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Osteoradionecrosis of the skull base (SB-ORN) is a serious potentially lethal complication af-
ter radiotherapy in the head and neck region and is therefore considered one of the most chal-
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Skull base.
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HRALAL X & (radiation therapy)= H|Q1F¢F 2
A AR} X &E(primary therapy) = % & H2Z 22 H
(adjuvant treatment) & 24]2] ZQ3F o5+ sl Q) )
AE AR A& Sof) WA 4= Qls FANA AR E AL
(skull base osteoradionecrosis)®] 3¢ A&7} 714 7hct=
& T 59 SR AL AR LR WAL 2
7 S WAk FA AR S ARS] T ES 54~10.1%
& hofelA BauEglon, 55] 3= (sphenoid bone), Ab
t(clivus), 57 (temporal bone)e FHIITIAL defA 3
t}¥ YA S M (internal carotid artery, ICA) SFH 2Z 9] Z

w0] Q= A= AT FEE AR AP ol2A He A
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lenging clinical entities among skull base lesions. Management options includes nasal irriga-
tion, medications such as systemic antibiotics and anti-inflammatory drugs, hyperbaric oxygen
therapy, and surgical debridement. Despite these efforts treatment outcomes are associated with
a poor prognosis. Recent studies have shown an increased disease control rate with a more ag-
gressive surgical approach including sequestrectomy. One of the main factors associated with
poor prognosis is involvement of the internal carotid artery near the skull base. Spontaneous
carotid rupture is frequently associated with death and/or severe morbidity and also poses risk
of profuse bleeding during surgery. In this article we will deliver a comprehensive review of
SB-ORN, including pathophysiology, clinical features, and an update in treatment strategy.
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215 EE oI 4= o] B Y& a3t
WAPAZ A= AL ofdoflA = YeRd 4= glom, stef
Z(mandible)} Zo] A=

Ho} BEZQ 2R 24 8742 (nasal irrigation), A
22| & (hyperbaric oxygen therapy, HBOT)E A=A
A4l YA E= D7 ARAAAG] sl A EAIE H (pentox-
ifylline) 2} GAISHA|¢l & A #H| = (tocopherol)S Fo& 4= Q)
Ak AR A 27 A EAYA] ek & A o
et thFsiA Al o] far, Y F& ARl (wide se-
questrectomy)?t 22 HA=2R =S B9l X7 & &F
AL 4= Qlths B0l Qlal, Fo:

A ] B O 2 28|, 424 B o]E-&(morbidity) S
Ao E & o H3H2 £54 A R77t 7Hse R

A A A e A A S o] FHE 1 glovt of
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A7z AHE AR 7hol=gkelo] FARE AlRelA, & F
AoflMe FAA AR AR] Higt 71, e 2 &
AR a7l AR A& g g AaE ghels) Bl
A7) MU B v R FAA WA E
Tjafol ARt 5 2| =of| Hsf 7|EsialA} ek

= £

BRE 7140) AR oS elE FAA A BHAE b

29 AR TeRtEA Yol 1 TiekRe A8
of SLFolck? S HAPMEIAE T8 ALY A2

He A 2] (Pathophysiology of skull base
osteoradionecrosis)

Z7V0l= WA A= Sof] WAk AR E ALY =2
Hej e = e EskdlalL, ol A A= A7
HIek” At 19839 Marxs HAH] A2 2 AlZ 9 Al
9] FHelAe] UHe] o rmA 229 AHF(hypovas-
cularity), A4t (hypoxia), AA2EA (hypocellularity)& ©F
718k, B4 0 2= 24 o] HHEHA R R X &7t
%] = o] vbyE kY St & AujulNE &
Ao 2 QI T 9 FIurg o 2 QIgE Fl et
= W AN A, o E Ak T AHe s 2l
gk AT ARt IS wal, Zuh v skE 47
HAXA 2 79 ZotH 2 AP & AWF/Y(remodeling) 2+
o] o]xfo] A7ILt o] Marx®] 34 o] E(AEF-#]AkA-
AN EA)E AR R(HBOT)] A7} ek

19989 Delaniana AR X &2 213t A-GHA|EZ T
(fibroblast activity)2] &4dSHactivation)Q} 8% oll(dys—
regulation)7} Pofual, o|= I8l Hf-2]o] oF-FAof F
oFeh = Qlrh= AN FA AR 915 o] (radiation-in-
duced fibroatrophic theory)& AAIE}ATE? o]% ofg] At
Aol A AP Z AR 22 71H 02 QIFREA Hof| whaf,
BFAFSHA (antioxidant drug)?} 39-3-31A4)|(antifibrotic drug)
AFg-2] o] 22 7|qto] H]ck
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3QIxte} B 521A}H(Risk factors and protective
factors of skull base osteoradionecrosis)

kst aQlEo] FINA AR AL Hdfof oS ]
A = ek WA AR A B9, a-85F0] ’IARA
AR, T, A FA, FF7F A Bagze ol
SHE SALE doFitial A Al A Ro| =7} HIARA
ZHAL ool =Lo] E 4 QIok” ShA|ut thoFal &
T Aitol = Etslal A 2o]=o] 8 W ARE 7|7F 5o
sl AeFHQl AGtE0] B Zasirt

ZeH(Diagnosis of skull base osteoradionecrosis)
FAA AR AR G, /e, e Be]shy
o YWES IAR Huslt}, FHA ARSI ALY S8
B 580 7MY &8kl ofF, 7h] 4, viEd 9 BA¢)
e WA SAEIHY, WAk A& 5wy Eoe] vl &
= ], Aol 3%, 39 o= 5%, 59 3l
1% A BAMAZI AP} dhAigchar deiA] QIek” BjelE
L2 FNA F9e] AR A 8Eo] glomA A 44
oA BIQIFS] ShsAd HHlET T FARE 221E 918
= %ol oAst 4 QlE=d(Fig. 1), BHlES A7k
Floll= &1k F-Z(bony sequestra)& ZQIE 4= Utk
Akl Al EA o g FrhA ol ARG wolA] A5t
(sclerotic) = vleHd(erosive) RIS} FHIEHAl Z|ARH
AxZo] yhatE =], TF WAHsHe Z9FolA By 4
Urh(Fig. 2). W 2= FAA PAPAZ AR 2 (residual),
E= A (recurrent) FFFe] FHo| oH7] wfjFof g3
S S AL AAJEH Hok?
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2] & (Treatment methods)

HEA A5 Yoz H7E A, A4l HEAY S
d oF =Y o, Tz MM A R T QAL A WS
= Aol whek A B WA Aol SlaL, Helel wh
2} Xaghe] AXANE A ASH= HARA %= (debridement) o]
AEE 2Tl EZAA| & (sequestrectomy) 7HA] ThFaH|
g5 Qlck

SFINA HAME ZAbe] oigt 22”0 2| 7e] Avk= o
Fot7] ol oFAZA] =AY oix|7} Qlek. HEAZH
(pentoxifylline, PTX)-& W& A3glo]| AlLE1, E Ty
E(tocopherol, TCP)Z A2 A WAMIZIALS] F4F
& THAAFN7] A AFEE o] Sheks

5 9FE-2 19984 Delanian®] Ao 2 X35} o] A-85

H



3, RARe] o] =Wy A (n=24)"2 E3 St 22k
L HIAMA % A-5-3H(radiation—-induced fibrosis)”}
Sk A2 gRlskginh 1do e EtstaL, PTX/TCP
F& Zgho) Z7loARt auprt qlar, Axo] xsyH
A PTX/TCP ©H5 Q88 Ao Zaie = A& UP%
ohar A ek

Z 2= 2U0]E(clodronate, CLO)+= M2 £/ H|A
A ZYO|E(bisphosphonate) Al 2Fa=A], IH2A] 3 (os—
teoclast) 2] =Ake} Bs2 o] S-S HaAA A
A& OFER o AR I kM SRRk T A AT
At High A= oRAIZIR] = A E o] QA Q.

PENTOCLO £%-2 PTX/TCP%} CLOE ¥gslo] A=
&= W0 2 Delanianol] &8l 2002¥5E A=k
20114 Delanian 5482 iAo 23t H3F2] A3 E ALE
ol o7 ool = b= $PAS] FEFAL, FaEA
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&S 2 3= o 38 wpyo) Witk B gick?

TR R iRt Avke thRt EAE AR Ave
oIl =7e] AX7} Qlek @A FANA HAMAE Aol gt
T AR RO Ak mn|shrtal o ARl QLo
HAZA & SR F7H A7 0 = A 9] 1Mk
70 %o FOIHIE? Y HEH RS AEIAS Al
OF 9% A Holi= Hubdso] WAE HA MRIOA &4
B o] S & AR of=et Aol ZAE B4
o] & Qte|= Ao 2 A 7] wfiZell HEAQI 2= vk
= A ot 78 B o F7F A&E AL, Hure 2o XY
4 ZFo| & A udd ARE AT AL Lsfjof
?_}_‘I:}"Bﬁ

=20l BEA| <& (sequestrectomy) & HHOZ=
NHTH o= A Aberel AP ak YA A Aol
ek S A s o R Hsl |7t golstaL, oA

Fig. 2. Necrotic soft tissue (red arrows) with sclerotic and erosive changes of the adjacent bones of the skuII base (blue arrows), proxim-
ity to the internal carotid artery (yellow arrow).
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F70 A (ventral skull base) HHol HIsl] gt 41491
o 2 wholZoi2|an Qlet, el Ao Blsl £F FE
£ Yol B gle FEREEY &4 ik Aol
UL, FeE Bl AUF A FAR HeHS 23t &
HFNA Ao 2 = 7] witolch

W75 o] digh 3 x](Management of internal
carotid artery)

FANA HAAZTIALL] 50% oA TARE Hwo] W
Zmig} ol s glom, WASW utd @ oleh HrtEEo] A
o RES AR Ao degn
Ol Ao HEZA 7EYS 3 HS-
13} F 509% H =0 SAtol|AlA] ZE
ol&}o] AFdEF 4= 9y ¥ a_n_qu\ﬂg_‘,]. Zro] AFAe]
Yh(adventitia)©] A= L
Fal7) ol 2|43te] 5& } B2E e ggo] Yo
22 oIt} whebd mE ﬂZMW Wasmel et 8717t
o] 74$-ofl wabA CT 52 MR angiographyS 53}
9] Y-S mlolslal =T (pseudoanuerysm)2t
o] §=A1S BHeldt 4= Arh(Fig. 3A). WAEHES
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W (lumen)o] E+F2lstAY, &2 915 WRF7E 2zt
¥ 5, CT/MR @//ollA Wdssol &8st 2
B WEA] s A E3EddAHangiography) &
=941 AHballoon occlusion test)S F1LA] single pho-
ton emission CTE A|3Yetch(Fig. 3B). TFoF W oA #4HF7}
= A WsH2 e Y M < (endovascular coil
embolization)& Al3jsto] Bh2 & =45 A3t} (Fig. 4).
gkof FAH|AjEA A A7 W= 9 st WA
Fwo] 037 o)Al (external carotid artery—internal ca-
rotid artery(ECA-ICA) bypassl= lﬂﬂﬂ 22 Q) elH o)
49 UAEH olo 2 FY AHlES Arelsl 3 23% Hof
$eS APstH AHE F92 ﬁ*ﬁ@lﬂ‘%(neoadvenu—
‘Jejo] WH o BHE Mol vhe|rt 7hgsital
W75 o] 271%101 ﬁf“l 735 ~HIE A

tia)o] &

WA 7u)E oA HagAE & Wl

(Endonasal endoscopic surgical procedures)
RE el vnAlold AlAgst WAIEA ZHIR

FolA AR A %:'Ha—éixﬂ’\&

7] 18] TR 739 L] e 2o

AJ33} B

| %
soseptal flap)= ZA| Azt 9 2542 AAIRE 9,
o] 59 vlFAqt
jJHﬂL(reverse flap) &= ARgE]o], @5 v]3-(binostril access)
= &0l G HIIFE H % 4= Sk AL} )Rl
E‘] B2 A2 WA BRlF AAlsrt fAREHO R A
Y}, 552 ;S&ol:ﬁﬂ%“—ﬂ(sphenopalatme artery)oll thaf

AAeE 248 sl Arels A7l < (maxillary antrostomy)2t

Fig. 3. Preoperative evaluation of internal carotid artery. Pseudoaneurysm (circle) identified by MR angiography (A). Right internal ca-
rotid artery balloon occlusion test and SPECT. Good collateral via anterior communicating artery is identified and SPECT image shows
no brain hypoperfusion (B). SPECT: single photon emission CT.
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Fig. 4. Right internal carotid artery coiling and embolization.

Contrast CT and MRI ‘

A

ICA involvement and high

risk of ICA injury

y
Angiography and balloon

occlusion test

T

High-risk for stroke:

Low-risk for stroke:

coil embolization surgical bypass

Fig. 5. Surgical planning algorithm for high risk ICA injury in skull
base osteoradionecrosis. High risk ICA injury includes; irregular
shape of the lumen of the artery, the presence of a pseudo-aneu-
rism, ICA no longer covered by bone, or exposed to necrotic soft
tissues. Patients with high risk ICA injury should be evaluated with
angiography with balloon occlusion test. If there is enough collat-
eral and the risk of stroke is low when occluded, coil embolization
can be performed. However if the collateral circulation is limited and
the risk of stroke is high, a surgical bypass should be considered.
ICA: internal carotid artery.

& &% 47)< (sphenoidotomy)& A3yttt o] & Arels
93} 17 Z (palatine bone)2] =2H=7|(orbital process)
A AL, o] (pterygopalatine fossa)S =ZA]7IC)
ol 2ke] F2E-L A& (foramen rotundum)} =
(vidain canal)< =%57] fJ8l SHo = o] FARRIE 37t
20l 29 ez ¥R Hejol wheh AR E . Ak ]
& A, F2, A4FE2)7 (microdebriden S o]-8-351o] A7

te 1o mx

[«

gheh IAbeE 22]o] e IRt A9 o] & Fehste] vt
A ZAA8A GAE sfloF gt} 2AdA =

3t Hu} ol A2 (pharyngobasilar fascia), F4(lon-
gus capitis), AL (longucs colli), T2l (rectus capitis),
AZH o) (cartilagineous E-tube), 77N HA(tensor veli
palatini), 77l #(evator veli palatine), &5 <12
A8z ZA(fibrouscartilaginous tissue)®] F=of whef
i, a2 5 o] &sto] FARHE AlRsto] 17t
g w7z AAgE 71 Sgt ZAA H9le JEEY v
AFOE, &5F22] A5 (petrous part of the temporal bone)
ojc. YAHH 225 ¢HHE] ER AlASIL & =5
TR L Wes WS vlEA S ol EohFig. 6).

2|7 ZA3HTreatment outcome of skull base
osteoradionecrosis)

ol gt thefet kol e EFekal, FA HAMd Z AR
A7 A= F4) Sslch By vhof| w2 2 A A
&2 542%70131, BEH AR sHe A9 eeE AR
B} o 37} o vk 2olck Y six|uk, A7 A SAAZ
e FEE ol gk 7k RE517] wiiell, A
PARAET AL gt 224 9] X zof thgt )= o7kl =
= gl

o

2

AetiEdel 3

20064 19~2017¢ 29714 W|Q1 = E= FulEQfo] HiAL
A A7 T TN ARSI ARR ZdE 21} 159 oA
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Fig. 6. ICA trapping with coil embolization and endoscopic endonasal sequestrectomy followed by coverage with a nasoseptal flap. En-
doscopic findings of skull base osteoradionecrosis (A). Coverage with a pedicled nasoseptal flap after aggressive debridement and se-
questrectomy (B). Follow-up zxial CT scan shows trapping of the right ICA and extent of skull base debridement (C). *: a nasoseptal flap,

ICA: internal carotid artery.

o

o2 ¢ ATE W7 arfelnA Bk A2l
3] Z2EZ(RB No. 2013-0105)°] whet o] Foizl ¢t
o, &xto] Pt Lpol= 629M=, A ARE SRSk
o] FANA AP EIALR A7) 7RR] Et 37.870
o] 28 =gt 7MY 538] S At ZARS FE(11/15)°0]9)
31, 71 g2 ok (5/15)%tk 10752 FRH10/15, 66.7%)°114]
W ol JRlE 2 SIsklar. Hat A& 7k 13.2
70(95% confidence interval 8.07~18.36 mon), 21 B+t Ay
82 304%A). A FE= BHEA X HE(conservative treat—
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Fig. 7. Kaplan-Meier survival analysis of skull base osteoradione-
crosis patients. There is a statistically significant difference in over-
all survival rate according to the extent of treatment. Tx: treatment,
ES: endoscopic sequestration, ORN: osteoradionecrosis.
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23]2 o]Al4(ECA-ICA bypass)S 1&]af & 4= qlrh
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