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Abstract

Cerebrospinal fluid (CSF) leak is one of the most closely watched and clinically significant complica-
tions after endoscopic endonasal surgery. Its occurrence increases the risks of meningitis, reoperation,
prolonged hospitalization, and higher medical costs. As the indications for endonasal skull base sur-
gery have gradually expanded from the sellar region to more complex areas, including the tuberculum
sellae, planum sphenoidale, anterior skull base, and clivus, conventional review frameworks that
merely catalogue repair materials are no longer sufficient to meet current clinical decision-making
needs. In recent years, the focus of research has shifted from “which material to choose” to “how to
perform stratified multilayer reconstruction according to leak flow, defect anatomy, and local pres-
sure-bearing conditions.” Available evidence indicates that most low-flow leaks can be reliably sealed
with free grafts combined with multilayer coverage, with the key being precise repair while minimizing
unnecessary donor-site morbidity. In contrast, high-flow leaks require greater emphasis on a stand-
ardized multilayer reconstruction sequence consisting of inner-layer closure, construction of an inter-
mediate layer, coverage with a vascularized flap, and, when necessary, adjunctive mechanical support
and selective cerebrospinal fluid diversion. Meanwhile, emerging techniques and materials, such as
watertight dural closure, polyglycolic acid-based materials, and hydroxyapatite-assisted reconstruc-
tion, continue to evolve; however, their clinical value should still be interpreted cautiously in the con-
text of specific indications and levels of evidence. This review focuses on the management principles
for low-flow and high-flow CSF leaks, reconstructive differences across anatomical regions, major con-
troversies surrounding the nasoseptal flap and lumbar drainage, and the actual clinical role of novel
materials. Overall, the optimal strategy for the prevention and management of postoperative CSF leak
after endonasal surgery does not depend on any single material, but rather on individualized, stratified
reconstruction based on leak flow, anatomical region, and risk factors. Standardized multilayer recon-
struction should be prioritized for high-flow leaks, whereas unnecessary over-reconstruction should
be avoided for low-flow leaks.

Keywords

Neuroendoscopy, Endonasal Surgery, Cerebrospinal Fluid Leak, Skull Base Reconstruction,
Nasoseptal Flap, High-Flow Cerebrospinal Fluid Leak, Watertight Dural Closure

Copyright © 2026 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. 53|

HENELESFRENGEEE. QUGN  HXF A2 B0 m A LA RIER s, Blons
DX AL DA SR 43 T MURR 55 AR AR 1) L BR 97 7 2. B TR VE [l S AN IR (m i 2515
SIS BUPUR SRR, AR ) TG B 2 3G O, R R A i A AT R L s R g N . R
Wk, RS AR A6 4 S T ORI IR AR R M E E I RREZ —[1]. RALGZRER, MAZETF
AR S5 B WO S R A ZR LN 3.4%, TR R . 48 R0 MR B 55 I R 3 SR G 1
TR RS T i B IR R 1] [2]

AR 5 IR SR P I LA 1 R AN RIS . BRERIR R RIS IR FAR R4, Bib e
N 9 R A, SERKAT BRI TR], N E T AR S BT URVE AR (2] IRl R AT SCRR AT DL, 0 S e

DOI: 10.12677/acm.2026.1641676 4088 Il A 2= 27 ik


https://doi.org/10.12677/acm.2026.1641676
http://creativecommons.org/licenses/by/4.0/

ukE 5§

MIZRIA ZALRENT« WM WS BRI s 3 5 P KR BB S 45 S AR U T AR T JC AL R
RIS, AREARIE M REA S, RIS ShEERIRAE. R E832 e K AR P
TAEILEE[3]. Bk, WS SEEME LU CIZD N “MRIES” Fem “)z. Xk AR S [ K
FE SRS [4].

TR W5, ALUMRRERNSRER AL, SE8X . AR, R XA R R X,
X BT ARG IR A R RN BB RS AT SRR, BN IR IR Rk SR — A
HEAEER T HEZR[4] [5].

2. RERE AR EER

H BRI 5 i e e BRGS0 (HZ M FE AT R I W R B /) Vi B ok o
B0 VP S SRl A RO R L R RN J) PR 8 DX 45 A 5 vt B8 0 220 DAL ok oo i = 1L
BURBERR SR 15 DL A PR 228 S NBR T R SRRl it (4] IR BRI Al “Wiik2 7, HE)E
SRR AR — g DA JEE SRR B2 L PP i A8 S L AR i B A ) AR K BRI B R e B A T 5
EFE[6].

FrlmiitEsh, SRR/ TR EIEM . R SR R TR ZEE IR
AT, 352 S0 B R SORE R (2] [ 710 ARG X 3P 33 e P8 A7 AE W] B 22 o 3 BB S [ P [XC
S5 [P U AL, AR X B fe R T Yy ORI PO DX, L R 3 R S i JE 48 A A= 14
ST RIER[2]. X SRR/ MR > B AR, (ELA)) 75 B IAAEE) [X R  IRUS: BEAT S 15 14 I

K1 s AN RN DS ARSEBINATEL” L TR SE IR R . SR A DA
PR AR (AR ST, A I PR R TS DI A A B I B bR AL 2 SR A 4] [5]. 52, &
SR R R R A PR e R, A AR )

AR &I E R

!

AL RRE. BIRK/. BRMEL/ =R ST
M BEIXE. BFEARSMERK

/ N\

RRER BhER
INRIRL THBRESE. | |k mEEd, R KR, WERETF |BR ARENSEE
REbER. AERR DEXIR B, wewioes | (B, LEREHEE
WEEA: SRR/ AR % WER: SRR/ B R AR B
BB+ BB EER REEBEHER

Figure 1. Decision pathway for stratified reconstruction after postoperative CSF leak
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