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Van Gen tot Geneesmiddel:Van Gen tot Geneesmiddel:
Nuclear Imaging techniquesNuclear Imaging techniques

Part 1.Part 1.
Techniques: cyclotron and imagingTechniques: cyclotron and imaging

BertBert WindhorstWindhorst
Radiopharmaceutical scientistRadiopharmaceutical scientist
VU University Medical Center AmsterdamVU University Medical Center Amsterdam
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FDG

ImagingImaging
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The GeneThe Gene--toto--Medicine paradigmMedicine paradigm

humanhumangenomicsgenomics

Target Target 
discoverydiscovery

Lead chemLead chem

Chem diversityChem diversity

HTSHTS

HitHit

SARSAR

optimiseoptimise

Pre clinicalPre clinical

safetysafety efficacyefficacy

bio informaticsbio informatics

chemo informaticschemo informatics

imagingimaging
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Goal this week: provide overviewGoal this week: provide overview
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VGTG : ImagingVGTG : Imaging
Dinsdag 24 februariDinsdag 24 februari
Deel 1: techniekDeel 1: techniek
Deel 2: radiochemieDeel 2: radiochemie

Donderdag 26 februariDonderdag 26 februari
Deel 3: casus neuroimagingDeel 3: casus neuroimaging
Deel 4: casus alzheimer en borstkankerDeel 4: casus alzheimer en borstkanker

Dinsdag 3 maart rondleiding op RNC: inschrijvenDinsdag 3 maart rondleiding op RNC: inschrijven
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OutlineOutline

Nuclear Imaging: PET and SPECT Nuclear Imaging: PET and SPECT 

CyclotronCyclotron techniquetechnique

TargetryTargetry
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SPECTSPECT

Planar detectionPlanar detection
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SPECTSPECT

Planar detectionPlanar detection



10

Nuclear Medicine & PET ResearchNuclear Medicine & PET Research

SPECTSPECT

1 hr1 hr 24 hr24 hr 6 days6 days

186186ReRe--mabmab
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SPECTSPECT
Turning cameraTurning camera  
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SPECTSPECT

Reconstruct : (filtered) backprojectionReconstruct : (filtered) backprojection
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Positron Emission TomographyPositron Emission Tomography

Makes use of positron decayMakes use of positron decay

Requires special radio isotopesRequires special radio isotopes

Images in 3DImages in 3D
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positron decaypositron decay

DecayDecay
Loss kinetic energyLoss kinetic energy
AnnihilationAnnihilation
511 KeV511 KeV
180180°°

β+

511 keV

511 keV
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Positron Emission TomographyPositron Emission Tomography

CoCo--incidence incidence 
detectiondetection
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PET CameraPET Camera
HRRTHRRT
8 blocks8 blocks
9x13 detectors9x13 detectors

8x8 crystals8x8 crystals
59904 crystals in total59904 crystals in total

Fast data collectionFast data collection
44--D matrix of data:D matrix of data:
X, Y, Z, timeX, Y, Z, time
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PET animationPET animation

Loss of kinetic energyLoss of kinetic energy

AnnihilationAnnihilation

2 2 FotonsFotons, 511 , 511 KeVKeV

Opposite directionOpposite direction
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PETPET IsotopesIsotopes

1111CC :: 20 min, 20 min, ββ++ (970(970 KeV),KeV), 1414N(p,N(p,αα))1111CC

1818FF :: 110 min,110 min, ββ++ (635(635 KeV),KeV), 1818O(p,n)O(p,n)1818FF

8989ZrZr :: 78 hrs, 78 hrs, ββ++ (900 KeV),  (900 KeV),  8989Y(p,n)Y(p,n)8989ZrZr
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Cyclotron productionCyclotron production

30.000 volt 30.000 volt betweenbetween DD’’ss
300 300 circles, 600circles, 600 accelerations ofaccelerations of 30.000 30.000 volt =volt = 18 18 MeVMeV
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Cyclotron animationCyclotron animation
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IBA 18/9IBA 18/9
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Cyclotron insideCyclotron inside magnetmagnet

EE--fieldfield

Ion sourceIon source

stripperstripper
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1818F Fluoride productionF Fluoride production

Nuclear reactionNuclear reaction
1818O(p,n)O(p,n)1818F, obtained as Fluoride in waterF, obtained as Fluoride in water
Proton energy from 10 MeVProton energy from 10 MeV

Side reactionSide reaction
1616O(p,O(p,αα))1313N, obtained as nitrates in waterN, obtained as nitrates in water

Work upWork up
anion exchange columnanion exchange column
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1818F Fluoride targetryF Fluoride targetry

protonsprotons
Target
H2

18O

target body

target target foilfoil

Important chracteristics forImportant chracteristics for target body target body materialmaterial::
Heat capacity coefficientHeat capacity coefficient

(limiting factor for high beam currents: high (limiting factor for high beam currents: high 
pressure in target)pressure in target)

RadionuclidicRadionuclidic side productsside products
Chemical purity ofChemical purity of [[1818F]Fluoride F]Fluoride fromfrom targettarget

cooling

fillfill / / emptyempty
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Fluoride targetFluoride target
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Fluoride targetFluoride target
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Fluoride targetFluoride target
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1818F Fluorine productionF Fluorine production

Nuclear reactionNuclear reaction
2020Ne(d,Ne(d,αα))1818F or F or 1818O(p,n)O(p,n)1818FF
deuterons from 7 MeVdeuterons from 7 MeV
protons from 10 MeVprotons from 10 MeV

Side reactionSide reaction
--

Work upWork up
nonenone
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1818F Fluorine targetsF Fluorine targets

Target material : Nickel or MonelTarget material : Nickel or Monel

11stst irradiation : irradiation : 1818F fluorine deposit on target wallF fluorine deposit on target wall

Empty target, fill with Neon + 0.1Empty target, fill with Neon + 0.1--0.5% F0.5% F22

IrradiateIrradiate

Electrophilic fluorination, or via intermediateElectrophilic fluorination, or via intermediate
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Installed Installed in 1992in 1992

Design: Design: Robert DahlRobert Dahl

Nickel Nickel / 153 ml/ 153 ml

30 30 psi psi 1% F1% F22 / 100 / 100 psi psi NeonNeon

1818F Fluorine target GroningenF Fluorine target Groningen
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1111C productionC production

Nuclear reactionNuclear reaction
1414N(p,N(p,αα))1111C, obtained as C, obtained as 1111COCO22 in Nin N22
Proton energy from 10 MeVProton energy from 10 MeV

Side reactionSide reaction
1414N(p,pn)N(p,pn)1313N, obtained as [N, obtained as [1313N]NN]N22

Work upWork up
trap [trap [1111C]COC]CO22 below below --150 150 °°CC
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Hotcell 3

CuO 800 CuO 800 °°CC AscariteAscarite

50 L50 L

Hotcell 4

Hotcell 5

Hotcell 6MOBI

dewar
-196 °C to 20 °C

0-20 bar

0-100
ml/min

100-1000
ml/min

Ar 6.0

Target 7Target 3

Ar 6.0

N2/O2

AT CYCLOTRONAT CYCLOTRON 1111C productionC production
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1111C productionC production
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8989Zr productionZr production

Nuclear reactionNuclear reaction
8989YY (p,n) (p,n) 8989Zr, obtained as Zr, obtained as 8989Zr in Yttrium diskZr in Yttrium disk
Proton energy 14 MeV optimalProton energy 14 MeV optimal

Side reactionSide reaction

Work upWork up
dissolve in 6M HCl, affinity chromotographydissolve in 6M HCl, affinity chromotography
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8989Zr productionZr production

25 mm25 mm
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8989Zr productionZr production
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8989Zr productionZr production
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FurtherFurther readingreading
Radiopharmaceuticals for Positron Emission TomographyRadiopharmaceuticals for Positron Emission Tomography
Ed G. Ed G. StStööcklincklin and W.W. Pikeand W.W. Pike
KluwerKluwer Academic publishers, Dordrecht, 1993, Academic publishers, Dordrecht, 1993, isbnisbn 00--79237923--23402340--88

Handbook of Radiopharmaceuticals : Handbook of Radiopharmaceuticals : 
Radiochemistry and applicationsRadiochemistry and applications
Ed MJ Welch, CS Ed MJ Welch, CS RedvanlyRedvanly
Wiley, Sussex, 2003, Wiley, Sussex, 2003, isbnisbn 00--471471--4956049560--33


