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Abstract

Due to the intricacies of spinal surgery, there is a high incidence of dural tear leading to cerebros-
pinal fluid (CSF) leakage. Much research has focused on the suture repair of dural tears to prevent
CSF leakage. Now, some novel therapeutic strategies have shown promising effects, including: 1)
creating an impermeable dural closure with the aid of dural substitute materials to prevent CSF
leakage; 2) slowing the CSF leakage by altering pressure differentials, such as reducing subarach-
noid fluid pressure and increasing epidural pressure. In practice, these methods are often com-
bined to treat CSF leakage. However, there is no updated review summarizing the relevant studies
conducted in recent years. This article will summarize the commonly used methods for treating
CSF leakage and introduce the latest treatment methods and mechanisms.

Keywords

Cerebrospinal Fluid Leakage, Spine, Therapeutics

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. 5|8

I TR A AR A MR AR A ) — B W RRE . H R R MR R HEREAE TR 5.5%% 9%I% T in
ZEMHERE TR 13.2%% 21%AE[1] [2]. EIHRAEN EERFEE T FAR PR, 58005 w) 0
SRR AR AR R S . k. Bl XD B . 0 A AN G B
BIE, IRe REY) M DA (B, IR Ry, EE 2 o A R . I 28 55 ™ B RO (3 ]
A ) 25 5% HURE BERZ A PR AR T FARTT B LA R K AE RN 2.1%~2.7%; J& T ARATBOME (R 35 28 1 R 4B
BN 5%~11%;  FAAHE ] BB PR ARG B R ik 6.9%; Ao B R 5 A i IR 5 1 2 DI AR 5%,
KAEZN 1.8%~14.0% [4]. HAFTERNZ, WO EF BT AR TIEEH &1 120%, (EFEE A
HEINT 200% [5], FRHRABERIMER N T HfE P < 0.0001) [6]o B, XA H RIS IR &
BFALER, ARJSFIGTT, STHRIATS PEME TR 858 = CE K.

AR SO ] A A A SR 0% T B ME AR IS B80S (1A DG SCHRIEAT T 4738, gl 1 X JEEME TR R A AR i il
BRI A J By 7 J7 ik, JRPRH T AR TR . B IR — 45k, BATE N BT R EE R
A I TR ) AR S A R =

2. ERIREISHT

1) AR5 W BN A BRI N B0 R ELESE . FARJG, fFa PO —, RIATE 2 i
BRI FEALE -

2) IS RIE L Kk, S SR, SIS HR I S SR 4Ly R A

3) RHESEAFERER B, AR IR NN ROE TN, AR5 51 HE 5 SR 2L oA

4) ARJa 51 HE T R BR AL A

5) AJE A R B AR, 2 T il 9 2L B e R A

DOI: 10.12677/acm.2024.141167 1154 [N =85


https://doi.org/10.12677/acm.2024.141167
http://creativecommons.org/licenses/by/4.0/

6) VI 195 H IR 41 €07 10 0 A S0 Cou B (1) S A 5

7) AR P R A A -

XV R SR N, AT IR SRR ER S R, R g2 Bk . B2 R OAUAAE T
B AN AN R, X2 BT IS IR T BBUB I FTIE 94%~100%, 55 ATIE 98%~100%, I 1E v
B Wil B BGBIR I 23 7]. B T CT BURRELIRIG Y, HE— D M#tE o8], X—RAMiEHTT
G B B R MR G B TR O A7 TE 8]

3. B RRIVETT
3.1. Repf&ad

FEFARERES, K HEAMERR RGBT ARG SR E 27, K&, —WgEs
AN H AT I EIE[9]. SRR TR, Horp 1 RSB R TC ok, 2 FEFROR BRI/ T 1/4
FifE, 3 EFRORBIRT 1/4 AR/ T 2/4 FifR, 4 ARORSEURT 2/4 FAREA B, 5 ERREA
A 0P TRORIIBEE s, RXMEEREES . LA/ BRERS A, WIS, NIERERR, 2F4Ed A T
LA B A8 AR AN 5 A 58] (9]« X Tl B TR - E AR A W A, 38 % — B R RN W sl 4 771 2017
(IR RIS B AE SN AR AR5 IS ST/ ) AEAR TP SOE N TR AN A 240
BN F RS LIA A I o« 2T 4 A A I P S D R AT R AR R A

3.1.1. HIEESE

A SR 1 FERTH 6-0 B 7-0 2228 H iz Aol E 8248 S8 5, 4851 FEE <3 mm, 1285 1 mm [10].
YT 20 3 FEMEEREE, ERRARN . LA, MR & B R RE S, BRI TARAE K T 6-0 B 7-0
LRI E PR, SRR X AT IR B SO SR A, BHEE <3 mm, AR 1 mm. X 4 B R G
FUBOKR, il SHE A RE B 48 &, W DAMESRIR X S5 M R, B NG S AE & R 5% 6
HHEFFHL, TR, DL 6-0 HImTR I as G e AF M Wi BOE S Bl 45, HOKRE VAR TG I 4E & )5
AR SE A 2R 110 G54 T LI 55 VR B Bk s A BRI AL, S NERN G, WITE IR B MW R
EMEAR, FRERY)OSREIRE, BT mRES . TR, SmERrBH. HE,
DRI I e 55 LA R S A DV 3 RS RS T DUREE AL, AN 06 SR BCSR AR 0 s A3 A A8 K 1F e 5
M T [12].

3.1.2. BFEAEHE

AR 2 B E, HERRBN, IR BB R R R i — . @ R E T
ARFBAL I B R RITER — A B H IR I LU, B REKs i I I A B s . 7 B M I A S UB BY ik
WA, BiEM AR B R, SN E T, AR5 AR 6-0 482617 B & MaEa13]. bhS,
A AE AR 2 Th W 7 1k AR i S A E R AR [14]. AR, RTINS K, AFARRE . 5
AR T AHAFIE TRET LR, TREA B T F ARG IIEE A, Ik W4k 25 R 1 AU .

3.1.3. AL# e E

B E W AN TR EEME AR, ROBER[15]. WPREH16]%. KR A RIFrIK
B RV 52 00 Y 0 PR A, TR T R M DU 1) 5 5 /K S R e s, [ .28 ) 0 B IR 4 4.
B E AR S A AR T, AL, AV bL R . TR R B A T R AT P A T I PR
{H B PR AR 25 5 Rk W I R R o JBRDK IR Z BRI A 5 AR ARG &, T ASRAS BT A 801
(151 [17]0 T WEAT P PP fe o 4 T A o P L LR 97 1 PO ot B SR AR R 7 52 AW i 30

DOI: 10.12677/acm.2024.141167 1155 I IR = =23t e


https://doi.org/10.12677/acm.2024.141167

TR, 2T

BER, (HPAE RCRA IR BRI, K B S W IR 4R K & S A T I e (e, AR
B AL F WS SE AT [16] [18]. FARERAE K LW R A B 21 SR AE B R4 15 1 S L 1 48 5 2
AL, R E SR, PR WA IS Y BOHERRE & Y AR, R R AR G 1 e e B
PR A ER RO W I 2 2 THT VW ik 28 5 4 o F T R, R P8 i S B I 2R PO PR T 4 o ot i
FEREA IR FF e B, PRSI ISR K AR 2T 30%, A BIREAR . AR ARSI I ROR T
FERAEFE D, ImRIG ST BCREAE[19].

3.1.4. HAb#HEME

Mammadkhanli %538 3 B FH 2 Bk e 7 BIAIT T 5 IR IR D) T 8, rf B R g YR R A
MBI, I BNIKIE e AEAN T KA KBS I DL N, 34k 1 —Fhaz 4 P it e A 15[ 20] . Faulkner
IR MR SEIG HIE S, EMFEIRKET, KEBREMNESLNHFHEEFEL, JFHAXMHER
BEAE 7K I T i TG R [21 ] ERAR I SR 3 08 F R AU 1), H2 B SMRFRE RIS S, BK&
SISV ST, AREEAMEE A Z22]. PUBR I K X T B I e, 8D AE DRI
SE AT /D H[23] [24]

3.2. RIgiafr

FEIE 25 (1 A B FEEME A 5 1R RO K i, BRI SARIRAL  IEIRS 51 HE A ST 1] LS A
FEE A

3.2.1. FiEY

Xof - 1) S50 i VR IRRE IR R 08 N TSR WP BSr bR 1 N U PTG B 307 S A Bl vy
HI%EA[25]. TEIRPRSEEA, H R FAVEN S RN S B R 35 . IE a1 B s 5 22, NH &
gt e e o] ANl R T A [ 26 BERARATIIN s, TG & /K 25 an B SR B (A, B AR B 00/ i B VR
B, EL[R) I AR O S S SR P L I

3.2.2. EKYIO 51 E)H RASRE

BT IS R O 0 8 A AR G IR GRT 4 B H RREER ISR, IR IRITITTR 4~5 X,
FFURIFI 30 435, BREIARA L 100 ml. [FH H R CBEMERR 250 mg, K 2 ¥K[26] [27]. AHFFL
SR, R BIRA R ARG IS RSN, PRI [ T AR R 4~5 Ko JREARHE AR,
2 A B PR AE B 2 (28]

3.2.3. ER¥RMBET SR

ARG 4 /NS, WORX SIEET 250 ml, FIBCAMEILTE, 28 Rk sl % & 5. 8
TEREBONRIE S0, HENIR B %, AT 20 BIFEMEIRDES L2~3. L3~4. L4~5 WA E 5. @il =
WS IIE B ER:, v DU I R S AR BRI R W S OE BE AN IR R, MR OR TR
EEHIE 100~200 mid. ERCERIETERHER S KRG, TUIRERSIRE . 51RO 0 Eeis)E,
AT AR Rk IR RS N i A o BRI, — T[T 90X Bl T B ) 1 5 AL R ) AN R gk RS s 51 9 A
Jiid, RIVEAEA B A G WO IR g2 2 57, RIEKY) O 5] e (20T f8 2 —Fh i (A
I TTIE[22]

4. TREGHEHE

FESEAT FEMETARTT, A7 05 B0 AT e S BURE A IR R 10 iR Se R BRI — R A TP HE . HR4E Ronen
Blecher FIBTSE, I KRl & 5 00 RO REAE TR 88 S0 oy MU WO - milke s PARERIE[29]. BB

DOI: 10.12677/acm.2024.141167 1156 I IR = =23t e


https://doi.org/10.12677/acm.2024.141167

VIR, ZEHT

AR[30] AMBHEAZ ISP T RSO MAL M fE R . w3 W ReAF A 8 P E L3 1], i
B R B B 45 B R 2K o B TR W0 v A 3B 5 B BB 5 IR IR A % . ) =R T
AL GITTCT ARG AR 1A 0 AR [32], X AT REAE DR N A G T AR % £ 55 9138 5 048 A IR TR
FEFTE I S TR BURLA S8 TGS TR T AR RO TR B 2 (0 R G R AT IR
BEAh,  EMEAR G KA IR BN S R 3OS A LR BEPRE . TR 1S PR s . BRIk, R ETE
ARSIV A DR 55 DR 4%, B AR B AR s ) . O SRR B TR A, T DA D IR R R S R
RATHIR AR A SR, RIS FARKEEEM KA 7870 KA T X ERER. FARR .
MEERCRHIR N, AR EA K. AR AT, U ATORIER A X IR T 17 #
Fll, S A A EIR AR RE X A B [6].

5. RS RE

VEPEREANREE WA AOE, BEMEAR G IR I R AL RN DA . FARBEN R . #%
FARUHIE NG ETHES[2]. RN A LT SR R IFACRE, R . K, RI7
FORW— RBNEREVE RS, (B A RN INE R IAT TR VA Bt EARATIES R AR E AL, WK
PR, BB S ETARTT R L, RPN, FRRBE IR, AT A Rl D o St
M. ARJEIETTHH K FEZREY THEE A 3 EEAESEN /A, B iR, K51
8] R &0 s B 4L A5y sORRERRE 0 H FAE AR Bt SR AR1, T A . B4, MIESERER, TA
R AP AR AR G A, T ARG R A S IR IR I B 2 3 B SR

SE

[1] Hanna, G., Pando, A., Saela, S. and Emami, A.P. (2022) Cerebrospinal Fluid (CSF) Leak after Elective Lumbar Spinal
Fusion: Who Is at Risk? European Spine Journal, 31, 3560-3565. https://doi.org/10.1007/s00586-022-07383-9

[2] Jesse, C.M., Schermann, H., Goldberg, J., et al. (2022) Risk Factors for Postoperative Cerebrospinal Fluid Leakage af-
ter Intradural Spine Surgery. World Neurosurgery, 164, ¢1190-e1199. https://doi.org/10.1016/j.wneu.2022.05.129

[3] Lu, X., Zhong, C., Chen, H., et al. (2022) Treatment of Central Nervous System Infection Caused by Multi-
drug-Resistant Klebsiella pneumoniae with Colistin Sulfate Intravenously and Intrathecally: A Case Report. Pharma-
ceuticals, 15, Article 1482. https://doi.org/10.3390/ph15121482

[4]  Bkse. EAESMRHE T EALRG O EAE T AR I AOE]. IGARRZRIR, 2015(1): 31-33.
[5] Charalambous, L.T., Rajkumar, S., Liu, B., ef al. (2022) Treatment Patterns and Health Care Resource Utilization of

ITatrogenic Spinal Cerebrospinal Fluid Leaks in the United States. Clinical Spine Surgery, 35, E725-E730.
https://doi.org/10.1097/BSD.0000000000001363

[6] Melcher, C., Paulus, A.C., Robach, B.P., et al. (2022) Lumbar Spinal Stenosis—Surgical Outcome and the Odds of
Revision-Surgery: Is It All Due to the Surgeon? Technology and Health Care, 30, 1423-1434.
https://doi.org/10.3233/THC-223389

[7] Kumar, K.K., Parikh, B., Jabarkheel, R., et al. (2021) Fluoroscopic versus CT-Guided Cortical Bone Trajectory Pedicle
Screw Fixation: Comparing Trajectory Related Complications. Journal of Clinical Neuroscience, 89, 354-359.
https://doi.org/10.1016/j.jocn.2021.05.048

[8] Malhotra, A., Kalra, V.B., Wu, X., ef al. (2015) Imaging of Lumbar Spinal Surgery Complications. /nsights Imaging, 6,
579-590. https://doi.org/10.1007/s13244-015-0435-8

[91 Mihlon, F., Kranz, P.G., Gafton, A.R., et al. (2014) Computed Tomography-Guided Epidural Patching of Postoperative
Cerebrospinal Fluid Leaks. Journal of Neurosurgery: Spine, 21, 805-810. https://doi.org/10.3171/2014.7.SPINE13965

[10] Ruparelia, J. and Kumar, V.R.R. (2023) Arachnoid Welding—A Simple and Economical Method of Arachnoid Clo-
sure to Prevent Cerebrospinal Fluid Leak. World Neurosurgery, 180, 91-96.
https://doi.org/10.1016/j.wneu.2023.09.047

[11] Chen, F., Shao, Q.Q., Hu, J.H., ef al. (2019) Treatment Experience for Full-Thickness Wound Dehiscence with Cere-
brospinal Fluid Leakage following Posterior Primary Spine Surgery: Three Case Reports. Medicine, 98, €15126.
https://doi.org/10.1097/MD.0000000000015126

DOI: 10.12677/acm.2024.141167 1157 I IR = =23t e


https://doi.org/10.12677/acm.2024.141167
https://doi.org/10.1007/s00586-022-07383-9
https://doi.org/10.1016/j.wneu.2022.05.129
https://doi.org/10.3390/ph15121482
https://doi.org/10.1097/BSD.0000000000001363
https://doi.org/10.3233/THC-223389
https://doi.org/10.1016/j.jocn.2021.05.048
https://doi.org/10.1007/s13244-015-0435-8
https://doi.org/10.3171/2014.7.SPINE13965
https://doi.org/10.1016/j.wneu.2023.09.047
https://doi.org/10.1097/MD.0000000000015126

TR, 2T

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[29]

[30]

[31]

[32]

Papavero, L., Engler, N. and Kothe, R. (2015) Incidental Durotomy in Spine Surgery: First Aid in Ten Steps. European
Spine Journal, 24, 2077-2084. https://doi.org/10.1007/s00586-015-3837-x

Policicchio, D., Boccaletti, R., Dipellegrini, G., et al. (2021) Pedicled Multifidus Muscle Flap to Treat Inaccessible
Dural Tear in Spine Surgery: Technical Note and Preliminary Experience. World Neurosurgery, 145, 267-2717.
https://doi.org/10.1016/j.wneu.2020.09.070

Jankowitz, B.T., Atteberry, D.S., Gerszten, P.C., et al. (2009) Effect of Fibrin Glue on the Prevention of Persistent Ce-
rebral Spinal Fluid Leakage after Incidental Durotomy during Lumbar Spinal Surgery. European Spine Journal, 18,
1169-1174. https://doi.org/10.1007/s00586-009-0928-6

Goodwin, C.R., Recinos, P.F., Zhou, X., et al. (2014) Evaluation of Complication Rates of Pediatric Spinal Procedures
in Which a Polyethylene Glycol Sealant Was Used. Journal of Neurosurgery: Pediatrics, 13, 315-318.
https://doi.org/10.3171/2013.12.PEDS 13456

Mizuno, Y. and Taguchi, T. (2021) Fish Gelatin-Based Absorbable Dural Sealant with Anti-Inflammatory Properties.
ACS Biomaterials Science & Engineering, 7, 4991-4998. https://doi.org/10.1021/acsbiomaterials.1c00734

Epstein, N.E. (2014) Hemostasis and Other Benefits of Fibrin Sealants/Glues in Spine Surgery beyond Cerebrospinal
Fluid Leak Repairs. Surgical Neurology International, 5, S304-S314. https://doi.org/10.4103/2152-7806.139615

Wang, H.R., Cao, S.S., Jiang, Y.Q., ef al. (2012) A Comparison between “Sandwich” and Conventional Methods of
Repairing Spinal Dura Rupture. Orthopaedic Surgery, 4, 233-240. https://doi.org/10.1111/0s.12005

KUK, SRS, BKIFHE, 5. fEr4 b i i R A2 I T AR a0 B VA I B BOR[T]. I PR S 220 75 5 S B,
2019, 4(3): 49-50, 60.
Mammadkhanli, O., Elbir, C., Hanalioglu, S. and Canbay, S. (2020) Subfascial Drainage and Clipping Technique for

Treatment of Cerebrospinal Fluid Leak following Spinal Surgery. Neurosciences, 25, 50-54.
https://doi.org/10.17712/nsj.2020.1.20190048

Shenoy, K., Donnally, C.J., Sheha, E.D., ef al. (2021) An Investigation of a Novel Dural Repair Device for Intraopera-
tive Incidental Durotomy Repair. Frontiers in Surgery, 8, Article 642972. https://doi.org/10.3389/fsurg.2021.642972

Aljuboori, Z., Archer, J., Huff, W., et al. (2018) Placement of Baclofen Pump Catheter through a C1-2 Puncture:
Technical Note. Journal of Neurosurgery: Pediatrics, 21, 389-394. https://doi.org/10.3171/2017.9.PEDS17289

Raffa, S.J., Benglis, D.M. and Levi, A.D. (2009) Treatment of a Persistent Iatrogenic Cerebrospinal Fluid-Pleural Fis-
tula with a Cadaveric Dural-Pleural Graft. Spine Journal, 9, e25-e29. https://doi.org/10.1016/j.spinee.2008.07.002

Fouda, M.A., Seltzer, L.A., Zappi, K., et al. (2023) Posterior Cranial Vault Distraction in Children with Syndromic
Craniosynostosis: The Era of Biodegradable Materials—A Comprehensive Review of the Literature and Proposed
Novel Global Application. Child’s Nervous System. https://doi.org/10.1007/s00381-023-06221-7

Verma, K., Freelin, A.H., Atkinson, K.A., ef al. (2022) Early Mobilization versus Bed Rest for Incidental Durotomy:
An Institutional Cohort Study. Journal of Neurosurgery: Spine, 37, 384-394.
https://doi.org/10.3171/2022.1.SPINE211208

Abdelfatah, M.A.R. (2023) Acetazolamide, Short Bed Rest, and Subfascial Off-Suction Drainage in Preventing Persis-
tent Spinal Fluid Leaks from Incidental Dural Tears. Journal of Neurological Surgery Part A, 84, 558-561.
https://doi.org/10.1055/s-0042-1760228

Ferrante, E., Arpino, L., Citterio, A. and Savino, A. (2009) Coma Resulting from Spontaneous Intracranial Hypotension
Treated with the Epidural Blood Patch in the Trendelenburg Position Pre-Medicated with Acetazolamide. Clinical
Neurology and Neurosurgery, 111, 699-702. https://doi.org/10.1016/j.clineuro.2009.06.001

Kogl, N., Schenk, L., Preuss-Hernandez, C., ef al. (2023) Bed Rest after Incidental Durotomy in Lumbar Surgery: A
Redundant Measure in Case of Watertight Dural Repair. Journal of Neurosurgical Sciences, 67, 206-212.
https://doi.org/10.23736/S0390-5616.20.05143-7

Phan, K., Xu, J., Maharaj, M.M., et al. (2017) Outcomes of Short Fusion versus Long Fusion for Adult Degenerative
Scoliosis: A Systematic Review and Meta-Analysis. Orthopaedic Surgery, 9, 342-349.
https://doi.org/10.1111/0s.12357

Phan, A., Shah, S., Joo, P. and Mesfin, A. (2022) Can Cervical and Lumbar Epidural Blood Patches Help Avoid Revi-
sion Surgery for Symptomatic Postoperative Dural Tears? World Neurosurgery, 164, e877-¢883.
https://doi.org/10.1016/j.wneu.2022.05.060

Joseph, V., Kumar, G.S.S. and Rajshekhar, V. (2009) Cerebrospinal Fluid Leak during Cervical Corpectomy for Ossi-
fied Posterior Longitudinal Ligament: Incidence, Management, and Outcome. Spine, 34, 491-494.
https://doi.org/10.1097/BRS.0b013¢318195d245

Oertel, J.M. and Burkhardt, B.W. (2017) Full Endoscopic Treatment of Dural Tears in Lumbar Spine Surgery. Euro-
pean Spine Journal, 26, 2496-2503. https://doi.org/10.1007/s00586-017-5105-8

DOI: 10.12677/acm.2024.141167 1158 I IR = =23t e


https://doi.org/10.12677/acm.2024.141167
https://doi.org/10.1007/s00586-015-3837-x
https://doi.org/10.1016/j.wneu.2020.09.070
https://doi.org/10.1007/s00586-009-0928-6
https://doi.org/10.3171/2013.12.PEDS13456
https://doi.org/10.1021/acsbiomaterials.1c00734
https://doi.org/10.4103/2152-7806.139615
https://doi.org/10.1111/os.12005
https://doi.org/10.17712/nsj.2020.1.20190048
https://doi.org/10.3389/fsurg.2021.642972
https://doi.org/10.3171/2017.9.PEDS17289
https://doi.org/10.1016/j.spinee.2008.07.002
https://doi.org/10.1007/s00381-023-06221-7
https://doi.org/10.3171/2022.1.SPINE211208
https://doi.org/10.1055/s-0042-1760228
https://doi.org/10.1016/j.clineuro.2009.06.001
https://doi.org/10.23736/S0390-5616.20.05143-7
https://doi.org/10.1111/os.12357
https://doi.org/10.1016/j.wneu.2022.05.060
https://doi.org/10.1097/BRS.0b013e318195d245
https://doi.org/10.1007/s00586-017-5105-8

	腰椎术后脑脊液漏治疗的研究进展
	摘  要
	关键词
	Research Progress in the Treatment of Cerebrospinal Fluid Leakage after Lumbar Spine Surgery
	Abstract
	Keywords
	1. 引言
	2. 脑脊液漏的诊断
	3. 脑脊液漏的治疗
	3.1. 术中修补
	3.1.1. 直接缝合法
	3.1.2. 自体组织修补法
	3.1.3. 人工材料修补法
	3.1.4. 其他材料修补法

	3.2. 术后治疗
	3.2.1. 体位调节
	3.2.2. 延长切口引流时间并夹闭引流管
	3.2.3. 经皮蛛网膜下腔引流


	4. 预防措施
	5. 结语与展望
	参考文献

