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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
1-2 (animal) 1-300 1-100 10131012 >300 High
6-10 (clinical)
0.5-2 (animal) 60-2000 1-100 1010101t >300 Medium-High
7-15 (clinical)
2-5 (visible to 10-2000 10%-10° 10°%-1011 1-20 Low
IR)
0.025-0.1 0.1-100 10%-10° 103-10° >300 High
(animal) -
0.2 (clinical)
0.05-0.5 0.1-100 10%-10° Not well 1-300 Low
(animal) characterized
0.1-1 (clinical)
0.03-0.4 1-300 NA Not well >300 Medium-High
(animal) characterized
0.5-1 (clinical)
-

" # #!
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IFMP EVOLUTION in MEDICAL IMAGING

(combination of existing equipment)
P I S—
‘6 + 7 CT PET
_ uj PET
MDCT
Data from Different Systems: % 10uicH Images from Hybrid Systems: #) J0LICH

need software to register and fuse images () Sequential Acquisitions

MRT-PET

CERM — Feonery 201 - U Pksrrk — B — F2-Jusich ! Universy of Wupperssl— Senmeryy | CERMNRD-1E (000 Sl 1%

3& 4 3& 4 '
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IFMP REVOLUTION in MEDICAL IMAGING

Institute

(Integrated devices from technical developments)

Physique Médicale

PET

"6 + 7

8 - 9 PET
| |

#) j0LICH

Images from Hybrid Systems:
Sequential Acquisitions

Images from Hybrid Systems:
Simultaneous Acquisitions

MRT-PET MRT-PET

CERN-— Feomery 201 - U Plerzik — B — FZ-Jusicn /! Universtsy of sWunoeral — Senmeery ¢ CERMNRID-E (O00) Slioe 13
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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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1] 1] *
675x108 Lo=1.5T »=63.864MHz 6 7
n /5{ Photon
% ; Tq Recovery Gurve
How MRI Works /" 6 H +
Magnet ;o
Radio frequency coil -
Gradient coils Tissue T (ms) | T (ms
Scannear

gray matter (GM 950 100
white matter (WM) 600 80
muscle 900 a0

cerebrospinal fluid (CSF) | 4500 | 2200
fat 250 60

blood 1200 | 100-200° i S S

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



EMP ) ¢ ¢

Institute
For Medical Physics
Institut pour la
Physique Médicale

# & ! *

WSy

i 4 "

[Magnelic Field for a solenoid (a long helical coil) ]

& " "
5 $ ’ 1] *
* # noon
n " & !*

- HH O HH
N
)(.

$ 4 " & *

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



, #

4 n *
#o

1 *
< & vox
e 1 % %

% % " $

JH % %; % "
 ( & & ! !
#o
, = % % %" " % % & %

n % g
0 /8 8 ! &

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



- S S a_—/,TTTT

.. .
| -
.

>
l Y
l e
L. @ @ @@ @ @

*

e
.- = - = =

A ——— .. ]

EEEEEEEEEExﬂxxgaéwxxxxﬁxxxxxxxxxﬂﬂﬂﬂﬂﬂﬂ . =]
...
s
g . .
. .
]

p—_—
s
... -
.
o
.
Z “
.
Y
o,
.
o
‘
. wl

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



2

& &

-
.
.
.
.
.
.

.
.
-
m—

.
. e
.

-

-

-
-
.

-
-
-
-
-

.
-

- g .
e

| 2 .

S

=
R | g

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



$ I &&%

# ! " *D

“x @2 y

n n 1 n *

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



" " *

n *

| .
N |
L e

& & 2

..
..
B

SHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambill y — France & CERN-Geneva-Switzerlan



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



-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

=
=
=
-

-

-

-

-

-

-

-

-

-

-

-
-
-
-
-
-
-
-
-
-
-
-
-
-

s

o
e
.
.
.

=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
&
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
.
=
.
=

SHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambill y — France & CERN-Geneva-Switzerlan



s

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.

.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

g

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



AIM: - to measure and display the concentration of a gamma ray-
emitting radioisotope within individual slices of th e body

SPECT: Single photon emission computed tomography with tr acers
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

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



Basic Method of ECT

- 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 can be
displayed as a

Sinogram

A
7 ) - _
K& Parallel Projections Sinogram

(See Yannick’s Talk later)

Forward projection Backprojection Filtered b  ackprojection
SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambill y — France & CERN-Geneva-Switzerland



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

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

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



C 1(+-0#90# " "

(From D. Townsend 2014)

Symbia TX Discovery NM/CT 670

|+ -&4 " " ' 1" J
# 1 % & $" I# |
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Positron Emission Tomography: how it works
M 0: & &

0 45/ 3

3_ From D. Townsend 2014
SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambill y — France & CERN-Geneva-Switzerland



$U%&& ' () *H, K+ & /$&)0

when PET started at CERN

Tpe, B (b isaien)
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Why

FDG Q

Works

So well?

C6H11F05 'K & +

8 +
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SPECT-CT & PET-CT are better than SPECT & PET alone ....
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Pre-therapy ..

Scan duration: 15 min
5 beds; 3 min/bed; 8s/3i/6F
10.6 mCi; 90 min post-injection

< @ Post-therapy ..

Scan duration: 15 min

5 beds; 3 min/bed; 8s/3i/6F
9.8 mCi; 90 min post-injection

A 52 year-old male patient with history of gastric
cancer imaged pre- and
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... Then estimate physiological parameters in Nuclear Medicine
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Different correction methods in SPECT
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SURVEY : Vaginal cancer

!II + I& !|I 2 : 8*#
|\| PET only

CT only

PET+CT

@ + & 7 #
#4 Q 14 Q,1 133

A$ QA + G
A 50 year-old female with history of NHL C ,
= $ % . 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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Adenosine-5'-triphosphate (ATP)
is a multifunctional nucleoside
triphosphate used in cells. It is
often called the "molecular unit of
currency" of intracellular energy
transfer . ATP transports chemical
energy within cells for

metabolism.

Idem FDG F18
Idem if F 18 added
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Glioblastoma Multiforme

T1-Weighted T2-Weighted

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



"H SN &
# & %

LYSO
4 x 4 x 22 mm3 (LYSO)

3D only (no septa)
Brilliance 16 CT

70 cm port

18 cm axial FOV

iming

585 pst

TOF

Non-TOF

c
O
+—

©

| -
>
©

c

M

&)

(7))

7p]
o
(o)

.
=
-
-
-
-
-
-
-
-

.

e
.

e
.

-
-
-
-

-
-
.

-

.
-
. -

:
=
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-

-

1 OO

; BMI = 38.1

114 kg

2 hr pi

3min/bed position
SSHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambill y — France & CERN-Geneva-Switzerland

12 mC

Non-TOF



*7/7('

0 min 10
L 2MMM
BGO PET setup
N 2MMM
LSO PET/CT setup

20 30 40 50 60 70 80
transmission emission
. CT an®
t emission

;o 0 8>
K $
"4 0# " &
"4 +-# " 7, 9
& R

Setup and patient positioning

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



=
... ... .. .. .. . .. . .
.

s,
SR

FAST

ﬁxxxxxxxxx
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
By

$4 QA# 14 Q ,1 1#3 4 Q 14 Q,1 1#3
A# Q A# + # Q. +

, = A. 4=

e
T
i
.
.
.
.
.
.
.
.
.
.

.

.
.
.
.
.
.
.
.
.
.
.
i

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



(4=

#4 Q 14 - - (%
A$ QA + S o L Qr
$,6 8§, '
SHEMP 19-24 May 2014 - Yves LEMOIGNE / IFMP — Ambill y — France & CERN-Geneva-Switzerland




] . .

.. 5 .. ..
... _ ;... |
...y .

= ... ... .. g . ...

y. -

Present Future?

3rings 4rings 6 rings 8 rings 10 rings 12 rings

i
|
-
-
-
-
-
-
-

i
.
.
.
.
.
|
|
|
.
.
.
.
.
e

‘::t-
Y
@)
c
9
)
&)
©
Bt
Q
(@))
C
@®©
=
[e)
7))

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



s
..

s

s

- . .
. 7 g
. m%ﬁﬁﬁﬁﬁ%m“ .

Average whole-body coverage of 80 cm

D ]

7 $F"

Biograph TruePoint (16 cm)

Biograph TP TrueV (22 cm)

(52 cm)

DN 1" K%

—

7X3min= 21 min

5x2min =10 min

.
... ... .. .. ... .
- . . = . .
- - = =
| & . . . B . -

| . . - | -
| 4 e B & ¢ g8 8
| 4 d g
| - 11 - - 111
| . - - B R - B R RER R
L e e s

1x1min=

1 min

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



Patient outline

5.2
3.0

1.5

4.5

:
)
.

)
.
-

2 ﬁ
| =
L

|
|
|
|

-
-

')
.

.

i = |

| e

e
|
|
|

7.5
18.0

1.5

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



Advances in scintillators

Light output

phototu bes™

DA NANANA N VAN

@ (511 keV)
scintillator
BGO GSO LYSO
Density (g/ml) 7.13 6.7 7.4 7.1
Effective Z 74 61 66.4 65.4
Decay (ns) 300 30-60 35-45 41
Timing (ps) 500 585
Light (ph/MeV) 8,200 10,000 30,000
% Nal 15 25 80
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In pi, 3.5 min per

80 m

NSCLC
110 mAs, 130 kVp, IV, water-based oral

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

320 MBq 18F-FDG,

BGO-PET
Dual-row CT
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SURVEY : Vaginal cancer

PET only

CT only

PET+CT

@ + & 71 #
#4 Q 14 Q ,1 13%3
A$ QA + G
A 50 year-old female with history of NHL C ,
= $ % . 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.
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A paradigm shift: current to counting mode thanks to fast electronics
developed for LHC detectors (CERN)
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Courtesy GE Courtesy Rabin Medical Center, Israel
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