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Functional Anatomy of the Perforating Arteries of the Brain and Spinal
Cord : From the Viewpoint of Segmental Structures of the Central Nerv-
ous System

Masaki Komiyama, M.D.

Department of Neuro—Intervention, Osaka City General Hospital

Embryologically, the neural tube develops in a segmental fashion. It consists of neuromeres along the cranio
caudal axis. Segmentation of the spinal cord follows the development of mesodermal somites, of which the num-
ber of the somites is unique to the individual species, but the number of the rhombomeres of the brain stem is
fixed to either 7 or 8 irrespective of the species. Classic telencephalic topological subdivisions determined by the
cytoarchitecture have proven to be similar to histogenetic units defined by regulatory genes expressed in each
neuromere. The vascular system of the central nervous system develops respecting these segmentally—arranged
histogenetic units.

Basic arterial angioarchitecture of the spinal cord, brain stem, and brain consist of both centrifugal and cen-
tripetal perforating arteries in each histogenetic unit. That is, the central (ventral) perforating arteries supply the
ipsilateral parenchyma centrifugally, and the peripheral (dorsal) perforating arteries of the vasa corona of the spi-
nal cord, short/long circumferential arteries of the brain stem, and anterior/middle/posterior cerebral arteries of
the brain perfuse the parenchyma centripetally. In this manner, the angioarchitecture of the central nervous sys-
tem is organized on the basis of the 3-dimensional patterning of the neural structure.
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1 Development of the segmental vascular structure
of the spinal cord

Segmental arteries give rise to anterior radicular arteries in

each myelomere bilaterally. Upper and lower branches of

the radicular arteries are then formed for desegmentation.

Paired ventral longitudinal neural arteries are organized,

and which eventually fuse to form the anterior spinal

artery on the midline.

Many anterior radicular arteries regress, but some remain

as radiculomedullary arteries.

LN NI NI N N

Y

(Reproduced from reference” with permission.)

Z ORI HEREOME R OFEARFE LRI NS, Tl
DI B T, FHREENZIN - 723 s LI EE 2 7'
ATH Y, 04 KE XD IHTOMEE D S MBTIR S
N, ZORIPOSBWPHBK SIS, DRI HIRZEN:
DOIRET (somite) 1%, b RBIHD A LO AR HHILE
(presomitic mesoderm) DHAMEAS, IR T WL L
iz, ZoE2S—~ERE It sns 2 i
X0 Eng, ZORMNARERETZNIZ, BERTO
FEIUIRE (oscillation) 23B4£% L T D, segmentation clock
(DHEiRERE) EWHEN 2. 2 OJHIIZ E b T3, <
AT 2 R E S, SN D 24 R X D VA
JAHAIE “ultradian oscillation” & WEIZN S, FAEYH O
BEClX, REMEE - &5 - B LRk, 18RS
WKWIEE S 415, 2@ X9 7% body plan &, ffic X DD
VRIZRZE 2D DD, ZOHARNLG 7 v A ZEEY
NTLLREINTWS, b FTIE, D segmentation
clock 12 & D 31 DA FEROMMNITZR S 4, 0
IZabe 31 NoEHimheE, 2R - 5k (segmental
artery/vein) SR 2 &I X 4, 31l o B4 i
(myelomere) HHHG 2% % (Fig.1).

£ hibi & IRERS DI E

#M4 (rhombencephalon (#2MX)) |ZWRSEMREDS &9

ZAEEE O TH Y, WHIIZ 7 7213 8 [MDZEMIY
ffii (rhombomere) 23% b, SR rl~r7 (8) D
FBT T BRI EHIOLKIIEIC X D R %08,
EZWaoRus, BICBRZ —~ETH S, MBI E
ZEMGIT k3 2 TS e SR M I (cephalic neural crest
cell) X /MAIFERH (dorsolateral migration pathway) %
3@ D WHYER (pharyngeal arch) ICfR AL, WHESHE D
FHE R R T %, IHIEMFESERNE (pharyngeal neural
crest cell) 1%, Wi S 3 DD — b % &H LIKE
BT 2, SRR (trigeminal crest cell) 12,
rl & 12 206, HEMREEMIE (hyoid crest cell) & r4
5, BEMAESEE (postotic crest cell) & r6 & 17
POHEEAET S, DK ISR E T 2 D13 E
BESOEWRDEH 2T TH D, Tz L CHHEMRE
DL IS, D F D ERH 2 D08 1 DD I
EL w2 (Fig. 2)?.

SRR, 51 WHEEHS (BEER) ISk L,
SEPZOMKW - fOHEE, HEFO—F, EEORM
MR 2 E 2T L, TE RN, A 2 WHE S
GEEH) KHEL, &8, 2oz IERL, BE
faepfsdmife, Hhak v BElomsES (55 3 WS X
DM iEE L, WIS EKR ST 5. HEE
I ZEM R o M 22 1 T <, iR o plfk
AL EEL A AL Ry 7 2B O —fTH 3
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[7] Diencephalic and anterior mesencephalic NC
[l Posterior mesencephalic NC

7 NC
B 8 NC

[ ]Jr1NC
B 2 NC

[]r3NC
[ ]raNC

[TIr5NC
[FIr6 NC

Fig.2 The cephalic neural crest and rhom-

bomeres

A : Presumptive diencephalic, mesencephalic and
rhombencephalic territories of the neural fold in
the avian embryo at the 5 somite stage.

B : Migration map of cephalic neural crest cells
(NCCs) in the avian embryo. The origin of
NCCs found in the nasofrontal and periocular
regions and in branchial arches (BAs) are color-
coded as in A. The posterior mesencephalon
participates in BA1l. NCCs from r1-r2 together
with a small contribution of r3 complete the
crest-derived mesenchyme in BA1l. The major
contribution to the 2nd BA comes from r4.
NCCs arising from r3 and r5 split to participate
in the two adjacent BAs.

(Reproduced from reference? with permission.)

Ot2 BIEF DL MICHEH O X O JEW - =67, 2D
THOWZE> TS, TOX)ITHESICIFHRDR
75 5 piSRAIEDS 2 DIE/E D ICBIG- L Tw 5,

KEHD 5 EitE
KBiE, MERISAR 2 EAREEE L LT, A& (pallium)
ENETHER (subpallium) 1247 &4, W&, WHIA
£, WsE, MINED 3 Il Ing, Insi
LRI 13 archipallium, neopallium, paleopallium (28 £
DRIGT 5, HAETEIE, BEME (striatum) & THiE
¥ (septum) IZ77F 543 (Fig. 3). KIMEZE Dk
4% (cytoarchitecture) (%, it ¢ * 5 Brodmann"% von
Economo®™ & 12 X D FEL A IR SN T E 7, 6 il

Choroid plexus Dorsal pallium

Medial pallium

Fig. 3 Basic structure of the brain

The brain is composed of pallium and subpallium,
i.e.,, the medial, dorsal, and lateral palliums, and
striatum and septum, respectively. The medial
pallium corresponds to the hippocampus and dentate
gyrus, the dorsal pallium to the isocortex (neocortex)
with 6-layer structure, and the lateral pallium to
piriform cortex.

Fig.4 Basic histogenetic units
This illustration is presented from the knowledge
of comparative vertebrate anatomy and cytoarchi-
tectures by South African physician Gerrit WH
Schepers in 1948. Sixteen histogenetic units of the
dorsal pallium (neopallium) are described.
(Reproduced from reference'®.)

WiZE1Z X % mapping & Z D HIHLEE T (regulatory
gene) 12 X 0 PeiE X 7z flk A H47 (histogenetic unit)
i, K<—HELTEY, KINDIHEiMEE Z OfffkTEd 3
TSNS X )12k > TEAEWI202)  Filioaigsy
i XA 8 (prosomere) & WEIEH, 7 FTlX 6D
DU Ei DD 5 & 3N D (Fig.4). I ORAMFEA L
1%, BEREINIC D unit ZTEL TE D, MEREDS 2 0
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A AL 2 FEAR & L CHE I 1, 2 D% desegmenta-
tion % £ & 72 H5ZE D modification 25 Z 5T % &5 2
LIS, EEE, MR ORI, ZEK 11, B
1, W2, e, &N 16 oit36fEtEioNnTs
D, ZNZF MRS A SRR R 0B s T 035
HLTED, oIiEOYIETMIC bR 28
TFHEEL TV (Fig.5)%.

BEEL NIV TOE ESIROEZS]

TR i AL I X IR & W E N, Z Dol HALIC
TR S 2 ARSI, FeAEnETE & big, Biatifk
(desegmentation) L, SHRE/TAIDIMIERFICZL T
<. MREE DM D —%f @ ventral longitudinal neural
artery YIEHCHEA L, TIHEBEEIIR (anterior spinal
artery) DS S 11 % . REWTIHI C O IMAEREZE1Z, centrifugal
(=away from the center) pattern Z 29 2 1Ed - JE{llD
ZHEEIR (sulcal artery (FPOIEEINR) ) SO HLy 2/3
% XHBL L, centripetal (=toward the center) pattern % &
9 % FrHifi R P % 0D P Ee pial network (vasa corona (HRJ5
IR ) ) AP 1/3 23X % (Fig. 6).

FEAEEINIZ— X O ventral longitudinal neural artery 2
EADOPLIEBIRIIET % 720, FuiEERIE o &
KT 5, TOHAREDY, longitudinal artery HSIEH
METEA LB ERINS, POEEIIROER 10
B, ETRICEI2EHT -ETH 505, ZO®RDM
BIZ D OO L VR T 2720, HDLIEEINROZ 1L
K %%, ZoDBEIBIMICEE - & SN D, T

BIRIEPOEBIIRD 2% 5T 2 DTk <, #IEEIIR
BADWBEEZ 0T %, AiEREEIIRIE, AEPZENA -
W TICH D, P ERE, SBEETIC 6~7 A&, %
200 AKHD, ZOKZIZE, 60~72um T, X 5IZMmD
BENE S D LHBHIIRIE 24~60 um DA X H3H 22V, il

Fig.5 Schema of the prosomeric model

The longitudinal alar-basal boundary (hatched
line) is present throughout the lateral wall of the
neural tube. The secondary prosencephalon consists
of the telencephalon (Tel), eye and hypothalamus
(HT) and the septum (Se), striatum (St), pallidum
(Pal), preoptic area (POA), and amygdala (Am)
regions. The diencephalon consists of three
prosomeres (pl-p3). The rhombencephalon (Rh)
contains 12 neuromeric units, from the isthmus (Ist)
and rhombomere 1 down to rhombomere 11.

Reproduced from reference!” with permission.

Fig. 6 Basic arterial angioarchitectures of the spinal cord
A :The ipsilateral ventral perforating artery perfuses the parenchyma centrifugally,
and the peripheral dorsal perforating artery from the vasa corona perfuses

centripetally.

B : Cone-beam CT of the normal spinal cord imaged by selective contrast
injection to the radiculomedullary artery (RMA) in a 6-year-old boy. Single
arrow indicates a sulcal artery (ventral perforating artery), and double arrows

are the vasa corona.
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Fig. 7 Basic arterial angioarchitectures of the brain stem
A :The paramedian perforating artery perfuses the ipsilateral parenchyma
centrifugally, and short/long circumferential arteries perfuse at the
anteromedial and posterolateral portions centripetally. The cortical branch runs

to the cerebellum.

B : Cone-beam CT of the normal brain stem imaged by selective contrast injection
to the vertebral artery in a 53-year—old woman. Single arrows indicate
paramedian arteries (ventral perforating artery), and double arrows mark a

short circumferential artery.

BRI, BRESEE A B AT EITR & T %2 20l L,
[FflD LT o iEENR & a3 %, BiEsEiiks S 1
RO @I L, BIERENORRIAT, L£HD 2
ROPEBIRICIN T 25460 H 2%, —7, GO
G2 2 B PO ERIEBIIRE D> © 7§ 5 % 5o LBl ik
(10~50 um) %%, FEZROLEICHKET 2. LB EIIR
BRI & DLLEENRD N X FEE N TSR0
503,

g L N )L T DEEE AR DEES

BdERIc BT, HEFBIIRCIEEIIRD & 73089 5 %
WEFEIR (paramedian artery) (&, BFHEOd LR IC
YT %, FRkICE - ERGESIIR (short/long circumfer-
ential artery) &, BXEFDHTAMIRES & 4 O B phFE D
exit/entry zone % Z 1L UK EE L, BHEDORIEENIRE: 1<
MM 2, 5% D centrifugal pattern % 53 2 1)
It & centripetal pattern % 29 %44 - KRIEENRD & K
JEN T3 (Fig. 7). M OBIIRIC IS ehfESEIE OB
Had7e <, HHREEMED N - thlEDr & 7 228, TEEHIAIO
IR NFEENRIE, WEIEPIRELTH 223, Flii ol
B2 SR E Y. EIIKEIIRD B~ DIER
e 1 - 5 2 WEEENRS OGS 72 5 13, ko
ANFEENIR & 75 2 MEMIVASEENIR (ventral pharyngeal artery)
P I N, FHEROBIRE 2 5. DN RN, FE4
R CHEE OO FEN (alar plate) 2SPHMINHRIR L

7o MGRHAR &5 2 o1, BBEIC BT 2 A HE I o 15
%R 2B O S o 1AM B ENIRASEM S
nrEwEz &5, ZMENER 5 3T 2 /MK 2
KET 2HIRIE, REFEEIIRIC S S I12HMIIC S E BN IRDS
BIMSNWETDH 5.

Khgi L X)L T DEEE AR DEES]

FEMRE DA BRI, FE AR AN —3 T D E IR BIIR (dor-
sal aorta) DHAMINDILR TH 2 FIRNFHHENR (primitive
internal carotid artery) 7> SRS L%, FUARNZEEIRD
AL IRZERIECH 2 53, HPIRILphFR Rt < &
D, IRZERIRO A - D S %2 2 1% TEER O BIR &
Willis Bkl % /- L C, §liK - hIEER co sz, 2
DRI O IMEREZL, JEIIEHEE O FMHISZALD cen-
trifugal pattern % 23 % ZH@EBR (striatal artery 5> thala-
moperforating artery) &, Tl KGR D 2 EEIRD>
S HHDMZ AV CH#E T % centripetal pattern % 29 % %7
EENRD 6 72 D, ZAUIEHHO BT O MEREEE & FEU
LCw3, %D subpallium IZ M%) centrifugal pat-
tern DZEWENR & pallium IZ A 2> 9 centripetal pattern
DOEEENRICTVT SN S, DX ) IEHE - W - KN
DIMEHELI 1R (analogy) 25788 5415 (Fig. 8A,
B). WO LH@E IR D FEFEIIRD & D3I I 13 4 D
R =3y, IR EIZEL 0D, Zo 030N
FHDOALHIEAE - A LE - PIET - SRR 7%
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Fig. 8 Basic arterial angioarchitectures of the brain
A :The ventral perforating artery perfuses centrifugally while the dorsal perforating arteries branch off from
the cortical arteries and perfuse the parenchyma centripetally.
B : Cone-beam CT of the normal brain (right cerebral hemisphere) imaged by selective contrast injection to
right internal carotid artery in a 54-year—old man. Single arrows indicate the ventral perforating arteries
of the right middle cerebral artery. Dorsal perforating arteries from the cortical arteries are not visible in

this image.

C : Cone-beam CT of the brain (left cerebral hemisphere) with left middle cerebral artery stenosis at the
M2 portion (asterisk) imaged by selective contrast injection to the left internal carotid artery in the same
patient as in B. Ventral perforating arteries (arrows) supply the cortex through the recruited collateral
pathway of the dorsal perforating arteries of the cortical arteries (arrowheads). Blood flow in the cortical

perforating arteries is retrograde (centrifugal).

2% % perforation pit DALIE I I3 13 A 7220
¥ 7 IRAS B EIR D> © 43I LI 2> & RIS 12> 9 cen-
trifugal pattern @ subependymal artery 23&% % %3, Z DL
BLiEdf %, NP> 5 @ ventriculopetal artery @ Z#1 & 1%
HRIZ 752 5 2201 E D142

KLV T D% - BARMEREIC
BT 3 EEHIRDZEIE

NHEIIR D BZE N D e b AN, 2 % 0 HiIEE O
KIGEIIR & s KBBR8 % oty & 3 2 A TP PHEER
BUITIZW L O OEENDH D, PHEEDRDUIIG U TR
% & L T leptomeningeal anastomosis & Z2@ BRI D W)
CEEVEET 5. Wk I b2 R, ZEEEIR
Ik BMIREHEEL, FRAHOEAICIE TP be
i1 PN TV 528, grEBRic X 2 IR O FEED
FERZEEEETHY, ToHELZVEALH D,
DX ikl I TEMEE S, SME - BIREEL &
&% Down FEMERE - MERRHENE 22 L 4l b 725, 2D
7o, REOER S AU b2 b 02 Rl 2 ke &
LCH) O BHEERINCIE S £ D Bk 4 <Y, B
BUCISVEMES P pes2 - BA%ER & /- TEERER, TWillis B
PREGPAZERE ) EWESIE 9 A%, HBIHILTWw3, 2F D,

"'Willis BIRIGEAZERE ) 1%, PEEBIIROEZEN O e b KA
DML S%E - PHEEDS B 2 238, MiIMERETH 2 05
b, FREEOGHICOEREL, wbws THph
PIE ) OFFEDBLTLOBIEE L,

Z @ Willis BYIREGEAZELE CHIIRE L DI, %2 - PHEE
P2 & 72 TENRE 13, FEAAIICFIR N B R D
VHBENEMEIL S TH Y, ZopfEig, e
b, 2D L&D wRENEDE N % & 7 &7\ ventral lon-
gitudinal neural artery %> 5 7% % % /i EE D BIIR D L 1%
hREERIETH 2 2 L TH BY, PRIKEINR N EBIIR
D C1-2 ISR L 72842 & Willis BIIREGEHZERE 12 & %
Nz ok ks - BHIEMEDS, AT ORI
e, EOYA Iy THORIZARLELSD, 2D
IR oAl 4 DREG] T DRI 2 A RESE D ZE I X D
fEIE D FE (EIIRFTE (arteriogenesis) ZHEBNRD
recruitment 7 &) HSfEA4 ORERZ 2 L £ 2 5N 59,
% O trigger (B U, B N N ZABIIRA I 6 PH oD P2
AL Z b, JFATICIEH 4 (angiogenesis) S EIHR
B <. 2o trigger IIFEEOBENBH D, F A+
MDYER B INbH D, LHEBINRZ F44 L3 2 IR DT
INDEEZOND, FIE, bPDLHOBRZEEET
ELTHE SN BIETE RO RNF213 86T
(pR4810K) b ZDH A FMUDERKD—DLEZ 6N 5
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(Fig. 8C) 2,

HBhbIC

PARRRFER I, MREE D TR S N, % O flifgiE I,
VEAE, BELAWIE I NTE YW A RESE Y S itk
BN 6EZ 52 EDVTRETH 5. HIREHIIR > THEE
oy GRHRRFEAEHLL) 23H D, flH % o e oy i 1 T M il
Bdh, MEH S FulED centrifugal pattern, F 7z il
5 KM D centripetal pattern D ZHHEBIRDFEEED H

b,

2D &9 e ZROUHY 72 M REEE T X% o A

WE2EZEZ D EHRETH 5.
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i - EBEOZFEENIROFERERES—PIRFERDIEERDE =D 5—
INE L

AR &, BUREICR DT, DEIEICHEDET (neuromere) B'SEMEINTWVS. BEElE,
REZEMDIAET (somite) ZHRDCEICHERHOBREIED 552N, EMFEICEFREL 7~8
EDZEMIET (rhombomere) N'575%. EHMIEARNDMAIESE (cytoarchitecture) (&, B4 DH
BOEFEDBGTFRIRICKDAESNDMBMALESRN (histogenetic unit) ZER(CEEINTLD
CEDASHICIED, MEBEDZENZERICEESINTLSZENBESHICHE>OTER.

BB - Bgt - KL AIVICB I 2EIRERD/INY — (3, Bt - WEFTIFEREICB LT, KINT
(FTERBIEICEWVT, FulvEDZESIIRIE, BREAIESD S—RIICEKMEICED D centrifugal pattern
ZED, RIEEDOEBEENRIE, FHEl - REH SHDICEND centripetal pattern Z& DTV, D
centrifugal/centripetal patterns [&{E4 D histogenetic units DR CEANMEBEEEZZ S5ND.
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