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The purpose of this study was to introduce our initial experience of using hybrid microsurgery and intravas-
cular surgery for treating complex cerebral aneurysms (ANs) and arteriovenous malformations (AVMs). The
hybrid surgery included a single operative intervention of microsurgical partial neck clipping (neck plasty) fol-
lowed by coil embolization for patients with ANs and strategic intravascular embolization after craniotomy fol-
lowed by removal for patients with AVMs. Intraoperative microcatheter 3D—-angiography, ICG videoangiography,
Doppler sonography, and electrophysiological monitoring were all routinely used. Total obliteration of the lesion
was achieved in all patients without significant morbidity. The hybrid suite is a useful setup which allowed for an
unconstrained combined microsurgical and neuroradiological workflow. Our initial experience introduces hybrid
surgery as a safe and more durable treatment option for the management of complex intracranial ANs and AVMs.
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BT 2 I N FERERT & IEDERT O I T4f7 (hybrid sur-
gery) DYIAFRREERD S, EHEM DI 6 BIAT
MDA strategy & FH DR E RIS OWT, REIIE
BlZ2deR L oW § 5.

AiENARIE (C X9 % hybrid surgery

MR E T O ENIRAT 12 R 3 B FEAHY 7o 10 15 ik s
\&, B clipping i 2> M N coil ZEREAMTDEINTH D,
iECH UG, ZeriAFn 2868 3EEED
ROIMIE NERMIIEIRS LS 2 L%\, — il D
clipping 5 coiling TIHHEREE & T S L 23541%, FHM
BT & N A4 XA & % flow reversal % flow altera-
tion 12 & D BIIREE ~ D hemodynamic stress % Ji U CIfil
KAl - fi M 2 e S HIE 2 & o T & 725309, BlRsR E e
O strategic perforator b FRFICIfE(b L7z D, F 7R
R EB D I L L 227D T2 203D D,
[\ U A= x4 2 iG A A A DFhE O Tl SIRF I (R ©
Hole, THTEDAMAE LT, FabbitbiudiLH
TR RIEENRIE & NEBIIREE IR 2SS BhARE o —
HIZx L C, hybrid surgery DERRIGH %2 PG U 72, Ak
DA strategy 1 clip 12 & % neck @ partial clipping
(neck plasty) 12k D, coil ZEENTBERIZIC, TEIUL
HIETEDNE O side wall type ICBIJ|)E % deform L, flith
A5 52 CHEREH%, 15 I remnant 128 L CTIMEWH
team 7% coil ZEfEfliZ B/ L, total obliteration % 52
WKHHIET 2 L W) b DTH 5. RE2WHIG I - DLl
% 3 EMOMEIIRAEHED 1% (8/778) &, EbdHTEN
TH B, HePhWmICEREE T TI TR
(modified Rankin Scale : (mRS 0~2)]) 2fF5NTED,
S EEICES O ER & RIANZ follow-up ZHiEl) 72\
EEZTHS,

(XRAVEESI

70 4. V@ screening T incidental 12 X
L, RN 22 B R DS & 4172 KT o) i IS B IR S o
iR, ARATRS A CEIIRAE | wide neck T, HlLO coil ZE
F&ffi T 1d tight packing HSHR4E &AW S 4, F 7z mlifillo
P1 perforator 2% dome IZHE&E L T\ 5 Z &b PRI N
72%, hybrid surgery D Ji#t & %> 7 (Fig. 1A, B). /&
? orbitozygomatic osteotomy” D%, Ji ¢ sylvian fissure
% % L C anterior temporal approach T carotid-oculo-
motor space X ) basilar cistern Z#Z3 % &, fiEiOF
MEEB D, FHiD Pl perforator 5 dome & i iz L T
BO, 2RO THMT 2 2 LIEREETH -7, #ie

WA A team 12 & % basilar artery @ temporal occlu-
sion 12 X 0, BfRHE %2 9L L Tl P1 perforator % fiff
AL XD ELZED, EHHTIIEZDO L »iEETE T,
®1x D dome & DIMOWFEE I RE I N7 (Fig. 1C),
FHID perforator % ring T spare L, blade M i3]
® neck ZHZ 7\ > X 91 apply L7 (Fig. 1D). fhihfid
A5 52T tight packing 23T HE 72 LI BYIRME 32 X
NT03 2 EDMERI N7 (Fig.1E), 2D F 1
N team %% coil FEFEM % ifT L, complete obliteration
ZhifEiRt% (Fig. 1F) ICPHSAL CTFEMi2H& T Lz, it
MRI _k posterior cerebral artery (PCA) FE3g I SEJE g D
FEREAIEZ RO 70 (Fig. 1G), FOBEIFTHTEIC
MABSEBEE Lz, BEE TO 1 4D follow-upT coil
compaction 7 & DBEFEMEASHHE IFFZE D T\,

RENEHIRETAZ (ICX T % hybrid surgery

WEEIZ BT B MENIRE T 125§ 2 e iRIg 12, AHA
DHAF I A4 DI HE L T, Spetzler-Martin grade
(SMG)™1~2 @ low grade AVM 12 B L T (3 F#li i
%, 3~5 @ high-grade AVM 1B U Tl M P ZEREAN,
EEMT, & 2 WIEBUN AR & A6 b 7 B2 NG
PRV 2 LGS 5 b DTH 555, THHICHED risk 25
LE b2 H DR, ARUBA study'™ Of 23217 T,
FEAREE 2 R A < I3 B I A NI B RRE)S 2 i LT
W%, 72, low grade AVM 1 TEEMT B C b BAT 70 B
DIREG STV B0, i o) HIfE S AR o g
ZHIWIZ, ZRIIERMDITEE & B b i 2 5EH] I ik
FIIZ A NFERE 2 DR L T\ %, RRICEGE T3, high-
grade AVM 2%} § % staged transarterial embolization
(TAE) D% session %, Z 7z low grade AVM IZ%f L T
MBS0 5 A B strategic feeder O FER:N] % BHUANM &
[FIIRF 12 hybrid surgery & L CTfT9) ilAZz LT3,

bDNOLNDOFEERTIZ, staged TAE 2179 Z ki kD,
KRIC high-flow DIEHITH, fEHIHE D hemodynamic
AL A7 2 & 2> 5, normal perfusion pressure
breakthrough (NPPB) % occlusive hyperemia 7% & O ffitk
BOHED EbDTH AL D999 G 3 4ERTD AVM
73 Bl eH T REF R % (mRS: 0~2) 2fF5 T3,
L2 LERMigoim%z 2 6l (3%) B, Zoaif
i DI 13 ZERE D & i E TORE 2 T & 272178
THEZENEHEEDLN, ZOEETHRK session &
A2 R I ) 2 3AENEEbNn S, £,
AVM 2%} 9 % approach @ JFHI1X, ¥ 7% feeder ¥
drainer # &7 HiE%Z L DT 272012, FIITE 3
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Fig.1 A, B : Preoperative 3D-angiograms AP (A) and lateral (B) views showing a large

wide—neck basilar artery aneurysm.

C : Intraoperative photograph showing a tightly adhered homo (arrow) and ipsilateral

(arrow head) P1 perforators.

embolization.

Q m=mdo

721 nidus 12X LT “perpendicular” Td %X 7273,
AFicX D AVM OREED X b fifbcas g, XD
“tangential” 2% approach T L4 AHE & 72 D, /)N
X 72 corticotomy THfHTIRE & 72 % 72 &, KZE(LICD
FEH LGS, ZDOMHT, lowgrade AVM TH % HIAD 5
D feeder ZHT BHEHITIFEM L b 5,

: Intraoperative photograph showing clipping sparing the bilateral perforators.
! Intraoperative 3D—-angiogram showing dome clipping and deformity of the aneurysm.
: Intraoperative angiogram showing complete obliteration of the aneurysm after coil

: Postoperative T2-WI MRI showing a small infarction in the left occipital lobe.

(CZREIAESI

30 R, BRI D screening C incidental 1258 R
ST/ AVM, $litia% CORAFRIINE, TRUHIEHE, &
FEMTDIERE ST & Z DS IC O\ THEIAZ 32, [EEiT
AL L TURHEMNE 2o 72, AVM O nidus (& 3cm K
THEANER T HIcH D (Fig. 24, B), KINEHER ©L
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Fig.2 A, B : Preoperative T2-WI MRI (A) and contrast CT (B) showing localization of the AVM.

C, D : Preoperative angiograms AP (C) and lateral (D) views showing a high—flow cerebellar AVM.

E, F : Intraoperative angiograms after embolization AP (E) and lateral (F) views showing remarkable
flow reduction in the AVM.

G, H: Intraoperative angiograms after resection AP (G) and lateral (H) views showing complete
removal of the AVM.

I : Postoperative T2-WI MRI showing complete removal of the AVM.
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posterior inferior cerebellar artery (PICA), Mifl superior
cerebellar artery (SCA), #i anterior inferior cerebellar
artery (AICA) &% 2D feeder Z 5%, superior cere-
bellar vein % main drainer & 9 % high flow AVM & 2
X7z (Fig.2C, D). KIMEPARER D S 2, B
SAART D BRI B 52 5 A % strategic feeder % % L T
fiit % hybrid surgery D 58t & o7z, FAiTIEAR
G T RO, I team #34 SCA & AICA % Onyx
T, /£ PICA % coil & N-butyl-2-cyanoacrylate (NBCA)
TERL, 497 flow reduction 735 5 1 7-% (Fig. 2E,
F), HifE% UJBA L 72. Retrosigmoid approach C main
feeder T&H % PICA %W % &, MED red vein 1
iRz 2k L, ICG videoangiography T & |Z1E AV shunt
MHEEL TWD 2 EDMHERI N, MR IC
small corticotomy % i %, nidus O ZBAA L 7. Hifl
JFEAELL, BT nidus DETHER I 17z AICA,
SCA HMFIE I 4, 24 NERIEERE - YIWT L, /%I main
drainer Z#5% L C nidus Z—8L & U CTHiH L 72, aIMmAes
5T AVM D52 MR % iER L CH L 72 (Fig. 2G,
H). #itkfeis iz BirC, MMT@@%%iU&M%@A
FREZ R DT (Fig. 21), MREARERE IR Z  HEIC
SHREEX Tz, BIEE TD 14ED follow-up “Cﬂ%éli/m\
PHIEIZFRO Tz,

Z B

M A S EHE DL D> & A KA - BORINMED IR 1
9" % hybrid surgery DOF] 1%, TIRISHE 2 HIBEERE 2 L0 &
Ly ZEIZDE5, HERD clipping fiilc BT,
neck W 3 2 ZEERCR M Al 2 (L ER 1 I L TR
LTh, fitkicz OPICMEgER AU 72D, i
B2 IET 5 2 L ZIRFICREBR L 7. IR BRI | & 341
BEZz0b00RBIZE2bD L Bbish, FERKIC
B L Tid, neck 3D FEHIFCTIXIRFETE TH, clip-
ping WAE S BIRAE D deform 12 X D, Z DEMT dome

WA LT\ 585978 kinking L 72 D IMATREEIC % 2
EH BT Ebins, KRB ORMKEINREE T Xl
o> perforator & BRI & DEIR 2 2RI 7> TR
95 EIFBHENCIEEATRETH D, TR i
BUFREDIRREDS 2 2 6 AT T 2R H 5. 2D
TR T R R R e gl ke & I 9T, BRI o
deform Z HITIICHI 2 2 AR, FRIFMEHETH->TH
T RS AHEFE T H - 7 EEM D Ig 2 A3 — L, THEREI
y ICHFGCTE AR H 5, MELE %5 W‘E e
B L T3S B DR follow-up OFER%ZF7-013% 5

s, Al L b side wall type ICAEZ S 2 EWTEN
1, coil ZERRATCRE L IS D,

AVM 2B L T, BIAE, multimodal treatment 231A7%HK
e LCESL, ERBOILTIEALTOD Onyx DFEA S
HY, FATIREEZE T 2IEG ORI SE ML <
W 2 EDTREINS, EEimOBEZERObILbILD
FRBf T IS L 2207, R ok R oD A o F6 3
1347 L, Firho IR RS2 50, F 7% feeder
& passing atrery D RO IKG L2 D, fEk LR T
T DB (3HEFZITIR N LT\ %, High-grade AVM O
TR X, fEK 20% BL_E & Ev> morbidity 235 X4
TE Y, ki 3D-angiography, CT, MRI,
ultrasound, ICG videoangiography 7 & DR T 212
JinZ, MEP/SEP/ABR 7 £ &5 4 %" monitoring ?
Wz XY, Fiiogaeridim kL, B staged TAE @
Wk LD, fHICfE S hemodynamic 722 b3 A e 2
ELH T, OB AIMEICH LT, ke
IR 2N SIm SNSRI ETwa Ebn
27 bNHLNDORERTY 2D & ) mEFINFR LTS
TAE O Tiihy SHRIC X D, EEMOMAEIEM EL T8
DO, AVM DRI A S T~ 7 b3 2 nlaEM:

FEH

SRIFER L 72 A8 N & IEEM 2 il Afb 7
hybrid surgery (&, =% 5 0 B RIR < ik Bl S IR T T2 12 0
L, MFMoEHELE»L, iz h =352 LIck
DI ZA X L) L IRATH 2208, HEK
HiE, 2 0T MoREEIEGRHINL ZLICbiRD,
MIHTIC Z DI BRI 7 strategy 122V T, WIS 4+
BHE & BRIMAE NIRHE & o TRl 2> 2 Bk 7% dis-
cussion ZH 5 I L OEBEMEILGE F 7oA\, HINE 2+
BloS80 61%, BB i 4 OBEBEm 5 % Fv» T
MEREFEZ X SR L 729 2 CHEBEICFMEmEZZ T3
2k, fliihbffic OWGRIEEZZ T 5 L E2VRY)T
%56)8).

zis i SCDFE L, 34 M HARKMREAR 2> 7L 2
£ FLF Y —k v yoay THIMPRKImGG EE (%3226111
5H 16 H, KB lcBWTHEHEL ..

AL DI I X OFLFEH I HAREA R AR DR H
THY, HARMENBEZ DA ¥ F 4 VB ?’C i
TLTOEY, HRTAREZCOIIRHY FEA.
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MEDARIRS - ANEDESIRETZ(CXI T D hybrid FMOIRERE—EZMDINSELD—

RE A TTHE4AFT O tHE &BF SR
KRR =E KAHINFE & LA ARE—ER

SHEMBIIRE (AN) B KUNEEFIRER (AVM) [CX9 DEEM & MERFMO RS (hybrid
surgery) OYIEBAERRERIC DV CIRET B . Filild=2HIT hybrid OR Z{ER L, AN fEfITIF clipping
TEIRIBD neck LRI D L& dome clipping Z1TL), 5IEHE remnant [CX LT coil B2 %{To
fc. AVM JEITIFBEEER(C strategic feeder [CXI T D NBCA/Onyx IC KD ERZEITL), 5IE/HE
nidus ZiFH L. fii#(d 26T AN/AVM OFEEIHERDER SN, RIFEFE (mRS 0-2) HE5
NTW%. SHE AN ®© AVM [T ULT, REITIH U T 3D-angiography YERMTHEITTED
hybrid OR DFRAMIFE LY. Hybrid surgery (351 multimodal treatment RHXD—D D&% option &
ED1BD. RRMESIZRAWVWTFHDER strategy ZigRd 2.
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