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PET cameras: Principles, use a hospital & ongoing developments
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== Transfer from HEP
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= Developments in PET from HEP
L Litov, Sofie Uni BG

Session 9 ; Use of PET in Hadrontherapy
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IFMP Imaging modalities today @

For Medical Physics
Institut pour la Y il

"™ Hardware combination Bl 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

5
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IFMP EVOLUTION in MEDICAL IMAGING

(combination of existing equipment)
Physique Médicale “
Example: CT PET

movement
u]
MDCT
: #) jOLICH : . #) j0LICH
Data from Different Systems: - Images from Hybrid Systems: -
need software to register and fuse images () Sequential Acquisitions

CERM— Faorary 201 - U EkETk — R - FI-Jusioh ) Uriearsy ofWWapmenal— Seareny | CESMSSD-1E S 11 CERN — Fedonery 201 - U Plerryk — M- — FZ-Juslich ! Unisersity of Wiaoperss] — Senmeny | CERMHRD-12 Sl 13

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

Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



IFMP REVOLUTION in MEDICAL IMAGING

Institute

(Integrated devices from technical developments)

Physique Médicale

PET

Example: MRT ‘ ! . PET

(same hardware)

No movement ! PET
| |
Images from Hybrid Systems: </iucy Images from Hybrid Systems: ) 1buick
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 !!
Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



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

Institute
For Medical Physics

HOW PHYSICS HELPS
IN ESTABLISHING DIAGNOSIS

Physics has made it possible to create sophisticated devices to

t a certain moment;
s during a given period of time.

'In-Vivo" Imaging: |
< Help to patient treatment

é <[__Biology / Medical Research / New drugs = . & A QANNER" - TDM

£  Anatomy Physiology Metabolic level Mole level N |

= 1 ‘ < =

s l - 4 } ’ e CT
w0 PET (PET-Scan) S
5 — =

n x = Rays ‘E ——————— :‘é

é Scanner _é SPECT (Gamma camera) ]

IS = o

s MRI 8

s (magnetic resonance) ©

£ " functional MRI

S PSP

Ultrasound

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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2. X-Rays CT
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X-Rays-CT has become recognized as a
An important

during CT examinations
Adaptive Iterative Dose Reduction ...) in some case hopefully 1 mSv can be reached...
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3. MAGNETIC RESONANCE
IMAGING
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Precession

For Medical Physics
Institut pour la
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:
— Longitudinal recovery time constantis T,
Transverse decay time constant is T,
 Relaxation and precession are independent. Relaxation

@\

Precession Decay Recovery
Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland




IFMP MR/ : how it works (Cont’d)...

For Medical Physics

Institut pour la
Physique Médicale

MRI consists of;

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

il: emits the radiofrequency pulse allowing disturbence of the alignment of the protons / also Receiver.
Larmor Equation @, = %, For H': 7 =2.675x10°  B:=1.5T ©:=63.864MHz

Relaxation:

* Protons align parallel or anti-parallel to the magnetic field generated Photon

T1
» Larmor Frequency: magnetic moment of proton within external field (@y /f{ -+
»  Protons that are parallel=lower energy by —

*  Protons can oscillate back and forth between states, but majority
line up parallel with mag

Tq RBacovery Gurva

netic field
e Different relaxation times T1 & T2 help to ;,u -

i D i Bl R |

e recognize different matters ‘i Cor o
— i Tissue Ty (ms) | Ty(ms) | S o v s s
gray matter (GM) | 950 | 100 T2
white matter (WM) 600 80
muscle 900 50
cerebrospinal fluid (CSF) | 4500 | 2200
fat 250 60
blood 1200 | 100-200° | FEEDES—
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[FMP Different types of MR/
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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 LS e
252. 22122 MRI showing nerve connections inside the brain.
39K 2.97
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[FMP Different types of MR/
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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 pm (@clinic)

* New contrast mechanisms

 Faster imaging

Continuous filming/ monitoring of objects in real time

Resonance frequencies of common nuclei

Resonance
Frequency

Measures signal changes in the Nucleus  (1.5Tesla) MiHz

. . . ;H 63.8(15
brain due to changing neural activity 22 28
5y 152
- MRS 23 60.07
31Na 16.89 ; -
31 .. RS :
35cpzl 22123 MRI showing nerve connections inside the brain.
39K 2.97
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4. SPECT
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[EMP

Emission Computed Tomography

For Medical Physics
Institut pour la
Physique Médicale

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

Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



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
estimate

> Estimated ‘1’
projections

Y Compare
projections
Measured T
projections

Error map ) 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 in the clinic (N

Institut
For Medical Physics (From D. Townsend 2014)
Institut pour la
Physique Médicale

SIEMENS XSPECT

Conventional SPECT

CORONAL TRANSVERSE SAGITTAL

248

SPECT/CT I

C
3

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

Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



i s e
| . o
| B
| B
| .
| .
| xaxag
| =
| -
| . L - B
i | B ! | o I 0
o { s b £ o - WRES R B
@ L | el o el el e et e

Institute
For Medical Physics

+ii. o ANTI-MATTER ON CENTER STAGE!

e

s
-

e
-

-

-

-

-

:
o
-
=

S B A R B AR
-

- - s s -
s - - -
- - . .

!E; i 1t ‘Cl‘l!i;. ': ll: IE’
=
e wE o
. - R
E l! ; ! E |
| B | -
- | |
| . | o |
o vt v B bl e - o Bl
... - - .

electron from one of the atoms encountered. This process resuits in two "back-to-b

e
-
.
-
s
-

.
-
e e sl s G

| jE
- . - .

B md e o e w | E

.

of well-established energy (511 KeV) and emitted simultaneously. Cons:auently, we can suggest
that two opposed detectors should emit two simultaneous signals (see the diagram). With all this

i = =
B .

s

T e
. e e s e e e
| . T T T T e
| o B . Ol - MuUch ¢
r - . | - 1 -
. el m 5 vl iy e ke
L = nim o e e e o i s G ian e
. o . ... @ .

and thus reaches a higer sensiti

.
.

=¥
o
3
(=
=
o
()
o
' =
=
o
a
o
3
®
q
o

Y

. OH— (D) Modified monophotonic camera

positron scatters in
tissue losing energy

O—e

nucleus

511 keV coincidence ?

yes*+—

Anger camera
with collimator removed

.

511 keV

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.

5
Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerlan



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 Annihilation

The most used isotopic tracer is FluoroDeoxyGlucose
(FDG), which has the Fluor atom replaced by Fluor-18 1)
which disintegrates by positron emision. The FDG
ccumulates in the cells with abnormal metabollsm

.. cancer cells. |

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxx

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
SUMMARY

Institut pour la
Physique Médicale

Detector

Coincidences

Positron range \
r
Neutron- (r)

deficient isotope

)
Py

S
MR
S
¥ RNV Lut

)

=4
jeut aw
!

et

Injection of
labeled

pharmaceutical | 18FDG

Detector

i

(%3
PET images

Bladder—

Sinograms From D. Townsend 2014 29
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IFMP [The HIDAC Camera Project, 1977-1988 CERN & HCU, Geneva

Institute
For Medical Physics
Instit
Ph|
juc:

From D. Townsend 2014

| am tmgs bitpi/foern.ch/TTdb

First mouse imaged at 1978 at CERN

l CERN with Na-'F in 1978

Team & HIDAC PET il
Camera at HCUGE = Tribune de Geneve, January 1988
Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CEF.’N-Geneva-Sw:tzerland
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Why
FDG
Works
So well?

CeH,,FO;

e

18
or

Ohrid Workshop

Fluorodeoxyglucose is a glucose analog.

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

D-glucose, commonly abbreviated to FDG.

FDG is most commonly used in the medical

imaging modality positron emission

tomography (PET): the fluorine in the FDG
molecule is chosen to be the positron-
emitting radioactive isotope fluorine-18, to
produce 18F-FDG. After FDG is injected into
a patient, a PET scanner can form images of
the distribution of FDG around the body. The

images can be assessed by a nuclear

medicine physician or radiologist to provide

Vv

e

o

= .

18
e

September 2015 Yves LEMOIGNE / IFMP — Ambi

Fluorodeoxyglucose

OH
Hao%%
Gy

Chemical name |2-Deoxy-2-fluoro-D-glucose

2-Fluoro-2-deoxy-D-glucose
Other names

FDG

IBEDG
Role of Glucose|transp

FDG

l Hexokinase

FDG-6P




IFMP Fusion imaging: from software to hardware

Istitute (from D. Townsend 2014)

T PECT/C

Institut p

Physique M( 1 9 9 0
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- 1

! | / 21{'.‘- \

Hardware-ajunction: Prototype designs

_ Hardware-adjunction: Commercial PET/CT

) _Hardware-adjunction: Commercial SPECT/CT

2010 = 7 o

m%ti:?

Hardware-based fusion: Commercial PET/MR
-

-~

B HH , PhD, 1951-2008
Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France| Participans ESI Archamps In 1997




ful in Oncology for

IS USe

Why Imaging (SPECT, PET..) [@]]
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Restaging gastric cancer

Institut pour la
Physique Médicale

-

15 min

Scan duration

6 months
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Il be explained later by Alex Rijnders)
The Software start from Images
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For Medical Physics

6. QUANTIFICATION

(SPECT & PET)
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7. EXAMPLES OF USES
@ HOSPITAL

Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerland



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
(6-40 min)

Ohrid Workshop September 2015 Yves LEMOIGNE / IFMP — Ambilly — France & CERN-Geneva-Switzerl4%d




IFMP SURVEY : Vaginal cancer

Institute

PET-CT is more powerful than PET alone....
* PET only
T
CT only :
7
PET+CT -
“

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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Over 30+
years of
development

: 1

[FMP 2010: PET/MR
—®

First patient on Aberdeen MRI (1980)
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IEMP Solid state photodetectors for integrated PET/MR Y

Physique Médicale / /
R
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/ E I EEE
Block detector ... -
---------------- SiPM-based
APD-based PET detector
"""""" PET detector
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B=15T Photodetectors
. PMT  APD  SiPM  dsPM
MR compatible No Yes Yes Yes )
TOF capability Yes No Yes Yes |
Stability Good Good Unknown Unknown
Amplification High (10°) Low (103) High (109) N/A
Compactness Bulky Compact Compact Very compact pH".lPS\IEREOS PET/CT
Power HV, ASIC HV, ASIC LV, ASIC LV, simple
Readout Analog Analog Analog Digital
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PET/CT

PET/MR

PET ‘

(S.R. Cherry, 2006) PET MR
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9. CONCLUSION
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Thanks a lot for
the gentle attention!
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