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How to Prevent Postoperative Cerebrospinal Fluid Leakage
by
Masakazu Higurashi, M.D., and Nobutaka Kawahara, M.D.
from
Department of Neurosurgery, Graduate School of Medical Sciences, Yokohama City University

In skull base surgery, knowledge of the techniques used to avoid postoperative cerebrospinal fluid (CSF) leak-
age 1s important. CSF leakage can lead to critical infection problems such as meningitis and extradural abscess. It is
important to avoid CSF leakage into the subcutaneous surgical cavity and other areas, e. g. rhinorrhea. If subcutane-
ous fluid collects in spaces, including drilled air cells, then the risk of infection increases.

Risks of CSF leakage are classified as dural level and extradural level. Different approaches to the skull base
also have different risk levels. We emphasize four techniques for avoiding postoperative CSF leakage : watertight
dural closure, filling of dead spaces, external compression, and lumbar drainage. For some surgical approaches, not
all of these techniques can be used. In these cases, it is necessary to ensure that the appropriate technique is effec-
tively applied.

Skull base surgery is becoming a standard neurosurgical technique. The surgeon who is permitted to open the
skull base must be able to close it and reconstruct it reliably. The skull base surgeon must have a knowledge and
mastery of the techniques of skull base reconstruction, and must always be aware of the need to prevent CSF
leakage.
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W2 UIBE - YRR L 7B, —REASIDS & i itiud
BEANOBRIRILIDFETH 5. WFREREIEL 248
&4, fascia lata 72 & T patch 23 RETH S, 7L i—
KEHSES mesh and glue 2 Sk DAKE L2 LTHAK
FNz¥uicdsZ Ll v EBbinsd, ARMIC
KRETHHNIEZ LTS Lk, BT - SO
HEPE SR E WEAICIE, RIERERRE 2B Cools, HIEE
H23EE T % F TOME 1~2 B d external compres-
sion % {7 T\» % External compression 72 i} TIIFEHED
HBIE N W EEZ 5N A E451E, lumbar drain %
LHARMANTHIET 2 080D 5.

MAMEEASHAE ORI L, bivbiuk, TR
M (NEOVEIL®), ¥ 7 F v Hift# (Gelform®) &,
I35y EH (BOLHEAL®) ®HOMK DHEHL 722
ARMBHALTWS, XEZ BT % £, DuraSeal®,
BioGlue®, absorbable polyglactin acid sheet, > — MR 7 4
7Y ARG EORIIR T OAREZ R TREN D
BINNY) - Z R I U TIPS 2 S B &
5 THo>TH, EEOFHEOMM S 2Rz KE <
AT AIERICEELRER LS 2 L1, FIIRBEICE
WTEBLARETH S,

2] BERES LAY

BAES L ~VTh, AKEFHROER 2 FIC RO
b5, ARERIBIRL 7B, DMLTHNLBWD AT
% 72>, Mastoidectomy % & % approach T DHE
WRIKD Y A7, WESOBIBREMICERIH > TY,
SPE~OREH L L TR FEAEN SN Aoild 5.
i, 4 C 7Sl o B < H 2. o TPHiicia,
W L <)L T DK EHfE S & external compression 7Y EL %
TH 5 LRI RID, ISR RET 5 L9
IZ graft ZECE L 200U % 6w, bitb i, antrum
DL~V fat graft THEH L TL@E% I LoD, Fupe
EFIEL T3, ZOFHEER, BORAcbSoL
2R8>, Liidemann 5Wi%, 420 #i o B EIEE T
e, FLEROEICE W THIRA &R CHE L
TEY, R4 ZENT 2.2% 10 LI 5.7% & JIE
WigehE I X 2 PRI ASE W & LT %, Hydroxyapa-
tite cement 12 & % FEMIFAE T, 7.3% 12 delayed extru-
sion ZOHF L7 L OMEL DD, ALY TH 5729,
A EEICT 2 RETHBY,

—%, EIEPECBIL T, BEREEZTES 2w EH I

FRTRETH D08, HBLIGEE, BEL L CI3E
BfEAN L, U 725UE% graft THRIET 2. B L EE
2T % I 127 B craniofacial resection, transhasal ap-
proach IBEREIRD ) 2 7 3 VG b 720, AE
AR LIRS (B fzllekidhidz ek
W,

Approach C&D&E

Transpetrosal approach

Y % — K& T E R \WIGH, fascia % A
T dura I 55 &9 ICREAREET 5. BREMIZE
free fat graft 2 F83E L, FLARZGESMT, HhERERHfE
PRSHET 2 FOEBAS % X 9 ICEET 5 (Fig. 1A). i
Wk DB EINIZNEE S 5. L& L, posterior transpetro-
sal approach CTIZTEHIHAEZ KB L T 5720, BIEG R
Bcbh 2 RERMEIELE TR, 2002, il
#9 % % Tl external compression % 1T\, [ THERIFE
BRELBVwE), EEL TESHERD S,

bhibni3, B transpetrosal approach 2 TR PN
B2 M) SV 2 55 PIREE L T\%. ZOHET,
BER IR 3 7l o 7o, (R 0 & BRI AR & X
UBEERZ A0 L 72 b 0233 4 (55%) Bo oz,
no RN, VI db external compression 23K X
NTC R RENH 5,

A approach 23—fRIVICEEA S L 25 HEIE, RIAHREE
JRCHEEMEEIRROMERE L, MaRADWET
% 3. Roberti 50 110 BlOM & IHEERIE % & L HE
EBITIE 161 BRIk, 22 01 (13.7%) I HiTR BRI
2338 547z, Lumbar drain (& TR L b0 72 7 HlIC
MU, FEEREOHFMET > T 5, Seifert 514
RERLOEER X CMEREICN L, RERED
transpetrosal approach % 52 il IZ T \», presigmoid dura
@ fascia patch, fibrin glue, fat/muscle filling, titanium
mesh {2 X AEEZITH> T3, 1241 (23.0%) Iffitk
REWO % #8855 L 72. Lumbar drain |2 CER L 2572 3
Bl = - PR 2 T L Cwv» b, Wit o
BICHELTED, titanium mesh 1 & % FLERE R TE
Tt ZFEET2 X)L TholEEVwEVY, bitb
MEFRRIC, fat 12 X % FEEFRNE & BHIREHSEE & HEPED
iz @i L T 5,

Transjugular approach
Transpetrosal approach (Zf L, KE& T 5 O FHIFRAH
D & 7% B3, free fat graft % > COHEPEER X OEEEE
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Fig.1 Principles of dural repair
A © Schema of reconstruction following mastoidectomy. Dural repair is achieved by
primary suture or fascia overlay suture. A large free fat graft is applied to press on the
fascia and antrum. In these cases, a vascularized flap and lumbar drainage is not

routine.

B : Schema of reconstruction following frontal base opening. Dural repair is performed by
fascia underlay suture. The large contact area and compression by the brain facilitates

water tight closure and adhesion.

AIBIC Large Defect

CSF Collection

Fig.2 Dumbbell type jugular foramen meningioma
A : Preoperative MR imaging reveals a left dumbbell type jugular foramen meningioma.
B ' Postoperative 3D-CT shows a large bony defect.
C : Postoperative MR imaging discloses CSF collection in dead space.
In these cases, it is important to apply a large fat graft, external compression bandaging, and lumbar

drainage.

BIBOEPAISFEMTH 2. Lo L, HEIRILIES D54,
FIEAL I RIS 2 ECC L E) 2 b D, 20l
&b, BT I fascia overlay suture % 17\, fat (T
TMAZ LIl Tw? (Fig.1A)., L L, f&ADK
HWEabd D, 3L HAKE LIV, 7, pos-
terior transpetrosal approach X 1) & TE i o 1 ife A3 44
N ALK Z 415 7 &, external compression D i b
KL, X hEELIC CWEAE £ 5 DO TLEIW
WTh 5, L L, external compression 235 1E 7% > P

WAL I T E RO o N b 2L b H D, lumbar
drain % 1EMIZERHET 2 2 E2FATE LTWw 2 (Fig.
2).

HILb A, transjugular approach % FH > THEHS N E1E
Z ) R YR 2 17 BlFEER L Tw b, 2o HIET,
WO SR 3 7 2> o 7o 3, B R REHT 8 0> & BB AR % & OF
L7bon 36l (17.6%) #o Sz, It b REN
IR L 7223, WiJA[EER, external compression % K L
TVLIUEEF & Z 72 ATREE I o,
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Fig. 3 Subtotal petrosectomy
A : Preoperative MR imaging reveals right petrous bone tumor.
B : Intraoperative photograph shows reconstruction of the dural and bony defect.
C : Opened IAC is tightly covered by a fascia plug.

SCHREY I 1, Ramina ©'2%3, BHEIRAL R I8 102
BIZ W9 % transjugular approach Z#&i L T\ %, i
B 7B - AT RO -, MBEE, R
D, MOBEFLZE A, AT 7% £ % vascularized flap &
LTHOTHET 2 EEZEHL T2, Zofdz
Hwz 2 e, MBMRRaiHEiz3.9%ict EEoT
V3, LT, bbb O RPEBIRE O AR I3 <,
FEDS R Z WAL, FAFRED 6 @ myofascial flap 1<
TRIET 2 2 b RIAICEIRE L b, £, b
b, dumbbell type ORI D¢, BB &
AR O 2 BBEFMICT 5 2 & T, BREY 27 2K
Tawz Izl Twa?,

Subtotal petrosectomy

Aftraig, TSI 3 & MRS (N L CGEIG
L%, JEEO tumor free margin Z MRS % 728, B
I3 orbitozygomatic osteotomy % 1T \», % J & posterior
transjugular approach IZ CTHYID 2479 Z & 4%\ (Fig.
3). D o EEEEREIE, NHEEZUREHICE D,
WHEINRDSNRIORA L % 2. Z DHITICE W TIRIEE
ARSI 256055, BHEBUIKL 28K, fa$
muscle 12 CTHe% T USREIZ 2, BIL 2 NEEA
fascia %2 f#IRIC L TRt % tight fascia plug (& "CHlEHT L,

BRI O FHIIc8 o T2 (Fig. 3).

bhtbnd 26 BlOFEETIE, BEREIEZRC, #Bik
BESRE 2> O BB 2 B 0F L, BT & o 7 AEFI 231
1Bl (38%) H2DATH-> 7, ZDffiADMER
1Z, KERIEEENTE, X 5 ICHEHED 72 012 external
compression 23T & 912, RUEMBREBELC P T%5
ZETHB, NHED tight fascia plug % & ¢ | & fE
& lumbar drain 2SEE L EZ 59 5.

SCHRIIC I, Coker 5V73, 7 approach T? 372 fild
Fifehsa % Bt L CE D, tympanomastoid obliteration %
19 2 &C, BN L RESF o s & LT
VW3, AU, ALEHERE X ORIREE TRTREL, B
HENELZAM, BAML 2P E & AR fat 27
T2, Ziuc k)RR 48% Iz ok L
TWw3, BB L TOfATIER WA, Leonetti 5
W, REFEMEBER SN 48 BIC XY 2 fistsula PASHMTIC B>
T2 BRI A HWTE ), HFEOMA#EE L+ H -
AR OHHIC TREZ BTV 5, RiLOWE T,
De la Cruz 52 0, #1A HIESS 40 $112 % LA approach 12
FHi23& £ 1% transcochlear/transotic approach % Jifi{T
L, 36l (7.5%) \cBiiRz RO ®WEDBH S, Z65
b ERRIC, fat OFEIE & titanium mesh 12 & % EEFH#E%E
I L TWw2, bbb OB, BEAHFRIZD %
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Fig.4 Craniofacial resection
A ! Intraoperative photograph following en bloc removal.
B : Dural repair of frontal base is performed with fascia lata and pericranial flap. Fascia multilayered
technique and bone edge fixation are performed.
C : A vascularized flap is applied between the dura and nasal cavity.

Table 1 Literature review

Approach Author No. Pt Method CSF leakage
Roberti, 2001 161 — 22 (13.7%)
Seifert, 2003 52 Fascia/muscle dural patch 12 (23.0%)
Transpetrosal fat/muscle fill, Titanium mesh
Present series 55 Fascia dural patch 3 (5.5%)
Free fat graft
Ramina, 2004'? 102 Specially developed myofascial flap 4 (3.9%)
Tranjugular Present series 17 Fascia dural patch 3 (17.6%)
Free fat graft
Coker, 1986" 372 Tympano-mastoid obliteration 18 (4.8%)
Subtotal De la Cruz, 2009% 40 Abdominal fat, Titanium mesh 3 (75%)
petrosectomy Present series 26 Tight fascia plug 1 (3.8%)
Free fat graft, myofascial flap
Sekhar, 199216) 49 Fascia lata+pericranial flap, fat, 2 (4.1%)
Toneniial ’ muscle flap, distant vascular flap
Raveh, 1995' 104 Fascia lata+ pericranial flap, free flap 3 (2.9%)
Present series 4 Fascia lata, pericranial flap 0 (0%)
Terz, 1980 28 Fascia lata+ pericranial flap, free flap 5 (17.9%)
Fukuda, 2001% 143 Fascia lata+pericranial flap, free flap 18 (12.6%)
Craniofacial Ganly, 2005 1,193 Fascia lata+ pericranial flap, free flap 193 (16.2%)
resection Howard, 2006% 308 Fascia lata only with skin glaft 8 (2.6%)
Present series 76 Fascialata, pericranial flap 8 (10%)
Free fat graft, distant skin-myofascial flap

Transpetrosal approach and craniofacial resection have greater risk of postoperative CSF leakage.
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WS, FHEDQTIBEOEEE 2B TS,

Craniofacial resection

ARG v 2 RIEETH 248, BiE
120§ % transbasal approach DEFIL MR L T\ 3
72 &, i TRET T 5, BEBTEEIEE O tumor free mar-
gin ZEJHEL T L, 2 00ROV A 22 &L L
Kk, 0, B OENE MBS hs 2L,
b —ol%, BMEBEES X BN e UThRHEHT
Z7-0, RERWRREZLEL2ZETHS (Fig 4A).

BEEECERE S 2 L, JEF O fascia lata % BEIRA
I-CE 4 THEST T 5 fascia underlay suture TH % (Fig.
1B). Underlay (29 2 D%, MOBETELOZMET 5
72OThHsH, L, HERETOERSIIHETHD,
DT UDKIFICT 2 LIEAESTIER W, RS, Bl
B DORER I, ZHEIC L TEAZE L T mass effect T/AKEf
T % (Pig. 4B). MWK & BEER X O L o 5@
1%, (galeo-) pericranial flap % FH\> 2 23, defect 23K &
Wi, BEHEEHEAZAEL, HIEaTs I
HBEL 45, WIEBEROFRICHTZET T % bone
edge fixation H179 (Fig. 4C).

bbb o & LT, craniofacial resection " HEH
L IS T T B X O transbasal approach T R FEE
FihizabETOHTH- . AT, BRI
261 (25%) &, WHIEANRE 8 41 (10.0%) % #IHDH]
TEPFL, INSIFHEFMEELL, REE LT, JkE
DR L 72 2 &, MRS I X 2 AR TET
DB Z o, R, BEAURE X 2 HDIREROEFE
BLBHIE0HD, TFRVPLETH S,

Sekhar 591%, SHFZEEAHZICH L T transbasal
approach 49 #l Z W5 LT\ %, SHEEFHHTIX, fascia
lata, pericranial flap, fat Z{EMH L, @IS T THISET
e F R (A L Qw0 B, e, 281 (41%) @
B 2hz &0 3PIOMIRE 2RO 7. EMDE -

#TlF, Raveh 5% 104 BIHEH D, WML
HHl% & D, HEREEZ 29%ICEB0 7. bhvbhdff
E#T%, transhasal approach TDRPE ML 2o 77,

Craniofacial resection D5 & L Tid, Terz 5'%73 28
BlOREZIT->CED, BRI 56 (17.9%) AP
LTw %, Fukuda 5?43, craniofacial resection @ 8 i
143 JEHIHRE % 17> TV> 5, Fascia lata, galeopericranial
flap, MISHAR IR IC CREMEFFEZ L, JaiT G2t 29 #
(20.1%) &% <, filic b BERNN 18 B (12.6%), HERES
TE%E 16 61 (11.2%), BesPERPE & #fgE 10 61 (7.0%)
ZAHLTRD, BEFHOBZEORHSFMTH2

YERL TS, Ganly 5% 0 17 i3k 1,193 610 craniofa-
cial resection D&M Tlx, Bgz &L iKEES
AHHEN 19381 (162%) @D o5tz TDEIHIT,

AL Z DD approach & LR TH S 0o 12 B A B
EREMREC, HELLORHTHL, LiLl, bbb
DEPHERIRT LI, RLICEBSINODOHLDD
HETH S, Howard 5YDEETH, 308 Hl0 5 b #liH
Wi 26%THor., ZOREIZIZ, HEARDEEIF
WERLE DF — L7 — 0, FHEEM %8 5k & Biffios
HES L TOLETVBRECDTRRNES ) D,

BHDIC

DLk, BEIRFEICEIL T, MARIICHER L~ L fF
B L~V 2 TR L, & & ICTAZEE approach D\
CovzzEF, MlIBET Lz, A csl i L 2iX
LEEO DI - RiEZ B L 72 (Table 1), #& L THEE
%23, WIROKERES, LMD, external com-
pression, lumbar drainage T& %, L 2> L, approach ¥
MR Lo TEFTTICHITTERWFRELDH D, 208
73, ZOMOFERZ X DEEITI RETRZLTY
CREDDH 5, BERE TR FMism R oMd, FhET
DBt - BEICK > T, EMEFRILD -BNIZRD
2o bh %, HEETH D, #HR4IC standard technique &
o TETWS, BREVHFING DL, HBERIZHDS
NELOTHFIUTA ST, B, JHHEEHEE 4
IR B X CERPFEFOHGE & iy, HBEFELZT)
BARFICLBT RTINS 6 v, AR, i
SHBRFE 2 ESEFMNABEOSE I NIEHE LT
H5b.
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BHURIIEIFD. BUTEEL &IE, FEOKIES, FEEDOFTIE, external compression, lumbar
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