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Objective: In transarterial embolization (TAE) of
spinal epidural arteriovenous fistula (SEDAVF), it is
essential to control the blood flow at the shunt point.

We report a case of SEDAVF treated with TAE with



occluding one of several segmental arteries (SAs)
involved in the shunt using a balloon.

Case Presentation: A 68-year-old male presented with
gait disturbance and bladder bowel dysfunction.
Lumbar spinal MRI showed a dilated and tortuous vein
around the spinal conus. Spinal angiography revealed
a SEDAVF with intradural venous reflux through the
epidural venous plexus fed by the branches of the
right 2nd and 3rd lumbar arteries (L2 and L3). We
infused 14% n-buthyl-2-cyanoacrylate (NBCA) from
the feeder of the L2 wunder the flow <control by
occluding L3 using a balloon and achieved complete
obliteration of the arteriovenous shunt.

Conclusion: In treatment of SEDAVF involved with
several SAs, TAE with occluding one of SAs using a

balloon is the useful method. (153 words)

i

i

x OB o # B Ik v v v b B ®© 5 5B | spinal dural
arteriovenous fistula ( SDAVF) I & & % H #H E & 5
< BT > w T k< ms T Wb — . spinal
epidural arteriovenous fistula ( SEDAVF) Xtk & 0
B T H 5 1V, SEDAVF X # # Ik > ¥ » b 2 b B OE 4

wOR B I OAN BB RN o~ o FF IR oISk D B R IR



WYy bR ICE DS IR E O K ICE DS mass
effect I X W myelopathy % & Z LG HE O % 4 & 72V
2.,3) HE FMHMOMLE NBRE., LOWHFLEZMHAELE LOEIR

AT b S, MLE N EE T, B IR T O E W~

%) T % ¥ 2 23 #t 73 S I

n-buthyl-2-cyanoacrylate(NBCA)X ONYX (2 X % #& @
Ik 26 #& iff (transarterial embolization : TAE) 2% & R
S D 45.6), RN WG 2 A L 72 SEDAVFEF & Xt ¥ 2
TAE I THRIE % B §# 1% . shunt point & & 1 & H #
9 %5 venous pouch & 72 o 7= # 5 4 Ok # & OB BN I

W 9 %5 drainer I ERWYWHE A B IR E I E D M E
N D, OB ERYE O T HE LR S E B
drainer ~ O R # % P Ik & 2 H# THE A®#HE % control
T LM E N b D, 0 iF, BEnE L L
segmental artery ( SA) 2 &6 4 Ik 3+ 2% feeder IZ
microcatheter # f % I wedge & ¥ %5 Z & 2 2 (£ 7
5 LN LD SANDL W AT DY ¥y ME SO & I R
T L EDBMHETH D, AR Fox T BE RN WRE o
72 SEDAVF 2 s L B 5 9+ 5 2 K ® segmental artery O
2L O 1K Z AN — TP %2 L flow control T IZ NBCA
i & 5 TAE I L v % L 72 16 2 @& 3 25 & iz, [
o f HMEIZ S W TEET D5,

iE Bl 2 R



BE £ OB R W . 1B M R

%

Bl 201X £ 4 L v AT oK DEARER L., 20

=0

a2 DR T N ETLSITRNE LS R, BATAH

9_I"

DoAF EE N A& L ., 6 A I B 2 %2 L. Al

magnetic resonance imaging (MRI)IZ X » ¥ # & & Ak ©

Yy Y PR EDPE DL, UBMIALE LD AR L B oo,
Mo R R B EE O RN HY . ERDRETHDHERME
HFE o b Rm® S T,

VNI G s RS R =N (U BN - L - QR O N | S N
Z@Ro T, FTERIFZAEMTIEIHL22HLDETIZRYN, A

Moo # M O S KR OB MO % o KRB DR

manual muscle testing ( MMT) 3/5. i & i < Bt B
O F B E o/ 1k MMT 2/5 Tod - 72, @ il F K o R E K
HAZIE WL e s E R A KBS T RS M A
Ll LORz@D ke, REOWKETDL | Wik EIREK
#® % B O 72, Aminoff-Logue gradeG4 M3, McCormick

sy M X grade 3,

<

o

it S OR R AT A M AL MRI T OF OBE M M T o OB
O fEJK & Thil1-12 v X v O iKW ©® T2 high signal % 3
D oOF MOME M kAT L BRE R IRBE 2RO L (Fig.
1A,B), Computed tomography angiography T I¥ B & »n
MYy v MEALTEEL X RN o T2

TR M OE ¥ AP 3R H A KB BAIC 4French( Fr)

Y- A ®EL. 4Fr W A T — 7 2T F MM E &



4T o 7=, 2K DO segmental artery ( SA) ® B 5 28 3 ©
b A 2.8 3 # R(L2.L3)» H 4k %5 radicular
artery (RA) % feeder & L . A % 3-4 W H M o H M 1L
ey v FP# 2RO, ¥y r FHEDLERTD
venous pouch # JB & & 2 #& & L 7= B B 4§ Ik #% 2 & O |
7 F HEE H o BB A ~ o I|E AT o MKW E & emissary
radicular vein 7 & f B N 12 ¥ A L radicular vein % 4t
L T perimedurally vein o i ¥ 57 & % # ® 7= ( Fig.
2A,B,3A)., L@ AT & £ » SEDAVF & & W L . & & Ik 1 1
A HE IS Bl E T S5 o X M L ¥ X NBCA W X 5 TAE
O F o & L=,

m & N IE % ABE 4 A BICE S MKBET THKEZIT > L,

vk oIy & HARE S LG EE® EmE L. WA

&

X L2, L3 ® 2 K SA»HEE L TWwWikn»n, L2 »56 4

s
5y

9 %5 feeder ® 5 7% microcatheter # wedge & ® 72 ik

NBCA #z {E AT 2 O HIE L WimE®ETDHY . FEH
~® NBCA® & & o #H £icb @ L TWwW>H EE 27 NBCA
AR L3 26 © feeder # balloon TPM % L, ¥ ¥ v
b o flow control 7 2 &% E M & 2 & & x 7=, W il X IR
# )k I 6French (Fr) ¥ — 2 &8 & L, ~U ¥ 3000
HAiLz& G LTE2Ho0o~Y ez AT v, BL& 1000 H
AL /W % Ff ¢ 8 % L 7= . L2 I Heartrail I 6Fr JR4
( Terumo, Tokyo, Japan) & 8 4Fr Cerulean( Medikit,

Tokyo, dJapan) % [A i & L T & ® L guiding catheter



&L L .feeder Td 5 ¥ v » bk # Zm 2 5 RAIW Marathon
(Covidien, Irvine, CA, USA)%Z ¥ ®& L 7= ., L3 | Britetip
6Fr JR4 ( Cordis, Miami, FL USA) % ® & L . Scepter
4mmX10mm( Terumo) # RA E # H F ai ic B & L 7= (Fig.
3B)., Scepter ® balloon % inflation L T L3 & ®

feeder @ Il 3 % M Wr L 7= LK ¥ T . L2 » 6 O g ¥ % 17

O

. L3, o m i X b5 laminar flow A {3 & L T W 7=

y

&b, flow control L & 7= & H B L 72, 37°C I nik

(_.,
(\&

NBCA & J 4 F—nr&iRAH L7k 14%NBCA = il &
L. L2 256 & feeder (28 & L 7=z Marathon »» &6 i A %
Bl 4 L 7= ( Fig. 4A)., Shunt pouch (2 B # |{Z penetration
L. o %@ KN IZHBET 5 vein I NBCA » ¥ 17 L
7o /WA (Fig. 4B) T — H #H M M pause # & \» 72, E A
BB T 5 . BIEWN ~m 29 vein b WK & O -
(Fig. 4C), # & N 12 1T 58 &£ 1 NBCA T B 17 % ¥+ venous
pouch 2 JE 3/ I £ #H & v ( Fig. 4D). = »n CT ¥ ¥ v b &
Vv L3 b O feeder |2 & M W T A 2 H YV HFEEAEZ R
Ik L7 (Fig. 4E), # W #% E AN &2 & 9 %2 & Marathon
HiEH reflux & vV # A% & 7 L 72 (Fig. 4F), TAE % ©
£ L2 M O L3 O @k k2 TH L OWHK» MR TET (Fig.
5A,B). F H & & T L 7=,

B R KRR %k 14 H O F

=

m % &% % T v v v b M
DK N R T E ., OMEEAN O L ERIT L ER D E R

W7o, REEFITILFEFTBERIGELALST . AL



5

R NE ANLE R o A PO IZT MMT4-/5 £ T % #

l_/ N

SF

T OE N BB s 2, W% 19 H I modified

Rankin Scale (mRS) 3 ® ¥k 8 T VU »~NE U 75 — ¥ 3 v 5w b

R BE & e oo 7o, iF R 3 A %R OB TIX. B L TH
NHEAT TR e R TCHERES L& EMEME THROBEE X
Jk 4 L modified Rankin scale 2 ® Ik & T . M il % MRI
THE MO EIEIZTHELBAO®O T2 high signal &k OV # &

W o R IR IZHERXLTWRE (Fig. 6).
E £

SEDAVF & . A M T o % fi & & [H HF % T8 & Ik > v ~
by bl OB S AR # I W A % @ drainer O N ¥ — (T
X » . intradural/perimedullary drainage ( pMD) .
paravertebral drainage ( pVD ) | combined
perimedullary and paravertebral drainage (CD) @ 3
Hiooa®M s, 596+ pMD 44 %l . pVD 6 #l ., CD 9 #i
T & o - 1), SEDAVF o 8 £ ® #f % TiX . Huang o M
101 f1 3>, Takai2)b 28 45 ffl % drainer ® /% ¥ — » [T X
DM R MOl > v T EE M I review L T W 5, Huang

50 pVD 28 73%., CD 28 27% & #H % L . 9% £ 2 B (1 H L

2.

JboC X R E N 38% (11 fl )., %k E DD 62% (18 ) T

Aol x L. HMHLXXLTEREED 92%(50 ). #

of 3

BoT% (4 B1) THEBEBICHEFE D Z WVWMHEHE T DL - L&

i
xa
o

L Tw3% 3, Takai 5 & pMD & T8 CD % Type A.

pVD %# Type BIZ 70 JH L T W % i W B F % F # 2% 5



WA DLV XA B W T, R E T 63.5m THMZEZ < A
Wi % < . %E T 343 T ER R HEMW MK W HE
M T & » 7= &£ HEHE L T WD 2, T oo W AR
myelopathy T ¥ i 9 %2 28, pMD T 8 &8 N ~ © ¥ i & &
L kW . pVD TR AN T 5 ¥ oy bl WIS K DR
S F R ¥ oo F OB Je b5 K I X %5 mass effect ® J KA T &H v |
drainage N % — I L W BEN R D EINDH D, K
Bl X CDIC 0 s, 2 Wby £ . M. HWEL XL L

W 2T R o R L — BL RS E D IR R

y

£ % venous pouch % £ gk L T W 72 % mass effect %

Ho

T 5 B T X A < . OB AN WO I X D OB W N
myelopathy ® % K & &% 2 b 1L 52, £ 7 Huang 5 O
review T (X 10% (10 #l) 2 i i < F& % L . # B 4 M fif
2 5% (5 f . 2 f X B OME . 2 @ X M oME . 1 ok ME AL OME L
Nor ) < b EOF O moiEx 5% (5 B, X T MM L X))
e h o mMEEE SN T S b &I E < % E R
»H D 3,

SEDAVF o g % & L TIlx E &2 F it & NHKICKD
R OHE N H 1.2.3.5.6,), Kiyosue b ® SEAVF 45
Bl © review T O JA B Bk T R 1L . FIlF TIT 56% (16 f &
9 fl ), I B ANIEE TIE 59% (29 #lF 17 #]) T AVF ©
HWEkN®™HB LML EE S TWDH 49, Huang b @ review T
. W EEE T oMK K S EIXEEFWmILE 74% (31 #i

23 fl ). M E N IR E 55% (65 fl 36 Il ) TAH OB E X



Wb OO R ENENT WL EM T o D, E NI
AT DWW TIE TAE X O TVE i & © # & il 8 & 5 1.4.6),
TVE © @ & i > W»w Tl W E s ~ o KB IRK» 5
ascending lumber vein % Z# & HH L CTWH £ I £ 5 7 7 &

A — b BRI T WS NEIRE DR A

ToOT7T 7 AL = F»BRRWE AT TAE L » B K F B X
v, SDAVF T & B 2 F i3 M & A B K &K LE&E
MR Th D - FTHSODROREERSERE L OE B
JE AN H Y 7.8.9  first line & L T I & W IR W 21T b h
L2 e A TR 10O BEFEORMERLT NS XD
AL XY EFTEFT oMM EMmERT DL LEEZ XD,

SEDAVF o g % I B W T b [ £ I & W IE %K 2D main
stream 2 7 - T W < Z &2 % M o & #3722 wn . K&
BME D < kxR BERFEREOESLIZSO W TIE+ 451
T E W S TR L TR EEKICO W T MY L TV 5
S E A W F 2 BN W R o F & O R S~ o
drainer @ ¥ & © % % . ML &F N IEHE I B T 52 TAE =&
Wi TVE © 23R F ok x+ R R 2 H T 284 %EZDN &Y
il » o J I8 CimBKEWBMK L2 T258END D,

A F T OB BN WO I X b5 myelopathy % ff o -
SEDAVF T & v & AR M ICH LW~ B 1T KW #H L 7T
W a7z TAE ToO R E 2 &R L., ERHWHEL LT
TR K E R E O ME M EF X 72 ONYX IZ NBCA & k&

L sk 2R T2 LB iR FE P & control L X

%?\
‘\__\§



FTWH R XY R EHEANDFIK Sy MR E OB IK

LA SR S E KL T WD 1D, — F T OFM Yy
¥ b B ® SDAVF ® TAE T X E ¥ i # o @i © NBCA
Wz xf %M E R T RE L H D 81213, F D H & FH
B L ER A~ XTERYE L LT NBCA # &R L., &L B H
72 B N drainer £ T M £ 12 B ZE & 5 2 o b EH E
A ox D ) 14%0 KB E AL,

A T om KK Do HEHIT, NBCA I AT B W T HF
BOE oo MBS O drainer ~ R B & & KR I 2 (KN
drainer 72> b f£ 5 L venous pouch % # sk L 7= & Ik # &
Oy y vy P ETICHREICREIE D ZETH L. 0

7o I FEmE S5 o NBCA ©FE A0 ICREI

[
B
=

RHE & B 4F I control ¥ 52 HHM T, ¥ ¥ ¥ M T oM
i ®» flow conrol 28 4 ZH T & » 7=, A H# Tk L2, L3 D
2 Ko SA 6B O feeder B 5 L T w7 2, NBCA % i
AT 5 LT, L2 oK »»MHIE L WIIEZETRHLER~OD
NBCA DR ZE OB ZITHHELTWDLEEZ,EMHMEIC
#®WR L7, NBCA O FE A DI Marathon % f £ 12 B Wy
m % I wedge & 5 Z & T Wvw o FTbH e, — I
single, feeder, single drainer 2 ¥ \ Il & # £ 2 + %
-t 9 — F O L3656 O feeder » 5 @O I it % balloon
T O W L o2,

Yamakawa & 1493 & % o SA »n B8 5 3+ 5 SDAVF 2 %

L. TAE [ BB L TH M M % L4 O feeder » 5 @ Il i %



balloon T # W + %5 = & T, feeder » 5 shunt Kk O
drainer £ T o L & # & &2 H M b 5 2 LT Kk 2 & & L &
15), RJE Bl IZ B W TH  BEWERRKOGTEEZHHWREL,

feeder 7 b I # M K & 78 venous pouch 2 # J %
SEDAVF T ¥ flow control I X 2 NBCA ©» B # @ & %
B 2L o EEEMEITEIZCRETWEZE XL, ZTHhIT XD

venous pouch 7° & Wi Hf ® & % perimedullary vein ¥ <
+ 41 NBCA » % # L 5 72 & & X 72, Yamakawa ©H O
W &5 140X single lumen A ® balloon % f W\ T W 7= 2 |

K #Hl T iX double lumen ¥ 4 7 ® Scepter  H W 7= .

(Y

N LY ERmE S O TAE B R + 45 I8 #% b o 72 B

(B

Scepter @ wire lumen 20 b B 1 © ZE ¥ B 1T 2 5 & & %
7o, WO N W &2 £ o> 7= SEDAVF ® TAE T iX . SDAVF
E LSS ERYE OE NGBS Y M LE
drainer % /T 72 F 5 f B 4 8 Ik # 2 & ¥ L A T BH
5. 2) # O 4~ » drainer ~ O M ¥ & il #H + 5 4 B RN
b D U ko 2 8 X0 EINBMIZLTYVREETCHD ., oD
o H AN ICAHEMEE XD,

o HEE AT ETHERE T YT R L L T, balloon &

% & W O EANOENIMLE &R DN DO feeder ~ O

m

(=S|

&
Sy

D 2 D feeder 12 o 2 N B FH O b 5 B

Mo i
BN
ot
-

o A TE I E T S8 ENDD O E M E S

okt

W T | = fy  m F #EE N R W

s

&4y R 2 E LR

J

>
™
e
(Y
S

ERRANE e TR AT AR WA RS DD, FE AR



Wom % ,» 5 » NBCA o A, ¥% v & A4 ¥ b »
5t 9 — 5 ®» feeder @ balloon # ¥ & L 7= SA 2» 5 O
y Bl NBCA 2 i 3t L 72 % & balloon catheter 2% # %

= oy

Eh %5 risk 28 0V . balloon ¥} & ¥ AL ~ [ 7 9

i

mWw RSB BT o EDN D D
& 7B
2 KA D SA 6 ®O feeder 28 B 5 + 2 N Wl & £ o
72 SEDAVF iZ ¥ L .1 K ® feeder # baloon T [ %2 L flow

control T I NBCA I £ b5 TAE % 47 ., B i 7 15 B & 2

z % 7~ ., SEDAVF o TAE T & . # & 4 ~ ® drainer ~ @
M A AT kI, 2y v M & drainer & I {E
T o MRS B IR OIS LD ERYE L LEACR S
S HLZMLER DY ¥y bl AE B A IC control T X
L RE™A M EE XL N T,
M % AH KR OB R
FHE R B LG FZ 2B NMER KT RV,
X R

1)Kiyosue H, Matsumaru Y, Niimi Y, et al:
Angiographic and Clinical Characteristics of
Thoracolumbar Spinal Epidural and Dural

Arteriovenous Fistulas. Stroke 2017; 48: 3215-3222.

2)Takai K, Taniguchi M: Comparative analysis of

spinal extradural arteriovenous fistulas with or



without intradural venous drainage: a systematic

literature review. Neurosurg Focus 2012; 32: ES8.

3)Huang W, Gross BA, Du R: Spinal extradural
arteriovenous fistulas: clinical article. J Neurosurg

Spine 2013; 19: 582-590.

4)Kiyosue H, Tanoue S, Okahara M, et al: Spinal
ventral epidural arteriovenous fistulas of the lumbar
spine: angioarchitecture and endovascular treatment.

Neuroradiology 2013; 55: 327-336.

5)Ramanathan D, Levitt MR, Sekhar LN, et al:
Management of spinal epidural arteriovenous
fistulas: interventional techniques and results. J

Neurointerv Surg 2014; 6: 144-149.

6)Rangel-Castilla L, Holman PJ, Krishna C, et al:
Spinal extradural arteriovenous fistulas: a clinical
and radiological description of different types and
their novel treatment with Onyx. J Neurosurg Spine

2011; 15 541-549.



7)Koch MJ, Stapleton CJ, Agarwalla PK, et al: Open
and endovascular treatment of spinal dural
arteriovenous fistulas: a 10-year experience. dJ

Neurosurg Spine 2017; 26: 519-523.

8)Gokhale S, Khan S A, McDonagh DL, et al:
Comparison of surgical and endovascular approach in
management of spinal dural arteriovenous fistulas: A
single center experience of 27 patients. Surg Neurol

Int 2014; 5: 7. eCollection 2014.

9)Su IC, TerBrugge KG, Willinsky RA, et al: Factors
determining the success of endovascular treatments
among patients with spinal dural arteriovenous

fistulas. Neuroradiology 2013; 55: 1389-1395.

10)Brown PA, Zomorodi AR, Gonzalez LF:
Endovascular management of spinal dural
arteriovenous fistulas. Handb Clin Neurol 2017; 143:

199-213.

11)Chandra RV, Leslie-Mazwi TM, Mehta BP, et al:

Transarterial onyx embolization of cranial dural



arteriovenous fistulas: long-term follow-up. AJNR Am

Jd Neuroradiol 2014; 35: 1793-1797.

12)Adamczyk P, Amar AP, Mack WJ, et al: Recurrence
of "cured" dural arteriovenous fistulas after Onyx

embolization. Neurosurg Focus 2012; 32: E12.

13)Blackburn SL, Kadkhodayan Y, Ray WZ, et al: Onyx
is associated with poor venous penetration 1in the
treatment of spinal dural arteriovenous fistulas. J

Neurointerv Surg 2014; 6: 536-540.

14)Yamakawa A, Fujita A, Tanaka J, et al:
Transarterial Embolization for Spinal Dural
Arteriovenous Fistula Assisted by a Balloon Placed at
a Different Level of a Segmental Artery: A Case
Report. JNET J Neuroendovasc Ther 2018; 12:

199-205.

M & o H %

Figure 1

T2-weighted sagittal (A) and coronal (B) MR images on

admission show spinal cord swelling (black arrow



heads) with a high intensity lesion (white arrow) in
the spinal cord around the conus, and the tortuous

dilated perimedullary vein (white arrow heads).

Figure 2

Preoperative right L2 (A) and L2 (B) lumbar artery
angiogram show the feeder from L2 (black arrow), the
shunt point (asterisk), the venous pouch formed by
dilation of the extradural venous plexus (black arrow
heads), the intradural drainer (white arrow), and the

extradural drainer (white arrow heads).

Figure 3

Schematic illustration of the vascular architecture
without (A) and with devices (B).

l:feeder from L2, 2:feeder from L3, 3:shunt point, 4:
venous pouch 5! intradural drainer, 6: extradural
drainer, 7:microcatheter (Marathon), 8:balloon

catheter (Scepter)

Figure 4
14% NBCA was infused via the microcatheter placed at
the feeder from L2 under the flow control by occluding

L3 using a balloon (A). NBCA penetrated the venous



pouch through the shunt point and proceeded to the
extradural drainer (B). After short-interval
interruption of infusion, NBCA reached to the outlet
of the intradural drainer (black arrow) (C). Then,
NBCA penetrated the venous pouch steadily (D) and
flowed back into the feeder from L3 (black arrow head)
(E). Finally, reflux into the feeder from L2 (white

arrow) was shown (F).

Figure 5
Postoperative right L2 (A) and L3 (B) lumbar artery
angiogram show disappearance of the AVF. Black

arrow heads indicate the cast of NBCA.

Figure 6

T2-weighted sagittal (A) and coronal (B) MR images
three months after TAE show improvement of spinal
cord swelling, and disappearance of the high intensity
lesion in the spinal cord and the abnormal intradural

veln.
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