R G R 28 e e 4k ki 20254 3 H A 25 B 3 0 Chin J Contemp Neurol Neurosurg, March 2025, Vol. 25, No. 3 . 215 -

B R 2 HP 2 -

B ik B S B R AE PR i TR A L R R B

F—T RERH KFHE NG KR HFE IR

[(AZE] M|REF HEPEARMA TR BEEOR 1Y & R RO b2 S0 RE2 H A, 1 I 2
ARAE 3 P4 BRI 2 SR T R v e B B TR T, PR B AR Bl Bl el 22 SR TR A T AT 1 A S
FHHE K 2 B Bolm R B8, 3% 99 4] 2024 4F 1-12 ] 7E 35 46 K5 B Jm 4k st i 4R K B
1 e AT A 28 M RE T A 10 T I 0 2 T C L 090) PN 3l Dk (2 810 AN R T 0 ik 4] 8 O 3l Dk 5. 1M 2345 FiE
L) B, 0 I3 45 A2 I 2 ot 28 0 980 DD BR AR 330 0A) 8l ik - I 2 3l 8l ik sl Jok o ke P A R 358 8l Jik (CCA) -8
B Z K (SA)FEARA 5 5 AR5 AR 2% B0 52 A Surgical AR {4, 3 F HoloLens 2 & i 47 AR i 8
3 LT AR S B7R 5 SEBR T AR BRAE IR G 52 15 5 B X LY, o 1 o 48 i 0 S5 B0OR B )
MEIPETARMIT AL, SR (1) HTEE ML H R VIBRAR - 5 AR 58 B 52 5 AR B TR (B 8L TR ) %
Vo, 2P TR SE A E AT LR TG A B TT /5 P9 B8 5 BE P )N B T8 D9 iR A 5 A0 U B B0 e A 5
i, AR iRl 2 R A SE I, R S TR 22 D) BE X House-Brackmann 7025 1 9%, {H R % 83 A %001 J1 5 KRG 1
YR CT 5 R HASE DL R v S B T WL TE B I 2% S s RS 61 H BIC R Rankin 38 (mRS) 3538 243 .
(2) BN Bl ik - 5238 3 Ik 3 kO Je AR - 5 AR TR T AR X 1L, S2FR TR 58 & = B ME B AMUA BT
L S B IS PR 5 Y 5 Sl DO BT e P 18 T AR G B 5 RS =2 CTA SR AT C W i 28 5 s RS 6 A
HIREACRE 6 T T LA 8 T, mRS PEA & (3) 3L 2l Ik 2 3l ko Je PR A < 4R 3 AR Al
RRALNZ5 2R, 22 ME U 6 Xk 5 Joi o 350 1Y) I e B 52 40 HLR 35 T 1 AL 5 4 e P 4l koo O 4 4 XU R i )
Sk P1BE, B2 Ve W] WAL T 40T AR ; 56 BR TR o gt 5 28 HE A B, 70 2 S 58 22 3N 8l Bk -8l
IR ot £ ] it A e S G ) ik A Bl Jhk R L I BT Sl IO 5 RS 6 S H mRS PE A % S M 2 T REIR &L R 4 o
(4) CCA-SA FEFF AR : AR v i 3o 38 538 0 S5 B Ky By 200090 o B2 LAY ol A5 MR 3R a2, 3843 I o 508 5l Jok R 43
BN ENK, N LW G ARG =48 F A CTA RLR A L4558 1% 5 88 Sk IR R B A, AR F B il FE 4k
HIEH ARG 6 M H mRSTFDNE . Bk 3R L EOR M T2 S0 F AR AR T AR KK T AR
AR G| 5, A B T 7 AF B2 00 e BRS04 A s 45 4 4 2 >0 il 2, RO S SR Y I R A (B AN T R 1Y
IVASEN B

(kggim] HEmBLSs; SURHME:  SIRshlkR: MWESREFAR

Application of augmented reality technology in the surgery of skull base tumor and
cerebrovascular disease

GUO Yi-ding', ZHAO Ben-qi’, ZHANG Pei-hai', LIU Yong’, CHEN Gang*, YANG Xue-jun', GUO Yi'
'Department of Neurosurgery, *Department of Radiology, Beijing Tsinghua Changgung Hospital, School of
Clinical Medicine, Tsinghua Medicine, Tsinghua University, Beijing 102218, China

*Department of Neurosurgery, The Ordos Central Hospital, Ordos 017000, Inner Mongolia, China

‘Department of Neurosurgery, Zhuhai People's Hospital; The Affiliated Hospital of Beijing Institute of
Technology; Zhuhat Clinical Medical College of Ji'nan University, Zhuhai 519009, Guangdong, China
Corresponding author: GUO Yi (Email: gya01246@bich.edu.cn)

doi: 10.3969/j.issn.1672-6731.2025.03.008

FEAIH R E SRR R B H (T H 455 : U20A20389) 5 1 A2 Rk 2 K5 o 5 2 RHOIF R g 0 H (30 H %5 55
202271LB007) ; T 56 K 24 B i b 50 3 A4 B B2 Be it 95 4 & 52 0 H (951 H 455 : 12024201017)

P B £ 102218 35 A8 K 4 B Jb 50 05 AR A< B B2 B i 22 Ah B (58— T 3k 5T M2 4 S50 TRAT I W R (R R
Fi) ;017000 N5 [ 3E X SRR Z Wi i s B B i 22 AN RHCRI BB ) 5519009 ) A8 BRI T N R ER B b nt 38 TR 4 s B
Bt 5 R K 2 TR VA e AR 25 2 e 4 22 MR (BRI

HIAEE 5%, Email : gya01246@bich.edu.cn



216 - o [ AR T 2 2 7K 2025 4F 3 4 25 44 3 1)

Chin J Contemp Neurol Neurosurg, March 2025, Vol. 25, No. 3

[Abstract]
digit-intelligent neurosurgery becomes mature and augmented reality (AR) technology shows great potential

Background Neurosurgery developed rapidly with technology advancing. Concept of

in future neurosurgical operations. The feasibility and applicability of AR assisted technology is currently
the most important topic in clinical research. Methods Four cases engaged from January to December
2024 in Department of Neurosurgery of Beijing Tsinghua Changgung Hospital with vestibular schwannoma
(one case), intracranial aneurysm (2 cases) and subclavian artery (SA) occlusion caused vertebral artery steal
syndrome (one case) have been conducted tumor resection, internal carotid artery (ICA) - posterior
communicating artery (PCoA) aneurysm clipping and common carotid artery (CCA)-SA bypass, respectively.
Using presurgical imaging data-based Surgical AR reconstruction on the HoloLens 2 platform, preoperative
planning, surgical simulation, and intraoperative display were conducted. These were then compared with
surgical practices and postoperative imaging data to qualitatively evaluate their effectiveness in assisting
neurosurgery. Results 1) Vestibular schwannoma resection: compared to the preoperative AR assisted
simulation, we fully replicated the procedures of retrosigmoid approach craniotomy, removal of the posterior
wall of internal auditory canal, and the exposure and removal of the internal auditory canal tumor during
surgical practice. Facial nerve function was preserved intact during the surgery and reached House -
Brackmann grade [ , but effective hearing was not preserved. Postoperative imaging data showed non -
significant difference compared to preoperative simulation and surgical practice. The modified Rankin
Scale (mRS) assessed postoperatively was 2. 2) [CA-PCoA aneurysm clipping: compared to the presurgical
AR assistance, we fully replicate the procedures of lateral supraorbital craniotomy, removal of anterior
clinoid process and the exposure and clipping of the neck of aneurysm. Postoperative imaging data showed
non-significant difference compared to preoperative simulation. Postoperatively symptoms such as eye pain,
ptosis, and double visian were completely relieved and the mRS was O after 6 months. 3) Basilar artery
apex aneurysm clipping: based on preoperative simulation, we opted for the orbito - zygomatic approach
during surgery to provide full exposure of the aneurysm neck and direct visualization of the bilateral P1
segment of posterior cerebral artery (PCA), offering better safety compared to the subtemporal approach. In
surgical practice, lateral sulcus was separated, basilar artery and aneurysm was exposed and clipped via
carotid spaces. Postoperatively occlomoter nerve was well recovered mRS was 0 after 6 months. 4) CCA-
SA bypass: critical muscles and vessels on the neck were located intraoperatively on the body surface with
AR assistance. CCA and SA were fully exposed and artificial vessel was anastomosed. Postoperative CTA
3D reconstruction suggested the blood flow was patent. The dizziness did not recur, and the blood pressure
in the upper limb on the affected side returned to normal. Postoperative mRS was 0 after 6 months.
Conclusions  The application of AR technology in neurosurgical procedures allows for preoperative
planning, surgical simulation, and intraoperative display. It aids young surgeons in quickly understanding
complex anatomical structures and shortens the learning curve, holding significant clinical value and
promising application prospects.
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Figure 1  Comparison of preoperative AR assisted with actual images of vestibular schwannoma neurosurgery
Preoperative simulation of right retrosigmoid approach craniotomy via CT 3D reconstruction (Panel la). Removal of
internal auditory canal posterior wall via CT 3D reconstruction (Panel 1b). Tumor exposed after posterior wall of
internal auditory canal simulate removal via MRI 3D reconstruction (arrow indicates, Panel Ic¢). The range of
exposure for internal auditory canal posterior wall after removal (Panel 1d). Intraoperative visualization of tumor after
removal of internal auditory canal posterior wall (arrow indicates, Panel le). Intraoperative visualization of facial

nerve (# indicates) and trigeminal nerve (*

indicates, Panel 1f). Intraoperative visualization of opened internal
auditory canal (yellow dotted lines indicate) and intact facial nerve (blue dotted lines indicate, Panel 1g).

Postoperative facial nerve function was House-Brackmann grade | (Panel 1h).
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Figure 2 Before and after surgery CT 3D reconstruction findings of vestibular schwannoma  Preoperative CT 3D reconstruction
showed internal auditory canal (long arrows indicate, Panel 2a—2c¢). The range of AR assisted of internal auditory canal removal
(short arrows indicate, Panel 2d-2f). Postoperative CT 3D reconstruction showed internal auditory canal (long arrows indicate)
and posterior wall acutal removal range (short arrows indicate, Panel 2g-2i).
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Figure 3 Comparison of preoperative AR assisted internal carotid artery (ICA)-posterior communicating artery (PCoA) aneurysm
clipping images with actual surgery Preoperative CTA 3D reconstruction showed the ICA-PCoA aneurysm (arrow indicates) occluded

by anterior clinoid process (* indicates, Panel 3a). Preoperative simulation of craniotomy surgery via CTA 3D reconstruction (Panel
3b). Preoperative simulation of surgical position and skull via CTA 3D reconstruction (Panel 3c). CTA 3D reconstruction of aneurysm
(red dotted lines indicate) and anterior clinoid process (yellow dotted lines indicate) in craniotomy simulation (Panel 3d). CTA 3D
reconstruction of anterior clinoid process removal (yellow dotted lines indicate) and aneurysm neck exposure (red dotted lines indicate,

Panel 3e). Postoperative CTA 3D reconstruction showed incision and bone flap (Panel 3f). Postoperative CTA 3D reconstruction
showed anterior clinoid process removal and aneurysm clipping (Panel 3g).
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showed orbito-zugomatic of bone flap (Panel 4g).
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Figure 4 Comparison of preoperative AR assisted basilar artery apex aneurysm images with actual surgery
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reconstruction showed basilar artery apex aneurysm (arrow indicates, Panel 4a). CTA 3D reconstruction of simulated orbito - zygomatic
approach to expose aneurysm (Panel 4b, 4c). CTA 3D reconstruction of simulated subtemporal approach to expose aneurysm (Panel 4d,
4e). Intraoperative visualization of aneurysm clipping in orbito - zygomatic approach (Panel 4f). Postoperative CTA 3D reconstruction
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Comparison of AR assisted CCA-SA bypass with intraoperative findings
AR assisted neuronavigation registration process.
preoperative images of a patient’s skull and vasculature with the patient’s actual anatomy during surgery (Panel 5b-5d).
incision design (Panel 5e). Intraoperative visualization of ICA, SA and artificial artery bypass (Panel 5f). Postoperative CTA 3D
reconstruction showed the blood flow was vibrant and arterial steal syndrome was eliminated (Panel 5g).
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Figure 5
presented with arterial steal syndrome (arrows indicate, Panel S5a).
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