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Optimal Treatment Strategies for Cerebral AVMs
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Nobuo Hasumoro, M.D.?
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Summary: The treatment goal for cerebral AVMs is mainly to prevent hemorrhage. Bleeding
risks of cerebral AVMs depend on several factors such as size/location of the nidus, types of
presentation, and angiographical cure does not necessarily mean no risk of hemorrhage. The
treatment strategy based on Spetzler-Martin grading is proposed in several guidelines: Grade I, II,
and IIT are a therapeutic target; Grade IV and V should be treated conservatively. According to
AHA Scientific Statement, surgical extirpation should be conceded for Spetzler-Martin Grade I and
II, and surgical extirpation with preoperative feeder embolization is often effective for Spetzler-
Martin Grade III, but single surgical extirpation is not recommended for Spetzler-Martin Grade IV
and V. Although low grade AVMs are reported to be amenable to extirpation with low morbidity,
patient selection bias seems to reduce estimates of risk.

It is difficult to decide the treatment only by the Spetzler-Martin grading system because of
degraded ability of AVM patients to communicate, and wide ranges of risk of hemorrhage and
risk of extirpation in each patient. Treatments should be individualized using adequate pre-, and

intra-operative assessment of risk.
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AHA Scientific Statement (ZHEF L, F 7z, LR AE
% & OREBEB] T ORI 2 B HEAHELE X T 5 (Table
1). EBROZBEIIBWTL, ARHAEOBISOREICE
W, Spetzler-Martin grading IZfEENE5FHDOAT
HMIZBB T2 RET S 2 LI LIZLISHEEZ: 2 & 25
D, WU grade THo>TD, A DERICID, ZDIH
EREETRIIT R B ->TEBY, BHEOFEHmRIR
A, B Y & OB AR, HIE O A 2
. ENFNIIE U7l 2 B 2 i L T LD D
. ARE T, ¥l grade I B X O D AER, elo-
quent area \ZFE L7292 LT, HHERFICABR L2
fix B ERIR A2 (1986 4E 225 2007 4E 4 H) DF— % # BHIZ
LoD, MEHGHIO ) A 7 5Hli, wifERERE R Z ZR L
T BWIRIE SISO E BN 2 B8 2 N2 7-.

SRR O

FARREITABE U 7= I Eh IR 27 (1986 4F-42 & 2007 4F 4
)RR L3 5L, 86937 AMEIZH T 180 [H o il A3
AHM, MEIEIRTIEIC BT MBI E 25% TH D,
PEROMELIZIZ TS, LA L, ZoHIMmIEITIBAIC
X025 TEBY, cerebral hemisphere 1.6%,
basal ganglia-thalamus 6.0%, corpus callosum 7.6%,
brainstem 6.9%, cerebellum 29% & 72> Twb. K}
BRoOWAE, IR - BUR, iaEhze & OREBOIMHEITIL
NRTHIMEIMENTTREED D 1, HHET O TR UL 2
BWTEETRETHA. FFIZ, KREDOKKFEROIHE
TIEMIMPI T, HFEISICEHETRITNE RS 2w, N
IR IZ O I %2 —HE 2-3% E i35 2 & it 5
RETHY, WUANOMMEELEETRETH .

WIMFHERS & 0 IS EOWHREIS O N5 T TOH
MEBDZALIZOWTOEMSHEHTH 5. LD EHIZD
WCIRHOBFLIE ) IR 2 MET L Ch b &, INSEE
B SEEEG E COMMBICER BRI 12% & LA L,
% A B OWEEDRG S T h B it B NI S ¥ Lo
B O NS T TONMOERM M= 82% & 4 T1%
TLU, BMERE EoERBIGER BN 01% & %> T
W5, il 4 DTN TUIFRIERNC & 0 57 5 W] Re ik
WEVD, Vo AMIMT 5 & MR AT 28, JE
HHILE] TR o 72 AP Z BlAG 3 2 & BIiEEAs F53 0]
R H A2 &, BMERE LOBEI MO0 44
LW S IO fERED RS 2 &% 5. INEHRE L
DI O WIS D W TUE IR o BB #IR 75T O P56 -
B L 2D TH 5 (Fig. 1). FEEO T &ILEMHH
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Table 1 Japanese Guideline for the Management of Stroke

2009 Cerebral Arteriovenous malformations

Summary
WEEFR DT A K54 >~ 2009 12 L,

1. BN RS2 & ORGP IS I A% W T, $FICTH
o fEmAE A (I E, HEBHER~O) i, 4t
PG REER T 5 (7L —F B).

2. SpetzlerMartin 748 ® grade 1 3 X 0° 2 TRAVEHYEIERAS
o 55 (7 L— K C1). SpetzlerMartin 473 grade 3 T
ARG TN 72 X2 AR R O B I O S
% (7 L—1F C1). SpetzlerMartin 7#® grade 4 BX U5
T, s, BRI A O, GEIRASHEAT PR EAL T 5 B
VAMIBRAFRBEE2 B 5 b (7L — K C1).

3. FHHLERAL R VEA ML DIRPNC K 0, AR T O BB A
W, REDVNS WA (10 ml DT E 213 A% 3 cm BT
XE N REREAEID 5B (L — K C1).

4, R L b o NEIEIRAIE T, ZVRRRSE AR D 1

2. BXU3.1E, American Heart Association @ recommendation
LELW.

N o THEHMIMY A2 DWEA. @H, MINEHRE
AR IR B OB O B HiAT S B A5, ZOH%ORKE
WEZPIZ CT R MR I X D 55 b 2 56 13 T E
IRMEHGE 2 ZEBTRE L b s,

AT DGR H O L 5 L, FHBHHIM 135
EOEW follow up OFGH, SERIMIM=EIE 24% T, WM
RE LASELNTELT, FAFADOKREE, &,
Mo, MEHEIEHR I T3, bbb h ot
T, MENCHIoBEAEOH 5 EE T, HilloBEEo %
WEBRE I L OB I A < Y, SERE AT neuro-
logical deficits Z k- Tz b DR, FEFHIZTHI LD
DI, ZOHOHRETORMBEIFEISEHY . T/,
NS BN IR FF I DO ERAL CILER L 72356, IRERD b oId FAE
Db OIIH L TEMICIIED WY, k5T, ik
b EICIHPEIN E AT A, WADOKREE, AL, I
MBEEAE, FRER R L2 L BT A LI 5.

SELEEDEIS

BALIN D ENESARZT 2

FEER L 7o o B ER IR 272 25 Bl 95 5, Wil
FEREBNE 13 81, FEM M ZEAEFIE 12 F1C, W mFIER T
10713 (77%), FEHIMFEHERIT 5/12 (42%) (2 S, 4l
B 5B BVTERO — MO AL 2 320 7275, $h HEL
PUCIZISATATIREE \CIME L C w2, BB uvwCix, i
MR % FIH U 2=l 25 1T e 2 35 6058 2 48, RGN
BT, fFICEEROE SIS/ RID OB IZR S
5. ERCERNICBWTDH 2 B0 IERIME (grade 11, IV) IS
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Fig. 1 A: Angiograms of a left insular AVYM in a 33-yearold female presenting with hem-
orrhage. B: Angiograms obtained 3 months after the operation showing no residual
nidus. C: A T2-weighted MR image 16 years after the operation showing small flow
void in the left insular cortex.
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O EZ R EE AR P OENICAAEL T D & S,
FULETRIPIC B W T S JEHRAZ ofINIZ TR E E 2 oh
b, F72, HELV ANV TOREREMRE QMR E S EE T
»1, MR tractgraphy 7 & & W MRTOFEM 2D 2 2
SR AL E 22 5.

IR O, K EERIC AT A 27 25w
2%, BB EBEONRETRETH LD, ) A
bR 2B, BHFEHILAAPEONS. HRHs L
JMERERIC UL 3 L - By ERIR A 31 B0 9 B 19 B /MR
H2SHIE ST 255, FREHRE B 0% <1 T
i, ARG AESORETH Y, KBS intra-axial & 7 -
TWAHEIZ OV TR OBEISIER s Y, F
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/& I B ENER AR BT S

3 cm BLTF O/ & BN EIR AR LT, ARG
ZREMIZAT O ik 2 S H D, ENLOKRITL S
L, PHER/AGREDN 0% % B 2, i # ® morbidity,
mortality k29191820 (Taple 2). LA L, #itkaBEaE
WZDoWTiE, BEEIRGTEORE SUNOZERE LT, #
Mz ZATYENE D %, FEEESHEGLTwEE S
M EICX D RERP R L RN THEINS. 72, 4
B4 O TR HEGR 2 ME T 2956, 3 T OKRET
fERE O VER 2 HE LT A REERH ), MHEE L
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Spetzler-Martin grade I 213X F EF 2IREDO L DA
& F M A, SIVIEL IZ 1%, internal capsule, thalamus,
hypothalamus, brainstem 7 &, ¥EERICF 4 ¥ A A
T AUREELRDH D, S2VOEL TH UL nidus H3— K IEEHE
RHEH R EOBMTE 51T 5 X9 % AVMAEEh
%. S2VIE0 O¥5fr, AmiSHEERCMEHEE 2 Lo hEEOKR
E20boNREEN, HWEFELE O REMEDE < & 5 25,
7 72121 nidus AYEA N R EEANRERE 2 LIEH LTV B
BEbdb, F2, WEMNIVEETS, JRLms, %
FEME S L AXHREREIR 2SI 2o JE B, 50 ik % B 2 4 e Bl
72 VR LTI AVE o B I LIE LIS EET S
%. Lawton & O #i5Tlx, SIVIEL X low grade ® 3 @
123 < surgical risk MK <, S2VOE1 i3 high grade ® 3
D23k £ surgical risk 235 <, S2VIEQ (X o Hp ] F£E
@ surgical risk T 5Y.

REBR L7z grade III ORREIEARAE 108 Blod 5 &, #4EE
MR AIT b 720776 TH 5. KA 1% permanent
worsening 8 #l, transient worsening 15 %1C, morbidi-
ty 104%, mortality 0% TH 72, L22L, SR
BEIRS NG o THERIO D HAVEHRIL AW EETH 2 &
IR ENBPREITNTVDLZEZEEL, WREZTN
TR AT HBREESHB L /KET S L,
grade III ®FEHIIZ BT 5 A4FHHY 35 HICHE D morbidity,
mortality 1%, 27% FCTLEATLZ LR 5.
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Table 2 Surgical outcomes for SpetzlerMartin Grade |-l

(ZErh o4V R 38: 29-33, 2010 X W 51H)

Lesion Obliteration Morbidity & Mortality

Sisti et al. (1993) <3 cm 63/67 (94%) 1.5%

Hamilton et al. (1994)  Gr I-llI 0%

Gr IV 21.9%
GrV 16.7%

Schaller et al. (1997) <3 cm 61/62 (98.4%) 3.2%

Lawton et al. (2003) Gr Il 74/76 (97.4%) small 2.9%
medium/deep 7.1%
medium/eloquent  14.8%

Morgan et al. (2007) Gr |-l 220/220 (100%) non eloguent 0.6%

eloguent 5% (9.5%%)

*including follow-up patients without extirpation due to surgical risk

&2 grade IV, VO AVM O 2D W THRHAR O
R EFZZ BN T WA, grade IV, VO AVMIZDOWT,
MEEFD D O L palliative treatment (&b o572dh D LT
R % Wik U 72354, BRI O b oo )sihiiEE
AR & i X, palliative treatment (S o 72H D
T, FOHEMMBIMEE 104% & Bz L5 S 556850
EhoTwaY. ZOWETIE, grade TV, VO AVM IC
DOV TIIHEEFED L OO NI grade I O LD
LILL, EM 1% HELEZONTWD. 2L, R
JEBI D% S DIKIGLEROKE LIWETH S L2 LML T
Wh. Fi, RONAFRINE 0L IEREIERA &
o Twh., EHRHEEZ L ETLYE, grade 1V, VI
BOTHHIMEIEIN R EL 2D L EbNDH, BEHWRE
DG, BRI PERE L ) S HICRbE 2 L
X725,

EMBEFDOFE LSRR

T E R 25T 00 M LIS 350 T, s I 1 i P R O &
FRRY, FAEREO IS X 2 MREE H AR RO F T
LEWICUET LI NS VE SN, EBOESHRTLR
Branha, F7z, WIECHRZE R P LI EATFAE T % 5
Gl&, ARSI O 720 ORIBERIEDS D 72 { R BB G D%
V. 72721, nidus 2SHIIZ & D split TV B A8
HY, HNEHEHREOBIIE L RE % & 7 AL B & 7
LB bdHL T LICHELRTNE LR LRV,

M FEE A & BE OMREFEREDS T L T vl
GIHVFREEZATH &, SPEREHEICHE D GOREDS, i
X BMREER 2 ORI BRI X D G &k S IR

12X ) mask SNTLEHWREMEDH . —J, s
T, AT OMMEEERDRE TH 25655 <, Mo
FAERO BB L O GBI SR %2 5. INEDEIR AT
BV THILO A BEDERR PRI KIT T HE O VTR
AHLmxicksl, HMBERMICHE-> THD L,
Spetzler-Martin grade & &M BIT 5 FH & 1P
BT 5 Z EAURENEDS, FERMIERTIX, ZOTH
1% Spetzler-Martin grade & IZFE M2 /R &3, MRS
score £ PR EDBMEIEMND - 7. FEHMmH TIE,
Glasgow Outcome Scale (GOS) % &EDBBE %A a7
TIERE T E v X9 BB AESEREAL 2 HI 3 % 2
EhdHY, ZoYhs, £ 0BITGOS TIRRIETE W
LI L AL OMERERALNS.

bIVbNHRER L - el 174, FEMinsl 174 o 2 # 2
BWT, WRBEEIMMTHOR TV S E A1, BIMRERES T
82% (144/174), FEH MBI T 53% (79/150), IFEHIMBI T
HHE L L 7281C 79% (19/24), AVEMGTE 0 & BEE D
FEA SR, ML T 72% (10/139), JEHIMLHI T 14.3%
(10/70) TdH v, FEMIMBIT BT 2 A BHEFE A #DTE WH
Mz dH - 72,

BMENIR GO BE IOV THIND ) 2 7 2S5 72
DI, WEOEERHMAUIHTH Y, RNEl BT,
IEWRE L R THBEED OV, b L ILHEEEAT
I LIV HIMEENPZ > T ERALIELZ EPHEHIN
THEY®, FEHIMPEDIRE CHREMIMICEH L 7RIS
LAV T, BE - RIS T 5 55 B S
THb. T, HFFEBERETT 586, W, ko
VA7 GBS AT 2EMHROREE FMEHES 5 b O TR
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Fig. 2 A: Angiograms of right paraventricle AVM in a 26-year-old female presenting with
hemorrhage. B: A T2-weighted image showing a hematoma cavity and the nidus
(arrow). C: Diffusion tensor MR imaging tractgraphy for right corticospinal tract
showing the relashinship between the tract and the nidus (arrow).

U7 S v, EEROIEHIME Tl BRI X 2 1
MY A7 LIEHITHE D MR E 2 T 5 2 L I2% 525
BEBEIGOHMICIE SNAZ B LIZLIED 5. FEHIM
B O Ik B E R 25 12 %) 97 5 randomized study (ARUBA
study) DFERIFE-N 5.

Surgical risk

T B R 25 T2 9 2 A4 R O risk 2 ARG L 72 s
TiE, AEHEHICE L T w B S -8B &)
LB ENTWD L v selection bias 2SFAET 5 DS
WHTH L. OO Davidson S OHETid, high surgi-
cal risk &HIBF S WAVERBEN L SRS W2 BE5 b &
DIAEBID S, AEHERED risk ZFHML L TWaY. HEHE
WEOBIBA & A le SNTBE D GO 7258 640 Bl iR S
iz, Pkt cix, S-M grading 1 to 2 @ surgical
risk 12 0.7% TH Y, S-M grading 3 to 4 ® non-eloquent
cortex |2 FJE % < AVM @ surgical risk 1Z17% T V),
S-M grading 3 to 5 ® eloquent cortex (& F M % i <
AVM O surgical risk 12 21% TH o 7. Lo LEREICIE,
Z ?D series ® AVM D EHED 12% 1%, BHEMOHET, 5%
IERIH OFHIBT TR AT O N o7z, TNEDBED
surgical risk ®» ) ¥ 3 5% &, SM grading 1 to 2,
S-M grading 3 to 4 ® non-eloquent cortex (235 % & <
WA EKRERENITIRNVWE ) TH DAY, SM grading 3
to 5 ® eloquent cortex |2 & M % & { AVM ® surgical
risk 13 34% I NTWA. T2, Witigks» 5D SM
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grading 1 to 2 ® surgical risk {22\ TOLUROHET
X, SM grading 1 to 2L T, eloquent area T 5%,
non-eloquent area T 0.6% T, surgical risk 73 { A
b h o726 % surgical risk b ) £ &2 5 &, elo-
quent area T 9.5%, non-eloquent area T 0.6% T& - 7>
LLTw2?(Table 2). ShOEDOBTEHMEEHICLY
RKEL BRI ENTHENS.

Surgical risk 5l & risk B

eloquent cortex ® mapping % 179 72912,
gen-level-dependent (BOLD) contrast functional MRI
(MRD WS TWw5b, fIMRIIWZ LY, central sulcus
% language lateralization Z [H%E23 5 Z &L D WHEETH 5.
AVM (281} % BOLD signal &% { OHERI TR E S 1,
nidus 2> 5 OWEELS DR L D 12-24 mm BN -H#EPHICE
W EEZ T RV EDT— 5 Hd 5™,

F 7=, i " intraoperative electrocortical stimulation
mapping (ESM) % H 72 electrocorticography 734 H T
HHEOHRELHHY. M ESMIZX Y, language cor-
tex [AETH I EATX 5. lesion & language func-
tion & ORIR % %S % Z & T, iatrogenic aphagia %4
% Z &% LIZ lesion @ resection 29 % Z &AW EETH
5.

#%iT, diffusion tensor MR imaging tractgraphy Ol
REZDPME EN TV DA, Maruyama 5 DHEHIZ X 5
L, tractgraphy # gamma knife surgery @ treatment

blood-oxy-



planning 2@l 3 % Z & T, arcuate fasciculus, cortico-
spinal tract, optic radiation 7z ¥~z H T L
HTEZYY BEOF—5OERE»L, ThEhORE
1281 5% fiber ~® maximum dose BAHEH SN THY,
radiation % O HERER E 2 iR/NRICHZ 5 2 B TE 5.
[k, FVEHE#RIZB T B tractgraphy O F PO FH
Thbh T3 (Fig. 2).

AVEHB I 2 S S8 5 BN E LT, @Y% preoperative
embolization, en passage vessels D7 &% 5.
INSORETIE, HFIC eloquent area \(CRTET S AVM @
FHEICBWTHEETH S, nidus BATKE L R BITHEW
SR B RO EIRERDS LA T 5720, 4%,
onyx 7z &% F\ 7z preoperative embolization & ? @] 7
HAADREIZELD, S5O risk ZIKT B EMNTE
BHUHEEDS D 5.

Spetzler-Martin grading 2 ¥EDEIE=

Spetzler-Martin grading Tl&, EEIZIZEEREL TW i
Vinidus €D b D%, AKRZEZITHDHNE cortex |JE &
2 T, eloquency DAMIZBELTWA. LA L, #A
W OREREE LIS LI 2 554253 0, 2000 40 Lazar”
5DOHEICH B X 912, left frontal area 2 AVM %49
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lesion % 7 ® % B #1238 T ® language hemispheric
dominance O FFMiZ &7 5, nidus @ Gl L T 5 cortex
B L O fiber track IZBIF 2 AKKD 5 X EHEEIL, AVM
® X 9 7 congenital lesion DA, MWOHEIZE &b o
TWBIENRLIZLIERD SN B2, EEEO surgical
extirpation O EE, FIHE & 72 5 T % ® i nidus O JHTEIZ
BUILbLbLHrREBETIEIL L, 0 nidus ANEE
L T\ 5 cortex % fiber track ®# 5 ¥ TH 5. pre-
central gyrus DIHZETIZ, gyrus HEHDHE I H S posteri-
or bank |Z nidus % 7% 5 ¥4, HEEEIIHIME I shift LT
WA RS D Y, F72, gyrus HE DRI nidus % 32
W 54, surgical disability 7 LICHE A u e 4 3 &
HorLlBbhs ZoX)RELEHNDS, Spetzler-Martin
grading IZE#H% SN T 5 eloquency DA DA TIX, 4t
P A2 8T 256, BEERAOBLE > S IXFEBRH T
%<, THICEDS L) il il LETH 5.

& B
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