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History of PET

1952 - first PET system - Brownell, Aronow
1962 — firts more-detectors system

1968 - first PET tomography system (PC I)

1971-6 first PET commercial system (PC II)

2001 first commercial PE"

/CT scanner

2010 first commercial PE

"/MRI scanner



Princip Of PET
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Beta® - reaction positron with electron —
positron annihilation — two amounts of
gama radiation (energy 511 keV)
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Positron emission tomography —
PET camera

@ Imaging: two detector elements on opposite sides of
the subject are used to detect paired annihilation
photons(gama radiation)

@ 20 000 detectors in ring, 30 rings

@ Detector materials: BGO (bismuth germanate) or
LSO (luteciumortosilicate), APD —avalanche
photodiode detector

® Electronic collimation — opposite coincidence
window 10 nanosec.

@ Superior sensitivity and spacial resolution that
SPECT — 3D scintigraphy



PET possible types of detection

Positron Emission Tomography
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True coincidence event
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radionuclide — "'C (half time -20 min) ,8Ga (67 min), 0O (123 sec), 8F (110 min)

Ligand — body substances, most common FDG (fluorodeoxyglucose)

« 18FDG — aerobic glycolysis

18FLT — fluorothymidin - — cell proliferation

Na18F - fluorid sodny — bone renewal

18Fcholin, 18F Fluciklovin, 68 GA PSMA — Prostatic cancer

18FDOPA, 68Ga DOTA — NET

18Fflutemetamol — Alzheimer disease



Hybrid systems

@ Camera system piles from two
independent systems — scintigraphy
camera and CT or MRI scanner

®@ Fusin pictures from both systems —
information on function organ gained
scintigraphy methods are inosculation
with anatomical photos from CT or MRI



Superconducting coil
Local coil
PET
/ derectors

RF coll

patient bed

Gradient colls

Superconducting coil

PET/MR

CO=SCan lendg

Helical Stationary
PET Detectors

axial separation

PET/CT


http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjH0vC-3frNAhWFExQKHRtgBRwQjRwIBw&url=http://www.businesswire.com/news/home/20140804005950/en/Chapter-PETMR-%E2%80%93-GE-Healthcare%E2%80%99s-SIGNA%E2%84%A2-PETMR&psig=AFQjCNFmMc04zWXNSGHy-5u0-P2Ceyhsqg&ust=1468852825624444

Imaging protocol PET/CTx PET/MRI

- Fast 4 hrs prior to exam
- Inject tracer
- Start scan 60 min later

PET PET
- Brain (10 min) - 15 min
- Heart (10 min)
- Body (20 min) MRI
- First part simultaneously during
CT PET scanning (T1, T2 and DWI)

- Topogram (SC_OUt) - second part after PET scanning —
- CT scan (1 min) other needed sequences (25-40
mins)



ADVANTAGES PET

Skull to mid thigh in 15 mins.
Functional imaging
High sensitivity

No adverse reaction in last 30 years



PETXSPECT

As well three-dimensional vision as with
SPECT — 3D scintigraphy

30x higher sensitivity than SPECT
Better resolution than SPECT

Possibility of quantification of
radiofarmaceutical



Advantages and disadvatages
PETMR x PETCT

» Advantages:
— No radiation load x CT
— PETCT — mean dose 5 - 23 mSy, PET 3-5 mSv
— Excellent tissue contrast MR

— Possibility to combine with more advanced
techniques such as perfusion, DWI, angiography,
spectroscophy

* Disadvantage:
— the length of the examination
— basic MRI contraindications



Most common PET Tracer: FDG

Plasma Cell

Glucose Glucose Glucose-6-P

FDG FDG FDG-6-P

18F-fluorodeoxyglucose (FDG) is taken up by cells
proportionate to their metabolic rates
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Oncology (staging, control of treatment effectiveness,
monitoring after treatment)

Inflammation (investigation of inflammation origin, vasculitis,
sarcoidosis, inflammation of the heart, suspected inflammatory
changes around implanted foreign materials

Rheumatology (eg polymyalgia)
Cardiology - myocardial viability
Endocrinology (detection of hyperfunctional parathyroid glands)

Non-tumorous pathology of CNS (Neurodegenerative diseases)



Problems and Pitfalls

* False negative findings

Tumor histology(renal carcionoma)
Lesions smaller than 6-8 mm
Diabetes/Non-fasting patients

* False positive findings

Normal physiology
Granulomas and other infections

Physiologic Uptake: Brown Fat




 Effective chemotherapy decreases FDG
accumulation in tumor cells.

* The longer time distance PET / CT
examinations from CHT - the higher the
sensitivity of the method (recommended at
least two weeks)

« Evaluation of FDG-PET in the irradiated
area can be exacerbated by several
months (the gap is suitable PET / CT
examination by RT 3 months)



* |nstalation: June 2016

2016 — 111 patients 2017 — 858 patients

2018 — 1389 patients

Brain FLT — 4%

Other tumors body protocol— 2%
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Big metasta5|s |n I|ver unknown orlgln

PET/CT

PET/CT — origin tumor Of colon
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non hodgkin lymphoma
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+ Difficulty with emptying
+ rectoscopically in 12 cm tumor
infiltration
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Octreo-SPECT vs Ga68 DOTATOC

SPECT - Octreotid PET — 68GA DOTA
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Gabriel et al. 68Ga-DOTA-Tyr3-Octreotide PET in Neurcendocrine

Tumors: Comparison with Somatostatin Receptor Scintigraphy
and CT. JNM 2007




* Febrile state of unclear etlol%
. CRP 142 /




Prolonged myalgia

Swelling and stiffness of tiny joints of the
hand

CRP elevation

polymyalgia rheumatica x vasculitis



« Two-siaed symmetric picture of inflammatory
changes of joints and muscle insertions
(metabolic activity in the area of the joint capsule
+ intraarticular effusion



18FLT — male 99~

 Pilocytic astrocytoma of mesencephalon
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Mutually symmetric atrophy and hypometabolism of parietal lobes (especially precuneus) Ex:May 30

Later bilateral mediotemporal atrophy and hypometabolism
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Morrnal® Brain Z-Score Images

There is no reduction in metabolism in the basal ganglia

)

L

Z25core Imagea Hansgut*Rudalf Brain Z-5core Images

Reglon Uptaks | Z-Score
Ratlo ",
R
v b
Pratrontal Latsral R 133 1.23
AT S THE i T Laft Madlal Right Madial Laft Medlal Right Madial
Pratrontal Madial R 1.32 037 L} -1 2 < 4 Ed i -1
e T i 0 ac Right Lataral Lett Lataral L | |
Sensorimotor R 1.48 0.3
*Representative normal images have Z-scores for most brain areas less than 2 SD.
bt Al it Images shown have 3 & SO threshold applied
Anterior Cingulate R 108 085 Z-5core Region Values
Anterior Cingulate L 109 0.59 Standard Text w R
Posterior Clngulats R 1.02 28
.E’ L
Posterior Cingulats L 1.07 2.6
Precuneus R 114 415 ! ¢ nterlor Cingulate R R
Right Medial Laft Medial {

Precunaus L 118 2.52
Parletal Supsrior R 1.04 a3 P 3 :
Parletal Supsrior L 1.20 479 = T | "’%

1] \ |

¥ Ve & |
Parletal Inferior R 105 2.dd » i P -

. V.
Parletal Inferior L 1.00 283 e d o s
Occipital Lateral R 1.97 A9 £ 2 4
Occipital Latsral L 1.32 1.55 Additional Text
Primary Visual R 1.86 0.24 Antarlor Postarior
Primary Visual L 1.58 0322
Temporal Lateral R 149 .2
Temporal Lateral L 1.14 1.85
Temporal Meslal R o .53
Temporal Masial L 0.5 A4
Caraballum Whola 144 .32
Pons 1.00 0.00

Retarence Reglon: Pons Superier iledbe €1 4 2 3 4 5 4 J=p

0 -1 - - -4 £ 4 -1
<Left & Right Brain Z8core - ! -Z-Scor\e
- o D W gt zscor: [ e

Ahove Eielow
Max Min




18F Flutemetamol

Detection of 3 amyloid deposits

sensitivity 64% specificity 69% (1)

A negative finding significantly reduces the likelihood that it is Alzhemer's
disease or its preclinical stage (1)

Negative scan

(1)Marcus, Charles, Esther Mena, and Rathan M. Subramaniam. "Brain PET in the diagnosis of Alzheimer’s disease." Clinical nuclear medicine 39.10 (2014):

e413.
(2)Martinez, Gabriel, et al. "18F PET with flutemetamol for the early diagnosis of Alzheimer's disease dementia and other dementias in people with mild

cognitive impairment (MCI)." The Cochrane Library (2017).



¥ ™ o/

\

e

Prefrontal Lateral R 1.43 DES
Prefrontal Lateral L 1.3 .07
Prefrontal Madlal R 1.3 036
Prafrontal Medial L 1.22 4867
Sensorimodor R 1.40 oE2
Sansorimotor L 142 Q.43
Antarior Cingulate R 18 Q.77
Anterior Cingulate L 1.08 .56
Poster|or Cingulats & 1.70 D47
Postarior Cingulate L 163 Q.02
Precuneus R 1.98 049
Pracunaus L 196 035
Pariata| Supsrior | 1.26 1.22
Pariatal Suparior L 1.27 033
Parietal Ineror & 1.1 045
Pariatal Inferior L 1.22 .92
Ccolpital Lateral R 1.43 Q.
Cecipital m;n;: 195 013
Primary Visual R 1.82 .80
Primary Visual L 182 oar
Temporal Lateral R 1.25 K
Temporal Lateral L 141 (-: ﬂa
Temporal Meslal R 100 ﬁ
Temporal Wewlal L o (—Gﬁ)
Careballum Whnole 145 M
Pons 1.00 00

Atrophy affects the ventral portion of the temporal

Asymmetric atrophy of the left hippocampus

Right Lataral

Z-5core Images

Extension of the temporal corner of the lateral ventricle to the left

Pt v
N

Left Lateral

Ry e

RIgnt Msdial

Nl e

P a2’
Antsrior

|
:

Latt Madial




* Adenokarcinoma of prostatic gland
* PSA 29,7 ng/mL




 After prostatectomy for cancer

* biochemical relapse

» negative findindg on Cholin PET/CT






Male 66 years after prostatectomy slow increase in PSA now 0.17 ng / ml, patient
with negative finding on PET with Choline
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Hyperfunctional parathyroid
glands

« PET cholin 18F - sensitivity 95%

— Treglia, Giorgio, et al. "Diagnostic performance of choline PET for detection of hyperfunctioning
parathyroid glands in hyperparathyroidism: a systematic review and meta-analysis." European
Journal of nuclear medicine and molecular imaging (2018): 1-15.

« 9MTc-MIBI SPECT - senzitivity 58 %

— Caldarella, Carmelo, et al. "Diagnostic performance of planar scintigraphy using 99m Tc-
MIBI in patients with secondary hyperparathyroidism: a meta-analysis." Annals of nuclear
medicine 26.10 (2012): 794-803.



Primyry hyperparathyreosis
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