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Single Photon Emission Computed Tomography (SPECT)
» Apxn Aertovpyiag g y-Camera

» 1610t Tteg Tov KatevBuvmpa (Alamepatotnta, PSF)

» IlpooAkeg AMPetg, Avakataokevr) Topoypa@ikns Ewkovag

Positron Emission Tomography (PET)
» Apyn Asttovpylag, l'ewpetpla Aatadng
» Avaxataokeuvr Topoypa@ikng Eikovag
» Time of Flight (ToF) PET
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sipieiioton tmission CT(SPECT)

From the Anger Camera to Position Sensitive Photomultiplier Tubes (PSPMTs)
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Single Photoen Beiggion G F (SGRBEEE

Scintillator Technology

LYSO LGSO

Light yield

10° ph/MeV

Primary 250 41 65 18 30 16
decay time

AE/E (%) at 6 10 9 15 4.4 3
662 keV

Density 3.67 719 6.5 8.34 55 5.08
(g/em?)

Effective Zyq 50 64 59 65 33 46
1/u@511keV 25.9 126 143 11.0 21.3 223
(mm)

PE (%)@511 keV | 18 33 o8 32 _

[Tivakag Twv KUPLOTEPWYV VALKW®V IOV XP1CLULOTIOLOVVTAL CAV OTILVONPLOTES
oTNV aviyvevorn y-aktivooAiac.

NuPECC Nuclear Physics for Medicine (2014)
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silipicREtoton bmission C1 (GPECT)

Texvodoyikn eEEALEN XWPIKA EVALCONTWV PWTOTTOAAATIAACLACTWY

First Generation Second Generation Third Generation
HAMAMATSU R2486 HAMAMATSU R8520 HAMAMATSU H13700
(crossed wire anode) (crossed plate anode) (multi anode structure)

Silicon Photo-Multipliers SiPMs

Stathis STILIARIS, UoA 2022 -6-



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 ~3J ~1

[MAeovekmpata @wtodlodwv kat SiPM évavtt twv cupfatikwy
EWTOTIOAAQATIAQCLACTWV.
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New Generation of SPECT-CT Systems
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75mm (3 x 16 pix)

Cadmium-Zinc-Telluride
(CZT)
Gamma Ray Detector Module

* Room temperature operation. | 75 mm (3 x 16 pix)

* Gamma ray energy measurement up to 350keV or 700keV.
* <=6% FWHM energy resolution at 122keV.
e 256 pixels, each 1.6 x 1.6mm

Stathis STILIARIS, UoA 2022



KatevBuvtipag poAvBsdov (Pb)
TAPAAANAWVY OTIWV,

eCYWVIKOU TUTIOV

Total Area | 59.5 x 60.4mm?
Thickness | 26.8 mm
Radius R of Circumscribed Circle | 0.75 mm
Septum (Pb) | 0.25 mm
Total Number of Holes along X (Nx) | 32
Total Number of Holes along Y (Ny) | 23

Stathis STILIARIS, UoA 2022

H xprion twv katevBuvtpwv
kafloTatal avaykoaio yia tnv
eVOLYPAUULOT TWV Y-PEWTOVIWY,
dedopevov OTLavTa Sev StabBAwvTal
(n=1)
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Point Spread Function (PSF)
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Basedow-Hyperthyreose
Tc-Uptake 16 %

[xvnOetnon ue
padlo@apuako 9MTc

250 Gy (30 mCi)
+ Prednison

Mapaywyn 2°MTc and v ékAovon 2?Mo kot evéo@A£Bia xoprynon.

Stathis STILIARIS, UoA 2022
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(a) y-Camera kaBwg kot scanner tomov SPECT 800 ke@alwv.
(b) ZVotnua TPLWV AVIXVEVTIKWV KE@aAwV. H Suvatotnta meplotpo@ng ¢ y-Camera yOpw atmo
tov aoBevn) e€ac@arilel topoypagikes AnPelg SPECT.

Stathis STILIARIS, UoA 2022
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99mTc-MDP mtpofoAikn Am pe y-Camera StmAng ke@aAnc. To uéyebog tov aviyveutn eival mepimou
40cm x 50 cm. Ot 0AdowEG ElKOVEG EAPONoav pe Bpadeia petakivnon g KALvng Tov aoBevou.
H ovoia MDP cuocowpeVetal ota 00td, Sidovtag etkoves avénuévou petafoilopov. Adyw tng
e€aoBevnomng, 11 oTTOVSLALKT) OTNAT Elval KAAUTEPA 0OPATH OTNV KATWTEPT, OTloOLx elkOVQ.

Stathis STILIARIS, UoA 2022 -14-



SPECT £ CT Dueilb Mocleiling

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.

Stathis STILIARIS, UoA 2022
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Technetium-labeled Diethylene-Triamine-Penta-Acetic (**™Tc-
DTPA) agent was administrated in a small mice and imaged
with the high resolution y-Camera system at SPECT-Lab,
Athens, in order to evaluate the function of kidneys.

L. Koutsantonis, PhD Thesis (2018) The Cyprus Institute I

Stathis STILIARIS, UoA 2022 -16-



Two ex-vivo studies:

A. Tc*®m™ - Macro Aggregated

Albumin (MAA) Imaging:

* Lung perfusion imaging

* Dose: 20 pCi

* 24 projections in the full angular
range

* Imaged 12h post injection

B. Tc®®™ - Diethylene Triamine Penta
Acid (DTPA) Imaging:

* Kidneys renal functionality

* Dose: 30 pCi

24 projections in the full angular
range

Imaged 2h post injection

L. Koutsantonis, P. Bouziotis, E. Stiliaris and C.N. Papanicolas: Ex-vivo SPECT Imaging Studies using the RISE Reconstruction Method

Stathis STILIARIS, UoA 2022

IEEE NSS-MIC 2019
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OH

O Radioactive derivative of the
HO 2-deoxy-D-glucose labelled
HO OH : ; 18
18 with the B+ isotope '°F
F
Positron emission and PET scanner L

positron-electron annihilation

Positron-emitting
radionuclide
\y _ The two 511-keV
o oEn y-rays are emitted
Electron back-to-back
e
o —>
511 keV 511 keV
S Annihilation ganenamY \

Gamma ray
detectors

Stathis STILIARIS, UoA 2022 -18-



Positron Briggion Toslogeiong (R

Positron
Annihilation
Range

Positron

Non-colinearity

.......
----------
-------
----------------------
----------
-----------

511 keV

PROON = Mesenssmrusessnscscnrssussasusnnsnsanscssasnsssssssnssans bgetosplilingessassasesssassssenssasonsasesonsmesnsss, g5
............... photon

Annihilation event
Error due

to non-colinearity

The finite positron range and the non-collinearity of the annihilation photons give
rise to an inherent positional inaccuracy.

Stathis STILIARIS, UoA 2022 -19-



Positron Belssion Tosiogrziong (&

Half-life

Clinical applications

oncology, inflammation,

cardiac metabolism
cerebral blood flow
cardiac blood flow

Radionuclide (minutes) Radiotracer
18F 109.7 '"®FDG
cardiac viability
g 20.4 "C-palmitate
'°0 2.07 H2'°0
BN 9.96 "SNH,
82Rb 1.27 82RbCl, cardiac perfusion
Radionuclide E(B*) o [KEV]

I8F 635

e 970

3N 1190

150 1720

82Rb 3180

Stathis STILIARIS, UoA 2022
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Positrogrn oo
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10
E N (B, = 1190 keV)
s
of
sF
: 10,000 Events
-10 I.lllllllllllllllllll
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END POINT COORDINATE (mm)
10 E
F °0 (B, = 1720 keV)
sk
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sf
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Positron Briggion Toslogeiong (R

Line of Response (LoR)

H guBela mov evwvel
U0 CLOXETIONEVQ
oTolyela Tov
QVLYVEVTY] OTIOV
EXOUV KaTaypa@el
T V0 PEWTOVLA TNG
eEalAwoNG
(511keV).

Stathis STILIARIS, UoA 2022

—
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Module
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response
+
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L N, |
Bed
511keV
gamma

Detector
Module
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Positron Beigsion Tomlogrioong (&

True Coincidence Scattered Coincidence
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Stathis STILIARIS, UoA 2022

leyovota
XOUPAKTNPLOUEVH GOV
FALSE coincidence
o€ PET scanner

Racc = 2T R,R,

2T
Coincidence
Time-Window

R.

1

Detection Rate
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Positron Braiggion Mooy g (P

Summed
signal

time

Anpovpyla NAEKTPOVIKOU G1UATOG CUUTITWOT|G.

H avtidapetpucodtnta tov yeyovatos (e€ao@aiion oti fpioketal o€ evbeia / LoR)
uropei apeoa va eAeyxOel pe v Stapopd |N,-N,| = N/2.

Zto mapdadstypa tov oympatog givan: Ny=2, N,=10 kot N=16.

Stathis STILIARIS, UoA 2022 -25-



Posiiron Brission Tomogeziong (&

2D direct planes 2D direct and cross planes
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RatCAP

MwkpookoTikdg topoypagos PET ywx
EYKEQUALKEG ATIELKOVIOELG TIOVTIKOV O€
gypriyopon.

OAb6owun amewkovion PET pe 18F-FDG, 6mov
C. Woody et al., Brookhaven National Laboratory

SLaKPIVOVTAL NTIATIKEG LETAOTACELS TOU OYKOU
TOV TIOXE0G EVTEPOV.

Stathis STILIARIS, UoA 2022 -27-



Positron Beission Tomloarzigong (2

Topogram/Scout

Study
planning
Diagnostic CT
Number of beds
for PET
etc.

e

-

Diagnostic/Contrast enhanced CT
PET Low Dose CT

PET / CT dual-modality scanner and image fusion.

Stathis STILIARIS, UoA 2022 -28-



Stathis STILIARIS, UoA 2022
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PET / CT dual-modality scanner and image fusion.
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Positron Broisglon Tosiogrzigong (L)

9mTe-MDP 13F-Fluoride-PET
W

.",~

\ \
Yy 3 !
)|

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).

Stathis STILIARIS, UoA 2022 -30-



Tlee of Bhigne 2El

Without ToF Information

In conventional PET

the position of the

D annihilated positron lies
anywhere along

e Il e it Respons (L)

e L1

Uniform
probability along
the Line of
Response (LoR)

S. Gundacker, MEDAMI (2016)



Tlee of Bhigne 2El

With ToF Information

The annihilation point is
effectively confined by the
D time difference p of the

e

511keV
gamma

Stathis STILIARIS, UoA 2022

Time-of-Flight (ToF) signals.

Po!nt pf
emission
DDH HDD

Gaussian
probability along
the Line of
Response (LoR)
v
1
!
-2:I -1 . 0 . +1 . +2 g me a TOF bin number
o 1 o 1 = 1 | | .
—T tk tk+1 0 +T Arrival time difference (ns)

Coincidence window width (2T )
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Improvement in the image Signal-to-Noise Ratio (SNR)

0 . +1 ) +2 | TOF bin number
— L | | ! ‘
—T tk tk+ 1 0 41 Arrival time difference (ns)

< Coincidence window width (2T )

SNR,, [ 2D
SNR__.. Vc-CTR

D: Diameter of the Field of View (FoV)
c:  Speed of Light in Vacuum
CTR: Coincidence Time Resolution

Improve the Coincidence Time Resolution!

P. Lecoq, Transactions on Radiation and Plasma Medical Sciences 6 (2017) 473

Stathis STILIARIS, UoA 2022 -33-



Improvement in the image Signal-to-Noise Ratio (SNR)

% — 2—D D = 40cm
SNR. . Vc-CTR for a whole body PET
CTR Position SNR Gain
(ps) Resolution (cm)
1000 15.0 1.63
500 7.5 2.31

100 1.5 5.16

Stathis STILIARIS, UoA 2022 -34-



Improvement in the image Signal-to-Noise Ratio (SNR) as a function
of the Coincidence Time Resolution for different diameters of the
scanner Field-of-View (FoV)

18
15 4 S
SNR ¢ 2D 14 - 20 cm
- %g i ——30cm
SNR.__ Vc.CTR 12
18 - —=40 cm
: SNR 8 -
SNR Gain === —) 7 -
SNR, . C
4 n
3 =
SNR Gain % ) ——
* Drastically changes 0 . - . ' . ; ; .
below 100-200 ps 0 100 200 300 400 500 600 700 800
* Better for larger FoVs Coincidence Time Resolution (ps)

P. Lecoq, Transactions on Radiation and Plasma Medical Sciences 6 (2017) 473

Stathis STILIARIS, UoA 2022 -35-



Clinical Evaluation
Gemini TF (Philips Healthcare) - LYSO ~ 600ps Non-ToF

ToF

Images from measurement of a 35 cm diameter phantom (representing a heavy
patient) with two cold spheres (28 and 37 mm) and four hot spheres (10, 13,
17 and 22 mm) with 6:1 contrast.

J.S. Karp et al., MEDICAMUNDI 52 (2008) 19

Stathis STILIARIS, UoA 2022 -36-



L O
Clinical Evaluation

Astonish TF (Philips Healthcare) - LYSO ~ 495ps

h — - o
o ®? © C ¢ P2 @

Improved signal-to-noise ratio for both liver and cardiac images with better

lesion detection / more clear background.
El Fakhri et al., J. Nucl. Med. 52 (2011) 347-353

Stathis STILIARIS, UoA 2022 -37 -



Mol of Hhigae 2EE

Clinical Evaluation
SIGNA ToF-PET / MR (GE Healthcare) - LSO ~ 400ps

OSEM OSEM+TOF

OSEM: Ordered Subset Expectation Maximization

Male patient with liver metastases from pancreatic cancer.

Kun Shang et al., European Journal of Radiology 93 (2017) 70-75

Stathis STILIARIS, UoA 2022 -38-



Positron Briggion Toslogeiong (R

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.

Stathis STILIARIS, UoA 2022
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Pasio@apuaka otnv MovogwTtovikny Topoomivinpoypagia (SPECT)

Half-life y-ray energy
Radiotracer (hours) (keV) Clinical application
99MTe 6.0 140 various
*Ga 76.8 93, 185, 300, 394 tumour detection
2017 72 167, 68-82 (X-rays) myocardial viability
13%%e 127.2 81 lung ventilation
R 67.2 171, 245 inflammation

T = 606 hi]llﬁ T = fhhours
99 12— 99m 1/2 . 99¢

Stathis STILIARIS, UoA 2022



+ TIAP:

99
Mo

(3 decay,
’7'1/2 =06 h 99m

Tc

00 7 transition, 71, = 6.01 h
Tc

3 decay, 99
712 = 211100y Ru

Ty = 66 hours

= 6 hours
99 0 99m /2 . 99¢g
Mo bty Tce a3 L+ .

Stathis STILIARIS, UoA 2022
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H yevvntpla Texvntiov *°MTc

Saline
solution

]
lead shielding

Ty = 66hours Ty/2 = Ghours 99p

99 0 99
pMo S p e r 3 ety

Stathis STILIARIS, UoA 2022
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H yevvntpla Texvntiov *°MTc

A A
PMo =L Pme 2, 9927

(N1) (N2) (N3)

ﬂ

ng dNE
— = ANy —AHNy= — + 12N> = 4N
dt 11M] 2182 dt 21N2 14M]
: ANy
Q2 = Ny = = — (et — e
Ay — A

Stathis STILIARIS, UoA 2022



H yevvntpla Texvntiov ?°™Tc

S 99
Radioactivity of %Mo Radioactivity of "™Tc

A A

> >

24 48 72 96 120 144 168 24 48 72 96 120 144 168
time / hours

time /hours

Stathis STILIARIS, UoA 2022
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HAPATLIE PAMODARUAON

Padoicotomta yw SPECT Padoicotoma yw PET
Isotope E(y) [keV] Half-Life [h] Isotope E(B*)max [keV] Half-Life [min]
99mTc 140 6.0 18R 635 109.7
13
201T] 167 73.1 N 1190 2.96
150 1720 2.07
67Ga 153 78
(93, 185, 288, 394) 82Rb 3180 1.27
[Tupnvikeg Avtidpaoelg Iapaywyns
Radionuclide Half-life Reaction
Tc-99m 6.0 h 1Mo(p. 2n) C-11 20.3 min BN(p. o)
) ) "B(p.n)
[-123 13.1h 4Xe(p, 2n)'#Cs
#Xe(p, pn)'FXe F-18 110 min 50(p, n)
#Xe(p, 2pn)'~1 MNe(d, o)
1B3Te(p, n)' 21 "Ne(p, X)
12Te(p, 2n)' 21
T1-201 73.1h 25T1(p, 3n)™'Pb — 2T

Stathis STILIARIS, UoA 2022
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99MTe-sestamibi

|

r'
i

Exercise

R e

Stathis STILIARIS, UoA 2022

1 min

. D] ‘ 0 g, f
DAPWWIC DI \ \
SPECT / CT
SPECT
Rest SPECT scan rest scan
30 mins 15-30 mins 15-30 mins
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BOAPMONEL TLONNATON B EN LCONN

crystal l ———*
crystal 2 ————*
crystal 3 =¥ CT data
crystal 4 ——* PMT
erystal 3> | block
crystal 6 ———»
crystal 7 — & .
cgstal 8 — » Accidental and Attenuation Image
* multiple Cﬂﬂ_lﬂdﬂﬂce "| correction reconstruction
correction

PMT .

block ] o
Annihilation Wiy
coincidence I'r'f-"lf'f'f’r.fj:{ja; :

detection P
PMT
block
-:rystal n——m—o—s

Stathis STILIARIS, UoA 2022



B A DI AL DLOAN TR R BN LGOI

Apxn Asttovpytag T Compton Camera

Si Scatterer Absorber

After Compton
Scattering E;

y-Camera

y-Source E,

Stathis STILIARIS, UoA 2022 -48 -




BOAPMONEL TLONNATON B EN LCONN

Compton Camera - Image Reconstruction

)
e N =Hl
NN AN N
3 SR T
/ NN |==§= Eﬂl a l.
» S PR
NN &
/ / IR v W
/ NN X X
N i RS \
N7 SRS
7 .l.lQ‘I.
i Wl
N Scatterer '8 Absorber
- \\
N\
\J \
A

[TpoBoAwn Ewkova

[IpoKUTITEL ATIO TIC TOUEG TWV KWVIKWV
ETLPAVELWV (YEWUETPIKOG TOTOG) HE TO Bacns[]+m Cz[}}
TPOLOAIKO eTiMESO, TMAPAAANAQN TIPOG TOV L

OKeSAOTN-ATIOPPOPTTY).
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BDOAPVIONEL ILONNE \ XN
Compton Camera - Image Reconstruction

Opolwpoa Pe TPELG OUOETIITIEOEG OMUELAKES TINYES

10 20

X (mm)

Me Bdon ™ YEWUETPLKT) QUTH AVAKATAOKELT), 1] €0, 1] EVTAON KL TA YEWUETPLKA
XAPAKTNPLOTIKA TWV TINYWV EEAYOVTAL ATTO TNV KATAVOUT] TNG TTUKVOTN TS TWV
TOUWV ava pixel.

M. Mikeli et al., IEEE-MIC (2015) M4CP-210
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