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Computed Tomography of Brain Infarct with
Special Reference to Vascular Territories and
Collateral Pathways

Kazunori Tanohata

The essential approach to CT diagnosis is to evaluate precise
radiological findings. However, in some cases, other addi-
tional information may play an important role in the detec-
tion of disease itself. In brain infarct, this can include clini-
cal symptoms, the hemodynamics of cerebral circulation, and

other factors. From this point of view, the normal vascular

territories of the brain and collateral pathways in cerebral
stenotic or occlusive vascular diseases are described, and
representative cases are presented.
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AR SEDEHEZMWT % 1T O B3, BEFDD OOEEMNL
WA R % FRECEHET A2 2 LW LA, MOIEHRE 2
I XERARAT I, MATEYAE: KA RS 2 Z ESEEL KA »
N BGENDHL. DKL) BEIS, TITIRIER
OMEXR L, BIMEELE A LRI L0 XS 25
MATHHELRLDOPETH) HIHLTRERKT A, 2hoo
kL, BEREAPRENEREBORREEM %1T ) He
2, 184 OFEFNZ BT 2 HABHT, HREOFE, BRED
BIRCERLIERT 2 TNBEELLNS,

1. EEOMmMELE

figh % 28T B EEIME TH 5 ATAMENR, PAINEIR,
AR EIAR O ZECHEIR % 2 M2 ho B M O3 RAE kAT &
COEMNZHBDN LT HIZOWTIRA 5, 55 R
DIRAL, RS OBENERICOVTLISRT
5.

1) BT ABEDR & K BRBhAR & o35 57 EiR

AT RBREBIAR & h RINEIIR & BRI CoHBEE RC
b, ERTENE T Aok PRTEEC [T 502 (Fig.l). B
=T, _ERTSERIATHIAANEINR >, i ] 0 — &% e K
RO ERTH 2 Z LI L TIEE 2., EBO
BEFREALI, @l 4 OEGICRE Y, FETEERE, PRiEEEo
WINLTHRWEER SNLHDS, MEHE THEFT 2R
DT, PRTERE 2 58T A IS o TS AT
5 BIAREERIZ B WEIR % %1t 5 (Fig.1C, Fig.2).

2) HRBEIAR & 2 RRREDAR & D3 RIS

rp R ENNR & B KAREAR & OB REHCRE L &5 01
BISHEERE C, TRRNBIIR D5 T 5 MITEBBNR O L AL
FEIE & PR AREAR 00 538 T B B B AISEEIIR O A & 0
BRETH S (Fig.3). IEELRBEFENLIIMME O5ERE
THMNZREREAR LTV 2205, EBROFE LIS, MuEsE
B (R 38) (X rh KINBHAR O L MAER L 2 T L w
(Fig.4).

3) B KEREIIR & B AR & D3RI

AT RBNBYAR & KRB & OBRMEIRIE, BT ARSIk D

THTH A LB LT HETESNR & % KNSR D54 TH
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AHUATHGIEBIR & OBERIALIZ R B, E-T, Zhboili
B OB RS TER AR OW 7 CHETARER I - TH
[EEAMGIIRVAT T E e R A /-

4) B R A O RAT (shift of water-shed zone)

RIS, AHEES B EEIME O— 7 ITFREH 2 M T A%
BT HE, MIRET %R M8 OLEEBITHENT 5.
D78, MFET O %\ I O EER AT L 7581
FH LR L, BERE LT, SR (5 AKE-water-
shed) ASMFAE T % /R T IME DX EEEA~BE T4 = L 23
FAEMORM EEHTS. 0L LHEEIFENE DR
B IC R IRz, MENREVHL2HEICAONS
(Fig.5). 2, PRMENRAFEEICIRZEDD 55512
12, ATKAMEIAR 2 & OB KBNBIIR 2> 5 0> Hh KB Bk 3 A 38
WAORALAS, E72, PREBIIRAFEIICHEDGD 256
(i, ATRANEIIR 35 & O KANEIAR 2> & o i KM BIR 43
B~ DR A L 5. o T, 20X REEEED
RALASH B IEFIT, FEHPED RMAERE I L1541
X, HMEOHAMIEE LREYVKEL oY/ h& ko
0T hEIENHAL, AL, TTICHEEEISIERKLTY
B I A M2 LA U7 A 1 (A 2B L D)

Fig.1 Schema showing the borderline between the territories of the
anterior and middle cerebral arteries.

A, B, and C are reproduced and altered from the textbooks'?, show-
ing the borderline located on the superior frontal sulcus, the area from
the superior frontal sulcus to the middle fronial gyrus, and the mid-
portion of the middle frontal gyrus, respectively. SFS: superior fron-
tal sulcus, SFG: superior frontal gyrus, MFG: middle frontal gyrus.

P b ey '
Fig.2 Schema indicating the borderline between the territories
of the anterior and middle cerebral arteries, and frontal view in the
arterial phase of a right internal carotid arteriogram.The cortical
branches of the anterior cerebral artery extend to the territory of
the middle cerebral artery across the superior frontal gyrus. SFS:
superior frontal sulcus.
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K&, 72, $CICHRBERAHE/N L TV MERICE
MPAEZALA A U7 B ISR @ L WA B
ZDBIGIL, # T2 leptomeningeal anastomosis % #4
ERRATHRTWBEEXTORY, $7:, EMHETIR
BEDFMASKE , MARHERLETRBEDOHPFIVN S
CEEWIREICHEM LGS L, EAEEBIAR- P AREIIRY A 7
EDRAMFEIIE 2 7 70— F O, R EOE%RD
—DELTOFRHEEZ LN
5) BEE F BB REB O BB T 1 3%

bo & bEELBMHIERIL, CTTHESLRET 21K
WU (B0 0E, BB, BR % & O EIRIuE) 255 6 h
7l &, ZOBERDEDOMEHOKXEERICHY T 51
BB DA, T, BT 2 IME R OSBRI IEE
T20%, ZHWTLZLTH5Figs). Hig s (Vb
W2, KIS Tld, MEDFEARL ) EEOEIE,
EIR G- TL 5 (Fig7). RICKHELBW#MERIE, CT
i,ﬁ%ﬂﬁthﬁ&éhE%tﬁﬁ%ﬁ%%?ﬁﬁ%
AT 2HEIC, EELBWEELL22ZLTHD. Hli
w,mi,&%t&%%%?%ﬁ%%&ﬁ%tvﬂﬁm
) Bt BEAZ T 5 5 (Fig.8). ST &2, Budbipidss

FH1NHE3H25H

Fig.3 Schema showing the borderline between the territories of the
middle and posterior cerebral arteries.

A, B, and C are reproduced and altered from the textbooks'? . The
anterior portion of the temporal lobe is supplied by the middle cere-
bral artery, and the major part of the basal temporal lobe by the pos-
terior cerebral artery. MCA: middle cerebral artery, PCA: posterior
cerebral artery.

FERALASH B AR (7] 58 L15 2 BUEZE, MITEZEICS ¢,
WE, ATSEIECIERTANBIIR & AR EIIR 2 Ao Sk o i 5

Fig.4 The normal vascular territory of the middle cerebral artery
on angiogram.

Lateral view in the arterial phase of left internal carotid arteriogram.
The anterior portion of the temporal lobe (temporal pole) is sup-
plied by the cortical branch of the middle cerebral artery (temporal
polar artery: TPA).
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Fig.5 Watershed infarct.

A: lateral view in the arterial phase of left com-
man carotid arteriogram.

B: plain CT.

Note complete occlusion of the left internal
carotid artery af its origin (A: arrow). Plain CT
shows a low density area (watershed infarct)
in the middle frontal gyrus, resulting from
hypoperfusion in the territory of the left inter-
nal carotid artery (B: white arrow). The loca-
tion of this watershed infarct is shifted to the
territory of the middle cerebral artery, indicat-
ing a shift in the borderline between the terri-
tories of the anterior and middle cerebral ar-
teries prior to the attack.

d Fig.6 Infarct in the middle cerebral arterial distribu-
tion. Plain CT.

A well-circumscribed low-density area is noted in the
anterior portion of the left temporal lobe (arrows). This
area is normally supplied by the middle cerebral ar-
tery and the normal brain tissue behind the low den-
sity area is supplied by the posterior cerebral artery.
Therefore, cerebral infarct in the territory of the middle
cerebral artery could be easily diagnosed from this
image alone.

Z, MHINEIECIE K EAR & 72 RAREBIIR O 3 BRSO I
, GULIIERLTROAEZENE W, 5T, 2
b OIME OBLRERA & EMEICIEE L Tl &Rz kS
ZliEhe, F7o, MEIMATES L, BUTEIEIIIHEES A L
W WZ ELEREE LD, 2O L) LEADSBIFH
7 70— F E2{TIBEICERTIIWIT 2 volE, Fizak

Willis) % 49 A W) £ #, leptomeningeal anastomosis,

transdural anastomosis?ZEIT B NS, D55, 71 ) AE)
IRE % /-9 % R AT B DS EE RIS 28 C BULEBED R VAR T
#HAHDIZH LT, leptomeningeal anastomosis, transdural
anastomosis DHIEIMATES & L T FUGHREE (LA A 1B v
EEZONL, EFEOREY, HEMRETE, BEmHE

g AREDRMN ES IMETHFIERBLTBLZLTH
%,
2. BIEIMmfTeE

REH 2 MEINATEE E LT, 71V ABIRE (circle of

iz LTI s DRITEMIAERAT A Z LTI SNE
MTHIETAHI LIFFNRTHSA, ZIZTlHE, HheTn
Il EFERFNEZREIZE Y HITREHT 5.
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Fig.7 Watershed infarct. A, B: plain CT.
Note the low-density areas from the right su-
perior frontal gyrus to the right middle frontal
gyrus (A, B: black arrows) and in the centrurn
semiovale (A, B: white arrows). This is easily
diagnosed as watershed infarct if the radiolo-
gist knows the borderline between the territo-
ries of the anterior and middle cerebral arter-
ies.

Fig.8 Brain contusion. Plain CT.

An ill-defined, inhomogeneous, low-density area
is noted in the left frontal and temporal lobes
(arrows). It is necessary to differentiate from
cerebral infarct because the low-density area in-
cludes the cortices. However, cerebral infarct is
easily excluded based on the distribution of the
lesion. Low-density areas are noted in both the
territories of the anterior and middle cerebral ar-
teries. It is rare that cerebral infarct occurs in the
bordering two vascular territories.

1) 7 4 1) ZBYIRE % A9 2 I EIfAT BIEAER SN D (Fig.9). & j\HP‘IHJHJka FERDPZETIZ,
A DB & KB & OB % i+ WA T, 74 ) ABIRE IS PRIMATES & 2 & B, ff’iﬂwﬁbmr{}k—F
PRI SREBAIR 14 1 7 8 o0 i KB BIR A - 388 & B2 @Bk & <, HRTOMEL D, MEERTOF 45']%‘73 S35 B I
FEA DHNEEBIIR & BKBIIR & O RIE—* D5 mEIR & PEALA/N S VSIS, XD OEICIEY GEALER) M1 o B
AIBIIR & T, M SN D, BIZIE, F0oPSEEIRASE LOHHWNAT 2HEHEIL LB V0IE, 7 1) ARG
LA, PAZE L 72 NSEEBNAR o 32 B fEis o | g 9 HUREILATEE THRBT 5 2 L AT E 2 (Fig.10).
IR & HIZSEBIIR % A9 2 WEIMATHR CER S h 5. BN 2) Leptomeningeal Anastomosis(LMA)
JERBOAR A PAZE L 72356\ SR 0 SEBNIR 20 & 2 28@ Bk FHES B K E BRI O BMIRIMATER T, — 2 DM R Ik
24 LTD, BiARBIIRATE-EHATEIZE L 228 &2 i3 il o ZEVE 7S RIS I & o’( FEARTAEL 5 &, Hxtay
PISEBIIR 7 &5 B2 EBYR 2 A L C oIl T E M EFh oK WCIEFMOMERDEAE < & ) EHBHFWEET 5. 20

EHI4E3IH25H 15
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Fig.9 Qcclusion of the bilateral internal carotid arteries.

A: lateral view in the arterial phase of right common carotid arteriogram.

B: lateral view in the arterial phase of left common carotid arteriogram.
C: frontal view in the arterial phase of right vertebral arteriogram.
D: lateral view in the arterial phase of right vertebral arteriogram.

The internal carotid arteries are occluded at the origin (A, B: arrow). The territory of the middle cerebral artery (C: arrow) is supplied by
a collateral pathway via the left posterior communicating artery (D: arrow). The territories of the left anterior, right anterior, and right middle
cerebral arteries are supplied by leptomeningeal anastomosis from the left posterior, right posterior, and right anterior temporal (cortical

branch of the posterior cerebral artery) arteries.

BR, EFmERDSHEMOIME R ~D R TR %E /v
AMEIAT(LMA) 2 LB, 2o, HEImiTEiEr 41 A
FhiRER 2 T A WMAINE L DS LR EBRE AL TO
HRMATIR TH H7:0, ERICLHIMEHED L REM
R MG T 2 5 BUSHE IV 25, MRERED X 9 12
B4 AT T B FAZEMRZ 120 L T3 MEImATE & L TH
ShEE R T I EAETH S, FlxiE, Rllofdk
TMEIRACEEASHZE L TWAICH b 5T, WEMoH K
PBhAR SZBCARISI AR ZE R SR S e WA ITIE, LMAIZ X
> THRHGSRIMHARFEN T WS zD L EZ BT LATHE
% (Fig.11). 7=, TOMREMRENFERELIZLOTIA AR
{, A \CIMAEPIRED/ MY L BIZE S 5 AR TR O ML
FETHLLHAWTAZLOERS. JIOEETE) L,

1L ASEAZE § 2 BRI 12 5 v TS~ O Tl ISR D FESRER AL
(BRE) DRAEDEL TV, £ 2L TEDL,
3)Transdural Anastomosis (TDA)

THIEEAR & /9 5 B B BIIR~OMBIMATH T, —Mayic
I EEBIRIFICHERIRAZOSRSICR(R SN A, LMA
ERBRICEB AR UBR TR WOT, #iELITDADRS
g, RRE L %o 7:FEMEOMAEIIE 2 EEI M
PERAZETEH L L TFHIT 2 Z L HHRETH S, HE/MER
LEHBEAME R L OMEIMATEE & L TIITDALAHZFHAH
(trans-muscular anastomosis - TMA) % 43 %l gl 47 2%
Abhs. ZoMEIMATEAE RSN 2OHEREIR G
fER) ASPAZE L 7= & & T, EAEOHEF IR IXER D51 5EH)
Wk DG AtE L AEBBIR OB AR E A L T AR 5.

HARER R %598 %45



Fig.10 Occluded left internal carotid artery.
A: lateral view in the arterial phase of left common carctid arteriogram.
B: frontal view in the arterial phase of right internal carotid arteriogram.
C, D: plain CT.
Note complete occlusion of the left internal carotid artery (A: arrow). The left anterior and middle cerebral arteries are opacifiec from the
right internal carotid artery by a collateral pathway via the anterior communicating artery (B). No infarcts are noted in the left cerebral
hemisphere (C, D).

WFRIS LTS, SIS R & SRR & OfIEn
ITHDEEIZIE, MEBODE2DE 2% FHEICHER ©
HHDHATH 20 EFET 50O THETSH Y,
KERITDA, TMADTEARBIMATE & % > TV AIFEHS
KB ThHETFRMIND, HE-T, WHFHIZIITDA, TMA
EE)EETIEAR T, S BRI B MR R0 B 57
(external carotid-internal carotid anastomosis), #}SHBYfRHE
5 B JEC B AR [ 480 B 1f1L 47 % (external carotid-verteberobasilar
anastomosis) & KI5 DHIE L& # 2 % (Fig.12).
3. BRMMERICH T BCTORE

PR B9 |2 SRR ML B2 b w 2 ZErh AsE b L 2 35
B, CTITRD SN B E—DFENL, HIMRETH LD

FHEILFEIA25H
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PEMMEIRETHEODP2ENT A ETHEL. Thb
b, A RET 5 ERIUROEEASSEEL 2 5. BRI
Bihdiuk, BRI I P D P &
HEFC&, RIHEDEAL, HIMOFRE, 72 &OMmEiE
POMBEDENETAHI LIZhA, —iEHIC, REZEAH
M B0 4 HIMATIEE (K & RILE D) TH 5015t L
T, IPERZE I 3807 2 HIMI f A B P ke 12 & 2 /8
S i (ki) OEESEREEZ 5 Z L RS, o
T, CTLIZRIEDHMOBERSHBRTHLDIZH LT, #%
BTIRBAAHBE R MM E LT En5s. /-, M&EX
FCFHIBUC A 3 BB O GG HHmA LB B0
S, CTTIRBIUEASH & M358 B I MR & W ¢
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Fig.11 Occlusion of the left middle cerebral artery and leptomeningeal anas-

tomosis.

A: frontal view in the early arterial phase of left internal carotid arteriogram.

B: frontal view in the late arterial phase of left internal carotid arteriogram.

C: frontal view in the arterial phase of left vertebral arteriogram.

D: plain CT. E: MRI (T2WI1).

The distal horizontal portion of the left middle cerebral artery is occluded (A:

arrow). The territory of the left middle cerebral artery is supplied by

leptomeningeal anastomosis from the left anterior and posterior cerebral ar-

t{eries (B, C). CT and MR reveal lacunar infarcts without large dlistinct infarction
D, E

18 HAERSE #£59% H45
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Fig.12 Occluded internal carotid artery and external-internal c:
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arotid anastomaosis.
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A: lateral view in the arterial phase of left internal carotid arteriogram.
B: lateral view in the arterial phase of left external carotid arteriogram.
The left internal carotid artery is occluded at its origin (A: arrow). The distal portion of the left internal carotid artery (supraclinoid portion:
B: large arrow) is opacified by external-internal carotid anastomosis via the ophthalmic artery (B: small arrow).

SN, ZOWHETH BRI AR CCT LRI
ERY RIEMER B % EDMMDBE L DB DWEE 25T
<A, INODOEWIUEE R$IHZE & OERIS L LTI,
IME SR & DA - ORI EEE 25, &
WU AR D 7 VW IGEITIE, MR O T Het A
Kb, R, FREDSTIA (—BMERISEVE) O X 5 2Tl
HOEATH 5 D7, I HMEDOZAL (M) 2 17 L5
L0%, OHETHE., Tk rEAIcIE, —EOCTT
THITHDIIARTRETHADOT, CTTEBE AL D, D
%) 7 1 (PET, SPECT, MEWIEL L) LiiT+22L
AR, o OB R L TIRAIICHIETT 2 = &
1% 5.
BURSRHZIIRIZ & - T, FFIFEMRR TN
CENRETHLIELEREI TTOLV. —F, BWHS
SRR BOEMEHNE LTHEAET 2 LS5 BEAC
WoHE, BONIEHER 2 SBBICLT 0D < fEHsE
B Z LU RETREBIIEIC S 2 SN EELRETH B,
M EE PR B B 2 A DCT THE S N2 Wi Lo ¢
HERIZER B o TL AP RIS ETH 2. &
PRIEAT D UL, §TIZIET D ZALATE: LT 3 & 4
Wi S5 DT, FRM R IERIATH T IRIER R % R8I+
5. L, ROOCTTHDLBEEHRI T, S5,
AL R MR O et B 2 175 2 & CIE

R DI E 2T ARG BET A LI TEL
WODT, SPECT, PET, [MEHHEL &Moot % 13
ZREWIHETL, BEROEIE, HRELEIRT AL
Rh. GEEICELTY, WEIRATE D S MRS T &0
TZIVRASEGE R DA, 754 7840, IISSEIBERT 7 & s
NEERERS RV OR, &5 HI % e 2 158k gt
WWEHEDS G- 2. 5 Z ENREE R BDT, FAIZHE LT
TE BB LBMAITAZIT) LOBNT 2L ENS 5.
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AR EDIMNFREETH S, BROHFDETHRER
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AL, KBS EIIR SR O BEIO R R 2, 1% AN BHIR SE IR
BEHANGAEZE, 2R LTLEI ZEHNS . Ll
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