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SDIdgNostics — gamma ‘emitters are used
SIGE r-f ma rays can penetrate the body.
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DJBERIOSLIC activitie: & COrrespond..
IOTsUb-physiolbgical masses:

Bg-740 MBg (10|JCI-
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,_\(“rj\/J[‘JQ? n sed: 370
20 4] (”J)

'ndlng masses <1ug

.’9 => No physiological effects, but enough
for registration and diagnostic information



Ic"OCsthe most.used radioisotopesing
- ‘medicine
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iispring|of-a nuclear reactor product Mo-99, which by:
Je t=ginusideca gecdes le=g) dilsh et ol
(losie) JJ‘ i), gamma emitter
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,)Jf’"s emitter- no beta radiation
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1.
=, optimal photon energy- sufficient to penetrate body, not
=== “to0 large for efficient detection/protection

—-e’ﬁ—half life long enough to perform the investigation, with
~ ~_acceptable patient radiation dose

=4, great chemical affinity
5. relatively cheap.
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Seintillation c etectors: gam lySare:
J:\zeczéc 21" CONVE .SJOn 0.\ Ie Ilght
2 Wries) JJ e 'materlals absorb ionizing radiation
I err oft absorbed energy is used to excite the

Urf'w ‘higher energy states, the subsequent
J‘—h& c1tat|ons produce flashes of visible light

= ‘ "-f-—-hese flashes are called scintillations, and the
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— 'materlals scinillators
o => SCINTIGRAMS
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Sodium iodic E@ystam —-

comm JI EST JJH Md ray detec
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s.se,n5|t|V|ty of detection (owing to high
dej; Sty and atomic number of iodine)
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eiahvely high efficiency of conversion of
~ gamma rays to visible light (around 10 %)

=== 3". ‘Short scintillation time (short dead-time)
enables high registration rate (over 10*
counts/sec)
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Siitillation etectors can measuestess
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o T OUtE Ut electrical pulse’is proportional to
SHEN J\/ ‘f the absorbed radiation, enabling:
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% ,bf lef he detector as absorbed dose-meter
: = :_.—x esu:les counting)

= 2=-'se1ect|ve counting according to energy of
~photon (pulse height)- spectral analysis
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cintiliateand photomultiplier tube
sOIIPIISE thesscintillations ™
counter.
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DoclYel pends only on chemical affinity
zlglel o) ysical properties of the tracer to
wnle:' “the radioisotope Is bound.
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1-:_I\Iuclear medicine image reflects the
- physiological function and is created by
gamma rays that leave the body.
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SUBEIC-pertechnetatie-
sclritigrelnnie orma t e )fo =
distritgdgnlisis ;

2201-T J—~ g _Ioride- scintigram of:
Zioielfneart muscle (down)
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Normal
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aging equipment.
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rements of concentration in a sample
ng distribution within the body

| Due to large energy and consequent
_,I.:'i’:""’ ‘penetrability in both cases one needs

-~ ® massive detector , which limits resolution
and sensitivity of registration
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Gama*camera,creates iv.
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el Collimator — ‘|ead plate with many narrow
pairelllghs g 1es (channels) at right angle to plate
il c“ry\ I bases

gamma ray hitting the crystal originates
';f’“ '.f:ﬁom the area directly bellow the place of

absorptlon

-
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® gamma camera is always sensitive to the toal
area beneath the crystal
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AMPLIFYING AND
POSITIONING
ELECTRONICS

- PHOTOMULTIPLIER
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vays to present the™

amera image:

e

ianalog image: the position of scintillation is
r)rJ J‘-)C* ted on the screen of an oscilloscope,
W,F filluminates the photograpic film
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-,.:2-’ dlgltal Image: position and rate of

s

-~ scintillations are stored in computer memory
- as a digital matrix (64x64; 128x128;..)



scintigraphy with Tc-99m-colloid'in.__
of trauma causing tissue rupture
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analog image digital image
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:,':;;:‘-‘sqiiéntitative aspect: scintigram is
- basically a table of numbers
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INETGEenergylofiaigammarayarequiress
NIEGGIVE detector, but’ enables registration of
srrzll, Je' ‘sources of minute activities

psESpread ness/ wide distribution of gamma
fay ources requires collimation of radiation,
'rt < ables functional organ images
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=> Minute amounts of radioindicator, in
short time, create diagnostically useful
Images
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sFllesion detec ablllty in N

Size, but primari -eends 5 0N its
r*\)nr_rv_]_).r aaainstthemeiar hboring'

AR ESO] u‘tlon |mportant for small lesions

J _)JJJF‘ *lmage can manipulated on a
puter to enhance visual effects
--_;;:- tautlon possibility of artifacts!)
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Radiohistogranirare analyzed with computeraid to
cizigriose zlsle quantlfy Varieus park

mjerimo volumer mjerimo

- ——e.

L R Cardiac Shunt Analysis 20080208RK02 21842008 9:23

kompetentnost
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fakopz
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gl
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RaUINStogram s time-activity curve™
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WERLAY

| COUNT RATE V§ TINE 100 0‘

computer programs: algorithm codes to analyze
(series of) scintigrams or time-activity curves
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phagocytosis

sequestration

achanisms of ratiotia
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thyroid
kidney

myocardiu
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lungs

kidney

blood
liver
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J-131
ortho-I-131-hypurric acid
Ti-201

Tc-99m-macroaggregate

Tc-99m-diethilene-triamine-
pentaacetic acid
Tc-99m-human serum albumin

Tc-99m-sumphor colloid

Tc-99m- erythrocytes
(damaged by heating)
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SRbiological half-life (7,,),= In(2)/4,

g T

SEconstant of effective elimination:

o effective half-life (7, )= In(2)/2z-
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8S in common procedures

Radiotracer  Activity ‘Dose in critical Dose in
organ (Gy)a gonads
(mGy)

~15mCi) ¢02 "
150 MBq
- sulphor colloid (~ 4 mCi) Liver, 0.02 0.85
B 100 MBq
graphy macroaggregate (~ 3 mCi) Lungs, 0.009 0.3
= Bone 500 MBq
e in ’graphy pyrophosphate (~ 15 mcCi) Bladder, 0.06 4
= 5
= &Rénography hyppuric acid (3 200 pCi) Bladder, 0.02 0.2
Thyroid - - 300 kBq =
function sodium iodide (~ 8 uCi) Thyroid, 0.08 0.6
Thyroid 150 MBq -
scintigraphy pertechnetate (~ 4 mCi) zn;istmes, 0.8

a critical organ has the largest absorbed dose
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ET~— positron emission tomography



Miaging rem many directions enables
slice isolationm e _—

SPECIEGEmmacameraiiotates around body, the
SEESNOIRSCINtIGIAMS (ProjeCctions) thus obtained are
EVWRGEENOm WhICh computer reconstructs slices

Photon absorbed
in collimator

Lost photon

Scattered photon
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Short Axis

STRESS TI Planar

Vertical
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Jomograms have inferior e
ESOIUT eeqwd tG-PW

MHJJQ . e —

o T omogf?? being derived from series of planar
IIEPESH(Projections) by non-perfect algorithm
(J.}e ,ptlon of radation in the body can be
Eaccounted for only approximately) has Inferior
i |Ut10n than the original (raw) images

e Nevertheless due to increased contrasts, the
overall dlagnostlc information is greater
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‘tomographysse.

perfusion, the metabolism £

of: oxygen, carbohydrates
fatty acids, amino acids, a
well as neuroreceptors.

Computer
Terminal




sitron emltter %?EM—
‘- etab roces

cide  Half-life Tracer Use
B (min)
20.5 Nitric acid Clinical
research

10 Cardiology  Cardiology
2.1 H,O, CO, Clinical

== _ CO, research
~ Fluorine-18 110 FDG and F- Oncology,
dopamine cardiology,
neurology
Rubidium-82 1.3 Potassium Cardiology

analogs



Creation of PET imades s
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The positions of sources (A,B) are
reconstructed as sections of straight
lines passing through detector pairs




Enciple of coincidentwdetection™

e No collimation needed: T
resolution , sensitivity
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PET: liver metastasis
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Lung metastasis
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REIOtiacers con’talagzpaTtch LErs

(rnostly J\—\rrae ttars)CaRMbE ISEd O
selae J\/rj lSSUG destruction, by virtue of their

SIJ'J:JH -vnge and conseguent local energy
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r J' u i:e of nuclear medicine depends on
_, “ elopment of new radiotracers:
Gllecular nuclear medicine
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THE END



