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Imaging techniques
Morphology  Physiology Metabolism Molecules

X-ray /| CT

Ultrasound
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Radioactivity

It IS the spontaneous
disintegration (decay) of the
nucleus of a radioactive atom - in
which the number of protons and
neutrons are not stable-and
various type of radiation (oc B
+B, y) comes out from th e
nucleus. Gt




Number of protons
= elemental identity number

Number of protons and neutrons
= mass number

- Atoms with the same number of protons

but differing number of neutrons are called
Isotopes of that element.

-The behaviour of the different radloactlve ;
Isotopes of an atom Is the same as the
stable form in every conditions.
- Using the radioactive materlal as atraceg'
(Hevesy Gyérgy 1923). : |
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Rays of radioactive decay

e Corpuscular rays (o, -B, +B)
* Electromagnetic ray (y)

Aluminium

Paper

i’ 4 Gamma

Penetration



Gamma radiation

- really electromagnetic radiation
- physically similar to X-rays, but it comes
out from the nucleus of the atom

- very penetrated and easily pass trough
tissue

- SO: it can be detected externally well
can be used for dlagnostlcs

- 99meta-technetium (artef|C|aI)




Equipments .

Gamma-camera
- it ,,sees” the whole entire area below the detector




Gamma-camera

GAMMA -RAY CAMERA
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Fig. 1.11. The basic components of an Anger p-ray carfiera. There is a one-to-one correspon-
dence between the location of p-ray interactions in the scintillation crystal and the location of
the dot flashed on the oscilloscope screen.




Radionuclide studies

- are based on the function of an organ or
an organ system

- are very sensitive, but aspecific
methods

- are easily performed

- need no any premedication | |

- are not associated with any morbldlty
and complication -




Nuclear medicine methods

Static examinations (scintigraphy):

— an optimal time-period after the subject
administration is delayed and several photos
(or SPECT slices) are made of the organ from
different directions

Dynamic studies:

- a frame- serle IS stored |n the computer fromlthe




Dynamic studies

Follow up the physiological or patho-
physiological function of an organ or
an organ system by radioactive
agents.

- Gamma-camera-computer system |
- ROI (region of interest) technique
~ Time-activity curves, T maX|mu;;;f2.’:-’fi’




Nuclear cardiology

. ,First passage” examination

. Radionuclide ventriculography
(RNV), multigated analysis (MUGA)

. Rest myocardial perfusion study

. Stress/rest myocardial perfusmn
study (viability, PET/CT) -



»First passage” study

The radioactive subject: 99mTc-DTPA (rapid
movement from the body through the kidneys)

Fast circulation through the heart and the lung

,Bolus” of the injection (rapid administration
In a small volume) Is important '

Cardio-pulmonary circulation times, Cardlac L
output, stroke volume e
Indications: cor pulmonale, primer puImonary-ff‘-f'i?-'.}é:;f};
hypertony, myocardial infarction, hyperklnetlc
circulation, intracardial Ieft 10- rlght shunt s




The way of the bolus

sup. v. cava right ventricle pulm. artery+lungs

Osszeg: 1 - 6 Osszeg: 15 - 25_ll0sszeg: 40 — 60O

Osszeq:

|left ventricle curves




Time-activity curves and
circulation times

. Bolus

1. Right ventricle
1. Left ventricle
V. Lung periphery

PCT: Pulmonary circulation time

PAT: Pulmonary arterial time

PVT. Pulmonary venous time

MTT: Mean transit time

PSI=MTT/PCT: Pulmonary stagnation
index




L Atlagos ttdSétfolyasi ids vizsgilat lelete

PECSI TUDOMANYEGYETEM ALTALANOS ORYOSTUDOMANYT KAR
Kawpontt Klinikai Radioizotép Laboratdrium

7624 Pécs, 1usig Olja 13,

Intézervezeto: dr. Zambo Katalin

FIRST PASSAGE
VIZSGATAT

BETEGCADATOK
Kadszam

Patient 1D

Birth date
Referring Ph
Height

Weight

Dosage

SZIV TRANZITIDGK

max - Z:
T(Z54) = 2.
JOB tranzit ;0 11.

Tudo NTT

MIT ~ J >B
Perflzits index:
firtérins fazis @
Uénas rézis :
firt. vénds ido

Tel.: (T2) $36-386

FPOOOS

006421140

1.26.34

VERI

- 180 cm

- 90 ky

- 550 MBq TC-99M-DTPA

PE+04 cps

1.5E+84




Intracardial left-to-right shunt

PECSI TUDOMANYEGYETEM ALTALANOS ORVOSTUDOMANYI KAR
Kdzponti Klinikai Radioizotop Laboratorium
7624 Pécs, Ifjlsdg itja 13, Tel.: (72) 536-386
Intézetvezetd: dr. Zambé Katalin

o First passage* vizsgdlat

Név CINTRACARDIALIS BAL-JOBB SHUNT Height 184 cm B O I u S ]

Kaodszam :  FPO0O1 Weight 130 kg

Patient ID : 000000000 Dosage  :555 MBq _ TC-99m-DTPA T m — O 9
Birth date : 3.27.83 Détum : 2004.03.05 aX Y5 . S

Referring Ph: 11.B. Pulzus: 120/perc

125%=5.15s

PCT=20.4s
MTT = 2755
PSI =135
Ploz1 1

- £ Poid\ At rar




Radionuclide ventriculography (RNV),
or multigated analysis (MUGA)

 The blood-pool of the heart is labelled by
Isotope (99mTc-pyrophosphate-RBC),

and study is performed in equilibrium

« Gamma-camera-computer-R wave monitor
system synchronizes the acquisition to

R wave of ECG
« EF: ED-ES/ED-BG (LAO 30 prOJectlon)
e Wall- motlon IS analysed by parametrlc

* Indications: myocardial mfarctlon
cardiomyopathy | i



A representative cycle

300-600 cardiac cycles are collected within each R-R
Interval and an average cycle is generated by computer
from ED to ED. 16 or 32 frames are made from this cycle.

Memuory




The ejection fraction curve

LAO 30 the chambers are separated well
EF = ED-ES/ED-BG (%)

Time from
R-wave
isec.)




Parametric pictures

Activity picture; the colours represent the
activity of the pixels

Amplitude picture: the colours represent the
amplitude of the change of the activity of the
pixels

Phase picture: the colours represent the phase_._j
of the change of the activity of the plxels

,,.'/'iu AV~ =1 3 3 IRty .'."_'
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VENTRICULO SZCINTIGRAFIA EREDMENYLAP

PECSI TUDOMANYEGYETEM ALTALANOS ORVOSTUDOMANY 1 KAR

Ko6zponti Klinikai Radioizotép Laboratérium
7624 Pécs, Ifjuséag Utja 13.  Tel.: (72) 326-222/1229
Intézetvezet6: dr. Zambo Katalin

NORMAL FUNCTION OF THE LEFT VENTRICLE

Koédszam: KE0351

Sziil.: 450515

Bekuldd int.: Szigetvar Bel.
Diagnosis: St.p.inf.myoc.
Ertékelte: Dr.Schmidt
Datum: 2000.10.02

SZIVKAMRA-GORBE ELEMZESE
EF:64.1 %

ES ideje: 398 ms
PER

ideje: 180 ms
seb.: -2.50 EDV/s
PFR

ideje: 550 ms
seb.: 2.18 EDV/s
PFR/PER: 0.87
Ciklusido: 944 ms
Frekvencia: 64/min
Infl. pont: 768 ms

Vegdiasziole

Lao30

e

Myii jtott fazis_ |

Fazis
CCPS

5E+06

2 SE+0h"

4]
0 0.25 0.5

Osszeqg: © - 15
Lao/0

Amplitudd.

Fazis__




VENTRICULO SZCINTIGRAFIA EREDMENYLAP

Kazponti Klinikai Radioizotop Laboratérium

7624 Péces, [fjosdg utja 13,

Tel.: (72) 326-222/1229

[ntézetvezetd: dr. Zémbd Katalin

T PECSI TUDOMANYEGYETEM ALTALANOS ORVOSTUDOMANYT KAR

POSTERO-BASALIS HYPOKINESIS

Kidszim: KE0152

Szlil,: 390606

Bekildd int.: Szip. Kh.Bel
Diagnosis: Ang.pect,
Frtékelte: dr.Schmidt
Déatum: 2000.04.18

SZIVKAMRA-GURBE ELEMZESE
FF-49.4 %

ES ideje; 278 ms
PER

ej=: TR my

seh.: -2.12 EDV:
I'I'R

ideje: 492wy

ach.: 1.93 EDV's
PFR/PER: 0.92
Ciklusidhiz 1072 ms
Fecveacia: S6'rin
Inl], pam: 821 ms

O —

-150 100 -506

Ny( jtott fdzis__

“
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TE+07 cps "

bEsok "

Lao70




kv | VENTRICULO SZCINTIGRAFTA EREDMENYLAP

3 PECSI TUDOMANYEGYETEM ALTALANOS ORVOSTUDOMANYT KAR
Kizpunli Klinikai Radioizatdp Laboratorium

7624 Pécs. Ifjusag ttja 13, Tel.; (72) 326-222/1229

Intézetvezetd: dr. Zambo Katalin

POSTERO-INFERO-LATERALIS HYPOKINESIS

Kodszim: KEMWS2

Szill.: 50.12.08.

Bekillda int.: Sagetvir Kard. Szakr,
Diagnosis: SLp. AMI

Ertékelte: dr.Lidvaros

Datum: 2000.03.01

SZIVKAMRAGORIBE LLEMZESL
EF: 325 %

ES ibzje: 378 s
PLR

ideje: 190 ms

seh: -2.53 BIVYS
PI'R

idejer 344 me

seas 134 EDVG
PIR/PIR=40L.53
Cikluside: 1024 ms
Frekvencia: S%min
Indl. peat: 803 ms

}Y&z*sh-l'\ lszfégfan




(¥ | VENTRICULO SZCINTIGRAFIA EREDMENYLAP

2 \/»/
ol )
TS PECSI TUDOMANYEGYETEM ALTALANOS ORVOSTUDOMANYI KAR
Ké&zponti Klinikai Radioizotép Laboratérium
7624 Pécs, Thisdg alja 13, Tel.: (72) 326-222/1229

Intézetvereld: dr. Zambd Katalin

ANTERIOR, ANTERO-SEPTALIS, CSUCSI
HYPOKINESIS

Kédszam: KEO156

Sziil.: 330801

Bekitkdd int.: PTE I1.Bel. k.

Diagnosis: DCM

Ertékelte: dr.Schmidt

Détum: 2000.04,19

SZIVKAMRA-GORBE ELEMZESE.
EF:28.54%

IS “deje: 346 ms
PER

idzjez 193 s

seh,; -1, A0 DV
PFR

idzje: 433 ms

seh,: L33 BV
PFRPER: Q.27
Uiklusidii: 832 ms
Frekvenacia: 72'min
Intl. pani: 639 ms

Lao70




VENTRICULO SZCINTIGRAFIA EREDMENYLAP

PECSI TUDOMANYEGYETEM ALTALANOS ORVOSTUDOMANY| KAR

Kozponti Klinikai Radioizotop Laboratérium
7624 Pécs, Ifjusag Utja 13.  Tel.: (72) 326-222/1229
Intézetvezetd: dr. Zambo Katalin

HUGE PARADOX WALL-MOTION ON THE
APEX

Koédszam: KE0100
Sziil.: 240308

Bekiildd int.: Komlé Bel.
Diagnosis: 1SZB
Ertékelte: Dr.Schmidt
Datum: 2000.03.16

SZIVKAMRA-GORBE ELEMZESE
EF:25.2%

ES ideje: 270 ms
PER

ideje: 137 ms

seb.: -1.60 EDV/s
PFR

ideje: 392 ms

seb.: 1.26 EDV/s
PFR/PER: 0.79
Ciklusidd: 592 ms
Frekvencia: 101/min

Amp L itudd 2o 0L

Lao30

Osszeq: 0 - 15
Lao70
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The principle of the SPECT

a detektor patient

mozgasiranya
The detectors whirl around the patient and
makes pictures from different steps.
The transversal, sagittal and coronal slices of
the organ are reconstruated and reorientated by
computer program.




Myocardial perfusion imaging
In rest

The myocardium is labelled by radioactive agent:
- 99mTc-MIBI, 99mTc-tetrofosmin: mitochondria
- 201Tl-clorid: Na-K pump
Reconstruated and reorientated slices are created

from the left ventricle by SPECT or SPECT/CT
(attenuation correction)

The impairment of the myocardial perfusmn |s
Indicated by decreased activity or Iack of the'-’fif%‘
activity Gl

Indications: myocardial infarction



The slices of the myocardium
made by SPECT

Arch ol aorla DU Morary ananeas




The transversal, sagittal and coronal
slices of the myocardium

PTE AOK Kozponti Klinikai Radioizotop Labor

Slice Thickness: 1

Short Axis
ANT

. ® © 9O 9

s
E
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Enlarged left ventricle,
Increased background

PTE AOK Kozponti Klinikai Radioizotop Laboratorium

Slice Thickness: 1

Short Axis
ANT




~ Septal-basal hypoperfusion
+ right ventricle

Polar map: short-axis

circumferential profiles for
guantification of tracer uptake
In percentage of the reference




Septal + infero-septal + antero-septal
hypoperfusion

Birth date

Study Id

St. date

Img. Id

Septal > Lateral




Stress/rest myocardial perfusion
study

Physical or pharmacological stress
(Dipyridamol) is applied

The isotope is administered at peak of the
stress » SPECT-imaging

Rest SPECT-imaging Is on the same day (TI)

or one day later (Tc-MIBI) e
Reversible |schaemy stress/rest mlsmatch




Normal myocardial perfusion

PTE AOK Kozponti Klinikai Radioizotop Laboratorium
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CAD In the infero-lateral wall

PTE AOK Kozponti Klinikai Radioizotop Laboratorium
29 3 24 2é ] 23 > 22
T 2% 29 3 31 I 33 34
i O © . 0O -PD-P. B9

CEqual

b > DO PE

333-'3-

. o 4 ( 0H 6
l,f,fz ‘.f*f‘»

Top Study Short Axis Vert Long Axis Horiz Long Axis
oo gqtggn;tuqv“(o‘ menimen T meninby 4 »




Apical and antero-apical
transient ischaemy

e Thicaness

$hort Run

Morz LN
APEX

28 N

BASH




Transient ischaemy in the
basal part of the septum




L

~ Infero-basal transient ischaemy
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‘Hudge infero-lateral transient
ISschaemia

4’2] File Database SPECT Display Tools View Window Help
y 7 ant

sep © lat

post

MEDISO InterView ® v. 1.85.6 - [Stress+Rest Large]

apikal —> basal

Short Axis

post

septal —> lateral

Vertical Long Axis

Normalize

sep ' l lat

anterior —> posterior

Horizontal Long Axis

[v' Polarmap

/' Show labels

Close




Polar maps, profil-curves

MEDISO InterView ® v. 1.85.6 - [PolarMaps]
Database SPECT Display Tools View Window Help

100 % Ant. lSep.

.05.11.10:10:17

[MT0228
ViewlD:  [REST_DH
Date:

119/29.1%

93%<50% Rest-Stress
Anterior—> Pos
« | » | Reset| Show.| [ Hideselected
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Polar maps of reversibility
(Emory toolbox)

Polar Plot Display - The Emory Cardiac Toolbox(TM) - Copyright 1998

File Options Extent/Mass Estimated Viability S8S
Parameters | Slices fSPECTive(TM) | Functional Analysis | Summary Page | Save & Exit

Normal File: Female - 2 Day Sestamibi Distance Weighted Polar Maps

Stress Tc RestTc Reversibility
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3D (three dimension) imaging

Reverse

Blackout
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Quantitativ evaluation

Estimated Viability Display - The Emory Cardiac Toolbox(TM) - Copyright 1998

File imated Mass (ungated)
Parameters | Slices | PolarMaps | PerfSPECTive(TM) | Functional Analysis | Summary Page & Exit

Naormal File: Female - 2 Day Sestamibi

Stress Tc RestTc Defects are 0 % => Threshold %

50
4
Threshold Percentage

ESTIMATED MYOCARDIAL MASS (Rest) = 16lgm (from the UNGATED data)
Def 1 Def 2 Def 3 Def 4 Def S5 Total

Rest Defect:

Estimated Mass
Percent of Myo

05257282 5/16-2006 Ready. ..

19gm
12%




Report

File Options Slices Polar Maps PerdSPECTive(TM) Functional Analysis Summary Page Save & Exit
lf;_-]Summary Page - The Emory Cardiac Toolbox(TM) - Copyright 1998 g\l@
File Parameters PTE OEC AOK/ Kdzponti Klinikai Radioizotop Laboratorium

T Patient: ID: 052572829 Age: 77  S¢
A Study Type: 2 Day Sestamibi ~ Study Date: 5/16/2006

Meeistratch oo | ? [
PerSPECTive(TM) _
r 4 4

() (¢
TID Ratio: 1.04

o O 0O )

Functional Analysis

Save & Exit
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Scoresanterior

052572829 57/
' Inferior

Scores: O0=Normal 1=Equivocal 2=Moderately Reduced 3==Severely Reduced 4=Abg
Summed Stress Score: 15 Summed Rest Score: 7 Summed Difference Score: 8
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fix perfusion defect (scar)
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Inferior, infero-septal, infero-lateral
fix perfusion defect (scar)

100 % Ant. Sep. Post.

Procedure: {Cardiac Stress
F:.
Study 1D 1:

Image ID 1:

Acq. date 1:

S D 2:
Image ID 2:

Acq. date 2:

1204157

PR T AR S 1
RPTT r .4-!"‘ =
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Reverse perfusion: is impaired in rest

 DPD - ,,steal” mechanism
« X syndrom, myocardial ,,bridge”

100 % Ant.  Sep.

Anterior——> Posterior




Gated examination:
guantitativ evaluation of thickening,
global and regional EF

ntours ED ES Blur Smear Gate Spin 3D Function Extent Grnd Walls

MI MIOC MIBI 1D
View ID PROC GS-ESF
Date 09/25/2001 12:06:31
Matrix 64x64
Slices 25
Intervals 8
Mm/Vox 647

Volume 69ml [1]

EDV 71mi [8]
ESV 29mi [4]
‘ 42mi

59%

Volume (ml) / Interva

Surface Both




Equipments Ill.

- SPECT/CT (Single Photon Emission Computer
Tomograph) + CT hybrid: multimodality, fused imaging




~ Myocardium perfusion SPECT/CT study
In female
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~Influence of attenuation correction of the
anterior wall in female

Basic

tress:

YiewlD: Ei Reconstructed
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~Influence of attenuation correction of

- theinferior wall in male

SPECTI/CT vs Conventional SPECT
. 385 |0 male paﬂent—Short Axls

jn fﬂ j“ﬂ ff'a rfﬁ Jfa Stress corrected

Stress uncorrected

lo n p n n:n .rf_'\

f'.l’ i

Rest corrected

0 ;9 ;9 ;9 }“9 !’9 f’@

Rest uncorrected




3D SPECT/CT imaging:

stenosis of circumflexa

hypoperfusion in the'}:_'

apical part of theleft
ventricle ... .



3D SPECT/CT Imaging:
stenosns of proximal part of the LAD
~m=m) antero-basalis hypoperfusion

B R B R T P Mot I8 P T s o Ty N
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3D Volume 2

Stress MPS' -3D

VYolume Rendering HNo cut

Non GE image
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3D Yolume 2
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Viability examination of the
myocardium

* When similar fix defect is found in stress
and rest situation (scar, hibernated, stunned
myocardium) to assess the possibility for
succesful revascularization. |

« 201Tl-chlorid has a specific remstrlbutlon 4
pattern after 3-4 hours in rest, which
depends on the wash-out from the myocytes
- After the reinjection the activity of the - ;f
myocardium depends on prlmarlly the
perfusion by the coronary arterles




_____ Function _ Perfusion _ Metabolisme
+ Stunned

e Hibernated

Reversibi

» Necrosis
(scary




Viability examination by 201Tl-clorid:
stress-redistribution

STRESS
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STRESS
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< APER

BASE
REST

CEqual
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Bottom Study @ sl k] . S (S i oo P 3%




Viability examination by 201Tl-clorid:
redistribution-reinjection
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~ Viability examination by 201Tl-clorid

stress redistr. reinjection

Thickness !

Gado Andras Gado Andras REST Gadeo RAndras REST
STRESS CEgqual™

Ciquai™

Shott Anis
ART

S L

E ’ A

D

T
I'%F
Vert LA
ART

B A

Al s P

5 2 = E

g & x
I NF
Borz LR
APEX

-agmwm
g
- >

o) o g ) 5
R P St it 2 )

7Y 5}
T AL TGS




+Beta (positron) radiation
- t0oo many protons are in the nucleus

- Its life Is very short, when it slows down, it
combines with a normal electron in a
process known annihilation, which
destroyes both the electron and positron
and produces two energetic photons each
with 511 keV

- they are used for PET examinations |
- Isotopes with ultrashort half-life (11C 150
13N, 18F)
- e.g. 18Fluor-FDG to study the metabollc
changes of the heart, the braln and ther
various tumors e




Equipments Ill.
PET/CT (Positron Emission Tomograph/CT)




The principle of the PET

Preprocessing Evaluation,
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M Annihilation gamma
photons
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PET study
MIBI-FDG

,mismatch”
1 V|ab|I|ty of
- myocardlum
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metabolic '
,match”
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scar i

»
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The coronary
angiogram was
acquired using CT,
while the surface of
the myocardium is
coloured using the
data of the ammonia
PET stress perfusion
scan done during the
PET-CT examination.
It can be clearly seen
that territories in the
distal LAD region are
blue, which signifies
reduced stress
perfusion.




SPECT/MRI
fused
imaging




Differential diagnhosis

Intracardial left-to-right shunt, chronic cor
pulmonale:

- ,first passage” study
Acut myocardial infarction, myocardial scar,
cardiomyopathy:

* rest myocardial perfusion study

- radionuclide ventriculography (MUGA)' o
Pectoral angina, coronary artery disease:

 stress/rest myocardial perfusmn study
Viability before revascularization:

« glucose metabolism by PET/CT







