6' Ll S x }?..

Obolic Je doxo 550
)y S jud 09 S
www.oghabian.net




(V)
23 SIS )2 229405 9 5 a5 0130 SlealKiw>
6' 45 A S S )..!..




Gamma Counter (Iodine Uptake)
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Gamma Linear Scanner
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Gamma Camera
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Photo-Multiplier-Tube
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Colimators in NM
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Collimator Resolution

Projected radiation
profile
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Line source
(seen end-on)




Ways that Gamma interact with
Scintillation Camera

Collimator septal penetration

Crystal

Crystal

Scatter in Patient Coincident interactions
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1s1tion

SPECT Data Acqu

SPECT
camera head




SPECT




PET Data Acquisition

Detector elements

Septal collimator
rings




Step 1

The system layout shown in the block diagram is typical for Nuclear systems.
These major components are the foundation of Functional Imaging in Nuclear
systems

Localization
Electronics

Processing Board

1. The patient is injected with Radiopharmaceutical.

T




Step 2

RADIOPHARMACUTICAL IS ABSORBED BY ORGAN

Localization
Electronics




Step 3

THE ORGAN GIVES OFF RADIATION

Localization
Electronics




Step 4
THE COLLIMATOR FOCUSES EMMISIONS

Localization
Electronics




Step 5

THE PMTS CONVERT LIGHTS TO ELECTRONIC
S ianin

—

Localization

Ele l:tn:u{:s\- l

Processing Board

5. The PM Tubes convert light from the crystal
into electronic pulses.




Step 6

THE LOCALIZATION ELECTRONIC IDENTIFY POSITION

Localization
Electronics

Processing Board

I e IS IS )
e )
za e H 6. The Localization Electronics identify the pulse

— positions and sends them to the processing board.




Step 7

RAW DATA PROCESSING AND IMAGE RECONSTRUCTION

Localization
Electronics




Whole Body bone
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Feet pain Collimator: LEHR
Courtesy of Clinque St Jean, Bruxelles, Belgium Radiopharmaceutical: Tc99m-HDP
Dose: 25 mCi
ime:* m/min




Brain SPECT
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Fan-Beam collimator
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Feetto Head Transversal Slice thickness 1.97 mm
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Right to Left

Sagittal Slice thickness 1.97 mm

17

22 23 b2
Vol Rendered
Anterior to Posterior Coronal Slice thickness 1.97 mm
Starting Dementia Collimator: Fan Beam
Courtesy of Clinique St Jean, Bruxelles, Belgium Radiopharmaceutical: Neurolite

Dose: 25 Mci
Time/Fr: 30 sec




Lung Analysis

Ventilaton/Perfusion Analysis
Caourtasy of Center Jacgqueas Callot. Nancy, France

Click Segment ta Highlight

Right Upper Lobe
1. Aplca
2. Posterior

3. Antersor

POST_Raf

Right Lower Late
8. Superier

7. Mediat Basal

6. Posterior Bagsl
8. Letersl Saeal

14, Anterior Basal

Left Upper Labe

11. Apicsl Poslerior
12. Antesior

13. Superior Lingual
14. Inferiar Lingual

Collimator: LEHR
Radlophamaceutlcal: Techneyaz for Ventllatdon
PulmoCis for Perfusion

Dose: 527,54 NBq for Technagaz

454,22 MBq for PulmoCis



Cardiac Image
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Courtesy of clinique de ’'Europe, Rouen, France



PET Physics: Positron Decay

The radioisotope emits a positron.
The positron produced interacts with an electron. A reaction transforms the two particles
into two photons of 511 keV emitted in exactly opposite directions.



Cyclotron + Hot Labs
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CYCLOTRON

IBA CYCLONE 18/9

protons: 18 MeV deuterons: 9 MeV

8 target ports Weight: 23 tonnes

Negative ions Dual irradiation



Coincidence Events

Detected True Coincidence Event
True Event Lost to Sensitivity or Deadtime
True Event Lost to Photon Attenuation

oD~

Scattered Coincidence Event
5a,b. Random Coincidence Event



PET data acquisition
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Detector ring Radiotrac—-
g— er

Injection
-

The response lines joining the detector
pairs having recorded coincidence events

are used for clinical data reconstruction

PET = Pacitron Emiccion Tomoaranhv



Lung Cancer, staging

iy # 4 WO
8.4 mCi injection, 1 hr uptake T - >4 G D=L

65 years man
2D : 4mnx 6 AFOV’s Low dose CT (64 mAs)

Tumor + Metastatic mediastinal Lymph node

Image courtesy Hospital San Raffaele, Milan



Limitation of Functional Imaging

® LIMITED SPECIAL RESOLUTION
¢ POOR SIGNAL TO NOISE RATIO

¢* POOR UPTAKE TO THE RADIOTRACER IN THE
DISEASED CONDITION

REGISTERATION WITH AN ANATOMICAL IMAGE CAN BE USEFUL......



Medical imaging techniques

Anatomical Functional




History of dual-modality imaging

SPECT/CT

The first prototype SPECT/CT was built by B.
Hassegawa in 1990

The first commercial SPECT/CT was
installed in 1999

PET/CT

The first prototype system was built by D. W.
Townsend in 1998

The first commercial PET/CT was installed in
2000




Current dual-modality PET/CT
systems
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Why PET/CT?

N |

Toromal

Pel Ruromal

Furald Roenmal

+2x Faster exam: use CT Transmission
for AC

* Increased detection &
Localization accuracy

PET images intrinsically registered to CT
images

C1 Transaclal * Reduced operating cost
. Faster throughput, use as stand alone CT

* PET 1Q improvement

Reduce contamination from scattered photons by using low-
noise CT data for PET images reconstruction

Fet Iransaxial

=

-
,‘x,g; « Easier PET reading
"‘Qf Accelerates PET reading proficiency
build up

Fused Iransaxial

* Better RT & surgery planning
Direct input to RTP and surgery planning



A lucky Chinaman — LAD Stenosis

8 second breath-hold = 1.25mm slices — 16 slice scanner

Courtesy of Ren Ji Hospital - China



Clinical Case with Dedicated Cardiac PET/CT

Oxygen-15

PET
Perfusion/CTA

Turku PET
Center, Finland

O15 rest perfusion + CTA 015 stress perfusion + CTA Courtesy Turku PET Center

Rubidium-82

PET
Perfusion/CTA

Brigham and
Women'’s



PET scanners dedicated to brain imaging
HRRT G-PET | SHR 12 000
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