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IFMP Imaging modalities today Y

Hardware combination ‘ Evolution / Revolution

Imaging Spatial | Acquisition | Molecular | Molecular Tissue Signal
Modality | Resolution | time per probe mass | sensitivity | penetration | quantification
(mm) frame(s) required (ng) (mol/L) depth (mm) capabilities
PET 1-2 (animal) 1-300 1-100 10-11-10-12 >300 High
6-10 (clinical)
SPECT 0.5-2 (animal) 60-2000 1-100 10101011 >300 Medium-High
7-15 (clinical)
Optical 2-5 (visible to 10-2000 103-106 10-10°11 1-20 Low
IR)
MRI 0.025-0.1 0.1-100 103-106 103-10° >300 High
(animal) —
0.2 (clinical)
us 0.05-0.5 0.1-100 103-106 Not well 1-300 Low
(animal) characterized
0.1-1 (clinical)
CT 0.03-0.4 1-300 NA Not well >300 Medium-High
(animal) characterized
0.5-1 (clinical)
-

From Craig S Levin. Eur J Nucl Med & Mol Imag. 2005, 32(14), S-325-45

(Thru D. Townsend and modifiied by YL) 3
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IFMP EVOLUTION in MEDICAL IMAGING

(combination of existing equipment)
Physique fd?s’léll:c{:le _ -i a _
Example: CT PET
movement
u] PET
MDCT (Tfrom D. Townsend and modifiied by YL)
Data from Different Systems: % 10uicH Images from Hybrid Systems: #) J0LICH

need software to register and fuse images (1) Sequential Acquisitions

CERM— Faorary 201 - U Pl — i Uiy ol Wanmeral— Garrrey | CESMHRDHE S 11 CERN — Fedonery 201 - U Plerryk — M- — FZ-Juslich ! Unisersity of Wiaoperss] — Senmeny | CERMHRD-12 Sl 13

Data taken at dlfferent tlme / in dlfferent Data taken at sequential time / W|th
configuration / in different places... minimal movement of patient
Fusion only by software Fusion by software
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IFMP REVOLUTION in MEDICAL IMAGING

Institute

(Integrated devices from technical developments)

Physique Médicale

PET

Example: MRT ‘ . - PET

(same hardware)

No movement ! =
(Thru D. Townsend and modifiied by YL) | |
i ' - . ' n
Images from Hybrid Systems: e Images from Hybrid Systems: o e
Sequential Acquisitions Simultaneous Acquisitions

MRT-PET : MRT-PET

CERN-— Feomery 201 - U Plerzik — B — FZ-Jusicn /! Universtsy of sWunoeral — Senmeery ¢ CERMNRID-E (O00) Slioe 13 CIERM — Faionuery 20H - U Pl=rzyk — V- — F2-Juslich) Unipersiy of WWunerisl— Ganreny /| CERBHRD-E (D00 Sl 45

REVOLUTION is simultaneous Acquisitions without patient deplacement !!
SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland
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R HOW PHYSICS HELPS
IN ESTABLISHING DIAGNOSIS

Physics has made it possible to create sophlstlcated devices to "
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2. X-Rays CT
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Resulting helical path

INIKIONS

ity & Def

CT Util

For Medical Physics
Institut pour la
Physique Médicale

f.
-

f o
o

U U U UTable movement

/A— Pitch

Beer's Law for
one material

trauma, or

|
|
|
|
|
| el

|
|
|
|
|
.
e
 EEEEEENEE

o

1
1
1

1
|
o .
;o -

E

X-Rays-CT has become recognized as a

of disease,
ity (Anatomy

S

abnormal

ial and final X-

ini

where |, and / are the

s
|

-
-
-
-
.
i |

I m—

| ey, |
| -
| -
| |
| .
Ex%ﬁ
| .
| -
| -
| ;|
| -
|| e |

Exﬁaxa
| .
| amm |
| o
| .

| = |

0

ray intens

-
-
g

e e

P
-
.

.
T
ggggg““

.

<

.

-

L W
e

-
E
|

S

ri

-

-
xaxixaxaxaxa

-
SEsssn

.
-
=

..
xaxa;

_—
R
- .
- -

Exﬁxﬁ
- .
- -
. i

.

>
=
-
-

| o
|
|

.
.

-

e
=
-
-
-
T

.

-
-

-
e e
SEssns

and x is the length of the X-ray path.
With multiple materials i, the equation

.
-

| =& i
| .

(o))
c
—
O
S
=
o
&
o
c
©

]
o
o

ing

ing)

imag

o -
i -
i -
| o |
i -

-
& s

W —

Treatment Plann

therapy (Ex

ixi::l:|-

(—

i

2

iy E}{p|:

.f'_

becomes

preparation)

t

s
=
-

e e

: £
il
-

Computed Tomography

i e
.

s

-
e, |

—

" —

T
. i
-
o
i il el
- - SR

-
=
-

Eamxﬁxﬁ
5
B
= ]
a2 |
i

! ¢ |
i

i

g, |
= =
.
-
- i
i

i

i

- £

=
S

-
£
-
-

s B
i
-

=

=
A

s
WMMﬂmxﬁ
i
i
i
"

-
£
-
-

i
-
-
-

e
i

.
-
-

B

-

e
.
-

ey |

o
lgﬁl
-
)
-
=
sEsn

| dose,

* Typica
(CT)-Bod
ica

s

P

|
| ww
B

|
| =
|
|
|

.
[
e
-

.

3

|

|

-
:
.
-
-
.
-
-
-
-
-

s
e

-

.

T

i

|

|

-

-
=
-
-

e
e
.
-
-
-
-
- |
|
!
.

s
o
-
.
.
-

s
o
-
-
%EE x%é
ix
-
|
.

iograp

| ‘

| b
||
| &
P
i L
| 1
| a5 |
| &l 0}
|
|
|
|
| . ]
|
| -
| = ot
|
B
.

e |

-

Chest Rad

during CT examinations
Adaptive Iterative Dose Reduct

Class

.
o
-

t

s
.
-
-
-
-
-

e
.

.
=
:

(Target CTA protocol,

xa%xv

S
D
=
o
@
pert
S
@
o
-
©
o
>
(/5]
£
—
>
=
[
@
o
o
=
@
(7))
©
o
@
£
o
br s
£
—

ko)
c
S
]
S
S
‘1
S
QO
c
Q
Q
P
0
@)
o3
QO
Q
c
£
|
=
.'m
g
<
|
Q
=
W
2
O
S
w
~J
»
g
<
™~
=)
N
]
S
3
(o)}
™~
Q
n
X
1))
7p]

i

e
-

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

- -
| e |
| @

-
| -
|
|
|
xaxmmmmmmm

=
-

i

-
-

ion



S
aSwn 2 .
a-I = —
583 8=
o e Eoo
Q. - O v«™ O
s2 ¥ ¢
S Qg >
S50 pRN >
S ns (2
n‘"u A“v i A‘nu Mmmm
o ® @ =
ep..mﬁ4
hxan..a.nl_
— o &£ S om

&
PR Ee] ]
S —ww6o
2 —
(b

> (&)
S i)
o >
= (<b]
ﬁm%m%wm “"""l
o
c
(©
c
(<b)
5 5

>
g C,_3
.TeTa
<5 2o *©
vy B I
"o O W
Q8T O D
£ O 8 £ .C
OI<C OO

n

s &

o

=0 Q0

238t

2353

— i

p %

dose CT scan:

Low-

dose during CT

ion

t

ia
thout comprom

Reduce the radi

IS

- Aim

lity.

Ion Images

ising image qua

ions wi

t

- Higher rad

eéXamina

her-resoluti

g

> h
image noise

doses =

ion

jat

- Lower doses

=> unsharp images.

300 chest x-rays (for dose).

igher i

>h

D
-
o
o
>
—
-
-
-
-
-
. N
e
(-
-
-
-
-
o
.
C | o
—
" —
©

some filters reduce random

1eS

 technolog

.
2
|
|
|
|
|
|
|
|

T T S S S O L

s
o
-
-
-

.
=
-
-
.
o
-
.
]

|
|
|
|
|
|
|
|
|
|
|

wa

£

.
=
-
-
.
i
.
-
-

[

.
=
-
-
-
£

.
=
-
-
-
-

.
=
-
.
-

1-

ime lower the dose by 30% to 70 %.

(7]
(¢b)
o)
©
E
>
=
©
]
(op
| -
(¢b)
=
=
i o
e
[ab)
(@]
(o]
e
N
i
(7]
(¢b)
| -
-
-
(&)
-
| .
-
(7]
(¢b)
(&)
<
(4+]
=
<
(¢b)
©

and at the same t

noise an

t the radiation dose to the body type and body organ

jus

and ad

d. Different body types and organs requ

s
=
-
=
mg
-
-
-

-
=
-

s
e
-

g!%lxlgi

| =

=

L
L 4
|
|

5

i

=

;e

=
-

s
e
.

|

s
o
-
-
-
|
.
-
.

s
e
-

s
.
-
8
|
!
P s e e e e

|

i
P
-
!
B
B
-
-

e
.

1ze

Eﬂ

_—r

T
]

s
e
. B
. x

|
gglaél%&ﬁ
wh

. N

%l%siéa
¥

-

o
e
L

-

=

2,

-

different amounts of radiation.

ire

examine
3.Pr

‘whether

is mot

-}
(4]
——
S E
- ©
c X
ne
— G
& O
o

< S
o>
—|||

O o
>
o O
> O
D ©
o =
- S
-Md
(¢b)
b
©
>

t always suitable

igher resolution is no

table. H

, such as detection of small pulmonary masses.

10N IS more Sul

iven scenario

forany g

-Switzerland

SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva



[EMP

Institute
For Medical Physics
Institut pour la
Physique Médicale

3. MAGNETIC RESONANCE
IMAGING
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MR/ : Overall picture of how it works...
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xxxxxxxxxxx

*  Our bodies are made up of roughly 63% water PR, 0ngitudin
* MRI machines use hydrogen atoms

 The hydrogen atoms act like little magnets,
which have a north and south pole (“Spin”).

» The atoms inside our body are aligned in all
different directions

*
*
.
L )
‘I‘IIIIIII
e u
R
)
am S —
am
I'IIIIIII [ )
N
L 2
L 4

« The MRl is basically a large magnet
 Patient lies within scanner where magnetic field is created

« Magnetic force causes nuclei with hydrogen (proton) to line
with the field-referred to as parallel, there is also antiparallel

 Electromagnetic radiation (radio waves) are emitted from
machine

No Applied Field Applied Field Could be:

N =,
I W Sl
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Precession
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- Spins precess about applied magnetic field, B, that is along z axis.
The frequency of this precession is proportional to the applied field.

« Magnetization returns exponentially to equilibrium:
— Longitudinal recovery time constantis T,
Transverse decay time constant is T,
 Relaxation and precession are independent. Relaxation

Precession Decay Recovery
SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland
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MR/ : how it works (Cont’d)...
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xxxxxx

[ creates the magnetic field by coiling electrical wire and running a current through the wire
“““““ - to alter precisely the magnetic field and allow image slices of the body to be created.

xxxxxxxxxxxxx s
xxxxxxxxxxxxxxxxxxxxxxxx

il: emits the radiofrequency pulse allowing disturbence of the alignment of the protons / also Receiver.

Larmor Equation @y, = %8, ForH': 7 =2.675x10® [o=1.5T @.=63.864MHz  Relaxation:

» Protons align parallel or anti-parallel to the magnetic field generated | 11 Photon
» Larmor Frequency: magnetic moment of proton within external field (@? /f{ -+
* Protons that are parallel=lower energy ~.;. —*w

 Protons can oscillate back and forth between states, but majority
line up parallel with magnetic field

Tq RBacovery Gurva

Different relaxation times T1 & T2 help to "M o TRy
recognize different matters by B

Radio frequency coil I | I I |

SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland

S Tissue Ty (ms) | Ty (ms) R MR
gray matter (GM) | 950 | 100 T2
white matter (WM) 600 80
muscle 900 50
cerebrospinal fluid (CSF) | 4500 | 2200 |
fat 250 | 60 ZEE NS
blood 1200 | 100900° | RS
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IKMP | MR/I and Radio Frequencies

Institut pour la

meweneace  the magnetic moments of protons within a person are not cohesive.

They are pointing and moving in all different directions.

\/%f\f\
Q E T

DB

T

The radio frequency pulse mani-
pulates the fact that you are now
magnetized making your net ma-

gnetic moment flip in a particular &
area. This generates an electric |

current in a receiver of the MRI.

;’1 /’V "

l The MRI is a giant solenoid magnet
" providing a magnetic field which aligns
- 1’ the protons magnetic moments.

| l ]/ The MRI scanners extend the
_ ™= frequency along a plane crea- W
# 7" ting a slice that can be imaged. JiiL AT

-The RF coil produces a radio frequency simultaneously to the magnetic field

-This radio frequency vibrates at the perfect frequency (resonance frequency) which
helps align the atoms in the same direction

-The radio frequency coil sent out a signal that resonates with the protons.

-The radiowaves are then shut off. The protons continue to vibrate sending signals
back to the radio frequency coils that receive these signals.

SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switze




IFMP Uses for an MR/
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- The signals are then ran through a SHIELD

computer and go through a Fourier
equation to produce an image.
- Tissues can be distinguished in

function of nature (atoms) and densities.

- Brain imaging: to define anatomy, identify bleeding,

swelling, tumors, or the presence of a stroke -
- To locate glands, organs, joint structures, muscles and bone
- Some diseases manifest themselves in having an increase in water content

- The MRI can detect inflammation (tumors) in many tissues
- Helpful in diagnosing problems with eyes, ears, heart, circulatory system, lungs, pelvis,

spinal cord, etc.

Creates a 2D (3D) image that comes from the information of the radio waves of the protons

SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland
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Precession Decay

»  Gradi s provide a linear variation in
B, with position.

* Resultis a resonant:

BZ ] - Frequency
1 1{’! Position

Magnitude

@
=
—
—
=
=
<
L
o

N 4 | ourier
ﬂhn NA Tfansform

!
Wl =

- - Image [:1::] [:d:]
Received Signal
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Advantages: Advantages:

* Excellent/ flexible contrast | | - Various acquisition sequences
 Non-invasive - Large range of contrast

* Noionizing radiation - Excellent space resolution:

* Arbitrary scan plane 25 um (animal research )
Challenges: 200 pum (@clinic)

* New contrast mechanisms

 Faster imaging

Resonance frequencies of common nuclei

Resonance

Measures signal changes in the Nucleus  (1.5Tesla) Mrz
. . . . ;H 63.86

brain due to changing neural activity 2o 281
14N 4.62
1°N 6.57
23F 60.07
31Na 16.89 =
252. 22123 MRI showing nerve connections inside the brain.
39K 2.97
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?l”w“""Water W%
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IFMP IMAGE (comparison is sometimes treason, but..)

Wit
I'II" |.'t 4
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A
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- = _\_\__—\.._\‘H\
H______‘_._/'{.r = [
Frecessing net
madnetic mormeant
B

Yrire

rrent

~ ~
volts

Titme

MFE antenna

A0 current
CLarrmor freguency)

.Y
wolts h_J —

Titme

. A) The falling water rotates a wheel to which a magnet is attached. When this
magnet rotates it induces an alternating current in a coil of wire which can be
detected. B) A magnetic field (spin of a proton) rotating near a coil of MR
antenna induces a similar current in the loop which can be detected.
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e,, Remember if you forget you can always say this:

-

“Protons resonate or wobble at a certain frequency and when you excite
them they relax and emit energy in the form of electromagnetic radiation.
The body has different numbers and location of protons in various tissues.
When you receive the emitted energy you can map the data onto a matrix.
Then you can extrapolate using sine and cosine waves what the body
looks like based on the mapped RF pulses emitted by different numbers of
protons residing in various tissues (kind of like picturing the music
arrangement by looking only at the sound signal on your audio receiver!).”

« ltis not simple to understand exactly how MRI works...

 ButMRIh isition m des for instance) that it is very
exciting.

* MRl has a great future....

SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



[EMP

Institute
For Medical Physics
Institut pour la
Physique Médicale

4. SPECT

SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



IFMP EUROPEAN SCIENTIFIC INSTITUTE (ESI) ARCHAMPS, FRANCE
EUROPEAN SCHOOL OF MEDICAL PHYSICS (ESMP)

Institut pour la
Physique Médicale

fr oo ooz 2 o oo e e
& - " : o 2z P e o M
B e T e e e, e
g . L T s e e s T o
g 2. = = = 2= = o = = =
. ... . . . @ . i .
g .. .. . . = = = . .
g .. . @ . . . . . @
g . .. . . . . ... . .
Eoaa . . e e

SHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



- . - - e

- - L -

- - L o |

- s |

- -

- - -

B - e | |

; L - a2 - . - . B -

Institute | = = d e e e b s e o e e e
For Medical Physlcs

Institut pou

PnyslquzMedn:alz

Very popular in Nuclear Medicine because they require only standard radiotracers.
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Emission Computed Tomography
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Aim: - to measure and display the concentration of a gamma ray-
emitting radioisotope within individual slices 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

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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- Similar to X-ray CT : take 1D profiles or 2D
projections at discrete angles around the object

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

Raw data canbe  _ X
displayed as a

Sinogram Jo

P(x,8)

AL VN N A
RV WL Y

LR VG WL

\V
%Dj
v
o
q
=3
©
U
*
9,
@
o
=
o
S
7]

—§—>m— s — e
(See Yannick’s Talk later) l t “k : %—

Forward projection Backprojection Filtered backprojection
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- Principles of iterative reconstruction
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Image space Projection space

urrent image » | Estimated
estimate projections ‘1'
Compare
4 projections
Measured 1‘
projections

< 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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[FMP Now: SPECT/CT inthe clinic [y
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SIEMENS XxSPECT
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Conventional SPECT

CORONAL TRANSVERSE SAGITTAL
e F" v \ 107 28 \

SPECT/CT l

9 C
h K
t

Discovery NM/CT 670

Symbia TX

“CT is potentially more valuable for SPECT than for PET”
Bailey DL. Eur J Nuc Med & Mol Imag 2003; 30(7):1045-1046
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5. PET
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Anger camera
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511 keV
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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
Q 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

Nucleophilic W necessary-

substitution

Preparation

Sinogram/
Listmode Data

FRECURSOR

INTERMEDIATE

which disintegrates by positron emision. The FDG
ccumulates in the cells with abnormal metabolism,
.., cancer cells. I 1)

1) & 2): front and side view before treatment; L
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! .
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IFMP Positron Emission Tomography: how it works

(see also Yannick Arnoud lectures)
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PET images

Sinograms From D. Townsend 2014 31
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IFMP [The HIDAC Camera Project, 1977-1988 CERN & HCU, Geneva @
/)

Ph -

when PET started at CERN

Tpe, B (b isaien)

First mouse imaged at
CERN with Na-'8F in 1978

32
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Why
FDG
Works
So well?

CeH,4FO;

e

18
or

Fluorodeoxyglucose is a glucose analog.

Ilts full chemical name is 2-fluoro-2-deoxy-

D-glucose, commonly abbreviated to FDG.

1
sed in the medical
emission

orine in the FDG

Fluorodeoxyglucose

e~

- RO

OH

OH
)

FDG is most commonly us

imaging modality positron
tomogéehg’(PET): the flu

s

the pasitron-
)e fluorine-18, to

Chemical name

molecule is chosen to be

2-Deoxy-2-fluoro-D-glucose

emitting radioactive isotog

DG is injected into

: Other names
can form images of

ound the body. The

FDG

2-Fluoro-2-deoxy-D-glucose

produce 18F-FDG. After F

a patient, a PET scanner

ISFDG
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iologist to provide
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IFMP Fusion imaging: from software to hardware |
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Why Imaging (SPECT, PET..) [@]]
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SPECT-CT & PET-CT are better than SPECT & PET alone....
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6. QUANTIFICATION

(SPECT & PET)
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IFMP Quantification in emission tomography :
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= numerical value extracted from an image, to get concentration of radiotracer (kBq /
ml) = from signal strength in region (pixel value)
... Then estimate physiological parameters in Nuclear Medicine

~in SPECT & PET: problem, consequences,
methods, correction, results:

- Attenuation

- Scattering

- Effect of partial volume d

- Movement N : signal intensity in a C concentration of radiotracer

- Variation of spatial resolution in SPECT region (pixel value) (kBq/ml ) in the region

« Two types of quantification
-1- Absolute quantification needs:
a - Measurement of the concentration of radiotracer within an organ ( kBg/ ml ) or
of parameter derived from this concentration
b - Measurement of a volume (Ex:glucose metabolism in mouse brain : umol/100 g/
min). Ensure that N = k C then Determine k

-2- Relative quantification _ _
- Concentration ratio between 2 regions (tumor/healthy tissue
or between two instants: Evolution of the tracer uptake
The measured quantity is dimensionless
Ensure N = k C Needless to know k (only k constant over time) D-Day B By 6 o
SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland
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Compton scattering
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Scattering can happen: ||||||||||||
* In the patient

* In the collimator septa

* In Crystals
Consequences of Scattering: Importance of scattering in SPECT
* Photons change direction S0 they WI|| - - -
b 3 acquisition picture primary photons scattered photons
window (37 %)

* Bluring pictures

« Contrast decreases SPECT With Tc- 99m , about 30% of detected photons

in the conventional acquisition window are
scattered photons (thus bad positioned in the image )

Scattering cross section
when energy

wwwwwwwwwwwwwwwwwwwwwwwwwwwwww ‘ images from Tl -201 (70 KeV) are more affected by
scattering than Tc- 99m images (140 KeV)
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IFMP Different correction methods in SPECT

Institute

mescimees =1 From reduction of acquisition spectrometric windows : Reduction of scattered
photons (Importance of havmg a good energy resolution tomograph )

Physique Médicale

A
D(1) = k.I,(1)
Correction very simple to implement (hence its success)

§

.
92 135 L But neglects the dependence of angle deviation 6 and

* overcorrection if away from sources and wasted energy

undercorrection near sources. Rr= E —

« Artificial enhancement giving pleasant P REEL e

contrast for eye

-3 Method 3 energy windows ( TEW)
- Data acquisition in 3 windows 120 % , 11 and 12

- Estimation of D (i ) for each pixel i :

D(i) = W [1,(i)+1(1)] / 2
Estimation of P

A ) A )
P(1) = Ige,(1) - D1)
SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland
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IFMP Repositioning of scattered photons / Modeling of scattering
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Al SCout scan . Selection
(9-20 sec) \_ of scan
| region (1-2
min)
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Scout scan image

3. Helical CT (1-2 4. Whole-body PET
min) (6-40 min)
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IFMP SURVEY : Vaginal cancer

Institute

PET-CT is more powerful than PET alone.... (From D. Townsend)
* PET only
-
CT only :
.
PET+CT -
R

Biograph Scan duration: 15 min
5 beds; 3 min/bed; 8s/3i/6F

10.6 mCi; 90 min post-injection

A 50 year-old female - with history of NHL (Non-
Hodgkin lymphoma),. The PET/CT scan shows focal uptake in right aspect of the
vulva (SUV: 10.3). Adjacent focal anorectal uptake (SUV: 5.5). CT is negative
with no abnormality seen. Only combination of CT and PET can show that!
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8. IMPROVEMENTS
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IFMP 2010/PEJM2 in the clinic
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APD-based
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PHILIPS/EREOS PET/CT

(From D. Townsendg 5
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PET/CT

MDCT

PET/MR

PET

(S.R. Cherry, 2006)
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IFMP As conclusion: @)
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Thanks a lot for
the gentle attention!
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