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WMPETIE, I EREIIRIE 7 &R AT S
NBERNCE, BETEICT—TF— X — FrpZefl
3D BRI E TV (3D ET V) ZAERL, FHEMl
ARG 24T > THRICEHA TE Y, MiEnc B
R BE 2179 2 LT, BERERRR A HE
OhBEEZ HIEL TWw5b. 4, vertebral artery
and posterior inferior cerebellar artery (VA-
PICA) # X9 % 3D €7V & M\ il i Bt
Z 4wy, X vertebral artery (VA) # 4L 72
77 —FHETHH I 2L —TarEBDIC
B2 GRS 2 15 5 N7IER 2 R L 720 T,
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3D ETFNWVIEBEMO ST ETER L, BEMIZLLT
DEBYTHZ Y. EHATH7—213 3D digital
subtraction angiography (3D DSA) @ digital

imaging and communications in medicine 7 — %
T, W{RMENT7 7 r— 3 3 ¥ ziostation2 (A
V7 bh) TF—FWH%ELT9. Ziostation2 T
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3D ETFNWVICRLERIMET— ¥ 5K L, MET—
yeEfRriiksE, 2o T—% WAL,
MAEREZ VRS 2 2 & THEMINE 7 — ¥ & 58K
DL ZOHZEREAME T — ¥ % standard
triangulated language 7— # \ZZ&#B L OH L,
3D 7Y ¥ % Form 3 (Formlabs) DX 7 4 H
— 7 b Preform (Formlabs) ZfiH L, #m#%IC
Form 3 CiE%479. #E L7z 3D EFVNEHO
LY v %K#EL, Form Cure (Formlabs) % i
L72GHS CRALIESE 21TV, R — M2 kR
LT 3D EF VAT % (Fig. 1A).
Wiy I 2 v—3a Vi)

ty M7y TREBROBHRERTHEM LT3, 2
ETEIIUE - HELZDOEFNHEL TN, 7
L — Y IEHEHEE (Fie.1C) TIZHEEL TV 5.

BDETFNOEMMIZY a4 7 & & e L
(Fig. 1B), 6 Fr 4 714 ¥ 7y —Z (GS) =&
T A, #m\T, GSHWIZ5Fr % 7213 6 Fr distal
access catheter (DAC) % #fi A L, DAC NI,
HDY I 2L —Ya Y HECEDLELZT/NA X
AT A (Fig.1D). R I 2L —¥ 3 v T,
EAEEL LT A 27ah 57—V (MC) Bk
Wil <A 70k 4 F74%— (MG) #4E 1Ist
coil DA RFEFR, AT ¥ b A R & RPHIEREE
B ENVWRTH L. EREOHBHEE TN AHA
AHEZOTHARMIIHGEEST 52 ED3TE 5.
G BN

4~a], posterior inferior cerebellar artery (PICA)
BVA»SBBERMETHIEL T, 2»2BRHM
neck M KER5AS PICA 1553 L T\ B 5ER] % 3
WL 7z, PICA IZ neck 2363 L T\ B 4EH Tl
PICA A7 & &) IR 98 AR G ¥ % & & L 72 stent-
assisted coil (SAC) T BUIf 2 BHE B
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IEEE Preparation of the hollow 3D aneurysm model and preoperative simulation setup
A Overview of the hollow 3D aneurysm model creation process. The model is generated from 3D-digital subtraction angiography
(3D DSA) data using image processing software, followed by 3D printing and post-processing steps to obtain a patient-specific
vascular model. B-D : Setup for the preoperative simulation under a biplane angiography system.

SRTW2H Y, PICA 4 IEf BEAS 208 7 35 &
ZERBESENEL 2D, DX ) RIERTI,
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BURIEE © 31912 /E VA-PICA B % B S
FEHBIE 2T WR A CHER L T 220 B0 J7
st o7z,

Wifgr i © Digital subtraction angiography
(DSA) T A 55 mm/neck £% 29 mm T bleb
Z 9 72 VA-PICA %787z (Fig. 2A, B). PICA
21X 12mm T, VAIZAEMPEMMTH VA X
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Fig. 2

A, B: Preoperative 3D-digital subtraction angiography (3D DSA) images. C: A patient-specific 3D model. D:In the ipsilateral
approach simulation, the torque application to the microguidewire resulted in its entry into the aneurysm, indicating a high risk of
catheterization failure via this route. E:In contrast, the contralateral approach allowed the microguidewire to advance distally
into the PICA successfully without entering the aneurysm. F : Further simulation revealed that the initially selected coil did not fit

properly within the aneurysm.

PICA #EALTH/MEL T 7z,

YIab—Yav:3DETNVEMM VA &
basilar artery (BA) Z# &7 ETFNVEEEL 2
M VA 12 DAC 2 L CTAM 2 S
MC Z#FAL, 24 VORTOEKRE XA,
IANDEBET B 72D AT ¥ P AT L CHIE L
7. RIS, EVARLEPICANDOT 71 —F
ZMGIEL 72 Jeui S 2E 2 fiAs Y & 441 72 MG
T PICA BIGH~DH =2 L —Y 3 VIZWHETH
S72H, mUANHED LS E MV T 2T D E MG
BRI NNTE B AL E) X % H 4 (Fig. 2D), [F ]
T 70— F TN & H R L7z

(Fig. 2C).
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BT, RSO T Tu—F 2 MEEL7z. MC
& BA union 2 &% 2 2, MG T PICA % &R
BIOT@EMFETHEDSL Z EAITE 72 (Fig. 2E).

BRI - & RREE TS KRB AR 12 6 Fr

FERIRENIRIC 5 Fr GS 23 AL, &&%~/8
) YAt L7 A VAIZ TACTICS (727 /75—
Fa—KL—3r) &L, £ VAIZ6Fr
SOFIAFLOW Plus (FVE) %% L7 5l
Kt &8 0 12 TACTICS 25 Excelsior SL-10 (H
RANTA A=) BRI
wmmoﬁmMﬁ<H$xbﬁ4ﬁ—>fEPmA
% I L, Excelsior SL-10 % PICA i fi 1< 7 &

L (Fig. 3A),
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X Actual treatment in Case 1
A:The guidewire was successfully advanced into the left PICA using the contralateral approach.
B: The Neuroform Atlas stent was deployed in the PICA to support coiling. C: Then, the initial coil was inserted. D: The final
angiography. E : Digital subtraction angiography six months post-embolization.

L 7z. % O, SOFIAFLOW Plus #* 5 Phenom
17 (HAAFbu=v2) Z2RANEHEL72. Axium
PRIME 3D (HAX Fbhu=v2Z) 35mm X 6cm
Z4fi A L (Fig.3B), Excelsior SL-10 %% Neuroform
Atlas (HAZA FZ A A1—) 3 x 21 mm % BRI
framing # £ L 72 (Fig. 3C). FE & B 1) PICA
WAL, ft4ERD a4 VEMH L T volume
embolization ratio (VER) 28.6% TZEMAZRT L
7z (Fig. 3D). JHM & PHIE X% <, WhEERO
DSA THEaMELZ MR L7 (Fig. 3E).
sl 2] 40 AR, Y3tk

BRI © BRSO B OETS A CEIIRE 23R
WIh, HBBIELTV, BWAREO7zOHBHED
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Tkl o7z,

WifR - BT A : CTA, DSA T, A%
55 mm/neck £ 3.8 mm T neck JL %12 bleb % £
5 B IRk % % 523 7= (Fig. 4A). PICA ££13 1.6 mm
TEYRI distal neck FRLLE O M A358 < #EAT L
Twiz, VA RALRABREDOMERETH - 7.

YIalb—Ya v il VAL BAEZED:
BDETFIVEMERL, WM VAIZDAC ZHEL,
PICA ~NO M 7 71 — F 13 55 5 f§ FE S 2 T
MG T4 PICA 2 #IRT 5 Z LA TE Ld ol
IANVDHRTOERTIIIA NIRRT 5720,
AT ML E R L7 (Fig. 4D). IR {2 2/
VA» B4 PICANDT 7 u—F %Kk L 7.
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IEERA Preoperative simulation and actual treatment in Case 2

A : Preoperative 3D-digital subtraction angiography (3D DSA) . B: Preoperative simulation using a 3D model demonstrated that
LVIS Jr. could not fully expand at the distal position. C:Instead, it could only be deployed near the aneurysm neck. D : Coil
embolization without a stent resulted in coil prolapse. E: As in the simulation, the guidewire was successfully advanced into the
right PICA using the contralateral approach. F: The stent was deployed, and the first coil was inserted into the aneurysm. G: The
final angiography. H : Digital subtraction angiography six months post-embolization.

MC ¥ BA union Z#& 2, MG 13%55 12 PICA %
BIRL, =L E THD LI EATE 7 (Fig. 4B).
LVIS Jr. (7 )V &) 25 X 17 mm (& neck ¥ £ T
LB TE o 2729, {HEHEICIE Neuroform
Atlas #3#IR L 72 (Fig.4C). F 72, Axium PRIME
Frame (HAXA Fto=v %) 5mm x 15cm 2%
Ist coil T@#EYI I A4 X EMEREL, W7 7 a—
FTD SAC DA &) & FIlkr L 72.

TR ¢ AT SRR T IS A R BRI 5 Fr
Axcelguide (B#A 71 F v b), £ EBEIIRIC
5Frva—hy—RX%HAL, &%) 1L
L7z, £ VA EMEIZ 5 Fr ENVOY (Ya >y .
IYF-TVarvy) 2REL EHTTHIRIC
¥ ® L 72 5Fr Axcelguide * 5 DAC & L T
Guidepost (il A7 4 VT ¥ 27 y) %/ VA
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WD 72, £ VA Z#H L T Synchro SELECT
B £ U Excelsior SL-10 %45 PICA # 7 ICFFE L
7z (Fig. 4E). KI|Z Headway 17 (5 V&) %
PHEANFEL, YIal—TarEBhicafn
##fi AL, Neuroform Atlas 3 X 21 mm % JEBi{%
\Z framing Z 2k L 72 (Fig. 4F). PICA ZiRiAF L,
FH7ARDIA VAR LT VER 29.7% THEEZ #
T L7z (Fig. 46). FMTMIEOHE % <, MrP4Emk
@ DSA T ¥ ? coil compaction {Z & ) neck
remnant 5 L T\ 5 %%, adequate occlusion 13
R TE T2 (Fig. 4H).
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VA-PICA I3 ZHHZENBIRE D 05 ~ 3% % i
5. LB DM B B 720, SR
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(07 70 —FZEECHETH Y Y, BRI
FERORMDDH B, T4 VERKOAE LD RE
SHTE7245Y, PICA HSEIRE A 5 470 L Tw
% WG D EIER A% {, A IEHR O Y&
LI DOEHTICHRTHPBRY 27 55 <,
PICA X VA OPZE % BINT L6 b #HiF ST
w3,
ISR S, SAC X VA-PICA #i2xt
L TR R A#R S L CAMME S ShT& .
A5, SIS O B R TR 7 7 e —F TR
FUYMNEHBETLIEN LIFLIEEETD 5.
Cho 513 VA-PICA #2BF 3] VA &FH T
A5V MEEDOA) v FELTOAT ¥ MEHIZ
X 1 tight packing S HETH 1), @ZMEIZ 5
LzMmE T, FE2»S2A7 Y b &2EL LD DA
fl VA BHTHELZIES) AT Y MOREBEA
BRREEZ I ENTE, QAT Y MIL2E
TR CE D, LHELTRD Y.
COWMEITHDE, SERERL 72 2 B Tld
VA B TOEFER>ER & 2o 72 BRI
PICA OMENZIETHY), M7 7u—Fdb &
HDTPICANDT 70— F ORIV LETH -
7. 22T, SHEOFERTIE 3D E T IV T O
MEPHEHTHEEEZEZ72. 3D T v & THEFE
L2MEETFNVEFHLYI 2L — 3 Y OF]
HAZOWTRIRED D D, FRICEWROIEH 2210
BEFTVEMHEHLEZMCOY 24 ¥V 72y
ZHEAMNS CHEShTw Y. YpEcid, i
BEFNVE [HER] 12352 LT, MC YA
Yy 7PN S R TN A A4 X OB R,
¢ 72 framing coil MEIRN7 &, L 0 BARK 24y
HiRES 2 e L L7z, 4o VA-PICARDOWE,
WMl VA & BA 2&®7:3D ETVEELZ LT
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G - SRS S50 T Fa—F 2 Ed s 2 &
PUFETHo 7. KB X HICT7 T u—FJk
B 7 REM R TG 2 29 5 VA-PICA 1
BIBEDEFATOYI2L—YaryzEL
7oL, I LAZRY 2.

3D ETFIWVIITHBUGEA R O HEZDS, KA D
ETFNVTIX PICA ® X 9 % 1 mm oI F Tk
R TE 720, &) EEOFMIE AT
NCTE7. BOBELMET 2720, YIalb—¥
a YIFIZ Y ¥ — AW EE % closed stent 2% ¥ L
<, BDEFNVCTHHTREZR AT ¥ MIRAEND
5 h%, JEBHALE R A X ORI E 2 Ao 72,

D& 92, PICA O 45 £ & 23 2 72 VA-
PICAICBWT, Mgy I 2 b —3 3 vidhét
PeE & 7N ZABPUSEBR L 72 AR 13001
VA #HCHB L7 2HEBITH 525, FH2 5D
T 7U—FWPETHILIEMNTH Y Ial—v =
YERITV, TNEMENCHERT S 2 LI
S>THIETHDHEEZ L, MENEHFETIEZTT
WK3ADEFNTOYI2L—Ta VIZXBITHED
HEEDM LR, EEROFMMBROZER, Tk
M & A RO REShTB Y Y,
T 55 PRI SRIR IS B\ T b [ RR DR R AT A &
ns.

LAaL, F#A4D3D ETNWIZITW L DO DE
HAdb. ¥, 74 AFEARO MR 7
INA ZIMEREOEIUEK T TR TE R VWETH
5. EREKEHERT S I & CTI|IIE B L T
W5 A, EWKREIFRIEY LS. Morita 5D
o X ICHLREB OB ) a v AT L —
RWATT B L, TR B BRI B & 0 R
LUENHL Y. F7, FAOIDEFVEMH
L2 I 2 b —3 3 Yid 90% U EodEsl T
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A & B ) OEWOAITZ TN 525, FTrDBED
HERBIT, FKAIZALIE S 2 BIIREI T T34 29 A
W2 & B MERMAEL, MniEtm &5 ) ISHHED
TELRPo7EFOFERL Twab. E5I1I23D 7
) 2y TERTE 84 XIIEHIR2 S 5 7290,
HRRPHEN PO ET NV EERT L L TER
V. S, Bl R X ) Shs oRERDEE
S, X0 FEERICHI L 7268 - rEio
IERATREIC 22 5 L IFES LB,

V. #&

BDEFNTHDYI2L—TaryeBhoxfl
VA #HTD SAC 2318 Tdh > 72 VA-PICA ¥ 2
Bl % #% Bk L 7z. PICA 4 i £ B 25 2188 % VA-
PICABICBWVWTH IDEFALTOY I 2L —¥
g VIR ERE L TN ARRICHEHTH -
72, G, ST —INUELEROFHIC
DIEDTBODRENLETH 5.
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Usefulness of 3D-printed patient-specific hollow aneurysm
models for preoperative simulation of coil embolization in
posterior inferior cerebellar artery aneurysms

Fukiko BABA, Jun HARUMA, Juntaro FUJITA, Masato KAWAKAMI, Yuta SOUTOME,
Ryu KIMURA, Masafumi HIRAMATSU, Keniji SUGIU, Shota TANAKA

Department of Neurological Surgery, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences

3D-printed organ models have been reported to be useful for surgical planning, but there are still few
reports on their applicability in endovascular treatment. This study describes the effectiveness of preoperative
simulation using a 3D-printed patient-specific hollow aneurysm model for vertebral-posterior inferior cerebellar
artery (VA-PICA) aneurysms.

The model was created based on the digital imaging and communications in medicine (DICOM) imaging
data of a digital subtraction angiography (DSA) sample. Preoperative simulation using a hollow cerebral
aneurysm model allows the use of the same devices used in clinical practice, enabling prior assessment of device
selection, such as the first coil, microcatheter shape, and stent.

We performed preoperative simulation for two cases of VA-PICA aneurysms. In both cases, the neck was
located on top of the PICA, and the PICA bifurcation angle was steep. During coil insertion, the coil easily
prolapsed into the PICA with a standard coil technique, so we decided to use stent-assisted coiling. However,
guiding the microcatheter into the PICA from the ipsilateral side was challenging, so we considered a
contralateral approach. Since the contralateral approach is not a standard technique and its safety was uncertain,
we used this 3D model for preoperative simulation.

The 3D models of these two cases included the bilateral vertebral and basilar arteries, enabling us to
simulate the contralateral approach. Additionally, we assessed the size of the initial coil and selected an
appropriate framing coil.

In both cases, the actual treatment was performed as planned based on the preoperative simulation, and
no perioperative complications were observed. To our knowledge, no prior reports have described the use of 3D
models for simulating the contralateral approach for VA-PICA aneurysms.

A highly accurate model reconstructed from 3D DSA images, incorporating the contralateral VA, allowed
for the precise evaluation of our treatment strategies, including the approach route, leading to favorable
treatment outcomes. This patient-specific simulation model facilitates preoperative planning tailored to each
case in endovascular neurotherapy, with the potential to enhance treatment efficacy, improve safety, and reduce
operative time.
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