Advancesn PET Technology

New CrystalsandDetectorDesigns
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» Data Acquisition

» Reviewof Scintilation Materials
* PET/CT

» Time-of-Flight (TOF) PET

e MicroPET
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Slice Sensitivity (Rel. Units)

PET Slice Sensitivity

—e—2D Span of 3
—=—2D Span of 7
—a—3D Ring Diff of 11
——23D Ring Diff of 18

20
Slice Number

Criteriafor Scintillation Materid

Detection Efficiency (StoppingPower)
— High Effective Z

— High Densty

Light Output

— Gooderergy resdution

— Goodcrydal identfi caion

Decgy Time

— Reductionof rardomcoincidences

— Time-of-Flight PET

3D PET

Sengtivity dropsoff towardsedges

4-5X increaal sensitivityoverll
Increasedscdter (15%to 40%)
Increasedandomsrom out-of-field activity

Rebinning algorithmsto apply 2D
recorstructon

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

3D in Brain, 2D (or 3D) in Whole Body

Crystalldentificaion




New Detedor Materials

SCINTILLATOR Nal(Tl BGO LSO GSO
Rel. Light Output 100 1520 75 20-25
PeakWavwelengh (nm) 410 480 420 440
DecayConstant(ng 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 \[e]

GE DiscoverySTPET/CT

PET/CT

Stateof-the-art PET combinedwith
state-of-the-art CT (up to 64 dlice)

* Anaomical correlation
* CT-basedattenuationcomection

PET AttenuationCorrection

PZ = gh(Lx)




PET-CT Attenuaion Correction PET-CT AttenuationCorrection

CT energies

1. 1.1% lodine, 88.9% water |
2. 0.83% Barium, 98.17% water

3. Cortical bone )
4. Soft tissue |

PET 511 keV

Linear attenuation coefficient p(cm-')
Attenuation coefficient (cm)
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PET-CT Attenudion Correction Dosetrom CT of PET-CT

CTADIvol (10year old, 0.8 s, 1.5:1 pitch)

Acquire CT Sanandremnstiuct 2500.00 —_0amad
Apply energytransformation 2000.00

Reprojectto generateomrectionmatix
Smoothto resoluion of PET

Apply duringreconstruction

—e—80kVp

1500.00 100 kVp

1000.00 —a— 120 kVp
// —%— 140 kVp
500.00
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Dosefrom CT of PET-CT

CTADIvol (160 mA, 0.8s, 1.5:1 pitc h)

3000.00

2500.00

2000.00 —e—New Born
—&—1 Year Old
1500.00 —4—5 Year Old

—>—10 Year Old

CTADIvol (mrad)

1000.00 % —%— Med Adult
500.00
0.00 ED from
70 90 110 130 14 mCi of FDG

Tube Voltag e (kVp) lrad

Quality of CTAC

Linear Attenuation Coefficient (cm-1)

0.0920

0.0900

0.0880

0.0860

0.0840

0.0820

0.0800

0.0780

Effect of PatentSize
80kVp, 10 mA, 0.5s/rotation

Accuracy of Attenuation Correction with Patient Size

80/101.5

@ New born
m1v0
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Effect of Patient Size
PET-CT Scannes

@ Large Adult

m Medium Adult SiemensBiograph

O Smal Adut GE DiscoveryST
GE DiscoverySTE
Philips Gemini
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PET-CT Scanners Time-of-Flight PET

T GeDsmeyStE | GeDsovey ST | phips Gomni |
D G | Hrs31® | 66018 | oo

T
N Y T

Speedof Light c=3x 10° cm/s

| [Semens Biograph LSO Siemens HiRez LSO |

Y T N S
—— Distance(cm) ----




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

AX =cC At/2
—————————
WhereAXx is thetime-of-fli ght spatial

Speal of Light c=3x 109 cm/s uncertaintyand At is thetiming resolution.

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

AssumeAt of 0.5ns=> Ax of 7.5¢cm




Time-of-Flight PET

SNR Gainfrom Time-of-Flight PET
D/1.6Ax =~ 2D/ 1.6c At

whereD is the diamete of the object

Performance measurements
Intrinsic
Energy resolution: 11.5% fwhm, Timing resolution: 585 ps
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 @ 0.42uCi/ml

Courtesy of JoelKarp, PhD,Univ of Penn

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
Coutesyof Joel Karp PHD, Univ of Penn

Measurements: 35-cm lesion phantom

TOF non TOF 6-to-1 contrast

Courtey of
Joel Karp, PhD,
Univ of Penn
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Gemini TF - patient study

Rectal carcinoma metastases in 114 kg; BMI = 38.1
mesentery and bilateral iliac chains 12 mCi; 2 hr post-inj
3min/bed

non-TOF

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

DesignCriteriafor MicroPET

Imagemiceandrats

Very high spatal resolution(~1-2 mm)
High sersitivity (wantto imagewith limited
amountsof radioadivity)

Reasonablsizeto fit into alaboratory
Accesgto animal aboutthe device

Gemini TF . .
em T Heavy-weight patient study

g 13 mCi

2 hr post-inj

119 kg : 3 min/bed

BMI = 46.5 e

Colon cancer Vg

non-TOF

Coutesyof Joel Karp PHD, Univ of Penn

Spdial Resolution

« Positronrange(relatedto positron
enery)

» Non-collineaity (uncertaintydepends
ondetectoradiug

 Detedor size
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PositronRange

Thermsrangeis proporional to positron erergy.

From Cherryetal., Physics of Nudear Medicine

Non-Colineaity

Thesameéevel of non-colineaity
leadsto abigger uncertainty with a

largerdetector diameter. Rigo~ 0.0 x D

PositronRange

Thedistributionof
rmsrangeis
exponential

and notwell
characterizedy
FWHM.

FromCherryetal., Physicsof Nuclear Medicine

Limit on PET Spaial Resdution
(Regardlessof detectorsize)

Rsys = SQR-I[Rde\2 + Rrange2 + R1802]

Wholebodyscanrer
(100cm diameer)

Small animal scanner
(20cmdiametr)
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SiemensMicroPET Focts 120 Scanner SiemensMicroPETFocus120Scanner

+ Axial Field of View 7.6cm o :

« Transxial Field of View 10.0cm y A ,_ 6509 Rat
Sdntillating matrial LSO g [F] Fluoride
Numberof Detedtors 13,824 R . ;ob::np;’:::"s
Detecbr Size 1.5x1.5x10mm
Spatial Resolution (CFOV)  1.7mm
Senstivity 6.5%

Courtesy of Siemens Medical Systems

SiemensMicroPETFocus120 Imaging cholinergic receptors

in @ mouse pancreas using microPET

Scanner

Brain

Liver

Gakd ratstudy
with FDG

Stomach
Pancreas —
Bladder

Couttesy of Kathryn Morton MD
WakeForestUniversity
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GE eXploreVista Scanna

*Rodentsysem
*11.8cmdiameter
*4.6 cmaxial FOV
*1.6 mmresdution
in CFOV

Summary

Modem scamersdesignedfor onwlogic imagng
Practially all PET sdes are PET/CT scanners
New scirtillation crystds combine excellent
detection efficiencywith shortde@ytimes
Shorte decaytimes leadsto possbility of time-of-
flight PET.

MicroPET scanrerscanprovidevery high spatid
resolutionwith high sensitvity in asmadl foot
print and easyacces to thereseach animals.

Philips Mosaic

+16,680GSOcrystak
«2.1 mmresolution
«11.8cm axial FOV
+137Cs Transmission
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