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Fig. 1 A typical examples of ATAC (arterial time
activity curve) (solid line) from PICO counter and
TTAC (issue time activity curve) (filled circles)
from whole brain ROI (region of interest) on
reconstructed image. There is descrepancy of the
time that curve starts to rise between ATAC and
TTAC and we must adjust this difference.
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Fig. 2 (a) Projection image of a sinogram data. The
radioactivity from the nasal cavity and the gas
mask is observed. (b) Attenuation map for the
corresponding sinogram data. (c) Projection
image of the sinogram data after multiplication of
the attenuation map. The radioactivity from the
nasal cavity and the gas mask is suppressed.
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Fig. 3 Schematic diagram of the sinogram data
considered in the present method. In the present
method, from 45 degrees to 135 degrees of sino-
gram data were employed. As shown in this
figure, the radioactivity from the mask can be
clearly seen in the projection profiles of 45
degrees and 135 degrees, and the component of
the radioactivity from the mask can not be dis-
tinguished in the projection profile from 0 degree.
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Fig.4 TTACs from image method, sinogram method
and attenuation weighted sinogram base method.
TTAC from the sinogram method is different
from the others in the rising time of the curve due
to the high background of the radioactivity out-
side of the brain.

Table 1 Estimated delay time At and average rCBF(f) value for 10 normal subjects by three different
delay time estimation methods, namely, the image method, the sinogram method and the
attenuation weighted sinogram method. The numbers in parenthesis are the percent differences

against value by the image method

image method

sinogram method

attenuation weighted

Subject sinogram method
At (sec)  f(ml/dl/min) At f At f
1 13.5 39.3 26.3 3450 12.1) 13.7 39.3(0.0)
2 194 439 32.6 37.4 (0 14.9) 19.7 43.4(01.3)
3 16.8 37.2 33.4 31.7 (0 14.8) 17.4 37.2(0.0)
4 14.3 40.8 16.6 39.4 (0 3.5) 14.3 40.8 (0.0)
5 8.7 339 12.3 32.8(03.3) 8.6 33.9(0.0)
6 14.3 37.3 16.7 36.0 (0 3.4) 143 37.3(0.0)
7 12.3 37.8 15.5 36.5(034) 12.3 37.8 (0.0)
8 11.5 35.9 29.6 30.1 (00 16.2) 13.4 3550 1.1
9 10.4 40.4 17.8 36.4(09.9) 10.4 399U 1.2)
10 21.3 42.0 23.6 40.6 (00 3.3) 21.3 42.0 (0.0)
mean 14.2 38.8 22.4 35.5(08.5) 14.5 38.7(0J0.4)
sd 39 3.0 7.7 3357 39 2.9(0.6)




0000000000000000 [POJCo,-PETO000NDDNONONDNDOONDDOONONDOOQ 21

0000O00OO000oOobOOobOobOoOooooan
ogd3.s500000bbooobooonn DIFT
O¢mmO O0000O0O0)OODOOOOOODO
goboooboDO128x 128x 630000000
0o0o00d1.8mmx 1.8mmx 24mm I 00000
goobooboooobooboboog Anoono
OOARGOUODOOCBFOOOOOOOODOODO
OO ROIODOOOOOO (OO 1.09% 0.15x 10°0
0o0)oooboooo «CBFOO DO OO rCBF
goooono

mooood

Fig. 4 00 0D00O0O0OOOOODOOOODO
TTAC DDO0O0OO0OO0OOO0OO0DODOOOO0OO0OO0O0
TTACOOOO0ODOOO00O0O0O0DbO00b0bO00
gbobobooboboboboobobob
g0og TTACOO0OO0O0OOOOn TTACOODO
goboooobooobooboooobooooon
gogbooooboobooboo

Table 100 300000000000000O
obooobo«CcBFOOOOOOOOOODOOOD
goboooobooobooboooobooooon
23081 000000000000000 rCBF
ud s 000boooboobooooogob
gobooooboooboboooobooooo
goooobooboboboD 1.3% 0 rCBF O
gogboogoobooobooobdg

voooono

ARG O[O Steady State D OO OO0DOOOODO
goboooobooobooboooobooooon
gboobobooboboboboobooboon
gbobobooboboboboobobob
gobooooboooobboooobooooo
goobooooboooobooboARGOODODO
gboobobooboboboboobooboon
ggogooooooobowooooboboboon
gobooooboooobboooobooooo
goboooboooobboooobs70bO 2130
gbooobooboo (Table DODODOOOODO

000000000000([%0]Cco, 0 [POJH0
gboboooobobobooboboboo
ooboooooboooobooooboboooo
O0000000Kanmmo OOY0O0PETOO0OON
gboopooboobobo@woooboo)o
TTACOUDOUODOO0OODOO0O00o00oooo0oon
ooboooooboooobooooboboooo
gobooooobooooboooooboboooon
00000000 Shidahara 0 O0Y0000000
gboboooobobobooboboboo
oboobooon

Fig4O0O0OOODODOOOODOODOOODOOO
goboooboobooobTtracoooono
gboboooobobobooboboboo
00 TTACO Bg/ecc OO DOOODOOOODOOOO
gobooooobooooboooooboboooon
goboboobobooboboboobo oo
bk rO0000b00b00000b00a0
opoooo

JooooooooooobDDO exp(AMAP)
Oexp(HOO OO OO 45°0135°c0 000000
gboboooobobobooboboboo
ooboooooboooobooooboboooo
goboooooboooobooooobobooon
gbobooooboobobooboboboo
gboboooobobobooboboboo
000000000000000000 [0]COo,2
gobooooobooooboooobobooon
gboboooobobobooboboboo
gboboooobobobooboboboo
oobooooobooobobooooboboooo
gboboooooboboobooo

gboboopobobooboboboon
gboboooobobobooboboboo
O000OShidahara OO O OO0OO0OOOOO
googooogobooob27000000b000D0D
0000 0000000000000000
gboboooobobobooboboboo
ooboooooboooobooooboooo
goboooooboooobooooobooboooon



22 Ooao

ooo0oooobooooooooooboooo
000000000 D Sun Microsystems [ UNIX
000000000 (Sparc Ultra602 CPU 1 G Byte
Memory) 0D OO0O0O0O0D0OOOOO0ODODOOO
0030000000000 00000O0 124
0@ 00000)OOOOooooooooo
gooobooooogoRrolgooooooogoo
gbooooooobobooooog

000000000000000([0ICo.00
0000000000000 000([%0]0.00
goboooooobooooboooooboooo
oo

vooooo

goooosojco,0oooooooooo
PETOO0OO0O0OO0DOOOOODOOOOODODOOO
gooboooooboooooboooooboooo
gbobooboobobooooboboobooo
goboobooboobobooboobo

ubooooobobobooboooboobooboooo
cooooooooobooooo

oooo

1) Herscovitch P, Markham J, Raichle ME: Brain blood
flow measured with intravenous H2">O. I. theory and
error analysis. J Nucl Med 1983; 24 (9): 782-789.
Kanno I, Iida H, Miura S, Murakami M, Takahashi K,
Sasaki H, et al: A system for cerebral blood flow
measurement using an H>'O autoradiographic
method and positron emission tomography. J Cereb
Blood Flow Metab 1987; 7 (2):143-153.

Shidahara M, Watabe H, Kim KM, Oka H, Sago M,
Hayashi T, et al: Evaluation of a commercial PET
tomograph-based system for the quantitative assess-
ment of tCBF, rOEF and rCMRO: by using sequential
administration of 1>O-labeled compounds. Ann Nucl
Med 2002; 16 (5): 317-327.

Yamamoto S, Tarutani K, Suga M, Minato K, Watabe
H, Tida H: Development of a Phoswich detector for a
continuous blood-sampling system. /[EEE Trans Nucl

2

~

3

~

4

=

5

7

8

9

10

11

12

13

)

~

)

)

)

)

)

~

410 10 (2004)

Sci2001; 48 (4): 1408-1411.

Kudomi N, Choi E, Yamamoto S, Watabe H, Kim
KM, Shidahara M, et al: Development of a GSO
detector assembly for a continuous blood sampling
system. I[EEE Trans Nucl Sci 2003; 50 (1): 70-73.
gooooO0ooOO0oboOoOobOOobOoobOoboo
gooooooboOoOo:PETOODOODOO
00000000000 ——Phoswich OO OO
gooobooboooboobobooobOoboo
O0——0000 2002; 39 (4): 527-534.

lida H, Higano S, Tomura N, Shishido F, Kanno I,
Miura S, et al: Evaluation of regional differences of
tracer appearance time in cerebral tissues using ['°O]
water and dynamic positron emission tomography. J
Cereb Blood Flow Metab 1988; 8 (2): 285-288.

Tida H, Kanno I, Miura S, Murakami M, Takahashi K,
Uemura K: Error analysis of a quantitative cerebral
blood flow measurement using H'>O antoradiog-
raphy and positron emission tomography, with respect
to the dispersion of the input function. J Cereb Blood
Flow Metab 1986; 6 (5): 536-545.

Bol A, Vanmelckenbeke P, Michel C, Cogneau M,
Goffinet AM: Measurement of cerebral blood flow
with a bolus of oxygen-15-labelled water: Compar-
ison of dynamic and integral methods. Eur J Nucl Med
1990; 17 (5): 234-241.

Kanno I, Lammertsma AA, Heather JD, Gibbs JM,
Rhodes CG, Clark JC, et al: Measurement of cerebral
blood flow using bolus inhalation of C'30; and
positron emission tomography: Description of the
method and its comparison with the C'30; continuous
inhalation method. J Cereb Blood Flow Metab 1984; 4
(2): 224-234.

Brix G, Zaers J, Adam LE, Bellemann ME, Ostertag
H, Trojan H, et al: Performance evaluation of a whole-
body PET scanner using the NEMA protocol national
electrical manufacturers association. J Nucl Med
1997; 38 (10): 1614-1623.

Casey ME, Gadagkar H, Newport DA: component
based method for normalization in volume PET.
International Meeting on Fully Three-dimensional
Image Reconstruction in Radiology and Nuclear
Medicine 1995; 67.

Bergstrom M, Eriksson L, Bohm C, Blomquvist G,
Litton J: Correction for scattered radiation in a ring
detector positron camera by integral transformation of
the projections. J Comput Assist Tomogr 1983; 7 (1):
42-50.



23

Summary

Development of Method to Estimate Delay Time for Arterial Imput Function
with [150]CO,-PET Study Using Sinogram Data and Attenuation Map

Hiroshi WaTaBe*, Keiichi MATSUMOTO**, Setsu SAKAMOTO™**,
Michio SEnpA** and Hidehiro Iipa*

*Department of Investigative Radiology, National Cardiovascular Center Research Institute

**Department of Image-based Medicine, Institute of Biomedical Research and Innovation

The difference in tracer arrival times between the
external radiation detector and the brain following
administration of radioactivity (delay time) must be
estimated correctly in order to quantitatively measure
regional cerebral blood flow (rCBF) with positron
emission tomography and ['?O]H2O by autoradio-
graphic method. Instead of intervenous injection of
['S0O]H0, bolus inhalation of ['YO]CO; gas is some-
times used to simplify the measurement of rCBF. In
the case of ['°0]CO, radioactive gas in mask and
nasal cavity contributes large artifact on the sinogram
data and it is difficult to estimate delay time from
the sinogram data. In this paper, we proposed a new
method to estimate the delay time using the sinogram
data and the attenuation map (attenuation weighted
sinogram method). In the present method, the attenua-
tion map was used to eliminate the effect of the gas
outside the brain region from the sinogram data. For
the validation of the present method, PET data with

[30]CO; (nO 10) were analyzed. Three methods,
namely the image method, the sinogram method and
the attenuation weighted sinogram method were used
to estimate the delay time. The estimated delay times
and calculated rCBF images by three methods were
compared. Due to the radioactivity outside of the
brain, the sinogram method significantly overesti-
mated the delay time and thus underestimated the
rCBF value compared with the image base method.
On the other hand, there were good agreements be-
tween the delay times estimated by the attenuation
weighted sinogram method and the image method.
The present method can eliminate the effect of the
radioactivity outside of the brain on the sinogram data
and estimate the delay time accurately and fast enough
for clinical use.

Key words:  Positron emission tomography,
Regional cerebral blood flow, Delay time.



