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Endovascular Treatment of AVMs : Indication, Strategy and Clinical Results
by

Shigeru Miyachi, M.D., Makoto Negoro, M.D., Osamu Suzuki, M.D., Kouji Hattori, M.D.,
Nozomu Kobayashi, M.D., Takao Kojima, M.D., and Jun Yoshida, M.D.
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Nagoya University Graduate School of Medicine

We reviewed 70 arteriovenous malformations (AVMs) treated with embolization over 5 years and investigated
the treatment strategies for virtual AVMs simulating various types and situations with a quetionnaire sent to 17
affiliated hospitals. Of 70 patients with AVMs, 14 underwent postembolization surgical removal, and 47 underwent
radiosurgery. Four patients were cured with total occlusion of their AVM by embolization alone. 61 patients
achieved a more than 70% occlusion of the nidus. We observed 12 complications including 3 permanent and 9 tem-
porary. Based on these data, we created the chart of treatment strategy for AVMs. There is an absolute indication
of embolization for large, high flow AVMs as well as possible bleeding sourses such as intranidal or feeder aneu-
rysms. Deep-seated feeders must be embolized presurgically along with fistulous or high-flow feeders, and fistu-
lous and meningeal feeders should be treated before radiosurgery. The nidus must be packed with embolic materi-
als with no risk of recanalization.

The responses to a questionnaire revealed the tendency of less aggressive surgical extirpation for difficult
AVMs, and more dependence on radiosurgery with or without embolization. The general strategy with more than
70% of consensus was following three : 1) radiosurgery for small AVM without bleeding, 2) embolization plus radio-
surgery for large AVM with ischemic events, and for large, eloquent one and deep-seated one with minor hemor-
rhage, 3) surgical removal for small, middle-sized AVM with large hematoma except for middle-sized eloquent and
deep-seated ones. Although the improvements in radiosurgery may narrow the indication of embolization, it still
plays an important role for high grade AVMs by enhancing the effectiveness of the secondary treatment. The inidi-
caiton of embolization should be decided taking various factors about the angioarchitecture of AVMs as well as the
patients’ situations into considerations. The safest multi-axial method should be used for the benefit of patients
with AVMs.
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BB IR ZZ (arteriovenous malformation ; AVM) @
BREIEROFEMOTH AT, MEREE (B
1), radiosurgery 25 b, SAKNEEENTAIREL 2> T
v 55)6)10)12)~14)19)24). T @ ¢ > C radiosurgery I3 large,
giant AVM 2T L, 2DV x4 MIAFESEICERL
T 34992 & 7 SEFERME D high grade AVM 12D
VT, AR BB X 2RFRIC T B8R & aggres-
sive treament 1 & % morbidity Z &, &L AEEE %
ABHBEICH B, LIchoT, 3DDBRBEHEDLNT,
BB R FEE L THY SN2 HRADE VW INE NIGE
DBEGRIPEHRONATETVS, L LEEEEZLD
BIRANC T B 7-DICRATHRENIEZKE S, FFIC high
grade AVM 123t § 5 AT I3 AT H 2671220

AT, EFREEICED CMBERBEOBIGIC O
TR, BEOONONDBFESEIZOVTERT 3.
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RNRITBE 5 FRICERTOTbNL: AVM 70 B TH
% MR B 42 otk 28, FIEER 37.5 % (14~70 %)
THhot, TDIHH, 14 FI35] EHE FMOICHHE N,
47 BliZ radiosurgery 2T\ 3, 9 lIZERBDAD
fibh, 95 6 PITELHAELZB/ T3S,

RER & U Cid i 36 B, &8 18 6, RATREMIELER
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7-BEARE T, 11~25ml D middle size 23 % 5,
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ZEY'HE 1226 N-butyl cyanoacrylate (NBCA) T, —
# D meningeal feeder I EEERYE 2 F\ 72, BRW
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radiosurgery 23N Th ol - OBERM 2T o> Tw»
%, radiosurgery {3 gamma-knife 39 #, X-knife (linac
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dal aneurysm % 5§ % feeder % 2LH L %2 D> o 7 T3
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FERRMTH I radiosurgery 23T H 7 47 BT, ERM
&> TRADYI A XDFHI 15% (3.7ml) F THDE
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packing 23fTh 7z 14 Fils 11 Bl TIL, BERMESR L D 2
D 1~3 A B# D radiosurgery BEH{IZ I3 X & ICFHKY 1.0
ml DFENBRD 5N DIZK L, feeder occlusion (2 #&
b7 84l 7 HITIIMD feeder DFEEIC X 3 nidus D
HE@E»ED o sz, F -, particle TER I N7 BEEEE
1 radiosurgery $# I HBIEE £ UHERMZELL, &
PHEL LT, 1#licE4EEES, 18IS TERO AR,
1B FRIOARBERGEB E U, $—BEnbD L
LTHA¥E 26, FAMERE 26, FFE 16, &
160, %H 1 fIHRD o 0. HEROBHIMIE 50%
LUITDEAZEIC#& b 572 1§l & drainer fllic iR {L3EEST
L7 18ICED, 2B ESERABRTH -7,
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FEREOHERZEE X, REbhbhBRDE)2ay
¥ 7 M T, AVM IBHRICB T 2 ZERMOBICZ RO TV
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1] ERMOLHEN

1. EERWOES

R RT D% AL, approach ICBWTRLEFRIE 43
FE D feeder DAL &, fistulous feeder % & 55 U HAL
BLTBLZEIZED nidus DRFERED, MiPHimz
Wi 5L ERMOREDDH B, —7 radiosurgery D
i, 79 v = 7B target & % 1 I { \> menin-
geal feeder &, A U < radiosurgery DFIEME I W fis-
tulous feeder DALEIZEETH 5,

HinF BT LI LIEFE Y 51 5 intranidal aneu-
rysm 23H BJPAIIE, ZNEKET 5 feeder ZH T L
WELTBLEXH S (Fig.1). T+ud, < FIEME
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A|B|C Fig.1 A case of a thalamic AVM with intraventricular hemorrhage
DIE[F A : CT scan shows bleeding in the right lateral ventricle.

B~D : The AVM was supplied from multiple feeders of lenticulostreate arteries (B) and
tharamoperforating arteries (C) with an intranidal aneurysm (arrow). The aneurysm and a
part of nidus were together embolized with glue (D).

E and F : Postembolization angiogram showing the disappearance of the aneurysm and the

reduction in nidus size.

HARTHIZ 3B 1) 5 nidus HBEPROBHAZ B CE®RSH D,
%7, SHRREEE CICRRE D2 D> % radiosurgery D HjAL
BEE LT BHNZ E-X 0O BEDNETH S,
Eie, 7EBETHMICTHEL 26T, FHBEIIR BT
ICEU-BRELH 28548101, ZaBBImETHh 30
BEMDE D, BMAFBMBEERLC 2 v 7 FTHRET
2 %EHEH 2 1)12)~16)20)23) (Fig. 2).

F 117, radiosurgery & b IZ G S T H % B K high
shunt AVM 2 82T, steal RERIRIT FLHE: &I X 2 iR
IERDEFET 258101, ERMIIEENAEEE L TR
AoNBFRTHYH, LENLERBOBICELY, B
ERG EOREVHFTE B ave v FRARBLELL
v,

—77, fEBERIC A, AIMNEIGICEERDOB AT,
L F2 o it @ risk factor (Fig.4) 23F#E L % b, high
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shunt AVM C& 28I MEREEOBIESH Y, %
EE~KH I CRFRAEIR D% B large, high shunt AVM #ll ¢
i, BABEIMAERRE S L O AVM FE AT I R 335213
RAERMZToTE ZEBEATHZIY, £k
i1 % £ > impending herniation D X 9 ZBADH A I
1, UARFEFMZELT 208, AVM ~D T 7 £ A HH
BoBawi, IEREPFL F—Y R EDOBENED
AT, MikicERMEMZ 22 LbH 5 (Fig.3). FEH
B TR £ 7 1 BEVBREAEDOH &I, FE L
T radiosurgery Z At & LT, _LZ2®D radiosurgery (2
B R BRONHE Y LT DImMBEREELHWT
w5,

2. ERTOIEES
ERZ2cm UT, $BELT4m BITD AVM 2, &
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Fig. 2 A case of cerebello-pontine angle AVM manifested as subarachnoid hemorrhage

A : The vertebral angiogram showing an aneurysm with a bleb at the origin of right anterior inferior cerebellar artery
(arrow). ‘

B : The aneurysm was embolized with detachable coils.

C : The AVM was embolized with glue.

" kkw_, 7 -~ A ;,‘
A|B|C Fig.3 A case of a large trigone AVM with massive subtentorial hemorrahge
FIEID A : CT scan shows an upper cerebellar hematoma with obstructive hydrocephalus.
B : Vertebral angiogram showing large AVM with intranidal aneurysm (arrow) protruding subtentorially.
C and D : Embolization was performed following the emergency decompression with surgical removal
of the hematoma. Selective angiogram showing the aneurysm (C), which was embolized with glue
together with the nidus (D).
E : Postembolization angiogram shows almost complete occlusion of AVM.
F : Postembolization CT scan reveals the cast of glue.
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Bleeding Steal Convulsion
( giant, Headache

I ]

Massive Small hematoma high shunt ) Focal ischemia
hematoma IVH
SAH
ILow shuntJ | High shunt | Radiosurgery Palliative Radiosurgery
or embolization with or w/o
Operation + embolization*
Operation Embolization|| With |,°r w/o || Radiosurgery
( emergency )| |( emergency )| [ &mbolization
_|_
operation
[ Asymptomatic |

I

[
| with risk factors ) |

Radiosurgery
with or w/o
embolization

| wiorisk factors ) |

[ Conservative

* : Embolization should be required in case with factors® and unfavorable factors® for

radiosurgery

risk factors? : intranidal aneurysm, impaired deep-seated drainers (varix, stenosis etc.), cortical

reflux (venous hypertension) etc.

unfavorable factors® : big nidus or fistulous or meningeal feeders etc.

Fig. 4 Treatment strategy of symptomatic and asymptomatic AVMs

# 13D & 9 7% risk factor (Fig. 4) 23 WEAICIE, £
HTHNEZDF THHTEE T, FEITIZ radiosurgery
DHTHKRAETH 5. HIFITH low grade AVM D35
i3, ERMZT) bk, MEE &I nidus D
Wz 79 5. ¥/, incidental ICFE R XN HEERD
diffuse type DE XK AVM Di5H, ZERMIC X 32 &8HED
fEBMEISE B AL, BBBEYTHILICL TS,
—73, feeder DRI H % BRAE T nidus IZHT VLB
HBHDIX, flow-related aneurysm TH 3 Z EHB% L,
AVM DRER L & HIBET 2 et H 2 - @A
BRELAVEVDRBY,

3. ERTORZ

ROLERLZDE, EFNBEOERTHS. bhbiul
JRIPRE: T I H# I provocative test % 1T > Tv> %28, M
BT LS »ICEEME I XN S transit feeder %,
HRTE 2 THT A MBHOBEICRERIEZTH
D, AT —TN2ISIEYRNBE~EE L THRTL,
143 catheterization D TE LR WHARFIET 3. bhb
NDT Y —XTHRERMET I b o, $%
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DA feeder THREI N B HEEMLEZ 5O 5 MEE
Kk AVM &, feeder @ proximal occlusion ¥4 HIH D
FEBIT, Z2NSIRBENTW A DMV transit feeder T
H5HIEDVEHEERMICHRBRES o7, FiZ, deep-
seated, diffuse, low—-shunt AVM (2 2DW T, 1ZEAED
BA3 functional TH 1, deficit % LICIBHET 3 2 L IZAE
HEEchsrLtEIOND,

2] ;aiEsEt
REDObONONDOEANRIGEAHDF v — % Fig.
AWTRT, BERAHRED-DICEBTNERAFIZ
Table 1 I B D ZiMIch ), 2 s DIREHHEI
KX BHHRENLDETH S, FMORAMEITERRM
BORZIICEDHEBEINED, ZHicmBERBFELE
BEbE LD E )L, D AVM DB ER I
TEENLZERICEREINETHS ). 1, BIBEIC
ARELBROFRE, ERMOREEN, -3kt
K2V TiE, MEBREARLVBHECRIT L) ATl
ET 5,
ERMOBCERET 5 ) A CTEELZ DI, AVM DIl
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Table 1 Factors to decide the treatment stra-

tegy for AVM

-~

. Symptoms

No symptoms, headache, convulsion, focal neurologi-
cal signs, dementia, consciousness disturbance
etc.

. Image findings

Hemorrhage, infarction, brain edema etc.

1)

2)

3)

4)

5)

. Angiographic findings

Nidus

Size

Location

Anatomical relationship to surrounding normal
functional structures

Extension pattern (compacted or diffuse)

Compartmentalization

Daughter nidus

Aneurysm (intranidal aneurysm)

Feeders

Number (single or multi-axial)

Location (cortical feeders or perforators)

Distance to the nidus

Anatomical relationship to the nidus and hematoma

Characteristics (enlargement, curve, stenosis
etc.)

Contribution of meningeal feeders

Aneurysm (proximal feeder aneurysm or flow-
related aneurysm)

Drainers

Number

Location (course and draining sinus)

Draining sinus

Characteristics (enlargement, stenosis, occlu-

~ sion etc.)

Anatomic relationship to the nidus and hematoma

Varix

Hemodynamics

Shunt flow (passing time of contrast)

Steal (contralateral opacification, poor visualiza-
tion of normal vessels)

Influence to normal venous drainage (reflux,
congestion etc.)

Concomittant vascular anomaly or vascular
diseases

Arterial occlusion, moyamoya disease, anomaly
with vascular course and branching etc.

. General complications

Cardiac disease, diabetis mellitus, chronic general
disease, malignancy etc.

1)
2)
3)

. Possibility of the treatment

Technical feasibility and guarantee for cure
Preparedness of staff and instruments
Past clinical evidence

. Desire of patients and their families
. Social background
. Cost

BREOBETH . FIC, LD & ) %M risk fac-
tor DHEL, A TF—TFNEEZEREL X2 3 feeder
DEFIDVTE I LEGHER> S FHI L Tk <&
BmMHB, 7, eloquent area DAFREEHE O WHEY:
DE > feeder 12 DV>TIF, functional image % &2 X b
feeder EMBRIBOEEF[ELZ NS Z LT, TROAPHE
Z<C 2 EHTE B, rolandic AVM T functional MRI
W& BEBHFOFRED, WERTYA v 2RDE)XATH
ATH2ILH2 HEOMERENRD S D feeders
26 DHEICIR, SEBRHIRD feeder & nidus D com-
partmentalization ¥ & VREMX 2R L, AVM D25 EH
ZEOZBMBRNH DB, RED AVM T, NEERD
B854 check LT (. transit feeder DEIEIZ, <4 7
AT =TIk ZEERNEESIDETHEH, Th
1R TIHE & HIW S N 7-35E T b FHi=° radiosurgery
o EDHIEFICE T 2 planning ICRICE N R ERE &
%3, WHBOBREIERARICIIEZEBRL 0D, &
CEE OGS, RMBHOBMOFEEE LY ) 3729,
varix DEEZ SO THBE/ T LEND B, —7,
drainer D H3ER D THH V> high shunt $TlZ, fistulous
feeder DEIE%Z H ZBE L TE &, feeder DERIEN %
RETHEHELT S,

RS L LT nidus % target & L, RIEEDOE
RBERYHE (biibiuid NBCA 2 TWw3) 2FA
$ %, ZEEIIC Amytal (amobarbital sodium) (2 & 3 pro-
vocative test Z1T\>, EHTHE L 2R L TH L.
JRRIE LT 1 BDOERIE 3~4 KD feeder FTE L, IE
BIME DR HE M & 2> 7 D, drainer WIZEE A A
stain 5 % 7 & OB 5 » % hemodynamics D E LA & &
hi-6, ZZTHhibl, RENERNE TS,

EROMEFE LT, $THMREEEZ 503 intrani-
dal aneurysm 23 & tUIFERHICALE T 5. XIZ, main
feeder BAS+ O accessory feeder % T & 3 721 LE L, BiK
#1Z main feeder ¥ 7z i3 fistulous feeder # ER T 3 & 5
LT3N8 Z i, fistulous feeder 561 1E®D 3
L, 2FEOMmBTEA L, accessory feeder "D T 7 & R
LIS (KB 2L L, 2B henodynamics DAL TR
i feeder ISBARL AR 2BNBH 206 TH 3.

AVM DBEFA S OTRRIZO VT, bbb, £
HEAZEEREE 17 BRICHLT, Y3alb—vayv
IC& 3 AVM DREASEREL 2. 20KR, O
RER ¥ 72 (2B MAER O FEH B @ small AVM i 19 %
radiosurgery, QEIMFEED large AVM, & X UV HIFE
fiE ? large, eloquent ¥ 7: i deep-seated AVM X X} 3 3
ZERRIM + radiosurgery, @FEHE~KHIMFERE T middle-
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sized eloquent & deep-seated AVM B4} small, middle-
sized AVM \C X § 2 AT (+ MERRE) 43, 70% Lk
DavevHFAD/LNTVEREAS TH o7, —7,
PEE~RKHMOFMELEDOTHITIE, BERDT
fHix e g Ttni, 2L L TR, FHOAITRF
MR 3D 7 D B R ER235 D, #IC radiosur-
gery KN T 2HIRFEIIHYREZLI LBbh o1,
ZDFETIE, FFICHE IS eloquent area D K & &
AVM * risk factor D& % AVM (25 U TIZERB O E
SFRE»- 7. L LIS, radiosurgery D & TR
Rkl T 3 HERRRERDLOD0H B, £
radiosurgery DEE&Y A4 XL T, PRKEVLYA
RO BREALIHABABEN TH oL L IREY
®, ERWMD radiosurgery (X9 2 Hiik & BRI T 2
019 4 H 1) | FERRWTOEIG I risk-benefit assessment (<
EoOLWTHEIKRETRZLEbN S,

FEH

AVM DEEHIERD 20>, ERMIIREHMN, radio-
surgery DHIC Z DIGFENRZ RO 57-DITT ) D@
Blchh, BEOERIIAIEZHEC. MENBRICE
% morbidity 13 12~19%, mortality i& 1~6% & \» b
NIV b bHIBOHHTOERRBERE LT,
4% DSAKFEME, 9% —BHEDMBEIERZ 2L 7.

AVM DIEFIZ BV TIZ, angioarchitecture % #iATIC+
FRBL, B LERYE LBV LEBRGECERY 3
Tl h, BEPOBBFEICN L THGERMZT
IYEDD B,
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sERiRSREOMENGR—EIN, aRhtt, BRRER—

s X RK B HAK T RS KXH
e 2N BE FH O

R BNERIRERZ (arteriovenous malformation ; AVM) DBEA 7 3 v D—D& L TOMERNARE
(BRI ICDVT, AEBRERFTSLLEBIC, BREP V- MITREULTENCE DA
BELSLUBEAHDIA RSA U =ER L.

BXRNICERMITBLME I3 radiosurgery DRAEE L TITHNS D, FHICHMODURAI T 7o
H—DHDHD (intranidal aneurysm {° drainage DEFEE) *° high flow fistula ZHIT 2 HDIE,
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