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Forms of Forms of Nuclear ImagingNuclear Imaging
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PET Physics: Positron DecayPET Physics: Positron Decay
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The radioisotope emits a positron. The positron produced interacts with 

an electron. A reaction transforms the two particles into two photons of 

511 keV emitted in exactly opposite directions. 
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Photon InteractionsPhoton Interactions
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Coincidence DetectionCoincidence Detection
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PET Data AcquisitionPET Data Acquisition
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Detector ring

The response lines joining the

detector pairs having recorded

coincidence events are used for

clinical data reconstruction
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Tubes?  Why are we using tubes?  

• High Gain (>1,000,000) 
• Low-noise signal 
• Fast timing response 
• Small timing variance 
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Commercial Small Animal PET ScannersCommercial Small Animal PET Scanners
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PrePre--Clinical PET ApplicationsClinical PET Applications
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Oncology
• Tumor biology

• Metastasis

• Therapeutic effect

CNS
• Receptor density

• Occupancy studies

Disease biology
• Metabolic function

• Gene expression

• Cell trafficking

Cardiovascular disease
• Vascular disease & development

• Injury/repair

Policlinico S.Orsola, University of Bologna

Martin Pomper, Johns Hopkins
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PET : Versatile applicationsPET : Versatile applications
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High sensitivity for superior organ-specific imaging  

Brain imaging

Greater sensitivity

Resolution uniformity

High resolution and uniformity for whole body imaging

Tumor imaging
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Cardiology Cardiology ––Viability ModelViability Model
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Influence of Reconstruction AlgorithmsInfluence of Reconstruction Algorithms
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Protocol:

30 gm mouse

100 µCi F18 Fluoride

45 min uptake

3 bed positions

20 min / bed position

4 slice overlap

3D OSEM (20 min/bed 

position)

FBP Reconstruction
3D-OSEM 

Reconstruction
F18-Fluoride Whole Body Mouse - Bone

Courtesy M. Pomper – JHMI-Baltimore 
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Detector Design Challenges in PETDetector Design Challenges in PET

1515

APD PMT

High spatial resolution High sensitivity

What is the most 

important?

It depends on the kind 

of experiment?

Small lesion 

detection

Recover details 

(e.g. bone scan)
Short scan (dynamic & 

gating)
Broad organ 

tissue activity 

uptakeFine organ tissue 

activity uptake
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SiPMSiPM Based Animal PET ScannerBased Animal PET Scanner
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We are developing the fast PET electronic and 

also software. The concept is based on using 

SiPM.
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Animal PET Detector ConceptAnimal PET Detector Concept
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XtrimXtrimAnimal PET ScannerAnimal PET Scanner
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Scanner SpecificationsScanner Specifications
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SPECT Principal SPECT Principal 

2020
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SPECT Principal SPECT Principal 
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SPECT Principal SPECT Principal 
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SPECT Principal SPECT Principal 
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SPECT Principal SPECT Principal 
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SiPMSiPM Based Animal PET ScannerBased Animal PET Scanner
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High Resolution SPECTHigh Resolution SPECT
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HiReSPECTHiReSPECT is a Dual Head Small 

Animal SPECT (Single Photon 

Emission Computed Tomography) 

imaging system that provides in vivo 

high resolution three-dimensional 

(3D) images of physiological 

functions in small laboratory animals. 
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HiReSPECTHiReSPECT PlatformPlatform
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HiReSPECTHiReSPECT Image ReconstructionImage Reconstruction
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Resolution 

Recovery
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Some Typical SPECT ImagesSome Typical SPECT Images
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ SPECT scan of rat’s liver with 99mTc-PHYTATE 
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ Cardiac SPECT scan of rat with 99mTc-MIBI 
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ SPECT scan of rat’s lung with 99mTc-MAA 
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ SPECT scan of rat’s 
thyroid with 99mTc
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ SPECT scan of kidney with 99mTc-DMSA 



5/25/2019

18

tpcf.tums.ac.irtpcf.tums.ac.irTUMS Preclinical Core Facility (TPCF)TUMS Preclinical Core Facility (TPCF)

Typical Quantitative Report Typical Quantitative Report 
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Typical Quantitative Report Typical Quantitative Report 
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ PET scan of a C57 mice with melanoma tumor using 18FDG. The image shows 

the size of the tumor and radionuclide uptake.
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ PET scan of rat with Glioblastoma (GBM) tumor using 18FDG. 
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ Cardiac PET 
scan of rat using 
18FDG. 
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Images from our Studies in TPCFImages from our Studies in TPCF
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■ Bone scan
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Quantitative Analysis Quantitative Analysis 

ReportReport
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Organizing a Research Collaboration Organizing a Research Collaboration 
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Thanks for Your Attention Thanks for Your Attention 
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