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Tndine’s specificity for thyrold tHssie way quickly adapted to neclear medicine, fost v
metahiolic stndies in anturals and subsequently as a radiopharmacentical for diagnosth
studdios and for theiapy. Photo made by foseph Heamilton around 1946 is oue of firs
showing radioiodine nptake being recouded by o Geiger counter.
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What is special with nuclear medicine ?
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Detector intrinsic efficiency 85%

Geometrical efficiency

0.02%

Detection should be improved !

0.02%

Detector geometry
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Spatial resolution of gamﬁm cameras (FWHM in CFOV)

State-of-the-art

~*Collimator Resolution (cm)

o o O - N Detector itself 3-4 mm
o H oy N o)) o “Intrinsic resolution
n L Detector with LEHR- 7.8 mm (no scatterer)
— collimator; source at 10 cm 8.6 mm (with scatterer)
Q “System resolution”
-~ @
0
3 . Tomography with LEHR 8-10 mm (central)
g o “Reconstructed system 8-10 mm (radial)
‘ resolution” 6-8 mm (tangential)
—h
a

» PSF

45d #9 YIpIM




Spatial resolution FWHM (mm)
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Fig. 44. Spatial resolution (FWHM) as a function of the distance
from center of 8 tansverse section uiing the HS-collimator
(— ), the HRcollimaor (*---s) and the SHR-collimator
{r— -0). Sowrce: WTce,
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Fig. 46. Spaiial resolution (FWHM) a1 the center of 8 tramsverse
section a1 a function of the redivs of rowstion. Source: ™Tcm,
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Incoming ¥ photon

., 80kev-73°
I40keV-54°

SH kev-27°
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Nucleus

Fig. 3. The angular distribution of photons is depen-
dant on the energy of the incoming photon before

scattering.

figure 2-3. Use of a syrimelric
window (A} allows some of
the Compton scalter lo be
counled ond displayed.
Theotafically, use of an
asymmelic window (8)
obviates this problem,
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A [ RAMP

Magnitude

- S

jure 4-2. (A] A pure ramp fiiter dis-
played in frequency space s so called
becouse the value of the fliter In-
creases as the spatial frequency in-
creases. The fliter Is usually cppled to
the back projection process to aften-
uate the low frequencies ond thus to
shamen edges blured during the
process. (B to E) Additional fliters are
frequentty needed if the images ob-
tained are degraded by the presence
of high-frequency roise. In these cases,
Q window may be gpplied to the ramp
filter, which is set to “cutoff” at a cer-
tain frequency (shown here from 0.3 fo
0.8). The final reconstruction filters are g
product of the ramp filter and the win-
dow function. In general, a cutoff value
that is oo low produces oversmoothed
data, which may obscure lesions. A
cutoff vatue that s too high can pro-
duce nolsy images that have a patchy
appearance. The selection of a filler
for Image processing should consider
both the frequency context of the
naise in the image as well as the inhar-
aent fraquency contaxt ot the argan
being imaged. (Fischer KC: Qualitative
SPECT thaitium imaging: Technical and
clinical applications. In Guiberteau M:
Nuclear Cardlovascular Imaging: Cur-
rent Clinical Practice. New York,
Churchill Livingstone, 1990,
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Tomography with gamma camera

A

v
VMINNE

2D - Reconstruction Methods

h

INTERFACE
ADC

Vit <EL:

ROTERANDE
INRE RING
YTTRE RING

FAST

v

DATOR

A. Back projection

B. Analytical methods
1. Filtered back projection
2. Back projection filtering
3. Two-dimensional Fourier reconstruction

-

C. Iterative methods
I. Algebraic reconstruction
2. Simultaneous technique
3. Least-square technique

FILTRERAD
BAKATPROJ.
(3)

FILTRERAD
BAKATPROJ.

OQ Qe

DIREKT
BAKATPROJ.
(2)

T V-~-SKARM

(1)

MATNING
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SPECT Problems

s Attcnﬁaﬁnn

" Resolution
 Statter -

.
!

Tomography with gamma camera

Some attenuation correction methods

A. Pre-processing methods (Sorensen 74, Larsson 80)

Geometrical or arithmetrical mean of opposite projections
Assume constant attenuation coefficient
Assume uniform activity distribution

B. Post-processing methods (Chang 78, Larsson 80, Axelsson 87, ...
Calculate correction factors from a first-order SPECT image
Corrections applied to projections or SPECT image
Allow for uniform or nonuniform attenuation
Takes source distribution into account
Can be made iterative

C. Intrinsic correction methods
Part of an iterative reconstruction method
Allow for uniform/nonuniform attenuation
Can also include scatter and collimator response corrections
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Tomography with gamma camera

Methods for non-homogeneous attenuation correction

A. Transmission SPECT measurements
Uncollimated flood- or line source and parailel hole
collimator
Collimated flood- or line source and parallei hole
collimator
Line source and fan beam collimator
Line source and slant hole collimator

B. Computed tomography
Superior resolution compared to transmission SPECT
Require an additional study
Potential problems in patient realignment

C. Compton scatter acquisition
Acquisition of Compton scatter images
Sophisticated segmentation methods to outline body
and lungs
Lungs and tissue are assigned fixed attenuation values

Tomography with gamma camera
Body outline

A. Elliptical outline from point source measurements
Simple method
May be inaccurate in some regions of the patient
Only one outline for all SPECT slices

B. Line source placed around the patient
Takes into account the curvature of the patient
Gives only one outline

C. Compton scatter acquisition
Finds the outline from a reconstructed Compton image e g
by thresholding methods
Produces matched outlines to SPECT images
Accuracy may depend on source distribution

D. Transmission measurements
Produce matched outlines to SPECT images
Produce also attenuation maps
May require a separate SPECT study



Tomography with gamma camera

Some scatter correction methods

A. Effective attenuation coefficient (Larsson, Acta Radiol, 1980)
B. Offset energy window (Koral, Nucl Instr Meth, 1985)

C. Deconvolution by Fourier technique (Floyd, ] Nucl Med, 1985)

D, Convolution - subtraction methods
1D convolution (y) Axelsson, J Nucl Med, 1984)
2D convolui on (x,y) (Msaki, J Nucl Med, 1989)
2D convolution (y,z) {Ljungberg, ] Nucl Med, 1990)

E. Muitiple energy window methods
Compton window method (Jaszsak, J Nucl Med, 1984)
Duat photopeak window method (King, J Nucl Med, 1992)
Three window method (Ogawa, IEEE Trans Med Imag,
1991)
Channel-ratio method (Pretorius, J Nucl Med, 1993)
Energy spectra analysis (Koral, ] Nuct Med, 1988)

iy PICKER :

Simultaneous Transmission Emission Protocoi
for nuclear medicine imaging

A4 T
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What is STEP ?

“Simultancous

~Transmission
Emission
" Protocol _

Co-57 Attenuation Maps

o — " ig
e e ol N ot =15 e 8, = Tt s BT

What Does STEP Consist Of?

A set of fan beam collimators

A transmission line source and a
souree holder

Table offset

Iterative reconstruction software
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isualized in a SDRC

1. The detector geometry visua

F

MCAD system.

TH

SHAPING
PREAMPS

&
SUMMATION {®
AMPLIFIER
: GATING :
,[TEMPERATURE LOGIC ADC'S
SENSOR
—RWNATOR| .. | DIGITALPOSIION .
LEVEL SET ANALYSIS PROCESSOR”

Figure 2. Block diagram of camera

indepandently adjustable hy the computer. Thess arg
set to reduce unnecessany deactime from acquisition of
avents having improper energies, but within the DFAP a
mora accurate digilal energy window is employed for

the finat discrimination.
Each PM is separately digitized, and this allows the

computer to directly monitor 1he gains of the PM. The
gains are measured in a procedure employing a special
calibration collimalor and a unilorm line source. A
history of the gain measurements of each PM is stored
by the computer, 10 ptovida a record of performance of
the system.

One of tha more significant leatures of ASPECT is
the maniltoring of the lemperature of the
photomultipiers. PM gain dependence an temperature
i a source of system drifts in all cameras, and in a
digilal camera is the maijor source, PM gains have 2
large tamperature cosflicient that averages about
.0.37C, but which Is ditferent for each PM, and can
vary from G to -0.6 wC. As as exampie of the errors
that can arise, a driltin the gain of one PMovara
temperalure changa of just 1.5°C can more than double

\ha nonkinearity errors, lor positions neat \he ollending

HOST COMPUTER

Bl

PM, from their values following talibration. Our

system siores tha previously calibrated gain

temperature coeticients for each PM and uses this to
caleulata the current PM gain based upon the current
temperalure and the PM gain and temperature measured
during the gain calibration procedure. The PM gains at
the time of the image acquisition are then loaded inlo

the DPAP and used in the position algorithms. This
helps presarve the sccuracy of the PM gain and hnearity
cotrection calibrations over tima.,

data acquisition electranics.

Digital Posilion Analysis

ASPECT is a true digital camera. Signals from each
PM are digitized, and all scintiiation-gvent position
determinations are caleulated digitally. A benetit of
this approach, as opposed to the =tandard analog SPEC
camaras, is that the position analysis algorithm can be
made mara sophisticated. Additional major benafils of
computer control and monitoring of signals hack to the
detector level enables the development of autormated
diagnastic, quality controt, and calibration procedures

~
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The PET-method

Anificially created isoropes of carbon, nitrogen, oxygen and Muorine are very
short-lived and decav by posirron emission. These radionudlides can be substicuted for
corresponding normal atoms in organic substances.

o) Plsai

- CREATING RADIONUCLIDES
Protans are sccelerated in 3 cyelotron, The
high-¢nergy beam of prorans is aimd® s¢ 3 mix-
ture of nitrogen and oxygen gas, and splits
Fefm nuciaus nitrogen in10 carbon and hehium nuclides. The
carbon radionuclice combines with oxvgen to
give labelled carbon dioxide that is used 15 a
basic campaneat for building ather lapeiled
G molecules.

iL” nirogen meiecie

cxygen molecuia

SYNTHESIZING RA ;

p 1 ne radionuclides are shor-iived (2=110 minutes),

ON‘:\LC:\O-' and the work of building tracer molecules must
Yl be done quickly: Special metheds are used 1o

configure and assembie molecular parts into PET

, Sa tracer substances.

TELL-TALE MOLECULES

ARecr peing 30munisiered 1o the patient the decay
of the radionuclides is registered. The fabeiled
molecules can be locaiized in the body with
millieneter precision.

MADS IN TIME AND SPACE

1 e computer makes tomagraphic images from
the PET dara, The pictures reveal the biological
funct: ins of the labeiled substance and allow
quanr.cative measurements of drug uprake and
kinetics.

PET srudies cail for weil-arganized teacer produc-
ton and full synchronization at ail stages from
cvclotron 1 patient. The PET examination
usually takes less than 1 hour, Radiation doses
are negligible, and repeated examinations can be

performed on the same patient,
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RADIOPHARMACEUTICALS IN NUCLEAR MEDICINE: AN OVERVIEW

TABLE 1-1. CHEMICAL AND PHYSICAL FORMS OF RADIOPHARMACEUTICALS

ﬂ‘lmKr

127xe

ije
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Elemental

Tll]n_'H-

MmTeq, ™

U-iodohippuric acid-1-131
(covalentiy bonded)

Simple ions

"Mn-diethylene triamine penta
acetic acid (fn-111-DTPA)

(complexation)

Proteins (1-125-human serum albumin)

Colloids [Te-99m-sulfur colloid)

Labeled small molecules

Labeled macromolecules

Labeled particles

Albumin aggregates and microspheres (Tc-99m)

Erythrocytes
Leukocytes
Platelets

(Cr-51, Tc-99m)

{In-111)
(In-111)

Labeled cells

MECHANISMS OF LOCALISATION OF RADIOPHARMACEUTICALS

TABL: 1
Mechanisms of localisation of radiotracers

Substrate nonspecilic:
1. Biffusion:
a] Technetivin-99m periechnetate for Brain imaging.
b] Xenon-133 and Krypton-81m for lung veniilation.
2. Isotope dilution:
a] lodine-125 Human albumin for plasma volume.
bl Chromium-5t erythrocytes for red cell miasss.
3. Capillary blockade and cell sequestration;
al Technetium-99m macroaggregated albumin for regional lung perfusion studies.
b] Technetium-99m heat damaged erythrocytes for splenic sequestration.
4. Phagocytosis:
a] Technetium 99n1 tin colloid for tiver scanning.
Substrate specific:
. Metabolic pathway {iso1opic substitution}:
a] Carbon-11 glucose lor regional hrain studies,
b] Todine-123 todide for thyroid studies.
2. Metabolic pathway [non-isotopic substitution]:
a] lodine-123 iodoheptadecanoic acid.
). Metabolic trapping:
al Technetium-99m pertechnetate for thyroid studies.,
b] Fluorine-18 2-deoxy-2-fluoro-D-glucose for regional brain studies.
4. Enzyme substrate:
2] Selenium-7$ substituted norchalesieral for adrenal scanning.
b] Selenomethionine lor pancreas scanning.
5. Receptor binding:
a] Alpha-1 adrenoreceptor antagonists.
6. Antibodies:
a] Anti CEA antibodies for tumour imaging.
b] Antithrombocyte antibodies for thronibus detection.
¢] Antimyosin antibodies for myocardial studies.




??72,“ [QA&LZLJ I‘Q:Lh_p‘.q_l—ucq,walfc.m[s

— albumine "y onte 1

— albwmiue a77r¢7,a[e_s (posrtie csj 00'5_ //z‘t:::
Q.08 fun

- Julfu.f- cotlord Q, Satit

~ DTPA \4i ethylent ~tiamime pente acelrc aeid)
— &HA (jlucoheptonic acid)
. AMSA (dimercaptosuceinic acid)

~ /DA Uminods acetrc acid) E\
H1DA o)

D15/10R 9

, [00/10h 5

— hefes =
PLOJf :f;p (mdﬁq[t{r'/:fm:,a&onq.{a) !__C_
DPp (dicarboxy of.r'pltos,nlona{a) 9

~ HH PAC (propylencamint ox/we ) ‘©
- HAG 3 ' c

—~ qefo JO[L??K—I;J C{I—OP[(-[' -Mi18] (me_#..ylo,( f:o‘utlyl O

B

cdel
Carbosu /mt-é.'c[es Soniintd)

— RBAC ~Ho ¥ |
Izi-", /3./1'-, ,sz-ﬁ labeted Hi«'opﬂq;—muwfrhe{s e
— a.léu,m:‘u.

~ fibtinogent

~ otthe (odo b,-'[)‘uurnét-

— jodo metlyl nor colesterol .

~ M/8G (metaiedo 6¢-«zy(fuamcfm¢. J

O{'Lu- tadsa p Qumzcewér‘cq.[ 3

~ *'rt NZw oxiue
. 3% lewcocyfes -
~ FiJe narco Lesters! P '

&le acid (Seiear) o1 el
— -rt:'_ meq,{ ""_'Z-n 0{.‘.{#&014/&
EDTA

Tc-99m MDP

(methylenediphosphonate)



WA~ ‘VAdLd- €OV wWg6-3L

Aqderdoual num,mnmmmﬂ_ BISWE) BWWED
sAaupry

Augﬁoummhﬁonmﬁm_vono;uuv

VIdE 15-1D fup 293¢ q y-¢ sopdwes pooig

(¥4D) edueied]d [euay

sfaupryl



P-HAN , GNHNNTS W1 ST & 39 vo:Tl Z6-5T-120 &8 " TX
408 SE@ 551 @Na ap

PR 2]
183
Poodvsg o

(RN
(]

TR R RN

<11 3QWE OW3d
& 3d407% wmod

EI BIEET HUN 11

EEREL A L

Jeg sma

Nild 3T belW 23

A

Su¥ BLT

8




i

~aersugoanrad wgg-oL

Suideuwt

uor 1e€1-1 - worzdumg

LY

plo1igy



(VVIN) seponired we6-oL
uwolsnjiad

[0SOIde WG6-o] - UOIIE[IIUAA

ssan]

‘uiw O

1IsppoIq

PUD “{DOLLO|S "Yjnow ‘spup|b

Apaos ‘puoiE ploJAll By uj

ueas s Ajjaoy ‘Bupooiq 8o

-Joy2iad [noypm BjDjeuYde|

-18d WNPOS Jlue JO UOHNQ
-5 Apoa-ajoum v anbi

y . wy

et et



1] m b U
S99~ A
= ) a4
-
-
' Bg &
N e
o859 H
RS-
(& ] . =51
FaT
J
' E =
RES i ey
e Capillary blackade E !
! = '3
=
g =1
Pl A
S o
) [~
; o 2
=
Albumin
Albumin 58 microspheres
minimicrospheras i8
ol E,E K——j—ﬂ
-
o
Te sulfur é MAA
L - collpld o & ¥
" Gold i
cototd P
Ft
~
. True colloids N Noncolloidal suspensions et
b t » o
¥ * - L
o0 0.1 1 4 T 100

Microns

Fig. 4-7. Particles are removed from bloodstream primarily by RES or by capillary blockade. This
drawing allows reader to compare size ranges for different particulaie radiopharmaceuticals to size

of capillary and to colloids.
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