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Usefulness of Inferior Turbinate Bone-Periosteal-Mucosal
Composite Free Graft for Cerebrospinal Fluid Leakage

Kwangha Baek, MD', Jihyung Kim, MD', Youngmin Moon, MD',
Chang-Hoon Kim, MD, PhD", Joo-Heon Yoon, MD, PhD"* and Hyung-Ju Cho, MD, PhD"*

'Department of Otorhinolaryngology-Haed & Neck Suregery, Yonsei University, College of Medicine, Seoul; and
The Airway Mucus Institute, Yonsei University, College of Medicine, Seoul, Korea

Background and Objectives: Endoscopic repair of cerebrospinal fluid (CSF) leak can avoid morbidity of open approaches
and has shown a favorable success rate. Free mucosal graft is a good method, and multi-layered repair is more favorable. The
inferior turbinate has been commonly utilized for the free mucosal graft, but we newly designed it as a bone-periosteal-mucosal
composite graft for multilayered reconstruction.

Subjects and Method: Four subjects with a skull base defect were treated with this method. The inferior turbinate was partial-
ly resected including the conchal bone and was trimmed according to defect size. Both bony parts and periosteum were preserved
on the basolateral side of the mucosa as a composite graft. The graft was applied to the defect site using an overlay technique.
Results: All cases were successfully repaired without any complications. Three of them had a defect size greater than 10—12
mm, and the graft stably repaired the CSF leakage.

Conclusion: Endoscopic repair of CSF leakage using inferior turbinate composite graft is a simple and easy method and
would be favorable for defect sizes greater than 10 mm.

KEY WORDS: Cerebrospinal fluid - Repair - Inferior turbinate - Composite graft.
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Fig. 1. Schematic illustration showing procedures of inferior turbi-
nate bone-periosteum-mucosal composite free graft for skull
base defect.
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Fig. 2. Infraoperative photos of inferior turbinate bone-periosteum-mucosa free graft for skull base defect.

Fig. 3. Paranasal sinus coronal CT scan
images from the patient of case 1. A:
Preoperative image showing bony de-
fect of lateral lamella of cribriform plate.
B: Postoperative image showing repaired
bony defect using inferior turbinate com-
posite free graft.

N T(lateral lamella of cribri- F o] 7] %o| AtA S &2 Z715t= 7] %3 (pneumo-
form plate)ol] 871 ¢F 10 mm 2|7 2] AE&H1E 53l ¥ cephalus)&7do] H At AAlut stol] AER90] B4

L |
olo] Gl 2S Selstgich W] 714 ek ol giste] ShuIZ) Hut-Bul-2 B3} o] 4w ALt

2Ag Adsto] v vl 37t Athk(Fig. 4). T HolA e W&ol drpstA &0
A

(7 - 2u-2 B3 ol A4S 0|83 overlay W A 9] 9 S AASe] W 99 duraB
MO ALHOE BUSIYTE 14 Tl APIS A A7 F A 2% S ) oF 12 mm AR F7bsH,
Sp Shglom, RFAAL AWeHA] Yokth & F 50l T A4 overylay WHOR 242 AWtk S4 Folt
WEe WA ok ¥ o2 BA glol BUskT:. g Akl sheou], oMol HH4e §59] ool
A Bbease 2 574 BAR oA Teolna g Hot AASi3t B4 o sl 82 AAE 52 2 A1 F A
AT F koA Qhobel Pt AW F AL fE0l  AStAh & F Bo] YFS BEEA Yokn B 2 B
ojaiuo] Batz ozmgict B AR FES Badtd Al glol HUsTh % olF AW A st
on] ANSIASZHAL AT AT 93 AHBE WS W A W Bo) e BER O}OPuHFig 9,
o4 oF 8 mm HES] A Be A0 fzo] BAH A WA Bhcase D 664 WAE 19 ANE A%H



___f — : ) % o) T W oo 1+ o
10070 s O SO -
ocg2 q4 2w XX KX Eﬂo%%
2@ 20 zTﬂHTmu,QmMuLuqmuﬁ%%&ﬂmﬁq
SSE Q P Mo Fo T B F hR g W
863 ST s oy B
hnnv%mbe. z._oaTz,#oMMMM,a ]m,ﬁPLe_HMIOE.IQ
082S 3 e MW RE T Y Y w3
28932 it i BN ST e SRA IS
09Q°8 A M o oy B
03%05 of s = O F A_.ﬁ o_wrmﬂ__o o my
6L2o5 Moo & N W o wﬁ@_sﬁ%%muo_m
532<% ﬂxlmﬂo_mﬂﬂg@%75%%
£E953¢ TETL W FE IR L o
<283 = W ST E o oo A
e ‘kl_zoaTﬁeH.‘_Wyd Eo.m oy 4
22538 ) o< % s
e 6%501@»4%;&% EES. w2 E

Y Mo C x H < =9
Bl Pupgcnivng ]
0 .= = o
SR T D e SR E oM E
< m,Dl ol _.H — z#.o]_l
~ _ﬂnﬁmmﬂ Eiop_]roAgl_ln_u__o
= Z o) B N RN R
X T mr W do T O P @ T of B
“ﬁ.‘_]ﬂk‘ur‘OI,ll io_n_afllc.—oﬁu =
o) o T HE%H X o .
T T Mg T F T AR
o) T oL I o B o
G T T Mo PN m 3
Quwﬂﬂmﬁiwnﬁummomﬂﬂndl%ﬁee_e@.
o o) MU BR Mo o R T ok M) A T Mo oF T
—_
L.l_iu.ﬂﬁﬂmgﬂﬂemﬂ#?_%
Mwmb%aofg&iﬁﬁ%ﬂmmﬂﬂéw
i .iAxromM@qdl._n_mo%nTmmﬂmﬁex
SRR R Rl R
ﬂuwﬂeﬂnoﬂo%@wxﬂ%f7ﬂ€mm
o Xz SR @y O mK
Ml_ulﬂ.ﬁo] H_Tﬂﬂll‘_vz_.e HWILE .HT
E_ﬁaﬁ%ﬂmﬁﬁﬁmﬂ%i#mw WLM@
Lrﬂ.%mtw%%w%Agwwm#oﬂ_wzf,
.mM.ATuaHﬂ_- ._z_ﬁ]ATzﬁoQ‘ﬂm%_.Atﬂoul
Hmw%%%m.%mﬁ%_%ﬂmﬂé%w
oF m oR —_ =
SelrxEiagd oyl

& FToa O B By P o T O R

5 m«Tmﬁxb%ﬂmaﬁzMTW_/mﬁlﬂ_xﬁ

% I i o o — © o

E Jutiafeds e 2gxs 2y

S szﬁﬂmMi%am.m.u%% T X0 RO

3 By I T W B

2, o W A T o N e _éécim

= ;IouAT;louMoﬂ_.MﬂﬂﬂocTﬂﬂOTﬁEﬂﬁVS

i EA- R - B T N

o) = TH o ur dl,ulo#nq O o

: SRR S SRR

Z Nrool r m m O e R Ko ©, 5

M mw%mwiaolﬂf%ﬂmn%@upqgmﬂ

\o
(o))
e




WS S : ZEOAS 0123 HHAURE 22
FEHYGOA et Zulshs e ol AAaE o, FAL oA H]F4 Tlgo] YA 07 ARRE|A] ¢k o= A&
=5 AA R0l Aol A=A, AERY] v AR B97F FH QoA okl dAt peo] AE oklE ¢
o] T Well 3717F 5449 o] IREQ L A= AesA] vlsE oo AR-E 118kl 7] o SAH R 1
38 o]ke] | Ho| REEE| QAL @4l S0l FHFE Fgo] IV F1E o8 feld vk BeS Alselnh
UNOY FREAGA T2 st HHRA dAAE T A WAIH A Ao o]§8 4= Q= F3 1] eh(vascu-
ALE ARl = koY, CT A A7 A5 A40 2 218t larized flap) 22+ inferior turbinate pedicled flap®] {1t}
Aol {2 9 Hpeutg SA4 o] oAlEo] AERelel  o]= HE 175 W (sphenopalatine artery) 2] £2]Q1 9]
Tes AlYsiAth Ak stof] A =& A] Yole SH]sW(posterior lateral nasal artery) o A4] ©]o]X|+= 3}H]
FA ABAE AASIL FA s FE ohA &1 I W (inferior turbinate artery)& 353 WO R 51
Sl oF Tmm AERE SAE G 2ERe] 2H Hubs shu[gife] Hubs vrejste] A& B YE Bt H
AAsE] AEldt & a7l F-Eu-duk 23 o)A WS o 7" AAEF W (anterior ethmoidal artery)S 5 35 &
o]-gste] ALRE BTt SF A= AlgstA] & WO R St anterior based inferior turbinate flap .2 ©]-8-5}
QLaL, HE A glo] 2 Bl EE it 7| % g}
10 mm "5t 27]9] A&2 {2 A9 938k (free mucosal
i =l graft) O 2= 452 0 2 H9o] 7153t} Free mucosal graft
= Al tjoll &= Aprto| AlsH (M, X5, 1)), F50] 4] H ca-
714K Aeo] A o] o] & EYsl= A2 w&  daveric pericardium, lyophilized dura mater), €2 hy-
S5 Wt B2 T R $9EE AL droxyapatite 22 A ES T 0|83 Eglo| Al (composite
mul olg}, BFAH o2 S Eojof sl E 7t ¢F  graft) A FEE underlay®} overlay & Ao AL51= A

= AlA o] HA| = 5] 9
¢ S5k YA HE o] et vy EE 53t
&2 7l (craniotomy) ¥ =& AIsof dt= FH
Hop agof| W2 9 Ado] Aok WAAEE o83t
A E-do A A4 1| TH(vascularized flap)S ©]-8-3
= AEg0] %R BuEw glov? ] Hut g
free mucosal graft)®] 79+ AJ3-&o] Wol vjuz zt
A719] Ado] 28-S sh= Zlo] Fom, Tkt a4
k= o] AEed Eol7] s Fasht

A& 7219 x|} 27| & B Hrteljof sh, An|at
(arachnoid)] &4 A= Z wlolsl= Ax HQsich 1 ¢
of k|¢fo] A o, oA WA A& HE, X[EAQ1 7]
S (pneumocephalus) 5% AE&°] &= 1A= 845
ojty, URFH O & 10 mm o4 27| A&
(vascularized flap)©] A-&&2 =0|7] 95}
o] Er}.” 3|, Y$Z(cistern)¥} 2 H nFo]
(clivus) Lt 039 K9] (suprasellar area)2] Z<=oll&=
& W37] 95t A 1T (vascularized flap)o] &
o}, @A 1T (vascularized flap) S 2= LHHA O 2 53]
H|ZZ 3]TH(nasoseptal flap)©] AFE-E=d], EQo| ule} H
Z3A Bt v FA o) oHE AurhA] v sto] 3 E o)
i A A RE Eo]7]¢k(sella turcica)oll 01271744 =
o] 7Hs3le] AEEY BYo] pssitt? B 8 HuE

sy B

O
-

e & o to 12
=
o

Loy
H
E

Mo rlo e rr &£ fo iz
= oon

kil
&

Rt
Moo
ox
ﬂ):FlrE
ui O =

Ir

]

Ir
w

=
o

i

1

a4
ot
ol
e

o] 7} F3do] Hrt

2] Auat 7]k (free mucosal graft) Q] Fo]F-= ZH|717H
Auk W w22 Fduk she|z) duk So] wol AREE o] R
t} 10 mmo] o]5}e] &L F7]0] ALo
H|Z2 Aubo] A8 2823 pedht it sFA9 10 mm

ojFel & dEE ffell i FelolM HaE s A

FuIA A

L
sHe A9 BFe] AT 4 Uk FuH Fure) 39
G Ae 2919k kol 48] uhe] Hut A
oRbH) $4F B AL Sk BT S glow], u)F
2 guel 35 1|34 B AL YT 4 ek,
shulgl Huke s e Welel Hure 44 ¢

u
N
1o
i
b
o
i)
u)
2
~N r
HN
o
i)
rr
pou)
flo
)
i
.=
[
o,
o
u

wate] S423t A7 AHE skt o] 52 HiloA
Fu T Al 2E doa AR A (spontaneous)
Al f-2o] ARIO|H AHe-qlon, AE5919 A7

o] 10 mmXt ZAAY 2 A9 wE7F 25

4 19 o4te] & 3zko|| A 424t (meningocele) L 4=

—_—

127




J RHINOL 2018;25(2):123-129

9} F(meningoencephaocele) 52| oS- WAYsHA] &
et 7hsstE Wy A3 5 A=t e ARE T AL
Bt Aol P ATES ol olE WSS EY &
Ue Ae A=Y oA A0 Aoko] el &
Hho] th2 v Avke oo Hargch? Ax1E9] o7
S8 7HestthH wW ShREo] SAl /\]”@LE] 3ol 4]
ol overlay W olA & ¢ QHE A o= o 4fE| o] 5}
HIZ7N S-=9-A9f 53 o)A Ho]'tﬂ% Ay, 3}71] =3l A

N
P
1o
oM.
ot
2,
1o

ofr
ol
e
=
=
1o
ol)ln

fibrin glue =

g erg A
] lel— S v gk el ol B

A 91 Aoz Aol Btk el £ & 9] g
2 310 A2)4 7)ol S8 oJake she szl |
O LR EEERER SR ICERE
9 50 WHFL 2HY 5 9 7hs Aol qlrks Helth
B Aol Fo] 19] U B SAIA Sa T urkE
AL WASHA] EekoLt, Foligloln Huhe BA A
olelst g me% Wast gon, THsstehd vE AT
Fol glof F& R9lolA AASAL s HlF7} A
3 oA A2k Aol olef FHFL sk | =
2ol 9 Ao AR

2l B937] 9j8t
o] sHa|7H) Z-Zup-Aul B3} o] A8 0] 83 overlay B
& F9oE ePgH o R {27} shset

Lo AL

¢

& - sy - Htold)

Acknowledgments
The authors would like to thank MID (Medical Illustration &
Design) for his help with the illustrations.

REFERENCES

1) Loew F, Pertuiset B, Chaumier EE, Jaksche H. Traumatic, sponta-
neous and postoperative CSF rhinorrhea. Adv Tech Stand Neuro-
surg 1984;11:169-207.

2) Stankiewicz JA. Cerebrospinal fluid fistula and endoscopic sinus
surgery. Laryngoscope 1991;101:250-6.

3) Mirza S, Thaper A, McClelland L, Jones NS. Sinonasal cerebrospi-
nal fluid leaks: management of 97 patients over 10 years. Laryngo-
scope 2005;115:1774-7.

4) Wigand ME. Transnasal ethmoidectomy under endoscopical con-
trol. Rhinology 1981;19:7-15.

5) Alexander A, Mathew J, Varghese AM, Ganesan S. Endoscopic Re-
pair of CSF Fistulae: A Ten Year Experience. J Clin Diagn Res 2016;
10:MCO01-04.

6) Ibrahim AA, Okasha M, Elwany S. Endoscopic endonasal multi-
layer repair of traumatic CSF rhinorrhea. Eur Arch Otorhinolaryn-
gol 2016;273:921-6.

7) Senior BA, Jafri K, Benninger M. Safety and efficacy of endoscop-
ic repair of CSF leaks and encephaloceles: a survey of the members
of the American Rhinologic Society. Am J Rhinol 2001;15:21-5.

8) Turgut S, Ercan I, Pinarci H, Beskonakli E. First experience with
transnasal and transseptal endoscopic and microscopic repair of
anterior skull base CSF fistulae. Rhinology 2000;38:195-9.

9) Harvey RJ, Smith JE, Wise SK, Patel SJ, Frankel BM, Schlosser RJ.
Intracranial complications before and after endoscopic skull base
reconstruction. Am J Rhinol 2008;22:516-21.

10) Bernal-Sprekelsen M, Bleda-Vazquez C, Carrau RL. Ascending men-
ingitis secondary to traumatic cerebrospinal fluid leaks. Am J Rhi-
nol 2000;14:257-9.

11) Bernal-Sprekelsen M, Alobid I, Mullol J, Trobat F, Tomas-Barberan
M. Closure of cerebrospinal fluid leaks prevents ascending bacteri-
al meningitis. Rhinology 2005;43:277-81.

12) Harvey RJ, Parmar P, Sacks R, Zanation AM. Endoscopic skull base
reconstruction of large dural defects: a systematic review of pub-
lished evidence. Laryngoscope 2012;122:452-9.

13) Patel MR, Stadler ME, Snyderman CH, Carrau RL, Kassam AB,
Germanwala AV, et al. How to choose? Endoscopic skull base re-
constructive options and limitations. Skull base: Official Journal of
North American Skull Base Society 2010;20:397-404.

14) Kassam AB, Prevedello DM, Carrau RL, Snyderman CH, Thomas
A, Gardner P, et al. Endoscopic endonasal skull base surgery: anal-
ysis of complications in the authors’ initial 800 patients. Journal of
Neurosurgery 2011;114:1544-68.

15) Harvey RJ, Nogueira JF, Schlosser RJ, Patel SJ, Vellutini E, Stamm
AC. Closure of large skull base defects after endoscopic transnasal
craniotomy. Clinical article. Journal of Neurosurgery 2009;111:371-9.

16) Pinheiro-Neto CD, Prevedello DM, Carrau RL, Snyderman CH, Mintz
A, Gardner P, et al. Improving the design of the pedicled nasosep-
tal flap for skull base reconstruction: a radioanatomic study. Laryn-
goscope 2007;117:1560-9.

17) Chin D, Harvey RJ. Endoscopic reconstruction of frontal, cribiform
and ethmoid skull base defects. Advances in oto-rhino-laryngology
2013;74:104-18.

18) Fortes FS, Carrau RL, Snyderman CH, Prevedello D, Vescan A, Mintz
A, et al. The posterior pedicle inferior turbinate flap: a new vascu-
larized flap for skull base reconstruction. Laryngoscope 2007;117:
1329-32.

19) Amit M, Cohen J, Koren I, Gil Z. Cadaveric study for skull base re-
construction using anteriorly based inferior turbinate flap. Laryn-
goscope 2013;123:2940-4.

20) Cassano M, Felippu A. Endoscopic treatment of cerebrospinal flu-
id leaks with the use of lower turbinate grafts: a retrospective review



WSS 2E0|AS 0|83 HELUSE Bos

of 125 cases. Rhinology 2009;47:362-8.

21) Zweig JL, Carrau RL, Celin SE, Schaitkin BM, Pollice PA, Sny-
derman CH, et al. Endoscopic repair of cerebrospinal fluid leaks to
the sinonasal tract: predictors of success. Otolaryngology--head

and neck surgery: official journal of American Academy of Otolar-
yngology-Head and Neck Surgery 2000;123:195-201.

22) Heo SJ, Kim JS. Endoscopic Management of Cerebrospinal Fluid
Rhinorrhea. J Rhinol 2014;21(1):15-21.

129




