYA, W.U. 2.2. Use MARYAT B3

NANS ﬂ%am%’muqa, N.U. 2.2. U3z mMARLAT As

nuIeUse MMAFLAT B35 AIATIIAALAT BS

AISUWANEAT ATIFTWEIUIE NHTINEIREWINUNTIETY

HIRALNATHAT

UNNNGd
ﬁwuéaﬁuﬁiﬂEm'mmi'%'ﬂm;j’ﬂw symptomatic common carotid occlusion #1728 Bonnet bypass Inels

3 v [=1 3’
radial artery il interposition graft vil¥ contralateral superficial temporal artery HRAITNYIININYW

AutieanaNazmanyu middle cerebral artery b5 SINAU indirect bypass KAZNUNIWITIHUATINALALIAUAIT

Abstract

This article reports a patient with symptomatic common carotid occlusion who is treated with Bonnet
bypass (using radial artery interposition graft for elongating the contralateral superficial temporal artery) and

indirect bypass. The literature related to this technique was reviewed.

Introduction

“Bonnet bypass” v[ﬁgﬂswmul,ﬂm%y’m,l,sﬂfmﬂ
Spetzler uazmnizlud 1980 lelunssnwgiae squa-
mous cell carcinoma “/dllgw?il\‘ﬁf’mﬁ]%ﬁmﬁm common
carotid artery (CCA) Fenits’ wonaNdt Bonnet by-
pass é‘l’@gﬂiﬂ%ﬂ'ﬁ‘%’ﬂwﬂm’w steno-occlusive disease
Tsneflud ipsilateral superficial temporal artery (STA)

v

2-4 Ul s g 1 o
Snee” ™ TusreemgUrsatiuisieewdtiedwim

Y318 NN common carotid artery occlusion
#IN1AI881N15 low-flow stroke WATNUNIWITIO

ASINNLNLINUNISHIAALNATEATE

Case report

AUaeangany 63 U da1n1suanandieaanus
v oo o o 1 1 1 ad
nnfinulaiiie 3 thannan 8InN138auLIIADE IR

L%E]El”] A52399719N18WU normal consciousness, left
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hemiparesis (12 grade I1, 21 grade IIl) ¥i1 brain mag-
netic resonance imaging (MRI) WA magnetic reso-
nance angiography (MRA) WU multiple small
hyperintensity and restricted diffusion area U318 right
frontoparietal subcortical region WaZ right common
carotid artery (CCA) occlusion (’g‘d‘ﬁ 1) Tsmuszdaad
polycythemia vera, hypertension Lag dyslipidemia
91N1580ULIIAE THIWEaE Ja% TN1TaLAws e
NOWEIARATIVINNATENWU normal consciousness, left
hemiparesis grade IV - IV+

Brain computed tomography angiography (CTA)
WU right CCA occlusion e right middle cerebral ar-
tery (MCA) 185U blood supply #1310 left internal ca-
rotid artery (ICA) W1%N14 anterior communicating ar-
tery (AcoA), lawu stenosis of right MCA, laiwu right

external carotid artery (ECA), right superficial tempo-

ral artery (STA) W@z right occipital artery (OA), frontal
branch of left STA H2w1AMAEILAZENI, % parietal
branch faw1mLdn (U7 2)

CT perfusion WU prolong mean transit time (MTT)
(> 8 sec), MTT ratio > 2 and decreased cerebral blood
flow (CBF) (< 80%) fluSiisu right frontoparietal
subcortical area It A4{140192 decreased cerebrovas -
cular reserve LIz hemodynamic failure stage Il
lned1989m 1 Japanese EC-IC Bypass Trial (JET)
study”™® (’g‘dﬁ 3)

Usz1fn hand circulation A28n15%11 Allen test’
#192116 5 Fuf wazenednala 2 i

Operative procedure: ANYT AULUU general an-
esthesia 3nvingUeluninwannane niase 1 ' Mayfield
head clamp (gﬂ‘ﬁ 4) 14 Doppler ¥FLYAI284 fron-

tal Wae parietal branch of left STA wangdnen19ean

g‘dﬁ 1 AL mY FLAIR sequence H hyperintense lesion U3L364 centrum semiovale. B W2 C I 59 DWI H restrict diffusion
U510 posterior WAz deep watershed area H114231. D b 9NN MRA LaWU common, external Wag internal

carotid artery 719271
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gﬂ‘ﬁ 2 ALl m3 3D CTA vLaiWU common, external WA internal carotid artery 919291 cross flow WIWNINTY anterior

communicating artery. B C D E L R4 superficial temporal artery LLazLllhd scalp incision (L y%dﬁ’n'fm)

5UN 3 W M9 CT perfusion WUINHN13AAAIZEY CBF WAz prolonged MTT A2



Neurological Surgery
Vol. 9 No. 1 January - June 2018

25

Wolane radial artery graft (RAG) ¥A991NLa1 RAG
1) G[if pressure distension technique10 Lﬁaﬂmﬁ%
vasospasm 89 graft kG heparinized saline Usu
eadeslusnanusean 30 a9A1 a9 scalp inci-
sion WUU bilateral frontotemporal incision A1H3U (gﬂ‘ﬁ
2, 4) TneiSnfidwinenan asfnn1auwl parietal
branch of left STA Taslusnu frontal lUARAY distal
portion of frontal branch of left STA a1 left STA ﬁg\‘i
frontal LA parietal branch 311 distal part VL‘U proximal
part i STA trunk SNw1 patency 384 parietal branch
1% fiavinsianze Sawudn parietal branch of STA §
awIALEnHn 5919 frontal branch iieiw graft 1
L “WiRAE7 AR frontal branch of STA mAU bifurcation
azls frontal branch of STA #13Used M 10 4u. 18
pressure distension technique L2A%A% %1 RAG N1R8

o o v

Aulane STA IwNfinagiunikoAswerIe end-to-end

31J°7|' 4 1 N3} ' Mayfield head clamp Wa2 scalp

incision

STA: superficial temporal artery
fSTA: frontal branch of STA
pSTA: parietal branch of STA

anastomosis Irﬂtlslﬁ’ nylon 9-0 WUU interrupt suture
9NN frontal branch of STA fiiaSealSusariv dis-
tal end of RAG F78 end-to-end anastomosis LA
Usuiieadeelumuwdneaussanm 30 aer1 1A scalp
incision A1%231 1UR right frontotemporal craniotomy
n58 outer cortex 2adnzlvianAswsliiUnsnng graft
114447 coronal L‘&T’l; craniotomy ‘ﬁLﬁl%EJNH K1l Sylvian
fissure 111 inferior trunk of M2 ¥11N156@ distal end of
STA AU inferior trunk of M2 F18 end-to-side anasto-
mosis (3Ufl 5) ndsanyinissiel “wianFeusas
7IN158WE% patency 2849 WLABAGIY microdoppler
LLAZ indocyanine green Wy pericranium ﬂﬂuuﬁaﬂﬁﬂ\‘i
graft L&UTA dura bHIASA graft 1 muscle patch ¥ia
38U graft U%L’Jmﬁchuzlau dura ¥11 indirect bypass
AIELNATA Encephalo-duro-arterio-myosynangiosis

(Epams)' "% Tpe am dura dswlwnzlnandsus
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Radial artery graft
fSTA pSTA
Mi Al
1G4 STA
5UN 5 U M9 intraoperative finding a4l 59 wN1960L “WEDA LAZNINIAL AINISHBL “WEaR

A1: first segment of anterior communicating artery, ICA: internal carotid artery, M1: first segment of middle

cerebral artery, STA: superficial temporal artery, fSTA: frontal branch of STA, pSTA: parietal branch of STA
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11 deep anastomosis ¥l®N15AaNAIINEINNTN
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wazid Sevn revdawimua Inefinsdnaindueia gelastic 3s 1Tudnvuzisivaasmend awadiai
WazN15M5I3LAY electroencephalogram sinfudwiin1sinaianianianlalisiarfinaianisiaun

nadannite msugUaedniideanfanisdnuimenisinsalaefiuwanienisiiFaRatswen
pwawazsundsrasgnsiandn Ay lelusafingrnnslnandnduwewindny aflawianinnds 3
niansdolae wlngdnld 1ansadisneenlanas Tuuwmwm"fujﬁamwmmﬁnmﬁamq 5 93U
N8 gelastic seizure TiROABEILAT N19ATINAZOI 2iaw WINLHLAEN NUBINISTANIIWIR 37 X 27 X
23 faflans 29lA5UNTSSNWIA28N15a898 radiofrequency thermocoagulation NaIRARLUIEaIN13TNAR
89 90% UNATNAEILAYL wonsHigRzfiasildwnssnenlalusrarfnananilase

Abstract

Hypothalamic hamartomas (HH) is a rare congenital nonneoplastic developmental lesion which often
presents with intractable seizure, cognitive impairment, precoccious puberty and delay development. Gelastic
seizure is the hallmark and epileptiform discharges are electrographically confirmed to originate within the
hamartoma1. Surgical intervention for complete removal or disconnection is typically needed for seizure

control. Size and anatomical features of HH play an important role for surgical considerations.

Giant hypothalamic hamartomas (GHH) are defined when their dimensions exceed 30 mm®. Most of
them are unable to be completely resected. Authors present a case of a 5-year-old girl with intractable
gelastic seizure. Magnetic resonance imaging (MRI) of the brain revealed 37 x 27 x 23 mm giant hypotha-
lamic hamartoma. Post stereotactic radiofrequency thermocoagulation, the patient had 90% seizure reduc-

tion. Review literature of various surgical interventions of HH is also presented.
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Introduction

Hypothalamic hamartoma (HH) is a rare congenital
nonneoplastic developmental lesion composed of
ectopically located normal neurons and glia, resem-
bling the normal hypothalamuss. The estimated inci-
dence is 1 per 50,000 to 100,0004. Patients with
HH often present with intractable seizure, central pre-
cocious puberty and cognitive impairment. Gelastic
seizures are the hallmark and HH is likely to be diag-
nosed in the early childhood. The seizures are gener-
ally refractory to standard medical treatments.

Surgical removal of the lesion has been reported
to be effective treatment to control the seizure but could
potentially damage hypothalamus and cranial nerves
especially in giant hypothalamic hamartomas. The av-
erage size of HH ranges from 17.9-18 mm and when
their dimensions exceed 30 mm, they are classified
as giant hypothalamic hamartoma (GHH)®.

Authors present a case of giant HH treated by
stereotactic radiofrequency thermocoagulation and lit-

erature review.

Case report

A 5-year-old girl presented with gelastic seizure

which began at the age of 4 months. She was normally
delivered at term but had respiratory distress (APGAR
5—7—8) which was diagnosed as transient tachypnea
of newborn (TTNB). She also had developmental delay
after the age of 4 months. She has been having 40
gelastic seizures per day even after being treated with
multiple antiepileptic drugs. Electroencephalogram re -
vealed normal awake and sleep patterns. Brain MRI
showed a well-defined intra axial mass (37 x 27 x 23
mm) occupying suprasellar and interpeduncular cis-
terns originated from inferior wall of the third ventricle.
The mass showed iso-signal intensity on T1WI and
hyper signal intensity on T2WI without enhancement
on postcontrast images.

Due to its size and adherence to the surrounding
structures of GHH, stereotactic radiofrequency ther-
mocoagulation was considered for controlling intrac-
table seizure (Figure 1). The 18 thermocoagulation
targets under Leksell frame-based stereotactic guid-
ance was performed by heating of the tip for 60 sec-
onds at 74-76 degree celsius. After treatment, 90%
seizure reduction was achieved without complication.
HH size decreased from 37 x 27 x 23 mmto 29 x 18

x 15 mm (Figure 2).

Figure 1: Stereotactic radiofrequency planning.
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Figure 2 A, B) T1WI pre and C,D post radiofrequency thermoablation. Note treatment cavity on the right side of HH (arrow)

Discussion

The term “hamartoma” derives from the Geek
word “hamartia” which means mistake or error. It was
first used in 1904 by Eugen Albrecht and later Willis
used this term to define congenital noneoplastic de-
velopmental lesions that are normal in structure but
ectopic in Iocations.

Most of the sporadic HH cases present with vari-
ous types of seizure in 61% (92% had Gelastic sei-
zure), central precocious puberty (CPP) in 63%, and
developmental delay in 49% of 277 cases reported

since 1950. All of developmental delay patients suf-

fered from seizure and 25% of patients had both CPP
and seizures”.

In the review of 11 GHHs by Alves et al, 63.6%
of the patients had seizure similar to non-giant HHs
but only 36.3% had precocious puberty. The lower in-
cidence of precocious puberty in GHH is most likely
due to predilection of intrahypothalamic subtype6.

The anatomic relationship of HH and surrounding
structures can be divided into parahypothalamic sub-
type which is attached to the floor of the third ventricle
with a short or broad base without third ventricular dis-

placement. Precocious puberty without seizure and
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developmental delay often occurs in this subtype. An-
other subtype is intrahypothalamic which is embedded
in the hypothalamus with third ventricular displace-
ment. This subtype is associated with seizure and de-
velopmental deIayY.

HH typically presents by constellation of clinical
features including gelastic seizure, central precocious
puberty (CPP), developmental delay. Scalp electroen-
cephalogram (EEG) shows no change in majority of
the gelastic seizure. Brain MRI usually shows
hyperintense on T2 weight image (93% ), hypointense
on T1 weight image(74%) and 100% is not enhanced
by contrast®.

Delalande and Fohlen11 classified HH into 4 types
for determining surgical approach. Type |. Parahypo-
thalamic type (Horizontal or lateral orientation to hy-
pothalamus without intraventricular component). Type

Il : Intrahypothalamic type (Vertical orientation with

intraventricular extension). Type lll: combined type |
and type Il, Type: IV : Giant hamartoma (picture 3)

In this report HH was classified as type IV Giant
HH (size 35 x 25 mm) which involved hypothalamus,
3rd ventricle and basal cistern. Therefore, complete
surgical resection could not be achieved without com-
plication, and as a result, stereotactic radio frequency
thermocoagulation was considered.

Gelastic seizures and other types of seizure from
HH are often refractory to medical treatment whereas
precocious puberty can be successfully treated with
gonadotropin releasing hormone analog (GnRH). Re-
cent evidence from functional MRI and intracranial EEG
suggest that seizures originate in the hamartoma, in
contrast to the previous theories1’9. Prolong intrac-
table seizure may cause epileptic encephalopathy but

from the recent data, HH is believed to be one of the

causes of reversible epileptic encephalopathy. Surgi-

Figure 3 Delalande and Fohlen classification for determining surgical approach (A) type I: parahypothalamic type, (B)

type II: Intrahypothalamic type with intraventricular extension, (C) Type Ill: Combined type | and II, (D)Type IV:

Giant type
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Table 1 Comparison of surgical interventions
Treatment Number of studies  Seizure  Seizure Cognitive Memory Focal Endocrine
modality (Number of free reduction improvement deficit neurodeficit deficit
patients) (%) (%) (%) (%) (%) (%)
TAIF 5(72) 59 37 52 23 5.5 41
Endoscopic surgery 6(122) 37.7 28.6 9 7 9 29
Pterional, 11(48) 27 52 54 0 18 10.4
Translamina terminalis, OZ
GKS 10(81) 28 59 56 1.2 1.2 0
SRT 5(33) 69 30 78 6 0 36
SLA 5(21) 57 38 4.7 9.5 0 4.7
VNS 3(26) 0 57 69 0 0 0

TAIF: Transcallosal anterior interforniceal approach, GKS: Gamma knife surgery, OZ: Orbitozygomatic, SRT: Stereotactic radio frequency ther-

mocoagulation, SLA: Stereotactic laser ablation, VNS: Vagus nerve stimulation.

Table 2 Comparison of various surgical interventions

Treatment modality Advantage Disadvantage
TAIF - complete resection: Most likely for - Memory deficit
intrahypothalamic and ventricular - Invasive

extension type (type II, Ill)

Endoscopic - Useful for type II, llI - Less memory deficit

- Complete resection: Less likely
Pterional, OZ, - Useful for type |, lll - Higher rate of focal neurodeficit

Translamina terminalis - Complete resection: Less likely

- No memory deficit

GKS - Minimally invasive - Delayed onset of action
- Useful for inoperable case, Type IV - Transient effect

- Less likely to achieve seizure freedom

SRT - Minimally invasive - Transient symptoms from localized edema

- Useful for Type IV

VNS - Useful for inoperable case - Expensive and need long term maintenance

- Not achieve seizure free
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cal resection is effective not only in seizure control but
also in reversal of cognitive dysfunction5’10

Main goal of surgical treatment is to remove or
disconnect hamartoma from the hypothalamus and
mammillary body. Disconnection may be sufficient for
seizure control but no study has compared directly be-
tween complete removal and disconnection8.

Approach for surgical resection can be divided into
2 types

1. Top—down operation: Transcallosal anterior
interforniceal approach(TAIF) and endoscopic trans-
ventricular approach are suitable for intraventricular
extension type (Type Il Ill). TAIF outcomes from 5 studies
(72 patients) revealed 59% seizure free, 37% sei-
zure reduction and 52% cognitive improvement with
only 5.5% of focal neurological deficit. However, memory
deficit is a major disadvantage for this approach which
occurs in 23% compared with 7% in endoscopic
transventricular approach5. Total of 122 HH patients
from 6 studies, underwent endoscopic transventricular
approach resulted in 37.7% seizure free, 28.6% sei-
zure reduction, 9% cognitive improvement and 9% of
focal neurological deficit’.

2. Bottom-up operation: Pterional approach,
translamina terminalis approach and orbitozygomatic
approach are suitable for parahypothalamic type (Type
l, III). There is less data from these approaches than
top-down operation. Conbined 48 patients from 11
studies revealed 27 % seizure free, 52% seizure re-
duction and 54% cognitive improvement without new
memory deficit.

Gamma knife surgery is a less invasive proce-
dure. It is useful for inoperable case especially for type
IV but onset of action is delayed. In large retrospective

multicenter series of 30 patients by Regis et al treated

with 17 Gy via GKS showed favorable outcome. Eigh-
teen (60%) patients achieved significant seizure re-
duction and 7 (23%) patients were seizure free'>"°.

Stereotactic radiofrequency thermocoagulation
(SRT), first reported by Fukuda, is another less inva-
sive procedure. Depth electrodes were placed to monitor
epileptiform discharge after which the tip of the elec-
trode was heated for 60 seconds at 74 degree of
celsiusg. The patient had completely seizure freedom
14 months later. Compared with GKS, SRT appeared
to have a faster onset of action without radiation ef-
fect.

Vagus nerve stimulation (VNS) is an alternative
treatment for intractable epilepsy. Combined 26 pa-
tients from 3 studies achieved 57 % seizure reduction
and 69% of cognitive improvement without seizure free-

dom.

Conclusion

When hypothalamic hamartomas (HH) present
with medically intractable epilepsy various surgical op-
tions are available for consideration. Selecting one of
these options largely depends on anatomical location
of the HH. In case where surgical resection deemed
hazardous, particularly a giant HH, stereotactic
radiofrequency thermocoagulation can offer good

seizure control with low complication rate.
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