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Two Decades of History ...

Elbasan International Workshop on Medical Physics &
Bioengineering in 2016 is a continuation of a serie initiated
to promote dialogue between scientists of different countries

for development of sciences and good understanding
between people having a somewhat different culture.
More important milestones were:

Trieste 1995
Sarajevo 1996 & 1998

y %@ Oujda 2000
o Thessaloniki 2002

Physics-Without-Borders Istanbul-B oga Zici 2004

Physique-Sans-Frontieres

Iasi 2007
Cairo 2009 & 2011
Sarajevo 2014
Shkodra 2014 ’ F M P
Ohl' id 2015 PP 3F-‘ititutﬂjf:l'lll‘l‘_'lﬁz_licﬁl Physics
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%\ 2015 International Year of Light and
Wil techniques using light paid tribute to: | .
. Ibn Al Haytham, Bassora 965- Cairo 1039,
v . from persan (Iran) origin, is the father of
24 Experimental Physics and Scientific
Method that we are all using now.

e He was the promoter of the experimental scientific method;
(validation of a theory must be done by experimental results)

e one of the first physicist / theorists to use mathematics in
physics in replacement of “philosophic” intuition used
previously.

e His pioneering work in the field of physiological optics and
optics in general has made Al Haytham's first true scientist.

e In his tribute paid by International year 2015: Asteroid 59239
now bears his name as well as a moon crater
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ELEASAN Workshop 2016 (Tentative Time-Table) v Aleksander Xhuvani University with IFMP & CERN
Monday 4 july Tuesdayr Ejuh,r Wednesday & july ?hursdﬂy ?juh,r I?ridayﬁjuly
Weloome & MP /LS basice USuzein Med Pnye S Innowaiions / Culfurd day Brachyiherapy (BT) BT & Trends in Mad Pne
800 &3 reqistration
830 welcome US Transducer Ultrafast US Photon Sources Conv. & Stereotactic RT
230 Redor, AAPM, IFMP... H. Liebgott, Creats-Lyon, F | H. Liebgotf, CreatisLyon, F | A. Rijnders, Brussds Be I Mugoliar, Mother Teresa Hsp
930 M dPhy sfAlbania | LAEA G uidelines US Beamforming Simulation in Med US Dosimetry systems QA, Patient Safety in BT
10:30] P. Malkaj, UPT Tirana M. Mischi, Eindboven, NL H. Liebgot, Creadsd yon, F E. Telha, Hygeia, Tiena ARinders, Brusses Be
coffes beak coffes break cofies break coffes break cofiee break coffes break
11:00 Medical Imaging Rev.1 DopplerUs -1 Tripfo Lin (Fshermen Radiobiology in BT Innovation in MP
1200]  ¥.ilemoigne, IFMPF& CERN-CH P.Tortoli, Firenze U, it age & Mozaic chapel) A. Rijnders, Brusses Be E.Raeizi, Tetran, TBC
12:00 Utrazound basis Contrast Agents Trip cont’ to Pogradec Brachytherapy Room | Summary & conclusions
1300  C. Cachard, Lyont Uni, F M. Mischi, Eindboven, N Wisit Ohrid lakee in Pogradec E. Telhaj, Hygeia, Tirana end of Workshop
Lunch Lunch Lunch wEil & Lunch in Pogradec Lunch
14:30 15:00 Students*forum Studentsforum Trip to Korge (Maliq ...) Students'forum departure fo Tirana
15:00 Medical Imaging Rev.2 Using US in cardiclogy Korcé visit (Samt Rigze | BT Treatment Plannings iPossibie vist 7)
1600] Y.Lemoigne, IAMP F & CERN-CH M. Qordia, Mofer Teress Hosp fresces; Old City cenire; A. Rijnders, Brussds Be
coffes beak ooffes break cofies break mpressionnis! museum... ) coffes break Legend:
16:30 Utrazound imaging DopplerUs -2 lonising Radiation in RT Generalities
1730 € Cachard, Lyond Uni, F P.Tortoli, Firenzel, it back to E lbazan 1 Gjoka, Tirana Ultrazound U5
17:30 Training & Simulation inRT Using US in Urology Varian P resentation Radiotherapy
18:30] Niko Hyka, UFT Tirana Drilona Kishta, Tirane Uni A Mader, Varian Ltd Cuttural Program.
1500
20:00 23:00] Welcome Coktail | [ Banquet

| Note : One hour slot means 45 mn lecture and 15 mn disc Us s o, |

Students Torum couwld be oral or poster prosentation by students abouwt their work or any topic they think interczting (15 mn max).
Thuz & sludentz could do oral presentation with Powerpoint. Posler presentations could go up fo 12 seleded az the best ones.
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PET

The Role of MEDICAL IMAGING
in the Evolution of Medicine

Yves LEMOIGNE, PhD

(o erin Institut pour la physique médicale, Ambilly
France
CERN, Geneva, Switzerland
R Lccture 1 we willlbe a
(T Heat of some devices in use at the clinics.
. Except ULTRASON which will be

explained by Sonic experts (Christian
C- Kidneys et al)

Lecture 2 will be in continuation of lecture

b 1 but will be
devices, wh
(I Bladder obvious. What they actually bring as

decisive progresses at hospital, what
are the main trends in evolution ....
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1.INTRODUCTION

First part we will be a “classical review” of some devices in use at the
clinics. Except ULTRASON which will be explained by Sonic experts
(Christian et al.) Lecture 1.

Second part will be devoted to hybrid devices, what complementarities
are obvious. What they actually bring as decisive progresses at
hospital, what are the main trends in evolution ....

Lecture 2.
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First Statement

RSNA 2007- Elias Zerhouni
—Z\ NIH Director 2002-2009
cites central role for imaging in
medical progress

Imaging in the 21st century|is at the heart of interdiseiplinary science| for
generating, understanding, and using spatially and tempeorally resolved
biological information

Medical imaging is a model for the style of interdisciplinary science that
will propel medical progress through the 21st century

Imaging will be key because it is nondestructive, inherently quantitative;
and multidimensional

This ‘cnmhinatiun of technological innovation and biological
understanding|is now even more at the forefront of what drives
scientific change

CERN EP Seminar, 12 April, 2016 Courtesy P.Lecoq CERN
Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland




IFMP Elbasarr Inten'r.aéﬁmaf Workshop ory
ninkiy Medical Physics & Bioengineering
48 July 20716

Physique Médicale

Physics has made it possible to create sophisticated devices to "explore™
the human body from different perspectives:

- anatomical, to see "inside" the human body at a certain moment;

- functional, to see how the body functions during a given period of time.

"In-Vivo" Imaging: Complementary devices

=l Help to patient treatment = a7 & W, >
<[_Biology / Medical Research / New drugs d QANNER" - TDM

c  Anatomy Physiology Metabolic level  Mole level
=
g } \ S ; }
0 PET (PET-Scan)
—_— g ——————— =
X - Rays § === £
Scanner —é SPECT (Gamma camera) g
- .
MRI g

(magnetic resonance)

Ultrasound |

Common applications

. "PET-SCAN"

Each technique has its own specificity and thus a particular
area of application:

- Scanner: TDM with a good space-resolution; ionising X-rays.

- PET-SCAN: functional analysis can be VERY sensitive; limited space-resolution. Uses
ionising rays (radiotracers).
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gﬁptical
(Bioluminescence,
fluorescence)

Structure n .

0.1 mm
Doppler Topography
pum to mm

I\ Tissue Density, Z
i e lonizing
Anatomy Functional radlatlon

4T, Duall Codll, Cail, 47T, Dual Cadl,
T Wighied SE. 12 Wekghted Lsk
- ——

H Concentration
0.1 mm

BOLD, DCE
f-galactocidase
0.1 pmole H / pmole *'P
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Imaging targets

e At the level of organs
— To quantify dynamic metabolic changes over time
(Including Oncology @ hospital)
e At the cellular level

— To understand trafficking within cell, in tissues,
and for cell-to-cell interactions

(Including Biomedical Research)

e At the molecular level

— To delineate molecular pathways
(Including Biomedical Research)

Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland




Institut pour la V ol
Physique Médicale

2. X-Rays CT

X-Rays Computed Tomography (CT)

e X-Rays-CT has become recognized as a
valuable medical tool, for:

 Diagnosis of disease, trauma, or
abnormality (Anatomy imaging)

e Planning, guiding, and monitoring therapy
(Ex: Treatment Planning preparation)

Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



s
i
i
-
-
-
-
-
-

igital

.
- e
..

-

-
| e - .
it & - .
Exax%ﬁ% = .
o . . .
o . . -
o . .
o . .
} i -
. .

.
.
.
.
.
.
.
.
.
.

£
 m——
Exaﬁx%ﬁ =
o e
=
ﬂ

to Low dose d

P

rou

-

| e

o

.

|

|

| = &

o
.

. =

. - =

.

e .
. . -

.

s

lity of images)

-

.
gxax

| wE
.

i
o
=)
~—

1K

£
£

in qua

rc
=

h

L
|
|
|
| s
.

| e
| .
| .
| e
| =
.
|

L
|
L
|
|
|
|
|
.
L .
L

L
|
|
|
|

ges

-
-
-
-
-
-
-

t

-
.

o

t

Physics
ime |

ET=Taly

e

-
-
-
-
.
=
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.

-

ti

|
|

-
-
-
-
-
-

-
-

Nobei P
G
iation detectors (MWPC) his contribution
t

decisive (and spectacular

-
- 4
-
-
P

.
-
-
-
-

§

to

-
-
-
-
i
.

imaging was

=
-

-
-

.

-

.

-

o I
o=
1
"

.

- B

-
-
-

oun

-
.
-
-
-
. .
. .
- .

- i

-

wu

.
 mm

- .
* &
.
.
.

e

:)(E'Fih“k Y
foperepe

.
i%jggg
-
|
|
-

.
. .

-
.

0
=

.
mmﬁ%x
-
. . mE
. . =
. .
.
-
=

-
£

. e aamw
.

Inventor of large area rad

.
-

o

|

e
| =
-
| .
5
.
-
.
i:E

|
|
|
|
|

Institut pour la
Physique Médicale

Institute
For Medical Physics

hose Elbasan
witzerland

ings w
Geneva-S

t

ientific mee

Ambilly — France & CERN-

iated the series of South-Eastern Europe sc

the more recent one
Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP —

ini

Iso

imwe a

ith h

IS

W



s

|
|
] ﬁ

-
-

.
.
.

-
.

.

. ]
-
-

/]

o |

2 ]

-

=

-
- 4

-
s
el
! .
5 ]
-
-
-
- /]
- P
-
.

Motor
Table
stem. While

F...

t's body.
A detector opposite from the x-ray source records the x-rays passing thru the patient's

ien

—
cto
in the CT sy

pening

(@]
=
(2]
=
(@)
=
D
=
o
=
=
o
=

xaxwﬂMMW
-

-

-

. 4
P

]

!
EEWMWMW
-
£
-

. ]

-

-
-

.

| e |
| =
| ]
L

.

-
-
-

.
mEE

beam passing through a section of the pat

/]

-

Egééig““
Ic |
- |
-
-
-
i

|
i
-
¥y
=
u
u

s
o
.
.
!
i
x
.
-

-
-

-
P
.

s

X:

-

.
.

e
.
.
-

=
- =

SEssn

-
-
.

s
=

-
s
-

i

.

i
b

-
-
-
-
&
|
-

s e

e
..

.

.
g

.

©
o
©
D
&
(4]
)
(@]
=
o
o
1°]
(&
(/2]
—
S

|
|
]
]
|
- 4
=

o
| s

Ll
y ¢

g

the patient through a circular o

]
o
;.
;.
;.
;.
&
;.
;.
;.
.
;.
;.
| =
;.
;.
.
;.
;.
;.
o
o
;.
;.

|
. |
.

Description

. “@
W

£

| e
]
o

dure that
"snapshots” into one or multiple cross-sectional images (slices) of the

:
-
-
£

2 - CT Principle (recall)

ide the CT

1 b -
| | i S i
e s o . ool -

|
e

.

In a harrow

ivi
internal organs and tissues.

IS

}
ﬁammmmmmm

n
"

e
-

o
-
.
-
E

o
E

o
xngx

L
-
Ei!%!%'ﬂl
]
o
.

|
|
|

=

.

:
:

:
-

imaging proce

How a CT system works
mo

These cross-sectional images are used for a variety
of diagnostic and therapeutic preparation purposes.

patient) are collected during one complete rotation and are sent to a computer to recons-

body as a "snapshot” image.

Auhv - —
0 i - —
14} Q - — mm —
B8N | = b - —
Y | -
> O W | = ]
Y - | ]
) | ]
o 3 . | ]
o 3 | ]
= Q . | ]
3= . <=
=’ . | L
S5 O0%aq | | o |
=3 | |
k-] 3 . |
= | | ]
RS . @y
2SS . | ]
| ]
=Q'% . | bt |
S X d [ 7pl | ]
=g = [ | .
H = i .
Q Tl
w b ] wfjd

e

Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



|

P
-
-

)

o

t...

.
:
.
.
.
o

.
sassna

S

-

' -~
&
|
|
|
-
.

.
.
-
.
-

L
-

|j:_

e
-
.
-
|
|
‘£
e
i
-
-

Icien

L
.
.
B
L
-

I :><: I iEljs,
i
.
.
Ei?EiEE
| .

ggE .
8l
|
|
!

e

:
-
-
-
-
-
-
-
-
-
-

.

>

M 10| Well known , Eff

| hiGter!
M waie

e
.
.
%ﬁ%ﬂ
5
=

.

.
i
.
.
.
0

i

L

-

-
o
o
f
o

L]
s
.
.

e
.
.
iéiigfgggg§

.

@
-
.
RN
L

:

} -
| =
G
o ¢ |
;. -
;. -
;.

. ¢ |
| e
| .

-
-
-

—~
(¢b)
(7]
(®)
o]
(0]
| -
-
-
(qv]
(@
G
(@)
(9p]
| -
(qv]
(€b)
>
JO

S

'

-

: |
| el
|  aw

}
}
}

ial and f
I

PP

L
.
=
-
-

f =1, E!}s'.p|:

- | e
n o ]
- | o

-
G -

| e
|
| ]

-
-

e
.
-
-
.

! fnexp[

;. - .
| | e |
& -

-
o -
;. - f o
| o | ;.
;. ] == | i i -
;. - | i ;. -
;. - | i | e |
;. - | » o f -
| | =} i .
G . | i
o - .} | i
;. - i oee i
;. - | | = i
;. - | = = f .
o i | . f F
o - | .} i
i
;

h

Lo .
LI o i Fhid .
i

"
i
.
i

;.

:

-

-
%Egé
e

e
.
§E§iég§§§E§£
| N b
e
SEssn

urin
(Target CTA protocol, Adaptive Iterative Dose

mE o
.

INIKions

becomes

=
| = A - |
b o | e
b . 4 | -
e - | = i
[ | | | | o | =
;. ol 0 F
| & .
e . . W

|
| =
|
|
|
|

&
|

S
o
&
Eggiglsi
-
-

e
SIIn

W
v
8

S

.
.
-
.
-

ient (units 1/length) and x is the length of

I, and | are the

0
ty,

ai%i
g
|

xi@%&i gEaaL
i
.
.
-
-
i

ion

i
ic
the X-ray path. With multiple materials i, the

g
-

i
| gl
| |
— P

L

-
w_mmm_mmv

.
=
-

.

.

Beer's Law for
one material

where

.

intens
coeff
equat

s
-

e
it

Reduction ...) in some case hopefully 1 mSv can be reached...
Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland

L

|
|

E .
sEsssa

-
-

.

b

b -

g e

e s v

s sk
-

-
-
-
.
sai

.
S

g

0.1 mSv (10 days of natural dose)
uce

L

i .

-
o
.

r

o
-
.

-
-
-
-
.
-

i

SEssns

e

-

.

e
.

-
QE;%I
.
|
WE
i

- a
xE%E
SEna

-
-
-
)

e
-
i
=
-
iE:iéiislg
See
e
.

e
.
-
-
-
-
-
-

.

.
.
8
|
.
|
=
-
-
-
.
:

Table movement

.
.
|
L

o

L
B

e

.

CT Utility & Def

:
<
i

&
|
|
|
|
|
|

e
.

:

Hounsfield unit

ISSsue

d

» Typical dose,

<

A— Pitch
ealia
rtant

C
P
.
_

s
.
-

Resulting helical path

&
-
-
.

impo

o]

Simple
» Classical Chest Radiography

An

Institut pour la
Physique Médicale

Institute
For Medical Physics



the U.S.
d from

0.54 mSv in 1980 to

jon in

exposure to medical
radiat

increase

3.2 mSv in 2006 !!.

.
-
-
.
.
.
.
-
¢

9

‘:) [ ] I I ‘:)
II5
‘E;||:;
!E; [ ] 15;
s
.
-
-
-
-
-
‘(.

|
|
|
|
|
|
|
|
|

©
=
Q.
©
o
S
D
Q.
©
=
c
c
©
)
N o
—
>
72)
=
eb
»
o)
©
D
=
b
o
=
Ll

images) ?.

jon T

1T (unsharp

lut
300 chest x-rays for dose).

Chest, abdomen and pelvis CT
tion dose / same image quality.

Abdomen CT
dose CT scan

Chest X-ray
.| Head CT
Chest CT

noise
inal CT gives

s

ia
image reso

Institute
For Medical Physics
Institut pour la
Physique Médicale

- Reduce the rad

-doses 1
-doses {1 =
( An abdom

Low-

i
i
i
i
i

b o
ﬁﬁﬁxﬁ

i
i
f o
} =
]
i

i
i
i

i

s

.
|
=
SR

:
-
-
-
-

o e
.
.
.
i
.
bl -
C L

|

i

e

-

-
-

-

.
o

L =
.
.
.

images

higher quality

ive

filters to reduce random
%.

to 70

technologies
d enhance structures => g

[<})

1-

noise an
and lower the dose by 30%

Different body types & organs require different Rad amounts

f e
} -
} -
} -
| ey |
}

e

x%x
.
.

—

.
.|

-

-
-
-
-
-
-
-

ize
3. Prior to every CT examination

2.

is mot

t always suitable

whether

.
-
-
-
-

o
b

-
S

:
-
B
-
=
-

;%E:;EE%%ZiF!%!
il
SR

e
-

-
-

f e

f =
f = |
Ex%xﬁ
;o i
o i
i i

i i
;o i

i
i

i

i
b
.

i

L
.
@
-
-
-
-
.

:
|
:
|
|
-
-
.

her resolut

, such as detection of small pulmonary masses.

.

.
-
-
.
-
-
-

L
.

e
.

:
-
<
£
-
-

table. H

o
-

L
. 4

"

¢
.
me
S

e
-
i
-
.

.

e b

f
| =
o
i i
; i
o i
o i
-

i

i

o
!%igigi
-

-

IoNn IS more Ssul

:
.

=
-

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Framaaa

o

.
i&ﬁgsigigi
Lt
e e
SEsssR

iIon Is no

19

iven scenario

if another type of examinat
Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland

vated or
forany g



IFMP

i Some prices for CT devices
e (see www.info. blocklmagmg com)

GE Lightspeed : ~175K $

GEVCT 16 : ~180K $

Philips BRILLANCE : ~183 K $
Siemens EMOTION 16: ~ 230K $
Toshiba AQUILION 16: ~ 255K $
GE VCT 32 : ~260K $ > &
Siemens SENSATION 64: ~ 270K $

Philips Brilliance 16 CT Scanner

Next slide:

Example of Info targetting large public on capacities of Modern CT (by GE) on a French TV

Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



[EMP @2

e A video displayed at French TV for a large public
at a time of great audience to convince them of

nigh quality of « General Electric (GE) »
products... we could evaluate or critize after

ooking at it.
e Pdf is unable to diplay videos. You have to exit
pdf reader and use you video browser for file:

GE VCT PUB EN Subtittled2.mp4 it.
e Then come back to pdf browser to continue
lecture.....

Institute
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3. MRI

Magnetic Resonance Imaging
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Precession
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Physique Médicale

- Spins precess about applied magnetic field, B, that is along z axis.
- The frequencyx of this precession is proportional to the applied field.

ly to equilibrium:
— For Longitudinal recovery time constant is T,
— For Transverse decay time constantis T,
 Relaxation and precession are independent. Relaxation

Precession Decay Recovery
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[FMP MR/ : how it works (Cont’d)...
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A MRJ device consists of:

alter precisely the main magnetic field and allow image slices of the

é created.
il to emits the radiofrequency pulse allowing disturbence of the alignment of

| xthe protons / it is also Receiver.

s
xxxxx
.

@o=ypo ForH':y=2.6753x1°  B:=1.5T »:=63.864MHz

*  Protons align parallel or anti-parallel to the magnetic field generated by big Magnet
 Larmor Frequency: magnetic moment of proton within external field
 Protons that are parallel have lower energy (anti-parallel have higher)

*  Protons can oscillate back and forth between states, but majority line up parallel with
magnetic field
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MR/ : how it works (Cont’d)...

How MRI Works

Relaxation:

MMagnet
Radio frequency coil

Gradient coils
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Image

Received Signal
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4. SPECT

Single Photon Emitted Computed Tomography
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Very popular in Nuclear Medicine because they require only standard radiotracers.
N

acquisition
and

processing

computer

« Crystal

The collimator removes the photons
not directly emitted by the organ
targeted.

The signals are collected by the
electronic components and also by the
computer to reconstitute the images.

Tools :

tected photon (in this case, 140 KeV);

The device shows here allows anyWay to obtain images of the whole-body of the patient by the

4
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Emission Computed Tomography
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Aim: - to measure and display the (x, y) concentration of a gamma
ray-emitting radioisotope within individual slices (z) of the body

SPECT: Single photon emission computed tomography with tracers
such as Tc-99m using either a rotating gamma camera or a
dedicated ring camera — O

Advantages over planar imaging:

- improved image contrast
- better localisation

- improved detection rates
- quantification (see later)

Example :
SPECT brain scan using a 99mTc

labelled blood flow tracer showing
high perfusion in the tumour

X-ray CT scan SPECT blood flow scan
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IFMP Image reconstructions proceed thru projections:

- Similar to X-ray CT : take 1D profiles or 2D

Institut pour la

Physiue Wedicre projections at discrete angles around the object

- Assume that each profile/projection point = sum of
activity elements along detector LOR

Principles of iterative reconstruction :

Image space Projection space _
urrent imag Estimated
estimate » projections \ll

Compare 0

projections .é

Measured T E

projections

=

a

Error
projection

A very popular algorithm: Ordered Subset Expectation Maximisation (OSEM)

A fast variation of the ML-EM algorithm using subsets of the projections
For example 64 projections used 8 at a time for 8 separate image production
procedures (requires substantial data storage space). Thanks to Progress in
Computers....
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5. PET

Positron Emission Tomography
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PET Principles

e- e+
Matter-Anti-Matter
Annihilation

Neutron-deficient
isotope

PET data acquisition

Reconstruction

Parallel projections PET data (sinograms) PET images

April 2016 CERN EP Seminar, 12 April, 2016 Courtesy P.Lecog CERN
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[FMP DIPHOTONIC TOMOGRAPH or PET CAMERA
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Modified monophotonic camera

tissue losing energy
nucleus

O~—e

511 keV

yes+— coincidence ?

Anger camera
with collimator removed

511

annihilation

The first PET were simply Gamma cameras, from which the collimators had been removed and
coincidence added between opposed detectors. Thereafter, better optimised PET equipments were
built. For the human PET, several rings of detectors (crystals and PM) are assembled together.
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Coincidence
Processing Unit

MBS SYNTHESIS OF
| ['F]FDG The tracers for

FRODUCT PET are more
| difficult to
iy FLUORIDE ' _, Cleaning 'us_e | because
’x Y3 their half-life is
N 3 shorter.
Nuclear Interface B
A cyclotron and
a synthesis

(H
"‘ G' ["*FIFDG
? f { m Deprectisn laboratory are

mocnson. ol W nhecessary.
(Not too far)

Preparation

Sinogram/
Listmode Data

INTERMEDIATE

(FDG), which has the Fluor atom replaced by Fluor-1
which disintegrates by positron emision. The FDG
ccumulates in the cells with abnormal metabollsm
.e. cancer cells. It

1) & 2): front and side view before treatment; L | a
3) & 4): front and side view after chemotherapy. a

FDG accumulates naturally in the brain, kidneys, bladder and the heart; in this case chemotherapy was very effective.
Only the PET can do that! .

VEAMTU, Y. LEMOIGNE, ESI-Archamps
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Fl de lucose
IFMP Fluorodeoxyglucose is a glucose analog. wadiie isdn
For Medical Physics % c
drsiutpourla Ilts full chemical name is 2-fluoro-2-deoxy- OH
D-glucose, commonly abbreviated to FDG.
FDG is most commonly used in the medical H?IO
Why imaging modality positron emission F
FDG tomography (PET): the fluorine in the FDG Q OH
molecule is chosen to be the positron-
S Chemical name |2-Deoxy-2-fluoro-D-glucose
Wo rks emitting radioactive isotope fluorine-18, to
produce 18F-FDG. After FDG is injected into 2-Fluoro-2-deoxy-D-glucose
SO we"’) . : Other names
. a patient, a PET scanner can form images of EDG
the distribution of FDG around the body. The Wines
C6H11 F05 images can be assessed by a nuclear Role of Glucoseltransp

medicine physician or radiologist to provide

A Cell
F18=> Q'8+ W+ : W*=>e* + neutrino p FDG
VE o l
Hexokinase
¢ :l" * FDG-6P
Jde U
. . ol
18 18
gF 30 A FDG porters

Accumulate
Elbasan Workshop July 2016 Yves LEMOIGNE / IFMP — Ambilly —| in Cells

Cannot exit



IEMP Positron Emission Tomography: how it works
SUMMARY

Detector

®\ Coincidences
Positron range \
r
Neutron- (r) %

Injection of
labeled

pharmaceutical < 18FDG

deficient isotope
Detector

Projection

Parallel projections

Bladder—

PET images

Sinograms From D. Townsend 2014 35
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IFMP [The HIDAC Camera Project, 1977-1988 CERN & HCU, Geneva
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From D. Townsend 2014

cem v bttp://cern.ch/TTdb

First mouse imaged at 1978 at CERN

l CERN with Na-"F in 1978

DrFPeter Tochon

Frey
Team & HIDAC PET condBE 1Y
Camera at HCUGE wmp Tribune de Geneve, January 1988
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