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Normal Distribution of CBF with Advancing
Age Measured by HMPAO SPECT

Dewen Yang, Seishi Jinnouchi,
Shigeki Nagamachi, Takashi Ohnishi,
Shigemi Futami, Takao Kodama,
Hiroaki Hoshi and Katsushi Watanabe

SPECT with Tc-99m HMPAO was used to determine global
and regional cerebral blood flow (CBF)in 52 heaithy sub-
Jects ranging from 2 to 85 years old. These subjects were
divided into six groups according to age. SPECT images were
obtained using a three-headed gamma camera system equipped
with low-energy ultra-high-resolution fan beam collimators
(LEUHR-FAN). Absolute CBF values were estimated in 21
of 52 subjects using a Patlak plot technique. The SPECT

740MBq of Tc-99m HMPAQ. A supercomputer system was
used to reconstruct transverse section images at levels of 8,
32, 44 and 67mm above the orbitomeatal line (2.7mm
thickness), and oblique transverse section images parallel
to the temporal lobe (1.56mm thickness). Lassen's linear-
ization correction was applied. The average counts of four
or five ROIs in cight regions were calculated. The cerebral
to cerebellar activity ratio (C/C ratio) was estimated by di-
viding counts in the cerebral regions by those in the cer-
ebellum.

The interhemispheric differences in C/C ratios in the ei ght
regions of all the groups were not significant. In elderly
subjects there was a tendency for C/C ratios to decrease, except
in the thalamus and basal ganglia. Mean global CBF in 21
of 52 subjects was 49.3 £10 ml/100g/min. A significant nega-
tive correlation was found between global CBF and advancing
age (p < 0.05), particularly in males (p < 0.01).
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images were obtained 5-10 minutes after the injection of
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DIEHBEH > TB{ I LIXBEETHS. ZhIT, ¥
DRRMLFRATNZ DV T OIEA L DD 505, BGHEE
R L > TREZHROALN DY . Tc-99m
HMPAO (”"Tc-hexamethyl propylene amine oxime) |

LSPECT (single photon emission computed tomography) %%
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Table 1 Age distribution in the 52 subjects

Age group(yr) Male Female Total
2-9 4 3 7
10-19 4 1 5)
20-29 6 3 2]
30-49 11 4 15
50-69 5 5 10
70-85 3 3 6
Total 33 19 52

Average =40.9 +22.8 (years old)

SPECTIZ, 3 i #3RISPECT#(E PRISM3000 (Picker In-
ternational Inc.) |2 A V¥ -G a7 7 v ¥ —4 2
1) A — % (LEUHR-FAN) # 2}, 740MBq® Tc-99m
HMPAOMHERR S~ 1004 5B L7z, 7— 7 1336054077
M, 1 5Mm20F0, 128 x 128 bV v 7 A2 TIRE L 7-.
SPECT{#FH#i dramp filter 21/ L, ChangikiZ & 2
flIE (5250.09cm™) # 47 - 72, £FllZLassenfflE% L72. H
FEREIE{% 1Z0M line (orbitomeatal line) |2 4T 2 BT {5 & {58
BIPATRMBE TH L. AT A4 RAEIIHEB{£T2.7mm
T, JITEIEFATHIE S CL.S6mmTdh b, 7252 AHD21 A
(FE#18 ~737%, FIY4EHRAS 85%) | ZPatlak ploti & 4T\,
¥ ERRIn T & (mCBF) &3k 72, #& IZPRISM2000T, 64
X 64~ b1 w7 A, 1208 (1sec/frame, 120frames) T, 7
— & YX4E L 7=. SPECTX°Patlak plotik®d 7 — # JL# %
ODDYSSEY (KUBOTA) i f L 7.

TR A O e EEEHE E LT, BTFTo L) 4k
BT, KINSFTO Mkt k72, OM line k5 D8mm,
32mm, 44mm, 67mm®DSPECTH{% 2T, LHIGEHEE, T
BUSHZE, BHTAZE, 7RUHZE, WUEZE, HUE, KM, DRI
MIZOROLs (FIEFE Ilmm) Z32E L, 4~5 \lll-> T, %58
M LICFEE Ay v b ERSD. RUFET, HEEEICE

3 M7 % 861

TR W ETHlB L ANROFEE AT~ P EFILIRD 7
(Fig.1). KBERTDOEEH Y v % [F LR O/NROFY #
7 v FTE LT, A &AM Ocerebral/cerebellar ratio (L4
T, C/Cratio) & Ri7z. BEM IV — THOZEIFESHT
(ANOVA) # FH\ 7. Patlak ploti: T 7216 D35 4=
MEIZDOWTIE, FisL OB LT o 72, AL
StatView (Macintosh) % w27,

B/ =R

1. C/C Ratio
() EAZE

EROCR) (CRUTESE, TAUUESE, DHIEZE, fRUAZE, MUUEIE, M
FR, FEAEB X OMEE) OC/C ratioD A 2OV Tl
BN BL R BO Lo 72(3F_Tp>0.79) (Fig2(A), (B)).
(2)ERC & 524

EWBIZ 2V TOC/C ratioNZA L% Fig.3 (A), (B) IR, Hl
BHEE, BETHIZE, MITAZEDC/C ratiold 2~9A RO E L,
30~49i E TG IC oM TIK T ¥ A mAS /o iz, 20
DRz k& 2L R ST, #IE, EEZoc/c
ratiold 2~9 T, 10~195%, 20~29TE <2 b,
30~495%, S0~69mE T, T0MLETEE{ b Lwn
272 BT A EFRDH Tz, HEROC/C ratiold, oI
HARTEL, igc2nT, LW T 2Em %R0
72,
2. Patlak Plot (J & 2 F4 kM

Patlak plotik TR IER ZFigdllnd. 77 7 (A)IZ4E
e FHeRMnEEoMARTcH s, - OFAED S BIF
Bz kD7, EHROrEIX0.521T, p<0.05&5WEOH
R HNFz, 757 B)IIBLHNKRDI-b DT, BiED
T —TOrfiiF0.797T, p<0.0l, BEOCAOHMBERL
2. DTV — T TR EERIC R 2125, WA

( (B)

c(&\s 32

) @ Temporal

@ Cerebellum
@ Lower Frontal
@ Upper Frontal

. (®) Thalarmus
. Fig.1 Schematic diagram
® Basal ganglia of ROIs.
= (A) Orbito-meatal line im-
@ Parietal ages with 2.7mm thickness.
‘® Occipi‘tal ROls in eight regions were

calculated at levels of 8mm
(a), 32mm(b), 44mm(c),
67mm (d)above the OM line.
(B) Temporal lobe parallel
images with 1.56mm thick-
ness. ROls were calculated
at cerebellar hemispheres
(e)and hippocampus (f).

®© Cerebellum
{0 Hippocampus
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04 T I T T T T 0‘4 I T T T T T
29 1019 2029 3049 5069 70 29 1019 2029 3049 5069 7O
Age Age
C/C ratio C/C ratio
1.2 1.2
Parietal (p >0.79) Occipital (p>0.98)
1.0 - 1 4
0.8 - T 0.8 - ] l
b8 g [fisl
0.6 - 0.6 - J :
04 T T T T T T 04 T T T T T T
29 1019 2029 3049 5069 70 29 1019 2029 3049 5068 70
Age Age
Fig.2(A) Interhemispheric differences in C/C ratios of the upper frontal, lower frontal, parietal,

occipital regions in all the groups.
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Fig.

2(B)

Interhemispheric differences in C/C ratios of the temporal, thalamus, basal ganglia,

hippocampus regions in all the groups.
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C/C ratio C/C ratio
1.2 5 Upper frontal 1.2 4 Lower frontal
,_*** e ok ol
1.0 _| 1.0
[ %% l_ e -
0.8 - %H 0.8 -$
0.6 0.6 -
0-4 T T T T T 1 0-4 T T T L T 1
2-9 10-19 20-29 30-49 50-69 70- Years 2-9 10-19 20-29 30-49 50-69 70- Years
Age Age
C/C ratio C/C ratio
1.2 4 Parietal 1.2 - Cccipital
r*#**"‘
[—’inks
1.0 r—-w—j 1.0 -
Fig.3(A) Changes
08 - }_\{\ 08 of C/C ratios with
L l : - aging in the upper
\} Ii"‘““}ﬁ-}--} frontal, lower frontal,
0.6 - 0.6 - parietal and occipital
regions.
0.4 T T T T T 1 0.4 T T T T T I f p< 0.05,
2.9 10-1¢ 20-29 30-49 50-69 70- Years 29 10-19 20-29 30-49 50-69 70- Years wk p<0.01,
Age Age #xx p < 0,005,
sews P <0,001)
C/C ratio C/C ratio
1.2 4 Thalamus 1.2- Basal ganglia
1.0 4 1.0 - *) [T ‘]
*— .
r ,_iﬂwna‘l e —| ’}
.
0.8 %//}HR§H_ (L/f 08 ¢ { Hﬁmh%ff%
0.6 - 0.6 -
04 T T T T T 1 04 T T T T T L
2-9 10-1¢ 20-29 30-49 50-69 70- Years 2-9 10-19 20-29 30-49 50-69 70- Years
Age Age
C/C ratio C/C ratio
1.2 Temporal 1.2 - Hippocampus
1.0 1 F_*_ 1.0
[_*** [ "7__ . Fig.3(B) Changes
i | i— —| of C/C ratios with
0.8 %\Pﬁ}\ 0.8 %\;"“‘“--.i‘ _}____i aging in the thala-
H*} mus, basal ganglia,
0.6 0.6 - temporal and hip-
pocampus regions.
04 T T T T T 1 04 T T T T T 1 (‘k p S UIOEI'
2-9 10-19 20-29 30-49 50-69 70- Years 2-9 10-19 20-29 30-49 50-69 70- Years #* p<0.01,
Age Age wk p < 0.005,
#xes p<0.001)
Denays 52 L A &, C/Cratiold, AF&EA A SHidHE EHLEHE, 158 EOC/C ratiolZ 2 W TIEE B R L & 72
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ERE 810 H25 H
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864 D S i 3 D 22 b—*""Tc-HMPAO SPECTIZ J % #if—
ml/100gmin (A) mi/100gmin (B)
80 £ Fig.4 Changes in
70 - o ® 70 - . Cl global CBF with ag-
. ing.
60 ‘H""““--‘\.\. - 60 -\H\“‘HQ“E*-«._____E_ o (A)in all cases. Sig-
® il = nificant negative
L 50 - o ® \.‘\.\ i 50 L :‘“‘H:“m‘ o correlation was
S 40- o o 80— © 401 ¢ 0 found (r=0.521, p <
5 o o g - 0.05). ‘
& 80 o Al & 301 (B) according to
P Male O Female gender. Significant
20 4 n=21 201 =11 n=10 negative correlation
10 y == 0.26x + 61 104 y=-039x+62 y=-0.22x+64 was found in the
male group (r =
0 i - T T T T T | 0 Y T T T T T T 1 0.797, p < 0.01 Jbut
0 10 20 30 40 50 60 70 80 Years 0 10 20 30 40 50 60 70 80 Years not in the female
Age Age group (r=0.506, p
<0.2).
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