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Revised Perspective of Cerebral Arterio-Venous Malformations
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Cerebral arteriovenous malformations (AVM) have long been considered to be congenital lesions, which
implies that AVMs exist at birth, and become symptomatic in young adulthood. This suggests that an AVM is a
static vascular anomaly. In this paper, the author tries to revise this classic concept by showing a variety of
AVM’s dynamic in nature, which includes de novo AVM, growing AVM, developmental venous anomaly with AV
shunts, and cerebral proliferative angiopathy. The latter two overlap with classic AVMs clinically and anatomically.
In addition, metameric AVMs and syndromic systemic AVMs (hereditary hemorrhagic telangiectasia and capillary
malformation-AVM) are introduced. This knowledge is useful not only in the diagnosis and management of
AVMs, but provides insights in the pathogenesis of AVMs. Apparently the same structural AVMs might have
their own different genesis, natural history and appropriate treatment.
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FUHIC

fikBh &R AT (arteriovenous malformation : AVM) D&
Wz BT, ZDMEHE (angioarchitecture) IUL{THE)
#€ (hemodynamics) DIREHIEELDIZYURTHY, &
F, BERZHsRoES L Lbic, XVERETIX
ToHY 2 MR EE SRR M T B E D IER £ <18 5 = L 2SI REIC
KoTER, EERZBWEMDESDH 5 —H T, AVM &
Z DERL - BRER B O M 2 T, AVM DB WL
REEThH-o7-h, EHBZLNTBEIENHB, TIT
12, AVM D & h gL 2K 2179 7 dic, Z DREBE
IZDWT, SFETLEALELZERADS ZOREZED

THI.

AVM DFEERHF

AVM (&, ASRIZMEINR (arteriole) & MHEHAR (venule)
DD EHA M E & (capillary structure), ¥ 7z & postcap-
illary venule DI EBE LEZ o5, L7d>T, it
T % nidus &SN 2 BEBE R, BE, #RY
EIRIC D72 53 2 BYEHARE (arteriovenous fistula: AVF) #»
5 nidus 23NFET B EED AVM % TD spectrum 23H
3, —7, £ DHEBI I ERN 2 BEIRS v > b (thor-
oughfare channel) EMIMEHE L L DbIcH B L LA

KB RAER L v & — R s Bl T534-0021 KBRTTERE X EREAGE 2-13-22 CEESE : /VE ILHERT
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Fig.1 Neonatal AVM
CT (A) of a 5-day-old girl, who developed consciousness disturbance and sunset
phenomenon of the eyes. This neonate underwent surgery without angiography. Pathology
of the surgical specimen (B) was typical cerebral AVM. Post-operative angiography failed

to show vascular malformation (not shown).

GNTHED, MCHEET 2 L399, 2z LMY
ZEHIEAHTH 228, SMEMoREINLT, BEk v
v I (transit time OFf) PBDOENDLDIE, TDEXH
M R TR v > b SN T B R ED S B
72 AVM O nidus FHAE, gliosis 233 0, el
FELRWEINSY, FEFIEHEIBD X 9 I medullary
pattern Z FA L 2% AVM O F AED AVM T, il
FERNEASRANICNET 22 bbb Ebi s,

[EXR1E] MEREDERR

e R, F 7R EIMENZE & o kihty, #
A TRFICHEAT 2 2 & (presence at birth) # &Md
52 ED% 0, ZOREKT, HAERS L IF AT
AETHIET 24 L v KERIREE (vein of Galen aneurys-
mal malformation) HEEIZA % (dural sinus malforma-
tion with AV shunt) (3, JeRMEIMEA E WA 37, L
DL, EhERIRTE 2 O o I REEE DS AVM O I A5 RG2S
ICPITW 23 &3 508, ZORBIICHER I NS &
Vo TR Ao AR RIS I B I TR EE 9 A AVM
VEICDH 225, % OREHBNZ, HAERWIRRAIC > T
DR & 7 2 (Fig. 1), RUEIILAREIC S8 T 2 B,
WEZ DS DIE, L TRICHET 2D DD, KON
MORER Z GO THFTIRHHDRAMTH 2 L\ W) B 2T
&, W Z Db DD DN D & AN X
M, SRS 22 L WIEBZ DD, B2 6 KD
BERZLEDbNBY, IS D AVM A3, HAERHCER

SNTWwB L, FrkRINeRLVINICEREE I 72 2
AR b 4w EEZ NS, HAERH AR
FEEY, ZORIEREINS, 2FhHEREVIE
T TR BREINZIZIDBEnEEZSND,
PASTRIRE ) &) IR, 32520 & RIS 40 38 % %
WL ZIFRTH D, AR Z DR TERIN T2,
INTVAEVEGRL S Z &1E, AVM DK% % 2 5 I
IiEd E D ERIE R, % OMFLERDS, HEE LI
BITDTHETH B DIC, £ DA, BT T3Lk5chk
DI VAR ED > TL 9 DI, KoL - BER
LD 7 i (birth canal) % JHIRANEME T 2 121k, 4B
I (b b Tld 40 #E) BT 2 Lok kot
PoTHS, £, & P OIMERIZHAERIC oI FEE -
AL T30 Tldk <, IMERIRRIRADIEZREIC TS
CDIF2MEE IND. DX I ICIBER 20 @ X2
5 ZWTATHE 72 T KM 72 = congenital ) UE # T b HAUZ,
JRAIC 2> T 6 BM S s T KRN =acquired s 7 I
HELH D, AVMIC, 2 & &6 MERIE=4THICH 3
EVIHBEEBMETEZIERIZLVEEDLNS,

de novo AVM & growing AVM

D7 23> 72 AVM H3% D%, TR E 415 de novo DY
EOWED D 29, 2 OMEEIIR 25, DA E 2%
Dol &) FEHINEE I REECH D, A TIRICHET
L AVM 23E L A E v ETiUE, £ < @D AVM 13, 4
BICHBLT % de novo DL LB WVWRA D, ZDLKIHIC
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Fig. 2 De novo AVM
This 19-year-old man had been diagnosed with a large cavernous
malformation in the left thalamus as well as a dural AVF of the superior
sagittal sinus. Although left cerebral angiogram (A : lateral view) at the age of
15 shows no cerebral AVM, that obtained at the age of 19 (B lateral view)

demonstrates a de novo AVM (arrow).

AVM X, ZOBECMTEREIX, RLTHENLZLD
(static lesion) Ti37% , IERPCHE%Z T 254 (growing
AVM) b bh, £7BAICE->TE, M- HERTBZ
&b HBENRBEE (dynamic lesion) &EZX % Z LAST
¥ 3. de novo AVM DIREIXEL 1372\ 038, ZDOEBIZH
BREET (FIUCHIZERT, % < IZHAER) de novo TR
&N, remodeling 23 L9 &) RTHBREELRES &
Zzons, ZokHic, WEEOIMEHNEMIEN S >
genetic factor (primary trigger) | secondary trigger
(revealing trigger) 23Ef L, Z#UZ X D phenotype 2%
% #2013, secondary trigger DRFHINEITH 313
E, RELFRERPHSREDREL 2D, ZORHINE
BY, NERBREREL R LEZONBY, KK,
JREERT trigger 2R\ 7ML Z DR, BRI T —E
THBH, AVMBKEL Rokbh, FNICHERLEDT
3D, ¥ L 72 Mm¥Eic N9 3 high flow angiopathy *Ifil
Al - BIfic 39 3 angiogenesis % & DM (ki
D) ZBltEZ o505 (Fig.2).

Developmental Venous Anomaly (DVA)
& AVM

DVA &, BXEIRMEIME Z N (cerebral venous malforma-
tion), MM ERARM: M @ (venous angioma, medullary
venous malformation) 7 & & IEiEN, MR RETIILL
ROEEEICBARRI N MERETH 5P, DVA &
IENBEaIE, BERELREONT, EEOEIR
WSROI HEYE (extreme variant) & EZ T30,

DVA 23HIMPEEBEMEIC 25 2 LixEnThH ), Hinzid
CPHBAICE, WRIRIME R (cerebral cavernous mal-
formation: CM) & D&HE (2~18%) #E X 2 HEH
D, ZOAEME, TYRFLEEDB TV FTDIE) S0,
%7z, de novo CM bEI SN, §TTICFEET % DVA DI
WIS L5 2 EH% L, RIC distal radicle iEf5 & 1
5, DVA £ CM D &BtiZ, CM DB A H =X biT
DVA DFEMNBIE L T3 Z L 2RBT 5,

DVA OHIz i, BIEIRS ¥~ b2 L OREND b,
DVA with AV shunt, medullary venous malformation with
an arterial component, transitional form between a venous
angioma and an AVM, a mixed vascular malformation of a
venous angioma and an AVM 7z &, X EF X FLEELT
IEIER TV 38, JREIE 7 DVA i3, #4538 L 7 medullary
vein 23 collecting vein IZEE E D, NRDOERIR & 72 1375
MRICEH I NS, EENEBIRERNICNAET 3. M
BRI TIX, WEIIMbOMKEIRE £ 572 { AL phase T
fithx s, L2 L, DVA with AV shunt DI E#SEIZ,
DVADZNERUTH 505, BEDOMEBIROMH L D B
B IcfiH I N3, 2D medullary pattern 454> L nidus
ROREEE L 254, EHD nidus %2 b o7 AVM I8
WINER#EIC R B, AVM DOHIZIE, medullary pattern %
b7 nidus BiEZ D O2bDHHH, DVA with AV
shunt £ DBTELEEZ NS, DFhH AVM & DVA D
M IE, BATEIDELE L, BIE IR ERNEMRIINES T,
Bk v~ FOEEL, HILLT, BEIEZZOW
tLEz6N03% (Fig.3, 4).
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Fig. 3 Developmental venous anomaly with
AV shunts

This 31-year-old woman developed seizures due
to a right frontal intracerebral hematoma. 3D
rotational angiography (A) shows a typical
developmental venous anomaly, but catheter
angiography (B) shows early filling of the veins
(arrows) in the late arterial phase, indicating AV
shunts.

AB

Fig. 4 Transitional form between AVM and
developmental venous anomaly

This 21-year-old man developed a right occipital
hemorrhage. Right carotid angiography (A: AP
view, B: lateral view) shows a dilated medullary
venous structure with AV shunts, the structure of
which can be regarded as a transitional form
between an AVM and a developmental venous
anomaly.

RSB IMERE (cerebral proliferative
angiopathy : CPA)

IR E % AVM O ¢, BED AVM 24 %M
BHE - BRERZET ZHRENHY, CPALLT, &
RHEBEEE L THESINT VAW, WEIZ, diffuse
AVM & &, Spetzler-Martin grade 4-5 IC grading I 1
29, 2O, BokticS < (B 22 8, 67%H
i), B, WOEE, FPROFEME (stroke-like
episode), ETHEMREBIIFER 2 ECRIEL, HILDMH
BB v, MEMER, OCFAMOKRET, BEHk
e v MINAZL, RECEEL ZBREIERO ok
VW, FEINE b KEBEHIRICZ 2BE3%L (60%), K
RO Z ST 5 (40%). Feeder X drainer |3/RE
DOREZICREAEIIZERSE R L, HWENICIEH R
PEET S, MERE TEFH D scattered, puddling
appearance #2793, Zd CPA # AVM & I3FIEEE & L

TRBTIRENLE)LRIMELELT, ZDEIHI %R
CPA % 2@ x> TESRETHS. AVM HEH
dynamic 2B TH % DT, “proliferative” & v> ) SHEMS
WY Dyb b 5 le\ 03, BEHED AVM & B2 D, BRI ICHE
BIPEKRT 5. HERICEBIMMICN T 5 RKIEHD angiogene-
sis B3 % L b b, ¥7: CPA I3 DVA with AV shunt
&b overlap T3 dH 5 (Fig. 5).

R ETEENERIRETHS

(metameric AV lesions)

FIC&E L _VICEREDFET 25803H 0, &
iR ¥~ MEROBAEPCEHRES Y v MM EFE D
BA&MNH 5, HMMITIE BHHL X)L TIEX Cobb
syndrome®, L~V Tld Wyburn-Mason syndrome!” &
LCREINTE L, FEMHICHRRMEC RS
D RIS X U ARl & A trigger MBI &, Fit v THIAEDS

Jpn J Neurosurg VOL.20 NO.1 2011.1 7



ABIC

Fig.5 Cerebral proliferative angiopathy
This 8-year-old girl developed transient ischemic attacks causing left hemiparesis, which
accompanied headache and vomiting. These episodes occurred several times a month, and
usually lasted for 0.5-8 hours. MRI (A) shows a diffuse left frontal lesion mainly in the territory
of the anterior cerebral artery. Angiography shows a diffuse angioectasic lesion (scattered,
puddling appearance) with small AV shunts. The feeders and drainers are moderately dilated.
These are typical angiograms of cerebral proliferative angiopathy.

Fig. 6 Cerebro-facial arteriovenous metameric syndrome
This 46-year-old woman developed subarachnoid hemorrhage. Left internal
carotid angiography (A : lateral view) showed AVMs at the left optic nerve, chiasm
and subthalamic regions. In addition, there is left facial AVM (B: CT angiography),
which had become conspicuous in her forties.

88 (migration) L 72¥f T, BEELTIIDEEZS
NTWwW3, TNbIld cerebrofacial arteriovenous meta-
meric syndrome (CAMS) & L T#i& 4, subgroup ®
CAMS] % medial prosencephalic group TR T&f & &
ERic, CAMS2 i lateral prosencephalic group THIHEE,

K, E%Eic, CAMS3 I lateral rhombencephalic group T
AN, 1B, THICHREDND B L ENTh, ZDOREDE

FRISBE# TIE% <, overlap LTW3Y, Zok) HEE
T, REEDHE 22712, AU metamere D RIKED
RERCMDIMBERFH I D EE ) BELDH 2, o, K
& @ % I % & (capillary malformation (portwine
stain)) DFEELD 25412, F LU metamere 1 IM1E A
DELEEZTRTZZLDH B (Fig.6).
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Fig. 7 Multiple AV shunts in hereditary hemorrhagic telangiectasia (HHT)

This 8-year-old girl developed generalized seizures. She had a pulmonary AVF (A) and multiple AVM/AVFs of

the brain (B: right VAG, C: right CAG, AP views). The AVM in the left parasplenial region has multiple direct

AVFs converging to one varix. Single arrow in C indicates small telengiectatic AV shunts, and double arrows show a

direct AVF in the parasplenial region. She had several cutaneous telangiectasias in the hands and feet. With a strong
family history of HHT, she was diagnosis as typical HHT.

ENERIRETAZ & 8InF (AVM and gene)

MEF & 2 OBEEEEGET BB 2D DEETHS
K-> TETWVEY, AVM B CM R4KE o BRI i
BARTOLHLO»ICAR>TEY, I IZTE AVM DOREE
BEHEFICOVWTIHRR S,

G MEEMMENGRAE (hereditary
hemorrhagic talangiectasia : HHT)

endoglin (HHT1) ¥ ALK-1 (HHT2) ¢ mutation I &
BB T, A 27— (Rendu-Osler-Weber disease) &
LTbHoN3, HHT1 DRFEEE T D endoglin 1%,
9 Yt ik DREM (9933-q34) I locus A3 5. endoglin 13
BHERT, TGFRIHET 3IEZAKTHHIMEN
KMo RECHET 2. TGFB &, FHMkEHE - mEH
A - MEBEHERICEREZRE2H D, ZOERETIE,
FHMIME > postcapillary venule DYEKIZD2H5D, Bl
mERRZ X C DEL DIMEFF o5, HHT I3,
gk, &, O, HE, K% EoBMNEIRRRE,
i - HBE - Wl - FFO BRI - BIERIRETTY, FiRMEFR4:
(—BELIAN) 2 Ex R L T 2 B EERIZERT
H2Y. - BRI BAINEIARKZ, nidus %85 B
EIRE Y, direct shunt D BEIEHIREE (% < I3 single hole
AVF) %2EHT 5. RO EERTR, BN, FKE
% ETBWINTRETH 5. 20~40% D B I IfBh &R IR
RGO, HoEY v v Mk 2SR FK &

%%, SHIMPHLE ORED S DI & 38R ZH
Alfld K< ASND, —HIc &I EEERmE D
bREICHBET 2. FHFAMIRGEREED D 2 & KiNE
BRI T1 MFABR TEES 2R T v I v OmEIRE
don s, HLREDKNEFE1IRDONE I LHEL,
Z0o0AT L b AEDOKMEAY LIRS, HET
I single hole DBEFFAREELSZ D3, BRATIZ nidus % £
9 AVM zZ &0 256850% <, AUBETEFEORL
ZREBRLEZ oD (Fig. 7).

(2] Capillary Malformation~-AVM (CM-AVM)

RASAI mutation DBE T 2 KB D—2IZ CM-AVM
DHY, EREAEBEREE T2, BBWLEBERED
capillary malformation (%, slow-flow DIHETHH, M
- HBAFT, BEaboEy r7a2BT2. NELRKRE
o em DHOVBEHBRDOND. FERM»LED
s, ANEREZEUKASG S, M- B, Em,
MU D> AVM/AVF 234 BE3 2 & L h1d 59, RASAI
mutation IZ1%, ftiZ Parkes Weber syndrome ®°4'L K
Wl DA OMWMED D 5,

.t ool tu

DVA ¢ CM D&EBEIF X SN T W32, DVA ¢
AVM D& EIS N, DVA & AVM DE{TEIR AVM
DHEBE HEZ SN S CPA DL ) HIME#HEL S -7
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MEHFEDEET 3. bk, BROAFCRRLEE
BETIE K, 8% 5, HAT1 D endoglin mutation T#H
53 X 9T, primary trigger D3EA L 7 MEHFH O
dormant defect 23%H b, ZHICEHINL TV WLEL D
secondary trigger 234 @ timing T &, KR THA 54t
R IMEETE» 0 2 0BTH2EO I I R2HE
W3 L#EZ 503, Dormant defect 2SFEAE L %
Motz b, MBEZFEHS remodeling & X b IEH 2 I ERE
Folholt)T258bH2L-AbLNSE, DEVRA2R
22 % L endoglin, ALK-1, RASAI mutation 7 £ Df4
@ dormant defect 2SEAICH D, Z LTk L TR -
22y - B DR 3 secondary trigger HMEF L 7= TH
B, LT, —R, AU#EED AVM Z2ATWAETH
bl TOZ LI, AVM 23Tk, AL VKl
fiRsE o /NR -+ BRADTEREEIEARENIC DT Hh W X 5 AJEE
Mh3dH 5. AV shunt EIZOWTDE &% B HRETHAE
Th 5,
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YUY EEDRBEIREOBOIN-ENERE TICMATS
&HTBH I,

NEEIRET (AVM) (X, RUE, [EXMMEFE] EEX SN, ZNIETHRICT TICEEL,
Z0%, BEFRICERMEICEDICEZRKL, ZOREBEAEKEIE) static TERBREEZIBNT
Tfe. ARTE, AVM OTE TRV ZRAIEEBNL, BEOKRBEI LD ULEED RN S,
COEFEOHNERAIEZRSHC LTL). de novo AVM, growing AVM, developmental venous anom-
aly with AV shunts, cerebral proliferative angiopathy ICHIZ., {&EiED AVM ®hkd KU B DERE
(hereditary hemorrhagic telangiectasia % capillary malformation-AVM) [CE8E 3 3 AVM £ENT
3. INSOAEIF, AVM DEZETPEBRICERTHDDH ST, ZOREICOVTDEZ L DRE%
5X%. —R, BUNEBHEED AVM TH, ZORAELDERIIELED, ZNEFND AVM OFFHE
2, BREB, AEAEDNRIEDOIREEDHS.
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