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Imaging techniques
Morphology  Physiology Metabolism Molecules

X-ray /| CT

MRI

fMRI -
Ultrasound o
riyorichinlefirie)t SPECT/CT, PEI/CIT, (R ET/VIR])

iy



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
different type of radiation (oc [3
+B, y) comes out from th e
nucleus. -




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. el
- The behaviour of the dlfferent radloactlv;e :




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 diagnostics
- 9meta-technetium (arteficial)
- using the radioactive materlal as a tracer
(Hevesy Gyérgy 1923) - .




The equipments I.

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




Structure of the gamma-camera

GAMMA -RAY CAMERA

POSITION

= PULSE
POLAROID
HEIGHT .
CIRCUIT CAMERA
ANALYZER

OSCILLOSCOPE

19 ‘ DIGITAL PICTURE

PHOTOMULTIPLIER | ARE PRINTED
TUBES ‘

DETECTOR
COLLIMATOR

PATIENT /-L‘O_J :\\

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.

TOP VIEW OF CAMERA




The equipments Il.

- SPECT (Single Photon Emission Computer Tomograph)
- SPECT/CT. multimodality!




The principle of the SPECT

a detektor patient

mozgasiranya
The detector whirls around the patient and
makes pictures from different steps.
The computer program reconstruates the
transversal, sagittal and coronal slices of the
organ.




Radionuclide studies

- are based on the function of an organ or
an organ system
- are easily performed
- need no any premedication
- are not associated with any morbidity
and complication, have only mlnlmal
risk Gl
- are very sensitive, but aspecmc
methods -




Method

- gamma emitting Isotopes, which are
detected outside

- carrier molecules, which paricipate the
function of the examined organs

- together: radiopharmacon

- they are usually administered mtravenously
In steril physiological NaCl solutlon '

- various delayed times before the
examinhations o

- imaging by scitillation detector




Nuclear medicine methods

- Static examinations (scintigraphy):.

- an optimal time-period after the subject
administration is delayed and several photos are
made of the organ from different directions

- Dynamic studies: .

- a frame- serle IS stored |n the computer from the,,,;




Static studies

- Negative scintigraphy:
pathological decreased activity
or lack of the activity
(focal defect)

- Positive scintigraphy: .
pathological increased act|v1ty
(hot spot) .




The lungs in the chest

Pharynx

Trachea

Right
lung




The lung and the heart
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The pulmonary vasculature
~and the bronchial tree




The pulmonary vasculature

Pulmonary

Distribution
¢ arteries
Connector artery g - (80220 pm)
(125515 pm) e 3

=

Precapillary
arterioles
(25%10 pm)

\ Alveolar
-——— capillaries
(8.2 21.5 pm)

Fig. 3.1. Anatomy of the pulmonary vasculature. Distribution arteries arise from the con-
nector arteries and precapillary arterioles branch off the distribution arteries. The in-
tricate capillary network connects to the pulmonary vein via venules. (Reproduced by
permission of the Society of Nuclear Medicine).




Zones of the lung

ALVEOLAR

Pa —\ PV

ARTERIAL

VENOUS

ZONE 3

Pa~ Py Pa
L— — BLOOD FLOW—»

Fig. 3.4. Zones of the lung. Because of the relationships among alveolar, arterial and
venous pressure, blood flow is greatest in zone 3 of the lung and least in zone 1. (Reproduced
by permission of the American Physiological Society)




Lung
segmental
anatomy

Right medial view
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Pulmonary studies

- Perfusion lung scintigraphy:
shows the accurate assesment of the
regional perfusion of the lung

- Inhalation or ventillation exammatlon
shows the distribution of the mhaled
radioactive gases or aerosol




Perfusion lung scintigraphy

- Injected subject: 99mTc-macro-albumon
- with mean particles size of about 30 pm
- blocks the precapillary arterioles, but
only less than 0.1 % of and this is not
permanent

-Administration: mtravenously In Iymg 7
position (because of the perfusmn zones
of the lung) i ; i

- Study can be started lmmedlately '




Indications of the perfusion scintigraphy

- Verify the pulmonary embolism
(couple of the chest X-ray!)

- Evaluation of regional lung function in
patients with lung tumor before the
operation

- Evaluation of regional lung function in
asthmatic and obstructive Iung dlseases

- Assessment of regional Iung functlen -
after the therapy e



Normal perfusion lung scan




Perfusion defects on the lung scan




Therapy: thrombolysis

Indication: great perfusion defect on the
scintigram, at least the half of the lungs
+ negative chest x-ray

Contraindication: tumor, metastasis or
infiltration on the chest x-ray

previous operation or punctio
hemorrhagical diseases .
Streptokinase, Uroklnase Actyhse
infusion ‘

it can be repeated in eve'r':y;’d ay




Therapy of pulmonary embolism

Before
streptolysis

One day after
streptolysis

Two days after -_
_streptolysis




Inhalation study

- Inhaled subject: 99mTc-DTPA aerosol

- The examination can be started immediately

- Indications:

- pulmonary embolism
(with perfusion study: ,mismatch”)
- lung tumor el
(with perfusion study: ,,match” )

- obstructive lung diseses L
accumulation hot spots in the centr«al'"'
bronchii i

P rne
Lt £



Ventilation study

81m-Krypton: from 81-Rubidium
generator, T 1/2: 13 s, energy: 193 keV

133-Xenon: T1/2: 5.2 days, energy: 80
keV, during 3-5 minutes = equilibrium

127-Xenon: T 1/2: 36 days, energy: 172
203, 375 keV ;

Technegas: 99mTc-DTPA is vapourlsed

in argon atmosphere on grad 2000- 250! .
Celsius = behaves as a gas Wlth O 05
0.5 ym particle size o




Radioaerosol delivery system

1 - Nebulizer

2 - Air supply

tubing onooEnanenestarmaenoaoenodil_I
. SR R DOU O OUDG OO0

SUUUULLRSUOGUULY

3 - External
loader

4 - Reservoir bag

I fyla) Lpdd f g 08

5 - Valves

6 - Mouthpiece

(| ORI

70 L L LT

7 - Filter trap

8 - Lead shielded
box

-+

Bl *°mTc aérosol inhalé m *°mTc aérosol exhalé
Inhaled 99mTc aerosol Exhaled 9" Tc aerosol




Pulmonary embolism
(mismatch)

RPO

NA4d4dd

NOI
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Pulmonary
embolism

Perfusion
scintigraphy

Inhalation
scintigraphy




Obstructive
bronchitis

Perfusion
scintigraphy

Inhalation
scintigraphy




Central tumor in the right side
(the lung is in the chest, but no any perfusion in the lung)




Bronchial carcinoma

RPO
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Periferial tumor
In the right lung

The activity of the lungs:
Both lung: 17216 cps

Left lung: 48.3 %
Right lung: 51.7 %

Left upper lobe: 2597 cps
Lingula: 2307 cps

Left lower lobe: 3766 cps
Right upper lobe: 3594 cps
Right middle lobe: 2423 cps
Right lower lobe: 3211 cps




Adenocarcinoma in the upper lobe
of the right lung
Pulmonary embolism in other localization?




Fom

" No embolism in the right side!

o -

SPECT/CT




No embolism,

BUT metastasis on the left side!
SPECT/CT




Specific examination of
pulmonary cancers

111In-octreotide (SSTR 2,3,5) and 99mTc-depreotide
(SSTR 2) binding to the somatostatin receptors which
are overexpressed on the surface of the tumor ceIIs
are suitable for the diagnosis




Transverse
ANT

R

I

G

H
POST

Sagittal

HEAD

P

0

S

T
FEET

Coronal

HEAD

R L

I E

G F

H T

Adenocarcinoma in the right lung
by 99mTc-Neospect

SPECT imaging
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Adenocarcinoma in the right lung
by 18F-FDG

PET imaging




Adenocarcinoma in the left upper lobe
by 99mTc-Neospect

SPECT imaging
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Adenocarcinoma in the left upper lobe
by 18F-FDG

PET imaging




Operation of lung carcinoid
on the right side,

metastasis on the left side

Whole body scan

CT SPECT SPECT/CT

-




Carcinoid in the left lung

Whole body scan

SPECT SPECT/CT

g g,




The gallium67 scintigraphy |I.

There is an isotope, which are
binding aspecifically to the
transferrine receptors of the
tumor cells are found on their

surface.
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The gallium67 scintigraphy Il.
Indications:

- the localization, evaluation and follow up
of patients with neoplastic disorders such as
Hodgkin’s and non- Hodgkin’s disease, soft
tissue sarcoma, bronchogenic carcmoma
melanoma and hepatoma e
- sarcoidosis of the lungs
- the detection of focal mflammatory processes
abdominal abscesses, osteomyelltls L
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Anterior view and SPECT imaging of the chest
Dg: Non-Hodgkin disease after radiadion
+ recidiva in the opposite side

N

lung
manifestation
In the

left side
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+Beta (positron) radiation

- too many protons are Iin the nucleus

— Its life Is very short, when it slows down, it
combines with a normal electronina
process known annihilation, which
destroyes both the electronand
positron and produces two energetlc
photons each with 511 keV =

— they are used for PET examlnatlons_-f"? -

Ayt
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The principle of the PET imaging

Y
Gyurudetektorok

a betegbol

El6feldolgozas Ertékelés,
nyomtatas

Annihilation

photons  ~_

———— Positron-electron
annihilation point

Positron
trajectory

— Positron emitting
nucleus

/
Probe molecule
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Bronchogenic
carcinoma

by 18F-FDG
PETIC




FDG avid lung metastasis and
FDG negative benign tumor




FDG avid adenocc in the right lung
and 2 benign hamartomas in both side
by 18F-FDG PET/CT
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sFirst passage” study

- The radioactive subject: 99mTc-

DTPA (rapid movement from the

nody through the kidneys) o

- Fast dynamic through the heartand
the lung .

,,Bolus” of the |nject|on E |mportant -




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

Right ventricle

PCT

ps ﬁ cb— ~ —————ap,

; E Left ventricle
PAT PVT |
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Atlagos tudSétfolyasi ids vizsgdlat lelete

PECSI TUDOMANYEGYETEM ALTALANOS ORVOSTUDOMANYT KAR

Kawpont Klinikai Radioizotép Laboratdcium I h
7624 Pécs, [Gosag o 13, Tel: (T2) 536-186A e r e p O r
Intézervezeto: dr. Zambd Katalin
BETEGCADATOK
Kaodszim FPOGOS | n ™
FIRST PASSAGE Paticnt 1D 006421140 t
VIZSGALAT Birth date 1.26.34 eX I ' I I n a. I O n

Referring Ph VERI

Meight - 180 cn

Weight - 90 kg

Dosage : - 550 MBq TC-99M-DTPA

PE+04 cps

1 .5E+84

SZIV TBANZ ITIDGK

max : 2.10

T(Z52) : 2Z.10
J-OB tranzit @ 11.70
Tudo WNTTY : 0.25
MIT - J >B 8.7
Perflzits index: 1.60
firtérifs fazis @ 4.20
Uénas Fazis : 7.98 =
firt.vénds ido : 9.56




Bone scintigraphy .

- Bone tissue has high activity for the
intravenously injected phosphate agents
(99mTc-MDP). The effectivity of the
Incorporation depends on the blood supply
and on the calcium and phosphorus |
metabolism of the bone.

- The method iIs very sensitive, which becomes
positive in the earliest stage of the bone =~
disorders. The increased bone. metaboltsm%




Bone scintigraphy ll.

- Injected subject: 99mTc-phosphate
(MDP, EDP, Pyrophosphate)
Intravenously

-The study can be started after 2-3 hours
(slow metabolism) =~ =

-Important: rich fluid input! =



Indications of the
bone scintigraphy

- Metastases of the bone (mamma cc.,
prostatic cc, lung cc., malighant
melonoma, and so on)

- Primary bone tumors

- Osteomyelitis, other mflammatory
diseases

- Fractures (pathologic and stress
fracture) :




Normal whole body bone scintigraphy




focal hot-spots in bronchial carcinoma
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WBB

Hot spots in the
lumbal spine:
degenerative or metastatic
lesions?

CT SPECT SPECT/CT
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