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Fig. 2 Percent noise at each sampling time for "*F-FDG data (left), ''C-flumazenil data (right)
with noise level of 1%, 5%, 10%. The noise level is defined at the last sampling.
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Fig. 3 Mean absolute differences between true and
estimated values (left) and standard deviations of
the estimates of K1 (a), k2 (b), k3 (c), K-complex
(d) (right) obtained from the tissue data with
various noise levels by using 3-parameter model
in "F-FDG digital phantom of the brain. Solid
line represents gray matter and broken line
represents white matter. At each noise level, the
true values of gray matter were K1=0.102, k2=
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k2=0.109, k3=0.045.
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Fig. 4 Mean absolute differences between true and
estimated values (left) and standard deviations of
the estimates of K1 (a), k2 (b), DV (c) (right)
obtained from the tissue data with various noise
levels by using 2-parameter model in '"'C-
flumazenil digital phantom of the brain. Solid line
represents gray matter and broken line represents
cerebellum. At each noise level, the true values of
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Fig. 5 Tissue time activity curves of the human data (left) and the digital phantom (right) with
different administered dose. In the human data, solid line represents measured value
and broken line represents estimated value with modified Marquardt method.

L7ZROI # W2 2 & CEBOBGEIEVT VY
W77 NAEERTAHIENTEAL, ROITL
R LHEPRgRREE S 252 L1280,
AL L DHhER BB TE L. Ty IUERAL
BIERDEEECHI L7/ 4 X% 4HM$ 5 2 AT
X%, I, BERT-FERETLIEICEST
R T =850/ 4 X xdffg T& 4. 41 FDG
& flumazenil # WO TV 4NV T 7 v M Ak
PERL L7278, BURMAEERIRCERICIE U727 7~ b
LDOWAR, WT A= 2L LI X DY
TR MOBIEFICHIDHTL I ENTE L. £
72, BETFVINT 7 P A ERWTISTA—%
OFEEH L, 7NV, 77— 7 PUERRR, gt
WEA DG E, PETHATDEELREICL LI
L TEDL, ST A-SHFFEELT, 4

[E[{3 % 1E Marquardt % 7228, RAECCE 7 )V
1) XL E LT Simplex 2 HiW725E6, HbH0
AD A BEEE A GEU L G643 &
2, T A=Y DI Z RO T, HFWHEDL
BLAEETH LY. T/, SEIIHREF L adr o7
B, DIREEIC X BRI R AL =T Y I8 T X b
D)oy 7 ERICG5 A EEOHEMNIEHETE 5.
2. /A ZXNDAKEEE factor DBEFR

7 —FEHRE —EIZ LT factor * EL S
LIEICEY, BRIL—2D /A X% fEL
7z, factor {&, MegsPIICHLD A F oS REIRRE
EH AT (ER) DEEOREIIIET 2 DT,
FUH AT THRLEERIOVTHET A
&, ARG EICIZIZRRTLLRETIENT
&%. 7ok ziE, FDG R T — % T35 =H

Presented by Medical*Online



300 % E %

18F~FDG
D DDO0

Gray Matter True) :0.102
White Mitter(’hue) :0.054

OO G

Gray Matter(True):0.130
White Matter (True):0.109

Gray Matter(True):0. 062")
White Matter (True):0.045

11C—f1umazen11 50
& & -

Gray Matter(True):0.390 0.000
White Matter (True):0.220
Cerebellum(True) : 0. 240 0.200

'i
gp 4 9 N @ W @ W
Gray Matter (True):0.097

White Matter (True):0.110
Cerebellum(True):0.170

r ’
DG E

Lo <.,/ @F @&

Gray Matter(True):4.021

White Matter (True):2.000

Cerebel lum(True):1.412
0% 1% 3% 5% 7%

Noise

BEOAGAaa

K1 K.ur Y Y

Fig. 6 Parametric images of the brain digital phantom
with various noise levels for "*F-FDG (upper) and
"C-flumazenil (bottom).
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Fig. 7 Parametric images of the brain in a normal
volunteer with "¥F-FDG (upper) and ''C-fluma-
zenil (bottom). Administration dose was 100
MBq in FDG, 430 MBq in flumazenil.
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Summary

Creation of a Dynamic Digital Phantom and Its Application to a Kinetic Analysis

Yoko Ikoma*, Hinako Tovyama**, Takamitsu YAamapa*, Koji UEMURA™,
Yuichi Kimura*** Michio SENpA** and Akihiko UcHiyama*

*The School of Science and Technology, Waseda University
**Positron Medical Center, Tokyo Metropolitan Institute of Gerontology
***nstitute for Medical and Dental Engineering, Tokyo Medical and Dental University

A dynamic digital brain phantom was created from
the MRI to evaluate visually the relationship between
the noise and the error in the parameter estimates in
the PET kinetic analysis. This phantom incorporates
the noise level depending on administration dose,
camera efficiency and the data acquisition schedule.
We simulated a serial dynamic scan with *F-FDG or
""C-flumazenil, assuming 2-tissue 3-parameter model
and 1-tissue 2-parameter model, respectively, and the
sampling schedule was determined according to the
clinical examination.

The noise in the tissue time activity curve in FDG
had a peak in the first minute and decreased there-
after, whereas the noise increased gradually in the
flumazenil study after the initial peak due to radioac-
tivity decay. We examined the relationship between

the noise level and the error in the parameter esti-
mates. Both mean absolute differences between true
and estimated values and standard deviation became
large, and the quality of the parametric images became
poor with increasing noise level. This simulation was
compared with human tissue time activity curves and
parametric images, which were obtained with 100
MBq administration dose in FDG study and 430 MBq
in flumazenil study. We inferred that the noise level in
the human study was 10-20% in FDG, and 20-40% in
flumazenil, and the error in the estimated parameter of
K-complex in FDG study was about 20%, that of DV
in flumazenil study was 2%.

Key words: Compartment model, Digital phan-
tom, Modified Marquardt method, "F-FDG, "'C-
flumazenil.
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