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• Basicsof PETScannerDesign

• Data Acquisition

• Reviewof Scintillation Materials

• PET/CT

• Time-of-Flight (TOF) PET

• MicroPET
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PET Slice Sensitivity
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3D PET

• Sensitivi ty dropsoff towardsedges

• 4-5X increased sensitivityoverall

• Increasedscatter (15%to 40%)

• Increasedrandomsfrom out-of-field activity

• Rebinning algorithmsto apply2D
reconstruction

• Somedevices canacquirein 2D or 3D whereas
somecanonly acquirein 3D

• 3D in Brain, 2D (or 3D) in WholeBody

Criteriafor Scintillation Material

• Detection Efficiency (StoppingPower)
– High Effective Z
– High Density

• Light Output
– Goodenergy resolution
– Goodcrystal identifi cation

• Decay Time
– Reductionof randomcoincidences
– Time-of-Flight PET

CrystalIdentification
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SCINTILLATOR NaI(Tl) BGO LSO GSO

Rel. Light Output 100 15-20 75 20-25

PeakWavelength (nm) 410 480 420 440

DecayConstant(ns) 230 300 12,42 30-60

Density(g/mL) 3.67 7.13 7.40 6.71

Effective Z 51 75 66 59

Indexof Refraction 1.85 2.15 1.82 1.85

Hygroscopic? Yes No No No

New Detector Materials
PET/CT

• State-of-the-art PETcombinedwith
state-of-the-art CT (up to 64 slice)

• Anatomical correlation

• CT-basedattenuationcorrection

GE DiscoveryST PET/CT

CT PET

PET AttenuationCorrection

L

X

P1 = e-µx

P2 = e-µ(L-x)

PTOT = P1 x P2
= e-µL
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PET-CT Attenuation Correction PET-CT AttenuationCorrection

PET-CT Attenuation Correction

• AcquireCT Scanandreconstruct

• Apply energytransformation

• Reprojectto generatecorrectionmatrix

• Smoothto resolution of PET

• Apply duringreconstruction

CTADIvol (10 year old , 0.8 s , 1.5:1 pit ch)
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Dosefrom CT of PET-CT
CTADIv ol (160 m A, 0.8 s , 1.5:1 pitc h)
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Effect of Patient Size
PET-CT Scanners

• SiemensBiograph

• GE DiscoveryST

• GE DiscoverySTE

• Philips Gemini

PET-CT Scanners
GE Dis cov ery STE GE Discovery ST Philips Gemin i

Detector Dimen sion (mm) 4.7 x 6.3 x 30 6.2 x 6.2 x 30 4 x 6 x 20
# of PET Detectors 13,440 10,080 17,864
PET Detector Mater ial BGO BGO GSO
Spatial Reso lu tion 5.0 6.1 4.9
2D/3D 2D/3D 2D/3D 3D
Atten Corr CT CT CT&Cs-137

Siemens Biograph LSO Siemens Hi-Rez LSO
Detect or Dimensi on (mm ) 6.5 x 6.5 x 25 4 x 4 x 20
# of PET Detec tors 9,216 23,336
PET Detec to r Material LSO LSO
Spatial Resolution 6.3 4.6
2D/3D 3D 3D
At ten Corr CT CT

Time-of-Flight PET

Speedof Light c = 3 x 1010 cm/s

15030153Distance(cm)

5.01.00.50.1Time(ns)
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Time-of-Flight PET

Speed of Light c = 3 x 1010 cm/s

15030153Distance(cm)

5.01.00.50.1Time (ns)

Time-of-Flight PET

∆x = c ∆t/2

Where∆x is thetime-of-fli ght spatial
uncertaintyand∆t is thetiming resolution.

15.07.54.51.5∆x (cm)

1.00.50.30.1∆t (ns)

Time-of-Flight PET Time-of-Flight PET

Assume∆t of 0.5ns=> ∆x of 7.5cm
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Time-of-Flight PET

SNR Gainfrom Time-of-Flight PET

D/1.6∆x ≈ 2 D/ 1.6c ∆t

whereD is thediameter of theobject

3.32.51.6SNRGain

403020D (cm)

Philips Gemini TF

PET scanner
LYSO : 4 x 4 x 22 mm3

28,338 crystals, 420 PMTs

70-cm bore, 18-cm axial FOV

CT scanner
Brilliance 16-slice

Installation at U.Penn Nov ’05
Validation and research patient imaging

Nov ’05 - Apr ’06 50 patients
Beta testing and upgrade to production release software

May ’06 - Jun ’06 40 patients (to date)

Timing resolution = 600 ps

Courtesyof Joel Karp, PhD, Univ of Penn

Performance measurements

NEMA NU-2

Spatial resolution: 4.8 mm at 1 cm, 5.2 mm at 10 cm

Sensitivity: 6.6 cps/kBq

Scatter fraction (at 440 keV): 27% for 20-cm x 70-cm

Peak NEC: 125 kcps @ 0.42µCi/ml

Energy resolution: 11.5% fwhm, Timing resolution: 585 ps

Intrinsic

Courtesyof JoelKarp, PhD,Univ of Penn

Measurements: 35-cm lesion phantom

60s

TOF non TOF

180s

6-to-1 contrast

300s

Courtesy of
Joel Karp,PhD,
Univ of Penn
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non-TOF

Gemini TF - patient study

Rectal carcinoma, metastases in
mesentery and bilateral iliac chains

114 kg; BMI = 38.1
12 mCi; 2 hr post-inj
3min/bed

TOF

Lesion contrast (SUV) improves with TOF reconstruction
Courtesyof JoelKarp, PhD,Univ of Penn

Heavy-weight patient study
13 mCi
2 hr post-inj
3 min/bed

MIP

Colon cancer

119 kg
BMI = 46.5

non-TOF

Gemini TF

TOFLDCT

Courtesyof Joel Karp, PhD, Univ of Penn

DesignCriteriafor MicroPET

• Imagemiceand rats

• Very high spatial resolution(~1-2 mm)

• High sensitivit y (wantto imagewith limited
amountsof radioactivity)

• Reasonablesizeto fit into a laboratory

• Accessto animal aboutthedevice

Spatial Resolution

• Positronrange(relatedto positron
energy)

• Non-collinearity (uncertaintydepends
on detectorradius)

• Detector size
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PositronRange

Thermsrangeis proportional to positron energy.

FromCherryet al., Physics of Nuclear Medicine

PositronRange

Thedistributionof
rmsrangeis
exponential

and not well
characterizedby

FWHM.

FromCherryet al., Physicsof Nuclear Medicine

Non-Colinearity

Thesamelevel of non-colinearity
leadsto a bigger uncertaintywith a

largerdetector diameter. R180 ≈ 0.002 x DR

Limit on PETSpatial Resolution
(Regardlessof detectorsize)

~0.5mm

~2.6mm

18F
82Rb

Small animal scanner

(20 cm diameter)

~2.0mm

~3.3mm

18F
82Rb

Wholebodyscanner

(100cm diameter)

Rsys = SQRT[Rdet
2 + Rrange

2 + R180
2]
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• Axial Field of View 7.6cm

• Transaxial Field of View 10.0cm

• Scintillating material LSO

• Numberof Detectors 13,824

• Detector Size 1.5x1.5x10mm

• Spatial Resolution (CFOV) 1.7mm

• Sensitivi ty 6.5%

SiemensMicroPETFocus 120 Scanner
SiemensMicroPETFocus120Scanner

650g Rat

[18F] Fluoride

4 bed positions

30 min each

Courtesy of Siemens Medical Systems

SiemensMicroPETFocus120
Scanner

Gated rat study
with FDG

Imaging cholinergic receptors
in a mouse pancreas using microPET

Liver

Pancreas

Stomach

Bladder

Brain

Courtesyof Kathryn Morton MD
WakeForestUniversity
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GE eXploreVista Scanner

•Rodentsystem
•11.8cm diameter
•4.6cm axial FOV
•1.6mm resolution
in CFOV

Philips Mosaic

•16,680GSOcrystals
•2.1 mm resolution
•11.8cm axial FOV
•137Cs Transmission

Summary
• Modern scannersdesignedfor oncologic imaging
• Practically all PET sales arePET/CT scanners
• New scintillation crystals combine excellent

detection efficiencywith shortdecaytimes
• Shorter decaytimes leadsto possibility of time-of-

flight PET.
• MicroPETscannerscanprovidevery high spatial

resolutionwith high sensitivi ty in a small foot
print and easyaccess to theresearch animals.


