X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s
L 4

o gkl
@ ASUNET

bl -

e

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

) bl | ) Gl | ot
@ ASUNET

e bl o gl Ao
ok sl 19 (gui sl il) Gutei guid




e bl b k|
@ ASUNET

(R deids st bt

Sl (el lin) b
ok 551y (oo ST Gusigad
EE

Wbaunkig bl g i gl DALY o) ot e pometi
i Gl 599 i) i Gl @ ] O3 (oo

-----

anER
llllllll

RPN EET DY o
@ ASUNET

o) i

shiid] ol daoad) gal 580 02R Laa




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

.

=4
llllll

et | G|
@ ASUNET

Seiligd] g
aall dubail




X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s

o ekad|
@ ASUNET

Wl -

dsinkt

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




FACTORS AFFECTING SINGLE PHOTON EMISSION
COMPUTED TOMOGRAPHY (SPECT) WITH A SPECIAL
PROCEDURE APPLIED TO HUMAN BRAIN

Thesis

Submitted in partial fulfillment
) For

The Master Degree of Science
(Medical Biophysics)

By

RAMADAN ALI HASSAN ALI (B.Sc.)

Medical physicist
Radlotherapy and Nuclear Medicine Department
National Cancer Institute
Cairo University

To

Biophysics Department
Faculty of Science

Cairo University
2001

b
VX oA






Approval Sheet

Title

FACTORS AFFECTING SINGLE PHOTON EMISSION
COMPUTED TOMOGRAPHY (SPECT) WITH A SPECIAL
PROCEDURE APPLIED TO HUMAN BRAIN

Name of the Candidate

R_amadan Ali Hassan Ali

Supervising Committee:

Prof. Dr. Wafaa Mohammad Ahmad Khalil W D . VQ\P\M
Professor of Biophysics

Biophysics Department

Faculty of Science. Cairo University

Prof. Dr. Hamed Ibrahem Mohammad Farag W ,@\/08
Professor of Biophysics

Radiotherapy and Nuclear Medicine Department
National Cancer Institute
Cairo University

Head of Biophysics Department
Facully of Science, Cairo University

Prof. Dr. E)- Sachd\'R\\ad ltm



FACULTY OF SCIENCE

TO WHOM IT MAY CONCERN

This is to certify that Hamadan Ali Hessen

has attended and passed successfuily the post graduate courses as a partial fulBimest of
the requirements for the degree of Master of Science. BiQphysicsfiledical)in, liay 1893

\

This Certificate is issued at his own request. ... . s i
. G/ S

Date of birth : ...9/2/1%06

. ASwan
Place Of bu‘th M ,,,_.,..._‘f_sj._ia‘....__.r.--—-.v.— B LT T TN PR R

Controller
hhehaA
1778/ 179 %

(Caire Univ, Press, 94119333000 ox.)




FACULTY OF SCIENCE

TO WHOM IT MAY CONCERN

This is to certify that/Ramadan Ali Hassan Ali _
Has attended and passed successfully the following post graduate
courses as a partial fulfillment of the requirements of the degree of

master of science.
on May 1995, (Medical Biophysics).

1-Medical Biophysics

2- Radiobiology

3- Health Physics

4- Biomathematics

S- Molecular Biophysics
6- Biophysical Chemistry

7- German language

This Certificate is issned at his own request.

Date of birth: 9/2/1966

Place of birth: Asswan

Controller Dean

Ayl e L5l P
Biophyzics Dent.

ali) Z > :."~ lig
Facult SEPnce

Cairo University




To my family and my wife



Acknowledgments

First, I thank my god “.H/.ILL;‘IH " the beneficent, the merciful, for guiding
me in the completion of this wortk.

I would like to express my deep gratitude and thanks to Prof-Dr. Wafaa
Ahmad Khalil Professor of Biophysics Faculty of Science Cairo
University for her kind supervision, guidance and sympathy.

My sincere appreciation to Dr. Hamed Ibrahem Farag Prof. of
Biophysics, National Cancer Institute, Cairo University, for his generous
help, continuous encouragement, offering his precious time and moral
support during the whole work.

I wish to extend my grateful thanks to my colleges in the radiotherapy and
nuclear medicine department at the national cancer institute Cairo
University for their sympathy.

Finally, I am grateful to my parents and my wife for their help and

continuous encouragement.

Ramadan Ali Hassan Ali

Cairo-2001




ABSTRACT

Single Photon Emission Computed Tomography (SPECT) is a technique for studying
the biodistribution radioactive tracers introduced into the body, and provides high-
contrast three-dimensional images. SPECT imaging has a number of potential
advantages over conventional nuclear medicine planar imaging. However, special
attention is needed, and a SPECT system will not produce adequate results unless very
great care is taken in both acquisition and reconstruction of the image.

There are whole ranges of acquisition and reconstruction paraméters, the change of which
will affect the quality of the final image.

The present study investigates the various parameters effecting SPECT images and the
experimental results demonstrate that;

Although uniformity is important in planar images, it is essential to tomographic images.
Any borderline nonuniformity in a planar image is magnified many times in the SPECT
image and could lead to significant errors in the reconstructed tomographic sections (ring -
entire or partial - of high /lower counts in the transaxial images).

So, daily uniformity checks and evaluation are essential to ensure that the SPECT system
is working properly during the period between one calibration and the next. It’s
recommended to obtained high-count uniformity calibration images weekly {monthly for a
stable system), and after servicing.

One of the most important quality control procedures for Tomography is the center of
rotation (COR) calibration; the principal behind this calibration is that the center of the
camera image must exactly match the center of the computer image when the images' data

are reconstructed.
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~ The COR used in the reconstruction process could be correct to avoid data misalignment
and subsequent artifact production.

Also, the sampling requirements of SPECT need to be carefully determined in order to
minimize noise, and star effects. The increase in the number of views (NOV) leads to
better definition of the SPECT images. In our study 60 NOV gave the best image quality,
rather than 20 or 30 views. In clinical applications, approximately 60 views are adequate
for most clinical studies. We have to consider the whole time of acquisition to be suitable
to patient stability.

The longer the acquisition time per view (TPV), the more events are obtained but at the
expense of possible artifacts from patient movement .So, we could go down to 30 or 20
sec TPV without much loss of image quality. We have to consider the whole time of
acquisition to be suitable to patient stability, whenever we plan the acquisition parameters.
About the type of collimator we found that, ultra high-resolution collimator, rather than
high-resolution collimator, is recommended in order to provide good spatial resolution
particularly when imaging smaller structures of brain. Although the changing to higher
resolution collimator leads to a decrease in the number of counts, this decrease could be
compromised by other parameters such as increasing the number of views or time per
views.

On the other hand patient motion occurring during data acquisition in SPECT could cause
serious reconstruction artifacts. A cine display is recommended to identify movement
artifacts.

The data obtained obliged us to fix patients during acquisition. We can use some
restraining devices such as head holders especially with patient suffering from instability.
In the case of matrix size, the results obtained show that there is a great difference

between images obtained with a 64x64 image matrix and that using a 128x128 matrix.
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That difference concentrated around the image resolution. Matrix 128x128 give the best

resolution than matrix 64x64. Smaller pixel size 128 x 128 could display more image
details than 64 x 64.

In the case of energy window width, we noticed that; the resolution improved and total
count decreased when decreasing the energy window width. This improvement in
resolution due to scatter reduction in case of 15% energy window compared with the
standard 20% symmetric energy window around the 140 keV photopeak of Tc-99m.
Analysis of results obtained from different types of filters, revealed that the Butterworth
filter (cut off 0.57 cyc/cm with order 6 ) give the best resolution, and the Parzen filter
showed the worst resolution and lowest maximum count in the image. Referring to
resolution of the images we can arrange the filter quality as Butterworth, Hamming,
Hanning, Gen-Ham., and Parzen.

Tomographic reconstruction software leaves the choice of filter to the user.
Unfortunately, there is no golden rule regarding optimum choice of filter, and even if
filters are given the same name on different systems there is no guarantee that they will
produce the same results. As a general rule, images should not be smoothed too much,
since brain images exhibit fine structures and hence high frequency components. The filter
choice is largely dependent on statistical noise (the number of counts collected). This is
influenced by the collimator used, the radiopharmaceutical dose administrated, the rate of
the blood flow, the imaging time post injection, etc.

For visual interpretation the user is advised to test each possible filter in turn, and select
the most suitable. This can easily be done by carrying out tests on an image for which the
interpretation is already known.

Photon attenuation is the dominant factor affecting SPECT images. Without attenuation

correction applied the count of the transverse image was decreased with the depth due to




