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FEE  Half life T2
(t/ Tw)

N = No x (1./2)
BREEEH A
TRREICRFEABRETHEE
N dN/dt = -AN

No
N = No €~

No/2 = No €-2
No.” 2

1/2 = €12
No./ 4

Log(1.72) = Log (€~112)
Log2 = 0.693 = AT1/2
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BF-FDG PET Fifs Cl, Fift 6 Biail b BEIERRB LT
HIREOR O T I 2 ARBT 208, ThasFohh o RIEET
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BF-FDG MARABDTHOT (HARELS) (2.45), PETERTREOHH

BETL., SWHETTHED (2K, RECBESERIC2S (2K),

13

FR265%F PEMATIRIEENERGEER fRE 2
10 Bz 200 MBq T&H - 7= *F-FDG % 10 B 55 3z BFIc R 5 L,

115F 50 7 (R 2 BARE L, 13 BF 40 BT 21T o2& 24,
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S QYRR AN A 110 73 & T 5,

L 3 2. 6 3.9 4. 30 5. 60
IRIGBRIARTZID 1185505 128 1THMETREE ST H T D,

BEARRNDOMETEEE. 200 x (1/2) = 100 MBq
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Tl JEEOD SUv 2.2
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SUV 34 kR,
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HERDNASTIEERNOMEEES O E BN EE,
RRIDISTEE Do [FEH TERL, BETEZDEDEM,

Do: HMmEEE (Ba)
D : METREREfE (Ba)

u - BEBEH (/cm)

CT{E ( HU : Hounsfield Unit )
HEoZEIZLAITSE

CTHT BB DEREDEIZLZHEIL

RAD SEBOBRBMITRE pe 1255,
FRARMGEREERZITTH0HIC

He IZLEBILT-EACTOEREIZFEHN S,
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Hw: KK DXERIRIR R EE (FRIRES R 2D
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PETIL. CTE{R CIRINFEIEZITOID T, EEMEHARLY,
KA DIRSTEE Do A3, BIE(E D1. D2 hioFtETED,
Y = X1+X2 cm )

D1
D2

Do exp (—u X1)

13 CT{@) |
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Take home message

DR T ZEEHIRDORE,
MBI & .
A P CTO ¥ EEERERRIE.
e fibd I 37575 & TE 2 ARAT IR
Az HREEFRBALI-RSAK,
EAEREATEI (CT)

B 28 T 75 (FEP, CBEM K EgEH TS LEED
MIMZDD;Ziﬁﬁcz Eﬁﬂﬂﬁﬁﬁflﬁiﬂ'o

CH#iFF CH#EEY NINTTL J0IZI R CR

fI# Exposure ZTHboHr 9 Hfi

AR E : 1 kgD YA 1 IDBETR TR
WX —ZRIRL=-BER(E. 1Gy (T LA),

BES=E: AMEL., KE1keH=YIZ1J
DIRIILX—%ZITHHEBEBEL. 1SV,
1Sv(D—ANJLR)= RIRE x RERH

BERYQ: BEOEVNNIEIIAEADIRILE—
5 (BEtERCIEE)ERTHE,

caibavescin0iir ponsiEiskt EEROHHNILSHELT Q=1 : X#R. r#&. B,
e e T Q=10 BFH. FHFH Q=20 SEHEHT
31 34
PET CERYT HIBETFHRILEME 15 5 1 I (0 A% 42 0D T3 2 (half—life) [X 2L D C
FREAOY A0 O TEET S PETHRE D #E & (exposure) [ 70N,
FEM () SEBHTERA BIRDEALL(E —ARJLF(Sv) (mSv =0.001Sv)
BFEIS  15-0 24 02, €O, €02, H20 AE1kg [21J DIRILF—ZEZITHHEN 1Sy,

=2%E13 13-N 104 NHS3

(1Sv=1J/kg) —fiBRIIZ. 100mSVULTFIE. BE,

EE 11-c 204  11C-KeEE 11C-2 F4 =3 18F-FDG  (185MBq) 4 mSv (BBt 20 @M 10 AR 3)
Jw%I8 18-F 1104 FDG, FDOPA 11C~Methionine (370MBq) 2 mSv (. Ff 7)
15-0-C02 (3000MBg) 2 mSv (ffi 11)
WEDBRETHERT HHMHERLTTR OB CT 7mSv ~ 10 ~
gom-Te 6.01 FH I EE# 7mSv ~ 10 (15 TRE0.5)
67Ga 78.2 M (3.2H) gL g
20171 72.9 BRI (3.08) A.HIEEER 3mSv
BMiX#EEe 0.1 mSv (&) 0.2 mSv(E#g)
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18F 110 min 180(p,n) '8F 180-CO2, 02 MPET RinjECBF, BARIENEOEFEEE,
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G 20.4 min N(p, ) ''C
13N 9.97 min 12G(d,n) N, %0 (p, @) 3N

Cyclotron | it x#mBRAR®
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FLRICHRESE,

BEEFEHT
RI Z1E>Tl\%.

KIEFLFEKR

33

ARFEREEREES. BEETEILVAMRI T2RIIER).
HACA, MCAHIE D BEMFET. BRENEOTESHY.
(B misery perfusion DIKEE)




2021/3/23

CMRglu (2 mol/min/100g) 18F-FDG PET

— 60.

Slice thickness = 4.85 mm

FDG (ZnadA00574 X Na—X) I2H+H5

3a/R—FAFETILEH

Stroma tissue Nerve tissue

K1 k3

Cp (1)

plasma

of |

arterial

blood

dCp/dt k2 xe — K1 Cp

d xe/dt K1 Cp + k4 xm — (k2+k3) xe
dxm/dt k3 Xe — k4 xm

5 e R R — o B S x K01 4;;k3/ (k2+k3)

TR BORHEGADEREE 1 ELIBED
SF-FDGD XA~ DIEREDEIE

3-compartment model analysis enables to calculate
rate constant images of K1, k2, k3 and k4 from
dynamic FDG PET image and arterial blood sampling

K1 image shows uptate rate of FDG into both stroma
and nerve tissues.

k2 images show release

A ? rate of FDG from stroma
@ % @ @ @ @ B tissues.

Stroma tissues do not
“@@@@mam

need Glucose, high k2
vt@@.&@w

value is shown.

K3 images presents
uptake rate of Glucose
into the nerve tissues.
Nerve tissues need
Glucose, high k3 value is
shown in the brain.

40

Dynamic brain FDG PET is performed for one hour,
time-activity curve X(t) is acquired in every part of
the brain.

3-compartment model analysis enables to divide
the X1 curve into the 2 time-activity curves, Xe(t)
(stroma tissue curve) and Xm(t) (brain tissue curve).
This technique enables to analyze several
pathological uptake rate of brain nerve tissues.
Bq/ml

X(t) = Xe(t) +Xm(t)
Cp(t)

—

XD

Xmi(t)

———
Xe(t)

sec

a%

Quantitative analysis of dynamic FDG PET
with three-compartment model

Cp(t) Stroma tissue Nerve tissue

k3

plasma
of
arterial
blood

dCp/dt = k2 xe — K1 Cp
dxe/dt = K1 Cp + k4 xm — (k2+k3) xe
dXxm/dt = k3 Xe — k4 xm

CMRGIc|(Cerebral Metabolic Rate of Glucose)

0.42

0.42 is a Lumped constant, uptake ratio of FDG compared with Glucose.
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Compartment model analysis is very useful to
analyze quantitative evaluation of several diseases.
But it sometimes requires arterial blood sampling
during the dynamic PET acquisition.

It is invasive and expose high radiation to the doctor
who is sampling blood, because he must be nearby
a patient who is emitting gamma rays from the body.

18-FD0 FET 8S - &3

“G‘lﬁ‘]

B e8B06
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0O-CO2, O2 Brain PET quantifies CBF, OEF.
Cerebral Blood Flow (CBF), Oxygen Extraction Fraction (OEF)
Case of severe stenosis in the right internal carotid artery.

Although it is not a cerebral infarction (MRI T2 image is normal),

. . . severe hypoperfusion, increased oxygen uptake in the Rt. brain.
Then, the trained Deep-Learning algorithm could It is called misery perfusion. (Immediately before infarction )
estimate the time-activity curve of arterial plasma. 150-02, GO PET

Recently, Deep-Learning is used in the clinical study.
Several cases of '8F-FDG dynamic brain PET data and
time-activity curves of sampled arterial plasma were
used as training data.

It enables non-invasive compartment model analysis.

Bq/mL

== Arterial plasma radioactivity 5 .' 7 1 ".
’ ¢ 2 Ky
£

1110s0c  1360s0c curve by blood sampling

=~ Arterial plasma radioactivity
curve estimated with CNN
190sec  260sec  S0sec 2860 10sec
Vi \ Vi )

E-FDG

L W W ) W Dynamic Brain PET
43 46
Patlak plot is a 3-compartment model analysis Fick’s principle

without arterial blood sampling.
This method is 3 Compartment model analysis (case k4=0)

PET study using °0-CO:2 or '°0-Hz0, Fick’s principle
is used to estimate the tissue blood flow.

used clinically in [T .Y X(t) (= X1(t) + X2(t) )

the 9mTc-ECD mimne A micro-tissue uptakes Ct(t) of radioactivity during

brain dynamic one second, and radioactivity of the artery and vein
2::?:\'2{:';?::3 k2 kd=0 _ X2(t) nearby the tissue are Ca(t) and Cv(t),

flow in the d X1t Tissue the relationship of Ct, Ca, Cv and blood flow of the

bilateral cerebral at K1 Cp(t) - (k2 +k3) X1(t) micro-tissue f is presented as follows;

hemisphere. d X2(t)

= k3 X1 dCtldt=f(Ca-Cv)|

Simplified model
is used, k4 is
assumed to be

Arterial blood

Tissue radioactivity
radioactivity | F

Ct(t) (Ba/g)

Venous blood
F | radioactivity

zero, formula of [RSULMTIERe] X(t) ZtCP

Patlak plot is Patlak plot Ccom - Ki* Colt Ca(t) (Ba/mL) Cv (t) (Ba/mL)
derived. P(t) P(t)

44 47

Cp(t) is a time-activity curve of the arterial plasma. But it is impossible to measure the radioactivity

But clinically, in the #*"Tc-ECD dynamic brain scintigraphy,
the Cp(t) is used the time-activity curve of the Aortic arch. . .
X(t) is time-activity curve of the bilateral cerebral hemisphere. Anatomically, the volume of venous blood is much

lager than that of arterial blood in the micro-tissue.

of the vein nearby the micro-tissue Cv(t).

Distribution of SCp(t) / Cp(t d X(t)/ Cp(t lotted, . .
a';ttr;dﬂifeni: drgws_( )/ Cp(t) an (®)/Cp(t) are plotte So, radioactivity of the venous blood Cv and nearby
formula of X(t) fcp microtissue Ct have a linear relationship.
The slope of the line is U ki . . "
P Sl Patlak plot ce) - N ey TV Then the ratio of the Ct and Cv is defined the value p

Ki (= K1-k3/(k2+k3) )|

( partition coefficient (=Ct/Cv)). (|Cv=Ct/p).

Ki means the uptake Col) | Slope of the e Fick’s principle is presented as follows;

rate of Tc-ECD into fitted line ts KI__— d Ct(t) / dt=fCa(t) - (f/ p)Ct(t)

the cerebral hemisphere, e

the value is used as = . This equation enables to estimate the tissue blood

the cerebral blood flow. w L 2Cp flow f , when Ca(t) and Ct(t) were acquired using

' Crt) dynamic PET study.
45 48
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Myocardial PET study with
150-H20, which enables to
estimate regional myocardial
blood flow (MBF) using Fick’s
principle.

In the heart study, radio-
activity of the artery is derived

MBF at the LAD region at
stressed state (ATP infusion).
Effort Angina at LAD region
is diagnosed quantitatively.

fizE1

=82

BF - FDG PET @ SUV i TIE L\ did i,
L MBHEDSS W E B TR < % %o
2. EBEICHAEEZTHEHATEL %
3. ETF~OEHRNDH D EWTHL &b,
4. 500 1 REREEET 5 LT L % b,

5. BF-FDG 23EPIC %I4T 58 112k
IBF — FDG OERMMEAIELD X I d.

1. KIEHE

2. EMEREE

3. EPEY oE
4
5

PHSAER T _ L RL oA
i 554 B 2R S N R
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2-compartment model analysis is also useful.
It is used clinically for the 12%I-IMP Brain SPECT,
myocardial dynamic PET with "C-acetate, '3NHs, 82Rb.

123]IMP Brain SPECT

IMP is amphetamine, stimulant, highly accumulated
into the brain nerve tissue. In the 2-compartment
model, k2 (return rate from the brain to the blood) of

IMP is assumed to be zero.
2 Compartment model analysis
X(t)

‘m "mm’g) 3

Tissue

= K1 Cp(t) - k2 X(t

(1lm|n)

A3

firE4

BF - FDG §i#5 PET T SUV #55 TRd 3
LIl ELRORRERD, 2 DEN,
fk & . RGEHOF R
2. I 5. &5 FR) O R g
ML D HC AR R
it #% @ 1¥F - FDG PET T
Ji i S NS BHEDMER LD X Ed.
1. Ji 4. B
2. W B 5. K B
3. JH #
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When the k2 value is zero, 2-compartment model to
estimate cerebral blood flow (CBF) is solved easily.

d X(t)
-~ X(T) =K1 [, Cp(t) dt

K15CBF=X(T) /{,Cp(t)dt (T=30min)
_ Radioactivity of the brain tissue in the SPECT image

= K1 Cp(t)

- Integration of radioactivity of arterial blood for 30min.

123].IMP Brain SPECT image is started to scan 20minutes after
injection of '23I-IMP, acquisition time is 20mimutes. So,'%|-IMP
Brain SPECT is assumed to be scanned 30min. after injection
Counts in SPECT image Arterial Blood activity Cp(t)

Standard Blood curve

CT image for 1231_1mp
injection is adopted.
X(T) ¥
10 20 30 4omin. 1o 20 30 4omin.
SPECT acquisition 20min. One point arterial blood sampling
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