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Monte Carlo Simulation Codes for Nuclear Medicine Imaging

Yong Hyun Chung, Ph.D.u, Cheol-Ha Beaki, and Seung-Jae Lee'

Department of Radiological Science, Yonsei University College of Health Science, Wonju, Kored
Institute of Health Science, Yonsei University, Wonju. Koreda®

Monte Carlo simulation methods are especially useful in studying a variety of problems difficult to calculate by
experimental or analytical approaches. Nowadays, they are extensively applied to simulate nuclear medicine
instrumentations such as single photon emission computed tomography (SPECT) and positron emission tomography
(PET) for assisting system design and optimizing imaging and processing protocols. The goal of this paper is to
address the practical issues, a potential user of Monte Carlo simulations for nuclear medicine can encounter, to
help them to choose a code. This review introduces the different types of Monte Carlo codes currently available
for nuclear medicine, comments main features and properties for a code to be proper for a given purpose, and
+discusses current research trends in Monte Carlo codes. (Nucl Med Mol Imaging 2008:42(2):127-136)
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Figure 1. Scientific and technical strategy for recording accurate
functional images. In bold, the parts where Monte Carlo
simulation plays an important role (adapted from an illustration by
Professor Terry Jones, MRC).
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Table 1. Classification of Monte Carlo codes currently available for SPECT and PET simulations with respect to key features.

General purpose codes Dedicated codes

Parameters SPECT only

EGS4 MCNP ITS GEANT SMIND SIMSPECT
Accuracy
Interactions:
-Photoelectric , Yes Yes Yes Yes Yes Yes
-Compton scatter Yes Yes Yes Yes Yes Yes
-Coherent scatter Yes Yes Yes Yes Yes Yes
-Non-colinearity Yes Yes Yes Yes — —
-Positron range Yes Yes Yes Yes — —
Components:
-Crystal Yes Yes Yes Yes Yes No
-Collimator Yes Yes Yes Yes No Yes
-Septa Yes Yes Yes Yes NO Yes
-Dead fime No ? ? No Yes No
Validation:
-Debugging Yes Yes Yes Yes Partialiy Yes
Vs measurements No No in ET* No in ET* No Partially Yes
Flexibility
Source;
-Geometry based Yes Yes Yes Yes Yes Yes
-Voxel based No Not directly ? No Yes No
-Patient images No No ? No Yes No
Detectors:
-Plone Yes Yes Yes Yes Yes Yes
-Ring Yes Yes Yes Yes — —
-Single-unit Yes Yes Yes Yes — —
-Block-unit No Yes Yes No — —
Configuration:
-2D emission No Yes Yes No Yes Yes
-3D emission No Yes Yes No — —
-Transmission No Yes Yes No Yes No
-Dynamic studies No No No NO NO No
Data:
-Energy spectra Yes Yes Yes Yes Yes Yes
~-Sinograms NO Yes Yes No Yes Yes
-Unscattered Yes Yes Yes Yes Yes Yes
-Scattered Yes Yes Yes Yes Yes Yes
-Randoms No Yes Yes No — —
-Singles Yes Yes Yes Yes — —
Efficiency:.
-Variance reduction No Yes ? No Yes Yes
-Parallelization No Yes ? No No Yes
Easy of use:
-Familiar language Fortran Fortran 77+C Fortran C and C++ Fortran 90 Fortran&C
-Public domain Yes Yes Yes Yes Not reaqlly Not redlly
-Docum./supp. Yes Yes Partially Yes Yes Not really

*-ET. emission tomography.
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Dedicated codes

Parameters PET only SPECT/PET

PETSIM Reihac Eidolon PETEGS SIMSET GATE
Accuracy
Interactions:
-Photoelectric Yes Yes Yes Yes Yes Yes
-Compton scatter Yes Yes Yes Yes Yes Yes
-Coherent scatter ? Yes Yes Yes Yes Yes
-Non-colinearity Yes Analytically No Analytically Yes Yes
-Positron range Yes Yes No Analytically Yes Yes
Components:
-Crystal Yes Yes Yes Yes Partially Yes
-Collimator - - = —~ Yes Yes
-Septa Yes Yes Yes Yes Yes Yes
-Dead time Yes No No No No Yes
Validation:
-Debugging Yes Yes Yes Yes Yes Yes
-Vs measurements Yes Yes Yes Yes Yes Yes
Flexibility
Source:
-Geometry based Yes No Yes Yes Yes Yes
-Voxel based No Yes Yes Yes Yes Yes
-Patient images No Yes Yes Yes No Yes
Detectors.
-Plane No No Yes Yes Yes Yes
-Ring Yes Yes Yes Yes Yes Yes
-Single-unit Yes No No Yes Yes Yes
-Block-unit Yes Yes Yes Yes No Yes
Configuration:
-2D emission Yes Yes Yes No Yes Yes
-3D emission ? Yes Yes Yes Yes Yes
-Transmission ? Yes No NO Not directly Yes
-Dynamic studies No Yes No No No Yes
Data:
-Energy spectra Yes Yes Yes Yes Yes Yes
-Sinograms Yes Yes Yes Yes Yes Yes
-Unscattered Yes Yes Yes Yes Yes Yes
-Scattered Yes Yes Yes Yes Yes Yes
-Randoms Yes Yes No Yes No Yes
-Singles Yes No No Yes Yes Yes
Efficiency:
-Variance reduction No No No No Yes No
-Parallelization No No Yes NoO No Yes
Easy of use:
-Familiar language Fortran C Objective-C Fortran C C & C++
-Public domain From authors From authors Yes From authors From authors Yes
-Docum./supp. From authors Not yet Yes From authors Yes Yes

*-ET: emission tomography.
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