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C : Fusion images were created with 3D virtual view. D : Real surgical field. Fusion images reflected

surgical field quite well.
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In aneurysmal clipping, opening the sylvian
fissure is most essential. Only with conventional
or computed tomography angiography (CTA),
however, it is sometimes difficult to decide where
to start the dissection of Sylvian fissure
preoperatively. In this study, the authors newly
developed three-dimensional fusion images for
the simulation of aneurysmal clipping and
evaluated their clinical use.

In 2017, 23 patients who underwent clipping of
middle cerebral artery (MCA) aneurysm were
included in this study (10 man, 13 women: average
age 64.5, range 42-80 years). The average size of
aneurysm was 6.7mm (range 5.0-17.0mm), and
about half of them had blebs. In all patients,
fusion images were constructed within about 30
minutes. Fusion image were created as follows: D
DICOM data obtained from 3D rotational
angiography (RA), venography (RV), computed
tomography (CT), and fluid attenuated inversion
recovery (FLAIR). @ These data were superposed
with imaging software (ZIOSTATION®). ®
Fusion images were created with 3D virtual view
(pterional approach). There were no complications
associated with angiography.

Using the data from RA and RV, vessel images
became high definition and arteries and veins
were quite differentiated. Together with FLAIR
image, brain surface was also well represented.
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The correlation between the actual operative field
and the fusion image was examined. The
positional relationship between superficial sylvian
vein (SSV) and sulcus, the aneurysm and brain,
were evaluated as “well correlated” in all 23 cases.
In 20 of 23 cases, the surgeon could open the
sylvian fissure as preoperative simulation.
Intraoperative policy change was necessary in 3
cases in which there were very thin bridging veins
that could not be confirmed in our fusion image.
The contribution of fusion image for surgery was
evaluated to be “useful” or “neither” in all cases,
and for residents, it was evaluated to be “useful”
in all cases.

3D fusion images with this technique enable the
surgeons to evaluate where to start the Sylvian
dissection to get widest space and also enable
them to take care of small veins attached to the
aneurysms during clipping. Preoperative
simulation with these fusion images was quite
useful especially for the less experienced

neurosurgeons.
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AR, 3 RICHIER & AT RIS 2%, s AR Tl o2 athm EICHH & o
WEPHR SN Y, REBREOBEZ Y v ¥ Y S IICB VT, computed
tomography angiography (CTA) % magnetic resonance angiography (MRA) %
HLl & L7z 3 RIEIHE OB A HE SR T2 ", ZhoDATEYVEY
A IR R BRI JE B D BIR & > o 7o B RS 0 3 IROCHI S 2SR ICIHEETH 1)
M2 EEHB L Twa L REVEy. REBSERME THI, WG & 2=
ol RWICHEBL T FMZHED TV ZLIRITRETH L, FREBROZ L v
MBI & o TIIMHTRGET & 527 2 RVUTHEHB L 72BRIS, 2R S Filiz ED 5
CENTERLRY, WEHERRICEDZEH DR

Z ZTYEBETIZ CTA & ) Z2H s m v 3 RoThIlE w2 A L, S 51
MRI, CT & TR L 72 3 ot ik fg (LUF, fusion Wifg) % FIH L CHyHI
WE217o CTH 0, SREFEAEIHIIEDERT 5 Z & b Z i RIFEIRE O 2
Vo ¥y 7z e LT, Zo fusion MEOHHEIZD W THRE L7720 %0
5.

Il SHRETE

20174 1 A5 12 HE CICHUBETHEEZ V) v € 2 7k &2 JifT L, fusion HEfRIZ

X BWHIIRES %2 4T o 7o KRB P R BEY IR 23 Bl 2 5 & L7z, TS E %
HEE 2 N, REEOT, HERES AN (EMHME14EE LA, 24H 1A, 34H

3N) DFHT AHHIIL 72,

1) AL ERBREZERE

MRI & Ingenia 30T (74U v 7 A - Y x/8) % HwWT 3D fluid attenuated
inversion recovery (FLAIR) % HUf% L 7-. 1% 451, 3D-Turbo Spin Echo,
repetition time : 4,500 ms, echo time : 305 ms, inversion time : 1,600 ms, field
of view : 230 X 230 mm, matrix size : 178 X 288, slice thickness : 0.8 mm, scan
time : 4.5 min & L 7.

CT ix Aquilion PRIME (% / Y AT 4 ANI AT LX) #HO T L7z
B 4et1%, tube voltage : 120 kV, tube current : 300 mA, tube rotation time :
1.0s/rot, FOV : 240 mm, slice thickness : 0.5 mm TEHHFDOKRY 2 — A A F ¥ ¥
Ziro7C.

M HiE Allura Xper FD 20/20 (74 Vv 7 A - Vx8Y) ZHWT41 B
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D [sisE 217, 3D BifRZ IS L7z, #&gHE AL NEEIREGE (BIIRHAH)
DA, HEHHERE20~25mL % 3 ~4mL/s D#®ETHEA L 72, Xray-delay
time 13 HIUFBALITIG U CAE (15 ~38) L7z ##lkEOWGE I EEAIRE 20 ~
25mL % 3~4mL/s THEA LAY, Xray-delay time (& HFALICIG U CEE (6
~10F8) L 7. i oI ARSLMIE, tube voltage : auto, frame rate : 30 fr/s,
rotation angle : 210° T&» V), WI{EFRER S, cube size : 140 % reconstruction,
kernel : sharpen, matrix : 512 X 512 & L 7-.
2) Fusion E{&D{ERK

7 =2 AF—¥ 3 »iE ZIOSTATION 2° (4 4 7 }) &, Bk
AR L7z, 9 DICOM Wif§7— % % ZIOSTATION 2° I2§E% L, FLAIR %%
# e LC3WILMIMEIRE S L O CT % fusion L7z, MR fusion (21&—HHF
WRVEDB LI TH o 72, kB & OFIRIE 3 RoTiImEHse 6, Wb L i
FLAIR BX U CT 25, RV 22— L ¥ 7z HwTlERL 7.
3) Fusion Eiff & AL /= Tl 4% 5t

A% 72 fusion BRI OBLEI TR L, B2 52, RS~ & BriEmic
BIZETE, BIREFIR S RPAREZRIRRE L L7z, T 2 WiRIEBEN IR — N —12
kL, BT ANVT CHETRZREL L, EBEOMEIMETICBVWTIZET,
fusion W% F\ W THHFE IS § 2 IR OMIEZFFE L, €O L TEHIREICEES
5720 DR & M L7z, R RINEIIRIE 12K 9% transsylvian approach Tld /v
o ZRZDOLEA R ETH Y, fusion Hif§H 5 HifSHEEM & HMBHEEM 2 h
ZFhIZIRIE$ 5 SSV (superficial sylvian vein) ZHIBL, SNV E 7 22K DA
CHRTE BHEAE ST = 7 L7z (Fig1).
4) AR

M AERL L 72 fusion W5 & FEEE O FHEHM Y & L L 72, G H X, SSV @
AKE, SSV & i ohiE AR, B & INEEOMERMROF3HE & L. £
NZNOIEH T fusion Hif§ & EBEOMEF & 2 HE L, DUT O 3BRE TaMi L 72 (3 £
ICHBLTW:, 286068002 A, 1R HEVMHABEL TR o72).
A, BUTE DAL o RS R R EE 1 24037 o 7z

T7:, EBROFMTOEBMEICOWTIFICHET > r— b2irv, 35 AH
Thotz, 2H I EHELE VIR, 1H: FHTE) o7, © 3K Tz
L7z, A fusion M{EOIERK & FHMIIC OV CTII U RMGHEBEH S OKRB L ZITTB Y,
LR AR L EZT O T JE & [ R 2 B L7z B ChtifT L 72,
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A : DICOM data obtained from 3D rotational angiography (RA), venography (RV), CT (bone image), and MRI
(FLAIR) was superposed with imaging software (ZIOSTATION®).

B : Translucent skull image enable us to decide craniotomy site preoperatively.

C : Fusion images were created with 3D virtual view.

D : Real surgical field. Fusion images reflected surgical field quite well.
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n. % =R

BEOTIGERNT 645 % (42 ~80m) THMI0A, K13 ATH -7 Bk
BOBRKEDOFEHIE67mm (5.0 ~170mm) T, FPKICTLTE2E-S Twi.
41T fusion BRDVEMAWEETH ), BRIERIZEE L 22K IZ B B T 42 30 7572
WTholz. Fi, MEHCITHND GIHEIZRD Lo 7.

FEELOME & fusion Hi{% & DHBEICOWTIHH & I 5 &, SSV & ki
DOALEBIfR, BRI & INSE R OALEBIfRIZ 23 HIeBIT TS LTwiel &0
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IELERE Patient characteristics and post-operative evaluation about 3D fusion image
Correlation between fusion images and surgical field (blue columns) (3: well correlated, 2: neither, 1: poorly correlated) .
Postoperative evaluation about fusion image (gray column) (3: useful, 2: neither, 1: not useful)

Evaluation Evaluation Evaluation Change
No. Age Sex  Aneurysmal about about about strategy when  Postoperative operator
(y.0.) (M/F) size (mm) number of location of location of  opening the evaluation
SSV SV aneurysm  sylvian fissure

1 69 F 6.5 3 3 3 no 3 Resident (2 nd grade)
2 71 M 8.0 & & S no 3 Specialist

& 62 M 17.0 3 3 3 no 3 Specialist

4 47 F 5.0 3 € € no 3 Specialist

5 42 M 5.0 € € S no 3 Specialist

6 57 M 5.8 3 3 3 no 3 Specialist

7 57 F 6.9 3 3 3 no 3 Resident (3rd grade)
8 77 F 9.4 & & & no & Specialist

9 70 M 54 8 S S no 3 Resident (1st grade)
10 71 F 5.0 8 S S no 3 Resident (3rd grade)
11 58 M 9.0 S S S no 3 Resident (3rd grade)
12 80 F 5.0 & & & needed & Resident (1st grade)
13 73 F 515 3 3 3 needed & Resident (3rd grade)
14 72 F 51 S 8 S no S Specialist

15 65 = 515 3 8 3 needed 3 Resident (3rd grade)
16 78 M 5.6 8 8 3 no 3 Specialist

17 64 M 6.4 8 3 3 no 3 Resident (3rd grade)
18 73 F 7.0 S S S no & Specialist

19 65 M 5.0 3 3 3 no 3 Specialist

20 58 F 6.1 S S 3 no 3 Specialist

21 54 F 8.0 3 3 S no S Specialist

22 77 F 5.0 1 3 S no 2 Specialist

23 59 M 7.0 3 S S no S Resident (1st grade)

Ml THh o7z, D INVET ZARE LT & S AR (BTEZEM, #IRRE, M
VHIEMD) ZANRIS I 2L — ¥ a3 Y CTHREL TH S FMTICERA 72K 5, 23 B 20 B
THMHT S I 2L =2 a3y B ) OB TR TH 57243, 3BITEMHDT AT
BLETH -7, HEEEOHME LT, 3H1L DMTATHECTIIMRTE b -
72IEE M SSV RBUEFFIRDAFAE L T /2720 Th o 7.
FMCTOEBREICOWTIREFTEHTH -7z, bLLIE, EbHEIvihn
EOFHEiTH Y, HFMETIIEBTHHE L O TH o7z (Table 1). LLTF IR
FIEB 2R T 5.
1) EH9: 70 RSB
FEH R BY AR - R AME 22 =2 T 1) Z\ZAEE T % 6.0 mm KOBYIRENH LT, &
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Fig.2

A ~ C : 3D fusion image, D ~ F: actual operation view. Brain surface image (A) matched to actual surgical field (D) including
SSV as well as middle cerebral artery (M4) (white arrows). The shape and location of aneurysm were accurately
predicted in fusion image (white arrow).

RISEMISEBASEC 2 V) v ¥ ¥ Zfii %47 - 7. Fusion W{R T 3 &0 SSV #70, i
MR IFBOALE S ANTHICIEIR T 2 Z LAMREE 2 ), Y Ve ZARDORHKOFIEE
AR 35 2 EATRETH o 72, EBROFMTD 3KD I VT Rk A E
TE&, T4 fusion Wi{R & FBEOFT R TH Y, fusion Mif%k & 7B o MBS 1Z
BIfCH o7z EBEOFMTIE, METOME EB 0 2V e ZEIkOHEEH W HE T

o7 (Fig.2),
Iv. & ®

PEAE OWFZE CLEBIIR & MR OLEBIFR D L IXBIIR & 5 DAL E AR ICE H LT
R EIRIC OV TOMEIIZ VA 77, BIROFH % EHEAT - 728513 D Y
3WIT CT MEHHE THHMEZ LR 5 2 L THBROKXNITHETSH 575, FhE
N—IEHTOMERTH Y, MATHEOLRIINETH L. H 7 — TV EHWZME
B IMATEIRE DIERIIIREGE N TH 575, HEROERITHED 2 RITHE{ETH
D, HIR1ATOOXBNIHEETDH > 72, 4 EIFK 4 AMER L 72 fusion {51 Bk
DIRTEGIED HEAADI &, FIZI VT AHRZIZ LD & T 5ERRICON
Th, HIEEHRT AR % &0 CTHBEICHEDS T HETH 5.
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A : Brain surface image.
B : Fusion image around the aneurysm. We could predict two veins (white arrows) sticking to the aneurysm preoperatively.
C : Real surgical field. Two veins really adhered to the aneurysm (white arrows).

A : Brain surface image in 3D fusion image.
B : Real surgical field. A small vein (white arrows) existed that could not be detected with
fusion image.

BRI O TS BV CHIRIEG I X 2 SPHEOMEIEZ < P77, R A PHER
DORD SN D RBRBIRE OB B CHIROEAIEETH S . SHFk4
AERE L 72 R BE @ fusion W% % W 72T ai MG E, v €y 220+ 45
RBERERESL, RO EBMERBEOET NI BIRIG I L3 TE b L
EZOND. FLMPCEEIRD G5 T 5L TR TH 2720, fiEhl 18
D X ) HITHEAE T B MEDEIRAFIRS, BIRTDH 256, TOMEREIE
LV ECIHMICHETTE AR b H D (Fie.3).

BRI 2 ) v €V BV TIERE L W) BEEOH 2MEEITH L)
B L im0 Rh2sd 2205, MENEROFEICE ) MR IR, 3K
TCERDOARGRAECTHFEDEIMIHE T L, ThAEETMICELTH
WHREICBWTIX) FHEEZEZ S (Fie.4). FAFRLTB LA, HBETIEBIIRE X
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WAPSZ )Y EY THNEL VI AF VAT L, MEWNERE L #T L
TR R & 7 5 BRI AR IIIEBALIC b b T 2BIE R 2 T->TwWb. 4
B & M PRB DO NA 7)) v FIFEPEZ T 2 a2E2 5L, MNE
PR I EIREZ R I L ELRETH ) DD b L ER 5.

— T TARMIEICBWT, 23BF 3B TIEI NV E T ZAREOBKICB VTR D
SEFEPUETH > 72, MEBEREROWG T 4 I 0 7RG MiEIC L - T,
BT O fusion MR TIX & H X ENBVIMEHENDH D 2 L 28k L TB L LEDR
HorEbhi. 72, FEEOWME T OTECHE R D720 DFG D)7k
% UK fusion B A TIE T, BEVSELWIEIHD, EBEOFMIIHZ5
T3 fusion Wi{§ % F\V 72+ ARG 217 o 72 L CTRIG L, Mihid2o¥To

HCHALEEZIT) SEWHFETH 5.

V. I‘:ln:

=111
)|

3 RICTIHE I 15 2 R U 7= 480 5 SR Ay rh iy 3 2 R RV RO L, IR IESS 2 1
LdE L-AHEDTFHICEHERTH 5.
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