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Cerebral Peak Time Mapping Using Dynamic CT
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The information of the cerebral blood flow distribution is of great importance in evaluating prognosis
and determination of surgical indication of patients with cerebrovascular occlusive disease.

For the qualitative analysis of regional blood flow distribution of the brain, the author designed
special image processing using dynamic CT. Dynamic CT was performed with Varian-V-360-3 CT
scanner, which makes it possible to acquire accurate time dilution curves, because of having no interscan
delay time. The time density curve was made from each matrix of the CT image and the cerebral peak
time map was obtained by displaying each peak time on CT image in color.

With this mode, six patients with cerebrovascular occlusive disease were exarnined. The peak time
was prolonged in the area with impaired blood supply due to occlusion of the cerebral vessels.

The examination seems to be simple to perform and can add further information to the conventional
CT examination.
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Table 1 Neurological signs, Radiological findings and Results of Cerebral peak time map on cerebrovascular
occlusive disease

Angiographical
findings

Results of cerebral
peak time map

Case Age Sex Disease Neurs?éggical CT findinigs
1. 8 F  Moaoyamoya Transient left no remarkable
Disease hemiplegia findings
2. 52 M LtICA occlusion Transient right Partial It-occipital
homonymous infarction
hemianopsia
3. 56 F  LtICA occlusion Transient loss of  Partial lt-parietal
consciousness infarction
4, 59 M Rt-MCA occlusion Transient left Lt-occipital lacunar
Basilar artery hemiplegia and infarction
stenosis dysarthria
5. 68 M TIA Transient right no remarkable
hemiplegia findings
6. 67 M RtICA occlusion  Transient left Rt-temporo-
hemiplegia occipital

lacunar infarction

Occlusion of C, of rt-ICA,
A, of rt-ACA, M, of rt-

CA, A, of I-ACA.
Stenosis of M, of 1t-MCA.
Abnormal vascular network
in the portion of bil. basal
ganglia

Occlusion of proximal por-
tion of It-

Ocelusion of proximal por-
tion of lt- ICA

Occlusion of branches of rt-
MCA. Stenosis of terminal
seg. of rt-ICA and Basilar
artery

no abnormal findings

Occlusion of terminal seg.
of rt-

Peak time was prolonged in
the anterior territory of rt-
MCA.

Peak time was Dl’O]O.I]ggd in
the entire left hernisp!

Peak time was prolonged in
the entire territory of It-
MCA.

Peak time was prolonged in
entire bil. occipital lobe and
a part of rt-temporo-par-
]le1 al lobe and rt-basal gang-
ja.

Inhomogeneous distribution
in peak time in entire left
hemisphere

Peak time was prolonged in
the territory of rt-MCA and
bil. PCA.
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/1 COMPUTER SEGMENTATION SCANS

Fig. 1 The diagram of our rapid sequential research scan made with Varian-V-
360-3 CT scanner having no interscan delay time. Scan time is 3 sec and
consecutive 16 scans can be made in 48 sec. Overlapped segmentation scans are
reconstructed at 0.5 sec interval using computer program.

6 FEGI DRI EFEERF (Table D @A L& =
A, BEMEEGHEA R & OBEIC T, N
BREEETA AR R LB 0 THRET 5.
II. FERUNR

iz CT 281X, Varian-V-360-3 CT scaner
T, K tube 23\F—FE O LRIZEEE L recycle
_time A3\~ 72 D # #E L 7o dynamic date #7585
LENTES,

dynamic scan EELERI & U C, AiZECHE, $RA5E
ZHE AT E LT, HERL D 65%meglumine
amidotrizoate 50cc #3.5kg/cm*®FETHEEA
ICX DEAL, HABRMK & FRFIC scan * BtA

(28)

L, i L C48F16scan ¥ B Lic. “hbo
£ 5F—2 068 0218 E7scan % A v, com-
puter program IZ X H ERHEOE LY 2L, 1
B 3 MO BERER 0.5 MR CITHRIER
L7z (Fig. 1).

ThboEy, —i00.94~1.18cm D IEF#H%
D pixel HEIL, ThZhicou TREEE
BEHx, oo peak time 5 5 —FRT
% Z LI X b, cerebral peak time map & {ERH; L
o

MR ELIHNERERED 5B, —BE DR
FREIERCHRIEL, M¥ CTHRETIE, 13EAE
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CASE 1. BF
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Fig. 2 Case 1. 8-year-old girl with Moyamoya disease. Time dilution curves in
bilateral middle cerebral artery distribution were made by plotting the change

in CT number over 0.5sec interval.

left hemispheres is 2.5sec.

RELXFERTET, cerebral peal time map T%)
DHTRELER LG A ERR#HE Lz (Table
D. ZhboeREREEEHBET i),
cerebral peak time map OFEFHA EE L1z,
II1. #E £l
(FEFI1) 8RL)R, =¥ = VA,

B, —BME L TERE CRIE, Bk
FCTTRREYED b, IR0 HET
Dynamic CT 21T L, EHOREEYF.LE L
fer KRB IRE D IS R iR A i< &, A
s KRB IREE DRI T 13, ZEw b2 . 58 D 1M 0
A B i T o 7 (Fig, 2).

Fig. 3 W7~ cerebral peak time map T, &
BB EE O T K BEED IR VE FE 1 i 35 1 5 peak time
DEAVBDBNE,

R E B T, HHEBIRE CHCRELHAE
L, FIRTAREINR A5, AREIIR M, 335
B3h?, EPARBIRAETEL Y v &Y
AL TEE SN ITRES G QIEERE?D L,
BELRTHTH -7, BRiAKEIRE, HES
IR X b BRBIRE A LT cEE S h,

BEF614 3 A25H
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Fig. 3 Case 1. Cerebral peak time map. Color
values ranged from white/red to blue/purple
indicating longer peak time. This map showed
the prolongation of peak time in anterior part of
the territory of right middle cerebral artery,
indicative of impaired blood supply in that
region.

(29)
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CASE 2. 52ZMm
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Fig. 4 Case 2, 52-year-old male patient with left internal carotid artery oc-
clusion. Time density curves in bilateral hemispheres revealed a time lag at as

much as 4 sec.

FHRABMBIRERAMNREZEEIREZ M LCEE S h
%5, AT, ATKREIIR A SrELMEL, £
BUABSEINRIZ, =¥ =¥ % N L flBlnfTs
&, HEFBEIIRSR X b BRIk A Lo fIE M fT
Bick hEEIhD, ERARMEIIRE, M, ik
EXRHBD, BEALETHCEE W, £
KEBHRE, HEBRREBIRR X b EFcE¥Sh
f2. TDX 5T, peak time 2NEhicEigwx,
WABIRICEAZESBEL B v, AIBIMTELD <,
Bl ERY TEELARTG LT > T2 &0
JELTwie, RERYCERCEEIhTW3
4@ peak time 3—FETH - 7.
(GEfI 2) 525, ARFBIIREAZEIE.

—BEAERAMNEE, KREEECTHIE, &% CT
BETE, ERBEO—MCEERZRD S
BELHD -7, dynamic CT #HfTL, £
DK BB IR IR & B ORISR & L RRRE
HiR A E 35 &, Eflo peak time >4 #:Eh
Twiz (Fig. 4),

Z DFER|D cerebral peak time map & {ERT
5 &, EhRBEEIREREY F.0O & LcEEREe

(30)

Fig. 5
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52M  LT-1.CA. OCCLUSION

(Case 2. Cerebral peak time map. The map
showed obviously that peak time was prolonged
inside the left whole cerebral hemishere, sugges-
tive of delayed cerebral perfusion on that hemi-
sphere.

time DEh 2B b iz e - 1o (Fig.

5.
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Fig. 6 Case 3. 56-year-old woman with left internal carotid occulusion. A.
Cerebral peak time map before surperficial temporal artery-middle cerebral
artery anastomosis. Peak time was prolonged in the territory of left middle
cerebral artery. B. Cerebral peak time map after anastomosis. This map
revealed little change when compared to the map before operation.

Rl E R <, AAFBIRSEERDO LA
PR S hic, ERKMEIRE, HEERMEBIRR
X b Willis ring % /- L TER S huic, ERTARKE)
IREZESEEIRR X 0 UBIMITER Y /i L CEH &
h, ERKXBEBIRGPRACAZERD D, KB
% hypovascular TH - 7z, FH¥EROLEIRFRIE,
IEfTHEFCEY S hi., 20k kR
mEEEE, AEIERCL - CHorE#shs
o L WEERG AT SO EEATWSD, &
o hd peat time D ERE R L T
A5, B arrival time OBhIC X 53D EE L
bhb, #f- T peak time @I L, BaMmjEE%
FOEERMT B LOTRGA, BIRPIRAO
RECHELYTRT AR TH B, —HRINER
W CIEBIEY S 2G40 peak time (31—
ETH T,

GESI 3) 56mcicty, A FBIREAZESE,

—BEEME LRI TRE., BE CTHRET
&, ZEBRAEO—MICHEER & Bbh 5 ERIIUR
RD AL, BEDI I, dynamic CT i
X % cerebral peak time map Ti3, ZRTEE{IEE
3 o KB BHIRVE I 2 — B L T peak time @

BEFN614E 3 A25H

(31)

EhAHE SRS (Fig. 6A),

FRé i & e B <X, ZENBBIR IS CBAZE L,
MEBIRR & Y ERBIRE LT, ERZESIRY
17 2 8, ERIAKEINR, P KREIRIERY
Ehs, L LERKMBIRERL, S¥E1IR+
43¢, peak time D:ER B4 E—F Lz, —7F,
BERZ, ETHIEFCEE I hic,

COREFNL, ERFBIREIELE & B S hEk
FISHENIR —F KB4 BD IR 5 AT 03 a7 & e, Fig.
6B 1%, ffrfE o cerebral peak time map =7
iAo peak time map & B L, H % h 2 LHiis
L,

it o B AERY ©ik, FRAESROER N
Atoc, BMAOMIERERZEA LWHEFEL T
T Edbh ot

Pll, BMAEEEOFR LD, peak time 2338
IR O ZEBIRF R O PAZE N FER S i,
TR O M BRENZE 7\ 358, peak time
map b FE LR RE -7,

(R 4) 59 B, A5+ K PMBhIREAZEAE R B
DR B ZEAE,
BHT 5 —BEREOFRED oDk, B
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A

POST OPERATION

B

Fig. 7 Case 4. 59-year-old man with right middle cerebral artery occlusion and
basilar artery stenosis. A. Cerebral peak time map before operation. This map
revealed that peak time in bilateral occipital lobes, right temporoparietal lobe
and right basal ganglia was prolonged. B. Cerebral peak time map after
operation. This map showed that the prolongation of peak time in the right
temporoparietal lobe and basal ganglia was improved.

CTRETRE¥E LR® i\, dynamic CT %1
T L, cerebral peak time map %7z (Fig. 7TA).
Z ® map T, BIEEES & & GRIREET
CHEECHLI LTS, RUKBMEERSETCZh
Fh peak time DB A RDT,

RIME R T, ARBEBIROY 1 7 » vific
BoMenid b, HRKBEBHIR O R BHIR K O —E D
KBEEERBOCEAZE A BT, NEBNRITIIMAEN
HYH, WAEKREIRSE S~ D &b e fllEl
BERILED bhith o T,

cerebral peak time map T peak time 2%:Eh
e85 O ZHBIRF RO BRI EZE S h
7. -
ZOfEGI, HERBEBIREEE, A KREIR
PAZERE B OB BN IRBEEHE & 2T S h, HERAE
B R—h KBEEDIRY & 1T 23 M4 T S i,

Fig. 7B %, #fi# o cerebral peak time map %
T fiTATO map & B L, ARISHSATEIE L A K
PMEERZEL O peak time OBHIIHE L 722, W

(32)

M ERZETI3, peak time XBRA T ETHS,

i oM ERFIC L b, HohAREIIROHIEE
EROMBAHEL TV B Z LRI,

v, = %

RN ERER M5 = & 13, RO B IEELE
MR & ERECITIE L, BN EESRE O FH L,
Vi FEMoMICZ M5 bicHETH D, ©
DFiEE L, BAE ¥ T Positron emission CT
(PET) -+ Single photon emission CT (SPECT)
L HREFRHZMEYL, a - FREFEIH»
RS EXey 25 HWXHECTIZ L b, dynamic
study *1T77c 5 FESBH B RT3,

PET R RFTRME R T i, B, 7 Fv

B8, LFREWEF ORI BRI CERET

T&50DT, REEEOHBISHRTHHE,

¥ xoFE4H b, SPECT 1 PET izt~ By
BHCRMMOTE > EEANRD BB & &
Flg & dhad®, R, Mo RaER X CT *
MR-CT i lt<EERIC4 5, scan time 73& <,

HAEREE 465 HIE5
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B, ZHBEHDERI: XK CT ORFT%
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FHEELT, 2 FREFHACIH5XHBCT O
dynamic study & B L, *OREEE RO
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AP, R—EFAORERESETHhIIKA
BHxRMbT, peak time Z—FTH B &\ 5 R
HHHFE LD, MOERE L BTECERC
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—77, peak time 2@ icifoi, RAIMERY
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EENBENELZLRD,

(DOFA1E, arrival time DB 48 peak time
OENOERELY, EHAQPUTIES, fio
JEEFIL, DoFErEEThBEEbhE, (3)
DHEE, AN CTRETEHTE 5D CHEIR
Trus,

LiE, peak time %78EE &L L7 cerebral peak
time map (%, R PASEME B R B hud, S
KRATE S ERTEA S hic, B+0FER,
RFTRMEEYFHECE RV &R REE SRS
B, MBI cE, ZRISMES B\ CT Eift
R YT R AL & ORI BRI T & B RFTHAD
h, B —RBBROECILHT5 & ENTTHETH
D,

V. ¥ ¢ ®

Interscan delay time® 72\ »Varian-V360-3 CT
scanner % fl \» Cdynamic CT # 47\, cerebral
peak time map Z1ERL L 7z,

peak time i}, EHERMERL RIS Ci3—
ET, peka time MEBhicHo3, # OZAEIIE



452

Cerebral peak time mapping iz->\ T

FARG O BASEM S A TR T 5 & b o T,
BEO CT TRIEHE & S hrc Rl it EESEAES o &
Bk a2k ieR L, AR OBKNE
FatE &R Ui,

M nichich, BEERE AT KB E B
REZHE, MNERILEFCER LT,

D

2

A

3

—

4

5

s

6)

(]

8

D

References
Endo, H., Larsen, B. and Lassen, N.A.: Re-
gional cerebral blood flow alterations remote
from the site of intracranial tumors. J. Neuro-
surg. 46 : 271—281, 1977
Reivich, M.E., Kuhl, D., Wolf, A., Greenberg, J.,
Phelps, M., Ido, T., Casella, V., Fowler, J.,
Hoffman, E., Alovi, A., Som, P. and Sokoloff,
L.: The "*(F) fluorodeoxy glucose method for
the measurement of local cerebral glucose
utilazation in man. Cir. Res., 44 : 127—137, 1979
Phelps, M.E. and Mazziotta, J.C.: Cerbral
positron computed tomography. In: Newton,
T.H. and Potts, D.G., eds. Modern Neur-
oadiology Vol. 2. San Anselmo, Clavadel Press,
1983
Olsen, T.S., Larsen, B., Skriver, E.B., Enevold-
sen, E. and Lassen, N.A.: Focal cerebral
ishemia measured by the intra arterial '
Xenon method. Stroke, 12 : 736—744, 1981
Lassen, N.A., Henrisken, A.L. and Paulson, O.:
Regional cerebral blood flow in stroke by '*
Xenon inhalation and emission tomography.
Stroke, 12 : 284--288, 1981
Kuhl, D.E., Barrio, J.R., Huang, S.C., Selin, C,,
Ackermann, R.F., Lear, J.L., Wu, J.L., Lin, T.H.
and Phelps, M.E.: Quantifying local cerebral
blood flow by N-isopropyl-p'®(I) iodoam-
phetamine (IMP) tomography. J. Nucl. Med.,
23:196—203, 1932
Ackerman, R.H.: Clinical aspects of positron
emission tomography (PET). Radiologic Clinics
of North America, 20(1) : 9—14, 1982
Coleman, R.E., Drayer, B.P. and Jaszczak, R.].:
Studying regional brain function: A challenge
for SPECT. ]J. Nucl. Med., 23(3) : 266—270, 1982
Hill, T.C., Holman, B.L., Lovett, R., O'Leary, D.
H., Front, D., Magistretti, P., Zimmerman, R.E.,
Moore, S., Clouse, M.E., Wu, J.L. and Baldwin,

10)

1

st

12]

P

13

—
=

15)

16)

17

18)

R.M. : Initial experience with SPECT (Sing-
le-photon Computerized Tomography) of the
brain using N-sipropyl [-123 piodoam-
phetamine : Concise communication. J. Nucl.
Med., 23: 191—95, 1982

Meyer, ].S., Hayman, L.A., Amano, T., Naka-
jima, S., Shaw, T., Lauzon, P., Derman, S.,
Karacan, I. and Harati, Y.: Mapping local
blood flow of human brain by ct scanning
during stable xenon inhalation. Stroke, 12 : 426
—436, 1981

Yonas, H., Wolfson, S.K. Jr,, Gur, D., Latchaw,
R.E. Good, W.F, Leaza, R., Jackson, D.L.,
Janneta, P.J. and Reinmuth, O.M.: Clinical
experience with the use of xenon-enhanced CT
blood flow mapping in cerebral vascular dis-
ease. Stroke, 15(3): 443—450, 1984

Heinz, E.R., Dubois, P., Osborne, D., Drayer, B.
and Barret, W.: Dynamic computed tomogra-
phy study of brain. J. Comput. Assist Tomogr.,
3(5) : 641—649, 1979

Berninger, W.H., Axel, L., Norman, D., Napel,
S. and Redington, R.W.: Functional imaging
of the brain using computed tomography.
Radiology , 138: 711—716, 1981

) Noman, D., Axel, L., Berninger, W.H., Edwar-

ds, M.S,, Cann, C.E,, Redington, R.W. and Cox,
L.: Dynamic computed tomography of the
brain: Techniques. Data Analysis. and Appli-
cations. A.J.R., 136 : 759—T770, 1981

Drayer, B.P.: Function application of CT of
the central nervous system. A.JN.R., 2: 495
—510, 1981

Traupe, H., Heiss, W.D., Hoeffken, W. and
Zulch, K.J.: Hyperfusion and enhancement in
dynamic computed tiomography of ishemic
stroke patients. J. Comput. Assist. Tomogr.
3(5) : 627—632, 1979

Wingm, S.D., Anderson, R.E. and Osborn, A.G.:
Dynamic cranial computed tomography : Pre-
liminary results. A.J.R., 134 : 941-—945, 1980
Gur, D., Yonas, H., Wolfson, S.K., Herbert, D.,
Kennedy, W.H., Drayer, B.P. and Shabason, L. :
Xenon and iodine enhanced cerebral CT: A
closer Lock. Stroke, 12(5) : 573—577, 1981

(34)

HAERSEE #46% HE35



