(G > 8 & 2 ]

T =Hh N —F

Technical note

(f@ X % 4 + ]

#E IR Onyx ZE R CTHRIECTE 2ZEH K AVM © 1 fi

(& & 4]
mEPEE D Il aAHE 2 OB sA D WLy HlE D
gy mEFADY @#ARAERED RABEH Y SFHEKED

(Fr e B B ]
1) BEAK 0 28 e B e R A Bl
2) IR AR I RO B M wR R AL R

[ E #& 5 ]

A% e EHE - m R

W AR 2 R B MK AR R AL R

T227-8501 IR MU H XS E 1-30
HIEHES  045-971-1151 FAX : 045-973-1019
E-mail : 623pandl@gmail.com

(¥ -7 —F]

Scalp arteriovenous malformation, transvenous embolization, Onyx
QER=D

TR@ X% . HARMENENARE2S BIME INET Journal of
Neuroendovascular Therapy IR T 2 1 H 20, FHZFH . HLF
HiLLoT, BN oM CER T LERMIA TR L%
Z¥sL 9.



MXEE
[H M) V8 KK &) & Ik & /£ (scalp arteriovenous malformation; sAVM)

R L CREMIRP Onyx M2 M CRBLERZ 1TIEM 2 BB L

alﬁ

DTWET B

(FEG ) GMBEToM B BT 2 EFICHENLE o7z 17T LMW K
I % ¥ 5% C rt. occipital artery(OA)%Z T EARBEME ¢ L T 24K D
rt. occipital vein(OV) & @ [ i venous pouch 28 K & . rt.
superficial temporal artery(STA) ., rt. posterior auricular
artery(PAA)D 3 5 > & b feeder i AT % sAVM % @& © 7=, H i
FERcy —22HFAL., 2K rte.OVERENLO AL —VHT
— T NMEYY Y PEBREETHFEL., S — v R L TR R E
E X E-RET Onyx T ABIKICEE X ¥ 2% Reverse
pressure cooker technique(RPCT)% H \» T ¥ % v b % 5% & i Bf] %
LAl

(Fiim)] KAEEIRBERW T 702 —F B0 HE & sAVM o JiE il i< & L <

Bxh Bk L R BELD B,

2R
ull

YH FZ B & Ik & /¥ (scalp arteriovenous malformation: sAVM) (% b & Y
kG CTChHh, HEOHHEHIMKMICEMMDE 2N I 2SS HKE A
P -2 BT 5, MAMAIEAMEEEREE L CHERINS L

%, MEMMESLHIEY ., HE., RAH., K8, mim, 96K %L

48

DIERZMHES B H 5 VD mHEIECEL TSR0 Y BR %

(R

MmENBER. ZOoFHBEIH LA TW SR, E X o kiniEiEd



F S, EFICIECTHBEEPER I LTV 2,

Sl A2 A AT O M S o R EME (feeder) & 8 @ Wi I i
Ik (drainer) % 5 3 %2 sAVM i xf L T, N — ¥ A 7 — 7 v Tk
Z %2 L 72K H T Onyx % # {7 i dF A 3 % Reverse pressure
cooker technique(RPCT)% Ffl w TR EIRMWICY v v b 2 EKR LR

ALGREMZRBELZO THET 5,

fE Bl 2 7R

BE 17T, KM

BEAERE - MHEMBER ~r =7 0 /IR by &

WHRE 2 » Afi» 6 A Ml E CHE R A 5 XS Tk o
. EHTMEMHEZAR L., fIRE 222 ddbok, BEERXZ
LI MRI c®E 2 MY B8N,

ABRKERE - EBEHUCHREEINEENMRLEIAD b o, HHN
BAHC3cm KoMBHEEEA2MML 2, BRECLCERIZED & p o 72
(Fig 1),

BB R:CTATRAE®RTOKTIC SAVM 2 5 5> MEME 2 A D
72 (Fig 1), WMIML%& k¥ <Tlx. rt. occipital artery(OA) % main feeder
& LT, 2Kd rt. occipital vein(OV) % drainer & 3 % sAVM % &
¥ 7z, rt. posterior auricular artery(PAA) & rt. Superficial temporal
artery(STA) 2> & © feeder b B 7, 2 KD rt. OV T &M L T rt.
external jugular vein(EJV)~ 3 H L T w 7 (Fig. 2), 4 ¥ 7 # — & F
ave vy bR C, HEHNABH T > 2B BEEITo . ¥ &

EEBREMEBEFEZIT > T3,



MERNBHRERER : 25 MKBTCTCFEEZHARBRL L, 6Fr ¥ — 2% H K

BEEh AR IC# AL T 4Fr JB2(AXA 7 4 % v b, HE)%Z rt. OA O &1k

puisiy

I§
B ELE, ~ A 2728 -7 —TLr0oBEE®EYS® 3 70, H4HEE

Wk % B3 %M L 5Fr v — 2 % rt. EJVICEE L 72, ~% U v 5000 ¥

EF

FEELTCeEE ~ ) vt LA, LK. 30 4 Iic Activated
clotting time(ACT) % #l & L T ACT250 A E%2#f&R> X 5iclL ., 4
EERRE 2T, 0o —F<=v 7 Fic 24K D Scepter C 4x10mm (7
L E, FIE )% CHIKAI 0.014 200cm(FAH A v 7 v 7 BH )% H v

TZnZEn 2AKD rt. OV A 5 venous pouch L ¥ THEL /2., %

or

Z T 2 KD Scepter C # inflation & & T drainer % B % & & 72 Ik f&
T. venous pouch ® F I & L 7z Scepter C(Figure 2 d H &K )
25 Onyx34 ##E AL 72, ¥ 3 venous pouch I& Onyx 2 7 H & v,
Z O %W AT IC % feeder 1T Fi#E X & 72, 3mliE AL & KA THkE
T2¢., b¥2ryy vy PEREEFL TR LD, it T Onyxl8 %
IlbmlF AL L. Z20oBE® T 5L v x v FPIEHEHKXL TWwik,Venous
pouch T /5 @ Scepter C(Figure 2 d H KX ¥ )% deflation L 7= & I
Onyx18 % 0.5ml ## A L T venous pouch T/ ® OV % [f % & & 7=,
%t \» T venous pouch k7 ® Scepter C (Figure2d HXH) » 5 3
deflation L 72 % I Onyx18 %# 1ml {# A L T venous pouch L7 o®
OV # P % X% 7, Onyx 3§ 6ml i L 7z (Fig3)., Scepter (I [{
kRETZ2 L, AAAEBRIEEZE Yy v PO R2HELZHERL T
BE#T e L7Z(Figd), WIFEREIWRALAHOEIR L BEoEW %2 A »

A, BHICEHEHEAL, HELPHEBOHEHKL 2, @

%}i\
R

AL E R0 7

(@)

2o 7oA. Onyx BRI B < Al L 72, 6 » H & i Ml & &2 & 17 v



SAVM @ %k % 8 © 72 (Fig5). 2 ® & flit& 2 4F o B i T & KT A& |

MRI F o HFEIZTED T Wi,

%

1764 4 i1C Hunter I X » TH O B #F k& B 29 © THE T . 1833
£ Brecht i X W BHE o Il & B IC &f L cirsoid aneurysm & \» 5
LB O F LN 3 Z WL aneurysmal serpentinum,aneurysm
cirsoides., plexiform angioma, arteriovenous fistula, arteriovenous
malformation® 7% & D 4 R LTI h TWw 3,

B DR A 2MEPBEEG LA 22K, STA £ OA 28 feeder & & 5 Z
EHRL ), FRNICHENILE A feeder & 8 5 22 b H 5 9, RIE
HEREFERELEERED 220, B REZERLE L TIEHMY
A B 2 % v 0t BE B R T B OBE AT 8. SH B RE o B i B R &
NVERPREINTVDE, ERMEOFERIETAHTD 2, KIEPH < IiF 4
GHREETHLG P TRV SAVMIE /NI 2 TER 2> o4 £ 9 (drainer
DFEEL D ICHBMEERE LINKRL 2 drainer Z filtA 3 2 X 5 1T &
bV EEMHMEL B I 2 12, mFE o @S T Mo PP e B M
ik 2 E2AMNME. RMBLYERBIVIER B, A-V ¥ v v b IC
L2040 2Elog & Tch b 210000,
BREEFIAHOURNEMENBRE? SV, WAEAOMEMPEICICLU
Tz ZTnHEMBcoRFE., T3 HHMABEPERINL T B, 2000
FEURECE AR BRI 62 f . IfLE N RE 40 B0 GFHEE 9 B
DWMEZRD 2, UHET AR BRMAE -FBRTHY, K2 2}

THEERLEVY, VKRTOHELKEL L KEH MO & HFERS P H



2 D, ¥ MiBomMERMCIVMEL TR UKL AELE#-
Wz L TLESI L wIyMEDH 2 P, BFRFIRHE CHER L

~AdszeaT—TrFoBRBCERYE. EREMoREIC XY M
EHNRBELERINZEFMIE L C D, MENBE FEL LT
FREBIRG T 70 —F RERO T 70 -5, HBEFHE®H Y
FdoHEodhcix. BEIKRW T 72 —F 136 BREFRWT 7 v —
F o4 B, B HE Rk 25 fl . REBYIRA + E Rk 4 B o WG R
D LN, FDH) L EBRYWHEE LT Onyx 285 22 ] (Table 1) 13.14)
NBCA 28 24 |, 24 v 124, Zofi (b v vy, KU FHh/—
M. ETFVIRSHITHERAITR T 2, ME NKREEICRA ZH
37 HIC 12 To feeder ¥ ¥ % v F F A4 v F R HEI & 3 LER
» %, Feeder Ty ¥ v P RAVIEEETTOT 78 —FBE

S EM CEBEBARYT e —FTCREATRRE ARSI EDEE W, &

o

L Feeder & 24 SE ko o IFHFELIEBIEBITL T3 L

>

BEL . vy v b FRA VI b AENMECTCOERE o LEA.
4 T ® feeder, drainer ¥ TERVHEHIREL T T AT 2 ER L
Y. WEMTROFREICLVHERZEKRT LT TR, ERATLY
bEMERERERBEL IO T 7o - FHREEL 22, HEBEXS
ftEDHKEE H 72 5 2% L1, —J drainer AR L Tw 3 2 & 2
. BT 72 AAL—- P LEARVGDSE EIC, A4 78 h T — TN
DR EREEE R EEDEVEEZLNLSE, LA2L. sAVM O
drainer ® % < 13 Superficial temporal vein(STV)7% & o 8 &% # Ik ©
HY D FRM A~ W R IEMAER WL T 28 ER S EE? S

HTH 2, HHABMECHEBKESC SKIFMFIRF ~o itz R0 2WwE



b5 5 19, EEFMERMET, ~4 27077 -7 2 BAL AL

(\9\.,

DK a2 X FTH Y. feeder 28 tortuous RHEEZIC D 7 7 u — F Al
ThHhb, HTFWICEIKRM2Z)EHET 2L TR~ RZN X o
D, % feeder WE A X ¥ 3 2 & BA[RE L 2 3 2., itk o % fll i o K

e HEER., BRREOWME» H 2 17,

iz

]

AIEF I HFFLETHY, REE L HIMY X7 2 6 IE N R K

MR
E

WLZ. BB DODWIT OB W feeder & ¥ v VY P F A4 v F bk b

hiMEWMEZRD ., ROV T 70 —F Tl v P FEAL VL

i
B

5

~OT7 7me—F3HEELEEZONSEL, LD L., drainer ® 2 K D i iR
L7 OV 4/ L T venous pouch $T~A4 288 h 75 —F 1 %FHET
2t 3 EEZLONLLED ., BEIIRWT 7 —F 2R L 2,
HEEFMEDLINELEEZLONZN., AR UIRN & RAEICEHK~D
WL SO RMTERLA» o7, BIBEDALDITIE venous pouch &
MAT 22 ToD feeder Z WfTHICHAEI LI LELD 20, R
PE & L T Onyx 23 L 72, Onyx 1 NBCA & iz B 72 v | JE# & %
vy HEE AL CEFEBTRRENREALARELE ZY AVM O
EREErEO LR TE B LIRS, 2 F D sAVM X L T
Onyx ZH wZ XM TcEHFRORMEFTTD T v, A& L T
FE T~ Onyx WiBic X 2o BaZa (1 fl)HE b
b, 2ok FMHicURINLTWE, ETFTIEGFT S Onyx B xf L
TUIBRM AT SN AEND 26 52 19, RIEH B W TDH fltE Al
BE7 Onyx o EFE 42O TWwb, Onyx DE B TH 2 DMSO i iF
MlaEsEErMeoh s ) IHOFHRERI45mIMUM T eI TWw 3,

BPREATIEI DMSOIC X 2K~z s & EIAD T H F .



KIEH T Onyx D HE 2 6.0ml & % o T LT EESE
RIFAD TR v, Onyx O LM ICBE LT 3 92U E&REL 7~
BAhRERCHEMALL T2 b0 E L, AKEHCEAL TS XY o
Onyx AL 7 B LAEZKBICAL — v Z@BEEREL. BIRA ~ o
MIEFAED T v, sSAVM x5 2% Onyx F#EICHFEHTH 2 2 L
At Hic 4 vy 7y —uF cavery b3 i32tyH4ETHB 20,

Onyx ® i# A /5 % X proximal balloon protection ® k£ T Onyx %

T ic feeder ~# A3 %5 RPCT Z#EIR L 7z, Venous pouch O [H it (T

NV — v h T —TFT NV %u2FEEL T drainer ZHE X ¥ 3 2 L T, MifE

Rl
7

DM EHED D, % feeder ~ glue ¥  E AL EWKR T 5 2 L
gL o, "=V AT =T AELTEETALL X VEED
Scepter C Z i L Tw %, # % i1 d balloon protection & H » 72 &
AR 7 70 —FEXREI N T A D vy 77— X vigiE
®» Hyperform(X Ftrtw=vyv 7 HE)BXFHEHIALTWVWE, vv 7
N—AviEED AL — Vv AT =T LD EAE, Onyx HAH DO~ 4 7
uh T =T ADBMEL DL DR, Scepter C O A X H T balloon
protection & Onyx IFAR AR & 2 2720 FHIMEMHECTH Y. KIE
il o X 5 % BEE DK\ drainer Z R FFICPH%E X ¥ 25 2 Onyx % i A

T 52 LB TE DL, ScepterC ODFg RHAFED 28Fro 7z Mig L i

(WY

8Fr D W A4 T 4 v 7 AT —TAPEENTRETHLNIE 3 AD drainer

ARERECHUTE EE 26N 5, 7. mAAEDL 2.1Fr & 2 0 fth
DNV =V HhT =TIV b EM~DFEE0 S THH
TH 5,727 L.dratner P EFELLIBIEREL AL -V EZHEB2ZTL I W

PREABEELRL AR IA VO HLCEEZMNER 2 ERST 2 4%



% % % . Balloon protection T ¥ & < coil # venous pouch @ 1 if I
MEST 2L T Onyx izl ChHEIDMEIN T EZ 2 DV,
D FHFiEDLHA%EXHE D drainerl Kico>2 % 2 Ko~ 7w h s —T7 0
DR B2 -ZDBEPHAMECTCDL Y IS CHKMTcD 2 4 1LHEE
iZ distal migration D fa M b & 2 . 5 & 4 2217 o = Scepter C %
il L7 PRCT ix. sAVM ic 3+ 2 &Ik 7 7v —F &K & L T

HICHBECHMRNZBERELZIVGDZ EE XL DS,

4 &8

Reverse pressure cooker technique % i il L 7= # # K /) Onyx % &
fific K VA ZE LS ZHEXBHFRT O 12 WEL &
COFHRRBHRMG T 70— F R IE A M LG R
THEHMICTLTH, T —F AL HRES S ELET ILREME

THM aRBEEL 2L E D,

Al 2k MR D B R

FHEAES IR EFEL2BIMBMEK T 2 v,

3

1) Ni W, Tian Y, Gu Y, et al. Transvenous endovascular treatment
for scalp arteriovenous fistulas: Results with combined use of Onyx
and coils. World Neurosurg 2017 ; 107: 692-697.

2) Zheng J, Guo Z, Zhang X, et al. Intravascular embolization

versus surgical resection for patients with scalp arteriovenous



fistula. Chinese Neurosurgical Journal 2019; 5-3.

3) Elkin, D.C. Cirsoid Aneurysm of scalp. Ann. Surg 1924; 80: 332-
340.

4) Schechter MM, Gutstein RA. Aneurysms and arteriovenous
fistulas of the superficial temporal vessels. Radiology 1970; 97:
549-557.

5) Johari H, Shahriarirad R, Erfani A, et al. High flow scalp
arteriovenous malformation: A case report. World Journal of Plastic
Surgery 2020.

6) Zheng F, Augustus Pitts H, Goldbrunner R, et al. Traumatic
arteriovenous fistula of the scalp in the left temporoparietal region
with intra- and extracranial blood supply. Case Rep Vasc Med. 2016.
7) Bernstein J, Podnos S, Leavitt M. Arteriovenous fistula following
hair transplantation. Dermatol Surg 2011; 37: 873-875.

8) Amlashi SF, Riffaud L, Morandi X. Arteriovenous fistula of
superficial temporal artery: An exceptional complication of the
pterional approach. ] Neurol Neurosurg Psychiatry 2004; 75: 1077-
1078.

9) Ki HJ, Lee HK, Hur JW, et al. Post-traumatic arteriovenous
fistula of the scalp. J] Korean Neurosurg Soc 2015; 58: 298-300.
10) Xue B, Yi L, Chao Y. Surgical resection of a complex multiple
scalp Avf without preoperative embolization: a case report. Turk
Neurosurg 2015; 25: 638-42.

11) Whiteside OJ, Monksfield P, Steventon NB, et al. Endovascular



embolization of a traumatic arteriovenous fistula of the superficial
temporal artery. ] Laryngol Otol 2005; 119: 322-4.

12) Gurkanlar D, Gonul M, Solmaz I, et al. Cirsoid aneurysms of
the scalp. Neurosurg Rev 2006; 29: 208-212.

13) Thiex R, Wu I, Mulliken JB, et al. Safety and clinical efficacy
of Onyx for embolization of extraclinical head and neck vascular
anormalies. Am ] Neuroradiol 2011; 32: 1082-6.

14) Burrus TM, Miller GM, Flynn LP, et al. Symptomatic left
temporal arteriovenous traumatic fistula. Neurology 2009; 73: 570.
15) Dalyai RT, Schirmer CM, Malek AM. Transvenous balloon-
protected embolization of a scalp arteriovenous fistula using Onyx
liquid embolic. Acta Neurochir 2011; 153: 1285-90.

16) Corr PD. Cirsoid aneurysm of the scalp. Singap Med J.2007;
48:268-9.

17) Youn SW, Lee NJ, Suh SI, et al. Direct-puncture embolization
of scalp arteriovenous fistulae -Technical note on the circular
compression device. Neurol Med Chir 2012; 52: 525-528.

18) Dabus G, Pizzolato R, Lin E, et al. Endovascular treatment for
traumatic scalp arteriovenous fistulas: results with Onyx
embolization. ] Neurointerv Surg 2014; 6: 405-8.

19) Arat A, Cil BE, Vargel I, et al. Embolization of high-flow
craniofacial vascular malformations with Onyx. AJNR Am ]
Neuroradical 2007; 28: 1409-14.

20) Kuwajima A, Chokyu K, Terada T, et al. Two cases of



arteriovenous fistula of the scalp in which the pressure cooker
technique was useful. Journal of Neuroendovascular Therapy 2018;

12: 416-422.

K % o 3

Figure 1

The clinical photo(A) shows 30mm-sized pulsatile mass behind the
right ear with bruit at night. There was no redness or tenderness.
CTA(B) shows abnormal angioarchitecture suggesting scalp

arteriovenous malformation.

Figure 2

Lateral digital subtraction angiogram of the right external carotid
artery in early(A), capillary(B), and late(C) phase shows scalp
arteriovenous malformation supplied from mainly the occipital
artery(A, white arrow) and the posterior auricular artery(A, white
arrow head), the superficial temporal artery(A, black arrow) and
through the venous pouch(B, white arrow), draining to the two
occipital veins(OVs)(C, white arrows) connecting to the external
jugular vein(EJV)(C, asterisk). The two inflated Scepter balloons
in OVs(D, white arrows) placed just distal to the venous pouch
prevent the migration of the Onyx into the pulmonary artery and
help to pull out the Onyx into each feeder retrogradely. External

carotid angiogram with the inflated Scepter balloons shows flow



interruption of the OVs(E, white arrows) except the minor outflow

veins (E, black arrows) to the EJV.

Figure 3

Schematic diagram of the scalp AVM.

Figure 4

Onyx 34 was injected through the inflated Scepter into the venous
pouch(A), and entered into the occipital artery(OA) and the
superficial temporal artery(STA) retrogradely(B). Onyx 18 passed
through the venous pouch and entered into the distal portion of the
OA, STA, and posterior auricular artery(C). DSA of the right
external carotid artery after injecting Onyx shows complete

occlusion of the AVM(D) and injected Onyx(E).

Figure 5
Angiographic examination at 6 months after embolization shows no

sign of arteriovenous malformation(A) and shows Onyx mass(B).

Table 1

Case summaries of scalp AVM treated by using Onyx.



Table 1 : Case summaries of scalp AVM treated by using Onyx

Case Study Age(yr) |Sex Etiology Approach ASSI_St Outcom Complications
Technique
1([2] 38|Male T TAE None Cure None
2([2] 43|Female C TAE (+surgery) |None Cure None
3([17] 75|Male c TAE Coil +NBCA |Cure None
4([17] 63|Female C TAE Coil +NBCA |Cure None
5([1] 19|Male T TVE Coil Cure None
6([1] 34{Male ¢ TVE Coil Cure None
71[1] 54|Male C TVE Coil Cure None
8([15] Early 30s|Male | DP None Cure None
9{[15] Early 40s|Male | TAE None Cure None
10([15] Early 60s|Female | TAE Coil Cure None
11{[19] 13|Male T TAE Coil Cure None
12([19] 15|Female u TAE (+surgery) |None Cure None
13([19] 43|Female T TAE None Cure None
14|[13] 60|Male C TVE Balloon Cure None
15([20] 25(Male T TAE Coil Cure U
16([16] 7(Male U TAE EC Cure None
17|[16] 9|Male u TAE, TVE. DP Balloon, EC |Cure None
18|[16] 25|Female u TAE Balloon Cure None
19([16] 26|Female u DP EC Cure None
20([16] 33[Male U DP EC Cure None
211([16] 24|Male u DP EC Cure Blackish discoloration at injection site
22([11] 40|Male T TAE Coil Cure None

T: traumatic, C: congenital, |: iatrogenic, TAE: transarterial embolization, TVE: transvenous embolization, DP: direct puncture, EC: external,U: unknown
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