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Current Treatment Strategies and Neurosurgical Practice for Cerebral
AVMs
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Department of Cerebrovascular Surgery, International Medical Center, Saitama Medical University

Management strategies for cerebral arteriovenous malformations (AVM) have undergone considerable
evolution with the advent of advance in surgical, endovascular, and radiosurgical technologies. However,
controversy still remains regarding the indications for invasive treatment, especially for unruptured lesions
as demonstrated by the results of a randomized trial of unruptured brain arteriovenous malformation
(ARUBA ) study. Similarly, the role of acute craniotomy remains to be elucidated. This article describes our
current strategy for those complex lesions and illustrates recent futuristic technologies and techniques
aiming to improve outcomes in AVM surgeries. Particularly, the significance of patient selection, and the
choice of preoperative and intraoperative endovascular treatment (hybrid surgery) are discussed.
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HBUCBIF D AVM OER S

WARCIRBIAE T H FEHINIC 2001 50 AHA D4 B 5
A 219 (Table 1) ICHEIL L 72 JAHRIRIG % & 5> T 5, Hik
fJ12 1% Spetzler-Martin grade® (SMG) 1, II @ low-grade
AVM 1o LTl g 2z i & L, grade I, VD
high-grade AVM (2% L T I BEBE RIS PN 2420l (transar-
terial embolization : TAE) & [ &7 52 %& {7 15U SR 16 ¢
(stereotactic radiotherapy : SRT) % A& b1 72 multi-
modal treatment % 25 1R & 7% b D TH % (Table 2).
% 72 low grade AVM DB F IR L TH, ZE4IT5E kD]
BLBEZ o5 bDICBE L TiX hybrid surgery & L TR
Rk (9 02 BRI SRR R D ZERERT 2 OFH L T 2 DRI T H
2101 MRLAROBISICBI LTI, § T OREHIAS
WIS NIEIRRL L oAl A v 7 7 L v AR E 1,
intranidal aneurysm % £ @ 5 BILA F D HE % &0 72
AVM @ topography P FEHEME, BH O F i k2 m
FEAR, HAFEICRE S risk 72 £28, BRELKBERE: £ ot

Table 1 AHA recommendations for the manage-
ment of intracranial AVMs (2001)
(excerpt)

=

Surgery is strongly considered for SMG-I, II lesions.

2. SRT is considered for SMG-I, II lesions with increas-
ing surgical risk.

3. Combined approach (TAE+surgery) is feasible for
SMG-III lesions.

4, Surgery only is not recommend for SMG-IV, V
lesions.

5. Multimodal treatment seems helpful for SMG-III, IV,

V lesions.

SMG : Spetzler-Martin grade, SRT : stereotactic radio-
therapy, TAE : transarterial embolization

T F 2 & O TR S 41, BRI MRHE, IS e
B, BUEBARREOAGEDO b L, RENNREE &0
BT E 15 (AVM board system)., Z D%, H
IRIED L bitb D proposed treatment D NZ, T I 1
DGR & risk FEIRE L D BH - RIEIER SN,
B DOFEL &0 TIHBEDORE - FEMT S LhER O
A EHRENS & LT\ %, Hic ARUBA study Of H28
RINTH» 5L, BT ZDFER%ZE S T informed con-
sent ZfF T\ 5. Fll lE AN MERYED b D13 R
e UCHRAFENIED 78 & LT B ks b 228, 2
DX RIGFEEIE D b &, URITIEENMEFORMD H
D, TEEMOMEEIIEL MNtEmcH 2 (Fig. 1).

HIMSERAD AVM FiinE &
S EEEIE DT  DFiTFH

HilE 23 e WIGEE, 2B 2RI X 218
RN 2 47\, B Ol RE IR, Ao,
AVM O topography 7 & 124 HI I IRk 2 MG 9 % 2
LidiE e mupV® ) D30 cc A, RakkE
EDH D, UHEN~V = 7RI NS854, bitbil
13 low grade (SMG- 1, II) TZLEMD AVM TIIMEER
2L AVM D fE & FIRFIC, ek adkigicidm

Table 2 First-line treatment for brain AVMs
in International Medical Center,
Saitama Medical University

SMG-1, 11 (TAE+) microsurgery
SMG-IIL, IV TAE +microsurgery (or SRT)

SMG : Spetzler-Martin grade, TAE : transarterial
embolization, SRT : stereotactic radiotherapy

30
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2008 2009 2010

2011

2012 2013 2014

Fig. 1 Number of direct AVM surgeries in the Department of Cere-
brovascular Surgery, Saitama Medical University Interna-

tional Medical Center
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Fig.2 A: CT scan on admission showing a huge intracerebral hematoma in association with severe midline shift.
B : CT scan with contrast enhancement showing localization of the AVM.

C, D : Preoperative 3-D CT angiograms showing the vascular structure of a ruptured right parietal AVM.

E : Postoperative CT showing total removal of the hematoma.

E G : Postoperative right internal carotidgrams showing total elimination of the AVM.

JEER B D AR ZLT, (FEINIC AVM OIBRZIT) 2 L %
JFHIE LT3,

Z0 X9 AT, M AVM & IEE
MEBRZIERE L T EBNATH S, BIEETIC
R R DS B 2 IR MR 2 17 9 23, Yhaki~L
=7 &I S 2 543G 2R T 0 72 912 3D-CTA D
JGIHIR D> & FRAKBR nidus & MEDOBIRZ IR L, 20 %
FFRMEICMAT 2. FioFHIIL, AVM & #7555
Do I EE L, fisPIciidE L 72 nidus (2 X1 insult
5.7 $ICmEREE2T», FTHBNEZGIMT 2 2
ETH B, i TAVM RO FHM ISl - T, %
feeder 2 LB L CTv> < 23, AVM D i 22 (R O 24T 23
AR+ e BEATFMTIE, &7 nidus IS A B ERFIT feeder
ZWIT 5 2 LTk D, D IR % passing artery % i
HFI2IE0EHLOTHEETH S, Nidus DHIFEH KL,
% DA I X O PR & O 21 S
NTVBED, TOAR—AZAHT 22 L2 XD #(E
BEDBTH D, BT drainer Z YW L < nidus %2 —3
ELTHIE T 2. ST =8V v 7l IRINE R 2

EDMIPSABICIR D 23 H 2 BATFM TlE, AVM % figi
T 52 LIk > TR IHRG 2 R 5 etk b i
I NT W53, nidus & MEDMEBIFR AVM D Il
WiEz U 7V A LIE S R ¢ & 574 echo % f4
MR T 2 2 &1, %70 RE0OMIE % B I ESF§
2L, bbb IUIBITE £ TFRMICER T % mor-
bidity Z#E5i L TE 67, FEROIBFEIEIKIC X 2 Rif7%
JRAE b iR & D W ST L DY),

(XRAFES 1

60 2, BAERTICUR OB CHATEIEIC AVM 23
BRI Ty, MEEREETH % 7 DB TR EE %
ENTV, AT TERET ZEEREEH D Badios s
N7z, KBERFEGE L <XV 13 Japan Coma Scale (JCS) : I -
30, Glasgow Coma Scale (GCS) E2VIM3 <, CT EAH]
PHEED & BHTHTE I BRI M2 589 (Fig. 2A), 3D-
CTA THRIMEIIREETERL X D feeding S 41, cortical vein
~ drainage L, K& 7 varix Z £ 9 2 cm KO high-flow
AVM % 45 ® Rolandic area IZ58% 72 (SMG-11) (Fig. 2C,
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D). CTHEATHIZ & 5 ICEHk L ~L O T (JCS = M-200,
GCS: E1VIM2) 23% 1, YHE~ V=7 DZHTZ D
F E FE A L 72, Fli<ix 3D-CTA D Itili{R (Fig.
2B) 7*5 nidus & IMAED A ERIRZ #HUE L, i echo 12
X Db MEASE <, nidus 7° 5 B4 72 middle parietal
lobule IZ corticotomy % ¥ &, nidus J&PFH% 7% L CIiLED
WA 2 17> T D IERR % MEFR L 72, #i\ > T echo & i
indocyanine green (ICG) videoangiography % 11> CTH L
AVM @ topography % 78 L, " ARMKEIRD> & O feeder
ZALFE9 % L, drainer 2SERIRELIC A L 7. nidus D
medial i3 (ZIFMEETH D, ZOHEEIIRD TH -
7. Bf%IC main drainer Z 5% U CFMEHET LA, i
T'ﬁmﬁo)@ﬁﬁxriﬂi@& g L, B CT TFRifio G
PHEZROT (Fig. 2E), NINE Y T AVM DIH KL
ANtz (Fig.2F, G). ORI &Pz Ml i34
B 722y, BIEHTRERELAM L, FEHY NEY
7= a VIRBEICHERE & 2o 72 (i 1 4 A% D mRS=
3).

Multimodal treatment D% & L TD AVM
FinE & SHIEDL D 1= DFiTFH;

High-grade AVM {2 %f L C multimodal treatment % iR
T 550, AainBd HARREICH L CHIEZ 5o
2978, BRKIICFHRToIchiiitl T 2 2 & 2RI
HEFIHZ S, CHMEND 5. % DA, bivbiuk
I FE D drastic 2 IMRZEALZ T 2 5 72 12 feeder D
staged TAE Z i L T\ %238, DI % & DIEF T
19 % 2% BRI AFRHE & IS IGEE ORI T X < &6
LEa->TE ZEWHEETH S, —J7 low grade AVM 13
TEEART B C b BAF A A DS S T 2089, fljrh
o IR FRIR R OB 2 HIVIZ, bitbiudimgmn
FEMT &2 BRI AR L CE D, high-grade AVM (2% 9
% staged TAE D% session %, ¥ 72 low grade AVM 12
X L Tl strategic feeder D FE 1l 2 B SR & [H R 12
hybrid surgery & L THif7 L Tvs 21019,

2D k) TR ORI TIX, iR feeder DFL
RO DR LD, FHIHIEF CEMTICHERL DS W
nidus D WH 2> 5 A % feeder PUBL I N T 5 &, Fifi
DEESEDMEFITT 23S, MiniOEMiZ2 T2 LD
b9 1 DDFIFIE, flow reduction 12 & D nidus NDEDS
T2) TR OREIEDET Z L &, HEkK high-flow
AVM DfiFiH OBRICIE & 72 o 72 P O TREINE ) DF
EPDPInZ ETH D, Nidus DIRFIC K D, nidus HE
ZIRFIECHEIT LI EREE & D, ZiUT K> TH

FE D H 2 nidus D looping & WENE:D 72 il 2>\ feeder
WEBDIHENTE 2 X H 1% 270, nidus I % FERK
T2 2R BHEDHRZEE - YK 2 8/E2 e L &
%, HIEEHID> & fragile 728 HUMAE 2> & O I D 720 7
&, ZONIRD T D ICHIFERID N KR ELS BB T 7
<, nidus ZEE H &1 D plane (\>HW % perinidal glio-
sis N) THRABROIMTHETE 2., T2 Lidkic
eloquent area DA TEHETH %, A drainer % L]
Wi L C nidus #—38 & L CHEH 9 %23, drainer D JFFH 1
Tili oD LB L300 1 R B > & S L CalEhik 2 R ¢

¥ 7 drainer ([ PHOIME 2> & EHEHEE L TIMAT 5
shunt Z W L 72 0, HICEEI T % feeder 2 ALiE L T
BZIELHEETH D, 7, AVM I T 2 F1li
approach D FIINIX, ML IMEREZMihIcTE 2720
AR T ICHUYRE 3 72 912, nidus (2% L T “perpendicular”
ThHHRNERLD, KKk H AVM Ofi&E % L b #ififk
TEHUE, XV “tangenital” 7 approach T ZEAICHiiH
MH[Hg L 72 0, /NE 72 corticotomy THHTIHE & 7% % 7=
o, KRBLIZOFH L LG5, ZDRT, low grade AVM
THL D6 D feeder T 2REHITIFHEA L EbN
5.

(XRAVEES] 2

60 A2z, BUERT X D A3 O scotoma & 5] Z i < 5l
WIS D, migraine with aura & L CEBE TR S 41
Ty, GO L, MRI T AVM 2§
TURINHEA & 2o 7o, KB H R I3 7 > > 7228,
IR C4 | 1/4 FE %589 7. MRI (Fig. 3A, B)

TIF/EARIETEIC 4 cm KD AVM % R, W #R5 (Fig.

3C, D) Ti2/¢ MCA, PCA, MMA, OA ®% ¥ feeding
arteries ZH#%, SSS ¥ X U straight sinus | drainage 3
% high-flow AVM 2SR X 172 (SMG-IV) . A5 P%Ek:
filiC main feeder T& % PCA % NBCA & X Of Onyx T
¥ L T flow reduction % [¥|-> 7= (Fig. 3E, F) 1 7 H#&IZ,
MCA, MMA, OA O ZEreAli 2 Of i L 7= 5t (hybrid
surgery) % fifT L 7z, 12X T XTD feeder HFEEI LT
Wiz 7z @, nidus DFHIEES TH D, it oBid
minimal IZHIZ 6 17z, iifEIE RIFC, il 5y
RFDIEK 7 <, scotoma PIHEIZHARL, WE LT
MiOAPHEZ < AVM D25 H3HER S 1 (Fig. 3G-)),
HB o AR S e,

2] (RRAESI 3
40 2, 3 A HET XL D #nl, —i#t D RGEE 29
episodic 7255 \WIEFFEEAYH H, MRI TAVM & RO H
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Fig. 3 A, B:Preoperative T2 (A) and FLAIR (B) MR images showing the localization

of the AVM.

C, D : Preoperative 3-D left internal carotid/vertebral (C) and external carotid/vertebral
angiograms (D) showing a high-flow left occipital AVM with multiple feeders.
E, F: Left internal carotid (E) and vertebral (F) angiograms after transarterial emboli-

zation showing remarkable flow reduction.

G, H : Postoperative T2 (G) and FLAIR (H) MR images showing the disappearance of

abnormal flow voids.

I, J : Postoperative left internal carotid (I) and vertebral (J) images showing total elimi-

nation of the AVM.

T RMAIMSTHRRE S, SR E R o7, kb
RERERAIIC A DR S &R QR IGEE, KE -
Ktz BTz, MRI (Fig. 4A) TIIAEHEIED & THTAELE
IZ 5cm KD AVM Z38®, Bk (Fig. 4B-D) Tk
/£ MCA, PCA, MMA, OA 5 D% %%i D feeding arter-
ies Z#Ff 5, SSS & X O straight sinus (C drainage 3 %
high-flow AVM 23R S 17z (SMG-1V), 145 N ZER A
TPCA £ MMA, OA % NBCA & X ¥ Onyx TR L T
flow reduction % [X|-> 7z (Fig. 4E, F) 1 /1 H#1Z, MCA,
PCA D ZEREm; % OFFH L 72554 (hybrid surgery) %
MifT U7z, i i3 2ERe E 17 feeder & passing artery D
RO IEASTH Y (Fig. 4G), nidus 23Tl S T
Wit ®, HEEICHE) HiliZ b Tl 2 s (Fig.
4H) . %1%, W BT OAIHEZ < AVM O 2fiH 23
TR X 41 (Fig. 41-K) . fEARNIC IR EERGE 3 UGE L
7203, KRE - KRFILEIE L, a2 I Al

Rk I Eibisg, FERE L THRIRL 7.

z B

AVM 1Z%9" % multimodal treatment 25E& L22dH %
}EEG)Q)H)M) 18)20)21)23) Z DIEEMIZELA R LB D
F#1Z 2014 4E 12 ARUBA study? 2SR SN T 613, &K
LA V203 2 BRI IG5 AR I RERT 3B 1 0 1 & T
V%, ARUBA study <Cl%, primary endpoint (FETC & 7213
AR ) 12 L 7 DI AVRHIGIBIRIE T 30.7%, BN
T 10.1% E A RIHRHIBIEIF TR o 2. 2O
FUSABIE & L CHOEICZ T IO Raid e & 0, P
BB AS 3 4EDAN & 46\ Z &, high-grade AVM % elo-
quent area DIFAED LKL Z LAz Lichnz, AR
BRRE 11480 5 B, EEMT X022 18 4 L 20 JlifT S
TEHT (PR 5 4, fliak & offH 13 41), TAE

Jpn ] Neurosurg VOL.25 NO.1 2016.1 37



Fig. 3

% SRS DHAAENL W2 L, FZ20 o ORETHEAH
FEREDL BLVTERIN TV LD HTHS Z L
ICHRVGIEMEZ A I % 21378\, OISR, MFE
RIC X DIBBRDOLTIEDS, £ 72 grade 1T & D B risk 23
F7p 5 AVM % e #E S 212 BfR 7 < randomized 1k L
7 study design I 2T, S0 L 7 i [H TG strategy
IFE—1EH3 7 <, palliative treatment (288 ¥ o 7 5EHI A3
D63 H LD H 5 2 EIRERMETH D,
HAtE 7 strategy % RO Gk O Filiifild ARUBA O ARl
AEEHZ LOCHDTH 2 2 LIFDMTHD THE S M
BH 29 3)22)'

— 7 Tt I3 radiosurgery % R AR 2 88 T U %325
HEAIHEDNEHINTED, FAHLVERYETH S
Onyx DAFTORANHE, MiElZERAMT & EEM O H
D RIE S oD & 5912 W02 sk o) PTG I
e, §%3if 1% 3D-angiography, CT, MRI, ultrasound,
ICG videoangiography 7 & DAl rhi{& T fi <& 1 Z,
MEP/SEP/ABR % & 0 &/ B2 monitoring ¥ % 12
X D, high-grade OFEHIT b EZEM OB X1 EL TE
D2OSNOW) - & 2o S e CTE A I RTZERETIC X D, fhivh
@ 15> NPPB, occlusive hyperemia 7 & @ hemody-
namic complication b EbH & THA LT 3220 bbb
TULIEZ 5 4R, LB [ U iR < 103 4 o

(Cont’d)

ZARER L 7203, ATETO mRS (% 97 #] (94.2%) THERF S
NTEH, ZDXI BELEDELINTFMZET D AVM
DEEM O EIEPERE S UL, BRI 5B K E <
Fi~FF> 7 M T 2SS 5 L b5,

5% AVM DN FHEIRO A ZEEH L Tw 2ol
1%, WHEEICIG U 73 72 inclusion criteria DFEEIZ X %
randomized study 23438 & Bb i 323, HELREGIEE
EDLDEDEVEHLVWERDLONS, ik —HL &
TRREHRIE TR A MkRE L, Z ORSRZ HICIIZiT S Tw
CTEDEETHS . 2D HIEHER O BIGI
B9 % X ) BRI 7 grading scale S ETH D, FiU
IXIRAED SMG 12 H % AVM O topography (1 Z, H ]
TIXIEAF ORI AR 2 MUERE D A2 R & &1, i
BT - A0 e oD IR S04 00 3 A8) 0 I IMAE Y T 50 T 47 1
B DL D RFIR D 1 20 2 © S s i g
2570,

LD

WRFTIE AVM ISR LT SMG- T, 1B L T Bilifi
%, SMG-II, IVIZktL Tl multimodal treatment % 5
1ERE T2 -HLGHRRIEE L > T& 7, £4Him
SVEINORGE 2 R AN B & ORI S B A, RAENE
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T

Fig. 4 A': Preoperative T2-weighted MR image showing the localization of the AVM.
B, C: Preoperative left internal (B, C) and external carotid (D) angiograms showing a high-
flow left parieto-occipital AVM with multiple feeders.

E, F: Left internal (E) and external carotid (F) angiograms after transarterial embolization
showing remarkable flow reduction.

G : Intraoperative photograph demonstrating an embolized feeder.

H : Intraoperative photograph demonstrating minimal bleeding in association with the nidus dis-
section.

I : Postoperative T2-weighted MR image showing the disappearance of abnormal flow voids.

J, K : Postoperative left internal carotid (J) and vertebral (K) angiograms showing total elimi-
nation of the AVM.
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D SMG-1, IZx L Tid AVM D figH & [FIRF ICHEfT L
T\w3. ARUBA study DS B 1, i cI3i o KR
Z4 AVM TR G O In B R S RER S e Tw 2
B3, BRI E R FRSE R, AR PEAE monitor-
ing DT K, EREM OB XN ELTED, i
KeioptAIZ X D hemodynamic complication b X4 8 T
LT3, SHBIGEETEOMEE AR, MR
PP REE, FEDIREREDM [ &3 IS L7357
7o e FATHEIGFLED ML S E B,

col
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