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Radionuclide Image Processing

 Filtering, noise reduction
o Extraction of diagnostic information
 Enhancement of iImage presentation
— Parametric images
— 3D display/rendering
— Image fusion
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Data Acquisition

 List mode: recording the location of
photons In sequence

* Frame mode: accumlating photon events as
counts within predefined time or counts

o Gated: list/frame mode acquisition with
additional signal such as EKG



Filtering

 Filtering can generally be applied in spatial
and frequency domain.

 |n spatial domain, filtering Is defined as

G=F&®H

where F Is the original image and H Is the
filter.



Filtering in Spatial Domain

» Given a filter kernel function w(i,j) with
matrix size (2m+1)x(2m+1)

* The filtering of the original image M(l,}) Is
defined as follows

M(l, ]) :% Zm: Zm: M(1+k, ]+ DW(K,I)

k=—m |=—m

 where C Is a normalization factor of W.
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Filtering In Frequency Domain

e By Fourier transform and its inversion after
modifying some frequencies.

o Low-pass filter
e Band-pass filter
e High-pass filter



Filtering Effect

* |n spatial domain, the filtering effect
depends on the kernel size and change of

coefficients from center.

 In frequency domain, the filtering effect
depends on the frequencies filtered out.
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Planar Image Analysis

Conventional flow: data acquisition,
display, ROI, TAC, parameters,
report

Global vs regional function analysis

Model analysis, Image processing,
reporting

Modeling: Physiological, physical,
mathematical
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Tissue Time-Activity Curve
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Mean Transit Time

]O i (t)tdt | f f(t):ae'bt then

MTT =2 MTT =1/b
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The area under f(t), A= f ()t =%= aMTT

S MTT =2 area
a height




MTT for bi-exponential function

_ /b +s
a /b +a,lb,




(@))
=
@
=
e
e
0p)
D)
=
S
-
O

Time (hr)

(Jw/3u) uoyeszuaruo) so|




MTT =1.44%t,,




Exponential Fit

simple exponential fit:

f (t) _ a2—t/t1,2 _ ae—t/MTT

power exponential fit:

f(t) = 92 ~(t/t2)]



Nonlinear Least Squares Method

e Supposed that a curve can be approximated
by a polynomial in certain neighborhood,
the nonlinear least squares method can be
formulated as follows:

minimize S = Z(Yj — yj)2

j=—m

_ : ¥: i3 i p
Yi=a,tal+al” +a +...+al



The problem can be solved by the following equations

as i

aa _(a+alj+aj+ +aj—y) 0
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08, j
OS
o8,

J(a +aj+a,j’+..+a,j"—y;)=0

Ms M T

J(a+a,lj+aj+ +aj —y) 0)

0S L : : :
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Taking p=2 and m=2 as an example

g Zzla+aij+aj—y) 0
oa, i
aS -

j@+a,j+a,j*~y;)=0
531 FZ—:Z
0S : £ 2 - -2
—:221 (ao‘l'alj"'azj _yj):O
0a, J==2

The best fit or smooth solution iIs

-3y, +12y , +17y,+12y, -3y,

% = 35
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Modeling in Cardiac Function

* Physiological model: cardiac function
e Physical model: a pump

o Mathematical model: ejection fraction as an
Index for measuring the performance




Transfer Function Analysis

[(t) O(t)
H(t)

O®)=1()*H(Y)



Ideal Case (Impulse Function)

d, =0,
O, = qo(l_k)’
0, = ql(l_k)’

G = qi—l(l_ k)-




Real Case

— Ht), k ——-m>>
0, = qo(l_ k) T |1’

i - d, =q,(1-k)+1,,
o =1,1-k) +1,A-k)™+..+1,

:g'j“‘k)ij' 0 =0, (1-K)+1,.

g, = |.* (1-k)' where * means convolution



Summary

 The ventricular function is the
convolution of the atria function and a
transfer function (1-k)'.

: 1
i = —i-In(—) > L
(1-k)' =e™=e tk where b=In(;—)>0

k=1-¢"



EF by MTTD

o If O(t)=I(t)*H(t),then
MTT(O)=MTT(D+MTT(H),where
MTT(.) means mean transit time.

o If h(t)=e™t then MTT(h)=1/b.

 From the above equations, we have

o 1
- MTT(O)-MTT (1)




Parametric Images













Fourier Analysis

If f(t) IS a periodic function with
fundamental frequency o=2x/T, It can be
rewritten as follows:

f(t) = A, average value
+ A,cos(ot+d,) 15t harmonic

+ A,c0s (2ot+d,) 2"4 harmonic
+ ...



Graphic
representation
of Fourier
analysis




Fourier Analysis in NM Images

o Let I(x,y,t) = 1,(X)y), L(X)y),..., I,(X,y) be
the original dynamic series of images.

The function I(x,y,t) can be rewritten as:
° I(X’y’t) - AO(X’y)
° + B,(X,y)sin(ot)+C,(X,y)cos(wt)
. + B,(X,y)sIn(2wt)+C,(X,y)cos(2mt)
. + ...



Fourier Analysis in NM Images

e Ay=Zli/n

* B;=2Xl;sin(J2x(1-1)/n)/n

« C; =2Xl;cos(J2n(i-1)/n)/n

. Where A B;, C;, and I; are the simplified

notation of AO(x y) B. (x y), Ci(x,y), and
l.(X,y) respectively.

« amplitude = sqrt(B2+C?),
* phase = arctan(-B/C)



Phase Analysis

The dynamic series of images 1(X,y,t) can
then be expressed as

I(t) = A, + A cos(ot+¢,) + A,cos(2mt+¢,)
+ ...

15t harmonic Fourier analysis of the study
IS equivalent to fitting a sinusoidal
function Acos(wt+¢) to the data on pixel-
by-pixel basis.



Phase analysis of dynamic radionuclide images
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Physiological Meaning
of Phase Analysis

 Amplitude: volume change, regional
contractility

e Phase: coordination of motion, sequence
of change
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Tracer Kinetic Modeling




Single Compartment Model
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Discrete Sampling
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Plasma Curve
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Two Compartment Model

HEN P!
Compartment

Tissue
Compartment




Plasma and Tissue Curves
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Plasma and Tissue Curves

well-counted

PET scan







Single Compartment Model

-

AM(D)=-kM(t) At




Two Compartment Model

dMZ(t) = k1M1(t) - kzMz(t)

dt



Fluorodeoxyglucose Model




Input function: plasma time- Output function: tissue time-
activity curve (PTAC) activity curve (TTAC)

=
a1
o
o

—~
Q
o

=

o)
c

I
=
=)

=
>

=
>

2
Q
®©

TTAC
T | measurement  Ci"(t)

k" ke’
¢, c, (1) ()

FDG in plasma FDG in tissue FDG-6P in tissue
K,” K,



Three Compartment Model

MRGlc = Cg Kiks C, : glucose level

LC Kk, +K, LC : lumped constant
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Parameter Estimation

Nonlinear least squares method
Autoradiographic approach

Patlak graphic approach

Weighted integration projection method
Linear least squares method
Generalized linear least squares method



Nonlinear Least Squares Method

* The operational equation of NLS can be
obtained by using Laplace transform of
the differential equations in the model.

kl

a, — ¢

k1k3 [e—alt o e—azt] ® Cp (t)
o, —

AV

[(k4 - al)e_alt T (0(2 - k4)e_a2t] ® Cp (t)

Cn(t) =



1
oy =7 [k, +s +k,) —J(k, +k, + k)2 — 4Kk,

a, = %[(k2 1Ky +K,) (K, + kg + k)2 — koK,

The F-18 activity in the tissue C,(t) is defined by

Ci (t) = Ce (t) + Cm (t)

=KL (kK — e 4 (a —k, —k,)e“]®C, (1)

a, — ¢




Linear System

[(t) O(t)
H(t)

O(D)=1(t)*H(t)

C,/(t)=C,(t)®(ae™ +a,e™)






Autoradiographic Approach

AR provides an operational equation to
determine rCMRGL.c utilizing only one
PET scan measurement, the arterial

blood sample, and a set of predefined rate
constants.

¢, (HC(T) =% [(k, —ar)e™ + (@, —k,)e “]®C, (1)}

rCMRGIc = B!

(LC)(:;i‘:; e —e ) ®C, (1)
2 1




Patlak Graphic Approach




Patlak Graphical Method

c,(T) /
c,(T) /
/

s

[c @ dt
c,(T)

Slope = MRg|. Patlak et al. 1983




Tools for radionuclide image
processing and quantification

Matlab or IDL
SPM (statistical parametric mapping)

http://www.fil.1on.ucl.ac.uk/spm/

COMKAT (compartment model Kinetic
analysis tool)
http://comkat.case.edu/index.php?title=Home

PMOD

Cloud services (nhttp://203.68.219.201/vghutil/
http://203.68.219.201/showafdg/)



http://www.fil.ion.ucl.ac.uk/spm/
http://comkat.case.edu/index.php?title=Home
http://203.68.219.201/vghutil/
http://203.68.219.201/showqfdg/
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Intranet users using browser
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Out of Browser application (OOB)
for Internet user

Quantitative FDG Program ver. 2.3.1
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Ol comparison
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Conclusion

* Physiology, physics, mathematics, and
computer technology are the key to the
guantification of radionuclide/PET
Images.

e Cloud services and remote image analysis
will be promising tools for clinical
application.
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