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Linac-based Stereotactic Radiosurgery for
Arteriovenous Malformations (AVMs) in
Brain: Estimation for efficacy of therapeutic
response using angiography

Atsushi Nakanishi"*, Yutaka Naoi',
Narisumi Chou", Yuo Iizuka,
Fumihiko Tamamoto® and Kiyoshi Sato®

The purpose of this study was to determine whether it is
possible to predict the efficacy of therapeutic response to linac-
based stereotactic radiosurgery for AVMs on the basis of the
stagnation rate in the nidus, which was defined as follows:
[ (pooling time of contrast material in the nidus of AVM)/
(intracranial circulation time) ] x100. Cerebral angiograms
of twenty-five AVMs were retrospectively evaluated, and
the stagnation rates in the nidus were calculated before and
one year after stereotactic radiosurgery. Reduction rate was
also calculated by using angiography, and we statistically
evaluated the relationship between the stagnation rates in the
nidus and the reduction rates. The stagnation rates in the nidus
prior to linac-based stereotactic radiosurgery were positively
correlated with the reduction ratios of AVM:s after stereo-
tactic radiosurgery (r=0.406, p=0.0432). Our study sug-
gested that a higher stagnation rate in the nidus of the AVM
might be obliterated faster after linac-based stereotactic
radiosurgery. Thus, calculation of the stagnation rate in the
nidus before stereotactic radiosurgery is useful in predict-
ing the efficacy of therapeutic response to linac-based ster-
eotactic radiosurgery for AVMs.
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1) MfTEHREF AR HE

(Onidus HBURER (A)

(@nidusiHEHER (B)

@AM RE R InidusTH 2 HER (B) — nidusHBLRH (A)}
@nidusfEi = EEAETHRH (@) /FHENIFERIFR) x
100

2) R aVIRE

47 (stereotactic image7» H>xiill, yifili, z#lh EDKE S %l
7€)

nidus/ DFEEAVEHERFE 2 HIE T 5 7:012, nidusHHBIF
MI(A), nidusiZeiif (B) % MM E R o5HIL, &
Bl ERALT B 72012 2 OEHAETERE () % HEN
TEEREERIIC T A2 EAECTRE L. ZOMEE ELAHNi-
dus|Z 3 % B % nidus {38 = GE RS AME TRy () /88
ENIEBRIFR) x 100] & EFE L 72, BHEAMHRIERIZOWT
I3 HER A9 V2 RS HIE R PY R 2 a8 L 2R S S B IR
~NEBHR LA T TTH DY, ERITELAIHDHEENDS &
OSIRERIRIR (203 L 7285 5 % £ L E UK E &% h H &t
WL, MM OFRE R 2 SEEATERIEN & L. BAm
ISR Tl A 7 + A S SIKEIRIE £ T, HEEE)
JI T1d3rd segment & 4th segment & DFFTHER & 1) SRR
FTE LA BAMHSORHIEANSERRSE Led o7zl
B ORMEEEL Ty F) 72 EET LD, Th
X D SEHIRIENLTLE ) 2D Th L. HESHERER &
GE% 1, 2 FHORMMEEC» OME L2dT, EBRICE
stereotactic image{£7> 5AVMIZ BT Bnidus DK E S &%
BTSRRI L, T oRpUEE HuvCcEH L.

{5 (volume) = 1t /6 x (x 8l x yi#ili x z#i)

Ml R HEIZAVMIGHE | FEEROEMHNRE LS, &
Rk NI (TREERT AR — TR AR R MARR) TG FERTRRE) x 100T
B L7z, 2o 1 SEBRORRHR/ANEE & nidusfSFHRE & OHR
PR ERE Lz,

(1) B ifn % 3 52 DO S 1

BBER Dstereotactic image E {ER T 5 72d Ay F1) 7 &
O—7 54— % BEIEE L, MIEELEKTLL.
P IR 123 vessels TDSAZHH L, FBAID Fconven-
tional angiography %8N L 7. NHEBIIREXOHE, EE
FEAIE 1 BEIZ4(6)ml, BET6(O)mI%, HEEBIRE
EOBHAE 1 I3 ~4(4~5)ml, BET6~9(9~11)ml
T % (# v 2 Midconventional angiography T 5l ) .
71 7 — 7 v {34F catheter (7 )V EFH) 2 L 7.

(2) 5E LT HEST (linac based stereotactic radiosurgery) M /i

LinacZ% {8 |3 5% #Mevatron 77DX (10MV & 6MV D X7
TERT) 2R L7, EERE L 7 Md FA YFischer,
Leibingerft Dstereotactic treatment planning system (STP) %
LAY AN

JRETRRE T CRTEERD 2 &, RS2 AOoAbE T4 A%
H—KrErTAy FYYZICEEL, BEERICRHIDLEE
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FH, CTHOU—H 74 ¥ =435 L TELETNLELR
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o7, TG R Inidus 280 % isodose B IZ A %
TEEREEEL L, JIBREITTEH19.1Gy THE L.
(3) “UBETHOAVMIZHT T B iGHE 4t

WEs A F R4 TOAVMIZAT L T EERAM O8I % 1
FLTwA, LiL, ERHFOREI DRV EHITE N
FEfE), el AT IR 8 7 i BV X 58 7 T A48T B B G B TG R AT
bbb, ERWIHATSNERIE LR EDL 3 » AL
PHZEM FR GBS 2 ThR TV 5.

WeETF R BT IZ | Mann-Whitney Test 3 & U t #iE & v
1=,

m R

BIEGNZ 2V THARIROMRE, nidus/SFHEER L IGHE 1 F
HARRGE A NEO MR L (Table 1) 1R,

OfkFE Iz T
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FAH50.0mITdh - 72, IHHE 1 AERARIEFHMEA3.11m],
Fe/Mi0.0ml, e AAE29.0mITH - 7.

EHERT I ZER A AT S T 5 136 0 FIEFH T
11.6mITdh 0, G 1 FHREFRIIS2mITH L. —7,
AT ATTEAT & N TV W 1200 TIZIAHE O FI AR I
3.AmITH Y, EF 1 FHRFHEHFIZ0ImITH - 7.
@nidusfEiFE Il 2WT

IGHEATnidus (2 iR I TIMEH50.5 % (T ABIIRAHE S BIR
Tdh b 4 FIOFHEIXS1.1%), B/ME32.1%, HAMES2.2
%T, G 1 FEHOnidusfEHRITTEHIMEA61.3%, R/IME
42.3%, HrAkfE81.5% Th o7z, 2 Fl% B { &TOHER (92
%) TIEFHERT AT 1 £ OnidustEFiiERI3 LR L Tw7z, %
SPAZE %R L 72 6 Bl OnidusEE R OFHEHEIZS3.8% TH o 7.

FERMTAHEAT 2N TV B 136 DnidusfEFER IOV TIE
HRIA51.4%, EFRIZ612% ThHo7z. —h, BRI
17 E N TV AW I12B OB OnidusfE i3 i349.6% T, A
L 1 E1RIE61.5% Th o 7.
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TGHERT IR ASHEAT & LT B 13FI DA/ N R
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Table 1 Patients with AVM underwent linac-based stereotactic radiosurgery

No. patient age embolization  feeder marginal dose pre-volume post-volume  pre-S.R.N post-S.R.N reduction rate
(yr) (Gy) (mm?) (mm?3) (%) (%) (%)
1 N.T. 28 NOT Rt.ICA 16 9043 4019 48.0 55.5 55.6
2 J.O. 34 DONE Lt.ICA 20 7184 753 61.7 64.9 89.5
3 LF. 36 NOT Lt.ICA 20 753 150 42.8 70.2 80.1
4 S.S. 18 DONE Lt.VA 22 1884 837 47.2 42.3 55.6
5 S 21 DONE Rt.ICA 14 50240 7206 81.2 81.3 85.7
6 N.T. 46 NOT Lt.ICA 21 6330 0 46.5 NM 100.0
7 M.H. 16 DONE Rt.ICA 20 1519 1036 32.1 51.5 31.8
8 S.N. 45 DONE Rt.ICA 20 1406 0 57.3 NM 100.0
9 E.M. 43 DONE Lt.ICA 20 3768 2143 411 63.3 43.1
10 T.N. 23 DONE Rt.ICA 18 10667 8164 37.8 49.0 23.5
11 K.S. 47 NOT Lt.ICA 20 3221 0 82.2 NM 100.0
12 N.Y. 30 DONE Rt.ICA 20 251 41 38.4 53.6 83.7
13 M.M. 42 DONE Rt.ICA 20 6838 1130 58.3 65.9 83.5
14 E.T. 23 NOT Rt.ICA 18 282 175 38.6 431 37.9
15 Y.N. 28 DONE Lt.VA 18 8842 1692 &65.5 74.4 80.9
16 1.0. 54 DONE Rt.ICA 20 14569 8059 55.6 65.6 44.7
17 Y.U. 43 DONE Lt.ICA 20 9537 6005 50.1 65.7 37.0
18 C.N. 74 NOT Lt.ICA 20 5157 3349 42.5 77.6 35.1
19 E.H. 23 NOT Rt.ICA 20 27 0 36.2 NM 100.0
20 AM. 20 NOT RL.VA 18 2543 0 43.6 NM 100.0
21 M.1. 25 NOT Lt.ICA 20 4945 1036 50.3 66.4 79.0
22 M.S. 47 DONE Lt.ICA 13 33912 29899 51.9 56.9 11.8
23 K.Y. 56 NOT Rt.ICA 20 1406 200 58.0 69.6 85.8
24 F.Y. 61 NOT Rt.ICA 20 2679 2051 48.5 48.0 23.4
25 C.N. 40 NOT Rt.VA 20 759 0 58.0 NM 100.0

NOT: embolization was not performed, DONE: embolization was performed, Rt: right, Lt: left, ICA: internal carotid artery,
VA: vertebral arlery, S.R.N.: stagnation rate in nidus, NM: not measurable.

R EARTRAR/IER & OMBIR U = 0.406 (p = 0.0432) TH -
72, (Fig. 1)

AR & AT L =B L AT L 2 do o BT E I BT
BN Onidus i, KRS ERZRD SN
otz

iE Bl 2 7R

HEB 1 (Fig.2)455% 55 (S.N.)
AVMIZGTHTEZEIZBFE L, nidusfEHEERI1257.3% CTH >
72, 6 | ERORMMEEY CAEEEDAVMIZSEATE %
L7z, SHidnidusiEFRATEMEER L, 168 1 £1512548
PAZE%R Fe7- L7 EBITH 2.

FEBY 2 (Fig.3) 165 21 (M.H.)

AVMIZERTSEREICBIE L, GHERTOnidusiEiE=R1332.1%
Thorz. THUIEFBRinidusfEHERAMEME R L, B 1
FEZnidustEHFHIE 157 (51.5%) L7225, #2113 A Eni-

ERI14E3 25 H

dus#i/ RO N, B 1 EREMRIZHE LT (31.8
%) %R UIERITH 5.

z =

BRI DAVMDBETHIGEIC BT % 850 Tl m s i
A BALMCT, EMAMMRIZ RS 5 2 & TARmIC
AVM @Tnidus 2DV TOEHRE L 0 IEREIZHE 2 BT 3 s
THIENWESL LIk o72. nidus@fh® FFEICLES
WETHETNE, HREUTOKE SOAVMIT—ER
TEEHEICE ZLXTEETH 5. EBE, ENLFHR
STOPER, M/ RIZAVMOEEIZERET 5 & OfE) )t
H5. S5I2Yamamoto SIIFN & ANTIEME kX A
BINBERELTWS., LAL—FT, e mER:
EEBEOMBBIMRIIEWETAHENOLH L, DI Eh
SAVMOSELHERICIIMIO S F £ 2HWF2 532 b
DEHERE NG, B DOFREZWAE TdH 2 BRI
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o= A7 OERERINCHAET L EH]ELTw
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- ° oo ¢ — 7, R SV TR O F 7R OK
INCREILH A XADAVM T IERICHEE S S &
. 701 Wi LTwWA, F00BIETIE, CTRMRITO
E 60 - TEFMIRHIEIZ N A, Dynamic CT®MR Angiography
2 ® g (MRA) % Hl\» CIATE)RE 2 5§ 5 ik b il S h
3 50 o TWh, m.bmofjtr.ikf b PR, R ERAMERRIC
" 40 Ry R HEAE L2 RIS S, 4HE ORREC b 1R L 1k
. /' e ® i/ & O jwmr =-0.190(p = 0.3666) T,
ez awb ok Bbil.
201 / e ° (AT EHREA B (2 B LTI MLERE, I i s HE
101 [5) HENTWD, MFHEE TIERER SRS &R T
] OB IR HE 0 S CHIMT L, nidus & B IR AT
Of!} 1-0 2"0 3'0 4'0 : 5'0 GIO 7'0 J E!I\O 9'01 0 [ZITFEEE R SN B MO T 4 T1d v > M B
pre-stagnation rate in nidus (S.R.N.) (%) SOMBEMREDKE <, EHFIRY nidus (B TH
N — , BENBENS A 713 v ¥ MBFOIEAREDN S
B e shredicon 1 A yolume | youratr Inaobassd seren o i, 807 4 TORITELEY 0L
ment. AL Tnah, g2 B L TR H276f1 B v

7, high flowDAVM & low flow DAVM THFE%2 % It
WL 25, low flowD FAEIZPAZER AT &
ELTWA, LL, ZhbsofigilEwEmiTthn
fri, FBUZX WA SNBWREMEA AL A,

—J, AVMOIMATHE &I G 5 A &
LT, Petereit®'”|32D-PCEEMRA % iV TAVMDIfiL
P 2% L, slow, intermediate, fastiZ574H LT
H A7 DOHEFRREHEI L, slowlEDitHDE
WAVMIBER(HET B LG LTWA, £/, M
Ji 511 ZDynamic CT % V> Tnidus &R 2 B OIS &
a5 Ltime density curve & 7B LT, P0G BRI
(mean transit time ; MTT) & kK& 72, MTTAEV T E

'r

nidus R DML 51' EE (EiEiE) T, MTT2YEW
IZEMFE P nwiRER) & LT, Fr<vrA17

G, ﬂi.ffu. AAH RN EAZE L, ST
R IR R LAER D H L EREL T
B, ISR MIInidus BT AEBENERETDH
D,

22T, AlalbivbiudERi Th o MBI kT
% BIEHE ZHE L7, AVMOERFATHY IS HT O
MAEERZ 2B 5 MATEREAYAITT A5, nidusPITO
TEAIOFIFRNCAEE Lz, EI12, FRiREm220 T
R R Rt e 2 TR el s o

Fig.2 Case 1.

A: Angiogram before linac-based stereotactic radiosurgery shows
the AVM fed by the right anterior cerebral artery. The stagna-
tion rate in the nidus was 57.3%

B: Angiogram 1 year after linac-based stereotactic radiosurgery
shows complete obliteration of the AVM.

38 HAERSE $59% Ha4%7



R ks £ 141

A :
Fig.3 Case 2.
A: Angiogram before linac-based stereotactic radiosurgery shows the AVM
fed by the right anterior cerebral artery. The stagnation rate in the nidus
was 32.1%.
B: Angiogram 1 year after linac-based stereotactic radiosurgery shows no
definite decrease in the volume of the nidus in spite of a marked increase
in the stagnation rate in the nidus of the AVM. (The stagnation ratz in the
nidus, 51.5%, was higher than the pretreatment value.)

T, HEBENIERIEE L OFEEEHIT2 2 L TERLER
#, nidus D EEREHIE i IRE R % IS BRI R 29 51
TEETIIRL, T OMEHMGHEE % RET HIREE 520
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