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PET – A new method to see

the function of the brain

Staff  > 100

3 cyclotrons

3 PET-scanners

PET/CT scanner (64 slice CT)

1.5T MRI 
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PET – A new method to see the 

function of the brain

• Basic physics of PET method

• PET in neuro research and drug development

• Present and future trends in neuroPET
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What is PET?

• PET= Positron Emission Tomography

• A computerized tomography employing

short lived (2 min - 2 hour) radioactive

isotopes (
11

C, 
13

N, 
15

O,
18

F, 
68

Ga)

• Enables noninvasive study of tissue

molecular function
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The principle of PET imaging
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Common Positron Emitters

•• 1414N(p,N(p,αα))1111CC TT½½ = 20.4 min= 20.4 min

•• 1616O(p,O(p,αα))1313NN TT½½ = 10.0 min= 10.0 min

•• 1414N(d,n)N(d,n)1515OO TT½½ = 2.05 min= 2.05 min

•• 1818O(p,n)O(p,n)1818FF TT½½ = 109.8 min= 109.8 min

1818FF

ee
++

ee--

511 511 keVkeV

511 511 keVkeV

� Need a cyclotron !
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2D Sinogram
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In the sinogram LOR is 

represented by one diamond
LOR (Line Of Response) is a line (or tube) between two 

opposing crystals. Tube diameter is angle dependent.

FOV (Field OF 

View) is defined 

by the angle 

covering the 

patient port
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3D PET
no septa

�4 times better

sensitivity

Axial plane difference

Is defined by number 

of segments.

Segment 0 represents

2D image
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Analysis of PET Results (1)

1) Absolute quantification
� Draw ROIs on MRI images

� Mathematical modeling

� Blood samples usually needed

2) 3D mapping of relative changes

� Statistical parametric mapping (SPM)
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ModellingModelling
1)1) onon--lineline arterialarterial activityactivity

2)2) dynamicdynamic 3D PET data3D PET data

3)3) metabolitemetabolite samplessamples

=> => ModelModel

=> => QuantitativeQuantitative resultresult

Analysis of PET Results (2)

3)Tracer metabolite data

1)Arterial activity

2)Tissue 

activity
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The Role of PET in Brain Imaging
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Structure

(Neuro)physiology

Metabolism

Drug distribution

Receptors

MRI
CT

PET
SPET
MEG
fMRI
EEG
rTMS
DTI

PET

PET
SPET

Molecular pathways

PET
(SPET)
NMRS

Gene expression

Signal transduction

PET

1) Labeled tracer (drug) 

2) Pharmacological effects

of 'cold' drug

3) Multimodality imaging
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Advantages of PET in neurotransmitter
studies

• PET is one of the few tools enabling

investigation on neurotransmission 

in living human brain

• Wide selection of 

radiopharmaceuticals

• ”Biological” radiopharmaceuticals

• Quantitation
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PET in neurotransmitter research:
dopaminergic synapse

• Synthesis

• Metabolism

• Receptors

• Reuptake

11C-FLB

18F-
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Activation studies
• PET imaging during ”baseline” and ”task”

• ”Activation” = ”task” - ”baseline”

• ”Activation” is considered to represent 

increased neuronal function in brain areas 

involved in the task
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Glucose metabolism
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Activation studies: cortical dopaminergic system

• [11C] FLB 457

- high affinity D2 / D3 antagonist
- reversible binding
- enables visualisation of cortical and
extrastriatal dopamine receptors
- competition with endogenous dopamine

Dopamine [11C]-FLB
Dopamine             [11C]-FLB
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[11C]FLB, a reversibly binding high affinity dopamine D2 receptor 

antagonist

Calculated binding potential images
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• Tasks

- baseline

- 0-back (”vigilance”)

- 2-back (”working memory”)

- single consonants were presented visually

by a PC on a projector screen

R

N

T

K

R

N

T

N

0 - back 2 - back

Target “ N “ Target “ N “

Activation studies: cortical dopaminergic

system
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WM - vigilance

Activation studies: cortical dopaminergic system
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PET in brain diseases
• Diagnosis / differential diagnosis

• Follow-up

• Detection of asymptomatic cases

• Development of treatment

• Monitoring of treatment effects
- drug treatment
- lesions
- stimulations
- transplantation
- gene teraphy
- other teraphies
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Organisation of Nigrostriatal dopamine

interconnections

97%

Degree of cell

destruction

Pathophysiology of PD
Loss of dopaminergic neurons in the        
substantia nigra leading to dopamine
deficiency in the basal ganglia
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Healthy sibling of a 
monozygotic
PD patient

Control

1818FF--dopa PET:  twin studydopa PET:  twin study

Same person

5 years later,
symptomatic
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Differential Diagnosis of Dementia
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Receptor occupancy studies with PET –
implications for drug development

• 'Proof of concept'

• Enhancement of dose-finding procedures for further 

drug development

• Critical issues: Imaging methodology development 

and timing of PET studies in order to get maximal 

benefit
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"Optimal" properties for a PET radiotracer for brain

• Unfortunately, no absolute criteria ! Good drug ≠ good tracer

• Suitable for high specific radioactivity labelling (usually 11C or 18F)

• selective and specific ligand, affinity high but not too high 
(equilibrium within the scan time) – fast plasma clearance helps

• no radioactive metabolites entering the brain

• free fraction in plasma should be measurable (helps modelling)

• not toxic, appropriate radiation dosimetry

• Optimal lipophilicity; Log P < 3.5 but not too low as non-specific 
binding may increase limiting access to CNS (plasma proteins, lungs, 
liver, spleen)
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D2 receptor occupancy (%)

Dose (units)

Antipsychotic effect

Neurological side effects

Modified from Syvälahti and  

Hietala 1998
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Dopamine D2 receptor occupancy

Before After

Haloperidol
Nordström A-L 1993
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Occupancy of µ-Opioid Receptors by Nalmefene

BP before

administration

BP 50 h after

administration

Occupancy 50 h

after administration

Ingman et al, 2005

[11C]Carfentanil



Turku PET Centre

NK1 receptor occupancy by a NK1 receptor antagonist, 

aprepitant

baseline

Aprepitant 100 mg, 2 weeks

Bergström M, *Hargreaves RJ, *Burns HD, *Goldberg MR, *Sciberras D, *Reines SA, *Petty KJ, *Ögren M, 
*Antoni G, *Långström B, Eskola O, Scheinin M, Solin O, *Majumdar AK, *Constanzer ML, *Battisti WP, 

*Brandstreet TE, *Gargano C, Hietala J. (Biol Psy, 55:1007-1012, 2004)
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Conclusions

• PET is a versatile method to study the 

role of neurotransmitter systems in

- Normal brain functions

- Brain diseases

- Drug development
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but, keep in mind that

PET has poor temporal resolution
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Auditory hallucinations in schizophrenia – fMRI study

Hubl and Dierks 2004
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Image courtesy of 

The Universiry of 

Tennessee Medical 

Center

Micro PET

Effect of resolution
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The effect of reconstruction method

• Better resolution demand 

more attention to 

reconstruction parameters

Miniature Derenzo phantom

Monkey brain phantom
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The Block detector

a LSO/ LYSO detector

coinc_eff(lso/lyso, 2 cm) = 1.23 *coinc_eff(lso/gso, 1.5 cm)

Total of 59 904 LSO and LYSO elements
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HRRT

• High Resolution Research 
Tomograph

• High resolution 
(2.5 – 3 mm) 

• 47-cm panel separation

• 25-cm axial FOV

• High sensitivity (5-6%)

• Phoswich detectors (LSO/LYSO 
2x2x10 mm)

• List mode

• 119,808 crystals

• 4.5x109 LORs
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ECAT 931 GE Advance HRRT  

2D (2D /) 3D only 3D

Year of purchase 1988 1996       2003?

Number of rings 8 18 104

Slice Thickness (mm) 6,75 4,25 1,2

Crystal material BGO BGO LSO/LYSO

Crystal size (mm) 5,6x12,5x30 4x8x30 2x(2,1x2,1x10)

Number of crystals 4096 12096 119808

Axial length (cm) 10 15 25

Patient port diameter (cm) 62 60 35

Spatial resolution (mm) 6 4 2,5

Sensitivity (kcps/uCi/ml) 100 1200 n. 2500

Size of a raw data frame (Mb) 2 50 326

Frame reconstruction time (min) 1 4 200, 30 w ith cluster

  

Comparison of PET scanners from different generations
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IEEE-MIC 2005
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Commercial 

PET-CT

HRRT

2 mm2 mm2 mm2 mm 2 mm2 mm2 mm2 mm

3 mm3 mm3 mm3 mm3 mm3 mm3 mm3 mm

4 mm
4 mm
4 mm
4 mm

4 mm
4 mm
4 mm
4 mm

Resolution Comparison
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Hietala et al MIB 2005

GE Advance

PET camera
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High resolution PET and NK1 receptors,

[18F]SPA-RQ and ECAT HRRT

Need for improved image processing and

automated advanced image analysis

techniques

Hietala J, Nyman M et al



Turku PET Centre

MRI Segmentation (GM)

Comparison of Image Segmentation 
For

CT   vs.  MRI

Axial View

MRI

Segmented  Gray Matter  

CT  Image CT

Segmented  Gray Matter  

Image Segmentation

MRI

CT

Beside X-ray Dose problem with improved resolution,

CT Simply Does Not Have 
Gray-White Matter Differentiation Capability  !

MRI  Image 
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MOLAR

• Motion-compensation OSEM List-mode Algorithm for 
Resolution-recovery reconstruction

• All physical effects in the system model 

• Exact LOR positioning 

• Event-by-event motion correction 
(Polaris) 

• System matrix computed on-the-fly 

• LOR-based line spread functions

• Randoms estimation from singles

• Single scatter simulation model 

• Component-based count-rate 
dependent normalization

• 256x256x207 images (1.2 mm/voxel)
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Multiparametric

Image Fusion Algorithms – I 

λλλλj =  =  =  =  fj
Gλλλλj

G + fj
Wλλλλ

-W + fj
Cλλλλ

-C

Original 

MRI  Image
Segmented 

MRI  Image

Fused   PET ImageOriginal  PET Image

Z.H. Cho et.al.

Neuroscience Research Institute, 

Gachon Medical University, Incheon, Korea
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Shuttle in the Intermediate Chamber
PET - MRI

Shuttle

(Magnetic Field Resistant)

PET/HRRT MRI/7.0T

HRRT

7.0
T

Shuttle in the Intermediate Chamber
PET - MRI

2006. 2  Manufactured by Tong Bo (Korea)
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PET- MRI  What  is  it  ? 

SC
IE
NC
E 
Ap
ril
 7,
 20
06



Turku PET Centre

Thank you !

This review was done in collaboration with

• Professor Jarmo Hietala, Psychiatry

• Professor Juha Rinne, Neurology

• Professor Harry Scheinin, Drug development


