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DEFINITIONDEFINITION
OF NUCLEAR MEDICINEOF NUCLEAR MEDICINE

MedicalMedical applicationsapplications of of unsealedunsealed radioisotopesradioisotopes forfor

DiagnosDiagnosisis –– TherapTherapyy -- ResearchResearch

UnsealedUnsealed: : intointo thethe livingliving organismorganism

iv., iv., scsc., per ., per osos, , inhalationinhalation, etc., etc.

ParticipationParticipation inin organorgan--tissuetissue--molecularmolecular functionsfunctions!!

((NotNot thethe brachytherapybrachytherapy, and , and inin vitro vitro diagnosticsdiagnostics))

Independent Independent medicalmedical specialtyspecialty (5 (5 yryr specializationspecialization))

DiagnosisDiagnosis + + TherapyTherapy of of diseasesdiseases ((notnot onlyonly imaging!)imaging!)

HEVESY GYHEVESY GYÖÖRGYRGY
Georg von HevesyGeorg von Hevesy

IsotopesIsotopes::

samesame chemicalchemical (and (and biochemicalbiochemical) ) 
characteristicscharacteristics, no , no biologicalbiological differencesdifferences

FirstFirst useuse inin biologicalbiological systemssystems (1924)(1924)

TracerTracer principleprinciple: : toto followfollow functionsfunctions

smallsmall amountamount, , samesame biochembiochem..

radioactiveradioactive labelledlabelled

„„FatherFather of of nuclearnuclear medicinemedicine””

Nobel Nobel prizeprize inin chemistrychemistry 19431943

RADIOISOTOPES IN MEDICINERADIOISOTOPES IN MEDICINE
IsotopeIsotope: : samesame numbernumber of of protonsprotons

chemicallychemically thethe samesame elementelement! (! (e.ge.g. C. C--11, O11, O--15)15)
Proton : neutron. Proton : neutron. OptimalOptimal relationrelation. . StabilityStability? !? !
UnstableUnstable nucleusnucleus: : changeschanges. . RadiationsRadiations..

TypesTypes of of isotopesisotopes (and (and radiationsradiations))
plus plus protonsprotons::

positronpositron emission (+emission (+betabeta))
meetsmeets electronelectron: : annihilationannihilation 2x 511 keV2x 511 keV

EC (K,L,M..): EC (K,L,M..): characteristiccharacteristic XrayXray + gamma + gamma 
alphaalpha particleparticle (+gamma)(+gamma)

plus plus neutronsneutrons::
betabeta ((fromfrom nucleusnucleus) + gamma () + gamma (metastabilmetastabil))

ProductionProduction: : cyclotroncyclotron and and reactorreactor ((arteficialarteficial isotopesisotopes))



IMPORTANT IMPORTANT RADIONUCLIDESRADIONUCLIDES
DiagnosticDiagnostic: : electromagneticelectromagnetic radiationradiation ((photonsphotons))

+ neutron:+ neutron:

TcTc--99m, I99m, I--131, Xe131, Xe--133: gamma (133: gamma (metastablemetastable))

+ proton:+ proton:

-- GaGa--67, In67, In--111, I111, I--123, Tl123, Tl--201: 201: XrayXray +gamma+gamma

-- CC--11, N11, N--13, O13, O--15, F15, F--18, Ga18, Ga--68: 68: annihilationannihilation

TherapeuticTherapeutic: : particleparticle ((absorptionabsorption inin tissuetissue: dose): dose)

+ neutron: + neutron: betabeta: Y: Y--90, I90, I--131, Sm131, Sm--153, Re153, Re--186186……

+ proton: + proton: alphaalpha -- AtAt--211, Bi211, Bi--212, Ra212, Ra--223223

ADVANTAGES OF TcADVANTAGES OF Tc--99m99m
(m=(m=metastablemetastable))

inin 80 % of SPECT 80 % of SPECT examinationsexaminations

PhysicalPhysical ((forfor detectiondetection))
140 keV: 140 keV: idealideal forfor gamma camera (70gamma camera (70--400 keV) 400 keV) 
monoenergeticmonoenergetic: : idealideal forfor imagingimaging

BiologicBiologic: low : low radiationradiation dosedose
””purepure”” gamma (gamma (fromfrom MoMo--99), T1/2: 6 h, 99), T1/2: 6 h, optimaloptimal
HighHigh amountamount of of activityactivity, No. of , No. of photonsphotons (Poisson)(Poisson)

PracticalPractical
fromfrom generatorgenerator (Mo(Mo--99) 99) elutionelution, , physphys. . salinesaline (!)(!)
stablestable complexescomplexes with with manymany moleculesmolecules

SPECT: SPECT: whenwhen NOT TcNOT Tc--99m ?99m ?

ImpossibleImpossible toto labellabel

e.ge.g. . glucoseglucose (FDG: (FDG: successsuccess of PET!)of PET!)

TooToo slowslow biokineticsbiokinetics

e.ge.g. . steroidsteroid hormon hormon synthesissynthesis

TcTc--99m GENERATOR99m GENERATOR
Mo-99, Aluminoxid, elution phys.saline, T1/2: 2.75 d



RADIOPHARMACEUTICALSRADIOPHARMACEUTICALS
OrganOrgan-- tissuetissue-- molecularmolecular--

functionfunction--specificspecific labelledlabelled moleculesmolecules
((isotopeisotope: : e.ge.g. I. I--131, 131, SrSr 89, Rb89, Rb--82, Ra82, Ra--223)223)

DiagnosisDiagnosis::
FunctionsFunctions: : organorgan, , tissuetissue, , molecularmolecular ((quantitativequantitative))
TissueTissue characterizationcharacterization –– identificationidentification

TherapyTherapy::
targetedtargeted, , molecularmolecular ((selectiveselective) ) radiotherapyradiotherapy

((highhigh dose: dose: continouscontinous radiationradiation))
„„tailoredtailored””, , „„personalizedpersonalized””

RoleRole of of radioisotopesradioisotopes onlyonly forfor detectiondetection oror forfor therapytherapy
„„TheranosticsTheranostics””:: thethe samesame moleculesmolecules

radioiodsradioiods: : II-- 123 123 --124 124 --125 125 --131131
smssms ligandumligandum InIn--111, Tc111, Tc--99m, Ga99m, Ga--68,68,

YY--90, Lu90, Lu--177, Bi177, Bi--213,213,

BIOLOGICAL MECHANISMBIOLOGICAL MECHANISM
PhysicalPhysical SLNSLN
CompartmentCompartment MUGA MUGA bloodblood poolpool
DiffusionDiffusion DTPA, DTPA, ventilationventilation
ChemicalChemical reactionreaction MDP, PIBMDP, PIB
PhagocytosisPhagocytosis colloidcolloid spleenspleen
CellsCells leucocyteleucocyte
ExcretionExcretion HIDA, ECHIDA, EC

ActiveActive transporttransport thyroidthyroid, adrenerg, adrenerg
MetabolismMetabolism--nzymesnzymes FDG, FET, FCH, FLT,..FDG, FET, FCH, FLT,..
AntigenAntigen antibodyantibody, , fragmentfragment, peptid, peptid
ReceptorReceptor ligandligand
BetaBeta--amyloidamyloid florbetapirflorbetapir
OthersOthers hypoxia, angiogenesis, etc.hypoxia, angiogenesis, etc.

DETECTION: IMAGINGDETECTION: IMAGING
Gamma camera Gamma camera 

scintillationscintillation crystalcrystal, , rectangularrectangular detectorsdetectors
staticstatic and and dynamicdynamic aquisitionsaquisitions
spot, spot, wholewhole--bodybody
planarplanar oror SPECT (emission CT: SPECT (emission CT: projectionsprojections))
ECGECG--gatedgated
dedicateddedicated forfor organsorgans
semiconductorssemiconductors, , multipinholemultipinhole, , smallsmall animalanimal

PositronPositron camera: camera: PET (PET („„doubledouble--photonphoton ECTECT””))
BGO, GSO, LYSO,BGO, GSO, LYSO,…… crystalscrystals
ring ring detectorsdetectors ((smallsmall blockblock detectorsdetectors))
1616--21 cm 21 cm axialaxial FOVFOV
coincidencecoincidence detectiondetection (3D (3D datadata aquisitionaquisition))

DETECTION: NONDETECTION: NON--IMAGINGIMAGING
Ex vivo Ex vivo measurementsmeasurements

of of biologicalbiological samplessamples
e.ge.g. clearance (. clearance (bloodblood), Schilling test (), Schilling test (urineurine))

SmallSmall dedicateddedicated instrumentsinstruments
DynamicDynamic functionfunction studiesstudies ((e.ge.g. . kidneykidney, , heartheart))
ThyroidThyroid uptake testuptake test

radioiodideradioiodide therapytherapy, , activityactivity calculationcalculation
IntraoperativeIntraoperative gammagamma--probesprobes forfor localizationlocalization

e.ge.g. sentinel . sentinel lymphlymph nodenode detectiondetection



INTRAOPERATIVE  PROBESINTRAOPERATIVE  PROBES

�� GeometricGeometric resolutionresolution

�� SensitivitySensitivity

�� EnergyEnergy resolutionresolution

�� TechnetiumTechnetium--99m  !!!99m  !!!

(I(I--125, I125, I--131, In131, In--111, F111, F--18, Ga18, Ga--68)68)

�� EvenEven smallsmall camerascameras ((SentinellaSentinella))

GAMMA CAMERA (Anger GAMMA CAMERA (Anger typetype))

Varga J.

InIn vivo imaging of vivo imaging of distributiondistribution ofof activityactivity
((radiopharmaceuticalsradiopharmaceuticals = = functionsfunctions))

planarplanar oror SPECTSPECT

staticstatic oror dynamicdynamic

gatedgated oror ungatedungated

wholewhole bodybody

pinhole pinhole collimatorscollimators

dedicateddedicated ((heartheart, , breastbreast))

SCINTIGRAPHYSCINTIGRAPHY GAMMA CAMERA: SPECTGAMMA CAMERA: SPECT

.



SPECTSPECT
RotationRotation:: stepssteps, , continouscontinous

circularcircular, , ellipticelliptic ((closeclose!)!)

6464--128 128 projectionsprojections

ReconstructionReconstruction

filtered filtered backprojectionbackprojection oror iterativeiterative

CorrectionsCorrections::

attenuationattenuation, , ComptonCompton, , detectordetector--responseresponse ((depthdepth))

SlicesSlices::

transverstransvers ((axialaxial), ), coronalcoronal, , sagittalsagittal

3 D, 3 D, rotatingrotating
.

e+
e-

1-3 mm
18F

511 keV

511 keV

POSITRON: ANNIHILATION

PET/CT-s in the early 2000s PET     vs.     SPECTPET     vs.     SPECT
doubledouble--photonphoton singlesingle--photonphoton

1. More 1. More sensitivesensitive (no (no collimatorcollimator!)!)

2. 2. SpatialSpatial resolutionresolution is is betterbetter ((anatomicanatomic detailsdetails))

SPECT: 10 mm, SPECT: 10 mm, PET: 3 PET: 3 -- 4 mm4 mm

((smallsmall animalanimal: 1 mm): 1 mm)

3. 3. QuantitativeQuantitative

absoluteabsolute ((e.ge.g. . mLmL/min/g, mol/min/g)/min/g, mol/min/g)

4. 4. BiomoleculesBiomolecules !!!!!!
CC--11, N11, N--13, O13, O--15,15, FF--18,18, ((butbut GaGa--68)68)

((glucoseglucose, , tyrosinetyrosine, , thymidinethymidine, H2O, , H2O, etcetc……..)..)

SLICE OF LIFESLICE OF LIFE



HYBRID SYSTEMSHYBRID SYSTEMS

FunctionFunction + + morphologymorphology

onon thethe samesame gantry: gantry: „„simultaneoussimultaneous”” (image (image fusionfusion?)?)

ImprovementImprovement of of diagnosticdiagnostic capabilitiescapabilities

1 +1 = 3 !1 +1 = 3 !
PET/CT (PET/CT (onlyonly))

SPECT/CT (SPECT/CT („„goodgood”” SPECT= SPECT= SPECTSPECT/CT)/CT)

rroleole of CT: of CT: localizationlocalization + + attenuationattenuation correctioncorrection

„„low doselow dose”” ! (! (nonnon--diagnosticdiagnostic CT)CT)

PET/MRPET/MR

no no radiationradiation ((paediatrypaediatry, , brainbrain, , oncologyoncology, , ……?)?)

SPECT/SPECT/CTsCTs of of TodayToday

Siemens 
Symbia

Philips 
Precedence

GE Discovery
NM/CT 670

Mediso
AnyScan SC

HYBRID IMAGING II. HYBRID IMAGING II. PET/MRPET/MR

DetectorDetector technologytechnology!!

�� Siemens, Philips, GE, (Siemens, Philips, GE, (MedisoMediso))

�� SoftSoft--tissuetissue contrastcontrast excellentexcellent

�� No No radiationradiation dose!dose!

�� AttenuationAttenuation correctioncorrection ??

�� DurationDuration of of thethe studystudy ??

�� ClinicalClinical indicationsindications ??

�� Research !Research !

�� CostCost--effectivenesseffectiveness ??????

CLINICAL INDICATIONS?CLINICAL INDICATIONS?
TwoTwo expensiveexpensive instrumentsinstruments!!

�� PediatricPediatric patientspatients

�� FollowFollow--upup

�� BrainBrain, , breastbreast, , pelvicpelvic, , cardiaccardiac,?,?

�� FunctionalFunctional MR MR techniquestechniques ??

differentdifferent sequencessequences, STIR, DWI, ADC,.., STIR, DWI, ADC,..

arterialarterial spin spin labelinglabeling

proton proton spectroscopyspectroscopy

diffusiondiffusion--tensortensor imagingimaging

????



ADVANTAGES IN DIAGNOSISADVANTAGES IN DIAGNOSIS

TISSUE CHARACTERIZATION. IDENTIFICATION.TISSUE CHARACTERIZATION. IDENTIFICATION.
WhatWhat is is seenseen onon thethe CT/MR?CT/MR?

FUNCTIONS!FUNCTIONS!
OrganOrgan--TissueTissue--CellCell--MolecularMolecular
QuantitativeQuantitative e.ge.g.. renalrenal: : splitsplit,MTT, clearance,MTT, clearance

thyroidthyroid uptake, Iuptake, I--131131
heartheart perfusionperfusion scorescore
PET: SUV, PET: SUV, oror mol/min/gmol/min/g

NONNON--INVASIVEINVASIVE
i.vi.v. . injectioninjection and (and (smallsmall) ) radiationradiation dosedose
No No toxictoxic effectseffects! ! AllergicAllergic reactionsreactions veryvery rare.rare.
NanoNano--, , picomolarpicomolar amountamount

DISADVANTAGES I.DISADVANTAGES I.
1. 1. GeometricGeometric resolutionresolution is limitedis limited

contrastcontrast ((targettarget//backgoroundbackgoround))
starsstars ((sizesize?? ?? lightlight!!)!!)

onlyonly thethe functionfunction!!
technicaltechnical resolutionresolution

SPECT 10 mm, PET 4 mmSPECT 10 mm, PET 4 mm
biologicbiologic resolutionresolution

hot hot thyroidthyroid nodulenodule vsvs largelarge liverliver metmet..
2. 2. AnatomyAnatomy, , localizationlocalization

SPECT/CT, PET/CT, PET/MR, SPECT/MR?SPECT/CT, PET/CT, PET/MR, SPECT/MR?

DISADVANTAGES II.DISADVANTAGES II.
3. 3. RadiationRadiation dosedose

GammaGamma 11-- 7 mSv7 mSv
AnnihilationAnnihilation 55--10 mSv10 mSv
EC, EC, conversionconversion e.e. 15 mSv15 mSv

PrinciplesPrinciples of of radioprotectionradioprotection
IndicationIndication!!
NonNon--ionizingionizing
ALARA !ALARA !

onlyonly referencereference levelslevels
InstrumentationInstrumentation (hardware, software)(hardware, software)
GravidityGravidity, , lactationlactation, , smallsmall childrenchildren. RISK. RISK--BENEFIT!BENEFIT!

ROLE OF NM IMAGINGROLE OF NM IMAGING

FunctionalFunctional imagingimaging
organorgan-- cellcell-- biochemicalbiochemical functionsfunctions

tissuetissue characterizationcharacterization

molecularmolecular imagingimaging ((atat molecularmolecular levellevel))

RadiologyRadiology: : morphologicalmorphological
coco--operationoperation

PET/CT, SPECT/CTPET/CT, SPECT/CT

inin educationeducation ((multimodalitymultimodality))

diagnosticdiagnostic algoralgoriitthhmsms



FUNCTIONSFUNCTIONS
OrgansOrgans:: heartheart ((perfusionperfusion, , contractioncontraction))

lunglung ((perfusionperfusion, , ventilationventilation))

flow (flow (bloodblood, , lymphaticlymphatic))

kidneykidney ((glomerularglomerular, , tubulartubular, , urinaryurinary flow)flow)

liverliver ((parenchymalparenchymal, , excretionexcretion, , biliarybiliary flow)flow)

gastrointestinal (gastrointestinal (motilitymotility, , excrexcr., ., absorptionabsorption))

CellularCellular: : tissuetissue characterizationcharacterization

e.ge.g. . antigensantigens, , receptorsreceptors, , enzymeenzyme expressionsexpressions

MolecularMolecular: : biochemicalbiochemical, , metabolicmetabolic processesprocesses

e.ge.g. angiogenesis, apoptosis, hypoxia, etc.. angiogenesis, apoptosis, hypoxia, etc.

GeneticGenetic: : DNS (DNS („„nuclearnuclear””), ), mRNSmRNS ((oligonucleotidsoligonucleotids))

3D - CT NM examination

IMPORTANCE OF
MOLECULAR IMAGING

Disease: functional changes

Function before morphology

Early diagnosis

Targeted diagnosis

Targeted therapy

MOLECULAR IMAGING MOLECULAR IMAGING 

METHODSMETHODS

�� NuclearNuclear medicinemedicine !!
�� MRMR

�� OpticalOptical
�� CTCT

�� UHUH



MEDICAL IMAGING METHODSMEDICAL IMAGING METHODS

Society of Nuclear Medicine

MOLECULAR IMAGINGMOLECULAR IMAGING

FunctionsFunctions atat molecularmolecular and and atat cellcell levelslevels

„„commodorecommodore”” inin molecularmolecular imaging: PETimaging: PET

ReasonsReasons::

picopico--nanonano--femtofemto--molarmolar amountamount

hundredshundreds of of biomoleculesbiomolecules cancan be be labelledlabelled

clinicllycliniclly todaytoday: 30: 30--40 40 substancessubstances

MOLECULAR NUCLEAR MEDICINEMOLECULAR NUCLEAR MEDICINE
THE TARGETS!THE TARGETS!

EnzymsEnzyms –– substratessubstrates
FDG, FLT, FET, FEC, FDOPAFDG, FLT, FET, FEC, FDOPA

ReceptorsReceptors –– ligandsligands
D2, SMSD2, SMS

AntigensAntigens –– antibodiesantibodies ((fragmentsfragments))
PSA, CEA, TAG72, CD20PSA, CEA, TAG72, CD20

TransportTransport proteinsproteins –– substratessubstrates
NISNIS

DepositsDeposits –– bindingsbindings moleculesmolecules
betabeta--amyloidamyloid

PERSPECTIVES OF NMPERSPECTIVES OF NM

�� ApotosisApotosis AnnexinAnnexin V, MLV, ML
�� AngiogenesisAngiogenesis VEGF, VEGF, integrinintegrin antibodiesantibodies
�� HypoxiaHypoxia misonidazolmisonidazol, FMISO, FMISO
�� MDRMDR sestamibisestamibi
�� ……..
�� OncogensOncogens FF--18 18 oligonukleotidesoligonukleotides
�� GenexpressionsGenexpressions GenGen therapytherapy ((reporterreporter gengen))

HSVHSV--TkTk coco--expressionexpression withwith
FF--1818--deoxytimidinedeoxytimidine

etc.etc. !!!!!!!!!!


