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Abstract

The resection of tumors in the midline area often involves the selection of different midline sur-
gical approaches. These approaches inevitably involve the superior sagittal sinus and bridging
veins. If the bridging veins adjacent to the superior sagittal sinus are damaged during surgery, it
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can often lead to stagnation in collateral circulation, which may ultimately result in congestion of
the major veins, severe cerebral edema, and impairments including motor, sensory, and language
functions. To avoid injury to the superior sagittal sinus and bridging veins, many related technical
studies have been conducted. A summary of the research progress is provided here.

Keywords

Brain Tumor, Midline Approach, Superior Sagittal Sinus, Bridging Vein, Venous Protection

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

FORSE TR N VR BEDUNCE . NS, PORSL. RUSEAE, X URHR N 2 X
O AR R 2 o R YR TR S A B T IR SR A R X R, A IR 2 55 AR L RS IR L A
FRIRE S BRI AR URER . R N R . RA SRR DR L SR DU A R A, E SN
P 2 DX TR o T2 DX B R RO UIRR, R R AT AEIE N B, W2 N B N B
L IRAR N B AT VDB, RSN B (A A R G oG 1 B SR T2 Mk, I ROR i 4y B AR
255 (O SCOGPAE i Kk [T, P BORE K TSI, ™ E AR, SHERREIZEEN. BIEAIE 5 ik
W[1]. Dyt et b OIRSE R ik R B 1 VF 2 AHSR IO BORTIT T, B A ORI Uk F A —£Rik

2. 3D-Slicer EERMUNTMES L RRERHFRIKKXFR

3D-Slicer & FH Al K 22 FRR A8 B2 T Bt Bk G R IR — 3k R 2 R A M S AL BT S 30 A, Be i i %
K CT ZMESHBFEBEEHT RGO, B =gRmE FIORSE L IKII6E, b eHE T
3D-Slicer B AF A % 1 CT 8L MRI ) -4k DICOM (I 22507 g ALEAS ) SR AT 2SI s 15 g
SIE P 975 A8 1) 2o AR = A ST AR AL, BETR R 40 = g AR A 5 B R T A R AR SR AT B R
A - R - A, AN REZ: A R R o« X AR R B RO S SR IS 22 S [2] . i
XA, A B E KA LA | A 5 B OOIRSE Rk AR (B S & s RIRAEF R
R, AR EE TR SAURE ) I PR AL SR e B O AR AMRHE AR AL h BOR H B E R,
W R 22 2 KA 4507 1D R B 2 e M1, AT 5 BB RTYAR T R [3] [4] [5]. A % il i B 3D-Slicer
BT 0T v o DX AR R0 TR T IR S - R BB L ) = R, 4 R B L ] VR A S g 5 R
KR, BB =GEnT A, XFIALZA . e i Kk B SR O o6 R LS S A2 A, m] DAIEAT
ARECA AR, T AT MRS I 7 7 ik B Th R X b 4L 2, ek oA v R o FEE B 1 7 i) 080 ) 5 Bk PR 9 B
faFIER, R [EI 8 3 TaE s e -5 R i Bz Joia % Je I /7 2z ) PRt e R 2 DA R S g 1 o 3 35
TeFFNWT A U B K 53 B R e SRR, DA T B R IR o /N ik o9 S 62 S s IR AT BE 6] [7]

3D-Slicer 1EN—FREWE NI 1% ML CT Z M P = QAT E— DA BRI, H =4k 5 R AT LA
ARG MR S F IR S MBIk OC R, 0 TR w38 G 5% 08 kA — e 4R SRR . BR
Z IR GIAE R F AR TR M PRE], =4 MBS R SEDUAR BT T Al N B LR 58 A8 5, (HBEE HR
i — R, Hogeaoklxe®, MEadt—PA, FIhZ A 3D-Slicer 75K K2 1% 8 B #f
ZHMREE IR AR T B

DOI: 10.12677/acm.2024.1461802 502 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1461802
http://creativecommons.org/licenses/by/4.0/

R, R

3. R AP & R SERT B RO AT AR Bk

M| DR 3 A — T 21 A 2 8 — s 2R ekl s RIS e K e K437l o 805 835 nm.
Wk SR A FKE S E AN G, SR E S S A AT SN, EEAIMEIR &R
LR, AR H SO &AM W i 52 . BRONILRT DL R I AN 2 MR A &, e H T4
AMEHE R AR A BRI I TR, H AR SR DAL SR B K S B U 8 . VR 3 kR JE PRAE B 1Y
BT Ja R PE A T A M S GE R TR BT, BT AR ERAERN 9 2 o] DA R N AT,
NG| e 55 2 T 43 FH o P Atk I8 () - AR [8] [9] [10]. 46 151 Fo 3 76 1o fiod FES D) Wi, 420 A fi PSS A0 A0 0L 75 3¢ 5
I FH 6 T AR 7 5 i R e S AR T T, AT DATE AN 45 R A I A PR O R AT )
R BT 1, FE45 7] B VR4S Il g AN LR W [11]-[16] . 75 PR 5] W 3 FH T4 28 SR} i e 88 1) 9T 2
WALFE T H T 500K 52 55 I Fyeg 45 b 28 X oRg i 2461, TR RE R L AR X 2 28 X 7R ] DL B f 52 5500 4
VIR A0 fa A0 5 ik E g s SR I 19 A2 VI BRI v] DL T i B 58 K I A 45 44 S ThRg, T LA
TR LA SIS R LR B A, WA MU AR IR, ST AR AN, MO, PR,
AR EA, HEN SR THFEERE 2, RAeRn AR R M P Mm g, B0 g r i
EWIEE:. ARG TARE, SREAEMER, FILEIHARETESRE DSA (Brmie i &) [17]
[18].

M| DR 5 2 3 5 RE 0% 70 R P S 0 5 B BRI RE i ik R4, Ho o IR IAE . BRI U) T A, 20 hli i
M| o 5 SR 5 R 0 P AR K o B i DA ZE AN 4 JE it . A PR 18 00 1 BB AT s 1R O B A S 1, IR mT
e PPAR IS g A LR 7 1) i A R 1) JF i 47 19 Wk 55 2 34 52t ] DA BE 7 248 1 X 20 i 8 -5 ) L i ok )
KER, TrMEngt, SImE RS, 8RR MR IR MR G R AT W& ShiE 218 nT
PLVPAli A H OR B R K (1) J BB & K R I8 i 1 o AR AT W Wiy S 386 7 A i B 7 P R DAk i 7388 7 1Y) 22
A, T DUERTT G WA DG AN e e, CLR IR 5 A AR BRI R Ik 1 DX 1), (EL R A s W 5 4t i
IV AT R R AR T AAEAR MEE ), BUORIA EOR, R ST C AR 1R i 1 220 B i 58 mT 41
e, AR R G| SRt 5T T AR IR 32 a5 AR BT bR AR AR BN N AW I AEFR AL BOR POE 1), A B
FrAERf e iZ NI T %A 1% T RMFAR. Fx T AR AL T — D g2t r A 42 K ER
55, AR RS T AR O Hi R e B 1 T &

4. ARepiB A E M & MR 75 mFRTE

RS 2 R 2 AN B AL i — BRI G, B AN IS B I I IR LB ) A e
FPA AR AN [19] o 22307 851y 7 e ok e L O A 3 SR U £k 8 75 U8 A I 200 ) ISR v s S B AR P A8 4K, AT B
EEG. @, 2R TR R =AN T A TG DR R 7 AR . =R R
ZHHMBEAR: B2, k2 Mo L . R 6258 n] LIE UG R A
FAERT ), ThAEZ L EE 2 H N EEL L —MER, EERG ERFRRZEPESHIRN, miARE
FERTT o $eR) & U, BN T — AN XIS A LA TEIRFR . ek 2 S a5 R a2 P A MY
A, FTLAPPAGR ], B E T MR AT, SIS A I

TEH RN T ARy 7 IR SE 5E A VIER, AR E AN AN I A Hh & 15 06 1 F /N 1 1L 3 47 P 28
VIBRI PR sk, AR vl 7 s L 1) 07 ) AR BRCVE e R IX — PSR BR AE T Z G FIIESE , YF2 A S &R
b7 AR 7 E A AR I A R R AR R K N [10]-[26] . HE05E 2009 4E, Solheim W 7T T B L
ENTEMA BB T AR N o MRS AR, ERZENENT, ThRZEE AT T IS i3 hkor 4535 i)
HEIMAE, AT PROE 22 At DTSR e, e oK PR b AR AEC 0] B 2 1/ 5 M P 1 3 AR [27] (U, Ao,
IXFPE AR AR TR L 003 AT 5 TR, DA R AR A A 8/ L35 1R B IF O 4% - Otsuki - 2001 £E4RIE T

DOI: 10.12677/acm.2024.1461802 503 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1461802

AR, R

1 BlARHIXRRE, Rt 2 BB H A ) — A BOR . At 1 22 5 5 7 o A B A R
AR IR Dy 52 0 J5 BR A [28]

= 22 B AR BARAE AR R AR e IR BUAE SRR E T, (B % B Bshe, AR A AR
(7 SF S IR A B P U AN 7 ) RS HE DN, I AERIE T /NS I G R, [RII A7 Dy AR ORI Dy 5255 1)
A, DR AR e A Al R AR D — RO AR ML A5 R T B LR G4 5 T RE R B M, (EARESE
DB — I AR R AR

5. RPIEEARB MR BRIG N MLE

KA 16 R B G A B A 18 2 SR B R Rk A, DRI 2R 405Kk /R RV AR I 2 S
0, AT DL AMRFFEAR P E N2 S KA A IS A R FA AR —Fig/R[29]. 2810, KZE0mHRHEAR
FH T A2 NP B 2 8] 0 T AN IE A A N 2B A R HE[30]. Andreas Stadlbauer @i 5| N —F £ S
HoE B AR MRI J7VA[31], F T AR ok 25 s A8 DB A A ) (0 484K . L ah SR Ik VI RR IS
T A FEK B e AR B 1 0. SR, AR R FEEHEK IR A 2, R AR R N, T
A B IN[32] o A IEH KW o R R IAEAT A . IX—S5 R — B MER R, X RAER )
oG 2L 2R HE v R AR S R AEAN I AR A, R B T REA B TEFAR R R B2 A R 4.

VERN— TR ALY FE RO B, RIS 1 tH I 5 22 (1l RS, {H Andreas Stadlbauer 45 2R
NFRATFREH 1 T B ) — T 5T 5 1)

6. B4

PG T A, Rl AR R P R IR TR, ISR 255 MR VIBRIN O b IR SE L2 510
BBk G B, RSO EREH TR B OCIRSESIRER K BOREAT T84, XA s/ #AT B
T FARICIE, PR TARZEME. B EY MHRARIR R, XEEORA S TR, BrisoR
WAL, BE Iy B SRAE LT BR T ROCR .

SE

[1] Duan, Z., Zhou, C., Yan, X., Du, W., Xia, X., Shi, H., et al. (2024) Efficacy and Safety of a “Radical” Surgical Strate-
gy in the Treatment of Parasagittal Sinus Meningioma. Frontiers in Neurology, 15, Article ID: 1364917.
https://doi.org/10.3389/fheur.2024.1364917

[2] Chidambaram, S., Stifano, V., Demetres, M., Teyssandier, M., Palumbo, M.C., Redaelli, A., et al. (2021) Applications
of Augmented Reality in the Neurosurgical Operating Room: A Systematic Review of the Literature. Journal of Clini-
cal Neuroscience, 91, 43-61. https://doi.org/10.1016/j.jocn.2021.06.032

[3] Inoue, D., Cho, B., Mori, M., Kikkawa, Y., Amano, T., Nakamizo, A., et al. (2013) Preliminary Study on the Clinical
Application of Augmented Reality Neuronavigation. The Journal of Neurological Surgery Part A: Central European
Neurosurgery, 74, 71-76.

[4] Low, D., Lee, C.K,, Dip, L.L.T., Ng, W.H., Ang, B.T. and Ng, I. (2010) Augmented Reality Neurosurgical Planning
and Navigation for Surgical Excision of Parasagittal, Falcine and Convexity Meningiomas. British Journal of Neuro-
surgery, 24, 69-74. https://doi.org/10.3109/02688690903506093

[5] Besharati Tabrizi, L. and Mahvash, M. (2015) Augmented Reality-Guided Neurosurgery: Accuracy and Intraoperative
Application of an Image Projection Technique. Journal of Neurosurgery, 123, 206-211.
https://doi.org/10.3171/2014.9.jns141001

[6] HHESLE, PMET, BREEAR, &5, VRS I SRR B JOR 52 55 6 R B T BR R A B [9]. T 55 4 2 0 A A
2023, 31(3): 138-142.

[ WRE, BRA, #hGelr, 5. 3D Slicer =4 S HRLE N DI HE X I T ARG 7 R AMELY]. B R 2
AR, 2022, 27(10): 819-821, 824. https://doi.org/10.13798/j.issn.1009-153X.2022.10.006

[8] de Oliveira, J.G., Beck, J., Seifert, V., Teixeira, M.J. and Raabe, A. (2008) Assessment of Flow in Perforating Arteries

DOI: 10.12677/acm.2024.1461802 504 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1461802
https://doi.org/10.3389/fneur.2024.1364917
https://doi.org/10.1016/j.jocn.2021.06.032
https://doi.org/10.3109/02688690903506093
https://doi.org/10.3171/2014.9.jns141001
https://doi.org/10.13798/j.issn.1009-153X.2022.10.006

R, R

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

during Intracranial Aneurysm Surgery Using Intraoperative Near-Infrared Indocyanine Green Videoangiography.
Neurosurgery, 62, SHC1300-SHC1310. https://doi.org/10.1227/01.neu.0000333795.21468.d4

Dashti, R., Laakso, A., Niemeld, M., Porras, M. and Hernesniemi, J. (2009) Microscope-Integrated Near-Infrared In-
docyanine Green Videoangiography during Surgery of Intracranial Aneurysms: The Helsinki Experience. Surgical Neu-
rology, 71, 543-550. https://doi.org/10.1016/j.surneu.2009.01.027

Kato, Y., et al. (2008) Assessment of Incomplete Clipping of Aneurysms Intraoperatively by a Near-Infrared Indocya-
nine Green-Video Angiography (Niicg-Va) Integrated Microscope. Minimally Invasive Neurosurgery, 51, 199-203.

Acerbi, F., Vetrano, I.G., Sattin, T., de Laurentis, C., Bosio, L., Rossini, Z., et al. (2018) The Role of Indocyanine
Green Videoangiography with FLOW 800 Analysis for the Surgical Management of Central Nervous System Tumors:
An Update. Neurosurgical Focus, 44, E6. https://doi.org/10.3171/2018.3.focus1862

Kim, E.H., Cho, J.M., Chang, J.H., Kim, S.H. and Lee, K.S. (2011) Application of Intraoperative Indocyanine Green
Videoangiography to Brain Tumor Surgery. Acta Neurochirurgica, 153, 1487-1495.
https://doi.org/10.1007/s00701-011-1046-x

Nussbaum, E.S., Defillo, A. and Nussbaum, L. (2012) The Use of Indocyanine Green Videoangiography to Optimize
the Dural Opening for Intracranial Parasagittal Lesions. Operative Neurosurgery, 70, ons61-ons64.

D’Avella, E., Volpin, F., Manara, R., Scienza, R. and Della Puppa, A. (2013) Indocyanine Green Videoangiography
(ICGV)-Guided Surgery of Parasagittal Meningiomas Occluding the Superior Sagittal Sinus (SSS). Acta Neurochirur-
gica, 155, 415-420.

Della Puppa, A., Rustemi, O., Gioffre, G., Rolma, G., Grandis, M., Munari, M., et al. (2014) Application of Indocya-
nine Green Video Angiography in Parasagittal Meningioma Surgery. Neurosurgical Focus, 36, E13.
https://doi.org/10.3171/2013.12.focus13385

Hide, T., Yano, S., Shinojima, N. and Kuratsu, J. (2015) Usefulness of the Indocyanine Green Fluorescence Endoscope
in Endo-Nasal Transsphenoidal Surgery. Journal of Neurosurgery, 122, 1185-1192.

A RE, XER. BIRE SR IERAEMEIN R FEAR P IR AP]. FESSHMEEP A E, 2012, 15(20):
57-58. https://doi.org/10.3969/j.issn.1673-5110.2012.20.034

Tk, EREME, E SR, S MR S OON M IS AR I MR RIS []. R ERUR 2R A SRR A,
2012, 17(9): 388-390.

Vivien Gibbs, D.C. and Sassano, A. (2009) Ultrasound Physics and Technology. Churchill Livingstone Elsevier.

Riccabona, M., Resch, B., Eder, H.G. and Ebner, F. (2002) Clinical Value of Amplitude-Coded Colour Doppler Sono-
graphy in Paediatric Neurosonography, Child’s Nervous System, 18, 663-669.

Rubin, J.M. (1999) Power Doppler. European Radiology, 9, S318-S322. https://doi.org/10.1007/pl00014064

Rubin, J.M., Hatfield, M.K., Chandler, W.F., Black, K.L. and DiPietro, M.A. (1989) Intracerebral Arteriovenous Mal-
formations: Intraoperative Color Doppler Flow Imaging. Radiology, 170, 219-222.
https://doi.org/10.1148/radiology.170.1.2642343

Sure, U., Benes, L., Bozinov, O., Woydt, M., Tirakotai, W. and Bertalanffy, H. (2005) Intraoperative Landmarking of
Vascular Anatomy by Integration of Duplex and Doppler Ultrasonography in Image-Guided Surgery. Technical Note.
Surgical Neurology, 63, 133-142. https://doi.org/10.1016/j.surneu.2004.08.040

Tekula, F., Pritz, M.B., Kopecky, K. and Willing, S.J. (2001) Usefulness of Color Doppler Ultrasound in the Manage-
ment of a Spinal Arteriovenous Fistula. Surgical Neurology, 56, 304-307.
https://doi.org/10.1016/s0090-3019(01)00571-7

Woydt, M., Greiner, K., Perez, J., Krone, A. and Roosen, K. (1997) Lntraoperative Color Duplex Sonography of Basal
Arteries during Aneurysm Surgery. Journal of Neuroimaging, 7, 203-207. https://doi.org/10.1111/jon199774203

Woydt, M., Perez, J., Meixensberger, J., Krone, A., Soerensen, N. and Roosen, K. (1998) Intra-Operative Colour-
Duplex-Sonography in the Surgical Management of Cerebral Av-Malformations. Acta Neurochirurgica, 140, 689-698.
https://doi.org/10.1007/s007010050164

Solheim, O., Selbekk, T., Lindseth, F. and Unsgard, G. (2009) Navigated Resection of Giant Intracranial Meningiomas
Based on Intraoperative 3D Ultrasound. Acta Neurochirurgica, 151, 1143-1151.
https://doi.org/10.1007/s00701-009-0395-1

Otsuki, H., Nakatani, S., Yamasaki, M., Kinoshita, A., lwamoto, F. and Kagawa, N. (2001) Intraoperative Ultrasound
Avrteriography with the “Coded Harmonic Angio” Technique. Report of Three Cases. Journal of Neurosurgery, 94,
992-995.

Ulmer, S., Hartwigsen, G., Riedel, C., Jansen, O., Mehdorn, H.M. and Nabavi, A. (2010) Intraoperative Dynamic Sus-
ceptibility Contrast MRI (iDSC-MRI) Is as Reliable as Preoperatively Acquired Perfusion Mapping. Neurolmage, 49,
2158-2162. https://doi.org/10.1016/j.neuroimage.2009.10.084

DOI: 10.12677/acm.2024.1461802 505 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.1461802
https://doi.org/10.1227/01.neu.0000333795.21468.d4
https://doi.org/10.1016/j.surneu.2009.01.027
https://doi.org/10.3171/2018.3.focus1862
https://doi.org/10.1007/s00701-011-1046-x
https://doi.org/10.3171/2013.12.focus13385
https://doi.org/10.3969/j.issn.1673-5110.2012.20.034
https://doi.org/10.1007/pl00014064
https://doi.org/10.1148/radiology.170.1.2642343
https://doi.org/10.1016/j.surneu.2004.08.040
https://doi.org/10.1016/s0090-3019(01)00571-7
https://doi.org/10.1111/jon199774203
https://doi.org/10.1007/s007010050164
https://doi.org/10.1007/s00701-009-0395-1
https://doi.org/10.1016/j.neuroimage.2009.10.084

AR, R

[30] Brown, J.M. and Wilson, W.R. (2004) Exploiting Tumour Hypoxia in Cancer Treatment. Nature Reviews Cancer, 4,
437-447. https://doi.org/10.1038/nrc1367

[31] Christen, T., Schmiedeskamp, H., Straka, M., Bammer, R. and Zaharchuk, G. (2011) Measuring Brain Oxygenation in
Humans Using a Multiparametric Quantitative Blood Oxygenation Level Dependent MRI Approach. Magnetic Reson-
ance in Medicine, 68, 905-911. https://doi.org/10.1002/mrm.23283

[32] Stadlbauer, A., Merkel, A., Zimmermann, M., Sommer, B., Buchfelder, M., Meyer-Bése, A., et al. (2017) Intraopera-
tive Magnetic Resonance Imaging of Cerebral Oxygen Metabolism during Resection of Brain Lesions. World Neuro-
surgery, 100, 388-394. https://doi.org/10.1016/j.wneu.2017.01.060

DOI: 10.12677/acm.2024.1461802 506 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1461802
https://doi.org/10.1038/nrc1367
https://doi.org/10.1002/mrm.23283
https://doi.org/10.1016/j.wneu.2017.01.060

	中线入路手术中上矢状窦引流静脉保护的研究进展
	摘  要
	关键词
	Research Progress on Venous Protection of Superior Sagittal Sinus Drainage in Midline Approach Surgery
	Abstract
	Keywords
	1. 引言
	2. 3D-Slicer重建模拟观察肿瘤与上矢状窦及桥静脉关系
	3. 术中吲哚箐绿造影实时显影桥静脉
	4. 术中超声测定血管血流方向和流速
	5. 术中脑氧代谢MR成像预测血管损伤
	6. 总结
	参考文献

