% o4 28 Hia & AR
Clinical NM Image
Analysis and processing

5
g

S A
%

-Eﬂ\‘ oy




OUTLINE

» Nuclear Medicine Image Acquisition method
» Methods of Qualitative Image Analysis
» Clinical method with Nuclear medicine
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Methods of Data Acquisition

Simplified Gamma Camera Block Diagram
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Digitized Image

» Digital Sampling
» Analog convert to
Digital

M |
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Digitized Image

o Two dimensional Sampling
e Ideal sampling function
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Example of a digitized image
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Methods of Data Acquisition

Two Plus => JE#ErE (X, Y)
The Third Plus => energy ( Z)
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A/D

Converter
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» Most nuclear medicine imaging systems
present their information as digital
Images.

» A digital image is stored in the computer
as an array or matrix of count values and
is displayed by assigning a gray or color
scale that depends on the number of
counts in each element.

p—



Digital Image

» The Image arrays are square matrices that have
dimensions range from 32*32 up to
1024*1024

» In nuclear medicine :
32%32,64%64,128%128,256*256,
512*512,1024*1024

» Byte mode & word mode

—



Image formation

» Frame Mode
» List Mode
» Dual Isotope Imaging

—



Frame mode

» X=-Y coordinate

» Byte mode:
- 256 gray scale
> 1 byte = 8 bits
» Word mode:

- 65535 gray scale
> 2 byte =1 word

—



List mode

» 2 byte data series

o Event addresses
> Time flag

» List mode can be formatted any frame size
» List mode need more memory
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Sampling

Sampling size:
pixel size(mm) = field of view (mm) / # of pixels
What should the pixel size be?
1. The spatial resolution of imaging system
2. The smallest object of interest in the image
3. The time it takes to perform any processing
steps.
4. The amount of storage and archival space
available.

p—




Information Density

» What information can we expect to
perceive at a given count density?

¥ this depends on the size of the smallest region in
the image you are trying to perceive and its apparent
contrast to the surrounding background.

% How to define the image information density?
n > k2/C2d?
n : estimate the count density
k : the signal - to - noise ratio (3~5)
C : image constrast
d : image diameter
®© |mage constrast = (object count density -

background count density)/ background count
density




Data Acquisition Method

» Frame Mode
» List Mode
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Nuclear Medicine Acquisition
method

» Static acquisition

» Dynamic acquisition

» Whole body scan Acquisition

» ECT
» MUGA

—



Frame mode Acquisition

» Picture elements

. 64%64 w
. 128%128 i ™

. 256%256 //

» Pixel : Picture

element
» Square mosaic :

=TS

> Image matrix,

- Image array \ P

> pixel array -




Resolution

» Spatial Resolution
» Temporal Resolution
» Energy Resolution
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Spatial Resolution

« Each pixel in the image matrix has
one-to-one correspondence with a
given location in the plane of Nal

crystal diameter

patial resolution =1/2* FWHM * —
pixel No.

o Ex: Gamma camera FOV=55cm

For 6464 FWHM = 10 pixels
pixel size=550/64=8.59mm
S.R=1/2*10%*8.59=42.9 mm

For 128*128

pixel size=550/128=4.29mm

S.R=1/2*10%4.29=21.45mm

(0]

(0]

o

o
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Statistical Noise

A
100 | 100 | 100 | 100 10 10 10 10
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Increase Spatial resolution

« ZOOMming
- Hardware ({/
- Software
o Zoom can \

> (1) decrease
Background count

> (2) increase resolution
- The spatial resolution

of computer image is

ultimately limit by

resolution of gamma C
camera

o
\




Byte mode V.S. Word mode

» 1 Byte = 28 bits =256 (0-255)
» 1 Word = 2'° bits = 65536 (0-65535)
» 1 Word = 2 Bytes
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Byte mode V.S. Word mode

» Byte mode Acquisition: a pixel deep is 1 byte
» Word mode Acquisition: a pixel deep is 2 byte

» What Kind of the acquisition mode we should
used?

> In low count studies => Byte mode
> In High count studies => Word mode

—



Byte mode V.S. Word mode

» Byte mode

Overflow:
- B34 less memory |
o k2. 1. dead time Dead time:
2. truncation error Truncation:

» Word mode
- {B25: 1. No dead time
2. No truncation
o tR2E5: more memory
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» 2121258 (Image enhancement)
» 215 #T(Qualitative Image analysis)
» ECT18 & # (ECT image reconstruction)
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Image Enhancement

» Image smoothing
filters

" P7 AVg=(P,+P, +P, +P,+P, +P, +P+P, +P,)/9

P P2 P3 P4
10 30 40 | 150
P5 P& 7 P8 s 30 + 40 + 150 outgun Py new
50 70 20 100 +70 + 20 + 100 |—p| O2 pixel
+10 + 90 + 50 value
P9 P10 P11 Pt2 9
30 | 10 90 | 50 _
ma | |es | P smoothing
filter
20 | 30 | 80 | 40

original image array

FIGURE 6-1 The simple average filter changes the counts in the center
ixel (P7) to the average of the nine pixels within the mask.



Image Enhancement

» Nine-point smooth
(mask)

Ol




Image Enhancement

[F1 P2 P3 P4
10 30 | 40 | 150
P55 P6 P7 P&
50 70 20 | 100
P9 P10 P11 P12
30 10 90 50
13 P14 P15 P16
20 30 80 40

original image matrix

(A)

* (0| =
—b b —h
R W Wp—
NS N Y

simple
average
filter

10 30 40 ; 150
50 39 | 62 | 100
30 44 54 50
20 30 80 | 40

nine-point smoothed
image array

8)

FIGURE 6-2 A simple nine-point smoothed image is obtained by mov-
ing the mask over the image matrix. At each stop, it replaces the value
in the center pixel by the average of the nine pixel counts within the

mask.




Image Enhancement

10 | 30 | 40 | 150
<+

501 70 | 20 | 100

30 | 10 | 90 | 50

20 | 30 | 80 | 40

original image data

—

10 | 30 | 40 | 150
50 57 {100
30 50
20 | 30 | 80 | 40

new image data

1x30 + 2x40 + 1 x1580 +

2x70 + 4x20 + 2x100 +

1x10 + 2x80 + 1x150

filter operation

FIGURE 6-3 The number of counts in the center pixel is replaced
by the weighted average of the nine pixels under the mask.




Image Enhancement

» Medium smooth
Half way mask => replace average (weight)
> 50% count value (mask)
< 50% count value (Keep)

—



Image Enhancement

» Edge-enhancement filter

(sharpen mask)
o Mask: (2N+1)*(2N+1)
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A B C a b c aA + bB + cC

E |F * d|e]f S o +dD + eE + fF
G|H|I g|h}|l +gG + hH + il
original weighting _
data coefficients convolution

v
A|B|C
Dj{E|F
H| |

FIGURE 6-4 The procedure for convolution of the original lmage
ith the filter kernel to produce the processed image matrix.



Image Enhancement




Image Enhancement

» Point processing operations
> Background subtraction
> Gray scales
> Color translation table

» Frame processing operation
ex: Parathyroid scan study

—



Point processing operation

» Background
subtractior

(pixel-by- - contrest
I 2 B - 100
pixel) 3 100 e
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FIGURE 68 The simple background mbm:nn.n method subtracts
& conatant numaber of counvs from each p:xr:l o incroase the targee-ro-



Point processing operation

» Interpolated
background
subtraction (weight)

- W, A+W,B+W.C+W,D = =

Bkg
W, +W, +W_ +W,

Wa=Xb/Xa .. omEammse

Wh=Xa/Xb Xb: QFEBELIE
We=Yd/Yc Yc: QEHCHEHH:
Yd: QFEDELFEHE




Gray scales and color table

« Gray scale ( dynamic range)

the number of shades of gray
between these two extremes

o Type:
Linear
exponential
logarithmic

B

logarithmic

Intansity level

]
@

exponential

0 50 100
percentage of maximum pixel counts




table

"
X

COLOUR
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L

EFT LIM

SONOPRINTER



Gray scales and color
display




Gray scales and color display
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TI201 myocardial perfusion study
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Parathyroid subtractuin

DUAL TRACE
Dual Tracer Review 9299 Imaging Environment

1/3/1988 9:12 Nuclear

Smoothed Thyroid TC99M

Smoothed Subtracted f=1.00




mBEEDH

» ROI( region of interesting) create
» Histogram create

» Analysis ROl and Histogram

» Clinical mathematic

—



Creating ROls

» Automatic edge
detection methods:
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Create ROI

» Method:
> Circular ROI
- Rectangular ROI
> [rregular ROI
o Automatic ROI

—



Lung perfusion/ventilation
ratio
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Curve Generation and Analysis

» The starting point for analyzing the flow

pattern quantitatively is the construction of
an activity-versus-time curve.

» Method
- Eye-balling
- The move average method
- The weighted moving-average method

—



The Moving Average method

simple 3 pt smooth
o—o—=- raw data, Counts

7500

&o00 -

4500

counts

3000 g

1500

Pixel

FIGURE 7-3 The effect of applying a simple three-point smoothing

on a raw data curve.




The Moving Average method

o—o—o- simple 5 pt smooth
o—o-a. raw data, Counts

7500

4500

counts

3000

1500

Pixel

FIGURE 7-4 The effect of applying a simple five-point smoothing

~n n raw data curve.



Data smoothing by curve Fitting

o—0—o- raw data, Counts
o oo weighted 3 pt smooth

7500 1 : —

6000 o meEEREmmsmeeemoo-esasToooimasmsssesmamsmaEiIEeSs E B ’

4500 o iiaammemmecesmee—sisrEvEes

counts

3000

1 500 samiaaavern

Pixel

FIGURE 7-5 The effect of applying a weighted threc-point smooth-
ing on a raw data curve.




Clinical Mathematic in Nuclear
Medicine

» Nuclear Cardiology

> Multiple-gate equilibrium

> First pass blood-pool

- Static myocardial perfusion study
» Renal function

> GFR

- Kidney radio

- ERPF

> Diuretic renography (Lasix)
o Captopril renography
» Other




Example for Ventricular Ejection Fraction

#EXERCISE GBP (4 LEVELS) Sep 25,1991

HR: 125 BPM Ave ct/fr: 202 K Bkgd: 63 ct/px
ED @ 420 ms (frm 15, cts 201 K, LV cts 31 K)
ES @ 210 ms (frm 8, cts 201 K, LV cts 22 K)

@ ®

Regional EF's

(ED counts - ED BKkg) - (ES counts- ES Bkg)

EF =

ED counts-ED Bkg

b
90 180 270 360




Multiple gate mode

- cycle 1 s} —cycle2 ——
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FIGURE 8-2 The R-wave from the ECG serves as the marker to sort
data from the same phase of different heart cycles into one image frame.



Multiple gate mode

buffer 3

list mode data

camera
switch
? list mode data
buffer 2
on switch

data
analyzet

frame

sequence

-

buffer 1




Multiple gate mode

camera

buffer 1

list mode data

H

switch
&
— list mode data
/_D buffer 2 .‘\ @
ECG ®|  switch
data
analyzer
image
series
frame
1 ) ® ) ® 24 _(_a}_‘
sequencing
(b)
1 ] ] . ° 24 - 4
(c)
. ® ™ e 24 | ———e




Ejection Fraction
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FIGURE B-10 Counts within a fxed ROI over the leli ventoicle ax
different phases of the cardiac cycle were used w congtruct this volume
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Ejection Fraction

FIGURE 23-3 If an aboormal heart bear ocrure while counts are ac-
curmulating in Frame 21, the unesypeertad B -wave roaets the COMRpUTtEr
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Ejection Fraction
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Ejection Fraction
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Ejection fraction

Manual EF Processing

EF Params EF Params
Howt Rate LN Heart Rate 70 (BPM)
Tenetrame N (meec) Time/Frame 23 (msec)

Bouts Accepted Beats Accepted 420

Doats Regoctad Beats Rejected 119

LAO_Filt
1
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Fitered Images Cine
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I Limiting ROI

' Diastolic ROI

¥ Systolic ROI
Lao_fil ' Background ROI
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Lac_Fit
Coloe Maps 1
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Wl El e ] 5 EF Results
A 1 ey
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astric empty time study

Raw Gastri
Linear F
50% Emptying

s/sec

kcount

SOMIN e Linear_Fit T1/2

48 68
Minutes

Linear Fit T 1/2 {min) = 65.11

Linear Fit Slope {(%/{min) = 0. Tc_99m

Raw Data T 1/2 (min) =

Frame/Time Fit/ Raw % Empty Kcounts™

0.0 0 0 96.2
16.0 12 12 84.2
31.0 24 27 69.8
47.0 36 44 535
64.0 49 54 445
76.0 58 59 396
92.0 71 67 32.1

Anterior



Example for
renal function

Fx MAG3 Renal m
MAGZ -H2
A

N

A

11

(A

16

@ 5

22

Activity {counts)

up] oo
[ p) )
o o}
=] =]

Renogram

Left Peak

Left Kidrey
- Right Kidney

Right Peak

5.0

7.5 10.0 12.5 15.0
Minutes

7.5 20.0 225 25.0

Mames F¥ MAGE Renal
Institution: Crawford Long
Isotopet To—99m

Sample Time ¢sech: 15

Ridney: Left Right
Peak Time {min}: 7,00 18,25
Peak Count (total cntsy;  11842.54  21206,18
TLAZ(PEY (mindy (38,38 (22,300
20-mindmax activity ratio: 0,93 0,85
Kidney Area {pixelsi: 100 130
Bkard Area {pixelsi: 21 28

FX-80 MAG3 RENAL




Analysis tools

o For renal image ratio:
1. Arithmetic method
2. Geometric method
o For functional image :
1. ROI(region of interesting)

2. Histogram ( Time activity
curve, TAC)

I 3. Curve fitting



Renal image ratio

Arithmetic v.s. Geometric
ROI information (RINFO)

osterfor vie

lateral view




Image ratio

Arithmetic method:
anterior view:
right kidney count(Ra)
left kidney count(La)
Posterior view:
right kidney count(Rp)
left kidney count(Lp)

mean : (Ra+Rp)/2 =Rm, (La+Lp)/2=Lm
Ratio: Kr=Rm/(Rm+Lm), KI=Lm/(Rm+Lm)

p—



Image ratio

o Geometric method:
anterior view: right kidney count(Ra)
left kidney count(La)
posterior view: right kidney count(Rp)
left kidney count(Lp)
mean : JRa*Rp =Rm, /La*Lp =Lm
Ratio: Kr=Rm/(Rm+Lm),

I Kl=Lm/(Rm+Lm)




Renal uptake ratio

Al A " AL Al
s v ERIE
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AMT RT KIDHEY GEOMETRIC MEAN
TOTAL COUNT=42349.00cnis MEAN RT KIDHEY COUNT= 44047.44cnts
ANT LT KIDMEY MEAN LT KIDNEY COUNT= 45235.77cnts

TOTAL COUNT= 38725.00cnis

PQST RT MEAN_TQTAL = 88283.21cnts
TOTAL COUNT= 45814.00cnts RT KIDNEY RATIO= 49.33%
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TAC calculation

» TAC (time-activity curve) is based on the
dynamic study

» TAC is depend on the dynamic study’s
ROI

» Quantitative method with TAC

o Curve calculation
o Normalization or smooth
o Curve fitting (for T, ,, )

—
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o Gate’s method
Kidney depth:

Right kidney =13.3*W/H +0.7
Left kidney =13.2*W/H +0.7
W : Weight In Kg

H : Hight in cm

GFR = (% renal uptake of *°"Tc— DTPA)(9.81270) —(6.85219)
% renal uptake of *°"Tc— DTPA
(R Kidney cts — Bkgd) N (L Kidney cts — Bkgd)
e e

. preinjection counts - postinjection counts

—ux —ux




Procedure Flow Chart

Frame grouping

Create ROI |
! Create TAC(time activity curve)
Create Background ROI l
Choice integral area
Final report
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Review Menu
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Renal Dynamic
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Curve Fitting

» In many dynamic radionuclide studies,
we are more interested in the flow
characteristics of the tracer than
visualization of the anatomical details of
the involved organ.
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Curve Fitting

» Fitting method:
1. Extrapolate
2. Interpolating
3. Define model
4. Mathematically manipulated
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Curve Fitting

» Fitting :

inear fits : Y=AX+B

nolynormal fits : Y=A,X"+A,X "1+, .+C
ogarithmic fits : Y=AlogX+C
exponential fits : Y=AeX+c
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Curve Fitting

FOLYHORMAL FIT

FOWER
EXFOMENTIAL FIT
GARUSSIAM FIT
LINERE FIT
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Conclusion
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Trace Kinetics model
Mathematic Tools
New Procedure
More powerful Image process tool
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