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ZE

(H B B M HE S 8 IRE (VAVE)IZX LT covered stent(CS)Z Il W T

MENBBEIZKDILELHIZRBLEZOTH & I 5.

ChE B 162 5%, BYE. NELBHIIR~NOAT—T A AR ICHIEZA R L. K

HOLEDITHEfTL7Z3 I MRA T VAVF 230, KIE M VAVF &% 2 &,

A B KW, A R BB B IR # B R T MIE T A0 28 ke il THEE AL PA 28 2

AT, N THo7=728 CS(Fluency 8.0x 40mm)Z¥H &L, VAVF X3 Bj

WA LT, i 2 & DFIE RS, T &4 3.4 ZH ToOM % & % T VAVFE X

LT,

CRk m JBE SR P VAVFIZH LT CS Z M Wil & W I E JELTHLR W

Lo—okEZbNL.
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i

(l

ME S5 B) % Ik 92 (vertebral arteriovenous fistula: VAVF)IXvH 2= A Wt &

Bk (vertebral artery: VA)LHE 45 & Ik (vertebral vein: VV)E OVF 4 &

Mk & B3 R A% 28 0 5 o/ 2 B THD. N i3 PR b% <,

SHEREELTHNEHBIR ~ADHT =T VA, b AL B HE W€ il & D

1
oud

T 5h B A IE A DTS, 4 [, B & N B B Ik ~O AT —F 1

N
7

it A 2B ITHREL, aA)VIE Rl TR W% N TH o HE & B i Ik 8

XL, covered stent ZHH WEME NBETHBLAEEZ-HlZRBRLEZDOT

L
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$iE Bl 2 R

SiE B 62wk B3 e

EARD MBS

3

WMB (BT —TAT7L—avig) | JE S 5 %W E

|

Ejﬁﬁi@ Ty

Bl . LEMEB IR TEIHT =T AT 7L —alvif iz Tl & %

BRI THOLD, ik S0 H HE»SHMOM BTS2 H B LN & 37

HHIGEEZ%Z . B TBHEHINM%Z 38 HHIRYE Mok,

K B g T B2 A B I 0 1 A5 ME 3 2 T R .

K B I b B8 5% B9 BT L DS OW T B RL.

A B A D0 TR KR R A, RS LN - R I RE O I 3 Dk B A TR

B LTS E T 7L . BB O 0 B T VA IS flap LI ISR £ T B

VV Tk 8) 232 o1,

A MRI/MRA:fiX 928 -9 HE N B IR ICE % 2L (Figure 1A).

B MRA:BAHE M A VA K65 &Ik Of 258 O (Figure 1B).

v I 4% % B G HE B B IR BR ¥ T V1 segment (B MR % B &4 M B IR &

MLzt VA EG VV &% #% #8 8, emissary radicular vein 225 B JIE
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Mk s ETH B L TWi(Figure 2, 3). 47 VV IZ4A N3 B Ik #& % O i Ik

MTEEINEFERCHHIATWSEE 200k, £ VAIZA VAL

W

MR T, EHEB B AR TH VANOBMIZRA DRI o%k, 58 Wi 8t B

IS0 H LD, £ 58 H BT & N2 frLk.

W T

RE LA PA ZE A0 13, 25 4F TRV VA 238 AL J THDHT LD 0% K O BE %8 3¢

SEVR7 2 R U, BEAHSEMNPEFELNEE 22, BEFIX V]I segment(C7

HER L ARV E L, R eI il S dZ 26050 Pk B3 IR 5 &

Wr L, [6l 8 A2 ISR T2 NA R BRIV -RE IRV 2AKLE, 21

IWIE R T I S B, X UL QK & RE LA I ~D A LDk BBk 2

WAL THREES ~DORT M EZITON &L

I % PN 5

HE 1B R AT 250 5 MBI LN IR B THLRT LT 7Y ER S5 i N oR

UL 10000 A4/ H Fife IO O 2, 7TAEY L 100mgZE B MLE. & &
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BEEE Tzt KBEE) IR #% T 9F Optimo(BR g AT 4N TuX 2>, )%

A8 A FTBRICHEL, A KB # IR b TS5F Envoy(Cordis,

Johnson&Johnson, Fremont, CA, USA)Z 4 VV ET#H EL/A. Optimo X

D Carotid GuardWire(CGW; Medtronic, Minneapolis, MN, USA)Z 4 V2

segment OB X0+ 5 EALETHE EDSZ, Excelsior SL-10(Stryker,

Kalamazoo, MI, USA)% CHIKAI 14 200ecm(B] H AY 7%, & 5)%EH W

TR P2 %t Tt B IR 1, w8 R IR 09 IR Mk B IR O fL IR E T S L.

CGW |2k 5 distal protection N IZ, Precise 6.0x30mm(Cordis,

Johnson&Johnson, Fremont, CA, USA)ZEBELED, XY ML DK

IR ITE NG o/ (Figure 4A), # B Ik 1Y IZ Galaxy helical XS

2x8mm(Codman, Neuroendovascular, Johnson&Johnson, Miami, FL,

USA)TCframe DB K EZR A=, VVAOBHOEH B+ ML FlzkE, VV

Ml Bz LTLEST., R IRAIZHL Galaxy helical XS 2x8mm @

MEZHKADL, MERIZVV il ~TAPB®mBELTLEoZ. 8 LB R 255

PR 78 ke Al (XN M & B U, B IR M I8 B LTz Excelsior SL-10 %

VVHETHEELEL, VVANTTY Uy I—2 i LE5E%E 272, Axium 3D
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73

74

75
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77

78

79

80

81

82

83

84

3x10mm(eV3 Endovascular, Covidien, Plymouth, MN, USA)Z

undersize THol==®, Galaxy fill 5x15mm (225 B Uik Af=08, VV ¥ {f

M 23 AL M IZIANDBRENTLENL E LK frame DJE i BN ¥ TH -7

(Figure 4A). Covered stent(CS; Fluency 8.0x40mm, Bard Peripheral

Vascular Inc., Tempe, AZ, USA)ZH WEELEA S ZI7oh $ticE H L /.

Radifocus guidewire 300ecm(TAE, WHE)ZHWT, H KB E)IKICHE &

L7 9F > —RZ% 9F Arrow sheath 65cm(Arrow International, Inc.,

Reading, PA, USA)IZ exchange L, 8B FEIREITH ELE., i &

Fluency 8.0mmx40mm(Bard Peripheral Vascular Inc., Tempe, AZ,

USA)Zf it ez + oy AN—9 2K/ E L. W& E % O4 HE 3 B IR ik

B CIEEB M THOTPICH VV 3R ST, high resolution

cone-beam computed tomography TIXAF UMD & ~DIFE 5 1B Iif T,

endoleak type IVVEH Wi LT 2# 7 L= (Figure 5). #f £ D Hi M ¥ 9

HATBA U T, O b5l B i2eh UTHE & W8 ik 3 B THY, M & OF 5

ZW R LUTHUM /D e 37 RV B A 2 12 7 A R kGE 9505 &Lk, M

39 & OF GE <A L, W& 3 H H XVK 5 W ~/%Y> 10000 HifZ /H 2=



85 R¥H 0 60mg/HICE B UK. M6 101 BB & (O 3.4 5 H #% ) TORM L

86 HHRM TYYUMIRAWEL, AT UM KE -PAERBR DRIk

87 (Figure 6).
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%8

VAVFIZ VAL VYV L UEREODRFEREKRZIE K THMBRHETD

B . AR RE R B B OIS AR DL <Y, W B 4 T KB HE N B) IR R

DM i AL GE AR (D FEV, L) DIE A, HIE 3k U BE I AL i IR 12K 5, 99 - 3

TR < BE R AR AR RE R Y, BRSO ST B AE VoW EBHD. &

T, MBI Y AT A RRBEHEELAER, MOTH THLHH

KL T M I 2k L7zt 5 5. K38 20 LI i2id, B2 & ©ob

15, B R BE AL Mk, i %, B R IS RS TWVS Y Zo5b A

GHEPRLL68NETIMEBDHDIN, NG RHE A BDROK I TGN

e REFREOH S Z@ e shsd >0 EREICENEHHIR~OH

T =7 VHE A R OME 5 B IR 22 0, b A7 BHE S 2 N R E ORI AR F

WMBMOENTVWD, REEMEDOL & S ITHELLTWVWIEIZHL, BT

B ICH BL, NE#HIIR~NOIT—T L ABRRRNOE &HI1F VI

segment [ZFENE T2, BLFE VAVFE IT6F 350 B 72 B % v 0. A 15

OGS TAMBMITARHARBICESIEF ORELH A INDEH, — H T

X VAR LT3 & 23 B A B 80 fELizuneEhng YL B ok A B
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108

109

AVF PA M 37 DN TSI, b il 2 ED & Of 5 O fE B b & Wiz

Y d R TR E NI R TOHR BN BL M E ShBE5h>TEE.

RE 1ML 45 PA 98 A3 0T B8 70 55 & 120, 8 B IR 09 128 e X S —Raf vz v

TR AL PR AR ORI TH DA, BRI E R AE R E T A I,

ok B R 1Y - 08 8 IR 19 DDV G I, B A DR MR 2 W £l

AN ELERD, ZOB, EALOOE & L TQm i ', Q¥ x i it & B

A, BMAROADOHAEPHIVER M #HIROHEZHFE T2, 77u—F

N—hRZE ke b R EEBITH E T 5.

WEALITZE B MR O A BT IR R AW & TR, i IR P 2R 2 R

BB, IR OB % 18 o T D IE B 2 S e > M A 1] i &

Wk T B HE 4 # IR 8% Ot H 2RO R ), QV3 segment KD AL D

GAETIE, @FEBIRMT7o—FIZW#ETHEH "IIIEK TS,

LICEBRTRRZERZHE T2 G RBERVERMOGER TR THS.

UxVEEDBPNIVWEEHETEAIN—VT VAN F TOaAVERITGTEEIN

512, high flow ¥ %> DB & TEIER M B O migration D & 55 5.
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134

High flow x> Ml iZxtL flow control R TOIANEKRIMICEVIEE %2

o tbdd .

A BB D9 LK AL ITHL & U, A AT O AR 2 TR 4L f B v bt &

VB e B N &<, R Pk B IR 9 IS 9 S B IR A - R R IR AY 328 R A 2 R Al

RO B TR &E A, L, EEITIE L I3 R ST v UMt & b %

% pofelzth, &1 B IRE B ICaANzROLILBNHE THo. VV N

TaANET v h—EF frame DL E AL X oFh, [H U< ¥ ML ik D &

PORELE frame 2 i 1X K # THo7%. #iiidk D flow control £ D H

ZEDITANVIE R A 258 ZF LA 7o vl g MR 15k 545, VV [l 2 %8 # ¢ %3 R,

SxVMZEB VV AR OIELEEBOLXHE~NDOHR M BALNTEED, Y i

EREHOT AL H LY BOaAf VB0 T, venous plexus 2 H

TORLF =V N =B ST & 1T 8 5 IR 2 WS E SR EBHDITL

POZERLRPo, AP TEEG LM E OB AN I T 68 22 DR ik 2

WA TELCS ZH WAL S fir 2R F Rk L TERLE.

DPE TR B E IS PHD CS ZMEHHINEE B IR /RIE#HIKZZ 70

ZAHTHS. BLAE A TA F vl fg A DE 3 88 I8 i o7 fg 72 CS(full
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143

144
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147
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149

150

covered type)lX 6 B fE{fEL (Table 1), X0#H X DF NAZRIZ Fluency X

A T2016 4 12 Az ki &7z Viabahn 8% 5. Viabahn 134 TH M

X3

BB TR B

g&b

LR

O, BE T & KV R B R B HN E Sk, W

Rt TmEnkifi HE LB, OBEFXXDOEOIRLEE -FEMEEK DD

W ZENICHE F 5B, @B 100 fi Bk ool & R R R (ERIERE BR

SEBI B2 T EM OB E T TOHRE), ORXEDITSHEFI—ADZ

THDH. Ez, WL IZM 2 Wi 4 % 4.0~12.0mm ORI W - BB AN D

B R A M SRR gt M L A BAG AA AT, ki TN e i W R Y 0B SR

HOR RN EITH WSS, HE& B) Ik Z21ZCH K B) Ik, o B Ik, b 5 B)

MR, S B IR , B OV B IR 1338 )5 A &S TS, Line up & Table 1 TR L

&, AT UM Z7MEE 5-13mm &R A<, AT UM I 7R O b

DATVMZHLE & RILPREHMTHAS.

Ak D220 A ZXFUMINWT N Nitinol Pk H 2 HE kB X5 T,

B EM X AR TALZTH LN polyethylene

terephthalate(PET)IZ kL XML #2 B 1% ¥ AR WweEEh b

polytetrafluoroethylen(PTFE)23 % H S, i 4 TREINHZ FH Wik ¥

11
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166

WMEB BB EIND, THRARLZIDAT U IOM B Wi, 8 K4, TIN

V=Y AT LR AXIR AP ERIRDD, BRECHEHOTOEE LD — DI, A

7hDTINV=IT =T NEBDHD. FMOLD B 21T 80cm R)ERWVWLOD

(Bl 21X 180cm EDERHY, MW A RIZE MK LR, BHEOEKBRKEN

e, MBIRITHEHNITI25 G RRBIEIVPEILEVT EELHS. Fluency 1%

WA TIE 180cm EOTFTIUNI—BFT—F A4 H o] g€ 7225, DA E TiX 80cem

ELPMEH TERNWILELHY, Al TEX80cm RZHEIRLE., £/, 80cm DT

INY)=HT =T NRZERLELG G, B8 OTATAL TV —=ARHTAT 4V

THT—FT M 90cm E DO E TERW, ol 7y — XLl |l TERWVWIED

HEEPBLET, Kl T 65em ODHTATA4V T =R HERLE. #E

FMOEWVIZOWVWTIE, ZEH B OB LI TRV, PTFE XA T

it 4 EUTREIEKH WHRT, Il 8 ik M OBl R 251k PET XDELTWD

LEZZ26ND. AT UYMTINY—=T 2T AIIE, H B KRB &N — R Rk Y

BHD. NN — PR TR S ~DEF EPIOW fF TEoh— 5, i

It % o & R R EOHRGOBERELDD. EECHEZETILOEN

I BB G ESIN TS ARBERZE 5. £, ZRERIRILD
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178

179

180

181

182

NV —=VHR M RAT U THHOR ERE M E ST EZ2H $55 61

Z, BCHEM AT VRO BE LTINS,

HE 2 B IR 2 975 CS ZH Wizl 8 W ik B o F] xiik, ORI % 2 iR

FrlBERE, QaA N R IFIZBITS%E M B D migration X2 mass effect

XS0 R R AE R O EREDVR BN TELRBHD. — FH, R ilZ

OFIN)=V AT LABBRETARBETHSBHELAR THDA, OF E K

?D endoleak DFEE, QR MK EIPAHBER AP EITONS. CSHEHK D

endoleak I&, H I I ORXT VM EHICIME R EZDHILG HITELCBIES

A B (Type I)n B ¥ THE LR TV stent-graft fracture RE AL RED

graft failure(Typelll) 235 N D & ITXB 20 B L EERVEG 50,

stent-graft porosity 285l [N Td B endoleak(TypelV) TIZE i P IT B X

mneEND V. KB TR E B ITDTHAR endoleak BALNTEH,

high-resolution cone-beam computed tomography TIfiL % ~DOHE KT R

I T graft failure SIS TR o7, 4L O — [N ITX Precise 12

BELTWEZERBEBLTOWELBLNR W, A H TIE TypelV & H] By LR 18 &

WEHGET, K 34 rHTRAEBEIRIZE-TE.
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198

BH &5 AL B B R - HE & B IR~ CS 2 WL 4 N B DR R IZ DO W TR

Alaraj HH 150 i (164 ¥ 9 )D systematic review ZH LTS ), &

BONRIZBEMEBIRE 81 #l, carotid blowout syndrome 27 i, B # Ik

2236, 2ot 19 BT, T H ki oh R IX 98.2%L 5 <, BN BT endoleak

ZROEDTP 1 HOAREZOH MM ZRLTWD., HE & B # Ik BEIZHR E L

W EBIZB LA EROTIZ I3, 156 0H & BHS V52 (Table 2).

5B 14 fl TR E B DIV IEBE 7+0—Ty 7 ICiF5E 2 EITE TS

D, MBI A EE ZONS., i % A BB IRk - HE & B) IR 95 Bk To CS &

MW7z il % P 9 O & 1 RIS BT D4 OF iE D 3E 4 R 1X 9.1%(15 fF /164

11)C, SHHE i Pk N 26 rhik 1.2%(2 fF), TIA X 3.6%(6 1), 2 By ik A e 1

1.8% (3 )M EhTnad W R ERIZONTIRN M F&E ¥ hA& T

AR =T 7ENT 9T Bl (thJe fili 6 » H (4-17..8 x H )b, B4 55 2.8 %(3

Bil), A7 LBI A 8.3% (9 fl) TR OOLNIZEH &I THBY ¥, 2ok i

AN BB IMRBLOHEAHE ST BRI 2T ~NTE AL R TEDD

Pl DATVMZEHEARTEHW.CSZHWEBE TIXB L o CS D % %

ZRLTHIEZE AL UEPDHDHEE DD,
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208

209

210

211

212

213

JA Al 39 B OV B 3 123610 B 8 W A B I AR R IR DL D A BX O W 5

PTERY. B obill B EEIZT7TAEYV B A, TRAEYY - Z7ubRZ L Ao

2HIDER, TREY UL T7ID 2H D EL BT, fEMEMIR S 1 7~ 1 2

DIk L 5 bk # THDH. MBI AT > M E I O FE HE 1Y i I A 9k O

LUAVEH M N B 3E 2 B 2 e 1o, 1Al L 5 THB.

iR D% BBl OB G TCS DER B OB ERE WIELLRENTEY Y,

2 Al ot i /N B H 0 K % G L2 H0 B R 2 0F 355 A I <

&L 1Al OB /N B 3 DD Bl TR WPEE 260D, K Bl TIHL &

WL DU BN ETHolzOH Il /N A HITH A LU, Alaraj bl

BHEMAT IR ENRDOTET A2 £, Hii /3K 27 OF 26 » 1,

lHZRELREOLDAVEZREHLTNS Y, Gaynor 5% Carotid blowout

syndrome {Z%f LT CS(Viabahn)Z FH W7z 15 %E #il o 4 il TiE M ¥ & OF iE

B Dot E B LT WS . SO TRA B 2 Al OB L B % %D

BEL 6 H G LTVDHIERH. 2 A OHi ML /M H A CSPHZED T BT

HERKF 2L,
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Fig.1 A) Head MRA showing hypoplastic left vertebral artery. B)

Neck MRA showing abnormal veins around right vertebral artery.

Fig.2 Right vertebral angiograms (left anterior oblique view). A)

early arterial phase, B) middle arterial phase, C) late arterial phase.

A vertebral arteriovenous fistula (VAVF) can be seen between the V1

segment (large arrow) and the vertebral vein (small arrow),

accompanied with pseudoaneurysm (black arrowhead) at the site of

pseudolumen (white arrowhead).

Fig.3 A) A reconstructed MIP (Maximum Intensity Profile) image at

the same projection angle as Figure 2 demonstrating flap and

pseudoaneurysm(pAN). B-C) Axial images depicting location of the

slice in Figure 3A.VA: vertebral artery; VV:. vertebral vein; pAN:

pseudoaneurysm

Fig.4 A) Angiogram immediately after deployment of Precise showed

no significant change in shunt flow. B) Angiogram showed the coil

directing toward proximal part of vertebral vein by shunt flow.

23



317

318

319

320

321

322

323

Fig.5 A) early arterial phase B) middle arterial phase C) late arterial

phase. Lateral view of right vertebral artery angiogram after

deployment of Fluency 8 X40mm demonstrated minimal residual flow

through the fistula (arrow).

Fig.6 A) early arterial phase B) middle arterial phase C) late arterial

phase. Angiogram obtained 3 months later demonstrating that the

fistula has completely occluded.
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1 Table 1. Commercially-available covered stents in Japan for potential off-label applications in the

2 endovascular treatment of vertebral arteriovenous fistula.



Wallflex Niti S
Fluency
Covered stent (biliary, fully Graftmaster Viabahn Full-Covered Zeostent covered
Plus
covered) ComVi
C.R.
Boston W.L.Gore Century
Manufacturer Abbott Vascular Zeon Medical Inec. BARD
Scientific &Associates Medical Inec.
Ine.
nickel-titanium stainless nitinol/polyolefin, nitinol
Material nitinol/ePTFE | nitinol/ePTFE
alloy/silicon steel/ePTFE polyurethane /ePTFE
inner covered inner covered inner covered sandwich sandwich
Construction sandwich
bare end bare end full cover end full cover end bare end
maximum 3.2mm
Foreshortening 40% 0% 20% 4% 0%
(nominal pressure)
SDS SX BX SX SX SX SX
Available 2.8,3.5,4.0,4.5,4.8m
8,10mm 5-13mm 10mm 8,10mm 8,10mm
diameter m




40,60,80m

Available stent | 40,60,80,100,120 2.5,5,10,15,
16,19,26mm 60,70,80mm 50,60,70,80mm
lengths mm 25mm m
Available
75,194cm 143cm 120cm 180cm 40,180cm 80cm
lengths
Sheath size 2.8-4.0mm:6Fr(GC)
8Fr 6-12Fr 8/9Fr 9Fr 9Fr

required

4.5,4.8mm:7Fr(GC)

BX: balloon expandable ePTFE: expanded polytetrafluoroethylene GC: guiding catheter SDS: stent delivery system SX: self

expanding




1 Table 2. Literature review of endovascular stent-graft treatment of vertebral arteriovenous fistula.



Antithrombotic Occlusion degree!
Stent graft used Stent Thromboemb
Author Etiology® Symptom agent used(dosage,
(mm, if available)® o Follow-up patency olism
if available)® Initial
(period)
Penetrating Palmaz/Gortex, 4.0 C
Singer!'® Bruit N/A C Patent None
neck injury X 39 (18mon)
ASA(100mg for
1JV
Jostent Coronary, 3mon) C
Ruckert'” catheterizatio Tinnitus C Patent None
4.0X20 TIC(75mg for (15mon)
n
Imon)
IJv CLOP(for 1mon)
Gonzalez N/A
catheterizatio Tinnitus Wallgraft, 6.0X20 ASA(125mg, for C Patent None
18) (9mon)
n Imon)
Stab injury to C
Amar'? Asymptomatic Wallgraft, 6.0X 20 CLOP(for 6wk) NC Patent None
the neck (6wk)
CLOP(75mg for
V2 post-op(no 4wk, loading dose,
Jostent coronary, N/A
Felber?? details N/A 300mg) C Patent None
4.0X19 (14mon)
available) ASA (100mg
lifelong)




Palmaz/PTFE, ASA C
Sadato?! Unknown Asymptomatic C Patent None
2.5x39 TIC (5mon)
1JV
Dizziness C
Surber?? catheterizatio Wallgraft, 7.0x20 CLOP(75mg) C Patent None
Bruit (12mon)
n
Priestley?? Cervical CLOP(75mg) C
Tinnitus Hemobahn C Patent None
) foraminotomy ASA(150mg) (6mon)
Ascending
aortic Congestive Jostent coronary, C
Saket?! N/A C Patent None
dissection heart failure 2.7%x20 (14mon)
repair
1JV
Radiculopath Jostent Coronary,
Zingler?® catheterizatio N/A C N/A N/A N/A
v 4.0 x12
n
P
Pseudoaneury Jostent Coronary, C
Sancak?® Knife wound CLOP(75mg) (2" session stenosis None
sm 4.0X19 (18mon)

done)




Neck pain CLOP(75mg) C
Alaraj'® N/A Fluency C Patent None
Tinnitus ASA(325mg) (4mon)
Pulsatile,
R
Neck massage Tinnitus, Jostent C Patent N/A
(Iwk)
Headache
CLOP(75mg for
Headache, 2mon) C
Yeh'V Spontaneous Jostent C N/A N/A
SAH ASA(100mg (14mon)
lifelong)
Pulsatile,
C
Blunt injury Tinnitus, Viabahn, 5.0X50 C Patent N/A
(8mon)
neck pain
ASA(100mg for
1JV
Current 12mon) C
catheterizatio Tinnitus Fluency, 8.0X40 NC Patent None
case Edoxaban(prescrib (3.4mon)

n

ed for AF)

#*]JV: internal jugular vein.

TSAH: subarachnoid hemorrhage.

IPTFE: polytetrafluoroethylene.

§ ASA: acetylsalicylic acid, CLOP: clopidogrel,

TIC: ticlopidine, AF: atrial fibrillation. ||[C: complete, NC: near-complete, P:partial, Rirecurrent.
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