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Introduction: the gamma camera
Typical SPECT-system

 1 cm spatial resolution @ 10 cm

 100 cps/MBq sensitivity

 10% energy resolution

 50 cm x 40 cm FOV

 º 1957 Anger



Preclinical SPECT systems

 e.g. ɣ-cube

 0,5 mm spatial resolution

 2000 cps/MBq sensitivity

 10% energy resolution

 3 cm x 1,5 cm FOV

 1 cm spatial resolution  

 100 cps/MBq sensitivity

 10% energy resolution

 50 cm x 40 cm FOV



Preclinical SPECT systems

 Innovative field with concepts that sometimes translate to human 

scanners 

 e.g. Milabs

 G-SPECT



Collimator design
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Collimator design

 Different types of collimators



Collimator design

 Standard production techniques

FoldingCasting Drilling/Milling 



Collimator design

 New production techniques enable new collimator designs

 Eg 3D Printing, Additive Manufacturing: lofthole collimator

Deprez et al. “Characterization of a SPECT pinhole collimator for optimal detector usage (the lofthole).” PMB 2013



Collimator design

 Spiral-parallel Hole collimator

Pato et al. “Parallel-hole collimator concept for stationary SPECT imaging” PMB 2015 



Collimator design

 Multi-pinhole collimators

 Originally used in preclinical SPECT using magnification to improve resolution



Collimator design

 Multi-pinhole collimators

 Optimize sensitivity by using minification: need good intrinsic resolution

Rogulski et al. IEEE Trans Nucl Sci 
1993; 1123-1129



New Detectors: Solid State
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New Detectors: solid state

 Direct conversion, eg CZT 

 Indirect conversion: Scintillator + device to to replace PMT’s (eg

SiPMs)

 More compact, modular, MRI-compatible

 Enables new, flexible designs 



CZT

 Direct conversion of gamma to electrical signal

 Better energy resolution

 Good intrinsic resolution



CZT based systems: D-SPECT 

 Dedicated cardiac

 Detectors rotate around own axis (swivel)

 Adaptive acquisition 

(high sensitivity in heart)



CZT based systems: GE Discovery 530c 

 Dedicated cardiac

 Detectors fixed focus on heart

 No detector movement



CZT based systems: GE Discovery 670 

 Full body detector

 Matched collimator



CZT based systems: Veriton-CT

 Swiveling detectors

 In and out motion

 Body contouring

 Focused imaging



New Detectors: Solid State, indirect
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Avalanche Photodiode

 Converts scintillation light too electrical pulse

 Replaces PMT

 Compact and MRI-compatible



SiPM (Silicon Photomultiplier)

 Array of APD’s in Geiger mode

 Gain similar to PMT

 Compact and MRI-compatible

 Used in PET

https://www.google.com/url?sa=i&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs40336-018-0264-0&psig=AOvVaw14ITG5s8IiwfbMNbDyeauM&ust=1636820546707000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCPj62-ydk_QCFQAAAAAdAAAAABAD


SPECT/MRI

 MRI compatible SPECT insert based on SiPMs

Hutton et al 2018 Clin Trans Ima



Introduction: the gamma camera
Tomography: measure projections and calculate image 

sinogram



Quantitative SPECT

• Historically, PET regarded as quantitative, 
and SPECT non-quantitative
– SPECT as “hot spot imaging”
– “... PET is superior to SPECT in both sensitivity and spatial

resolution. Furthermore, PET enables quantitation of tissue
radioactivity concentrations.” (JNM 2012)

– PET attenuation correction more straightforward

• With SPECT-CT and iterative reconstruction, routine
quantitative SPECT becomes realistic



Quantitative SPECT

• SPECT Image formation chain

Ritt et al. EJNMMI 2011
Ritt et al. EJNMMI 2011



Quantitative SPECT

• Importance of metal artefact reduction

Ritt et al. EJNMMI 2011

Konishi et al. Ann Nuc Med 2021



Applications
 Why Quantitative SPECT?
 Use quantitative SPECT to assess disease progression and therapy

response
 3D in vivo dosimetry



Applications

Bailey et al. EJNMMI 2014
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