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The endovascular treatment of traumatic cavernous sinus arteriovenous

fistulas: A single-center experience.
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HEY] SEEAME IS I8 A L 7 MG N B B IRV AR 5 URTAJE  (traumatic carotid
cavernous fistula : TCCF)IZ X3 % H BRI 2 JeiZZ OIRIEIE O ZEPUZ DV THES
T %, 71£]2012 4 4 H 55 2015 45 7 H £ TIZIEH L7 TCCF 6 il & %l 52,
Z DERIRAFAE, 1R AL, IRIF A2 % HRAICHRE LTz, #5R] TCCF 6 ffildoN
AR, FHI4EN 45.5 £16.8 %, Bk 5:1 ThHo7=, FBEERIMEDNFRIL, acute
subdural hematoma (ASDH) 1 #4l, acute epidural hematoma (AEDH) 1 5], J¥
W2 . HEEETIB ThoTz, Xk, FH22+ 187 H 2H~57
H)TIRERAIE S, IRERZEH, IRBREB)EE 2 5 L7223, ﬁifﬁﬁwbk
B, EURME S I 2GR D 7o, I A 4R 52 " FL A3 PR A BN IRTAR i IRYIR S 2
HZ LhMER L, £7- 3D DSA | iéﬁ@?i%%@ﬁﬁii1ﬁ96i
3.2mm (2.4 ~ 19.9mm)Th -7z, &, FifFFHEEZFEZE LR, 5 BEAN
KZ < tolerance 3 &% 5 H D3 parent artery occlusion (PAO) 3 4., tolerance
D372 2 B ERRPD ZE42 067 (trans venous embolization : TVE)Z&&4R L7z,
L3/ & < HfliZe b Dd covered stent & V72 A7 o MFEIZ X B E R
(percutaneous transluminal angioplasty : PTA) % T L 7=, W3 b v M
HRL, 1y HUPICHRERITIER Ui, PR8I IRIE, 21.0 £ 135 » H
T, BRIIRBBBA CTh o7, fiam] TCCF IZxf7 5 IMEWNFHIL. €D
JEBNZIG U Tl 72 FIEERINT 25 2 & T, BURIBEEREZHELZ LN TE
77

(F&=)

AIE5 1 1B 42 TR PN 28 B R Vi A 7 R JREE (traumatic carotid cavernous fistula :
TCCP)i%. AMEIZ L v WEHEIIR & i f kiAo AL AN TR S 1L 2 R RE T
SMEMEI I PR DK 4% % 5 % Y, —TJ7, TCCF (ZxI4 2 Ml E NG OA
xR < EALPASHIT 88%IZET H L OHRE L H Y 2, HEELIBFEEZRD L
no, A, TCCF (Zxt L TN Tl & Mt L7z BB 6 Flic>\WT, 2D
ERIRBOREE, TR TIE, IBIRE et L,

(Rt & i)
20124 4 H) 5 201549 H £ TIZ TCCF 125t L TIBE L= DX, 6 I TH
STce T O OHERE L IREESIC LT, LLF OB T% TR et
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L7, BEfHE & LT, MERI, 4Fln, SAMERRER, SMERED D FIE £ TO M,
JEMR, BMME R AT R, BROEALE, IBEFE. PHICHE Y AEFSR. RiaEl
K ORIF E LT,
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6 MEFIDE & % Table 1 1ZR T, MREFEDT KT 51 T, nKEFOF
YL, 456 £ 16.8 % (22 ~ T25K) Th -7, HESMEOWRIT, ZEHk
HR23AZIEAME 5 5], HAPE4MEDY 1 1 CTH Y . acute subdural hematoma (ASDH)
1, acute epidural hematoma (AEDH) 1 f5il, fM#45 2 5], 8355847 3 BT
bl BEEIMEL,. T 2.0 = 1.8 » H(@Q2 B~ 57 H)TERHEL L7223,
IRERASIR S - IRERZEH 6 #il, fadhtkiatim 1 #1Th -7, M E &R 2 fifT
T 5 L. NHEBNRMERFICEEIOELZ A L, WREIRE~EH LT\, F
T OR AR Z ., WHBIWR. D O 3D rotation DSA TIREDRIZT —7 AT
— 3 3 > (Siemens Syngo ™) CHENT L7273, ¥ v > MLFEN % < EILOREE N AR
IR OSE1L, RN ZEBIR A HFR R NSRS BIIR E 72 3ol N 2 Eh IR D>
O OMITIEMIE 2 B LT L7 & 2 A . 20K E ZI13FH9.6 = 3.3 mm (2.4
~ 19.9 mm) CThH o7z, {BEFEHE LT, EARNRKEWHLOO S 5, balloon
occlusion test (BOT)IZ X - T ZABNIR DOIE FLITALHES 2 PAZE U 72 BRI HE i i 23
25 b DI parent artery occlusion (PAO), HEMLMHEZ 220 & D I3k EF R FE
F&ffi(trans venous embolization : TVE)Zi#R L7z, &6 Ty MEE T IZiE N
WBIEEZ AT LTz, PAO 13 6NIZlE T L7z, 2 B 16X TVE Z& 2 [BlEfT L7z
A3, EEFLIIE IR Lo b O DFkTE LT F £ Th o7, IRRNCHAT L7z BOT %
BRRET 5 & RN ZEENIR 2 B fLE A0 Tl L7 2 L2 k- T, Riis@E)
AR % At U 7= sHUI N ZEE AR 2> & OF (L e 23800 LT 0 | SAEE PN I i o ¥ ifn B
BN E T2 LI K DBEGERE 2 BT, Ko THREIIZ PAO TR L72n
REMERIZHBL L 720> 72, TVE TRIGLZTELDIL2H TH 703, WTi
HIALED 10mm BA R Th o 7(ERF] 40 7.5mm, FER] 5.0 5.3mm), = HITHEAL
BN 2.4mm & b/ E < EEEMATEICZ LY VER] 61X OMELE S TO
EHE AT, covered stent & FH W72 AT v MR EIC X D ILE AR
(percutaneous transluminal angioplasty : PTA) % fiafT L 7=,

AL & PN P 29 5 & PAO BECTOBALAIL Y 14.154.2mm, FF
PAO 1 5.1 *=21mm TH VYV, HFFWMICHEEZZ R D = (p=0.04
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Mann-Whitney Utest), #&FRANTEFLEDS 10mm LLEDOEA . 26112 PAO %
L7z, %, 2l by o MIEE L, IRETOMPIERIZ 2 » A LRI
TH5s - B LT, B2 21.0+13.5 » H ORI T, ¥ LIZESNII 2T,

(FRFIEH])
FEGI 3 1 22 B AE
FFF S, ERIRERAS R, A2 IR ERZE H
BRI - HERH CHstB U, ZERTEEE 2 FT8E L7 72 s, BAE CT CARRE &
. ARV IIE 2380, [ B BERREFIN 2T L, & 2ADN#% 1
r RIZERORED BT EZ 2 LT, Yphi~KaxkIhi,
SRBERFEUE - IfE 78/50, ARdr 110, BEEHSH Y, JCSI-10, MIHIARER S &
e, ZEIRERZEH AR O, —RAZ S HImIT4E 1L LTz h, 8RR
L HWTBIET 2 & ERF RN HEI T 2 mEA2 RO 72 (Fig 1A),
A& NG « AN ENRIER Tl 2N BABRMERR FIRIEESIC CCF 2389, 1.
TR ¥ it LT Y | mATERENBIRITH M S /e d - 72 (Fig. 1B,
10), ZEWNFHEEARIZ 9Fr Optimo (ASAHI A > 7 v 7 & HE)Z8E L. SHTWN
FHENIR AT L7228 & HHERERER 217 5 &, BRIEHR(PcomA)H> & Difi
TP, 2@ L TEARM A~ L TRV . Z0BARZFT 5 &
10.4mm T - 7=(Fig. 1D, 1E), ELN K E <, 2>2 BOT THRAINIEEIROHE
FLIEEAZAN 2 8T U C % I IER AN 72 o 72 728D . BEREE T, /2 N EHEDIR
(CXLTT T TFFaA vz TN SHENRPH S 2 [F] H B2 Tl L7z, £
PcomA ZiRAFT 5, ENHINRICHEBE LA T 4 7T T —T b
Scepter XC 4x11mm (TERUMO H 50)% PcomA J&i & CTal 2 3 A 7= 3ES T
PEAZITR AL OBIE N ARAETH o7, & Z CHMEEEIIRICHEE L7z 6Fr
FUBUKI X » CHIKAI14 200cm (ASAHI 1 > 7 v 7 4 EHE)EH T
PcomA Z % U CRZE 2 Wi THEIC i S ¢, AWNEENREAE £ CilE L
7= (Fig. 2A, B), fW\W TR T A ¥ —IZih 3 L 912 LT Scepter XC % 2itsd Til
W45 Z EicEsh L(Fig. 2C). PcomA JEERIZEE L7-, Balloon ¥E3EIZ LV
PcomA ZEAF L7226, LA & O CLENEEKRE 77 FF a2 A LV CHES
L 7= (Fig. 2D, E, F),
T2 « P E % &L 0 IRERFE T fn. - BRERZEHNFE R L, B o FE L7380
7ot (Fig. 2G), E£7-iiEiR7e <. BEBRBLE ool itk 2 4 DRk
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BlRTH, BRERDRNT,

JEB] 6 : 48 5% Bk
Fifk - AIRBREE R, AEARERZE Y, FaEh M B
BLRIE - Sl sis®l L, BT, 305 CT CTAEIREBEIMUE 28, #Rime]
SRHMTARE, & ZANRB L2 Aot ERZ2H 7 LT,
BUGE « ZAIREKZE M, ARBREER M Z 7RO, LB HE, A8 C il HE
I L 7=,
MENTEE - ANBENREE T, 22N BENIRVERS FF IR I AL A58 D 72,
ZOEARZET 5 & 2.4mm Tho7o, MRITEET v PR LTEY
ENIEZEWN BRI S 720y 72 (Fig. 3A, 3B), AHEE EIRER CTliX. PcomA
I L O TR AL 2 L CRRIER A~ L T /7= (Fig. 3C, 3D), ZENE
BIAROBEFLITNAZAH T D BOT Tl 10 4 THIMLAER 2B Uiz, AIZS@BIIR 2 /i
U 7o cHAIN ZAEN IR o OV A% A8 @ ENIR 22 1 U 7o HEE - KB IR 2> © o0 3k H i i
JMZAE S BAZNMFE O RIMIALRIE 2 L, MMFERHRA CH ARisase - [l
BEL IO T IR T 2580 72, WEHENIRERT I 3E M tER Z L < ARFAT
RECholz, BTN IWVN, Ty MLEidd T high-flow Th -7z,
ZZTHNOMBEZESTOFEHRLZR T, BEROREOREZ[TIZD,
covered stent Z 7z 27 > NEEIZ L D MERKIFPTA) 257952 & &
Rol, BEEMEET. ENBEEIRICHA T 4 7 T —T NV E27HE, Aguru
Support 0.014 inch 300cm (Boston Scientific, Marlboro, USA) CHNFEEIR D
B2 feft L= 512, GRAFTMASTER RX 4x16mm (Abbott, Chicago, USA)
AEALE CHE L., FEALICIV T 16 [UETHLE - BB L7 (Fig. 4A, 4B), —
. EERR TH-o7272%0, Gateway 3.5x8mm (Stryker, Kalamazoo, USA) %
8 RUETHLIE L= & = A(Fig. 4C), v > MIVHA L., ANFEEIR S IAFTME M
#1552 LN TE(Fig. 4D, 4E), BE% G, IRAERITSE LAEiEES S
KL,

(F5

TCCF 1%, YMEMMEE DN, 0.17~1.01% THETHE LWER T, FIH
HERICTEE LS EEE RN E 375 2 &%, WHEEIIRIIBEZETL & ai
PRZSHEE oD ] CRE R IC B E SN TR Y |, BHEIMEIZ K - Tstretch Shvd & N
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FHENRILEE S AN S BB S D Y,

TCCF (21 2ER E LT, IR FHE(72~98%). HRERASIESE M.(55~100%).
1M EHEE (71~80%). BR (26~84%)7113H V) . S HITHEHL(88%) « T - I/ &
DOIRFER S 2205, WTR BIERITEBICET T2 9,

TCCF (ZkI3 2158k LT, &b EAMICIINHEEIIRZ A7 L7 HEfL
BISHT 2 2 & TH D, 1970 RPN NV—2 BT —T VI L D v v > hE%ENR
WS S, 1970 410 D EERL A S L — 0 & F W TOEFLPASI S —®IN L S
oo T, BERA AN — 2 OBLEFR I X0 B = A L &2 W T IBR DT
OILTWD, {RIBICHRT D75 —ANEL o TEY, EANRKEZWE, =
AV NEENRMANC 22 5 U X 70, AERAZEOMERMEN & 5 75, tight
packing I3V FHARIA -~ mass effect = & 72 5T fERM1 H D 2,

BUE, BALICK LT — 20 L Ca A VTR 21T O BEFLPASHTIT
covered stent®<°flow diverting stent?, Onyx73 & DR IAZEFRYE & FV =4
Vg ER A IR TRIT O TV D P, NEENNROBEFLOFL 2 IEfEICHE L, 3
LR EFH L TREFIESCT A ADBIRNET 5 2 ENLETH S8, NHEEIR
DIEFL D B FEIECHE LR & SR ST IRE 1L & OB 2 /Gt Lo s 1372
VNS A 7 I LA B B A C U AL D I AR A OB AL O R 3 A 8 C
HZENRKEEZEZLND, Ytk TlX, Artis Q System (Siemens I = >~
¥, RANTE - TG &7 5 NEBNRD © D 3D rotation image THEEFL O
EERE L. S DICEARZFH L2, FROEAN K E < EEHNHEENF
TELRWGE . MU BHENIRE 2 OHEEE BiiE S T Dcross flow & V723D
rotation imageN A Tdh - 7=, BEILOEMAME TEL LT, $TICTsuji b
X, WHBNWROEN Z SNV — M ETAT 4 T T —T NV TCHELRN G,
B XPNCHEFENRD> © Dceross flowZ/ED 42 & T, L 0 & #ES o B g K& O
IEMERBEAEOFHIA TR TH D LA LT 59, & Hilcone-beam CT 72 &
D= 72modalityDiE T & SIZJAPHOEER T & OMERBR L&D T, LV
ERE7EALOMRE, K& IZFMT 5 2 & T, L0 IERIGETIEZEIRT 5
TR E LW, 5 FRETBOTIZ Uy THEFLITAT A 0> PN BEBIIR T3 2 & |
WMBLGIZ &V A EENRZ AT L 7o MR BHENRC 1% A @B IR 2 /T L 7o HEE -
MHIEEIRR DBRENME O T2 72 b3 2 ENE X v, BERITITELLE
TOBOTHNEE L JERI6 D X 51T, B51E & 72 % rRENE & 7R S 4Lz, TCCF
EBOTIZRT 2B R A R A~ To & 13 x DIEFITIZ, AR/ NS W DI,
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TR L 27228, AL 10mmEL ED b DL, BEFEARIZERRNIT CIIRIBICE b T8
HEBIZPAONS KL T - 7=, A lalfE A L7-covered stentz V=356, REME %
A7 L CEALPAEDS TRE L 72 5, £ DOBTIEMREE2ENIC X 0EHLOKRE S
RBBNLZR & DFREH F RN LETH 5, 2L bINFORKEIL R T, fEIR
627 HUWNIZSE LTz, 66 & RONTIERI T 523, TCCFDIRE 784 fiat
T5HETMCRhsERTHLEEZX D,

TCCFIZKkT A MM ETER AT O 12 T- 0 B O K E S L0 1BE T2
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Table

The characteristics, treatments and outcome of the patients of the direct
carotid-cavernous fistula caused by trauma.

Fig. 1A Nasal endoscopic view . Fig. 1B, 1C Preoperative left internal carotid
angiogram (B: A-P view, C: lateral view), Fig. 1D, 1E Preoperative right vertebral

angiogram (D: A-P view, E: lateral view)

The nasal endoscope showed the pulsatile hematoma under the nasal mucosa of the left
superior concha(Fig. 1A). The left internal carotid artery angiogram showed the direct
carotid cavernous fistula in the cavernous position. (Fig. 1B ; AP view, Fig. 1C ; Lat
view) The arrow point is the fistula of the shunt. The right vertebral artery angiogram
showed the retrograde flow from the left PcomA to the fistula under the balloon
occlusion of the left internal carotid artery. (Fig. 1D ; AP view, Fig.1E ; Lat view) The
arrow point is the fistula of the shunt.

Fig. 2A Intraoperative right vertebral angiogram with the balloon occlusion of left
internal carotid artery . Fig 2B, 2C Intraoperative X ray . Fig. 2D, 2E Postoperative
right vertebral angiogram (D: DA image, E: DSA enlarged image, F: DSA image). Fig.
2G Postoperative nasal endoscopic view

The micro balloon was difficult to pass through the origin of PcomA, so the micro
guide wire was revesally passing through from PcomA to the left internal carotid artery
(Fig 2A, Fig 2B). The micro balloon was easily passing through the shunting point
along the micro wire (Fig. 2C). The coil embolization of the left internal carotid artery
including the fistula was performed under the balloon protection of the left PcomA (Fig
2D). The shunt was disappeared after the coil embolization (Fig 2E, Fig. 2F). The nasal
hematoma was also disappeared (Fig 2G).
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Fig. 3A, 3B Preoperative left internal carotid angiogram (A ; A-P view, B ; lateral
view), Fig. 3C, 3D Preoperative right vertebral angiogram (C ; A-P view, D ; lateral

view)

The left internal carotid artery angiogram showed the direct carotid cavernous fistula
in the cavernous position (Fig. 3A ; AP view, Fig. 3B ; Lat view). The arrow point is the
fistula of the shunt. The right vertebral artery angiogram showed the retrograde flow
from the left PcomA to the fistula (Fig. 3C ; AP view, Fig. 3D ; Lat view). The arrow
point is the fistula of the shunt.

Fig. 4A Preoperative right vertebral angiogram, Fig. 4B Intraoperative right vertebral
angiogram, Fig. 4C Intraoperative X ray. Fig. 4D, 4E Postoperative left internal carotid
angiogram (D ; A-P view, E ; lateral view)

The stiff micro guide wire (Aguru surpport) was carefully passing through to the distal
part of the left internal carotid artery. The covered stent (GRAFTMASTER RX) was
navigated and deployed at the shunting point (Fig. 4A, 4B). After the deployment of the
stent, the angioplasty using the micro-balloon (Gateway) was added (Fig. 4C). The
shunt was disappeared (Fig. 4D, 4E).



case age sex trauma symptom Onset to Symptom _ fistula size IVR IVR IVR complication Outcome F/U
1 30 M contusion, skull frac. ptosis, blindness 1 19.9 PAO NA GR 24
2 42 M  contusion exophthalmos, chemosis 1 120 TVE TVE PAO NA GR 8
3 22 M AEDH exophthalmos, chemosis, epistaxia 1 104 PAO NA GR 18
4 72 M ASDH exophthalmos, chemosis 5 75 TVE NA MD 4
5 59 F orbital bone frac. exophthalmos, chemosis 4 53 TVE NA GR 35
6 48 M  skull frac. exophthalmos, chemosis 0.1 24 PTAS NA GR 3
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