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Education in medical imaging

1. Semesterc 2credits 1/1 (hours/week,SeminarsiLectures
History of imagingndbasic technical informatio(S,L)

RadioprotectionS)
Nuclear medicingS+L) diagnostic procesand methods
EBM in imagingS) TEST andxamination
2. Semesterc 2credits 1/1
Radiology - classical Xay Comparison
-CT and indication of methods
- MRI newtrends

- other methods TEST andxamination

We use case reports to explain diagnostic validity of metnudiwe
Airact chmnw how the technolooys \waorle
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History of imaging

First, part of a human body imaged (paint) was HAND



X-RAY

8.11.1895¢ Wilhelm Conradv | y (i db&wred Xaysduring
hisexperiments with cathode tube he obtaiirst X rayphoto

[Medicine start to use TECHNOLOGY for IMAGING }
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1896- discoverof radioactivity¢ Becquerel &urie
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Maria CurieSKddowska /.~
18521908 (she die foceukemi

Antoine HenrBecquerel
18521908

In 1896 Becquerel studied uranium tluorescen¥éhenphotographic platevith

uraniumsaltswasclosed3-dayin the table - . Together with theCurieansthey
discovered natural radioactivity. In 1903, they received the Nobel Prize for Phys
Maria Curig{ { O 2 R thada ghémical analyzes of smolder froth O K &nd2 &
discovered two new elementsPolonium and Radium. 1911 Nolsize Chemistry

becquerel - Bq [s] = 1 decay / 1 second
More usefull unites 1000 Bg = 1 kBq, 1000 kBg = 1 MBqg, 1000 MBqg = 1 GBq



1929- cyclotron productlon of radioisotopes
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First model of Lawrence
% CYCLOTRON
i was made of wire and sealing wax
and total cost for it was around $ 25.
And it was working: When Lawrence
iIntroduce
2 000 V into his model of cyclotron,
he obtain 80 000 volt beams rotating
UR]  around center.
l ‘\\ | In 1934 he obtain patent on
o cyclotron.

uthful enthusiasm in the young science.. ]

In 1939 Nobel Price for physics &5




1932- the principle of how to monitormetabolism

Gy ° rKg8yr tlewesy(1885-1966)
father of NUCLEAR MEDICINE

He was first who use of isotopes
to study biological systems

1943 - The Nobel Price for Chemistry



1933- radioactive isotopes can be usable in humans

[The success of hard, collective work and family tradltlon }
Fie

Whenthey appliedalphairradiation
(from poloniun) onaluminum
appearedin 1934 induced or artificial
radioactivity,

Created first artificial radioactive 193_4 Fr _e d e_r i C a |
element phosphorus-30 Joliotovci - Curieovcl

Positron produced in laboratory -Daught er Mari a

1935 Nobel prize for Chemistry Artificial radioactivity



Thyroid gland NM imaging - HISTORY
1939 311 Discovery

In the spring of 1938, Dr. Hamil- .
. ton asked Dr. Seaborg if he could = f‘ 3l T .

Joseph GilberHamilton, MayoSoley i sctope of iodine with s

“half-life of “about-one weék.” Dr. ~ |

and RobleyEvandirst published Work - jax Livingod prepared elurum

targets which were bombarded by

on the use of iodind.31for the deuterons and neuttons at the |
cal separation, Drs, Seaborg and

diagnosis of patients. Eivingood discovered 1 (5 day
half-life). o
Group of Berkley, California, USA et i v i wing

'] and a Geiger-Muller counter.

IntrOduced the fIrSt C||n|Ca| Below: Dlseaseu‘diy:giréos:;hls ?adepodimblebgattersysfﬁthe t}:nleanat:on of
. . . . activity in the e first studies were done e Berkeley team in

examination of thyroid function e

accumulation test of thyroid T~ I R

1941

apply to the patient the 1%
first therapeutic dose of radioactive &.J
lodine-130. |




1940 Ultrasonography, USCGc echograph

Ultrasonic energy was first applied to the human
body for medical purposes liyeorge5 | NA y 3

Ludwig M.D. at the Naval Medical Research Institute,
Bethesda, Marylandl9221973
1958 ¢ usage ultrasound in gynecology and obstestric

1960s¢ cardiology
1980sc¢ enormousdevelopment started with use of modern computers

Such a change ifbyears~
during the length of humabhfe.

2015



1942the first nuclear reactorto produce
plutonlum and the Manhattan project

natural uranium contain®.7%%3U and99.3%
2381. For decay of urnium is necesaf§d > 2.5%

The firstnuclear reactorwas built at the
stadium in Chicagq@USA. Directedby
EnricoFermi The main objective was t._.
master the uraniuri235digestion and .
to prepare Plutonium for atomic bomb
B production.
) Firstuse of Hiroshim#&/ 8/ 1945
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Production ofradionuclidesc nuclearreactor

M _

99Mo - 68 h - °°*MTc-generator
1311 - 8 d - therapy v NM

Used to bomb the target
for the production of radionuclides (°°*Mo)

— moderator
[grafit, vodni kanalky)
| stépny material
23|, 239Py; (B8U, 22Th)...
hT— (palivové clanky)




194 7first radiopharmaceutical

GeorgMoore first used the labeled 31l-diiodofluorescein molecule as the
"marker" to mark the brain tumor during surgery. The basis for the formati
of labeled compoundsradiopharmaceuticalandradionavigatedsurgery:.

Radiopharmaceuticals are pharmacological agents to be used in the
diagnosis or treatment

Theymust havegoodpharmacologicabnd radiationproperties.

Each containing a radionuclide, as most often coupled to various chemical an
biological components

TRACER TARGET
(MABKER) molecule, cell
RADIO PHARMACON
<

Starts to use new termMOLECULAR IMAGING



1966 production of shortlived isotopesin NM dpt.

privod elucného
roztoku

kolonka

absorbatora
oloveny kryt

T porceldnovy
filter
vytok L
eluatu

t:_‘_s,.-.j
N

radionuclidegenerator

IS a device for the preparation of shortterm emitters directly at nuclear
medicinedepartment Decayof the mother elementwith longerhalf-life, to a
daughterproduct¢ radionuclidewith a very short physicahalf-life.

mother (F1/2) daughter 6 CM K H U t 21 VI Y|
Mo(67 h)-  "Tc(6 h) Technetium 85% RF Tc- *Ru
8Gg271d)}  %8Ga(68 min) Galium radionuclid for PET 113n
81RK(4.6 h) - 81mKr (13 s) Krypton - ventilation 81Kr

195Hg(41 h)-

195mAY(30.5 h) Gold- angiography



Synthesif radiopharmaceuricals

18F-FDG synthesis occurs in specialized automatically protected in the
lead-shielded sterile boxes.

= @,,/;-':— —
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.

For each type of
- radiopharmaceutical
3 \ we use another kit in
A the form of
cassettes.




Developement of imaging methods in 1960

Comes a beautiful 60-ies
2000 In the art was running OP-ART
Y Br i Ritpein 1961
1990 Symbol of next digital age ...
Computers have about 15 years,
Semiconductors was 10 years old
1980
Diagnostic imaging looks like this
diagram.
1970 And computers starts to have the
______________ M W RN N M potentalto change everything.
1960 computers multidetector |
A
1950[ sonograph }
graphy [tomo 2ohv | [Gamascanner ]
1930 NMR 91 DI f

~N

cl*assic X-ray radiology

|

E J. L e p-&E Slovakia M



1963 The Principle of Emission Computed Tomograph

David EdmundKuhl(19292017) as a student at thiMF
Invented in1954- a recording systeno detect the
distribution of radiopharmaceuticals.
Betweenl959and 1963 the singlephoton emission
tomography(SPECT) construction, which later led to
the improvement of PET and the discovery of CT (CT

-
Father of the emission computed tomography(SPECT PET)



GAMMA RAY -

It is emitted from nuclei to the
excess energy of the previous
transformations. The most 3,
commonly used is 99mTc. . “a

Photons are registered by gamm
camera detectors

SPECT/CT B — =



1968 Positronemission tomography

POZITRON RADIATION

Is emitted from nuclei which have excess of
protons. The transform into neutrons to release
a positron with (+) charge. A positron is the
antiparticle of the electron after meetinge
with him there is

ANIHILATION transformation the mass on

two quanta of gamma ray$11keV.
These are registered using a coincidence
detector ring PET

,,,,,,,
¥




1971 - computerised tomograph{CT)

Sir GodfreyHounsfield(1919¢ 2004 developed of the

first CT device.197/ Nobel Prize for Physics.
The coEMIhas invested profit from the selling recordSEBEATLE:!

A B et ) '
First CT from EMI company in 1972



e A0 NE agonance imaadinm

QY Ty Raymond\/ahanDamadian(1936) IS

- BN \/ conS|dered thdather of MRI- magnetic
o AL/~ resonance although he has not received
A == ‘; 4 the Nobel Prize!
NG ¢ —8 The Nobel Prize in Physiology and Medicine

,o-

2003for research into imaging using MR was
given to PaulLauterburand Sir Peter

s

1

== | Mansfield
= = The first commercial equipment began to work in
1 1980 A typical MRI image of the head.
. 3 ® N Q
0 OKO MRI Scanner Cutaway
P e 2
e " 7 Pati
< ‘ e
NUCLEAR IND / ;%‘E_ e
APPARATUS & DISPLAY 7 (JN




ARTEFACTf/oblems imagingby MRI

Significant destruction of the image can be caused by metal
splinters




Differences betweei-ray, CT andVRI

e Projection (only)
e Bones bright
e poor tissue contrast

Meike Roth

e Slices
(only transversal)
e Bones bright
e moderate tissue
contrast

e Slices

(any direction)
e bone marrow bright
e nice tissue contrast

22



Differences between MRI imaging techniqu

Low gradeAstrocytoma




2000 Hybridy: PETSPEQTa pripojenieCT skener:

CT detectors (Xe)

Ron Nutta DavidTownsendo 2 f Ay 2 Y abja2rakli2pQov y I
Y S R AD N VIS 1 Zwmudzaﬂﬁmera v ktorej sa dva boky BG
RSGS1 G2 NP J paziénta@d Clkener 8af 12 © R tmBRdzilblbkmi

detektorov
bl NRIT RASEt 2R
|- £

, t 9
2t 6l ag LRYI 2

)2 ‘[IYSNJ- {t9/ ¢ Y
2

8 f LI OASY dl o

¢
1



{ tBeghtiew (Rhillipg 2012 KE

\
< Y IS 4
eries: 178 / Slice: 1 v
B




PET/CT Biograph m€&molecuar CT (Siemens)



PET/MRI




Developement of imaging methods 2018

2010

000 — MRI [ PET
1

1990 Digital x-ray

1980 MR

computers

sonography
PSS tomography
1930 ‘ NMR tomography

classic X-ray radiology

1900

Gama scanner

X-ray tube

detector

41




Institute of nuclear and molecular medicine
Area and detection capacity of our institution

23%population SR 3,5milion
18%detection capacityGK

There arel2 Nuclear Medicine Departments in Slovakia. and pink
marked are andyellow are private We have3 therapeutic clinics
OYFNJ SR a 6KAGS OANDESa0v Ay . N
In our region (light) represents abo28%of Slovakia and thdetection
capacity(GK detectors) is approximatel$$%. B 1 PET/CTer 800 000



Institute of nuclear and molecular medicine
K o g Ii 8rd therapeutic unit in Slovakia




I-131therapy of thyroid carcinoma

Container for
application of
-131

s

W ©

Some specidechniques (application of high therapeutic doses
of iodine-131..) which students cannot see, we show by the short video:



Institute of nuclear and molecular medicine

Ko g IT 8rd therapeutic unit in Slovakia

At the therapeutic department we hav&double rooms andb single
rooms All are above standard (HDTV + WIFI + separate bathroom
"Included".

specialradiohygieniacconditions are essentidiVell-cleaned surfaces
and barium plaster on the walls




Institute of nuclear and molecular medicine Ko g Ii c
3rd therapeutic unit in Slovakia

Entrance intal-bed patients room. Special toilet with vacuum syste



The ecologic radioactive waste elimination

ROEDIGER vacuum decontamination system. 5 large tanks with a capacity of 25
meters (2x2, 5m). After the filling (about-800 patients) tanks are closed for 128
days. Radiated after the check samples and subject to the strictest standards car
discharged into the public sewer system. Daily capacity max.7p&d./ Day
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Radiumwassuper hit after its discovery. Until it became known as alpha
radiation actually marked effects on human organism...




1896a1902The first radiation damage and t

onset of radiation protectlonFP)

27.1.1896- Grubedescribed thaadiodermatidisof
his hands after work with radiation. By the end of theg
year there were23 casesThereforerecommends
patient shielding lead.

1902- W. Rollinsdefined a safe level of-bay
radiation (Can noX-ray film exposed/ minutes) that
corresponded tdoday's90 mSv per day!!

100mSyv /5 years is current professional dosémit.

International RadiationProtection Organizations ===

ICRP InternationalCommission on Radiologidalotection & % & |

UNSCEARUnited Nations Scientif€ommittee orthe B '

Effectsof NuclearRadiation

|AEA- International Atomic EnergyAgency 11
+ LRublic HealttService(National authority in Slovakia)®™ 3 '




PROTECTION BEFORE o We[ SLI®
EXTERNAL IRADIATION 2r r;‘;f,%
A. DISTANCE l |
B. TIME .\
C. SHILDING l /
/

MONITORING




Irradiation pts. from medical sources

o year limit Radiation therapy 100

10

. . mSv
Invasive radilogy

> 20

MIBI heart 10

99 -
CT head MTc-tektrotyd

Lumbal spine Pulmonary pefusion

Pulmonary ventilation

¥ Reducing the radiation dose 0.1
CT and SPECT examinations using ’
new detection principles antb
stops to examinations with higher

Tooth x-ray radiation 001

Thoracic spine

Skull x-ray
Chest x-ray 0,04

Cormack, J., Towson, J.E.C., Flower, M.A.: Radiation protection and dosimetry in clinical practice. In: Clinical nuclear medicine 1998, <



Education in medical imaging
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Diagnostic process iradiology

WHAT? WHO? HOW?

activity profession metods for quality control
1. INDICATION of Clinician / M.D. solving diagnostic problem
EXAMINATION ~~~ demand letter for actual
2. ORDERING his NURSE diagnostic problem + date
3. PT PREPARING NURSE /NM staf\> iInformation to the patient
4. CHOOSING of [ M.D. of NM study of pacientEks data
the METHOD (physicians) disscusing about the method
7. DETECTION TECHNECIANS (T)/, QC - gamacamera (physicist)
8. DATA ANALYSIS | PHYSICIST /T QC - steps of examination
QC - of the images / results
9. REPORTING M.D. specialist NM clinical seminars | case rep.
10. SENDING Administrative ~ > comparative studies I‘
11. INTERPRETATION Clinician/physician dealing with diagnostic prablem
12. USE of the RESULT for management of diagnosis or treatement



Diagnostic process in nuclear medicine
WHAT? WHO? HOW?

activity profession metods for quality control
1. INDICATION of Clinician / M.D. solving diagnostic problem
EXAMINATION ~~~ demand letter for actual
2. ORDERING his NURSE diagnostic problem + date
3. PT PREPARING NURSE /NM staf\> Information to the patient
4. CHOOSING of [ M.D. of NM study of pacientEks data
the METHOD (physicians) disscusing about the method
5. PREPARING PHARMACOLOGIST check of radiopharmacon
of radiopharmacon 7 QC - quality control RF
6. APPLICATION M.D. + NURSE/T _»QC - quality control aplication
7. DETECTION TECHNECIANS (T)/, QC - gamacamera (physicist)
8. DATA ANALYSIS | PHYSICIST /T QC - steps of examination
QC - of the images / results

9. REPORTING M.D. specialist NM clinical seminars | case rep.
10. SENDING VAdministrative —> comparative studies "

11. INTERPRETATION Clinician/physician dealing with diagnostic problem
12. USE of the RESULT for management of diagnosis or treatement




REPORTING of STUdxréducingof information

The recorded "row" dataX) is reconstructed into individual
sections B) of which part is recorded in the archive or on the CD
(O. This imageareinterpreted by the physician in theport (D).
Reducing the of thenformation is enormous and requires high
guality data processingthe software and the descriptor.

Transforming a large volume of data
AsistantIaStS considerably Io.nger. That's V\{hy_ one
evaluation and description
of the one patient lasts an haur
= longer than the exam record

+ softver

ANY

i Physicist / asistant + softver

= 4 Physician D
5 000000kB 3000000kB 500 000KB 100 kB



The importance of radiologist's experience |
assessing mammography findings

False positive findings hayg
fallen faster over the first
5 years of the carrier

This is indicative of
Improved diagnostic
accuracy.

With an increase of
experience false positives ——
still fall 14% rb7% Migliorettietal

Radiology: Volume 253: Number 3—December 2009

-
‘‘‘‘‘‘

False-Positive Rate

The authors highlight the 5 10 15 20
great beneﬁt Ofdouble Years of Mammography Interpretation
reading auditing and
feedback for the qua“ty of The Leamning Curve in Screening

Interpretation. Mammogram Interpretation’

When Radiologists Perform Best:

Radiology




Evidence Based medicine and IMAGING

Evaluationof DIAGNOSTIC ACCURACY

A Positive predictive value
The likelihood that a patient with a positive test has a disease

A Negativepredictive value
Thelikelihood that a patient with a negative test does not have a disease

All exams DISEASE If the prevalence - 50 disease
550 from 550 examined after the pre
yes (50) no (500)  test probability ~ OK

SP+FN  FP+SN

IS very low 10,0%+50%

Pozit FP
T (145) 100 C©) PPV =45145=31,0%  81,8%
E SP+FP post test probability
S Negat FN
T (405) NPV = 400/405 =98,8% 88,9%
SN+FN

YOU NEED TO USE THE FURTHER TEST (more expensive)

to achieve a potential probability of at least 80%
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Exampleshows serious pathology after brailKCT?
Morphological and functional image pathology

A comparison of two types examinationof the brain in the same
patient after a serious KCT B Tin the central transversal cross

section and (B) functional imag€BHregional cerebral blood flow)
In the same section.




CTof BRAIN TUMOR

Patient examined for MM (malignant melanont)08 in2011solitary MTS in brain operated

01/2012 recidiving to pelvis and AF/2013 From2011CA prostatae. PET/CT for localisatio
in brain and WB

Where is higher glucose metabolism
On PET/CT ?

A ¢ temporal lobe frontally
B ¢ In soft tisue temporally

Cc PC (pontecereberal) angle
D ¢ midline of cerebellum
Ec in occipital bonanvolving cortex

CT/LD for localisation



MRI|examination

Patient examined for MM (malignant melanont)08 in2011solitary MTS in brain operated

01/2012 recidiving to pelvis and AF/2013 From2011CA prostatae. PET/CT for localisatio
in brain and WB

Where is higher glucose metabolism
On PET/CT ?

A ¢ temporal lobe frontally
B ¢ In soft tisue temporally

Cc PC (pontecereberal) angle
D ¢ midline of cerebellum
Ec in occipital bonanvolving cortex

MRI examination



18~FDG PET/CT

Patient examined for MM (malignant melanont)08 in2011solitary MTS in brain operated

01/2012 recidiving to pelvis and AF/2013 From2011CA prostatae. PET/CT for localisatio
in brain and WB

Where is higher glucose metabolism
On PET/CT ?

A ¢ temporal lobe frontally

B ¢ In soft tisue temporally

Cc PC (pontecereberal) angle
D ¢ midline of cerebellum

Ec in occipital bonanvolving cortex

18FFDG PET/CT



PET/CTL8~FDG

Patient examined for MM (malignant melanoma) 2008, in 2011 solitary MTS in brain oper
01/2012, recidiving to pelvis and OP 05/2013. From 2011 CA prostatae. PET/CT for local
in brain and WB

CT/LD for localisation glucose metabolism ‘a .
PET/CT IIIIIII|IIII|IIII|I|II|II%II|I[I‘I|II|I|IIII|III||I|II | 1WE2

WB PET scan




18 VisamilPET/CT(MRI) in diagnostic of dement

N /
OO
HO S
18F

['8F1GE-067
(Flutemetamol, Vizamyl)

( } \ JA Radiopharmacon

Negative scan Positive scan

. Alzheimer
disease
N . :

MRI tractography

&S
& -

Negative scan Positive scan

20

Negative scan Positive scan




done directly bythe endocrinologist. R R e o the

BASIC imaging technique in endocrinology thyreid ultrasound uses high

frequency sound waves to

/a

thyroid gland

Indications:

A Evaluate Nodules, Lumps. AR f

A Exact measurement of size.

A Examination of Cysts, Fluid filled, calcified.

A Monitor the success of arthyroid treatment 5’
FT2NJ AN SaQ RAaSlIasSo ¥

A Guiding for FNAto avoid sensitive neck

structures.

#109 /4.0cm MI 1.0
HL5-9ED IGEN Tis 0.5 |06:57:51 pm
[2D] G50 / 80dB
FA3 /P9

Palpable Thyroid nodules are found i-7% of
the population.
Non-palpable nodulesare found in50% of

persons oveicO.
US can help determine if a nodule is suspicious
but a biopsy (FNA) is needed for a definitive

Thyroid gland ( normal ) diagr]OSiS.



- o Lo po— 16fps

HASHIMOTO

"Hypoechogenic thyroid gl.

QOscan Oscan

[Dist & 17.3mm__ |Dist B 144mm__ [Dist C 18.7mm__ |Dist D 10.9mm
CINE REVIEW » {IT) |

TOSHIBA | )L TRASCAN CENTRE, DR. JOE ANTONY. SMALL PARTS

0.09. E Gk Buce.

- A \T'Zu

“Hyperechogenic thyroid g.

1 Auto Run

06/05/2008
14:22:30
e =2 1]

11L6
11.0

LT LOBE THYR}
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.
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o R B
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3 Start Gne 4 End CGne

DOPLLER USG
Increase vascularity
throughout thyroid

gland
In hyperthyroidism



X-ray iIn Bonediagnostics

- A Istchoice- It is thebasic imagingxamination for
the study of skeletorsystem andmost often, is

- sufficient by itself to make a correct diagnosis.

A 1s usually the first imaging technique for a
suspected bone lesion since it is inexpensive and
easily obtainable. It is also the best for assessment
of general radiological features of the tumor.

A X-ray examination includes not onbjain
radiography but alsotomography, arthrography
and other specialized techniques.

A 1t is thefirst diagnostic method that is useth
traumatologyin patients withfractures, or in
patients who had a skull injury after accident.

A When used in imaging of the spine and ribs usually
fractures, bone overgrowthor deformities,
tumours and abscessesme checked In many
cases this examination must be completed by other
methods.

A WHERE IS PATHOLOGY on this picture?




A Normal chest xay. woman, slim,
small artefacts on film (black
dots)

AGunderman R.B.: Essential Radiology, Thieme E 2006

RS R NN T R — N — )
NRWNSSLe NGV A WN =

Trachea
Right main bronchus
Left main bronchus
Scapula

Clavicle

Manubrium sterni
Azygous vein

Aortic arch

Left pulmonary artery
Left atrial appendage

. Ventricular curve of left heart
. Right atrium

. Lower lobe pulmonary artery
. Lateral costophrenic sulcus

. Breast shadow




Pulmonary Nuclear Medicinecase

s eel EMPHYSEMA
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NuclearCardiology case

s
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NuclearCardiology case



