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percent mnﬂz]esmn using e ent tbe clirrent-time e same defect size and
activity concél on matter what lncatmn of the defect is™In conclusion, low tube-

current time n’:s low umf-:::rlmt}' of enuation cnrrected image. However,
urrent time
efe ﬂlﬂh tient.
Qs

qm:iy %tc&llm& ging %EWZ ,@Lﬂﬂﬂ" EJ

Academic Year: 2009 """ Co-Advisor's Signature . flulE I




Vi

ACKNOWLEDGEMENTS

The success of this thesis depends on the contributions of many people. In
particular, | wish to express gratitude and deepest appreciation to Associate Professor
Tawatchai Chaiwatanarat M.D., Medicine Division, Department of
Radiology, Faculty of Medici ‘ orp University, my major advisor, for his
supervision, guidance, encoy ! )le advice during the whole study. |
am also express gratiftde. ssociate Professor Anchali
Krisanachinda and . Medicine Division, King

Chulalongkorn Mem?BTTatHespi i iety, my co-advisor for they
help in the experiment, assis i ork. 1 would like to greatly
thank Radiologi Medic , King Chulalongkorn
Memorial Hospltal s Socie allys.lVir. Tanawat Sontrapornpol,
Mr.Chatchai ftheir 19ge: oM. this research. | would
like to deeply tha : sahiachinda, Nuclear Medicine
Division, Depa gl aculty igine "€hwlalongkorn University
and Professo i Orence sy, Maly, for their comments and
suggestions in thig yankful fo all teachehlecturers and staff in the
Master of Sci 1 infl A Tagingh Faeuttiiof Medicine, Chulalongkorn
University, for thel uniimiged*tea L Peknow/igdgestiaroughout whole study in
Medical Imagin . ,.f | A N\

. ' ALy : \ ) )

Finally, my gfatefll i ’:f&r & sUPRortly Thai Red-Cross Society,
King Chulalongkgpff Mg orial | ,3' uga’}&; blgbal o al@olution (Thailand) for the
partial support in radigfharmateatical=1=2 not 1e@t | wish to thank the Nuclear

Medicine Staff at King Clifatarigkorn HOSpital for their encouragement
through the graduate studies. -

ﬂUEJ’JVIEIVIﬁWEJ']ﬂi
Q\W’mﬂﬂ‘iﬁuﬂﬂ'l’mmﬂﬂ



CONTENTS

Page
ABSTRACT (THAID ..o, iv
ABSTRACT (ENGLISH) ' v
ACKNOWLEDGEMEN vi
vii
X
Xi
Xii
1
1
1
..... 2
.................. 3
Lo 0 IR W Y 3
2.1 Principle of card| cSP ' -E". ... T R 3
2.2 SPECT collimator g detecto 1 W RUTRRTIN 4
2.3 Dataacquisition...f,. = B 5
2.4 Photap attenuatiBiai e e o 5
2.44 'j Y-t afSHSSIOH-5Cc et T N 6
2.5 ScattesGorT 0. 8
- - o
2.6 Tomogﬂhic reCoNS I CH O . “II ................ 9
2.6.1 Fllter backprojection..............cooiiiii 9
Au3nemingIng
2 6.2 lterative algorithm.................o
7 Quantitative
RISl N Ingna El
q 28 A Principleiof CT. s ML 55 B 5 = 20 5 2 B, 2

2.82 SPECT/CT....iiiiii i 13



e
o Ul

16
16
16
16
17

17

17
18
‘....... ..._". '-,I"\:;'., ’k_ . B .l'l. B R R R R 18
J I i - = B \ %\
3.9.1 SPEGIICTMaily QCep it sl 4. ..... N 18
I o ‘: . ! .
3.9.2 Phantom gfepajations——= L ' R 18
3.9.3 SPECT/CT procedure e ... [T 19

3.9.4 Data colle _‘,f—" /N> /; B et eneaeaa 20

L)oo 20

SO EETR 20

3.12 Expecﬁben ....... M ................ 20

CHAPTER IVMRESULTS. ... =0 21

4.1 The percenﬁﬁlize value............. L 21

Fyanena |
C T CUSSION'AND C L

........................... 25
5.1 DisCUSSION. ..........oee...... g s o/

IR IUUNTINYINE

=
=



Page

APPENDICES. ... .o 33
Appendix A: Case record form...........ooooeiiiiiiiiiiiii 34
Appendix B: Performance measurements of Single Photon Emission 35

AUINENINYINS
RIAINTUNRIINYIAY



LIST OF TABLES

Table Page
2.1 CT number for number of tlssue ........................................... 7
3.1 mediabtihum SPECT/CT scan.................. 19
4.1 jomkin'e I off myocardium..................... 21
4.2 ison,of peccent, normalizati lue by paired t-test ....... 21
4.3 SION Siz€ P IBCM. ... 24
4.4 ontr of-Jesi i P . 25
4.5 ' i ired t-test at 25%

lesion concentrati ahd-lesion si: 5em?......... 27
4.6 The comparison.e ( paired t-test at 50%

lesion copeeffiratieh of Myodcardiun joPsizeslx1.5cm”. .. ...... 27
4.7 The cBMparigeh offberceqt co tr : Qyapalr ttestat25%

lesion co@€entratfiop’o 0 i , Sion Sizéwlx1.5cm°......... 27
4.8 The.geMparisén of pérgent conirast g lesion fay,parn -test at 25%

lesion cong&ntrafiog of Myacardidm andyesion Size 1x2 cm?.......... 28
4.9  The cogiparisgh of per 7' ’ Plesiomby paired t-test at 50%

lesioffconcghtragionl nd, [8SionSize T%2 cm”.......... 28
4.10  The comp#risqlf o nteonteast of lesionby paired t-test at 75%

lesion g@hcenffatigh of myocart S iZellx2 cm?........... 28
411 The compagi€on :" [.cont i pylRaired t-test in

different IgRionBIze” .. . eard- ol d. ... .. N, 29

ﬂUEJ’JVIEWIﬁWMﬂ‘i
a«mmnmummmaﬂ



Xi

LIST OF FIGURES
Figure Page
2.1 Energy spectrum with triple windows to estimate scatter
AIStIIDULION. ... 8
2.2 3 Myocardial perfusion short-axis, left without attenuation
correction, middle with attenuation correction, right with scatter

9
2.3 10
3.1 15
3.2 16
3.3 17
3.4 17
3.5 18
3.6 19
4.1
. g SIS == L W 22
4.2 e perfCent Aormalizationivalues, . S ... 22
o MW N W 22
4.4 x 5cms, 50, %k
...... N W 23
4.5 ) A\
‘ ’;.f'r?" oA % . NUTTUTRUTTO 23
4.6 mallof lesi ”:F;? : dax2em’ ... 23
4.7 The compargfperceft*€o] an’F.:_ 26
time at 1x1; ‘f:ﬂti-ﬂw IEEL, RTETTRTTRTRTEITRTNS
4.8 The compare pe =---—------'- = in different tube current- 26

time at 1x2 cm S o L . ...
A-W

ﬂUEJ’JVIEIVI‘SWEJ'TIﬂﬁ
wwmnmummmaﬂ



Xii

LIST OF ABBREVIATIONS

Kilovoltage peak

ﬂwmam NN
ammnmg}gﬁmwmaﬂ

M Micro



Xiii

Abbreviation Terms
NEMA National Electrical Manufacturers Association
% Percent

PMTs

\ ultiplier tubes
SPECT '§ )gSion Computed Tomography
— R

8319Ie 2
99mTCO4§—"?‘ | -

‘echnetiuiil periechpetate

;;;;;;;

AUINENINYINS
RIAINTUNRIINYIAE



CHAPTER |
INTRODUCTION

1.1 Background and rationale

Single Photon Emlssmn Cg
imaging modalltles for dlagn S 'an

ed Tomography (SPECT) is noninvasive
igg patients with coronary diseases. [1]
the normal pattern of perfusion in

SPECT studies. Breast, "Mgs nd, llef] di m are the most frequently
identified sources of JtteR ¥ There Mable soft tissue attenuation
should be eliminated.~7XmeFic Soaety _Cardiology and Society of
Nuclear Medicine m d the mcoﬁfa@ attenuation correction to
improve the diagy, [

] | N \

lication of myocardial
perfusion SP external line source of an
isotope with a *-,3\ \ d) that rotates on the
opposite sid I i  \fetégter dtFing SPECT imaging,

producing a transgg#SsiogF 15 the exte '= nhoto 8.through the patient. This
image resembl ‘ scan "thedatayaresgaod enough to perform
attenuation correcti pli Lmissi _' \ ge of the organ of interest,
such as the hearty [ he diffel \BetweenSthe photon energies of the
v At L . .
radioisotopes T an S -\ images may be obtained
simultaneously by ‘different g ig \ figlows. Recently SPECT-CT
hybrid instrumentsghi NSt e ich ofiX&ray@ransmission scan in a very

short time solve many f th d withSadioisotope-based attenuation
correction methods Jfandy r [ omiey localization of abnormal
radiopharmaceutical accume ' '

The CT baseg p_be successfully implemented
with clmlc@ : d t use CT for anatomic
image imp nd produce high photon flux to-correct tmages skice by slice, but it is
difficult to N a sets since images

are acquired on:d fTe s

"l ! H

The d ctablllty of myocardial perfusion depen n lesion size, lesion
Iocatlon and Ies ncentration. Low d g CT |s most frequency used for
\ﬁa

hich the
y f reage natomical
redio ceristi Iarg | Mission is

ther@e these application best smted for low dose CT

0 ﬁ amm M&M&Hﬁ #

2. To determine the defect detectability of attenuation corrected SPECT image
using various tube current-time of CT and various defect inserted parameter, i.e. size,
location and activity concentration, in myocardial perfusion SPECT phantom.




1.3 Definitions [3]
Attenuation correction

Attenuation is the phenomenon of weakening the radiation emanating from an
organ on its way to the detector. SPECT reconstruction can hide evidence of an
attenuation artifact that mfluences a prgjection or set of projections in a major manner
or it can magnify a relatively mlinjo a significant concern.

Computed Tomogiag!

A technique for ¢ wieting image€ of jpuctures at a particular depth
within the body doggsbytal TaToRs a‘ Imagesaatgdifferent angles and then using

The microcys® ig” uf ) ot fity, “defined as 1uCi = 3.7x10*

A mo ghergles es-depicti 'l‘.\ i\distiibuti®hs of photon emitting

An X-ray e isfl vacuupwt Aat produceskx-fays. The vacuum tube, there
is a cathode which eniits el vaculimik and an anode to collect the
electrons, thus establighing*a* of ele rrémt. In applications, the current

represent in term of mA i “ab be pul illisecond or second that call tube
current-time (mAs). ' .

ﬂUEJ’JVIEWI‘SWEJ'TIﬂﬁ
wqmnmummmaﬂ


http://en.wikipedia.org/wiki/Radioactive_decay
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CHAPTER II
REVIEW OF RELATED LITERATURES

Overview of myocardial perfusion SPECT

Myocardlal perfu5|on smgle [ h ton em|SS|on computed tomography (SPECT)
eracti hoton in the patient by Compton

i spatial resolution by collimator

' ECT images, importance to

jonal planar images of
dimension, depth is
\Ithough imaging of the
wabout the depth of the
[@.in an object is made by

three-dimensi

obscured by supei

object in di

structure, precise

tomographic sc

activity distribfftion | d| Ere t;\ct ft u_ \
The initig

Bpprgachiio the, fq- ograpic te w agiio focus the image of the

object at the plahe of jiter 5\& tige i' ) a theimages of the object not
in plane. This is calld tie focaFplane :f gd"or iopgitdlinal tomography. Focused
collimators are usefl to @btain iptages’e fHiedebijects! i the¥focal plane. Seven-pinhole
collimators and slant-h@le collifnaters-hay n_usedlin longitudinal tomography to
provide longitudinal Xectidfintages.< He everM through out of focus plane

images are blurred, in focus=plane=imag 0 are obscured by counts from the
former. Furthermore, beca _')'?" magin not rotated around the patient,
only a limiteg numé views al projegted by the collimator
holes. An o ‘adZ;bde by introducing
transverse { 1 1 1 i Ine any angles around
the patient.“Liis 0 y (ECT), which is

based on many Mathe Imaggp at distinct focal plane
of the object. In’ uclear medicine, two types of ECT have beﬁin practice base on the
type of radlonu used, Single Photon Emission Computed Tomography (SPECT)
and Positron E snTomography (PET)&Fhe most common, SPECT system

AUHIRHRINEN T -

nt for 180° to 360° angular,sampling. The data are collected at each angular
position and normally stored in a 64x64 or 128x128 ng@teix in the computer fdfildter

s r n 1 , efplgne fofd 1 S t#84S) i

oV KRyl i m ot
: ¥ tRe call a¥ Multiead® ‘ amerd coMect™datd i ral or i '
i simultaneously and thus reduce the time of imaging.

The SPECT is largely derived from the three-dimensional nature of its images
compared with the two dimensional projection of planar perfusion imaging. Whereas
planar image values are composed of the superposition of attenuated activity from



source along a line through the patient, SPECT permits three-dimensional interaction
assessment of the perfused volume. Regional and global perfusion pattern as well as
cardiac shape information. Tomography permits separation of target region from
overlying structured. It is primary attributed associated with improved diagnosis result
over planar image and quantitation in early clinical study and the broad acceptance of
this imaging modality clinically. An important quantity related to the diagnostic value

is the target to background ratio tigatjve myocardial perfusion and function is
greatly improved as algorit /

analyze image data more directly
associated with the heart

2.2 SPECT CoIIim detector

s f emission of photons for
tomographic re 0 system sensitivity as
only a few percent of n that will permit detection.
Collimators ar : gierial with high atomic
number, which ac Q60 /5 i\ ph . Several geometries have been
proposed for 1aC#*SPk : Winel udii ahallel, convergent and
asymmetric . Jstgt T‘H ilize:paralia  BEACC gent geometry in the
form of fan bea WesymmnetricHa 'l 98omeihy and specification of the

array determi _ _
spatial resolution. gometric. influe 60l lima Msystem spatial resolution is
two to four times § [ Onent. / ament@hprinciple of collimator is
trade off bet S al. lutl®n. This has important

implications for SPEET | I » patient cause the detector
to be, at time, at dj nee fr rgans ators are characterized by
the hole Iength diamefer, number{ ’-' e perid bit area and septal thickness.

) ‘ ol®ength and smaller bore. High
energy collimation has lafge—thi Minimize penetrate of high energy
photons. Increase the holg”Hh é < red e bore, decrease the solid angle
through which pho on emitted from a p patient can reach the detector,
thereby redu : £ e largely absorbed
for the low energy-usethin-cardiac-SPECT -although-a-smaklperecentage may penetrate
the septa Igagin® L"L septa penetration
increase W|th| Retease fiCed trast resolution can be
expected W|thh igher energy race “

As the d aEe of source to th efector mcreases spatlal resolution

IS ollimator
eart is at
r nt t nt cte weighted

comfigsite of these dlfferent spatlal resolutlon values SPECT orblt may be broadly
class ed as C|rcular and non mrc%ar |nclud|ng elllptlisl and other eccentrlc r ts

prOJectlon Noncwcular orbits can at t|me r some views an

therefore have improved spatial resolution for these views. This is obtained at the
expense of increased variability in spatial resolution, which is a potential source of
artifacts. Circular orbits have been recommended by the American Society of Nuclear
Cardiology guidelines but noncircular may be required for attenuation correction



methods to prevent body truncation. Perhaps most important is that consistent
approach to orbits selection be used. Component of SPECT studies should utilize the
same orbital type and repeat studies on the same patient should attempt to be acquired
with the same orbits. If not, orbital variation should be taken into consideration during
interpretation.

2.3 Data acquisition [4]

Data acquired by rotgi around the long axis of the patient
over 180° or 360°,whil mmonly used for cardiac study,
since it minimizes th ion of resolution with depth.

continuous acquisition, the a constant speed around the
patient, and the I ed i r of segments equal to
the number of projegts ode, the detector moves
around the pati at @hlects the data for the
projection at each

The p inan ition orbitsifor Cardiac'p y SPECT has become
the 180-degree ri ol i un\i,\- pligUelarhit, although 360-degree
orbits were pro : . The re \.\ of these two approach
was debated ingthe development of SPE e “\ 017180 degree acquisition
has been largely call Dy 1HEs o -omin \ elgpment of dual 90-degree
detector syste PVedidefectcontrastiand signial tOM 0TS value are obtained with

180-degree orbits. Tiis i§' aptriuted to thepapr spat dljresolution of the posterior
views where the hffart 8 fu’rﬁ? # !o\ he additional scatter and
attenuation from these@iews £ whieiidegraddlimage quality. Reconstructed
images from 180-degrg€ ;4;;;;:13. e a WPt distortion in the transverse
plane attributable to variable=spatial rese and nonuniform attenuation by the
thorax. With 360-degree .ori SDe ie0 is reduced compared with 180-
degree acquisition, as.thesOppOSInAe in the reconstruction, forming
an effective réso yovalues. This operation
yield spati ution-that 1s less variable-across the-transverse-plane. Despite these
consideratiggs dard/for cardiac SPECT

imaging, partldjr y -
| |
l uation M

Gamma rﬂmons are attenuated ifildody tissue while passing through a

pagient. Distortionti ime i dtfioalsrhe degree
of nuati ndsdon pABteN rgy,dth of tisSudl andiithe linear
att ti ient"0f tAe PheteNs ssU€. Techni are®ermployet®to correct

for nuation. In one method, an uncorrected image is taken and the thickness of
tissue through which the photons @re attenuated is estiated. Using constantilligear

A ERRIRAV TINE TR E

It = Ioe'”X (21)

2.4 Photon at

If the photon beam of initial intensity Iy passes through an absorber of
thickness x, then the transmitted beam I; is given by exponential equation, where [ is
the linear attenuation coefficient of absorber for photon of interest and has unit of



cm™. The factor of e represents the factor of the photon transmitted. In another
technique, a phantom simulating the organ of interest is used to generate correction
factors, which are then applied to data acquired in real imaging of an object.
Assumption of a constant linear attenuation coefficient can be useful for symmetric
organs with similar tissue density, and it is not valid for several organs such as the
heart, cause of the close proximity to another organs. Gamma ray traversing different
thicknesses of various body tissues §may jbe detected within the photopeak and

Attenuation corrections aggJ1e atl te G igpages for reasons of complexity of
the problem. Currentl L By/8tENT ¢ fssion source of a radionuclide
that is mounting x-ray tube in computed
tomography (CT)« G ission data to correct for
attenuation in emissiQfs ; Jci o!Lu, "---.'..;.;q transmission source are
gadolinium-153 # A00kdV).@ .-\;-.._; , for thallium imaging,
ici v e "i“x; e mostly used. A well-
\w q s € plane parallel to the

collimated i

detector face to EnSMIgsi e v r Syscanned at each angular
stop used duri EQT datp a S |ss @Mkand emission photons
have different energl€s, i#fis Jossi fi . ife] i of SPECT system can be
used to collect @6th tg@nsphi and gissit n ; imole peously using separate
discriminator-6gtting ever should keepyi \ ha ere is a likelihood of
spillover of scattergdl hi photamsiptothe OWen photopeak window. The

transmission datghe ate-the-attenuation fe to applytoemlssmndata

Attenuation maps genere o a o eCtio the radionuclide image have
been traditionally obta ng-an -exte lionuelide source. This process is
identical conceptually to the ) g a CT image with an x-ray tube that
transmits radiation through asmitted intensity recorded by an

array of detegtor ¢ g0 b onstructed using a
tomograph

oeff|C|ent at each
point in th
W) M

rms of normalized
CT numbe t are related to the

linear attenuatﬁf coe |entr;1'@culated for the mean
energy of the xdray photons used to generate the CT im After the computer
calculates the lineag, attenuation coefficient for each pixel via filtered back projection,
the values are norfaliS&g to the value for watdf#a$ a reference, scaled and presented as

ﬁﬁﬁl?ﬂﬂmﬁ’w gIng ,

Hwater

L srsnbrr e




Table 2.1 CT-number for number of tissue

Tissue CT number (H)
Lung -300
Fat -90
White Matter ‘ 30

A - ‘ I——
Therefore, Tt IS, prisi th : enerate a patient-specific
attenuation ma recting .\ hoton attenuation. In a
clinical setting, this-cam*be €My V. scaning patient in the CT scanner and

pfithe radionuclide data. A
anderadionuclide data must be

registered spatigh¥ withy : 3 gBonstruction. The image
registration can be g [et acqui : -r /&l dt e radionuclide images
of the patient witi#*Tidug ' ieete align the images using
off-line imagesf€gistggtionl 6 These Umage kediSiratiomtechniques have been
relatively successf | _ \ 1888er degree for imaging the
pelvis, both of whiCh a inechgearmetricallyhby the Skeleton. However, off-line
image registratién i ifficult-to-perform SUrate Win the thorax, abdomen, and
head and neck regj the bedy / exXid ."'n end, making it difficult to
maintain a consis configuration, when' ays and radionuclide data
are acquired during s i : pn diff@rent scanners. Recently, dual-

modality imaging systéms fas
with CT in a single system.

that allows both the x- r_,

pt inCorporate radionuclide imaging
8ystems have an integrated patient table

images to be acquired without
removing the patiep

?%._radionuclide images
to be acquired: i

[ al level of patient
movement, thake pagewith SPECT image.
The ability &Lt : @NgN

an important

e fusion is seen as
ance, alZatiompf radiopharmaceutical
uptake for tum staglng and for treatment planning in onc l) ic studies. In addition,
the CT image obtaiped with a dual-modality system can be used to generate a patient-
specmc attenuatlfmfor attenuation corre@ligh of the radlonucllde data. As noted
tenuation
Mﬂq Hjﬂﬁ)ﬁm r atte on_goefficient
is ndatth gy of the

pho

emitted by the radlopharmaceutlcal acquired during the radlonucllde |mag|ng
study. It is therefore necessary to @nvert the linear afgepyation coefficients olgigin

| ARSI TRAANEIR




2.5 Scatter correction [6]

As indicated in the introduction, Compton scatter is part of the attenuation
process, however, scatter is normally considered to be a separate problem. When a
gamma ray passes through tissue the photon is not necessarily completely stopped but
may be scattered. Scattered photons are diverted from their original path with some
loss in energy. The purpose of the e indow on the gamma camera is to reduce

aVEN dgtected. However there are still many of
the detected photons with eak that have undergone scatter
and these can lead tosgH ‘ igg¥as well as loss of contrast. It

should be noted that-isSQM - f detected counts in SPECT
have undergone Caii . Thedproblem-is<paiticularly complex where there is
non-uniform attenuatigm Elfect s@atter a Salg=besa greater problem when

attenuation correction -is~eférmed. | T many methods of scatter
esearch. Unfortunately

possibly the methods

correction suggestge*na. still ¢ k“k
there is no singfe meth@l thet iSupive _""'\\:‘v.
| AR

that is most widely usefl afefille triple ‘energ) dual energy window
methods. Othe#gro nave' developed \F." 3 aches including use of
multiple energy wiglowg! cg x.-ij@ 0 "% i'\ omplex scatter modeling.
The triple energy*vind®wsfapproagh.in ve Jui ditional images using
energy windows eithgf just b or achside i'\ -\w ak. The assumption is
that scatter recordgfl’ in ghesg'win n,;-" e imilafito (18, scatter in the photopeak.
Therefore the sgater Iff the photopeake stinatéd by@subtraction. (See Figure

2.1) If the two narro wigide

\ otopeak width, p, then the
scatter is estimated

Scatter = dows / 2 ) * p/w (2.2)

AUHTNHRTHEANT:

The technique has several advantages over alternative methods since it is

simpl€ to apply and directly meaiures scatter (both number of counts and ial

istributign). Op the_negative side, t ractioq r in enh d_pois ess
I t 4 tigate. afterpativg a inmp

t ilize the 'scat stifate withiggan@térativé re tibn

m

Scatter correction results in improvement in image contrast and it is essential
It absolute quantification is desired. However for most clinical cases, e.g. brain,
contrast enhancement can be achieved by display thresholding and the value of scatter



correction is questionable. In cardiac studies, performing attenuation correction alone
tends to result in reduction of contrast compared with results without attenuation
correction. As a result some form of scatter correction is desirable to restore visual
contrast ( Figure 2.2).

No Correction Attenuation Correction Scatter +Attenuation
Correction

Fr
Figure 2.2 : 3 Ocarghal joe -:—77
middle with attgfUatiQf coffeg ion, ,

t attenuation correction,
gtion correction.

26Tomograph|c ecopist ct'r\

-W:-_ '
Two commongmetiiods o ur.u.‘ €CONsiruction’ e acquired data are the
filtered backproject] thdd e ve'method,fof'w |ch the former is the more
popular, although® latel the Sddining \1 lattenuation. The filtered

backprojection will be sc:; pe: .?

e elative method will be outlined
only briefly. 1

2.6.1 Filtered bac —E)T“' ;1 [4]

» f“'";'

o
;,,

The' phi istfuction, in which three
projection ews are-obtained-by-a-gamma-camera-atthree-eguidiStant angles around

an object {coffal edh Py black dots. In
360°acquisitionuit 15% on on.ly the projection of the
180 °arc to sakacomputatlo ancalso the sum or th@rlthmetlc mean of the
opposite projecCtfon count is taken. In the two-dimensional data acquisition, each pixel

count in an mag@ ctlon represents the swof all counts along the stralght line

ing each
pr %i w ’ ix ng he line of
co ecliorn nskru IS rojection.

Bac olectlon can be better explalned in term of data ach|s|t|on in the computer

matrix. Suppose the data are colleofd ina 4x4 acqws matnx In this matr:ﬁ

these prOJectlons can be S|m|IarIy backprOJectlon into the reconstructlon matrix. This
type of backprojection results in superimposition of data in each projection, thereby
forming the final transverse image with areas of increased or decreased activity.
Using 4x4 matrices, four transverse cross-section images (slice) can be produced.
Using 64x64 matrix not different for acquired and reconstruction can be generated 64
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transverse slices. All transverse slice, appropriate pixels are sort out the horizontal and
ventricle long axis, and to form sagittal and coronal images. That is common practice
to lump several slices together to increase the count density in the individual slice to
reduce statistic fluctuation. Problem of the simple backprojection are stars-pattern,
artifact caused by shinning through radiation from adjacent area of increase
radioactivity result in blurring of the object. The blurring effect decreases by apply a
filter to acquisition data, and the fil xr jection then backprojection to produce an

images that the original objectI' Il filter backprojection, in general two
method of filter backprjeCHBiM pthod in spatial domain and the

Figure 2.3 Simple P ,-;Jfgf i metk eft), Sfilfered backprojection method
(right). . g{fﬂ ie | N
26.1.1 The Eitio

Rlurrip econstruction i iljer, backprojection is
It data are then

The

backprojec efations that remove
blurring furietfeh oAThle neighboring pixel
and put them s’&jk into ’ me-ptm smoothing kernel has

been widely used in nuclear medicine to decrease statistical ¥a¥iation. This technique
is primary to avegage the count in each pixel with the neighboring pixel in the
tial kernel descr above with all positive weighting

acquisition matrixt ﬂspa _

fa gtiugelip r | Df S es in the
or | ifage Pecbmegddiu i agel as I verdgifg the gdunt of the
ed X itAthe nelghborihg prxel.” Ahother filte el used”in"spatial domain

consISes of narrow center peak withgooth positive and negative values on both side of
eak. Edge-sharpening filter is applied central to pix&Bor correction, the n %

dgative
' egn tRar =aEi [ ] C
- nterdpi . Repeatgdor e aclf grojegtiopdan r praj
q tAen bacRprojection. This tec réduCes-orfginal' image Wit r resol

increase noise. Blurring due to simple backprojecton is removing by this technique
but the noise inherent in the data acquisition due to the limitation of the spatial
resolution of image device is not removing but rather enhanced.
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2.6.1.2 The Fourier method [4]

Nuclear medicine data obtained in the spatial domain can be expressed in term
of Fourier in the frequency domain as the sum of series of sinusoidal waves of
different amplitude, spatial frequency and phase shift run across the image. This is
equivalent to sound wave that is composmg of many sound frequencies. The data for
each row and column of acquisition gnatrix can be considered as compose of
sinusoidal wave of vary amplitydg ahd cy in frequency domain. The process

of determine the amplitude, 'afsit ,n‘ al Waye e Fourier transformation and the
method change from ' domain/| | aln call the inverse Fourier
transformation. The, er-meth e the blurring function from

same thing in image
uency preserving the image

plitdele of ', eren

represent by lo i emaQve the w. by high frequency. The
result obtain by the | ; “?\ gaby, the convolution method.
The Fourier o Bite the reconstruction of

image than the ¢ ourier filter have been
mhiuclear medicine and
\ x give an upper limit to the
number of frequgic ) dest gBsine curve represent an
image projectsdn. Ble in a projection of
acquisition data of

Iterative re ion is a-methed af algo \ Sillsed to reconstruct 2D and
3D images from the pr ionsiaf-an objeClli here ar@ a large variety of algorithms,
but each starts withg@n ,, teS@projections from the image,

compares the original projeets S"the image based upon the difference
between the calculated "f jestions. Although conceptually this
approach is much simplertat=frite or medical applications it has

traditionally Tacke ple \ ‘@s is due to the slow
Convergen e e q."- ‘l"".lq;l..- ‘l;:.-.l:;|.-'1"l.l" l‘ l!l"-l ‘-"ql.l '.lvﬂ e major advantages

of the iterar.h/e N3 |_|J1y of reconstructing
an optimal imaga | . where it is not possible to
measure all 1§degree5 nay-be BRabte o solutign by this approach. The
method has beea’applied in emission tomography modalities"®ke SPECT and PET.

AHBTRUNINEANG -

ascular nuclear medicine techniques are mherently quantitative. This is
because the pixel count value fromfwithin cardiac regigmyis related to some pargipét

WIENTS WHRYIRE A

to extract from a pixel number of counts expected from given radionuclide
concentration at the source location, and the true relative quantification, which is
ability to extract from pixels the ratio of the counts expected from a given ratio Tor
radionuclide concentrations at two source locations. At the present time, the most


http://en.wikipedia.org/wiki/Algorithms
http://en.wiktionary.org/wiki/convergence
http://en.wikipedia.org/wiki/Signal_noise
http://en.wikipedia.org/wiki/Optimization_%28mathematics%29
http://en.wikipedia.org/wiki/SPECT
http://en.wikipedia.org/wiki/Positron_emission_tomography

12

widely used approach has used data-based methods of quantification. The concept of
data based quantification involved three major steps:

a. Image processing to enhance the image.

b. Image analysis to extract pertinent measurement for use in determining

normality versus abnormality.
_ Wto database of result from normal to
' ,ﬁﬂ/( ﬂuter method developed at

Cedars-Sinai Medi itaive approach to SPECT is
is myocardial tomogram
~:-_ these profile to profile

based on sampling.th: i rand
using maximu ci ialprofilesa
' \:N ofilespoints that fall below the
N

c. Comparison of ex
qualify the degi

derived from a da fodl patie oy
J %\ e

normal limit jon fa .A‘ C alitysare_CO idered abnormal. The
quantitative outp gramin \.};&‘\-\- map display design are
abnormality jiC the-per ent of ‘-\:‘u\;.! piIXel within the total and
individual vascularg€rritgfies’ @RS _provides t % pef 810 polar maps and three 3D
parametric surf rgst and r 3\ n,"'\.a Rlaction pull-down menu
contains the v, ;'@a" = e , Qf ‘Which apply to both 2D
and 3D displays. i )-segments (Se' \ ASvascular territories (\Vessels) or
4 regions (Walls)i overlaid emto.allipolar _ os'ahcl SUfaces from the Grid pull-
down menu: in‘the p ~ 3 el a _c 2d with the overlay represent
the average value NEter 2“; *-- by %each@map within the segment,
|n W

territory or regio . stres§ %and™rest perfusion values are

e

normalized to 100. QRS ; psolutarea of perfusion defects can
be hampered by incofrect F' he p Fin the image. Pixel size is usually
automatically calculated basgd gge8Lficld of view and zoom information.

2.8 Compu
2.8

(3 A 0

;'!llﬂllll:L‘-ll-_-" —_— ‘

Physfcaty, ’ Ié‘)\o‘{)ject along straight
lines, attenuatep| Dy the object al SIEE"TT. During €T scanning, the cross-
section is probed with X-rays from various directions; attentiated signals are recorded

and converted to ctions of the linear attenuation coefficient distribution of the
a; bi

crossasection. TheSe y.shadows are directly to.the Fguriertransform of the

= red *attefuati of*theé X¥rays' pas thr he "patient are
con\med into pixels and CT numbers, measured by Hounsfield units (HU).The 3D
CT images are obtained from ®D transverse sli€88 which show anat@kafcal

(RIRT I NI AR

image of the area of interest a system of windowing and levels is used.

The available gray scale is spread over the chosen range of Hounsfield
numbers. The window defines the upper and lower limits of this range. To produce an
image which shows up most major structures a large window is used. For more



13

detailed information about tissues with very similar density a small window is used.
The smaller the window the more detailed the image but the range of tissue density
that is seen is reduced. The level is the Hounsfield number at the centre of the
window. This is chosen so that the window covers the type of tissue of interested. To
image dense tissues a high level of window setting is used and to image low density
tissues a Iow Ievel window settlng is used. Multl slice detector geometrles allow

and movement artifacts in im mi . To enhance some structures with
similar tissue density val\
2.8.2 SPEC%
A modalify™WTer - Istapi
technical optiowy

capabilities of single 0

a somewhat under-utilized
Bimlptimizing the diagnostic
aimpact on patient management.
3 As, €d .""".‘- ith separately proven
good diagnostic pe aCe /" u uq o) enerated images of local
radiotracer upt e Cj l\t » imageskof x-ray density of the
: ' ] \ oWties S€quentially functional

***** \n u ’H{‘ CT, obtained during a
deptim, attenuation correction

of the single photo emigsion data. v,; ; Cise i T g areas of abnormal and/or
i@ prov sen t| ity and specificity, but can

also aid in achie¥ing af imetric imateS @ Well as¥n guiding interventional
procedures or in bet efining, e ﬂ 2 foRextéipal beam radiation therapy.
ifaging with gs g ndiotracers represents the

majority of procedur " in gAroutine-ne _mediine practice. Many of these

examinations are turg o] a L d| | The development of better
instruments, newer computer=i = 'Tor image analysis and display, new
%mTe labeled agents for V. M | [ significant events may enhance the

future value_of SP fpact ozatient care and cost

effectiven ﬁ ( ' actérization of disease by
CT imagi% ’_-nva-v.-ﬂ.— narnnnlonic. coritoria clich. aAc « 76 texture and tissue
attenuation G| "hn&an size and tissue
density, as wel| as nd@pographic landmarks.

However, struH ral data do not necessarity correlate withi{the metabolic status of
disease. On the ther hand, nuclear medicine imaging is based on the bio-distribution

of a radioactive %\jer time and space, W V|suaI|zmg dynamic physiological

hysi h ti f disease.
rmer H Her ﬂm osure, as
iz o ipatients’ rathe bei el from an

exte I source to each region of the body to be evaluated, as performed Wlth
radiologic imaging. However, scingifraphic images Ia curate anatomlcl

TS SEGehl

functional imaging modalities are complementary and not competlng technlques
especially if precise image registration is made possible by using a single imaging
unit combining the emission based data (SPECT) with the transmission based data.
Image registration is the process of determining the geometric relationship between
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multimodality imaging studies, in order to use information provided by one test in the
context of the other modality.

2.9 Review of related literatures

U Daisuke at el, [8] reported research on object-specific attenuation correction
at SPECT/CT |n thorax. They prll iparily investigated the optimal x-ray tube

/ hg adequacy of SPECT/CT attenuation
A7

201 in four region of intekestsoi n_corrected images. The size of
each region of interg 1 i ﬂihe reproducibility of these
measurements in phaf > A*Was repeated six times. They

compared betweeeru ‘ eS0T e result found high current

proved images
significant difference

Preuss R. 1€d'the §tud i\\ "- it Wation o protocol for low dose
CT-derived atte e nn o\ B fUSIQIRSPECT imaging. They

evaluated th i ation, mi Wil low tube current to
minimize exposur v 5101 S Annings, adtgm studies, determination
of linear abso v ights air, \Wa N eflon was carried out to
determine  attenuati Aot g ss_and “‘ hdieS*from 62 patients. All
patients underwe isgfor phafmacelog| \ es ‘ g and a resting study for
comparison usi | Ori] n in stress studies was
performed using 2.5 Nt S 1. \‘ as used in resting studies.
The result in phant ient studies#@ifferencesSiof iflear absorption coefficients
were not significant. Effctive dosen-Cis d ACHaE m ocardial perfusion SPECT
decreased from 0.90 ng8v dav _,,_;,c;e  redliction) and reliable attenuation
maps (p-maps) of the thoréx=can-be-obt 8en with the use of very low tube
current. -

The -| . aisuke at el and F Bt stugy.in difference lesion
size, vary i fion. So oul B _)rch is designed to
study the }be current-time in

ﬂuEJ’WlEJVI?WEJ’]ﬂﬁ
QW’]Mﬂ‘iNNW]’JVIEI’mEJ



CHAPTER Il
RESEARCH METHODOLOGY

3.1 Research design

This research is an exp ripftal, cross-sectional design. The steps of

procedures are in figure 3.1. P
3.2 Research design mo\\\ ‘ /y

; ransmissioM@cquisitions

ay tubeleurrent)

Figure 3.1 Research design model
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3.3 Conceptual framework

There are four parameters influencing the image quality from myocardial
perfusion SPECT. The line source and CT transmission influences attenuation
correction, activity concentration, lesion size and defect location influences of
corrected images. The conceptual framework of this study is show in figure 3.2.

Emission scan | _

CT transmission

A

Variation
mAS

Lesion

Activity
concentration

3.5 Key word ” '

- Attenuﬁﬁorrectlon

ﬂuﬂ%mmwmm

3.6 The sample

q ASERSRIURIINEIE Y

determination of defect detectability will be studied in cardiac phantom with defect
inserted using 3 tube current-time of CT scan The inserted defect will be varied into 2
different sizes i.e. 1 x 1.5 and 1 x 2 cm?. diameter, 3 different activity concentration
i.e. 25%, 50% and 75% of myocardial activity and in 4 different myocardial walls i.e.
anterior, inferior, septal, and lateral wall. These will include a total of 231 scans.
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3.7 Material

3.7.1 Single Photon Emission Computed Tomography/ Computed Tomography
(SPECTI/CT)

SPECT/CT system as shows in figure 3.4 is manufactured by Siemens
Medical Solution, Model Sembia T§. T e system integrates a SPECT scan with 6
multi slice CT scan using Synga' |ty computer platform. SPECT scan,

consist of arrays of Nal(Ti)a0EySte gize is 59.1x44.5 cm, field-of-view
(FOV) is 53.3x38.7 cm, (otal nL ultiplier tubes is 59. For CT scan

Three kVp setting TR ) ‘ T30 p. The tube current ranges
from 20 to 345/ e

::sé
3.7.2 Anth @ 16
Antglhr

er, lung, heart and
spine insert.~Cur
tissue density. N

v,
d-¥ %r to simulate lung
fain ap rdiac EQT data acquisition and
reconstruction-wAth non-uniform attenuation correction methe@ds. The cardiac insert
with the followi dlmensmn is chamber Jength 8.6 cm, diameter 6 cm and

myocidlal volume &89 cc and ventricle vo ~ 60 cc. The volumes are left lung

WE Ny INE I 3

Figure 3.5 (left) ventricle chamber (right) myocardium chamber.
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%thro@norphn&ﬂiﬁ“antoms
3.8.3 Technet:‘(uﬁl( -
Techn 00mei€ am etium-99, symbolized
as *™Tc. The "m" ip#icae? tiar this isk isomer, i.e., that its half

life |s consider. dergo gamma decay.

99m is very islives, though short in
comparison with halt-liy€s foryother Kintis/of ra t| Bhdecay, and in comparison
with radionuclide# ds o 3 CI Stests. Techetium-99m is
used as a radio d \ sUfted to the role because it
emits readily detect: Ke\ Sfand h \ ife for gamma emission is
6.0058 hours. The, ;121: Y ; f aIIo fo canning procedures which
collect data rapidly, bulfkeep.totalpatient ation @Xposure low. In the myocardial

] tica#§ *°"Tc-tetrofosmin or #"Tc-
sestamibi are used. Scanning=h '-':_;‘..L-L " Tormed with a conventional gamma
camera, or with SPECT. ﬁﬂ hantom so used ™ TcO, because
low cost andﬂech "o 2T ¢_sestamibi.

3.9 Metho% ’

This st-;

perfusion scans usin om, the

|
3.9.1 QECT/CT daily QC [APPENDIX C]

AU AT W

for represent baseline response of the detector operation. Uniformity is measured
over the useful field of view and cmtral filed of vie %quency of test is dall

3 wWﬁ; AR Y

The outer myocardial wall fills with Tc-99m activity 700 puCi/110 cc. The
veniricie chamber fills with Tc-99m activity 73 uCi/ol cc. Background of the
phantom fills with Tc-99m activity 0.1 pCi/cc with the total background volume of



http://en.wikipedia.org/wiki/Nuclear_isomer
http://en.wikipedia.org/wiki/Technetium-99
http://en.wikipedia.org/wiki/Nuclear_isomer#Metastable_isomers
http://en.wikipedia.org/wiki/Nuclear_isomer
http://en.wikipedia.org/wiki/Gamma_decay
http://en.wikipedia.org/wiki/Isomeric_transition
http://en.wikipedia.org/wiki/Nuclear_medicine
http://en.wikipedia.org/wiki/Radioactive_tracer
http://en.wikipedia.org/wiki/Kiloelectronvolt
http://en.wikipedia.org/wiki/Gamma_ray
http://en.wikipedia.org/wiki/Half-life
http://en.wikipedia.org/wiki/Half_life
http://en.wikipedia.org/wiki/Tetrofosmin
http://en.wikipedia.org/wiki/Sestamibi
http://en.wikipedia.org/wiki/SPECT
http://en.wikipedia.org/wiki/Tetrofosmin
http://en.wikipedia.org/wiki/Sestamibi
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10,300 ml. The inserted lung not filled Tc-99m activity and liver filled with Tc-99m
activity 0.2 pCi/cc with the volume of 1,200 cc. The solution is well mixed before
filling into the phantom.

The activity concentration, which is filled into the inserted myocardial defect,
will be varied into 3 different concentrations i.e. 25%, 50% and 75% of the normal
outer myocardial wall concentration i'

|
]
LRl

3.9.3 SRECT/@T pfbcdtiurces=

pfocgdure
. 9\ (A N '

The acquisifionsfprafocol censistsie ( Shfor 30 seconds over 180-
degree arc extepéing fom &5 degr ,. gy ragil P@%projection. The simplest
automatic contour c@nsists gf.approxm g \ eutline by an ellipse drawn
around the edges @f th@ object wdr h ttenua then assigned within the

contour to generate thej@ttenuati@ rd protpcols of emission scan of step
and shoot, 3 degree pgF steprAAGHIX 5 0OMML.45 were used. For CT scan,
the parameters such as tube=e ation, slice width, and pitch factor
were fixed as in table 3.1, T [ the chest scan is about 5 minutes.
The projection data_forseact=pha [om. grated with two techniques of

reconstructiomas g
Filtetback projection (FBP) images: the data was reconsiructed by Butterworth

filter nyquuk mjh images without
attenuation. :..' ‘ T

An |ter e reconstructie aseapplied fora uation by order 8 and
subset 8. Th uantltatlve perfusion SPECT (QPS) al thms represent mean

count/plxel for aI ents, as WeII as the map (bull’s eye) Bull s eye from
ges. The
erm ized count

pe p|

Table 3.1 CT scan parameters for rﬁdiastinum SPEC‘E scan. Q/

qm




20

3.9.4 Data collection

To determine the uniformity of the attenuation correction process of each tube
current-time of CT scan, the data from left ventricular wall of myocardial phantom
without defect-inserted are used. The left ventricular wall is divided into 4 regions
which are anterior, septal, inferior and lateral walls. The percent normalized value of
the average attenuation corrected ; each region is calculated as shown in

Ralol ¢ ; efines uniformity index, ideally it
should be 100%. Five tulhgsCUREat-b i.e. mAs 34, 43-48, 100, 150 and
200, used to determinegthe.per ' he tube current-time of 43-48
is the Automatic B fs designed by the SPECT
manufacturer to tryies

x 100 (3.1)

a trast of lesion is calculated

using equation fafion=3%2. [1 1y e Mthie,percent contrast of the
lesion, the bett®f abilj ect Againth age contrast of lesion is
calculated for thed€si ach” of=the allsscparatelys, The percent contrast of
lesion is studieg¥isi ly 3idifferent ait-tithe ORGIT scan only which are
mAs 34, 43- ' eht-tine set as default by the

manufacturer, du comstraits ofithe: 'r urer, M\- gest tube current available
was 34 mAs, r icgl used aS AECTN "‘ iné%@linical used in radiology
diagnosis technique. h ved [« ) \
7 ] / : \
%Cont{ St of —-‘-_-'F *':‘- " ' (3.2)
[aEfidd = 1% 4
Where Ciesion iS the .’ rac Mpixel in the region where defect is

inserted and Cumform is the. _, ( the other 3 myocardial regions

where no deﬁt is . L_-:)

3.10 Statistfcal-ana R

NJ

ral
Data akeslexp B of=ihe percent normalized
value and perch'e age contrast of*festen=petween lesions locations, lesion size, lesion
concentration f¥different tube current-time are performed usmg pair t —test. A p value

of less than 0.05 |¢<H:lered statlstlcally mgrﬁ,ant

IS acm)ted by Ethics Commlttee of Faculty of Medicine, Chulalongkorn Umversﬂy

q W'mmamumamaa S

myocardial perfusion study, i.e. uniformity of the image, the detectability of different
defect size, location and activity concentration, will be obtained.

The optimal tube-current time of CT scan for the patient study to obtain the
optimal image quality while expose the minimum radiation dose to the patient.



CHAPTER IV
RESULTS

4.1. The percent normalized value

The percent normalized valu a h wall of myocardial phantom without
defect inserted using varlous scans for each mAs are shown in
table 4.1 and figure 4. v ~,

Table 4.1 The perce alues o yocardlal phantom without
defect.

alue in each wall

Tube current-time (g I(#’ﬂ&\ .H Rateral wall  Septal wall

34_ N, 10293, S, 89.56 91.65
W35 W, 78 94.22

, T N9 08N, W, 89.64 93.49

AEC (43#8) o J J. 9539 20010\, 8o.18 95.96
f J "85 9,928 W, 99.01 95.63

' A 0992 94.98
100 L 95.24 93.95
95.32 92.66

i , | 95.24 92.57

150 J 8478, 108 92.65 92.16
94.61 92.73 98.45

92.57 92.08

94.08

100.00——— 3 100.00

95.68

Table 4.2 T -values of the paired t-test statistics c Mparison of the percent
normalized values.gf each wall of myocardial Ehantom without defect inserted.

ﬂumm

AEC #0.028*

q W’] AN TN D NEIAY

*two-tailed p-value statistically significant.

150
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34 mAs 43-48 mAs(A

=
e

MAS 150 mAs 200 mAs
o in different tube current-time

Figure 4.1 Bull’s eyeiape
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Figure 4.2 The percenlf : )t oc al walls using different tube
current-time . T |

4.2. The percentage contrg .,’ ¥

The peé | s of lesion of * ial phantom with
variation of.jnsSerted-defect using-3-different tube current-tim e shown in table 4.3
and figure “k 7

34 mAs ‘ 43-48 mAsS 200 mAs
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200 mAs

: Aps m , 50% lesion concentration
and lesion at inferiorvwalsen.34, ectlvely

Figure 4. ‘ cs101- 8! S e, 25% lesion concentration
and lesion at inferiogi ‘ Q an ‘

(Lel‘ﬁl Lesion size 1x1.5cm (Right) LesionLiélZe 1x2 cm?

Figure 4.6 Bull’ s& ps of lesion size lxlign and 1x2 cm? lesion at lateral wall
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Table 4.3 The percent contrasts of lesion of each wall of myocardial phantom with
variation of inserted variation defect using 3 different tube current-times, 3 scans.
(Lesion size 1x1.5cm?)

Lesion size Lesion Lesion % contrast of lesion

(cm) concentration location
Y MAs 34 mAs43-48 mAs 200

1x1.5 25% ior 77.88 77.94 79.26
\\ ///79.13 79.41 78.80
. ' .77 78.09 79.20
1x1.5 $ IGriorés 7775 76.02
_' 78.51 75.82
. 76.39 76.04
1x15 0 79.73 79.61
79.89 80.48
80.10 79.65
1x1.5 76.75 77.62
77.51 77.95
76.39 78.61
1x15 4551 44.53
43.42 45.60
| e 45.36 43.29
1x1.5 5 L= Infer 4451 42.53
V e 41.42 44,60
45.36 42.29
1x15 52.21 49.54
53.64 52.06
fffffff 53.64 52.06
1x15 § 54.71 58.92
58.58 58.20
, 58.00 59.07
1x1.5 75% Anterior 33.36 33.21 38.16
‘o . QF 66 . 37.71
AULINENIWEIHS
1 s , %08 Interior 29atet | § B 34.52
q , 33.07 . 34.52
¢ 88186 28.06 @432.38
| ; 760, 4 ) | taice 19N O .
‘ 11 ¥ 394 154 BY L
g = - 3066 3098 3266
1x1.5 75% Septal 28.81 3221 32.89
32.94 3258 30.87

29.66 31.98 30.87
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Table 4.4 The percent contrasts of lesion of each wall of myocardial phantom with
variation of inserted variation defect using 3 different tube current-times and 3 scans.
(Lesion size 1x2cm?)

Lesion size Lesion Lesion % contrast of lesion

(cm) concentration | !ocatlon mAs 34 mAs 43-48  mAs 200

1x2 nterior 78.11 79.62 80.17
/ // 8.39 79.65 79.79
/73,97 81.22 79.76

1x2 1 i

— —— 78.25 78.46

78.12 77.19
78.62 78.17

1x2 81.62 81.17
80.65 80.79

81.22 79.76

1x2 78.25 78.46
79.12 77.19

78.59 78.46

1x2 55.48 58.33
54.90 58.64

F , Vi 54.41 57.69

1x2 50 L4~ Infer 47.09 51.79

| s 46.60 51.40

47.02 50.37

1x2 56.48 59.33
54.90 57.64

: — A 55.41 58.69

1x2 87 48.09 50.79

: 46.60 50.40

, 48.02 51.37

1x2 ‘, 75% Anterior 22.39 25.08 26.83
v o . QF 55y . 29.23
AUEANANINENTS =
| 21 : 008 Interior 20:0 i . 28.02
q , 26.09 27.21 29.93

2721 @792

ARIRNINUHINLAN

30.26 30.02 37.78
1x2 75% Septal 27.09 28.68 29.02
26.09 28.21 28.93

28.09 27.28 28.92
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The percent contrast of different lesion parameters using different tube
current-time are compared using t-test and the p-values are shown in table 4.5-4.11
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Table 4.5 The p-values of the paired t-test statistics comparison of the percent
contrast of different lesion parameters using different tube current-time, at 25% lesion
concentration of myocardium and lesion size 1x1.5 cm?

p-value

mAs 34 mAsS 43-48 mAs 200

0.0 0.17 0.006*
. 0.09 0.19
“oflises  0.17 0.08

0.18 0.01*
0.07 0.007*
0.015* 0.051

Parameter compared Lesion
(lesion location) concentrati

Anterior and Inferior :
Anterior and Lateral \ \d
Anterior and Septal %
Inferior and Laterafee—

Inferior and SeM

Lateral and Septal

* two-tailed g

Table 4.6 THE p-va parison of the percent

contrast of differegiflesigh perameters=using C "H'x. rent-time, at 50% lesion
concentration gi#fyog 510N Si7 \
-/ i 4 ~\

Parameter conpareg , Le3 " | -\\\ p-value
(lesion location) PR “Ia 3 W\ mAsa3-48  mAs 200

Anterior and Inferfor 0.05 \ 0.22 0.057

Anterior and Lateral T Tl | 0.01* 0.02*
Anterior and Septal - ' 0.019* 0.004*
Inferior and Lateral 0.02* 0.01*
Inferior and-§ pta 0.02¢ 0.004*
Lateral ancySeptal 0 0080 53 0.01*

=

L4

Table 4.7 Thﬁ&-values 0 atistics co@barison of the percent
contrast of difféfent lesion parameters using different tube curfent-time at 75% lesion
concentration of r’qﬂjlum and lesion size U cm?

- NAS 43-48

mAs 200

Anterior and Inferior 0.55 0.01*
ammmmumq ﬁﬂ’mﬂ
Inferior and Lateral 0.0006* 0.25
Inferior and Septal O 35 0.0001* 0.08
Lateral and Septal 0.22 0.005* 0.23

* two-tailed p-value statistically significant.
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Table 4.8 The p-values of the paired t-test statistics comparison of the percent
contrast of different lesion parameters using different tube current-time, at 25% lesion
concentration of myocardium and lesion size 1x2 cm?

Parameter compared Lesion p-value
(lesion location) concentrati mAs 34 MAs 43-48 MAS 200

Anterior and Inferior \ : 0.04* 0.02*
Anterior and Lateral \ . & 0.22 0.18
Anterior and Septal % ‘ & 0.13 0.03*
Inferior and Latera-i———‘ '. —tmz-—-‘" 0.008* 0.04*
Inferior and Se W 0.44 0.42

Lateral and Septal 0.06

* two-tailed p

Table 4.9 Thg -va f the f R\‘x \ Wibarison of the percent
contrast of differentd€siop paragiieters Using differea (aycurrent-time at 75% lesion

concentration of g/oca

Parameter compéreds
(lesion loca#fon) 4

mAsS 43-48 mAs 200
0.0016* 0.0012*

7 AN\ N
¢ “\‘\\ \\-.._ p-value

Anterior and Inferi

Anterior and Latefal 0.18 0.66
Anterior and Septal 0.0056* 0.005*
Inferior and Lateral 0.0016* 0.006*

Inferior and Septal (e 0.18 0.66
Lateral and Septal .0p16* 0.003*
* two-taile T

i

Table 4.10 The- p-va comparison of the percent
contrast of dIﬂJﬂE'I‘ nt lesion parameters using ditferent tube o@nt-time at 75% lesion
concentration 0F myocardium and lesion size 1x2 cm?

ﬁwﬁ NENINEIn ..

Ante‘tr and Inferior 75 0/ 0 47 0 67 0 02*
terior and Lateral
Q ‘T mmmfn VIEI’I&EJ
Inferlor and Septal 0.22 0.23 0.66
Lateral and Septal 0.07 0.03* 0.0028*

* two-tailed p-value statistically significant
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Table 4.11 The p-values of the paired t-test statistics comparison of the percent
contrast of different lesion size using different tube current-time and lesion
concentration.

Parameter compared : p-value
Lesion size 1.5 and 2 cm 34 mAs 43-48 mAs (AEC) 200 mAs

25 9% lesion concentration 0.001~* 0.008*

50%Ie5|on concentration /7 0. 0.051
ati \ ; 97002 0.009*

ﬂNU’JVIEIVI’B'WU’]ﬂ‘i
QW’]Mﬂ?ﬂJNWYJVI?J’mEJ



CHAPTER V
DISCUSSION AND CONCLUSION

5.1 Discussions

5.1.1 Percent normalize

y percent normalize value shows
that images acquired b mAs 43-48, 100, 150 and 200, do
not significantly differ-but™st uired by the low tube-current
time of mAs 34. For.exanplep-<-0. 8 fo As"37°aS compare with mAs 43-48, while p
< 0.19 for mAs 43- Vi } 2 consrstent with the study by
l j iati rying the CT parameter
esfiigh noise images representing

poor quality, w. sedimage o eandigave good image quality
but resulted in high i an \ W b \ irve; t.[12] Our results suggest

that the tube-cupgt ti § 43-48 which, 18, Used AEC mode is a preferably
parameter fo : o] while provides low
radiation dose to p

The co i Iﬂ of ‘the ent CORrask %2 lesion sizes show no
significant differencegsi : rreft-time of CT scan. This is likely
because there is o iffergnce-ofAgsion \t difference) so that it does
not effect the average ount of ,the regi where Ydefect’ presents. Concerning the
dlfference between d vity-eoncent mas \Weltan expect, there is significant

1t cof "‘ ity Concentration between 25% and
75% for all value of tube i-time QFELscan. There are no difference when
compared 25% with 50%;and.80% g ise there is small difference of the

] é': f lesion in various

myocardlal e results show non-
: WMTerence while others
show no srgnrf to explain by any reason. For
example, the si flcant difference would be expected betwe e lesion in lateral wall
and septum because of the difference of distance of each myocardial wall from the chest
WaII But our res w no S|gn|f|cant dlff e no matter what value of the tube

erior and
vall u§in s 3 bu E w et ﬂ nigal error of
isten an thati there @Mikely that

er what tube current tlme is used there may be no effect on lesion detectablllty

And until a better method will be dlfovered the CT-ba attenuatlon correct |II
fe Ie
rtith ngertiatio ther tu
ow t| tive ut| t|

methods |mproved percent of Iesron contrast in various Iocatlons of myocardlum
when compare with FBP. Resolution recovery can also be included in iterative
reconstruction and iterative filter backprojection methods. [13].
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5.2 Conclusion

This study reveals the effect of attenuation correction of myocardial perfusion
SPECT images by varying the tube current-time of CT in myocardial phantom
studies. The study indicated that any tube current-time of CT-base attenuation
correction has no significant effect on percent lesion contrast at percent lesion activity
more closely to myocardium activi ever on the clinical practice, this effect
should be observed. Although ' yrent- time can reduce radiation dose to
fle]s Lincrease the patient dose. So, the
sgor AEC mode, which is the
iple should be selected.
peation correction with tube
ality and the radiation dose

ﬂuﬂ'mamwmnﬁ
QW’]Mﬂ‘itMﬂJW\’Jﬂﬂ’mﬂ
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APPENDIX A

Case Record Form Examinations

Data record form

o §\\’\\W//// ..............................

Lesion 2si0 F Yediof 1 N Ry ABeweLnt per pixel

size  concent ehior “ynfegior,  Lateral  Septal
Normal Norig AN N

1x1.5 25%

1x1.5 25%

1x1.5 25%

1x1.5 2

1x15  50%.

1x1.5 50%

1x1.5 50%

1x1.5 50%

1x1.5 75%

1x1.5 75%

1x1.5 75%

1x1.5 75%

1x2 25%

1x2 25%

1x2 “25%

1x2 20 %0

1x2 50%.|

1x2 50%

1x2 50%%* Lateral

1x2 50% Septal !

! 0% € gn  Septa! 1 A
BRI NENINYINT
132 § PO _ td | 1 | ] ]
1qu 75% Septal

ARIANIAUNNIINGIAE
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APPENDIX B

NEMA Standards Publication NU 2-2001

Performance Measurements of Single Photon Emission Tomographs

The phapie w7 as it/ figuke 1\is & aM@fial Electric Commission
(IEC) body phanto " evaluate ity in SPECT scan, which
consists of a Ja i fitlable spheres wil diameter of 9.5, 12.7,

M ‘I I..

Rods size detectlon 4 group from 6 groups.

| BN HW?WEf’TfTT“e
Q\W’] ANNTUURIINENA Y
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Quality Control of SPECT/CT, Part of CT
1. Alignment of Table to Gantry
Method
Locate the table midline wsi ruler and mark it on a tape affixed to the

table. With the gantry untillagh, ‘et the geble top into gantry to tape position.
Measure the horizontal dewh betwe ry aperture centre and the table

Results:

Distafice frg

e AW 35
Distancegffo Sft(Atm) 20, 35
d - b W e ) L O

Measufed D

rf

Comment: Pass” % w

4 -i
2. Table IncremenpAcculfacy '
Method

Tape a measuring:t
center of theape to
From the ipjtial4
software cofTtéod
Reverse thasgire

times. -
M

e table. Place a paper clip at the

able I?'ﬁormly with 150 Ibs.
info the gantry under

e pointer on the ruler.
' measurements four

o
1
L

Results:

ﬂUEJw%VIEI%@NEJQeﬂ?
Q\W’] éNﬂ‘iﬂJlM’l’J 'Vm’lﬂﬂ

-400 -400
-500 -500 0

Comment: Pass
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3. Slice Increment Accuracy
Method

Set up as you would for beam profile measurement. Select 110 Kvp, 100
mAs, smallest slit width. Perform several scans with different programmed slice
separations under auto control. Jthe film with a densitometer and measure the
distance between the peaks. f

Result:

Slice Sep in , Measiired Sep T Deviation

0
0
0
Comment: Pass f
w“ ‘fl' ‘-’”.. ;
4. Slice Thickness AgCurgg "l"- o,
v F ‘-'. J ] , -EE. [
Method / T2IE:
e ks ‘. ‘
Set up as you would=for=beam-pr Jmeasurement.  Select 110 Kvp, 100
mAs, smallest slit width,.#Rerform sew with different programmed slice
thicknesses under autoueONErOl- ?‘!ﬁg)"-

de sitoz\ter and measure the

fuIIwidtht al n distanc ) 4 )
Result: ‘ h b
Slice Thic‘ in mm Measured Thick in mm ‘ Deviation
- QF
AU INENINYINT
Uy L s A

10 | ‘_10 & o W

Comment: Pass
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5. Position Dependence and S/N Ratio of C.T. Numbers
Method
Position the C.T. head phantom centered in the gantry. Using 1 cm slice

thickness, obtain one scan using typical head technique. Select a circular region of
interest of approximately 400 sq.

L Anil record the mean C.T. number and standard
deviation for each of the po r\\ f/é/

Technique:

N

Results:

C.V.

0.158
0.162

0.168
0.164
0.181

|

Set up M‘ mini C.T% as descgEid in beam alignment.
Select the seewbn containing the high resolution test cts. Select the head
technique. Perfor? ingle transverse sca lect the area containing the high
resqlugion test Cessa ropgate windaw.and level
fo S liZatiprigary t j e fsmal test object
vishialized, y nf@nit@r. ] |
TechfTque: ' _ .

¢ o LY

qRBY7
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Result:
Slice Thickness in mm Resolution
1 15 Ip/cm
2 15 Ip/cm

3athiliid 15 Ip/cm
' “ 17 Ip/cm
17 Ip/cm

Method:

Select” the [ gntgiing  thofl ok \esalutign, test objects in the mini
phantom. Perfor ingle' tre =Scan \itiliging, the same technique as high
resolution. ¥ R
Technique:

o ., vk Mﬁ,\‘ onds 1

Result:

Thickness in mr Resolution
- E 0.5 %

J

I ozaﬁ,

Comment: Pass ‘

ﬂHEJ’JVIEWITNEJ’mi
q mmm:mw AR

clinic. For each mA station record the exposure in mR for each scan. Scans should be
performed in the increasing order of mA. Compute mR/mAs for each mA setting.
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Technique
Kvp 110 Sec 1 FOV 250
Result:
mA mGy/mAs  C.V.

50 1.000
100 0.014
150 0.003
200 0.001
250 0.001

300 0.000

*r#" "‘
Ze -
ﬂ“\:ﬁf /ﬂ \' "

.....
R i B

mGy

AuEAngningng
ARIAN TN INLAE
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SPECT/CT daily QC
The daily quality control program for CT and SPECT is regularly performed
using water phantom for the study of CT image quality, kVp calibration, pixel noise
and CT number values.
1. Water phantom \‘\ ! 7//
‘§ ==

S

1_\.!

Figure VI Wadter plientg ..',w- en 2. tof &‘h Water phantom, (3) Slice
thickness phantom #(4) MVir ..-f Y Phant \ Wleler bracket, (6) Reference

marking] ; ayart "

Daily Quality Check : -
— ~ o ]
=uncl (L} " ! ]
[ f r

130 KV, focus small, 80 A, 1.00 T!F 0mm

|
1

e

Ty e

UHANENINEIDS....

value and Pixel Noise

ARIAN TN INYAE

A
Fi‘ ‘
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2. Quality control of SPECT/CT part of SPECT

The QC procedures can be performed automatically by using an internal point
source of Tc-99m to check intrinsic uniformity and intrinsic tuning.

6e,holder extended

oV

i J ] J ..l F l'l‘l -Ii"-
“Integ te / $\ __’é AN osu
Dif ere : ) +2.0%
.-' ¥l fJ-IE‘.E._
Limit accept jiasic uniformity values

1 ults ication i v@s are not exceeding
from table e : ...J

ﬂUEJ’JVIEIVI‘SWEJ'TIﬂﬁ
wwmnmummmaﬂ
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