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Example : Monte Carlo Simulation for PET

Fitted and adjusted responses
effects of interest

Isotope production
18F _ llC — 15O

Image
treatments

Quantification
&
Reconstruction
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Which physics for the simulation ?

Photon
A Physical processes 511 keV
¢ [* decay %
) ) ) Thermalisation
¢ Multi-scattering & multi- gt -
CeD
lonisation for e* in the tissue . B Electron
Annihilation
¢ Annihilation : etfe” - yy [* F | FDG
¢ yinteractions : compton, rayleigh, photoelec. Yol
Q Detection and signal acquisition - 180
¢ ydetection : coincidence detection
Electronic collimation
Block
Ring detector
detector PMT for light

collection

‘Anger’ & Barycentre

. ) calculation
Yy position
Crystal matrix (BGO , reconstruction
LSO .. Y511 kev
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Maodelling the activity distribution

Q Organ and structure descriptions

Human brain

R

Rodents

Rat brain

For each organ or structure :
e Material (u(E))
* Isotope (T,,,) and activity concentration (Bg/mil(t))
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GATE : Geant4 Application for

Q OpenGATE international collaboration

» 23 laboratories

C:e:] » ~ 60 scientists

e Technical coordinator ;: Sébastien JAN - CEA

» Spokesperson : Iren

Q GATE software
* First developments :

e Buvat - INSERM

2002

» General simulation platform for emission tomography

First public release: 3 mai 2004

T

oday : more than 900 users

version 3.1.1

— 10 releases —

PET/SPECT
developments

GATE

K ¢ Geometry and materials
e System selection :
* detector description
- Block geometry
- Crystal dimension
- Active medium (LSO-BGO-LuUYAP

* Phantom description

-

SPECT or PET

~

OpenGAl

Tomographic Emission

2 Collaboradon

P S

1'(;,- k%;y

~

KGeneral configuration
* |sotope & Source Selection
 Activity
» Acquisition parameters
- energy resolution
- Detector & Source Movements
- Time parameters
- Detector modelling

* Physical processes

" /
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GATE today: practical features

e Can be freely downloaded, including the source codes
» On-line documentation
» Help about the use of GATE can be obtained through the gate-user mailing list

« Many commercial tomographs and prototypes have already been modeled and
models have been validated

» Developed as a collaborative effort (23 labs worldwide)
* 2 public releases each year

 An official publication:
Jan S, et al. GATE: a simulation toolkit for PET and SPECT. Phys Med Biol 49: 4543-4561, 2004.

» Website: http://www.opengatecollaboration.org
 GATE workshops at the IEEE Medical Imaging Conferences (2003, 2004, 2005, 2006)

» GATE training sessions -1/ year
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GATE : detector and scanner geometry

O Geometry description by script

A céhiplzia sormogisziph

G0

# RLUOEKE A T MBDRICKE

/gate/niodkie peatt Ehisbe '
/gate/biodkﬂeﬂﬁug@msfﬂmmm@erx 1
/gate/block/cubicArray/setRepeatNumberY 8
Hate/block/cGRcXray/FetRepeatNumberZ 12
/gate/block/dabigitess/featiRepsatakector 0.0 1.6 2.0 cm
/gate/block/daughters/insert box
/gate/crystal/placement/setTranslation 0.0 0.0 0.0 cm
/gate/crystal/geometry/setXLength 3.0 cm
/gate/crystal/geometry/setYLength 3.0 mm
/gate/crystal/geometry/setZLength 3.8 mm
/gate/crystal/setMaterial Air
/gate/crystallvis/setVisible 0

# REPEAT CRYSTAL
/gate/crystal/repeaters/insert cubicArray
/gate/crystal/cubicArray/setRepeatNumberX 1
/gate/crystal/cubicArray/setRepeatNumberY 5
/gate/crystal/cubicArray/setRepeatNumberZ 5
/gate/crystal/cubicArray/setRepeatVector 0.0 3.2 4.0 mm
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GATE : phantom geometry

O Geometrical description

0 Voxelized description
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GATE : Time and Movement

O Phantom and detector movements

e Rotation of PET scanner

e Rotation of SPECT
e Source translation scanner
e Scanner rotation
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GATE : Time and Movement

Modelling the “Time Activity Curve” for each organ
Activity (Bq)

GATE Computed Activity

+ Time Activity Curve

0 0.2 0.4 0.6 0.8 1
Time (s)

Descourt et al, IEEE MIC Conf Rec 2006

Modelling of time of flight for PET devices

Timing No TOF TOF TOF TOF

resolution 3 ns 700 ps 500 ps 300 ps
Groiselle et al, IEEE MIC Conf Rec 2004
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GATE : Detector response

Modelling the detector response of the system

Y his Using « Digitizer » modules Digi's

Energy Electronics | | DAQ Coincidence
response | | Threshold Dead Time Sorting

- Reproduce count rate curves

- x10° Histogrammed Prompt AND delay comparisons | T .

£ 2400 E | —— Kohlmyer Trues —o— Kohimyer Scatters
o 2200 * ., —+—Kohlmyer Randoms —o— Kohlmyer NECR
8 = r o/ | —m -NYH Trues — ¢ -NYH Scatters

£ 2000~ ~ . 2 ] ] 7 | -k -NYHRandoms  —e--NYHNECR

t = F ] - - GATE Trues - -¢- GATE Scatters

g 1800 — 150 - -4 - GATE Randoms - -8 - GATE NECR

© 1600- L = —

1400;— / W
A

_(‘ ’_ =
L 4 2
r sl S
800 7 : : + 2
600 ; / / ; o Experimental prompts 50 i
= i ] . Simulated prompts LA
E & 2 Experimental randoms i b
= ! o Simulated Randoms (delayed) | i
. Simulated Randoms (ev1!=ev2) 0 T T

EE e e e e e Tl b (A 0 5 10 15_ 20 25 30 35 409
0 2 & 6 8 10 Acﬁvig (mCi) Activity (kBg/cc)

HRRT - Guez et al GE Advance - Schmidtlein et al

Count Rates (kcps)
=}
o
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Simulations of the optical transport

Other GATE features useful for helping in detector design

incoming photon

backscatter
diffuselobe
transmission

\\

specularlobe

reflectivity

\ Specularspike
; 4
efficiency

dex2  rindex1

e Most PET/SPECT detectors based on scintillator
coupled to light detector

« Can be used to investigate influence of detector
geometry and surface finish on

— Energy resolution
— Spatial resolution

Sébastien JAN — CEA/DSV/I2BM/SHFJ 12/06/2007 15



CT Scanner simulation

PIXSCAN developments

Morel et al. — CPPM Marseille

Modulation transfer function

........................................................................

1]

..______;___________.
.w g & § 7

5=

41N

frequancy (mm-1)
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Simulations for

Ocular or Prostate Brachytherapy

Distance along z

L.Maigne et al. — LPC Clermont
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dosimetry applications

Dose calculations in (with a specific output included in GATE)
- Small animal imaging: microCT and FDG microPET

- External beam electron radiotherapy
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Fig. 1. Depth dose curve using the benchmark and the 18MV
photon beam for GATE, EGSnic and MCIWEX2

Visvikis et al. NIM A 2006
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Clustering & pseudo -parallel computing

Execution of the code on a distributed architecture

O Tools include in the last GATE release De Beenhouwer et al, IEEE MIC Conf Rec 2006

111 ]

Files to check Macro to split the
the random seedg acquisition time

cript to launch the batc

Pseudo -parallel approach
Nodes & CPU’s Splitting acquisition time
Ex: 1 mCi injected dose
10° acquﬁtion time

- - 10 CPU's & 1' by CPU
Merging output files

Speed-up factor ~ number of jobs
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Objectives for biologic applications
Small Animal PET Imaging

Neurology Oncology
C:e:) - Rat brain imaging - Whole body@¥aging for rat and mouse
- [\1C]Raclopride & [®F]LDOPA.... - [*®F]FDG

Monte Carlo Simulations for whae......

v’ Data corrections optimisation (Partial Volume, t&atorrection...)
v Reconstruction optimisation
v" A tool for quantitative analysis

Main goal: Simulation of realistic exams

* Rat brain studies: {'C]Raclopride

... ['8F]FDG...

* Whole Body studies, Rat & Mouse®¥F|FDG

Sébastien JAN — CEA/DSV/I2BM/SHFJ 12/06/2007



Reso. mm

MicroPET ® FOCUS simulation with GATE

Gantry

Host
Computer

Validation results :  Jan & al. “Monte Carlo Simulation ofthe  microPET FOCUS system for small

Rodents imaging applications” IEEE MIC Conference P roceedings, 1 653-1657, Puerto Rico, October 2005

Spatial resolution ~_Counting rate _
| x10° [ Histogrammed Prompt AND delay comparisons |
3.5 § 2400C *
B + Data - Feas PV ] 2 2200; / H % S —
- Data - Tgt. FWHM ] £ 2000F ey
3 & GATE - Rad. FWHM ] = = /
= 1800: /
© 1600 ‘
1400 / e |
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Metabolic PET imaging: Simulation of [ 18F]FDG exam

| Souris u00872 - [18F)FDG |
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- microPET FOCUS 220 System liver bladder heart kidneys
- Injected dose: 200 uCi
- Start acquisition: 45 min. after injection
' - Acquisition time: 15’ Thesis of Susana Branco

o
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Brain an whole body simulations for clinical applic ations

General objectivewith GATE

- Simulation of realistic exams
C@J - Generation of realistic Monte Carlo Data Base

Optimisations with GATE

v Acquisition protocolinjected dose, acquisition time, threshold...dediddbr each patient)
v" Algorithms for data corrections and reconstructions

v Quantitative analysis

v Dosimetry studies
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Resolution (mm)

o

IS

ECAT EXACT HR+ scanner

viewer—0 (OpenGLStoredX) ==

Validation results : Jan & al. “Monte Carlo Simulation for the ECAT EXAC T HR+
System Using GATE” IEEE TNS, Vol. 52, NO. 3, June 2 005
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Real acquisition against simulation: [18F]FluoroDOPA protocol

O Evaluation of the striatal uptake constant (Kc) values with a Patlak analysis

For clinical and simulation data sets, we used average time frame images to define regions of interest (ROIs) on the
caudate, putamen (specific regions) and occipital lobe (reference region) in contiguous planes where these structures

CH) could be visualised. Time activity curves (TACs) were extracted from these ROIs. From these curves, the Fluoro-L-
DOPA Kc values were determined for the caudate and putamen nuclei using the Patlak analysis — Ref. (5)

Real exam (Frame O to 8) Patlak analysis - Exam LDOPA
3
25
§ /./Zi
g 2 ——Cd D /occ
o
—=—Cd G /occ
Q
I 15 Put D /occ
5 11 Put G /occ
0,5 [
r r & N . | |
0 50 100 150
Patlak time - min.

GAT E SI m u I atl O n (Frame 0 tO 8) Patlak analysis - Simulation LDOPA

——Cd D /occ
—=—Cd G /occ
Put D /occ
Put G /occ

Uptake Ratio
=
(o2
o

0,50 1/

0,00 - T T T T T T
0,00 20,00 40,00 60,00 80,00 100,00 120,00 140,00

Patlak time - min.
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Overview

Introduction
History

Source code. user
support and

documentation

Training

Publications

Systems already

modelled with GATE
Benchmarks
Register

To know more about GATE...
http://www.opengatecollaboration.org

OpenGate Collaboration OpenGATE Collaboration

Registered users

GATE - Geantd Application for Emission Tomography

GATE - Geantd Application for Emission Tomography

NEW: GATE workshop at the IEEE Medical Imaging Conference

-150 L
-1s0 100

Voxelized Haffman brain phantom Small animal PET scanner with movement implementation |

Introduction

Enussion tomography and especially PET has a fast growing importance in modern medicine for both diagnostic and treatment
purposes. Al the same time there is a demand for higher imaging quality, accuracy and speed. Both result in vast increase of the
R “u - b4 . .

a ~lora T 1 . - LT A ] s ax N e | 4 1.
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