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A Study on Regional Cerebral Blood Flow Measurement by
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Fundamental and clinical investigations were performed on reliability of Fourier analysis of head
clearance curves in regional cerebral blood flow measurement by '**Xe inhalation methods as compared
with conventional Obrist analysis. Fourier analysis revealed better reproducibilities determined by
computer simulated curves and repetitive measurements in man than Obrist analysis. The excellent
reproducibilities were obtained in Initial Slope Index (ISI: calculated from the initial slope of the wash-
out curves corrected for recirculation) of Fourier analysis. The result was that coefficient of variation
(C.V.%) in computer simulated curves was 1-4% and that C.V.% of the intermeasurement changes in
serial measurements and in two measurements repeated at intervals of more than one month in man were
3.3% and 7.5% in hemispheric mean values, on average 5.0% and 8.7% in regional absolute values and on
average 3.9% and 4.1% in regional hemispheric percent values, respectively. In the studies of the
changes of regional cerebral blood flow from the resting conditions to the conditions of finger movement,
listening to verbal material or music and reading aloud in right-handed normal subjects, both F, (a flow
of the the fast component of two compartmental model) and ISI of Fourier analysis were more sensitive
to detect significant changes than Obrist analysis. On the basis of the fact mentioned above, it was
concluded that 1SI of Fourier analysis was the best index of regional cerebral blood flow. Age-matched
normal values of ISI of Fourier analysis were calculated from 132 measurements in 105 normal right-
handed subjects, aged 19 to 80 years old (mean 42 years). Mean brain ISI showed significant negative
correlation with advancing age (r=—0.70, p<0.001). The regression line and 95% confidence interval
were Y=—0.32X+69.6 and +11.2, respectively. In comparison with the measured values of the patients
with cerebrovascular disorders, this age-matched normal values were proved to be sufficient for practical
use. Regional ISI also showed significant negative correlations with advancing age in the entire brain
(p<0.001). The regional reduction of ISI with advancing age was significantly greater in the regional
distribution of the middle cerebral arteries bilaterally, cornpared with regions in the distributions of either
the anterior cerebral, the posterior cerebral or vertebrobasilar arteries (p<0.05). Judgment and later-
ality images were automatically made with dividing the patient’s values by 95% confidence limits of age-
matched normal values and with indicating the laterality indices calculated as follows. Laterality incdex
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(Right) flow T (Left) flow ). It became possible to visually evaluate significant regional

decrease or increase and regional laterality without difficulty according to these images, which were

clinically useful.
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Fig. 1 Location of 16 detectors over the right
hemisphere. Left hemisphere is identically cover-
ed by the detectors added 16 to the corresponding
right detectors.
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Table 1 Age distribution of normal right-handed
subjects measured at rest.

Number of subjects
Age (measurements)
19-30 38( 48)
31-40 14( 19)
41-50 16( 24)
51-60 15( 18)
61-70 16( 16)
71-80 6( 7
Total 105(132)
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Fig. 2 Computer estimates of each F, and ISI of Fourier and Obrist method at three different
blood flow levels, and at peak counts ranged from 100 or 200 to 600 cps. Open, semiclosed and
closed circles represent the mean for 9 computer-simulated head curves that differ in random
noise and air passage artifacts without remaining activity, with random remaining activities
of peak counts of about 20 cps and with random remaining activities of peak counts of about
40 cps, respectively. Vertical bars indicate the standard deviations for these head curves.

a. Computer estimates of F, of Fourier method. The known true values are indicated by the
dashed lines, and correspond to low, normal and high values of 41, 76, 110ml/100g/min.,

respectively.

b. Computer estimates of ISI of Fourier method. The known true values are 33, 54 and 73.
c¢. Computer estimates of F, of Obrist method. The known true values are 41, 76 and 110ml/

100g/min.

d. Computer estimates of ISI of Obrist method. The known true values are 33, 54 and 70.
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Table 2 Reproducibilities of hemispheric mean
values determined by serial measurements and two
measurements repeated at intervals of more than
one month in man (4=C.V.%).

HMV Serial At intervals of more

than one month
Fourier F'1 —4.2**+5.1 —4.6*+8.6
Fourier 1SI -2.4**+3.3 -2.8 £7.5
Obrist F1 -3.4**+6.4 -3.4 +8.2
Obrist [SI —2.0**+3.4 -1.9 #7.1

A=(2nd--1st)1stx100%

C.V.=25.D./(1st+2nd)*x100%

Significant difference between 1st and 2nd: *0.01<p<0.05;
**p<0.001.

SHEEI 2 B H OB BHEDIB U T TH o7,

1 # B oFlEI s T PECO, ¥ X 0" MABP
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Vi, 77—V = F, ISI, +#7 9V A +&ED F,,
SlekswTHEBKGAE XL h X h—4.2%
5.1%, —2.4+3.3%, —3.4+6.4%, —2.0%
3.4%, 13 AEoFAECEXEThETh—4.6%
8.6%, —2.8+7.5%, —3.448.2%, —1.9+7.1%
Lot HEEAELR T 2E B HMV ik 1
B XD SEFEBCHED L(p<0.001), Fiolh
AU#oFRHNE Ly — ) =ko F,o HMV ©
ZN1EBXYIFEREAERLIE (<
0.05). rAV oZ8fRE (Table 3) %, 7 -V =
EDF, ISI, A7V A EDF, ISITEsW\T,
HHERAECTIENREN6.5~14.0% (F#59.1%),
3.2~9.7% (5.0%), 9.0~20.9% (13.0%),

4.1~12.3%(6.6%), 1 HL#EOBHE TCLEL
hF h8.5~15.5% (11.0%), 6.5~11.0%
(8.7%), 9.6~19.2% (13.2%), 6.5~13.3%
(9.7%) TH -7z, Rk tHPV OB HREUL,

HERE T h X h5.3~13.1% (7.9%),

1.8~8.4% (3.9%), 8.6~-21.6% (12.2%),

3.5~10.0%(5.5%), 1» ALUBOBEIETTIZE
hZh3.7~11.1%06.6%), 2.1~6.1%(4.1%),
6.2~16.6%(10.6%), 3.7~9.5%(6.1%) &7t -
=, hbXb, 7=V =ERSIU0A TV A EE

HAEFHHRFSME F43E #2585

Table 3 Reproducibilities of regional absolute
values (rAV) and regional” hemispheric percent
values (rHPV) determined by serial measurements
and two measurements repeated between more
than one month in man (C.V.%). Figures put in par-
enthesis is C.V. on average.

At intervals of more
than one month

8.5-15.5(11.0)
3.7-11.1 (6.6)

Serial

rAV  6.5-14.0 (9.1)

Fourier F1 rHPV 5.3-13.1 (7.9)

Fouriers] TAY 3297 (60) 65110 87)
fHPV 18-84 (3.9) 2.1-61 (4.1)

. AV 9.0-20.9(13.0) 9.6-19.2(13.2)
ObristF1  upv 86-21.6012.2) 6.2-16.6(10.6)
, AV 41-12.3 (6.6) 6.5-13.3 (9.7)
ObristISI by 35.10.0 5.5 3.7-9.5 (6.1)

biwISIEF X b b RIFEPFRER2R LK, ¥
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WT—1.0,—1.2, @EExEsEE0.7, 0.7,
HFEYE R EE 0.8, —1.8, FHDHE0.4,
1.0 (mmHg) &gk 2L,

a, HEEBRIRC BT S UG

HMV 11763 L OPEEEB OV Thitk T
R L ERERE(LERE b o7 (p>>0.05),
rHPV zBIL T3, 7 — ) =0 F X O ISIiZ
EfERhC R Tl — 5 v FERE < #5855
LHMMIEEERE R, AEEBICR\ W THfle -7 v
FECRRHE - JEBNEF LARTBEE A EOBMERL
#z (p<0.05, Fig. 3a), = -3 v VFEREHE EH
FoMmIAEESHcRAELATIRIESELL, KiE
SEEITIXAERD B s e BEMICIEXTEE L
Exlshoic(p>0.05), A7V A bEO FideE
ERBEOEE R L, ISIZF LicZ Ly
= (Fig. 3b). '

b, BEEFIBC BT B RIG

HMV 3EE CREBR L FBOELE R T
(p>0.05), EETIR7y—) =LA TV A Mk
D IST I B\ THEREILHED Lic(p<0.05). tHPV
BIL T, 77—V =0 F s XUV ISTIEF
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a. Changes for F, and ISI of Fourier method.
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b. Changes for F, and ISI of Obrist method. .

Fig. 3 Pattern of rCBF changes at each region and hemispheric mean during the
left and right finger movement test in 12 normal right-handed subjects. PECO,
and MABP showed changes of -0.8 and -0.8mmHg on average in left finger
movement, and changes of -1.0 and -1.2mmHg on average in right finger
movement from resting level, respectively. The changes of hemispheric mean
values (HMV) from resting level are indicated in the boxes, and the changes of
regional hemispheric percent values (rHPV) are shown as "“clock” symbolsin
the circles. A black shadowing indicates the increases and a striped field the
decreases of rHPV from the respective regional resting level (180°=25%).
Stars and dots in the circles indicate a significant increase or decrease of HMV
and rHPV from resting level and a significantly larger change of rHPV in this
region compared to the homologous region on the other side, respectively. The
range of p values is denoted as follows: (@)*, 01<p<.05; (® @ )** 001 <p<
0.01; (® ® ®)*** p<0.001.

L:rf“"“
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BT IEEEES B L AR EE ., TR Nigh 572 (p>0.05). #7 ) 2 bEDF LV
BCTTAIAIBEES B & ARTEECE B WM ISI3FEE B L OFHEOWTFRIsIs T b fIELE
FRLIC(p<0.05, Fig. 4a), (EAIES FHons REFOBBROMME R Elehr ot (p>0.05,
MIBEBETTLIYKRTCH T ELETCHEELILD Fig. 4h),
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b. Changes for F, and ISI of Obrist method.

Fig. 4 Pattern of rCBF changes during listening to verbal material and music in
10 and 9 normal right-handed subjects, respectively. PECO, and MABP
showed changes of 0.7 and 0.7mmHg on average in listening to verbal material,
and changes of -0.8 and -1.8mmHg on average in listening to music from resting

level, respectively.

c. HmAEicki?a It

HMV @RS cEBEoHMmME R L (p<
0.05). rtHPV «wBi L. T, 7 — V) =0 F il
HREAZE & T fURNRR /BRI T & O ERIEREE S £
#, ISITtrhbemz CEAEETBCER
DEMF R LI (p<0.05), #7V A D Fk
IO ISI RRAFOERER LIS DDOFEEILZ
Lass e (Fig. 5),

i) S IR H A

#tEE A 105 A D PECO, ¥ X 0" MABP 3%+ h %
h37.8+2.9, 83.7+12.0mmHg CE#H+EE(R

#E) LRV FEREOFEMHBERA BRI T
(p>0.05), &RFHD 7 - ) =0 ISI & Fio
Mk (Fig. 6) FEALAOHEBVEHR (r=—
0.70, p<0.001), EI/BE#R X Y=—0.32X+69.6,
T DBYEERMIL+11.2& s 70, RHIEHSE
BETOREMELLEE L5, BEESLY
< b ET H I T 127 & H95% EHE TRELLTF,
BRI G T AL B MEE TRELT, —B:
[ M FTEHIC 1355 & DS EURTE ) SEHE TIRHE
PAEFE Lz,

R &o 7 — 0 =k ISI & 4EE 0 B 6R 2
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Fig. 5 Pattern of rCBF changes during reading aloud for each F, and ISI of
Fourier and Obrist method in 9 normal right-handed subjects. PECOQ, and
MABP showed changes of 0.4 and 1.0mmHg on average from resting level,
respectively.
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Fig. 6 Correlation of mean brain ISI (®) of Fourier method with age in 105

normal right-handed subjects (132 measurements) and 37 measured mean

values of 28 patients with cerebrovascular disease including putaminal hemorr-

hage (o), middle cerebral artery infarction (®), subarachnoidal hemorrhage

(A) and transient ischemic attack (A). ISI in normal subjects shows

significant negative correlation with advancing age (r==-0.70, p<0.001). The

regression line and 95% confidence interval are Y=-0.32X+69.6 and +11.2,

respectively. Limits of confidence are given for regression line (—©--) and

for 95% limits (------) of ISI for a given age.
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Fig. 7 Correlation of regional ISI of with age in normal subjects. Regional ISI
shows significant negative correlation with advancing age in the entire brain
(p<0.001). In the right hemisphere, region of detector 4 indicates significant
greater correlation than regions of detectors 2, 3, 12, 13, 15, 16 and 7 greater
than 2, 3, 13, 15, 16. In the left hemisphere, regions of detectors 17, 20-~23, 25
~27, 30 indicate significant greater correlation than region of detecter 18 and

20, 23 greater than 24 (p<0.05).

There are no significant differences in the

correlation coefficients obtained from pararell regions between the right and
left hemispheres. 95% confidence limits (Y) of ISI for a given age (X) can be
calculated by the equation of Y=B * X+C+D.

HLickzsh, TRTCOERTEBEAERAD
HBI% R LTz (p<0.001, Fig. 7). &3 sk
Crh KRR FESR, i O RTEIESIR LML O 4
BE b RIEFRAOHEBEER L (p<0.05), %
o, ®GTHEROEROEBRKCEEL TR
Hbhieh otz (p>0.05),

7 — ) =D ISI D EFEMI 1T B A LA
o rHPV (Fig. 8), HFEZTIXRFAOENKE
CHBEEIRIATH Y, UTRIELE HEEE,
B PRI F R BEEOIR E oz, L L,
Inis & & HICHTEREE 3 X OCERIRZE (AR A i A
L, Mo T 5 7o bR o
=DM AEAERL I,

inds, AEYeHESRE LT LD, B
HEIBL D xFhic ] RIER/RIE B =18/
132) &17%F (18/132), FHHLEIMEF-dic—HH
HEOTEHBI IR LTMEIT I hic 2 (7/132),
5 (1/132), 13(1/132), 15(2/132), 16(2/132),

18(7/132), 21(1/132), 29(1/132), 31(2/132),
32%(2/132), MAFHE & HI%E 2 hic 3 (37/132),
6 (7/132), 8 (23/132), 12 (10/132), 19 (37/
132), 22 (7/132), 24 (23/132), 28% (10/132)
ofEhEcHh D (Fig 9.,

IV) Ryt o RESMLHES A -2 & K
HEA A =2 OB

X# CT (Fig. 10) <A HAEHEFRICERIR
BARTRFERE (645, Btk oWl (Fig.
11a) %645% D EHED 5% EHE TR (Fig. 11b)
THEHBZ iz hHEA 2 —2 (Fig. 11c) %
fo. Rt AMBERBCH Y, KEHTREEE
i (p<0.05) IEELTFTHs tvxrt. Bllo
EAHRE HMV GZIEETRTHH, 17, 18, 21,
BHEUANDOIEH i HR CIER TRASIEFE LT D
fEXRL, BAOALRITTTOFERIEHE
FPCh b ExmLTwb (Fig. 11c).

BEAZRWT, 77—V =0 ISI D HMV i
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Fig. 8 Relation between regional hemispheric per-
cent values and age in normal subjects. In each
right (—) and left (---) hemisphere, regional
hemispheric percent value of frontal lobe (@) is
greater than that of either parietal (M), temporal
(1), occipital (A) lobe or brain stem and cer-
ebellar region (A) in the entire age, and shows
gradual reduction with advancing age only to
have smaller differences with the hemispheric
percent values of the other regions in old age.
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Fig. 9 Frequencies of excluding mappropriate
detectors in ISI of Fourier method. They had no
differences between the right and left hemi-
spheres. Detectors 1 and 17 were excluded due
to dislocation from the outline of head, 2, 5, 13,
15, 16, 18, 21, 29, 31, 32 due to monoexponential
solution of the head clearance curves which had
poor S/N ratio and 3, 6, 8, 12, 19, 22, 24, 28 due to
overestimation of flow.
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O

Fig. 10 X-ray CT of a 64-vear-old patient with left
middle cerebral artery infarction. Low density
area is observed in left parieto-occipital region.

bh (p<0.05), B CiAEE, BETIIEE
2 THh -1z, EBEEAD Laterality Index %3k ¥ %
& (Fig. 12), HMV ©12100.3+1.2 (GE¥y+ =%
RZE) &ixh, {HEABTOFHEILT L23E, 8
E24%, 10L26%F, 12&283%, 13&29FOMTIX
100LLF (EEBAD), % Ok HEEMTIX100Ll E
(EEAD), BEEER2E0 3R & s o7, AR
G T (Fig. 18), Laterality Index 38552
ERREC—BYBREEE L VARCHMEYRL
o (p<0.05), EI%, BRIOLEFOAESOR
D rCBF 3, @AloE RO T 5 FikoE
IO EBICE G ENBE LML 5T,
IV. & %

D) BEMwETEE

7V RMEIRESERAEOFEMEZ,
Meyer?®, Prohovnik?¢’, Shinohara*?,
Hartmann® bz X - THEG S h T 5, HbiC
XHEF, ISITEhZFh HMV O FHEER
13—2.5~—-7.0%% X 0'—0.5~—4.0%, HMV
DEBRE136.9~9.7%, ¥ X 1°3.8~12.1%,
rAV OEENREITE1T7.6% 3 L UE9.0% T
BB, Fi*Xe NEHBIREAREIC X % EHEHIE
TOFBML, HMV o F8HE23.6~8.8% &
WMEXREWB SEOF 7Y R M EEIZLD
BREIIALOHEL D SBRFLBERAMKEEYRL
fo, CHABREANOBSHEER S O FIED Risberg
DHEKC I HVHEI R T BLDEEZLRS,
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Fig. 12 Mean and S.D. of hemispheric mean and
regional laterality indices in normal right-handed
subjects. Laterality index is calculated as fol-
lows.

(Right)flow — (Left)
flow
(Right)flow + (Left)
flow).

The value of laterality index more than and less
than 100 denote the dominancies of the right and
left hemisphere, respectively.

Laterality index=100(1—

DE|E M HIg D, SEIDKRFTHREOFER
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7o, HMV B HE cARED Licds, - ik
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V51902520 I IS 35 10 A BN AIERE R
COENIZ X BBEMIREOELARRE #EZh
T\ 52920 7 — ) = PRI EERAY I BEHE O B Bk
SeEmiRo R LHE LB T A -»KEED
MmfEHw L HIEHCFHEL 55 ¢E2bh, 7
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BIEMEL R LoDy, 7 — ) =k CiilEsEE
N hHFEIRTWHBLHLEELZLRS, T
LREEOY I 2 b -3 vERIZS\ TR X
Huic, Joblonski Hbh v 3 al— 3 vERICE
WT 7 — ) = TIEFI30~50% O RIFERE O HE
BHBRIZERELTWBY, 7 — U =HEiCR
T, ZHRLUTELNIAERA 7 + LD
OEAEETAANRZ PARTRERIBEIRLES
HWNEE L BDDZ LNTELD, 0L
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Fig. 13 Laterality image of the patient in Fig. 10.
The image is displayed as either clock symbols in
the circles (90°=25, above) or shaded squares
including the regional laterality indices (below).
Stars in hemispheric mean and the circles denote
the significance of the indices compared to nor-
mal values (p<0.05). Regional laterality in-
dices show significantly greater values, that is the
right hemisphere is dominant, in all regions
except part of frontal and ternporal lobes.
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