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Principy nukledrniho zobrazovani



Transmisni versus emisni zobrazovani

Gamma Rays
{Nuclear Madicine)




Nukledrni versus rengenové zobrazovani

e Rentgen a CT

e transmisni zobrazovani, zdroj vné téla

e PET, SPECT

e emisni zobrazovani, zdroj uvnit¥ téla
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Nukledrni versus rengenové zobrazovani

e Rentgen a CT

e transmisni zobrazovani, zdroj vné téla
e Anatomické zobrazovani

e Rentgenové zifeni
e Rozliseni < 1 mm

e PET, SPECT

e emisni zobrazovani, zdroj uvnit¥ téla

e Funk&ni zobrazovani (metabolismus), koncentrace radiofarmak
e  zafen(

e Rozliseni 5 ~ 20 mm



Anatomické versus funké&ni zobrazovani

e Kost

o Retgen/CT ukéZe zlomeninu
e PET/SPECT ukéZe metabolismus p¥i hojeni

e Srdce

o Rentgen/CT ukéZe anatomii cév
o PET/SPECT ukaZe prokrveni srde¢niho svalu



Aplikace

Kosti — metabolismus

Srdce — prokrveni a metabolismus
Mozek — prokrveni, funkce
Ledviny — funkce, prokrveni

Ndadory — nadory, radioaktivné znaéené sondy



i

w++| Anecdotes in nuclear imaging

+ One of the pioneers of nuclear imaging was
Hungarian physicist George de Hevesy

* He received the Nobel Prize for Chemistry in
1943 "for his work on the use of isotopes as
tracers in the study of chemical processes"
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Anecdotes in nuclear imaging

The first radiotracer investigation

One of de Hevesy’s first experiments was the use of a radioactive
tracer to prove that the hash served at his boarding house in
Manchester contained meat he had left on his plate the evening
before.

The first radiotracer investigation in clinical science

During a tea-break with fellow physicist Henry Mosely, Hevesy
expressed a desire to "determine the fate of the individual water
molecules contained in the cup of tea consumed."

A few years later Hevesy drank a cup of ‘heavy water’ and studied
his urine for two weeks. This way he determined his body’s water
content at 43 liters.
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Imaging modalities for nuclear imaging

» Planar y-camera imaging (“scintigraphy”): The Anger
Camera

+ Single Photon Emission Computed Tomography (SPECT)

» Positron Emission Tomography (PET)
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Radioaktivita



Radioaktivita

e prvek = stejny polet protoni

e izotop = stejny poctem proton( i neutroni

e nedostatek/pFebytek neutronli — nestabilita — radioaktivni
rozpad — stabilni izotop



Principy nukledrniho zobrazovani

Radioaktivita
Radioaktivni rozpad

Gama kamera

SPECT

PET

Klinické aplikace PET



Radioactive decay

e A
L

.

» Nuclides with neutron excess: - decay
(B~ = electron)

n—>p+p

» Electron is ejected with high energy
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Isomeric transition

P Mo—LT " Te— 7 s Te— LY 5 stable

When Molybdenum decays, Technetium is
formed which is in an excess state with a half-life
a of approx. 6 hours. It decays only leaving a

’ gamma photon (not changing the nucleus!) which
is called an isomeric transition
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Popular Single Photon Emitters

Nuclide Half-life = it

67Ga 3.25days 84
93
185
300

6.0 hours 140

2.81days 172
247

8.1 days 364
3.0 days 70-80

keV)




Radioactive decay

» Nuclides with a neutron deficit, p* decay
(p* = positron)

po>n+pf’

» Example: 'C decays into boron-11

» Positron emitters are very short-lived. Positrons
collide with an electron to annihilate and form two
511 keV photons
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Positron Decay

A A +
72X vy T U

Nuclide  half-life
C-11 20.3 min
N-13 10 min
O-15 124 sec
F-18 110 min
Rb-82 75 sec

e.g., ®F >80 +e*+v




Radioactive decay

» Radioactive decay is a stochastic process
(governed by chance). Therefore decay is
exponential

+ Because of exponential decay, activity of
radioactive sample never falls to zero

« Half-life values of radionuclides crucial for their
application in medical imaging
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Radionuclides

Sl unit is the Becquerel (Bq)
1 Bq = 1 dps (disintegration per second )

old unit is the Curie (Ci )
1Ci=3.7X10"dps

Activity (A) = rate of decay
N, = number of active nuclei at time t =0
N(t) is the number of active nuclei at time ‘t’
A is the decay constant

L =0.693/T (T = half-life)

dN/dt = -A N(t)
N(t) = N e

A(t) = A eM



Effective Half-Life

Physical half-life, T, [radioactive decay]

Biological half-life, T [clearance from the body]

A = A e_ﬂ'}’hyste_ﬂ“biolt
0
A = Aoe_(/lp+/1D)t Apthg =Ag
DR U R ©
T, T, T, T, +T,



Effective Half-Life

E.g., for an isotope with a 6-hr half life attached to various
carrier molecules with different biological half-lives.

Tp

6 hr
6 hr
6 hr
6 hr

Tg

1 hr

6 hr
60 hr
600 hr

Te

0.86 hr
3 hr
5.5hr
5.9 hr



Effective Half-Life

Assume 10° Bq localized in a tumor site, vary T

Nuclide

N A W N -

Half-life (T) A (sech)

6 sec 0.115

6 min 1.75x 103
6 hrs 3.2x10°
6 days 1.3x 10

6 years 4x10°

N

8.7 x 107
5.7x10°
3.1x 101
7.7 x 1012
2.5x 101



Effective Half-Life

Assume 10'° atoms of radionuclide localized in a tumor site, vary T

Nuclide Half-life A (sec) Activity
(T (Bq)
6 sec 0.115 1.15x 10°

6 min 1.75x103% 1.7x107
6 hrs 3.2x10° 3.2x10°
6days  1.3x10° 1.3x 10
6 years 4x10”° 40

N A W N
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Production of radionuclides

+ Only few radionuclides exist in nature, they
require long half-life times (uranium, radium,
radon)

* In nuclear medical imaging, unstable
radionuclides are produced

» E.g. force an additional neutron into a stable
nucleus in a nuclear reactor — neutron excess

Mo +n—>"Mo
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Production of Radionuclides

Reactor production, Nuclear fission

* Heavy nuclides (A > 230) capture a neutron; tend to fission
* Daughter nuclides of ~ half the parent mass are produced
* Possible to purify nuclides carrier free (chemically different)

* Nuclides generally neutron rich and decay by - emission



Production of radionuclides

+ E.g. force an additional proton into a stable
nucleus, knocking out a neutron — neutron deficit

11 11 =Boron
B + p% C + n CECErbon

+ This process occurs in a cyclotron. Since atomic
number changes, unstable nuclei can be
separated chemically from the original stable
nuclei. They are short-lived. A cyclotron should
be close to the hospital!
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Production of Radionuclides

Cyclotron production: Charged particle bombardment
* Accelerates charged particles to high energies
* Nuclear reactions have threshold energies
* The product is different than the target

* Nuclides can be produced carrier-free
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Vyroba radionuklidii

Radioisotope delivery system (RDS)

Computer
Terminal Bipsyntiiesizes CYEIobron

e Cyklotron (urychlovat &astic)
o Biosyntetizér — vyroba biologicky relevantnich molekul
e Ridici potitat



Cyklotron

Vakuum
Zdroj zaporn& nabitych ionti (ddvkovy)
Duté polokruhové elektrody ve tvaru D; stfidavé pole

Magnetické pole (orientované svisle)
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Carousel

i

L . & '
i

st
Canousel

H™ iont naradZi na tenkou uhlikovou fdélii

— ztraci elektrony, stane se HT

— zatne krouZit po kruhové draze s opacnou orientaci
Jen ¢&ast paprsku je odklonéna

Zivotnost félie asi 100 hodin



Carousel
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Carousel

I

H~™ iont naradZi na tenkou uhlikovou félii

— ztraci elektrony, stane se H™

— zatne krouzit po kruhové draze s opacnou orientaci
Jen ¢&ast paprsku je odklonéna

Zivotnost félie asi 100 hodin



Target chamber

Reak&ni komora

‘Stable Chemical
Isotope

Proton Beam

A

e Reakéni komora je naplnéna stabilnim izotopem

e Bombardovanim ionty vznikd radioaktivni izotop

e Komora je soutasti RDS systému kvili stingni. Malé rozméry,
snadno vymeénitelna.



Biosyntetizér

Biosynthesizer

e Chemické reakce pro vyrobu radioaktivné zna&kovanych
biologicky aktivnich/kompatibilnich slouenin.
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Radiation dose

Comparable to studies in diagnostic radiology
As Low As Reasonably Achievable (ALARA)
Select short half-life if possible.

For diagnostics: pure y-emitters if possible

Note: a and B radiators (high absorption in tissue)
can be useful for radionuclide therapy (e.g. for
destroying tumors, a.k.a. “internal radiotherapy”)
Radionuclide imaging works with open sources
(Tc-99m, TI-201, 1-123, 1-131), produced by
cyclotron, fission or “generator”. This is in
contrast with Radiotherapy and Radiology.
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Properties of the ideal diagnostic radiopharmaceutical

. Pure gamma emitter

. 100 < gamma energy < 250 keV.

. Effective half-life = 1.5 X test duration.

. High target:nontarget ratio.

. Minimal radiation dose to patient and Nuclear
Medicine personnel

. Patient Safety

. Chemical Reactivity

. Inexpensive, readily available radiopharmaceutical.

. Simple preparation and quality control if
manufactured in house.

N AWK -

=2 -BE -



Properties of the ideal diagnostic radiopharmaceutical

One nuclide comes close to being the ideal gamma-emitting
nuclide

Technetium-99m (*™mTc)

* Half-life = 6 hr

* Almost a pure y ray emitter

* E =140 keV

* can be obtained at high specific activity and carrier free



Isomeric transition

P Mo—LT " Te— 7 s Te— LY 5 stable

When Molybdenum decays, Technetium is
formed which is in an excess state with a half-life
a of approx. 6 hours. It decays only leaving a

’ gamma photon (not changing the nucleus!) which
is called an isomeric transition
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Table of the nuclides

<pd ‘;%‘ sspd
[

sery

102y | 100y | ey | sesy | voey | semy [0

BV Y

Original source: Brookhaven National Laboratories.
(site no longer maintained - see hitp://www2.bnl.gov/CoN/)



Decay scheme for *°™T¢

%Mo decays to *™Tc by B - emission (*?Mo: T= 67 hrs)

9mT¢ excited nuclear state decays by y emission (140 keV) to ground state
MTc (**mTc: T=6 hrs)

9Tc (ground state) decays by B - emission to * Ru (stable isotope)

(*Te: T=2x105 years)

Image removed.



Radioactive equilibrium

Parent N, decays to daughter N,, both are radioactive.
Special Case: Transient equilibrium

N, —N,
T,>T,, but not greatly so. [A=)N, A=Ae™]
dN A _ - -
2= N, -,N, == 4,=4,—"—(" —e ™)+ d,e ™
dt A, — 2,

Simplifying assumptions: A= 0; After ~10 half-lives, e << e

A i
A=,

4=4,



The mT¢ Generator

%Mo is adsorbed on an alumina column
as ammonium molybdate (NH,Mo0O,)

%Mo (T = 67 hrs) decays (by B -decay) to

9mTe (T = 6 hrs)

9MoO, ion becomes the *"TcO, i Image removed.
(pertechnetate) ion (chemically femmenmnmnnnn e i
different)

9mTcO, has a much lower binding
affinity for the alumina and can be
selectively eluted by passing
physiological saline through the column.



Chelators

EDTA
ethylenediaminetetraacetate

Image removed. Q
9mT¢ Mertiatide bond structure

o o
o L
\”/\N/\/ o
0] o
[¢]

Image removed.
Technetium Pentetate bond structure

DTPA




Chart of the Nuclides

Half life —
W Stable 20 i i s o | o5 oo o oo | o ot o i
[] Very short
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g i %?myiays e R R A Mg | |32 [*2Mg | Mg | >4l |* Mg |*Mg |*7Mg
g ; %Od:;ys N |*lla | lla a7l 7la [+ |24a | tia [ i | i [
D »1hr 15 | 16Me | 171e | L8le | 1 9lle e 25lile | 27Me: | 28l | 23t |38l (310 |32e
W 1 ain o I Uy oy
2 w9 | =9 | 210 | 220 | 220 |20 | =0 | =0
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|| e g | 15 | g | g | g |22
E | B | B 168 | 7R | 1B | 19B
E s The “organic” elements
ulg
wohe BN ["3N]NH,
50 ['50JH,0
"c ['C]..various
18p ['*F]FDG (primarily)

Original source: Brookhaven National Laboratories.
(site no longer maintained - see hitp://www2.bnl.gov/CoN/)



Cyclotron Production

Targets
0-15: "“N(d,n)'S0O; deuterons on natural N, gas; 1°0, directly or
C'50,, by mixing 5% carrier CO, gas.

C-11: "N(p,a)"'C; protons on natural N, gas: including 2% O,
produces ''CO,

N-13: 180(p,a)'3N; protons on distilled water
F-18: '80(p,n)'8F; protons on '80-enriched water (H,'20),.
Fluoride is recovered as an aqueous solution. For

nucleophilic substitution.

F-18: 2Ne(d,a)'8F; deuterons on neon gas. For electrophilic
substitutions.
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Podavani radiofarmak

e V&tsinou filtrovany slany (fyziologicky) roztok



Podavani radiofarmak

e V&tsinou filtrovany slany (fyziologicky) roztok
e Bariéra mezi mozkem a krvi (blood-brain barrier) (Paul
Ehrlich, 18.stol.)
o Kontrastni latka podand intravendzné se nedostane do mozku
e Kontrastni latka vst¥iknutd do mozkomiSniho moku se dostane
jen do mozku a michy, nikoliv do ostatnich tkani.



Podavani radiofarmak

Vétsinou filtrovany slany (fyziologicky) roztok

Bariéra mezi mozkem a krvi (blood-brain barrier) (Paul
Ehrlich, 18.stol.)

o Kontrastni latka podand intravendzné se nedostane do mozku
o Kontrastni latka vstfiknutd do mozkomidniho moku se dostane
jen do mozku a michy, nikoliv do ostatnich tkani.

Dalsi metabolické bariery

Afinita a rliznad rychlost metabolismu



Delivery Strategies: Metabolic pathways

FDG
2-fluoro-2-deoxy-glucose B-D-glucose

’ oHOH
oH©




Pouziti FDG

e Pro mapovani mozkovych funkci

e ...glukéza do mozku projde (dodavd energii, u dospélého
~ 100 g/den)



Pouziti FDG

Pro mapovani mozkovych funkci

... glukéza do mozku projde (doddva energii, u dospé&lého
~ 100 g/den)

Pro mapovani nadori

... nadory nemaji metabolickou bariéru



FDG in Oncology

* FDG transport into tumors occurs at a higher rate than in the surrounding
normal tissues.

* FDG is de-phosphorylated and can then leave the cell.

* The dephosphorylation occurs at a slower rate in tumors.

Applications of FDG
*Locating unknown primaries
«Differentiation of tumor from normal tissue
*Pre-operative staging of disease (lung, breast, colorectal, melanoma,
H&N, pancreas)
*Recurrence vs necrosis
*Recurrence vs post-operative changes (limitations with FDG)
*Monitoring response to therapy



Konstrukce radiofarmaka

Radionuklid 4+ nosna (carrier) molekula

Torgeting individual receptors with specific radiopharmaceuticals

—E : Tumor cell
< I with various
=71 membrane

fecepiors.

Te-0m

1131
In-111

“FI8

v
Rodionuclide Carrier Malecule



Delivery Strategies: Metabolic pathways

PET can provide highly specific
metabolic information.

« FDG, MET, FLT are incorporated via
transporters
« Uptake is indicative of tumor grade.

11C-methionine
+specific for tumor
avoids high brain background
problem seen with FDG
<no significant uptake in chronic
inflammatory or radiogenic lesions
*MET better than FDG in low-grade
gliomas

I "
H;N—CH—C—OH |

CHy

methionine

FIAU

2"fluoro-2"deoxy-1-B-D-arabinofuranosyl-5-[ 1}

-uracil

FLT
3'deoxy-3-fluoro-[ *F]-L-thymidine
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Kyslik, izotop °O

Polotas rozpadu 10 je 2.5 minuty.

Oxid uhligity (CO2) — tok krve v mozku

Kyslik (O2) — spot¥eba kysliku v myokardiu, nekréza nadort
Voda (H20) — prokrveni myokardia

4+ nenfi ovlivnéno metabolismem
— aktivita ®0 v plicich a cévach znesnadiiuje m&¥eni



Dusik, izotop 13N

e Polotas rozpadu 3N je 10 minut.
e Amoniak (NHj3) — tok krve, prokrveni myokardia;
e v tkanich je metabolizovan



Uhlik, izotop C

Polotas rozpadu 1C je 20.4 minut.

Acetat/octan (CH3COOH) — metabolické procesy
myokardia

Kokain, carfentanil,... — mechanismy opidtovych
receptorti v mozku

Deprenyl — enzym, pro studium Parkinsonovy choroby
Leucin, methionine... — aminokyseliny; spotfeba

aminokyselin, pro vyhodnoceni aktivity nadorii



Fluor, izotop '8F

Polotas rozpadu BF je 109 minut.
Haloperidol — antipsychoticka a uklidiiujici droga; studium
mechanismu ucinki
Aniont ¥F~ — kosti

+ Lep&i kontrast kost/m&kk4 tkaii v porovnani s %™ Tc

— Nerozli§i maligni a benigni nadory
Fluorodeoxyglukéza (FDG) — studium metabolismu
glukdzy ; neurologie, kardiologie, onkologie
Fluorodopa,fluoroethylspiperon... — studium
neurotransmise, metabolismu, buné&¢nych procesd,

Flourouracil. .. — davkovéani chemoterapeutik



Rubidium, izotop 8Rb

e Polotas rozpadu 82Rb je 1.25 minut.

+ Produkovén generdtorem (neni potfeba cyklotron)

— Dlouhy dosah pozitronu — Spatné prostorové rozliseni
+ Kratky polocas rozpadu — rychla odezva

— Kratky polotas rozpadu — citlivy tomograf nutny

e Studium perfuse myokardu; vyuZijeme rychlou odezvu

e Studium mozko-krevni bariéry
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Single Photon Detection with
Gamma Camera

Collimator
Nal (TI) Scintillator
Photomultiplier Tubes




Terminology

» Hot and cold spots: regions with high and low uptake
» Static and dynamic image

+ Phantom: test object filled with radio-activity, used for
quality control and research

+ Scintillator: material that generates light flashes when
photons interact with it

» Dead time: time the camera needs to recover from a
_‘" L | detection event in order to detect the next event

* Maximum count rate: determines how many photons per
second can be processed by the camera
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Photomultiplier tubes

Incoming Photomultiplier Tube

Fhaton \ Window

Amdjt

!

Focusing
Electrode

Figure 1
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Scintillation detectors

The y-quantum (photon) interacts (photo-effect) with the
crystal, resulting in a scintillation (light flash). The resulting
amount of light photons is proportional with the energy of
the y-quantum.

Oldest type of radiation detectors (Rontgen)

A scintillation detector consists of a scintillator and an
amplification device (PMT) that converts light into electrical
signal

LS TE ASSOLLETED

[ —[LIETROMG TR
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., . v s o
Materidly scintilagnich detektor(i
Scintillator | Density Effective Z | Relative Decay Wavelength

(g em™) light yield constant of emission

(ns) (nm)

Sodium 3.67 50 100 230 410

Todide

(Nal)

Bismuth 7.13 74 12 300 480

Germanate

(BGO)

Barium 4.89 54 0.6-0.8 220 (195)

Fluoride 15 630 310

(BaF,)

e Nejlastgji BGO
e Zalezi-li na rychlosti, pak BaF,



Spatial Resolution and Sensitivity—
Parallel Hole Collimator

it

Photon’s View

U

L

k

Sensitivity oc i




Attenuated Event
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Zavér



Artifacts: scattering

Scattering of photons in patient

Because of limited energy
resolution of the detector,
primary and scattered photons
which pass the collimator can
not be classified properly. (In
the ideal case, only primary
photons are used to contribute
to the image)

Effects: haziness of images,
quantization is degraded.
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Artifacts: collimator blur

Collimator blur

» Because of the size of the holes, photons which are not
entering the detector exactly perpendicular to the detector
surface are also detected. This introduces uncertainty
about the exact path the photon traveled.

% ¥ - Effect: blurring which increases with larger holes. Trade off
between sensitivity and resolution has to be found.
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Artifacts: noise

Noise due to limited nhumber of detected photons

+ Doses and scanning time are limited while the efficiency of

the collimator is also limited.

+ Effects: Noise in the images. Low pass digital filtering
required. This results in reduced resolution. Tradeoffs
between dose, scanning time and collimator hole size have
to be made.
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e Phantom experiments

Ground truth Detector +

phantom attenuation
Detector + Detector +
attenuation + attenuation +
¢l scatter scatter +
; noise
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Scintigram
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Scintigrafie plic




Gamma Camera Image




SPECT



&% SPECT

Single Photon Emission Computed Tomography
(SPECT)

Image is acquired by rotating the y-camera
around the patient and taking images at different
angles
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SPECT

Patient is injected with a y-emitting radio-pharmaceutical
Preferred energy: 100-250 keV
Use of collimaters

Collimated camera projections are acquired from
different equidistant angles (30-120 projections over 180-
360 degrees)

Images are reconstructed using Filtered Back Projection
(FBP) or lterative Reconstruction

Resolution: 12-20 mm

To increase count-rate often two or three y-camera
heads are used

Medical Image Formation Biomedical Image Sciences 2005 - 2006




SPECT Cameras
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Image Reconstruction Methods

L | |

ML-EM 10 ML-EM 30 ML-EM 50

Subsets)

L L =

OS-EM 1 OS-EM 3 OS-EM 4




SPECT, Snimani mozku
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SPECT: Applications

Cardiac Imaging




SPECT: Applications

Brain imaging
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SPECT: Applications

Epilepsy

FARTIAL EFILEFEY

EATE Z&R
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SPECT, Celotélové snimani

RVL : LDR



SPECT, Celotélové snimani

(= |

ZvySena aktivita v kolenu.
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PET

» PET = Positron Emission Tomography

+ Radiopharmaceutical is labeled with positron
emitter

» Positrons annihilate with electrons close to the
position of the emission (few mm).

» As aresult,two 511 keV y’s are created which
move in opposite direction (E=mc?)

* y-rays are detected, most times in a ring-shaped
detector
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Positron Emission Tomography

Radionuclides that emit positrons
such as O and 8F are
introduced into the brain.

H,5O behaves like H,'O and
indicates blood flow (rCBF) (half
life = 123 seconds) integration
time = 60 seconds.

I8F — deoxyglucose behaves like
deoxyglucose and indicates
metabolic activity (half-life = 110
minutes) integration time = 20
minutes

Columbia fIMRI

PET SCANNER




Principle of PET

A, Positron and electron annihilation

A, Positron emission in the brain i
and emission of gamma rays

Gamma ray

Site of positron
annihilation
(imaged point)

A

Unstable O Positron !
radionuclide , rest_:lu_uon

o7

From: Principles of Neural Science (4th. Edl) Kandel, Schwartz, & Jessell,

Columbia fIMRI

0-9mm i Gamma ray
/ photon




i

PET: annihilation

Annihilation
Coincidence
Detection

pon+pf’

Isotope Maximum
s d Positron Range (mm)
" F-18 2.6
C-11 3.8
Ga-68 9.0

Rb-82 16.5
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Positron Annihilation

511 keV

180 degrees

et

m,=511 keV/c?

511 keV




Princip PET (2)

Line Of Response Tracer Distribution

/ fx)

Detector




Gamma Ray Detections to Location of Function

From: Principles of Nes ce (4th. Edl) Kandel Schwartz, & Jessell, p.

Columbia fIMRI




Commercially Available PET/CT

Dromedary




13

¥

PET
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PET

e
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Projections
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PET: Electronic collimation

» When the photons are detected, an electronic co-
incidence circuit determines if the two photons
originate from the same annihilation. Then, the line
where the annihilation has occurred is known (Line of
Response (LOR).

» Typical resolution: 5-8 mm

» PET-systems are not equipped with lead collimators.
This results in a very high sensitivity compared to
~ "l SPECT, but requires a very high count rate.

] Medical Image Formation Biomedical Image Sciences 2005 - 2006




Coincidence Event




Multiple Rings, 2D — 3D
For n detector rings:

2D

direct cross
slices (n) slices (n-1)

total slices = 2n-1
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Scattered Coincidence Event

In-Plane Out-of-Plane

Scatter Fraction S/(S+T)
With septa ~10-20%
w/o septa ~30-80%




Random Coincidence Event




Correcting Background,
Noise Equivalent Counts

P =T +S8 +R

prompts trues scatter randoms

T'=P-S"-R

T° T
P (A+S/T+R/T)

More background — more statistical image noise.




Nefunk&ni detektor

i 14
Bad Petector Bad Block

Sinogram



Nefunk&ni detektor

Rekonstrukce



Chyba rekonstrukéniho hardware

Fantom:
HW rekonstrukce Sinogram SW rekonstrukce

Sejmuti fantomu by mélo byt &asti denni kontroly.



Pohyb pacienta

Frames 1-8&
Added .
Flane 5 Plane &
Frames 4-7
Added I
uaA Flane 5 Plane &

Plane 10

Plane 10

Spodni ¥Yada pouZiva jen obrazky bez pohybu.
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Patient Size Variations
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Patient Mass (kg)
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Coincidence Attenuation

F.=HRP,
:e_,u'dle_:u'dz

Annihilation radiation emitted along a particular
line of response has the same attenuation

probability, regardless of where it originated on
the line.




Attenuation
Effects




Calculated Attenuation Correction

I = l,erd




Transmission Attenuation Measurement

i positron source




Spatnd korekce Gtlumu

Effect of Misalighed Attenuation Correction

Spatné umisté&ni.



Spatnd korekce Gtlumu

Effect of Incorrect Ellipse Diameter

UCLA Scheol of Medicine

Spatny rozmér elipsy.



Spatnd korekce Gtlumu

Effect of Incorrect p
H= 0.095 H=0.090 p=0.100

UCLA Scheol of Medicine

Spatny korekéni parametr.



Spatnd korekce Gtlumu

Effect of Misaligned Attenuation Correction

12,8
(+11.5%)

Operator umisti elipsu na obrys hlavy.



Spatnd korekce Gtlumu

Effect of Incorrect Ellipse Diameter

Spatny rozmér elipsy.
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Combining x-ray CT with ECT

SPECT/CT:
Hasegawa BH, et al., UCSF

PET/CT:
Townsend DW, et al., U. Pittsburgh
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Converting Attenuation Map from Hounsfeld
to 511 keV attenuation Coefficients

bone
noise, blurring of
4 <+—— bone/soft-tissue boundaries
soft tissueo/'

\ contrast-enhanced areas

'\Iung, noise, blurring of
air/soft-tissue boundaries

—
=
)
>
0)
X
—
i
0
.
42
=}
=

Hounsfeld (from x-ray CT)
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PET vs. SPECT

» For several radio-nuclides like C11 (T1/2 = 20 min)
and N13 (T1/2 = 10 min) a cyclotron in the hospital is
needed. The advantage of the radio-nuclides made
out of these elements is that they occur in biologically
active molecules

» Dedicated PET is very expensive compared to
SPECT, especially when combined with a cyclotron.

“* ¥ - PET and SPECT are complementary: you want them

both
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Spatial Resolution Limits

‘PET
spositron range
*opening angle
*detector size
*depth of interaction

*SPECT
eIntrinsic Camera Resolution
*Collimator Resolution

(Image Noise)




PET — parametry

Intrinsické rozliSeni = 6 mm, 8 ~ 10 mm vysledny obraz
Vzorkovani 3 mm isotropné&

Transaxialni FOV 60 cm, axidln& 10cm. Zvétdeni axialniho
FOV moZzné zvy¥enim pottu detektorl (=vy%3i cena), nebo
posunem pacienta.

16 rovin detektori — 31 rovin detekce

Musi byt schopné pracovat s velkym i malym poétem rozpadi,
p¥i zachovani linearity.
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Time of Flight PET

e Me&Fime navic &asovy interval mezi koincidentnimi fotony
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Bone scanning

Bone scans are the second most frequent nuclear medicine procedure.

Clinical uses:

*Detection of primary and metastatic bone tumors

*Evaluation of unexplained bone pain

*Diagnosis of stress fractures or other musculoskeletal injuries or disorders.

E.g.,

Prostate cancer:

Incidence is rising

*Most common cause of death in males in many western countries

*Of prostate deaths, 85% have mets in bone

*60% of new cases have mets

*Bone metastases are painful and debilitating

*Diagnosis of bone mets is part of the staging process that determines treatment

Breast cancer:

*Bone is the most common site of metastasis
*8% of all cases develop bone mets

*70% of advanced cases experience bone mets



Ve

PET, Celotélové snimani

Nador ma rychlejsi metabolismus —
kontrastni latka se hromadi v kostech v misté nadoru.




PET + FDG

18F glukéza (FDG)

Normalni obraz Nador v plicich




PET + FDG

18F glukéza (FDG). Detekce nadorii.

FDG - PET

Darstellung in 3 Ebenen

# 569 [ 59 }- # SPE k> 59 +
Gy




Brain Tumor
FDG

6 min, 3D

MRI, T1+C
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PET. Ventilace a perfuse plic

VENTILATION PERFUSION

nu l\ll
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PET, Hlava




PET: Applications

Brain imaging
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PET, mozek

MNormal Alzheimer's

5%

..JQH

<
..JMH

&
& o




Alzheimerova choroba

Hypometabolismus.

198%

1987




Parkinsonova choroba

I8F — DOPA PET vygetteni

Normal

Parkingon's

Pre-Transplant

Post-Transplant

Transplantace bunék produkujicich dopamin.



Mozek, nador

FDG

CT

Efektivita chirurgického odstranéni



PET, Huntingtonova choroba

SniZena spotfeba glukdzy




Vyvoj mozku

FDG

1 mésic 3 mésice 6 mésicl 1 rok



«+» | Fusion of anatomical and functional data
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Fusion of anatomical and functional data

Fusion
MRI & SPECT
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i
«++ | Fusion of anatomical and functional data
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PET: Applications

rest

0l

O

Functional imaging

look
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/vukova stimulace




Vizudlni stimulace







Pamé&t a uleni

Zapamatovani obrazku.



Pohyb nohy.
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PET: Applications

Cardiac imaging
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Coronary artery disease

Use PET and/or SPECT imaging to assess information on:
e perfusion
e metabolism

¢ distinguish viable from non-viable myocardium.



SPECT, Srdce

Kontrastni ltka 202 Th (thalium,chova se jako draslik) ukazuje,
kde je prokrveni nedostate¢né

Shar A

s [0 MO DOODODDODODOD
anouoo;;oow
F

Ty




PET, Srdce

Kontrastni latka FDG

RY Wall Septum

Right ——
Yentricle

Cr

Left Yentricle Lateral Wall




PET, Srdce
Kontrastni latka FDG

RY Wall Septum

[

Right /

Yentricle
-

Laft Yentricle

Reinterpolovana data — short axis view



Kontrastni latka FDG

Srdedni segmenty

1. Anterobasilar
2. Anterior

2. Superior Septal
4, Lateral

5. Posterolateral
&. Inferior Septal
7. Apical

8. Inferior

R. Right Yentrical
L. Left Yentricle




Srdce, diagnostika

Pritok (nap¥. NHj) Metabolismus (napf. FDG)

High

Low Flow Metabolism

Normalni.



Srdce, diagnostika

Pritok (nap¥. NHj) Metabolismus (napf. FDG)

High

Low Flow Metabolism

Nefunkéni tkan, 1é€ba neni moZna.



Srdce, diagnostika

Pritok (nap¥. NHj) Metabolismus (nap¥. FDG)

High

Low Flow Metabolism

Potencidln& funkéni tkai, nedostate¢né prokrveni. Lécba mozna.



Srdce, diagnostika

Pritok (nap¥. NHs) Metabolismus (nap¥. FDG)

()

Low Flow Meatabolism

High

Idiopaticky (z nezndmych diivodi) zv&tSena levd komora. Létba
pouze transplantaci.



Srdce, diagnostika

Pritok (nap¥. NHj) Metabolismus (nap¥. FDG)

(/

Low Flow Metabolism

High

Spatné prokrveni (ischemie), zvétsené myokardium. Lé¢ba mozng,
je-li metabolismus normalni nebo zvySeny.



Srdce, diagnostika

Pratok v klidu Pritok p¥i zatézi

High

T Flow—Rest Flow—5tress

ZatéZovy test odhalil Spatné prokrveni.



Srdce, diagnostika

Metabolismus po pistu Podani glukdzy

High

Low Fasting Loaded

Ischemické myokardium spotfebovava glukézu rychleji.



Srdce, diagnostika

Pritok (nap¥. NHs) Metabolismus (napt¥. FDG)

High

Low Flow Metabolism

Hibernujici myokardium nap¥. po dfive nedostate¢ném prokrveni.
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CH,CHBF
oo
: )
Il i
EHTH M :

F

Fluoroethylspiperone




Mozek

Hours,T Minutes ,T

Hours’T Minutes ’T

Hours’T Minutes ,T

Concentration|




Srdce




Srdce

& ~°‘§ia

25 sec 35 sec 55 sec 65 sec

s B QS

75 sec 85 sec 115 sec 170 sec




Srdce — oblastni analyza
ROI analysis

. -O.QQ

25 sec 35 sec 55 sec 65 sec

6 Qe e

75 sec 85 sec 115 sec 170 sec




Srdce — oblastni analyza
ROI analysis

Tissue

Time




Srdce — oblastni analyza

ROI analysis

Tiesue

75 sec

Time




Srdce — oblastni analyza
ROI analysis

Tissue

Time




Srdce — oblastni analyza
ROI analysis




Kvalitativni x kvantitativni analyza

Approaches to Image
Analysis

& O
0 e

QUALITATIVE QUANTITATIVE
“Thiz pattern iz characteristic ‘tetabolic rate for glucose
of Alzheimer's Disease.” in this region

is 537 mgiminf1004 tissue™



Normalizovany obraz radioaktivity

2400 counts { minute { ml of tissue

Radioactivity Image
and Corresponding
Color Scale
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Stfedni regionalni hodnota
Mean ROI value

2400 counts { minute { ml of tissue
_____.._--2:§64

Mgy — 1620

1967
Y,

aver n pixels
in region




Regiondlni ¢asovy priibéh
Time-activity ROI curve

%]
=
Lo
[=]

Time-Activity Curve
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Normalizovany regionalni ¢asovy priibéh

Normalized time-activity ROl curve
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Pomér regionalni a celkové aktivity



|dentifikace parametr(i ¢asového priibéhu

Tracer modeling of the ROI curve

Najdeme parametry biofyzikalniho modelu — krevni pritok,
koncentrace, rychlostni konstanty
Casto je potfeba m&fit nap¥. slozeni krve & plasmy.



|dentifikace parametr(i ¢asového priibéhu

Tracer modeling of the ROI curve
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|dentifikace parametr(i ¢asového priibéhu

Tracer modeling of the ROI curve

Iteration #: 3

Chi-Square: 0.6879142

Parameter Estimate Standard Error

k1 0.1019 0.01735
k2 0.1326 0.02242

k3 0.06548 0.006839

Convergence has occurred.




Vlastnosti metod kvantitativni analyzy

Comparability

With With
Other PET [[Other Kinds|

Precision

Analysis Approach

Studies

of Results

High Difficult Difficult
Moderate Fair Impossible | Impossible
Moderate Fair Crude Impossible
Moderate Fair Reasonable | Unlikely

Low Good Excellent | Excellent




Nukledrni zobrazovani — zavér

+ Funkéni zobrazovani; intenzita metabolickych procesu
+ Funkce mozku, prokrveni, onkologie

— Radia¢ni zaté€z. Vyroba radiofarmak.

— Anatomie jen &astedné

— Spatné prostorové rozliseni
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