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I HaE BN E AEE (spinal dural arteriovenous fistulae (SDAVF))IZ, 3 AR EAR D
RN CHENEFIRELIS 2SR S 40, FREFFIROZBICEEIC L 2 EITHEFREL 2
THHBMFHRRERTH S L KRB, TEEBEORHREL ~VICHREL, £
AT - R, PRREE TRIET 525, FERERMZERARIER, i
FiRERT 570, K2, B2RbmE, RURHARERRETH D 22

SDAVF IO EHIIL, FEReily, F721%, Fic kv, BhEIRERE &2 5 kM)
THEWTHZLICHD ¥ FiE, BEPOWIBHIRIBETHY, HERLIK
<, SDAVFIRIRD T — )L RRAZ A —RThD ™. —J, %k, KEET
I3 %73, polyvinyl alcohol (PVA) & H L CTW = #I#I O E TiE, @V ERESR
PorEnE P UL, 4B T, ENBEOFEOM E, ERWEEED
TeT A ZDWRITPE, ZERIFORIGROUEL L ORI R BT %A HRE
éﬂ“)“)&)%) 12-16.

JEFIOZERIZED, ZNHOHANELNTETVAHIZHLED LT, SDAVF
OYEERE LT, FMEIZERBTONTANEY TH L0 H>V\TIiE,
b, BROZINHEZATHY, Wik TA R4 U HFELRN. ZD
— T, HEORERCMEMRICESE, EFZ L ICHEY) 2 G 2 3R
NRELDEZIPRENTE R WP 205 0o8iE T, (KR M 03]
HER & U CRIRS L, B, ZERmPREEEIX, BRTH D LW sh
TIER, b L<IiE, FERIFD ISR D > TIERNCK LITH &V ) B TEt &
BEHLTWSD., 2L, 2ok RIGEGE#HCE T 5, SDAVF O R HIRE 1%
B LIS D7 <, EREDL 0 15 27202, RIGHEERIE O 24
IR, FHTHD B

L, WE 16 FRICHTZY, —B L7ZIAE HEC SDAVF (2T D i6# %
1T>T&7. SDAVF OFRiIEM MBS E, TORRIEMELEZEL,
FERRITICR M & & B 2 B D HEZESAMERRA TS (craniovertebral junction (CVJ))J%
7, BREEROR 53 2 A 2R &, AR A5 8L L TX 7. SDAVF I,
BAEATEEERN, &t DR BN AE FHE & Wo e B HEZ LITLITHRA 5
MR T D720, JRATHREE T TORIRI ATREZRFERAN S, FIHIER & L
THY EEX IO THD. 4F, Fxik, SDAVF BF OERKZE, REHiEE
TRICOWTHAEL, WMEORELOLERICEDY, ALOREFHOZY M
BEELT-7-0, ZZICHET 5.

F£72, SDAVF B EETH L Z &0, R THOmAICZLnwWZ ey
Mo, TREFIZONTIE, SORIBMFAPMNELZ 2T, 4, FH8l2 £
383 y HO7ru—7 v IfERICESE, ZEEMITICLY, TERRETOKRF
PAToT-72%, ZZICHmET 5.
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ADL,; activity of daily living,
ALS; Aminoff-Logue scale

AVF,; arteriovenous fistulae

AVM,; arteriovenous malformation
ClI; confidence interval

CT,; computed tomography

CVJ; craniovertebral junction
IBCA,; isobutyl 2-cyanoacrylate
MEP; motor evoked potential
MRI; magnetic resonance imaging
mRS; modified Rankin scale
NBCA; N-butyl 2-cyanoacrylate
OR; odds ratio

PVA,; polyvinyl alcohol

SDAVF; spinal dural arteriovenous fistulae
SEP; sensory evoked potential
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1) BEEBER

JEHEE K AR BRI I T, 1995 4578 5 2011 FE D HARIZ, F 4 1, 60 151> SDAVF
B ICx LIRRE T 2. 2Bl T, SDAVF OBKE, HFhimE &R
\Z X > TYT4, epidural AVF <° perimedullary AVF, radicular AVM &\ 72t od
FRMAE A &0, A& (Figure 1). Fex i, LLTICRY 10 Bil%
AWFFEDOX G HERSN LTz, M TORFERIRERZIT, SPE~FIE% H I
a6 4, < HIETFHIM TR L7z 2 6, #ER: T incidental (2 SDAVF A3
Homole LHIBEY, FhEEZ AL 1HITHD. MRE LT, AU
TlE, FHEAE CHIE L7z 50 5l SDAVF BE N RIG L 7e o 7=, ik 38 451, otk
12 5, JEHEREEFER, 63.2 £ 10.35% (39-82) TH-7=. 50 i, WWI b
Yhasx TN TOI, 2FU O 7 v —T v IR ARETH o 7.

Figure 1. Anteroposterior selective angiogram of the right T8 intercostal artery showing
the spinal dural arteriovenous fistula.

2) BEER

PIFIEIRIZ, 27 1] (54%) T FEORETES, 11§ (22%) T FDmi/), 9 f
(18%) THMTRESE, 2 il (4%) THEIH, 1l %) THIREECTH-7-. 2l
BT, BRETIEDOFRIE ORISR FRD b, FBIEN D SDAVF OHfEE
P E CICE LI, BT 19742209 A (1-96) T o 7=. SDAVF D2
Wr 2520 5 LARINC, FREBENIER;, FHEAMRE, BREK, FEIRWIEMREREE
EWo TR BT TIER DS, 34 ] (68%)FELT-. ZNOLDEFDHI L, 6
B, BEHERZ T BRI 2 Be o CHiAT S, F72, 1HIEERROZK TR T 1
A ROV APREEZ T TOED, W LIERSGEIZITE L oo 7.



SDAVF DOfEEZWIRFIZIE, iz T, BTRELRD, 21 61Tix, B
IZHWT Z2E L2, MO, EEREEIX, EhEih, 476, 493 THEO 5
N7z, PERFEET 44 BICRD B, 19 HITIE, ERAZFE L. 36 #liL, B
AR S DN B 25 7=,

FHEIM A SR ORGSR, SDAVF IE, 31 Bl CHIHEL~L, 9 B CREHE L ~L,
3 TALHE L1, 151 CTEAME L~ L, 6 B CHRZ FAMERATIRICRE ® B L7z (Figure
2). 50 #i, 45 B TIXFAME T 1 ADLFRD B2, 3 FlOSHZEMEHEBIT
HIRAR KO 2 BIOAIEERIRA TlE, BEORANLE ORGSR ST,

Figure 2. Anatomical distribution of the 50 SDAVF.

3) BRIt

FAEBIOIRIR ST EHT, WA RHE S L OB NIERE & ORFT D H z2, #*
ESNTz. Fxld, MEMNEELE RIREE X, FINE, FHEBRSHEEDO
A &R UoEi@ ko HilEsh L, ERMAERE MBS 56, <A
70 HT =T IVORNAE~DT 7 & ZANREERISEAICEB L. &5, Fx
1%, BEBHHEBITHREIZOWTY, HEEBIRE~DERYEKRADY X7 %
B L, FERMTNSAMEY &CHW L.

ERINL, RATMEL T, 28~ Y Ak L7z ECiThbhiz. FHEIRS, i
ANIMLE &R UAEEIRNSEB L TWARWT & 2R L%, N-butyl
2-cyanoacrylate (NBCA)%Z, WitiFHIRIC 32T 5 £ T, HERELS, BRITEA
L 7= (Figure 3A). {EA S7-ZERWE O JRFEIL, CT THMIi S 7= (Figure 3B).
ERWENRHEIRE THOICEL, »OEBHMOERN R SNIZHEAI, %
RN IXRE) & LTz, BRI AR+ CTh 2 Ll s HEaI1clL, 2256
12, LI, FHMEELICEI D7 re—7T v 70%IC, FifizBIko7z.
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Figure 3. (A) Superselective angiogram of the left C5 radicular artery demonstrating the
glue cast from the feeders via the fistula into the proximal draining vein. The fistula
point was indicated by the marked caliber change (arrow). (B) Postoperative CT image
showing the intradural glue cast (arrow).

FITIE, MR OBFIREST 2B HT 5L 012, 1 b~ULEE, 2 b
LD NAIMES YR 21T - 7= (Figure 4A). FEIEUIBA 21T - 721%, iHEIRE
TS B SR S OO B A% GRS, UM L 7= (Figure 4B). RIREZRFR YV, MHEA O AH)
Ak & 2 L 7=. 917 7H1%, motor evoked potential (MEP) % 7= 1 sensory evoked potential
(SEP)&# 12, T=H#—L17=.

Figure 4. (A) Intraoperative photograph showing the abnormal arteriovenous shunt
develops between the radiculo-meningeal artery (arrow) and a radicular vein (arrow
heads) within the dorsal surface of the dural root sleeve in the intervertebral foramen.
(B) After opening the dura the intradural draining vein was coagulated and excised
where it penetrated the inner layer of the dura (arrow).



TBRAERIE, TR &R U ARG, BRI &2 mA TR S u7z (Figure
5A). flitt O HE MRI X, 1654 1EEIRTH% T4/ (Figure 5B and C) %°. &
Bttt D7 v —7 v 7 B OFBE M S AR L OFH MRI X, BRARSER 2
5, SDAVF O FFERIERAFIRAEN GO DB T,

Figure 5 (A) Postoperative angiogram of the right T8 radicular artery showing complete
obliteration of the fistula. (B) T2-weighted magnetic resonance image showing marked
swelling of the spinal cord with intramedullary high intensity from C2 to T3 levels and
multiple flow voids along the dorsal surface of the cervical cord. (C) Postoperative
T2-weighted magnetic resonance image showing marked diminution of spinal cord
swelling and abnormal flow voids.

ETOREKT —21L, BANEIS, IATHECLI>TELNE. #17, B
PREEREIC DT, TRIERH, 1IBBEIE, 1R1% 1 4R, fiofé 7 4+ v — OFRF AT, modified
Aminoff-Logue scale (ALS)Z MW CREflish7= L. %7z, activity of daily living
(ADL)IZ DWW C b, [EIFFHAIZ, modified Rankin scale (MRS) % AW T, #Ffi S u7=
2 SEH T m—T v HIRNE, 812 £ 38.3 4 H (27 - 184) T o 7=, RFFEIL
ABHEE K FIREE B ERRRIFIE~ B ek A T 5 (B ERFRAIFIEE 5 013- 0005)



Table 1. Modified Aminoff-Logue scales for gait and micturition
Grade Definition

gait

normal

leg weakness, abnormal gait or stance, but no restriction of activity

restricted activity

requiring 1 stick for walking

requiring 2 sticks, crutches, or walker

gl |lwW|IN|IFL|O

confined to wheelchair

micturition

0 normal

hesitancy, frequency, urgency

1
2 occasional urinary incontinence or retention
3 total incontinence or persistent retention

Table 2. Modified Rankin scale
Grade Definition

no symptoms

no significant disability

slightly disability

moderate disability

moderately severe disability

severe disability
dead

ol |~ W | IN|FL|O

4) FHERTARHT
ETOT—XI%, FHE + FE¥FEZETR L. 2 BEROT —F ORIz,
chi-square test 3 & O Mann-Whitney U-test Zi'H, 7=, 1RERITHE D ALS A
a7 BI O MRS A 27 DT, Wilcoxon signed-rank test Z{# i L7-=. &if
BERE P12 1Tk 3 2 BHEEGRIRIA OB LM+ 5 BT, ZEr I AT v 7
Bl ot 2 Tz, OB, BIERD 5 b AR T p < 0.10 &z L7z
K%, ZERY AT 4y ZERSIT~EA LT, p < 0.05 ZHEHPRIAEZ
Hh &Lz,
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1) BRFER

50 {5l 31 Bl CEERRIT S HEST ST BN A KAT L7 19 #ilH 15 B¢, Fiivx
Wit L7 ERAH 23 B2 72, 6 Bl CVIIRZS, 7 Bl ABIARSS, HHEEIR &
A U ERnEhiR D> S REHA L CWBIREBITE o 72, 2 B, TRAIMLE ~DOFRI 2 H T
— T AR AN R EEIER 72 > 7-. SDAVF DseaPA%EY, Rl iifT L7z 31
Bl 22 51 (71.0%), Tt it L7= 19 39 18 il (94.7%) TiERk S 4u7= (Figure
6). FIMWNERDORREIIZIL, FERRIMHE & b, FINEETAEICE 2> 72 (p=0.041,
chi-square test).

50 patients with
SDAVF

Embolization Surgery
N=31 N=19

| ]
| | l |

Initial success Retreatment Initial success Retreatment
N=22 (71%) N=9 (29%) N=18 (94.7%) N=1 (5.3%)

Figure 6. Flow diagram demonstrating the therapeutic process in 50 patients with
SDAVF.

Table3 IZ/R L7 XK 91Z, 10 B CHRIEEA E L. ZEeffiz it L7z 9B+, 6
BITIX, ReeZEICXY, PHRENSEY 157 + 122 H (@-3Nkic, F
WosHE T SHt=. 3 BT, ZERINE 9-11 » HIZ, HROD, TS T
ENTe. PIHENERE U TR M T U723 Tl 1 Bl CoRH, BEREICLD,
HMEIOFM6 14 HBIZ, BFNIEITINT.
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Table 3. Clinical features of patients requiring retreatment.

Case Age/Sex Fistula level Initial treatment Retreatment due to Time to retreatment
1 39/M T5 embolization incomplete occlusion 4 days
2 69/M T7 embolization incomplete occlusion 37 days
3 60/F T7 embolization incomplete occlusion 7 days
4 58/M T8 embolization incomplete occlusion 9 days
5 62/M T8 embolization incomplete occlusion 21 days
6 68/F T11 embolization incomplete occlusion 16 days
7 80/M T11 embolization recurrence 9 mos
8 60/M T12 embolization recurrence 9 mos
9 54/M T5 embolization recurrence 11 mos
10 69/M CVJ surgery residue 14 days

FERRAN 2 04T L 72 31 Bt 4 6] (12.9%) TAOHEA RO =, AEOIEF DO HT
M}Jﬂ;ﬁ NBCA % W TERIN 21T -7 1§ T, RERHEINR~D NBCA Ok A

I K DB ELZE O (Figure 7). AIEFITIX, BREEICE LS, BT
£ NEEOREL, —@ETHY, 103 » H OB CHAENRAEETH o 72, %IJ
D 1 FITH, BEGENEO REIIRAEEEZ 32D, RAFIINFIC L 0 IRE R S
7o, o 2 B, WRETICHA RUA Y —DME IR A RO 7273, %wﬁaf&
FHIMEIEIRZ 295 2 L7 <, SIERMEITONIZFINICL Y, SDAVF OIRIA
=I5V aWiel

Figure 7. Postoperative T2-weighted magnetic resonance image showing the high
intensity area at the left posterior column of the spinal cord, which represents a spinal
cord infarct due to NBCA migration into the posterior spinal artery.
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FERRINT T DRI 9 B & B de, 28 Bl D Fokr 2 AT L 72 IEFI D 9 B, 341 (10.7%)
THIHEZR O, 1HIL, IFEORIKIC XY, SRR 22 Lz, il
D2HFD S G, LHNE, ik 2 B BICEREAMEIZEZY, &5 1601, iz 6 A
ECHERE P I fEC L v, VR AERR B2 B U7, &7+ e —I2B8WV T,
3HIEFNTINT, MIREROUED L ITLEDHER ST,

2) PR OBRRFHE(L

ALS BATA a7 B X OHER A 27, BELO'mRS 2 =27 ORI ZEAL )3, Figure
BIZRINTWD. THEKREZOFHELEIFIL, 318 £ 226 H (5 - 120)TH -
7o, F£70, VT e —T v 7HIRNE, 812 = 383 4 H (27-184)Th o7z,
BATICB LT, ALS 2 a7 IXIRWATO 3.64 £ 1.38 0205, BFEFRF2.90 + 1.28,
BIE% 14252 + 131, k741 —260 + 1.36 ~&Hd L, &2 ToOREIC
BWTHEFEMICA B2 UGED MRS S vz (Wilcoxon signed-rank test, p < 0.01)
(Figure 8A). FERIEREICEI L T, ALS A 7IXIARATD 1.96 + 1.03 705, 1A
% 14158 £ 1.05 HK74+12—160 = 1.03 ~LEA L, WFHOBEIZE
WTHREFHFRNC A BB E D RS S 4172 (Wilcoxon signed-rank test, p < 0.01)
(Figure 8A). ADL (2B L T, mRS A 7IXIAMRAID 3.42 + 1.21 75, BPzHF
292 + 128, ¥R #% 14256 = 1.16, &7+ 12 —262 £ 1.09 ~&H L,
B TORFFICE W THREHFRIICH B R SED R S iz (Wilcoxon signed-rank
test, p <0.01), (Figure 8B).

A )
. Aminoff-Logue Scale score
5
4 _

‘\

*%
3 *k *x
2 T\T\_T**___T"
1
I J. J.
0 : T
pretreatment at discharge 1year final

B _ .
6 modified Rankin Scale score
5
4

‘h‘\_ -[ I

*%
3 —— % *x
2 - 1 I
1
0 .
pretreatment at discharge 1year final
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Figure 8. Graphs showing the chronological changes in the ALS gait (filled diamond)
and micturition (filled square)- (A) and the mRS scores (B). All values are the mean +
standard deviation. **p < 0.01 compared with the scores recorded at the time of
diagnosis.

50 5, 24 {5 (48%) 7 HERBEE 720, 26 1] (52%)A3, U ~E U fkfoe B 1912,
i ~ERPE & 7o 7=, IBBERE, TR XL OBERMERER, 1R & b, ZnE
A1, 30 il (60%), 10 5 (20%) Tk L TV 7= (Figure 9 Aand B). £7-, ADL I,
25 i (50%) Ttk L Cu 7= (Figure 9C). #HRITHB IV ADL X & Hi2, HEE 1
HE7C 36 B1(72%), &7 + v —"T 33 f5i] (66%)IZ3\\ Tk L T\ iz, &7+
0—TlE, WThDORT A —=F— 2B\ T, 14 ] (28%) TIEROZEL, 3
B (6%) THER DAL FERR S 7. BERBEREIX, TBRH% 14F, &7+ —0
W TS, 16 il (3206) CHUENRD ST, F-, #7171 — T,
30 f5l (60%) THEMK DZEEAL, 4 5] (8%) TIEK DI R S 47z,

A B
Gait Micturition
100 g el Jes]  Jee]
26%
80% +— 40% 28% —— 80% +— —
60% oo 60% | 7400 60% 60% |
40% +—— 0 — 40% +— —
60% 2% 66%
20% +— — 20% —
32% 32%
20%
0% T T | 0% : .
at discharge 1year final at discharge 1year final
C
ADL
100% e e
80% +—— 24% 28% |——

48%

60% +— —

Bdeteriorated
DOstabilized

40% 1 72% 65% Dimproved

50%
20% +— —

0%

at discharge 1year final

Figure 9. Graphs demonstrating the chronological outcomes for gait (A), micturition (B),
and ADL (C) after treatment. Outcomes were judged by the comparison with the
pretreatment ALS- or mRS scores.
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VIHNEROFIEIC LY, MGEEE 2 BRTIEV 2 THD &, Fin, MHhl,
FEIED B2 W EE LTI L OVBHBEER 27 &\ o o _X—ZX 7 1  DERIR
BB NT, 2HB CHEREREEZRD o1 (Table 4). F£7=, &7 +nm—
TIL, TRTOERUERICE W, 2R TAEEZZR O 720~ 7= (Figure 10).

Table 4. Baseline characteristics of the SDAVF patients based on their initial treatment.

Initial treatment

embolization surgery p value
no 31 19
age, yrs 63.3+10.8 63.0+95 0.82
male sex 23 (74.2%) 15 (78.9%) 0.70
time to diagnosis, mos 18.8 +£18.2 21.3+25.1 0.92
Baseline scores
ALS (gait) 3.74+1.32 347 £1.61 0.54
ALS (micturition) 2.00 £ 0.97 1.89+1.15 0.90
mRS 3.55+1.18 3.21+1.27 0.87
100%
n.s.
80% ey I n.s. |
60% -
n.s.
40% I -
64.59%(08-4%) 67.7%63.2%
0, S—
20% 32.3%|31.6%)|
0%
Gait Micturition ADL

Oinitial embolization group
oinitila surgery group

Figure 10. Graphs showing the rates of functional improvement at the last follow-up.
There was no significant difference between the initial embolization- and the initial

surgery group.

TRIEATE R 7 A v —I281F 5 ALS A a2 7 I L O'mRS 2 =2 7 D 434i % Figure
11 12R7 . BATICBA L TIE, ALS 4 B OV5 OIEFIOEIEH, HiRTD 56%0> 5
A&7 8 —TlL 24% & AEIHD L- (p=0.001) (Figure 11A). L2>L, 1T
P A R 220 ALS 0 DIERIE, 30 L BlD 7= - 7=, PERFEREICEE LTI,

14



ALS 2 35 KO3 OIEFIOEIE 1, 1RIERTD 70%0> Bk 7 + 17— T, 52% &
BLLTWEHLOD, MatFMhaEZITRBO LN ->7- (p = 0.065) (Figure
11B). H&& 7+ —IlZBWT, [MoOHERBEEX, 84%DEH THMFL TV
72=. ADL IZBIL TiZ, mRS 4 B L5 OIEFIDEIED, HFRTD 56%70> 5 ik~
4 10— TlL 24% & A EIZHEA LTz (p = 0.001) (Figure 11C). L2xL72n b,
&7+ —IZBWT, IO NORERR LU EIL, 2 TRD bk,

A Aminoff-Logue Scale (gait)

OALS 0
OALS 1
BALS 2
BALS 3
mALS 4
BALS 5

pretreatment

final 2

0% 20% 40% 60% 80% 100%

B Aminoff-Logue Scale (micturition)

pretreatment 12% 18%

OALS 0
DALS 1

BALS 2
final 16% | 32% mALS 3

0% 20% 40% 60% 80% 100%

C ] modified Rankin Scale

pretreatment | 6% 22% OmRS 1

amRS 2
BmRS 3

final 18% | 28% EmRS 4
‘ mmRS5

0% 20% 40% 60% 80% 100%

Figure 11. Graphs showing the distribution of the ALS gait- (A), micturition- (B), and
MRS scores (C) before treatment and at final follow-up.
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3) TREFOHmET

Tk« 1x, SDAVF BE D RIFeEMTHRITEE 52 KR 1T #FET H720,
SEBRIENT 21T -T2, BITICBWTIE, ALS 172 a7 3 UT %, FPHREIFL
EF LTz, ITOTRICKHT 2 S E I ERETOFEIZOWTIE, Table 5 127K
SNTWD. BYRT 4y 7 BRI ORER, SITOT% EAERE#EEZ H O
R+, gt DR 2 JH7E (odds ratio (OR), 22.3; 95% confidence interval (Cl), 1.22
- 406.1; p = 0.036)F L OMfAT D ALS #2172 =27 (OR, 0.05; 95% CI, 0.004 - 0.62; p
=0.020) ThH 7. WIT, PERHEREICB W T, ALSHERZ a7 1 U T2 FER
e EFR LT PERERED TRICHT 5 S E I E RN T OREIZ SV T, Table
BICRINTND. BYRT ¢ v 7 EIRSHT ORGSR, HERERED 1% & A E 72
a2 ORI, firaT o ALS HEJR A 27 (OR, 0.21; 95% Cl, 0.08 - 0.55; p = 0.001)
Toholo. H%IS, ADLIZBWTIEL, MRS 2a7 3L F2 TR BAF& EFHR L.
BT 0 —IZ81F 5 ADL KT 2 & I E K TOREBIZ oW T, Table7
IRSNTWD., BYRT ¢ v 7 ERSHT OfER, k& ADL E G E7BEA
SH T, #iETO mRS 2 =27 (OR, 0.21; 95% CI, 0.06 - 0.72; p = 0.013) Td» - 7=.

Table 5. Prognostic factors for a good post-treatment gait outcome.

Final outcome Univariate Multivariate
good (0-3) poor (4-5) analysis analysis OR (8% C)

no. 38 12
age (<65) 23 3 p =0.032 p =0.156 5.91 (0.50-68.7)
male sex 29 9 p =0.926
time to diagnosis, mos 173+21.1 27.3+18.8 p=0.019 p=0.211 0.95 (0.88-1.03)
thoracolumbar location 34 6 p =0.003 p =0.036 22.3 (1.22-406.1)
pretreatment ALS score  3.24+1.34 492 +£0.29 p <0.001 p =0.020 0.05 (0.004-0.62)
initial treatment p =0.702

surgery 15 4

embolization 23 8
retreatment 8 2 p=0.741
complications 5 2 p =0.760
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Table 6. Prognostic factors for a good post-treatment micturition outcome.

Final outcome Univariate Multivariate
good (0-1) poor (2-3) analysis analysis OR (85% C1)

no. 24 26
age (<65) 14 12 p =0.389
male sex 16 22 p=0.138
time to diagnosis, mos 15.6 £19.5 23.5+21.8 p =0.084 p =0.142 0.97 (0.94-1.01)
thoracolumbar location 21 19 p =0.203
pretreatment ALS score 142 +1.06 246x0.71 p <0.001 p =0.001 0.21 (0.08-0.55)
initial treatment p =0.944

surgery 9 10

embolization 15 16
retreatment 4 6 p=0.571
complications 1 6 p = 0.054 p=0.071 0.05 (0.002-1.27)
Table 7. Prognostic factors for a good post-treatment ADL.

Final outcome Univariate Multivariate
OR (95% CI)
good (0-3) poor (4-6) analysis analysis

no. 38 12
age (<65) 22 3 p=0.032 p =0.293 2.72 (0.42-17.7)
male sex 29 9 p =0.926
time to diagnosis, mos 176+21.1 26.4+£19.6 p =0.055 p = 0.607 0.99 (0.94-1.04)
thoracolumbar location 33 7 p =0.031 p=0.131 4.56 (0.64-32.6)
pretreatment mRS score  3.08 £ 1.15 4.50 £ 0.67 p <0.001 p =0.013 0.21 (0.06-0.72)
initial treatment p=0.702

surgery 15 4

embolization 23 8
retreatment 7 3 p=0.619
complications 4 3 p =0.208
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B
1) BB DOWVT

ARFIETIL, WG ORIIRIT, ML AR CHARICE N &
DWoRE T (Figure 6). Z OFEHIE, BEMROMIZERE B & — L7z B3P0 e d
94.7% L\ FIFRThER G £/, 2N E TOMR TORENZMELERETH- T2
89 Steinmetz 1%, FHUEBNCEIT 5 16 BF%E0 meta-analysis 1TV, 98%DJE
Bl CrRAHENE LN L AR LTS £7-, Saladino 1%, HERE] 154 it
146 151(94.8%) T, WIEITFHTIC & v 2 R2AENE LN L5 Lz °

FERRATIZRE L CiE, BBRBI 31 i 22 6 (71.0%) CHIHINAEIC L 0 52 ePAZEN
F o072 (Figure 6). ZivE ToOHE L FRIERIC, Fhx b, ERRYENEEREZ S
DN IR D VTALN ~TE U 7= BRI, FERRITASER S L7 &Iy L7 4222,
& NIRIE O EAT OHES T L OERYE Ok BIZFE, JT4F, ZERIFORR R
(X EFEICH S, Narvid H1%, NBCA BLOYPVA 2 L, 39 f5lo> SDAVF
BED D, 27 #1(69.2%) T, FIHNEFEICL Y, TG ONEHE L
B %72, Niimi 51, NBCA Z(Z U &9 % cyanoacrylate % U 7= £k 47T &
v, A7 5]t 39 f5i] (83%) TARIANE Bz &L L7= . Sherif 5%, NBCA %
P28 2 X 0 19617 17 1] (89.5%) N WIHITEIRIC L W ARIE L7- L5 L=
L& BiT, BT, Gemmete 573, Onyx 3 X X cyanoacrylate % V7= ZE44:
fific kv, 29 il 24 5] (82.8%) N RIA L= LA LT 5 %,

AT TIE, FERRAT A MTT L7z 31 Bl 4 5] (12.9%), FlizJiifT L 7= 28 fil+
341 (10.7%)C BV CAPHEZ RS-, Niimi 5%, &% iifT L= 47 FlF 5
1#(10.6%) CAPHEA /L U-LoR LT M. ¥7=, Saladino HiE, FHiAMAT L
154 {5l 5 4(3.2%) CAPHEAZ RO - L ME L= 8. & 512, Steinmetz 512X 5
meta-analysis DFE R TlL, FERMEEICLES, PR TL VIERWAIHERI RS
T2 (1.9% vs. 3.7%)°.

2) HEETHRICOWVT

AWFFEDOBERE T4 FEM TiX, ¥ 81.2 = 383 W HDEK 7 +v—T, BT
BELOHEREREILX, T4 66%, 32%DBE TIRFERT L LE_EELTWH Z &
MR S (Figure 9Aand B). Z OFERIL, FIHEFIOA L RISRE LT ZNE T
DOIFZERER & %72 b D Th - 7= *°. Behrens & Thron 1%, 1% %) 50 » A IC
B D, BRE TR Z A L, 67%0 B8 CHEBSIENKLE L TV EHmE L 2.
Steinmetz 1%, meta-analysis OFERIZHS &, Y 35 » HOKRK 7 + 1 —T,
R L OPERBEREDS, FINAZ K T L7 BB W T, ENE 1 55%, 33% Tk
TLTWEZ &R Sherif 1%, Thx LFEERIC, MAANBELZ S 2R
T DEFHNER ATV, ¥4 103.4 7 H Deid 7 + v — THATE X OPERERE
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M, FHEI 80.7%, 28.6%0DHE TikE Lz L WG L P 5L, TR
D MRS IZOWT B L, B 74+ 12— T 76.5%DHEETHEL TW-ERL
T2, RHFRICEIT S, Fox OFHECTIX, mRS OikERIL, 66%Tdh 7= (Figure
9C).

Tacconi 513,18 7536 » HD 7 v —7 v 7 C, FAEHE & 1T L 7= SDAVF
BB D 60% TREIKIER DWE NS BN LR LI 20 LA, Ty 147
r A ORHET + 1 —TlX, BREROUELZ O EEITDT ) 10%I2T X7,
65% D EEIIEAL L T2 EHRE L2, 2D X ITHRE T + 0 —CEHEIHZHERE
B OFHEEL RTHET, TxOMEEED, B LNRhoTz. Fx D
TRIFA 2R BERERTAI T I, AciE 7 4 0 —ICB T 25478 LUV ADL OS#ERN, 1if
% LUELIER, DT NHITH-> TV,

AWFETIE, PINRFEO TECLVEI VRSN 2 BERICBWT, &7+
0—ZBIT A B TEMEEERA LB LI 25, ETOMEICBWTHEERE
RS BN o 7= (Figure 10). Z D XK 91T, ZERRIIL, T & LR &
WHIRREZE A LOO, ERINZITLIZEE D, FINEMCIRELZIT-
ToHBE L REERBEREELZSOND Z RSN, ZOREIE, FEDRE
ROMAE LTS E M NI & 55 —8RINE T 53 4 O SDAVF TR D1 T
HOELYMEZ T H LD EEZ L.

3) FREFIZONT

EEMED & D SDAVF O TR T, WELE RSN TW 22V, Niimi 5%, F
HIZWNT, BAFRERE TR ~DRN D LG Lz Y o CidsEsh
1721 Eskandar 5=° Cenzato 513, 1A E COAMERMM LY &, BIRATORE
DREEDN, B THERETH2EERKRFTHLEHRE LTS L, 2
DEZ T LEWHRE LR LN P, Zofh, Cenzato &%, FAMgHE L~
DIFIEJHIEDS, BAFRBERET 14 & B 2 L3y Uiz 2%, 7, 1RIRIEERR S
Fi b BIFSRE TR TE 2 L ORE LA BT 29,

AWFFETIL, ZEBIRNT ORGSR, MBI L~ DIRZ/TE (OR, 22.3, p = 0.036)
B L OVEHERTD ALS 4T A =27 (OR, 0.05, p = 0.020)2%, #HITO BRI/ TH EH
BEICBET D Z LR & (Table 5). F72, JAMERITD ALS HEJR A =27 (OR,
0.21, p = 0.001)FB L T*mRS 2 =27 (OR, 0.21, p = 0.013)%%, TN Zh, Blf7edk
JREEREFS L UVADL & B35 Z L RS 472 (Table 6 and 7). 241 & DfERIL,
TRIRATO BAF R RiER & BAF 2 Re T2 L O A BERBE#ELZ R L T\, £z,
WaNEEHE L NV OIREJRTE S, BARAITHREZ THIT 5RFO U EH>Th o7z,
INFETICHE SN TPRRTFIE, Wiy BEEERITICESE RSN D
Tholeleh, ZEEMITICE > TH LN 2 OFERIL, XV EEEOEW
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MR EEZ BN
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MIER X O

M NIRIRZ 55— & T 20T 7 10 —F TiBE 21T - 7= SDAVF [iE O
RHIETHRIZ, TNETOFNEEORZHNRLE LTEMRER RS TH D
ZENboTo. R, TR, BWHEECTHIREOY A7 EES L
DD, FIHERE L CERMAZIEIT Lo BE L, TINEMCHRIBaE L
e, A RBRETHREZEOND Z N mENTE. ULOREENS, Far oD
SDAVF (Zx} 3 HIRE Tt O L ME0N /R S vz, RUFEORERIT, RIEZHM G
FRIEEF DR SN TV SDAVF IZEBW T, TRIEERIE 2 ET OO & DR
L7 9%,

F72, 812 = 383 7 HDEMITHIZEES W TIT o 1o ZE BT ORI,
SDAVF B O BAF /R ERET 21T, IS, TRIRAIICIS 1T D ARE IR OFL B I TR AF
L, 7o, HITHRIE, MEHOREZRTEICHIKFET 2 Enrmasn. 2
5OFEFIZEES X, SDAVF BFICx L, 1RIFEFI O RN ET R ICEET 5
EHERMET 2 ENAMRBIC D B2 DD,

AR TIX, SDAVF FBFE DA, #MUipiEE b, BMTiEE, HERE
EEOHEREREZZEL TWDHZ EHHBA L (Figure 11). D7z, HAE
BWEIL, MEZOLONRE LI-%Y, IO OKEEICK L, FEmIcMA
LTW ZENEEND. 2 E TOD SDAVF DERIFICEET 20158 TlE, LA
REHMA 7 —Tdh D ALS I L0, BTEE, HEREFOLD, s 2
EME o=, L, EBEORKETIE, b OEEREEICNLZ, FROR
Fr, LIV E W o TR RS 23 2 DIERNCAHEICEBT 5. 2 E T, SDAVF
BE DR REEIZRET 25013072 <, R, JRAOBECHERIZ OV T
ERTHARWE 207w, SDAVF BH DA D ERER X O quality of life ~0
WA HE L, WUiREEE R 5 BRYT, BITE, B EERUE (B EEKR
W7 = 012-0312) % XATH CTH 5.
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Eir5E

a2 Il 0 F LT, XUDICARIRESRICDZY, BEREIfRE - 2
HitE 2 )V £ L7 ALIRBRAE e s abiRbe - Beke (AT AbifEi R R F B 2 0f
FERHIARRESRL 7 BT - HERR) TREH—FSeA, ALHEE R 2 RSB R 2T JE RN
PRREAMEL ST T B PARIMESE AR S BB L £97. £/, BEQREREEE
B IRERE O RFIT O DIEFEREICHER ) STz, i MR ERE 5 2
NS % i AlRE(ESEA (A ALHEE RFEREBEE 2T FERH MRS R 255
B - %), AR ERE Tl o 7 —R& (A JEiEE R R TR E
FARTERR RS20 B - BB REF A EA, TR+ RBefdth it o R -
RIEBE (A AbiEE R 2R FBLE 2R AR RSB 20 B - Bh 20 A B Je A1
B BGEIW 2 LET.

7z, REOWEE 5 2 T3 WE L AWE KPR 7R E 7 SRR
MREARHA  OBSIEHARICHEZ R LET. KRS, AUEOZRITOF
(LR SCDFARIZ H T D e i T T E 2 W78 & £ Lz At R PR e =
FHFTERMARA R BE BB KO EOFRIE#ILEZH L BT £

22



10.

11.

12.

13.

14.

51 F 3Tk

Aminoff, M.J. & Logue, V. The prognosis of patients with spinal vascular
malformations. Brain 97, 211-218 (1974).

Jellema, K., Tijssen, C.C. & van Gijn, J. Spinal dural arteriovenous fistulas: a
congestive myelopathy that initially mimics a peripheral nerve disorder. Brain
129, 3150-3164 (2006).

Oldfield, E.H. & Doppman, J.L. Spinal arteriovenous malformations. Clin.
Neurosurg. 34, 161-183 (1988).

Jellema, K., Sluzewski, M., van Rooij, W.J., Tijssen, C.C. & Beute, G.N.
Embolization of spinal dural arteriovenous fistulas: importance of occlusion of
the draining vein. J. Neurosurg. Spine 2, 580-583 (2005).

Krings, T., Mull, M., Gilsbach, J.M. & Thron, A. Spinal vascular malformations.
Eur. Radiol. 15, 267-278 (2005).

Van Dijk, J.M., TerBrugge, K.G., Willinsky, R.A., Farb, R.I. & Wallace, M.C.
Multidisciplinary management of spinal dural arteriovenous fistulas: clinical
presentation and long-term follow-up in 49 patients. Stroke 33, 1578-1583
(2002).

Huffmann, B.C., Gilsbach, J.M. & Thron, A. Spinal dural arteriovenous fistulas:
a plea for neurosurgical treatment. Acta Neurochir. (Wien.) 135, 44-51 (1995).
Saladino, A., et al. Surgical treatment of spinal dural arteriovenous fistulae: a
consecutive series of 154 patients. Neurosurgery 67, 1350-1357; discussion
1357-1358 (2010).

Steinmetz, M.P., et al. Outcome after the treatment of spinal dural arteriovenous
fistulae: a contemporary single-institution series and meta-analysis.
Neurosurgery 55, 77-87; discussion 87-78 (2004).

Morgan, M.K. & Marsh, W.R. Management of spinal dural arteriovenous
malformations. J. Neurosurg. 70, 832-836 (1989).

Nichols, D.A., Rufenacht, D.A., Jack, C.R., Jr. & Forbes, G.S. Embolization of
spinal dural arteriovenous fistula with polyvinyl alcohol particles: experience in
14 patients. AJNR Am. J. Neuroradiol. 13, 933-940 (1992).

Andres, R.H., et al. Endovascular and surgical treatment of spinal dural
arteriovenous fistulas. Neuroradiology 50, 869-876 (2008).

Narvid, J., et al. Spinal dural arteriovenous fistulae: clinical features and
long-term results. Neurosurgery 62, 159-166; discussion 166-157 (2008).

Niimi, Y., Berenstein, A., Setton, A. & Neophytides, A. Embolization of spinal

23



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

dural arteriovenous fistulae: results and follow-up. Neurosurgery 40, 675-682;
discussion 682-673 (1997).

Sherif, C., et al. Long-term outcome of a multidisciplinary concept of spinal
dural arteriovenous fistulae treatment. Neuroradiology 50, 67-74 (2008).

Song, J.K., et al. Surgical and endovascular treatment of spinal dural
arteriovenous fistulas: long-term disability assessment and prognostic factors. J.
Neurosurg. 94, 199-204 (2001).

Eskandar, E.N., Borges, L.F., Budzik, R.F., Jr., Putman, C.M. & Ogilvy, C.S.
Spinal dural arteriovenous fistulas: experience with endovascular and surgical
therapy. J. Neurosurg. 96, 162-167 (2002).

Ruiz-Juretschke, F., et al. A single-center, long-term study of spinal dural
arteriovenous fistulas with multidisciplinary treatment. J. Clin. Neurosci. 18,
1662-1666 (2011).

Sivakumar, W., et al. Endovascular management of spinal dural arteriovenous
fistulas. A review. Neurosurg. Focus 26, E15 (2009).

Sasamori, T., et al. Transformation from asymptomatic to symptomatic of lower
cervical spinal dural arteriovenous fistula. Neurol. Med. Chir. (Tokyo) 53,
103-106 (2013).

Bamford, J.M., Sandercock, P.A., Warlow, C.P. & Slattery, J. Interobserver
agreement for the assessment of handicap in stroke patients. Stroke 20, 828
(1989).

Krings, T. & Geibprasert, S. Spinal dural arteriovenous fistulas. AJINR Am. J.
Neuroradiol. 30, 639-648 (2009).

Rodesch, G., Hurth, M., Alvarez, H., Tadie, M. & Lasjaunias, P. Spinal cord
intradural  arteriovenous fistulae: anatomic, clinical, and therapeutic
considerations in a series of 32 consecutive patients seen between 1981 and
2000 with emphasis on endovascular therapy. Neurosurgery 57, 973-983;
discussion 973-983 (2005).

Gemmete, J.J., et al. Spinal dural arteriovenous fistulas: clinical experience with
endovascular treatment as a primary therapy at 2 academic referral centers.
AJINR Am. J. Neuroradiol. 34, 1974-1979 (2013).

Behrens, S. & Thron, A. Long-term follow-up and outcome in patients treated
for spinal dural arteriovenous fistula. J. Neurol. 246, 181-185 (1999).

Tacconi, L., Lopez Izquierdo, B.C. & Symon, L. Outcome and prognostic
factors in the surgical treatment of spinal dural arteriovenous fistulas. A
long-term study. Br. J. Neurosurg. 11, 298-305 (1997).

24



217.

28.

29.

30.

31.

Cenzato, M., et al. Spinal dural arteriovenous fistulae: analysis of outcome in
relation to pretreatment indicators. Neurosurgery 55, 815-822; discussion
822-813 (2004).

Cenzato, M., et al. Spinal dural arteriovenous fistulas: outcome and prognostic
factors. Neurosurg. Focus 32, E11 (2012).

Jellema, K., et al. Spinal dural arteriovenous fistulas: long-term follow-up of 44
treated patients. Neurology 62, 1839-1841 (2004).

Nagata, S., et al. Factors that affect the surgical outcomes of spinal dural
arteriovenous fistulas. Surg. Neurol. 65, 563-568; discussion 568 (2006).
Shinoyama, M., et al. Long-term outcome of cervical and thoracolumbar dural
arteriovenous fistulas with emphasis on sensory disturbance and neuropathic
pain. World Neurosurg. 73, 401-408 (2010).

25



