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1. lida H, Shoji Y, Sugawara S, Kinoshita T, Tamura Y, Narita Y, Eberl S. Design and Experimental validation of a
Quantitative myocardial *°'T1 SPECT System. IEEE Trans Nucl Sci. 46:720-26, 1999
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QSPECT-ReconE— K fFEHFIEv==2T7/V

How to handle SPECT - projection data
with X-CT mu map obtained from
Symbia-T6 (at NCVC, Osaka, Japan)
for QSPECT reconstruction?

Kenji Ishida/ Hidehiro Ilida
November 28, 2008
March 24, 2010
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How to handle SPECT-projection data for
QSPECT reconstruction?

QSPECT Project

March 24, 2010

Test data information:

Materials
GCA7200 (Toshiba Medical Systems Corporation, Tochigi, Japan)
3D Brain Phantom (Molecular Imaging Labo inc., Osaka, Japan)
filled with 168.8 MBq Te-99m solution in grey matter area,
including bone structure

Tc-99m SPECT
Energy center=140keV, Energy window=20%
Time per View=79.15sec/view, matrix=128x128, magnification=2.0
Start Angle=0, Step degree=4.0, Number of Views=90
Mode=continuous(return)

SPECT-projection data are exported to off-line Unix PC,
(Toshiba NEMA format)
1. Emission_Projection
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Test data included

+HowToUseQSPECTRecon.ppt
*QSPECT_OUT
+Raw Data

1. Emission Projection

[

. Emission Projection

How to install QSPECT reconstruction program

It can be downloaded from the following URL.
hitp: #www2 invrad corm/gspect/attachment/wiki/QspectSetup/QSPECT CD Image V2.8.1 20091222 7ip

0L GERECT D e VIS LIRHILIA Y » BEILD ]

@ 2 mwr oweorm 2 ghoyld run the setup.exe in
Fversion folder

T
as-cw

onm

Gpeacn

-

;  HaaR
{

B

aseiigs Wodom €343 10
oo ) e

onm

<Warning>
Log on to the computer as an administrator,
and then install QSPECT package.

[
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How to install QSPECT reconstruction program

[}

Al

(1 ooPECT Veranz
Walcomo 1o the QSPECT Vorsion2 Sotup Wizard &

The rtaler vl g pou Hronsh e hest g 1 stal OSFECT Vs on yout comprden

Select Instalfation Folder

WATHING: Thi eaeguier progwn is fectactad by tagpaght e wid iinesstiond beatas
Unashesrd gk vn w drekuionof 04 pogam, & ry gomnof . nay reed i vevre o The retats vl el OSFECH Varsior2 6 B foberirg Akix

To retal n s okdes. cdek ‘Tt~ 12 rstal 13 3 Gsert Ioides ervy § becas o cich Browne

el
¥iveur i Fe¥GrEoT Yeen i [ pawa |

\/ Dk Cast |

Fats CEFEOT Versr hr yinrash, & for armore v uies s compier

Eveyre
@ Jut e

How to install QSPECT reconstruction program

i =
Confitm Installation

T r o

Tk Mt 4 0ttt ritalation,

e S

FIPTCT Virsond Wt St mctmt Ay onalled
O3k Tow™13 eak
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Set up QSPECT default

m Run QSPECT-Recon program.
aspecT

S

You have to set this "QSPECT setup default” when you start
up QSPECT-Recon program first time.

@ QsFECT Sep defaus R )
Debwit il name Ty delault e nare
Morptal name Typs hospaal name

Lrgant drectory GUOSPLOT DATANmgert

QSPECT ek drestery CYOSPECT DATAferk =3

Ematin solope Te@®m -

SPECT cameta TOSHIBA GCAT00 -

Colimator LEHR paca -

o] [om ]
Set up QSPECT default
Default file name :Type default file name
Hospital name :Type hospital name
(A1 Import directory
@ :
el B = - Select a import directory
Ton deimi S meme ™\ | QSPECT work directory
e @) Select a work directory
et <1 | Emission isotope  :Tc-99m, 1-123, TI-201
¥ 104 04T . SPECT camera :choose a equipment
Lk pae . J/ i .
] Collimator :choose a collimator
| Y Carvwt

Do you like to create the foliowing werk directery?
(C:¥QSPECT_DATAVwrrk |

l [ 08 ‘ [(wae |
If QSPECT work directory DON'T T
exist, create the work directory.
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Set up QSPECT default

© QECT Pucen - COF

Fa—

LI p—

- Y] ataeee (&) v, @
s Sy S

E " Lo L

sl

=

Click default edit bottom, because of
editing QSPECT default parameter.

Set up QSPECT default

Pty

Select the tah of [ Advance ]

* Reconstruction
Scan information
Transmission isotope
TI-201 - Tc-99m

* Mu-value
Phantom -> Brain
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How to reconstruct a projection data

S———
G e T @

U

How to reconstruct a projection data

@ How Study
Siatxl  VATERASTAT) ¥ DaradEmittion Mropetien
- Shudy time : 1R414TT 1
@ fr @& 2 5B & EERETEE
H w e ® 5 | B0 Bt
[ s = vy U000 Tramers l
& I
T I
| Select a projection data. | 1
I
'
:
i
§
Pede tare 11 Sty Te Sudydite 000 v B v 2 1
Patient pame | To 30 PI0R8 Patara 10 Te 3D 08 Divdyy Studytime | 1RA214000
e LY fox M Wi ight (g} Height (em)  PaCO? (mmHe)  Het (0¢
ow | [ocuet N[ 0x
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How to reconstruct a projection data

[ ey pom . sacemamncomn

=
e M. wedons s
- o e C e T (]
P e
Pt ne e 20ER - No of Iterations:22
oe= DEE = 5 No of subsets:57
o Twi e :
Lo end st o b &
®)you set a slice range for reconstruction what
you drag a pink slice bar.
e s re=yve—
Cesiar m-}.?::‘;lA::-cm
oy |
vt W
] Ava 31| Mevlaka) 310

How to reconstruct a projection data

O OSTCT e - Raememan

=ty |
i S wadae 1y 3
<D ... & - - D e R — =
e 7 o] Adewes ! I
Puremt pame T 30 ONRIA St wew 3 @
T g 13077 0100
Pt 0 T 30 008 Toeteamee: | gan ||| Cevirives o -
= 1 11791 Somcs viem Dwad B brn boat o Tout e
. (BCheck the following parameters.
0 _ 360° -Start Angle
-Camera Rotation
- a——
-Head-In/Feet-In
Lomteu . T A
Otret Xaa)
o Yo
T N
Thrdead® =
| A 27 Mraleenh) 2167

If you click Original definition, you can check
| QSPECT definition of axis coordinates.
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How to reconstruct a projection data

R R RRRERERERBRBBRRRBSBSESEERRRRR RE——
.
Generate Mu-ma B | s | TR
W o boe s Ioearch we ooy
o [77) | Shalc Srert Mopes
PR —
.

Tewe B Te 30598 . Freem el

”x— ] e o) 45 L. Tice vy L 1

‘ i

Yo ol prsacsin v
=

(1)Click a Generate Mu-map bottom, and then make a mu-map by threshold.

(2)Run reconstruction.
. - pre—
=] 1]
I e | | By | vt | recmsraten
Omiy Pevdeli® W

- Aga 07 Mekeisnl) 2187

)

How to reconstruct a projection data

S -
L [OCTRm _
Jo]

Pt rams T2 30 (905N
PeeiD RN0MR

Frn T D 1
| - 23T, 30 5508 Moo phon,

1 ‘ ‘ ]
4; (©@You can reslice a reconstruction image what you :
\

‘

\

drag a cross shape bar.

‘ i
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How to reconstruct a projection data

e e = =
e M. Wk b &

3 srey a A |OSXCTIN
o e |

Display at a resliced reconstruction image.

8

QSPECT package Ver26.1 Vot Aroists o Ty vp————
Statie 1 GPECY TOSMBACCAIIN Colwmatr LEMH Dt

-
About output files

Output files have been saved at QSPECT work directory.

*QSPECT_DATA
work
q_Tc_3D_0908_Tc_3D_090826
q_Tc_3D_0908_Tc_3D_090826_20090826_1849 ::L‘:m ey ;:
q_Static_1file DRSS B
= meppyans oo
7,\ A w7

m ZzTc_3D_0908_98q_m_plsp.hdr
¥ zzTc_3D_0908_98q_m_plsp.img
|7 zzTc_3D_0908 'JBq m_plsp.tlme

2288

mReanced Recunstmeﬁnn lmagu

89




(&¥ 5)

QSPECT

(Quantitative SPECT image reconstruction)

For Heart

TEESPECTH{EBER/\v7—Y (QSPECT)
DILFATEETOFIAIZDINT

March 2007

Department of Investigative Radiology, Advanced-Medical Engineering Center,
National Cardiovascular Center Research Institute
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Preface

Nuclear Medicine is a unique modality, and
provides images which reflect fundamental bio-
physiological functions in various organs, such
as perfusion, metabolic rates of particular
substrates, receptor binding  potential.
Mathematical model-based analysis of regional
kinetics (uptake and clearance) of the
radiotracer potentially allows quantification of
functional parameters from the images.
Physiological parameter estimation using
kinetic analysis is well established in positron
emission tomography (PET), mainly in the
brain, but also in the myocardium, skeletal
muscle and other regions. In contrast, dynamic
single photon emission computed tomography
(SPECT) studies, particularly when performed
with a single detector system, have been
limited by SPECT’s low sensitivity, poor
resolution and restricted dynamic frame rate
due to the need for mechanical rotation of the
detector. The widespread introduction of multi-
detector SPECT systems, with their improved
sensitivity and increased frame rate and
advances in SPECT attenuation and scatter
correction have opened the opportunity for
SPECT to invade the traditional PET territory
of physiological parameter estimation.

We have recently developed a noble technique
for quantitative SPECT reconstruction in order
to assess accurately the radioactivity

distribution in the body. The technique
involved a transmission-dependent convolution
subtraction (TDCS) method for scatter
compensation, and the  ordered-subset

maximum-likelihood expectation maximization
(OSEM)  reconstruction  including  the
attenuation correction. The former is originally
proposed by Meikle et al (1994) and further
optimized by Narita (1997, 1998) and other
investigators (Ilida et al., 1998a, Iida et al.,
1998b, Kim et al., 2001). It has then been
demonstrated that this strategy enables
absolute quantitation of  radioactivity
distribution in brain and thorax regions, and
further shown that physiologic functional
images such as cerebral blood flow and
myocardial perfusion may be quantitated by
means of the compartmental model analysis.

A program package, QSPECT, has been
developed in National Cardiovascular Center
(NCVCQ), so as to provide absolute quantitation
of regional radioactivity in the body from
existing projection data sets obtained using
clinical SPECT scanners. with particular focus
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on quantitatiion of physiological functions in
myocardial SPECT studies The program is
written with JAVA interface and can run on
Windows-XP platform. The program can
handle several data formats including Dicom
and Analyze. This note briefly overview this
package. How-to-use will slo be presented. We
hope that this program will be of a help in the
area of clinical research.

’_ﬂ"_- _\‘ . -
“B ™~ YT
“Ba/mt, absolute flow, ~ ,, . -
\ dafac stributio abes
( distribution votume, ) (,.-l I-.)t(.’h Y,fm-li m’l:nn, M,; ;ﬂz\a ))
“~membrane potentiat,, - p— I £ ould o2 2 art 5“'} o
N e - ~ ‘)mn-.r.' .-JI- -.»;'./I».r“(;-; e

-
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Specification of QSPECT
program

Reconstruction is carried out according
to OSEM with attenuation correction.
Projection data should be geometric-mean
(GM) for parallel-beam.

Transmission-dependent convolution
subtraction TDCS) method has been
employed as scatter correction.

Attenuation-to-scatter fraction tables are
presented for 99mTc, 201T1, 123] isotopes. The
table for 1231  includes  collimator
penetration process determined empirically
for various collimators from various
manufacturers.

pmap from TCT (or edge-detection for
brain).

Mmap generated from X-ray CT ma also
be of use

Pixel counts are presented in units of
Bg/mL.(BCF (Bq Calibration Factor) needs
to be defined prior to use)

Pixel counts (Bg/mL) are independent of
- Scan duration

- The number of heads

- Kinds of collimator

- Pixel size (64x64 or 128x128 etc)

- Radioisotope

- Manufacturer

- ete

JAVA interface, with C code as the
foundation.

R/W format:
Dr.View.

Dicom, Analyze, and

Runs on Windows (XP) with JAVA 1.4.1

or more. CPU 3GHz. Memory 512 MB.
Disk space>30MB. Display > XGA (1024x768).
. Emission Projection File should be
- Uniformity corrected.
- Parallel-beam (need to be converted to
parallel-beam equivalent if acquired by
fanbeam collimator)
- File format should be Dicom, Analyze or
Dr.View

92

1. Input Files

a) Projection file

File name should have 18 characters as a
general rule. Maximum 23 characters.
Our rule is as follows.

File Name : [patient
ID]_[datel_[modalityl_[typel.(ext)
- Patient ID : 7 characters

- Date : 3 characters (ymd : year-month-

day)
- Modality : 1 character
- Type: 4 characters (2 characters for
acquisition, 2 characters for study)
- Ext : Extension (dem for DICOM,
hdr/img for ANALYZE)
Example)

1234567_44b_s_plsr.dem
Patient ID : 1234567
Study date 11 April 2004
Acquisition equipment : SPECT
Data type : reconstructed static
image from 1st static scan data

Data format should be either Dicom, Analyze
or Dr.View.

b) Attenuation mu-map file

This program can read mu-map for given
radioisotopes. This file should be in Analyze
format, and should have units of ecmt. Pixel
counts may be approxmimately 0.15 for 99nTc
in water. Two-dimensional mu-maps should be
defined at each slice pixel in the projection
data.

The mu-map may also be generated in this
program by defining edge of attenuation-
uncorrected FBP images. This option may be
used for some brain studies.

2. Temporary Files

File format is ANALYZE.

[img-file-name] _UNIMAP: uniform
attenuation-map generated by using edge-
detection Gf mu-map is defined by edge-
detection program)

[img-file-name]_Scat' Estimated scatter-
component projection

[img-file-name]_Prim: Scatter-corrected
projection (with geometric mean typed)



[img-file-name]_ACSC: Reconstructed image
with attenuation + scatter correction

[img-file-name]_NoAC: Reconstructed image
with no attenuation using FBP

[img-file-name] _UNIMAP_MuAP:
Transmission projection calculated from Mu
map

3. Output File

Output file name can be defined in the user-
interface window. Default file name is defined
by replacing 18th character with "r". File
format is the same as input file format(Dicom,
Analyze, Dr.View).

Input file***ex) 1234567_44b_s_ils_.im
Output file ( default ) - - - ex )
1234567_44b_s_ilsr.img

4. Parameter Files

def.txt: Default parameters are saved
into this file by [File]->[Default]->[Savel].
Thickness, Pitch, Iteration, Subset, Camera
Rotation, Start Angle, Head-In/Feet-In,
Emission Isotope, Transmission Isotope, BCF,
TDCS parameter, Threshold(%), Mu-value,
cm’!

env.txt: Parameter set by [Settings]-
>[Options] are save into this file. Data
directory, temporary directory etc.

para.txt: Parameter values set on the menu
window are saved into this file. Slice Select,
Scan Information, OSEM Parameter, etc

QSPECT__000_S_BCF.txt:Bequerrel
calibration factor (BCF)

QSPECT__000_S_BCF_Default.txt: BCF
defaults

[image-file-name].time:

Number of frames. Acquisition time for each
view for each frame, Number of Heads

5. Definition of acquisition setting
QSPECT has an original definition of axis of

coordinates. You should set up parameters
(camera-rotation, start-angle, subject-position)
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so as to show projection as below.

180°
“_ p fmm 9 e
e e e s o] = |
0 bed vs\\ /é
C cw
[ | i
SPECT head

270°

Projection data should be displayed as in this
figure in the main menu window. Set three
parameters of camera-rotation, start-angle,
subject-position, so as to display as this.

Rotation :lem!l Orientation

B o
e) - ‘ - @? - ‘ CW 0  Headin
‘ = @‘@ = Q = 0 CW 90 Headin
- —_ a
§ = =» = cCw 0 Head-in
1A - ‘ - *Aisﬂ - ' CW 0  Feetin

Example of set-up parameters (Rotation, Start
Angle, Orientation)

Operation of the program

1. Settings

a) BCF (Becquerel Calibration Factor)

Prior to use QSPECT, BCF needs to be defined.
This can be done by scanning a small syringe of
known radioactivity, typically supplied from
radio-pharmaceutical companies.

SPECT Acquisition

Projection data

Slice
} selection

Reconstiucted Image

Total counts (= mean X no of pixels)A"""O

BCF (Bq Calib Factor) = A4 / Total




To define BCF in QSPECT, select BCF
reconstruction menu in Settings, and do
reconstruction for a single-slice projection that
covers the whole activity. BCF can then be
calculated as the true radioactivity over the
pixel counts of the reconstructed image.

Settings—BCF reconstruction

Hot Source Projection Data

. LSelect file ,
> Ty
'ijGF reconstruction y =) \WI
> .
D¥Sample Data¥ZZBCFO00 46u_m plsphdr " [Yj k
] . Slice Select i
; Slee From:|  gelect slice r‘m
| Slice To G e =~ | 101
| ﬂ Scan Information
| ‘ Gamera Fotation : CW ’:,i
| Start Angle : 1]
| 0 OSEM Parameter
| -2 7 No. of Tteration : :
| B | -
Alan of Subget : 3
I [ Time
Run l Close _J
— R —— S ammeenesace sy \  ———
Time sequence parameterSs Run
(#of frames, time/view, #of head’s) .
0.. =

I = BT

[
f
|
|
|
|
|

v | o |

Columns in Time sequence need to be filled as:

The number of frames (1 if single time frame)
Acquisition time (sec)/View
Number of heads (SPECT cameras)
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[ waickrot

Vi e
- l (2)6cm ROI
il () haight bam) 5

X0 @0

f'a x 6 178 site 172 (n
By 128 se 12 nnd

2000 /1 ogm !
= (9To BCF

(3)Click center : culation menu |

of the point
source 3 [ cwes ||
| o e 6 e 10B0. i 0010 il S8I0———1 () Couts In ROI
|77 (1)Total activity

[ ——— - |
| ) i
| [ am19 Mz 2z BoF oo vl [_tosd }/[/ vowre | i
|
| Total pixel courts of peirt msp - 86310 /// courts Automatic
; Tetal activty 2 1eq calcnlation of BCF
‘ Isotope : 23 ) |
| Ber: [] Direct input 719 (Bl )
| commen 22 BOF 040630 ‘

Lopa N[ e[ oo ]|

i

[?) Register new BCF

BCF((Bq/mL)/(counts/sec)) :
BCF=(Time activity (MBq)).”
(Total pixel count of point map (counts))

b) TDCS parameter for 1231

TDCS scatter correction technique requires a
previously-determined attenuation-to-scatter
fraction table for each isotope. Previous studies
demonstrated that collimator dependency of
this table was minimal, and virtually the same
table can be applied to most isotopes such as
9mTe and 201T1. 1231 has a unique problem
associated with the penetration of high-energy
photons which cause large background over the
whole field-of-view. TDCS algorithm could
include empirically this fraction by defining a
constant background in the attenuation-to-
scatter fraction table. However, this constant
significantly depends on the design parameters
of the collimator. The QSPECT program
includes several tables for most commercially
available collimators. Chose appropriate TDCS
parameter values in Settings, if one wish to
use QSPECT for 1231 compounds. This is
needed only for 1231, but the same parameter



sets can practically be applied to other istopes
such as 201T] and 99mTe,

¢) Data Directory
Default directories can be set by selecting
Options in Settings.

2. Image Reconstruction

To run:

QSPECT->QSPECT Reconstruction
1. Select Emission Projection File:

QSPECT can load multiple image files to
reconstruct images using a common mu-map

data.
Time sequence (7of frames,
acquisition period for each
projection; Zof head)

Mosrict
T Satrgs ey

Ermtsaion Profection Fle:

2. Confirm and set scan information
CCW/CW CW (clockwise) or CCW
(counterclockwise)

Start angle 0 or 90 or 180 or —90 only
Head/feet-in

Matrix size  (displayed automatically by use
of data information)

# of frames  (displayed automatically by use
of data information)

# of projections (displayed automatically
by use of data information)

Emission istope (TDCS parameters will
automatically defined)

Transmission isotope
BCF value

3. Define reconstruction parameters
Slice From:

Slice To:
Thickness:  unit of pixel
Pitch: unit of pixel

(determined automatically)
unit of integer

No. of planes
No. of frame
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4. OSEM Parameter
No. of Iteration:

No. of Subset:
Attenuation Map File:

5. Generating Mu-map

This menu can be used to define previously-
determined attenuation mu map. The mu map
can be superimposed to emission images
reconstructed without attenuation or scatter
correction by FBP, so that the mu map is
obtained at the consistent position with
emission data.

Reconstruction of
emission image by FBP
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Mu map images can be flipped by selecting LR,

FB, and HF switches
LR Left or Right
FB: Front or Back
HF: Head or Foot

Multiple columns can be selected, and after
finding the suitable direction, click OK. The
mu image can be coordinated so as to become
consistent with the emission projection data. .
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