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Single Photon Emission CT (SPECT)
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Single Photon Emission CT (SPECT)

Na(Tl) BGO LSO(Ce) GSO(Ce) CsI(Tl) BaF, LaBrsy Plastic
Density (g/cm3) 3.67 7.13 7.40 6.71 451 4.89 5.29 1.03
Effective atomic 50 74 66 59 54 54 46 12
number (Z)
Decay time (ns) 230 300 40 60 1,000 0.8, 620 26 2
Photon yield/keV 38 8 20-30 12—15 52 10 63 10
Index of refraction n 1.85  2.15 1.82 1.85 1.80 1.56 1.90 1.58
Hygroscopic Yes No No No Slightly No Yes No
Peak emission Apax 415 480 420 430 540 225,310 380  Various

(nm)
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Single Photon Emission CT (SPECT)

PMT APD SiPM

Photon detection 20% 50% 20-70%
efficiency (PDE)

in blue

Gain 10° 100 10°
Bias voltage (V)  ~1,000  ~400 <100
Sensitivity in Yes No No

magnetic field

Rise time (ns) ~1 ~3 ~1

[TAeovekTpata @wTodL0dwv Kot SiPM évavtt Twv cupufatikwy
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Single Photon Emission CT (SPECT)

From the Anger Camera to Position Sensitive Photomultiplier Tubes (PSPMTs)
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Single Photon Emission CT (SPECT)
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Single Photon Emission CT (SPECT)

(a) Gamma camera and SPECT scanner with two large crystal detectors. (b) System with three
detector heads. If the gamma camera rotates around the patient it behaves like a SPECT
scanner.



Single Photon Emission CT (SPECT)
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99mTc-MDP study acquired with a dual-head gamma camera. The detector size is about 40 x 50
cm, and the whole-body images are acquired with slow translation of the patient bed. MDP
accumulates in bone, yielding images of increased bone metabolism. As a result of the
attenuation, the spine is more visible in the lower, posterior image.



SPECT / CT Dual Modality

Mouse with AA-amyloidosis (left). Note the enlarged spleen and discoloration of the liver.
Pseudo-colored SPECT image overlaid on top of co-registered CT image (top, right) and surface-
rendered skeleton CT image (bottom, right). Bright object (high specific activity) is splenic
amyloid, while cloudy object represents liver deposits.



Positron Emission Tomography (PET)
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Positron Emission Tomography (PET)

Radionuclide
1BF

110
150
13N
BEHb

Half-life
(minutes) Radiotracer Clinical applications
109.7 '"’FDG oncology, inflammation,
cardiac viability
20.4 " C-palmitate cardiac metabolism
2.07 H,'°0 cerebral blood flow
9.96 "SNH, cardiac blood flow
1.27 82RbCl, cardiac perfusion
Radionuclide E(B*),. [keV]
18F 635
1C 970
13N 1190
150 1720
82Rb 3180




Positron Emission Tomography (PET)
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Positron Emission Tomography (PET)
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Positron Emission Tomography (PET)
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Positron Emission Tomography (PET)
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Positron Emission Tomography (PET)

True Coincidence Scattered Coincidence




Positron Emission Tomography (PET)

*= Annihilation event
— = Gamma ray
....... = Assigned LOR

Scattered Random True
coincidence coincidence coincidence

The three types of coincidence events measured in a PET scanner.



Positron Emission Tomography (PET)

Time of Flight (ToF) PET Scanners

A timing resolution of 500 ps corresponds to a spatial resolution of ~7.5 cm. Therefore, it would appear that TOF
PET offers no advantages over conventional PET since the latter already has a spatial resolution of the order of

several millimetres. However, being able to constrain the length of the LOR from its value in conventional PET to
7.5 cm reduces the statistical noise inherent in the measurement.



Positron Emission Tomography (PET)
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Positron Emission Tomography (PET)

Topogram/Scout

%

Study

planning
Diagnostic CT

Number of beds
for PET
etc.

Diagnostic/Contrast enhanced CT
cr  PET Low Dose CT

PET / CT dual-modality scanner and image fusion.



Positron Emission Tomography (PET)

PET / CT dual-modality scanner and image fusion.



Positron Emission Tomography (PET)

semTe-MDP 1BF-Fluoride-PET

W R

Planar SPECT

Comparison of [18F]Fluoride-PET with 99mTc-MDP planar and SPECT scintigraphy in a patient with numerous
bone metastases. [18F] Fluoride-PET detects more lesions compared to conventional bone scan. (Grant et al. 2008).



Radiotracer

[IAPATQI'H PAAIO®APMAKQON

Pado@dpuaka otnv MovogpwTtovikn Topoomivinpoypagia (SPECT)

Half-life
(hours)

6.0
76.8
72

127.2
67.2

712 = 66 hours

EEM(}

y-ray energy

Clinical application

various

tumour detection
myocardial viability
lung ventilation
inflammation

93, 185, 300, 394
167, 68-82 (X-rays)

171, 245

T2 = 6hours

.0 9%mn . 99g




[TAPAT'QI'H PAAIO®APMAKQON

99
Mo

3 decay,

T1/2 =66 h 99mTC

0 ' 7 transition, 73, = 6.01 h
Tc

3 decay, \99
71/ = 211100 y N _Ru

T1/2 = 066hours T2 = 6hours 00 o
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[IAPATQI'H PAAIO®APMAKQON

Radionuclide
1BF

110
150
13N
BEHb

Half-life
(minutes) Radiotracer Clinical applications
109.7 '"’FDG oncology, inflammation,
cardiac viability
20.4 " C-palmitate cardiac metabolism
2.07 H,'°0 cerebral blood flow
9.96 "SNH, cardiac blood flow
1.27 82RbCl, cardiac perfusion
Radionuclide E(B*),. [keV]
18F 635
1C 970
13N 1190
150 1720
82Rb 3180




EOAPMOI'H ITOAAAIIAQN TEXNIKQN

SPECT / CT

99MTc-sestamibi

SPECT
Exercise Rest SPECT scan rest scan
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EOAPMOI'H ITOAAAIIAQN TEXNIKQN
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PET /CT
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EOAPMOI'H ITOAAAIIAQN TEXNIKQN
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