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Imaging Modalities
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PET Nuclides

Half-life

O-15 2.1 min

N-13 10.0 min

C-11         20.3 min

F-18        109.7 min



PET Tracer Methods Advantages

• Very high sensitivity ( pmolar )

• Very high specificity ( molecular targeting )

• Biological substances (F-18, C-11)

• Process of interest remains unchanged

• Spatial resolution: 
Clinical: 4.5 – 7 mm
Pre-clinical: 1 – 2 mm



Target Structures in Oncology
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Characterization of tumor biology by molecular imaging



Nucleus

PET Principle of Measurement

Electronic Collimation
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Intrinsic Detector Resolution

Relative Countrate

P
osition

PSF 1
*

PSF 2
=
FWHM = 1/2 detector width



PET

Field-of-View

Detector Element

Coincidence line

Field-of-View



The Reconstruction Problem

what happened.

This is...



what we measured.

This is...

The Reconstruction Problem



what we are looking for!

This is...

The Reconstruction Problem



Reconstruction methods

Analytical approach Statistical approach

Inversion of the 

Radon transform
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Iterative algorithm
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Positron Emission Tomography
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Short Coincidence Window

Good Energy Resolution

High Detector Efficiency

Attenuation



PET Detectors

Scintillation crystals plus light sensors
pixelated continuous block detector



PET Block Detector

Crystal Identification
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Scintillators for PET

NaI BGO   LSO/LYSO      GSO

NaI:Tl Bi4Ge3O12    Lu2SiO5:Ce   Gd2SiO5:Ce

Density (g/cm3) 3.67 7.1 7.4 6.7

eff. Z 51 75 65 59

Attenuation length
at 511 keV (mm) 29.1 10.4 11.4 14.1

Light yield 
(photons/MeV)        41000 9000 26000 8000

Decay time (ns) 230 300 40 60

Emission (nm) 410 480 420 440

Lu-176 (2,6%): b + g >350 keV: ~100/sec per cm3



Clinical PET 

Crystals BGO, LSO, LYSO, GSO

Spatial resolution (mm) 4.5 - 5.0

Energy resolution (%) 12 - 23

Scatter fraction 2D (%) 10 - 15

Scatter fraction 3D (%) 35 - 42

Sensitivity 2D (cps/Bq/ml) 6 - 9

Sensitivity 3D (cps/Bq/ml) 35 - 55

max. NEC 2D 50 - 100

max. NEC 3D 70 - 180



Crystal size (mm):
1.5x1.5x10 2.2x2.2x10
Resolution (mm):
1.35 1.85

Focus R4

CTI-Concorde

microPET (Siemens)

Animal PET Detectors

Univ. of Sherbrooke

TU Munich

UC Davis



0.27 (350 keV)2.1; 3.110.5310BGOSherbrooke

3.4   (250 keV)1.3;1.376258LSOFocus

1.11.1; 1.1280170nonequad-HIDAC

1.8   (250 keV)1.820118LGSO/GSOATLAS

1.7   (50 keV)1.8;1.8400100-250YAPYAP-PET

1.1   (410 keV)2.6; 3.6119210GSOMosaic

2.26 (250 keV)0.8;1.149160LSOmicroPET-II

4.37 (250 keV)1.66; 1.8578148LSOmicroPET R4

0.56 (250 keV)1.8; 2.018172LSOmicroPET

System efficiency 
(%)

Resolution 
transaxial; 
axial (mm)

Axial 
extent 
(mm)

Ring-
diam.
(mm)

Crystal type

Animal PET Systems



PET Quantification

Goal: Physiologic parameter
Standardized uptake values (SUV)

Requirement: Absolute activity concentration
as function of time

Necessary: Corrections for
detector differences
randoms
scatter
attenuation

Calibration



PET Scatter Correction

Methods:

• Energy Windows

• Convolution/Filter and Subtraction
- measured scatter functions
- estimate from outside the object

• Calculation of Scatter Distribution
- model for single scatter
- Monte Carlo simulations



Attenuation

Em ~ aE (e-md1 * e-md2)
= aE e-m(d1+d2)

= aE e-mD



PET Attenuation Correction

Transmission Scan
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PET

Combination of PET and CT

CT



Functional (PET) and 
anatomical (CT) information

Very good coregistration

CT-based attenuation correction
- scaling from HU to mmmm(511keV)

Quantitative data

Combining PET and CT



CT

PET

PET/CT
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Kinahan 1998



PET/CT Standard Protocol

3D-Reconstruction
FORE + OSEM

CT-based
Attenuation- and

Scatter Correction

CT 
Acquisition

Fusion Image

Upper limit

Lower limit

Topogram

PET Image

* If PET transmission is not available



Homogeneous spatial resolution
“depth of interaction” measurement

Better energy resolution
Scatter!

Lower cost
Less expensive crystals and photo sensors

Less PMTs
Better timing resolution

Randoms reduction (up to 50% of totals)
Time-of-flight PET: noise reduction (by ~5x)

PET Developments True

Scatter

Random



Depth-of-Interaction
(DOI)

PET Spatial Resolution: Parallax Effect

Depends on ring diameter, crystal length



New Scintillators for PET

LaBr 3 BGO LSO          GSO

LaBr3:Ce    Bi4Ge3O12     Lu2SiO5:Ce    Gd2SiO5:Ce

density (g/cm3)        5.3 7.1 7.4 6.7

light yield
(ph/MeV)             60,000 9,000 26,000 8,000

decay time (ns)       25 300 40 60

emission (nm)        360 480 420 440

Energy resolution: 3.6% at 511 keV
Shah et al. IEEE 2002



• Localization along LOR

• TOF information reduces 
noise in image

• TOF cameras in 1980’s 
with BaF 2 or CsF

->compromises

500 ps timing resolution
��� � 8 cm localization

•Variance reduction by 2D/ cDDDDt
•500 ps timing resolution ��� � 1/5 variance

•Variance reduction by 2D/ cDDDDt
•500 ps timing resolution ��� � 1/5 variance

D

Time-of-Flight PET



Joel Karp et al. MIC 2005

System time resolution: 460 ps
System energy resolution: 7.5%

LaBr3 (5% Ce) 4 x 4 x 30 mm3



Joel Karp et al. MIC 2005



Combining MR and PET

Goal: True simultaneous acquisition

Requirements:
No influence of MR on PET performance

no PMTs in magnet
No influence of PET on MR performance

no magnetic materials
compact detectors

Solutions:
• Light guides from MR to PSPMT
• APD readout



Avalanche Photodiodes versus PMTs

PRO:
• very compact
• high quantum efficiency
• low bias voltage
• work in magnetic fields

CON:
• noise 
• lower gain
• costs (?)



PET- Full ring geometry 
Block detector: 
12x12 LSO crystals (2.5 x 2.5 x 
20 mm3) coupled to APDs
PET axial extent: 18 cm

MR body 
coil parts

PET detector rings

MR complex 
bed

Monte Carlo simulations of a whole-body MR-PET
(MJ Martínez, I Torres, R Ladebeck, S Nekolla and SI Ziegler. - IEEE 2006)

MC program: GATE
Fixed parameters used in the MC simulation:
System’s time resolution – 2.5 ns
Timing coincidence window – 4.5 ns

NEMA
Phantom

Nuklearmedizinische Klinik und Poliklinik
Klinikum rechts der Isar - Technische Universität Mü nchen



MR-PET



PET is the most sensitive method for

quantitative measurement of

physiologic processes

in vivo


