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Scintillator | Effective | Density | Decay |wavelength | Light
atomic | (g/cm3) |time (nm) output
number (ns) (% of

Nal(TI))

Nal(TI) |50 3.67 |200 |415 100

Csl(Na) |54 451 630 420 85

Csi(Tl) |54 4.5 1,000 |550 45

effective

LaBr;:Ce |47 5.3 25 360 160
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2"x 2" Pixelated Nal(TI),
Zaniya et al. 2005

Symbia HD large crystal
detector, Siemens
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y-ray

GE Discovery VH with 1" StarBrite crystal
e.g. for In-111 ProstaScint imaging



Photomultiplier tubes (PMTSs)
Position sensitive PMT(PSPMT)

Avalanche photodiode (A
Positions sensitive APD (
Silicon photomultiplier (Si

DD)
DSAPD)

PMT)



PMTs

(10°)
(20%)

Hamamatsu



Position sensitive
PMT(PSPMT)

« 6X + 6Y cross anode plate
« Bialkall max. response at 420 nm

Hamamatsu




Avalanche photodiode (APD)

- PMT
- PMT



Avalanche photodiode (APD)

PMT 1/250

Nal(Tl)  CsI(TI)

APD



Positions sensitive APD
(PSAPD)

« APD

(~0.5 mm)

*/ The white epoxy covered
L |

Csl:Tl crystal on the PSAPD.
Despres et al. 2006




Silicon photomultiplier (SIPMT)

Geliger photodiode
APD :

24 x 24 Geiger photodiodes 1 x1 mm

APD

(10°-109) ( >
SiPMT,Pulsar L




Semiconductors

— (CdTe, CdZnTe)

The absorbed energy from a y-ray interaction
liberates charge carriers within the charge-free
depletion zone

The induced charge on the terminals generates an
electronic pulse with an amplitude proportional to
the absorbed energy

Better energy resolution (2—-5%) than scintillator
(8—-10 %) at 140 keV

Lower intrinsic efficiency, especially for high-
energy y- rays, as compared to scintillators



Silicon strip detector
Intrinsic efficiency Is very low

Suitable only for very low-energy y-ray

and x-ray emitters, such as |-125,

Pixel sizes ~100 pum ultrahigh-resolution
Application for Compton y-cameras,

' P-slops
II “—
= — = e
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L i n-type Si, = 6k{icm
e .

aluminium strips

T n-type implanted strips

p-type implanted strips

S10. oxide
passivation

Sokolov 2005



Charge-Coupled Device
(CCD)

Very high intrinsic spatial resolution
Directly detection of y-rays from |-125

Intrinsic efficiency is low—can be used
for energies below 30 keV

Used as the photon converter for
columnar CsI(Tl) detector




Electron Multiplying Charge-
Coupled Device (EMCCD)

Incorporate an electron multiplying
stage prior to the charge-to-voltage
conversion process

Better signal-to-noise ratio than CCD

Used as the photon converter for
columnar CsI(Tl) detector

Can be used for Tc-99m

Teo 2006
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SPECT

No. of detector 2

heads

Field of view 40 x 55 cm
Energy resolution 9.5%

Intrinsic spatial
resolution

3.8 mm (FWHM)

Planar count
sensitivity (LEHR)

190 cps/MBq
(95 cps/MBq per head)

SPECT spatial
resolution (LEHR)

10.5 mm (FWHM)

Madsen, 2007



Clinical SPECT cont’ dTrlpIe

SPECT
Nal(TI)

120

33%

Prism triple-head camera
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Tc-99m line source on the axis of a water-filled
cylinder simulated using the Monte Carlo
method.

200 keV
250 keV
300 keV
10° | - 1 350 keV
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Projection bin

One-dimensional transaxial projections
resulting from the simulation of a line
source placed in a 20-cm-diameter

cylinder filled with water

Zaidi & Koral, 2004



(S/P):
P ~ 0.95 for Tl-201
P ~ 0.34 for Tc-99m
P ~0.75 for I-131 (HE) [47% collim. penetr.]

P ~0.31 for I-131 (UHE) [14% collim.penetr.]



(SC)

Implicit methods: (PSF)
implicitly

The transmission-dependent convolution
subtraction(TDCS) method

The multi-energy window methods: dual energy
window (DEW) method, triple-energy window (TEW)
approach, split-photopeak window method,
multispectral method

Other...



— not important for Tc-99m (<2%)
— 15.5% for In-111(247 keV peak)
—22.1% for Ga-67 (300 keV peak, ME)
— 29.4% for 1-131 (364 keV peak, HE)

—10.3% for I-131 (364 keV peak, UHE)



FBP 20 s/view IR +AC 20 s/view IR +AC+RR+SC
10 s/view

MPI studies with a two-day gated rest-stress Tc-99m MIBI protocol on GE Infinia
Hawkeye SPECT/CT system. The stress test was performed with Dipyridamole plus
cycling exercise.

IR = iterative reconstruction; RR= resolution recovery; AC= attenuation; SC= scatter
correction

Patient Findings: A definitely abnormal study demonstrating a myocardial infarction in
the antero-septo-apical region (LAD territory) with a peri-infarct residual ischemia.

Courtesy GE Healthcare
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SPECT

DigiRad
— : CsI(TI)
— APD

Courtesy DigiRad



The CardiArc (simliar to MarC-SPECT)
Detectors: CZT 180°

. (slats)

. Slat Slit

Slat Slit

. SPECT

This approach provides very dense anguwlar ssmplng
Converlional gystam: 1 sample avery § degrees
Cardifre: 1 sample every 1. 14 dogreas

Thin lead vanes— "

Courtesy CardiArc



The D-SPECT cardiac SPECT system:
: 10 CZT 180°

each detector module rocks back and forth to independently

acquire the heart projection data

Coutresy Spectrum Dynamics



SPECT/CT
1. CT

2.
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SPECT/CT systems

Manufacturer GE Healthcare Philips Siemens

Infinia Hawkeye Precedence True Point
SPECT System Infinia Skylight Symbia
CT system Hawkeye Brilliance Emotion T, T2, T6
Slice thickness 5 or 10 0.6-12 0.6 for T6, 1.0 for
(mm) T2,4.25 for T2
No. of CT slices lor4d 6 or 16 20r6
Tube rotation (s) 23 0.5 0.6-1.5
Standard HCP >3 13 15 (4.3 for T)
resolution (Ip/cm @
2% MTF) .
Room dimensions | 419 x 470 711 x 442¢ 640 x 358¢

(cm)

aow-dose only; slice thickness same as in SPECT

®HC = high contrast; Ip/cm = line pairs/centimeter; MTF =modulation transfer function
cadditional room shielding required (with exception of Emotion T)




SPECT/CT systems

Infinia Hawkeye, . . : :
GE Healthcare Infinia, Philips Symbia, Siemens



SPECTCT Ga-67 Tumor Study

Non-Hodgkin’s Lymphoma.
In addition to the mediastinal
mass, SPECT/CT images
clearly revealed bilateral
cervical lymph nodes and
splenic involvement. A
physiological bowel uptake is
unequivocally seen on the
SPECT/CT images. Based
on the SPECT/CT Ga-67
images, the patient is up-
staged from stage I/l to II/IV
in comparison to the
conventional work-up
including WB planar plus
SPECT imaging.

Courtesy GE Healthcare



AC and Localization

Hawkeye SPECT/CT
Tc-99m Bone Scan

68 year-old female with
right hip pain. SPECT
Image shows a small
area of intense uptake in
medulla of the right
femoral head. CT
Images show a small
area with lack of contrast.
The fused data set
confirms co-registration
of these areas. This
study Is suggestive for
avascular necrosis in the
right femoral head.

Courtesy GE Healthcare






SPECT vs. PET

SPECT
Tc-99m, 1-123, Ga-67, In-111

—

~ 0.5 mm
~0.1%

PET
; 10%

C-11 (T,,=20 min), N-13 (10 min), F-18

(110 min) Cu-64 (12 hrs), 1-124 (4 days)

~1.2 mm
(<$0.5M)



SPECT

Manufacturer Model Design Detectors Spatial Count
resolution sensitivity
Bioscan NanoSPECT Mulitpinhole Nal(Tl) 0.8 mm up to 4,000
HISPECT 1-10 pinholes 1.2 mm cps/MBq
Gamma Medica | X-SPECT Pinhole 2X2xX6 mm 0.6 mm Up to 855
interchange- Nal(Tl) and cps/MBq
able apertures PSPMT
or parallel hole CZT 137cps/MBa*
SuperSPECT asllfreisr 0.3mm p q
Linoview LOrA-SPECT | Tunable slit- Csl(Na)2.2x2.2 0.60 mmm 1100
Systems rake mm pixels cps/MBq
collimators
Molecular U-SPECT 75 pinholes CsI(TI) <0.5 mm 120 -2200
Imaging arranged in 5 (mouse) cps/MBq
rings of 15 <0.9 mm
pinholes (ra)
NeuroPhysics MollyQ 9 cone-beam CaF or 0.5 mm 31,000/MBq
Scanning collimators Nal(Tl) Can image 100
Focal-Point 10,042 nCi of I-125
Microscope 343y m (23 keV)
diameter entry
apertures

*0.0137% efficiency




Before
With conventional
Single-Pinhole

HISPECT
& 9 Wy e

High-resolution animal imaging
requires addition of pinhole
collimation to SPECT cameras

*Patents Pending

Multi-Pinhole

Proprietary
Multi-Pinhole
collimation
Configuration™

Proprietary Image
Reconstruction
Software*

http://www.bioscan.com/



Gamma Medica Multimodal
scanners

Helical micro-SPECT scan

micro-SPECT/micro-MRI
http://www.gm-ideas.com/



Linoview

e

Tc==™ cold rods phantom

|
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1.30mm

0.65mm

0.65mCi=1h 1.6mCi=x1h

The detectors are moved radially close
to the animal and the parameters of
the rectangle orbit are automatically
computed. The detectors then move
automatically to the start position A,
the acquisition is initiated and the
detectors move to the end position B.

Linograms are then acquired.

3Z2mm outer diameter

http://www.linoview.com/




Rat image right and left MPI images of live mouse 6 mCi of Tc-99m
ventricles can be seen (SNM tetrofosmin acquired in 30 min (1/2 hr after

N administration
2007 highlights) ) http://wwaw.milabs. com/



MollyQ
Scanning Focal-Point Microscope

Resolution: Scanning Microscope

||||| Position
Hour SOHnE
A el [ !
/—?‘m:undﬂ —l--\ J = Tronslation —e { — Translation —
Con ali Count Bate: Exiremely High Coumt Rate

Crossection

Principle of operation

Courtesy Neurophysics



New trend:
micro-SPECT/micro-MRI

Cranial

MRI .
IMTe-HMPAO I —

Caudal

HMPO SPECT brain perfusion Tc-99m DMSA kidney uptake in
In nude mouse coregistered with nude mouse coregistered with
low field MRI ( Goetz, et al low field MRI ( Goetz, et al 2008)

2008)
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Astonish — Philips

Flash 3D — Siemens

Evolution — GE Healthcare

HOSEM — Hermes Medical Solutions
Wide Beam Reconstruction — UltraSPECT
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Conclusions

SPECT/CT
SPECT

SPECT



The end



