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CMRglu (2 mol/min/100g)

18F-FDG PET

— 60.

Slice thickness = 4.85 mm

Quantitative analysis of dynamic FDG PET
with three-compartment model

Cp (1)

Stroma tissue

k3

Nerve tissue

plasma
of
arterial
blood

dCp/dt k2 xe — K1 Cp

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

rate of FDG from stroma
> 6 % % @ @ @ R tissues.
Stroma tissues do not
oA @ @ @ @ m a Bl _need Glucose, high k2
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.
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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)

o I

Xm(t)

e
Xe(t)

sec

=
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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.
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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.

Then, the trained Deep-Learning algorithm could
estimate the time-activity curve of arterial plasma.
It enables non-invasive compartment model analysis.

Bq/mL

=+ Arterial plasma radioactivity

1110s0c  1360s0c curve by blood sampling

=~ Arterial plasma radioactivity
curve estimated with CNN

1950sec 260sec 2! © 2850sec 3150sec
) \

WE-FDG
Dynamic Brain PET

W W

Patlak plot is a 3-compartment model analysis
without arterial blood sampling.
This method is 3 Compartment model analysis (case k4=0)
used clinically in e T{ Y] X(t) (=X1(t) + X2(t) )
the %mTc-ECD (mimin'a -
brain dynamic

Cp(t) is a time-activity curve of the arterial plasma.

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.

Distribution of }Cp(t)/ Cp(t) and X(t)/ Cp(t) are plotted,
a fitted line is drawn.
formula of

1
The slope of the line is X(t) .. 2Cp

Patlak plot =Ki- +Vd
Pt e T e

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

X(t)
Ki means the uptake Cp(t) Slope of the
rate of ®mTc-ECD into fitted line is Ki _.—
the cerebral hemisphere, P
the value is used as e -
the cerebral blood flow. L g YCp

‘ Cp(t)
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scintigraphy to k4=0 X2(t)
estimate blood (1imin) Tissue

flow in the dX1(t) _

bilateral cerebral dt = K1Cp(t - (k2+k3) X1t
hemisphere. ddth(t) = K3 X1(t)

Simplified model K1 k2 2
is used, k4 is k2 m)
assumed to be

zero, formula of [REUINER X(t)

Patlak plot is Patlak plot <o - K oom *Vd
derived. P cpt
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1°0-CO2. 02 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.
It is called misery perfusion. (Immediately before infarction )

Fick’s principle

PET study using 50-CO:2 or '%0-H20, Fick’s principle
is used to estimate the tissue blood flow.

A micro-tissue uptakes Ct(t) of radioactivity during

one second, and radioactivity of the artery and vein
nearby the tissue are Ca(t) and Cv(t),

the relationship of Ct, Ca, Cv and blood flow of the

micro-tissue f is presented as follows;

dCt/dt=f(Ca-Cv)|

Tissue radioactivity
Ct(t) (Ba/g)

Venous blood
F | radioactivity

Arterial blood
radioactivity | T

Ca (t) (Ba/mL) Cv (t) (Ba/mL)

But it is impossible to measure the radioactivity
of the vein nearby the micro-tissue Cv(t).

Anatomically, the volume of venous blood is much
lager than that of arterial blood in the micro-tissue.

So, radioactivity of the venous blood Cv and nearby
microtissue Ct have a linear relationship.

Then the ratio of the Ct and Cv is defined the value p
( partition coefficient (= Ct/Cv)). (|JCv=Ct/p).

The Fick’s principle is presented as follows;

d Ct(t) /dt =f Ca(t) - (f/ p)Ct(t)

This equation enables to estimate the tissue blood
flow f , when Ca(t) and Ct(t) were acquired using
dynamic PET study.
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Myocardial PET study with
150-H20, which enables to
estimate regional myocardial
blood flow (MBF) using Fick’s
principle.

2-compartment model analysis is also useful.
It is used clinically for the '23|-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

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

. cpt) K1 X(t)

This case shows normal MBF (mbminig)

at resting state, but decreased =% |

MBF at the LAD region at Pyl <

stressed state (ATP infusion). 2 L—

Effort Angina at LAD region d X(t)

is diagnosed quantitatively. at - K1Cp(t) - k2 X(t)
49 50

When the k2 value is zero, 2-compartment model to REEF 1 | °F - FDG PET @ SUV fli CIE L W@ i3 L
estimate cerebral blood flow (CBF) is solved easily. L. Ui ASEs s L I TRs < 7 B

d X(t) _ _ T

—ar - K1ce)  X(T) =K1j Cp(t)dt 2. EBIEICHRES T 5 & BT & 5.

. T

K15CBF=X(T) /f Cp(t)dt (T=30min) 3. BF~OESHRIYH 2 L TH< % %o

_ Radioactivity of the brain tissue in the SPECT image 4, Feb s 1 BRRIEET 2 LIS T —E L B,
- Integration of radioactivity of arterial blood for 30min. 5. BF - FDG AANIC 5 i+ 2L 1ok B
1231.IMP Brain SPECT image is started to scan 20minutes after = 18 _ T A T . N
injection of '23I-IMP, acquisition time is 20mimutes. So,'2|-IMP F':ﬁEEZ F - FDG DIMIEDE L DT .
Brain SPECT is assumed to be scanned 30min. after injection 1. KBRS

Counts in SPECT image Arterial Blood activity Cp(t) .

2. EMEREAE
Standard Blood curve
CT image for 1231 mp 3. HEPE) ooxE
injection is adopted. B -
X(T) [ 4. TRASAEBR TR
0 20 30 4omin. 1 20 3 4omin L i

SPECT acquisition 20min. One point arterial blood sampling S5 r'ﬁ!:lj}'fbg! Hi-éﬂﬂlﬁﬂ.ﬁ
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