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Giris
PET/MRI
instrumentasyon
Ham Gortntulere uygulanan duzeltmeler
e Foton azalmasinin duzeltilmesi
e Bundan dogan gorintu hatalari
Tartisma ve Sonuclar



Pozitron bozunumu ve yokolma (Annihilation)
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_________________ Pozitron Range

‘ Yokolma foton
‘ 511 keV

Yok olma olayindan sonra ve , sahip olduklari kutlelerin enerji esdegeri

olan 511 KeV enerijili iki fotona donusdrler.
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. Ozgenil (substrate)

Radyoizleyici Bilesik < :.Ilgalndlar
(Radiotracer) gfya i aclar
uete /| Genler

. “Hicreler

Radyoizleyiciler dokudaki molekiiler, biyokimyasal veya fizyolojik olaylari (doku

kan dolasimi gibi) denetlemek icin kullanilir.



Yari Omiir Maximum Ener;ji Positron Menzili (Su)
(dk) (MeV) (Max, Ortalama) mm

109.7 0.635 (2.4, 0.6)

1.25

Generatorle Uretilirler.

Dale L. Bailey, et al. (Eds), Positron Emission Tomography, Springer, 2005



Yaygin Kullanilan Radyoizleyiciler

Radyoizleyici

Hedef Biokimyasal
Proses

Klinik Uygulama

18F-FDG

Glucose metabolizm

Onkoloji ve Noroloji

68 Ga-Dotatate

Somatostatin
receptors

Nueroendorin Tumorleri

18F-FLT

Hicre bolinmesi

Radyoterapi

18F-FMISO

Hypoxia

Radyoterapi

18F_Fluorocholine

Hucre zari

Prostate

18F_Fluoride

Kemik olusumu

Kemikteki metastaz

82RbCl and 13N-NH3

Perfusion

Kalp

18F-Florbetapir
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Beta-Amyloid

Alzheimer




PET Kameralar Nasil Calisir?

Event



Hybrid Imaging Modalities

1997 1998 2001 2007 2011
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PET/MRI Entegrasyonun Zorluklari

- e

—

X-ray detector

Fahrig, R. et al, Proceedings of the IEEE , vol.96,
No.3, 2008

Conventional APD-based
PET detectors PET detectors

Semin Nucl Med. 2008 May; 38(3): 199-208



MR Uyumlu Fotodetektorler: APDs ve G-APDs

Impact lonization

APD ve Geiger Mode (SiPM)

Reverse bias

Breakdown voltage
VB

Forward bias
(yonlendirme)




G-APD 6.5 x 7 mm? 3 x 3 mm?, 60x60 cells Each cell 50 x 50 um?

Individual
ph-e pulses

APDs

SiPM pulses
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Gain 1sidan etkilenmekte Noise de bias voltajindan etkilenir.
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Interface

dSiPM

SiPM

Digitized and time stamped

Analog signal generated

At the cell level

by each cell is added



PET/MR’da Kullanilan Fotodetektorler

Protodetecor T a sem
:

yay/chomne 9 =




Arti ytiklii positron parcaciklari B ye dik olan duzlem uzerinde daha kisa mesafe
yol alirlar.

In-plane coziiniirliiliillii olumlu yonde etkiler

F18 gortntiilerde faydasi yok

3T da Ga68 gortintiilerde faydasi olabilir |1 |

S6Y (Epyy = 3.15 MeV) B I (Ep,=2.14MeV)

0 Tesla
0 Tesla

by Monte Ca
10 T (bottom) field. The 3D
plane perpendicular to the direction of the r

n the en

9 Tesla (X-Y plane)

160, 2006 and Burdette er al..
- Science  Symposium Conference Record,
376-2380, 2005. Refs. 20, 22

10 Tesla

Distance (mm)

[1] PLOS ONE | www.plosone.org, 10 April 2014, Volume 9, Issue 4, pp. 3-10



side-by-side

Use current PMT
technology

Move PET readout
away from MR field

PET-insert

Requires use of MR
compatible light

detector
Only modify PET to be
transparent to MRI

Integrated PET/MRI

Merge PET and MRI
technology

Fully integrate PET into
the MRI hardware




Ik Klinik PET Detektor

PET brain insert MR funnel

“

Head coil™ _

“Patient bed

Figure 1:  Drawing and photograph of integrated MR/PET desymshaqys/smepyictyessingof MR head
coil, PET detector ring, and tunnel of MR magnet. 3T MRT- Trib

Radiology: Volume 248: Number 3—September 2008

Figure3: Simultan cquired (a) MR, (b) PET, and (c) superimposed combined MR/PET images of 66-year-old man after intravenous injection of 370 MBq of
FDG. Tracer distributic ded for 20 minutes at steady state after 120 minutes.




Kilinik PET/MR Sistemler

Goruntiuleme metodu

Ardisik

Ayni anda

Ayni anda

Kristal

LSO

LYSO

LYSO

FDA Onayi

2011

2011

2014

Photodetector

PMT

APD

SiPM

Satilan (siparis) (Mayis ‘15)

7(10)




Ingenuity TF & Achieva 3T

System Description 3T
(30,000G)

Magnetic Field
10G

(1.5G inside)

New Pt. Table and

' Turn Table
|

— oo

—
Gemini TF PET Achieva 3T MR

(K052640) | (K063550)

Division, Content owner, Date(in numbers), ISO No




Ingenuity TF & Achieva 3T

Magnetic shielding of
individual PMTs

Individual PMT Shield Ingenuity TF PET/MR Crystal Ingenuity TF PET/CT Crystal
Placement Module Module

Modular shielded construction
in gantry

Laminated transforming steel
cover on PET gantry MR face

§ (ki
:
v £ > 2%
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\ e ' e

_ Ingenuity TF PET/MR Gantry
Dit with laminated steel shield xrs), ISO No




PET system

New (201 1) Astonish PET/CT

Philips’ PIXELAR Detector

+ Continuous detector design

+ 28,336 crystals of 4x4x22mm

« Optically connected panels via continuous light guide
+ 5-7 PMTs used to localize each event.

Outcome:

B Homogeneous light collection
* Energy Resolution of <12%
* Increased timing resolution (495ps
« Scatter fraction 27%
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A

Magnat shealding codl B MR
| PET

Primary magnaet codl
1 AlrfVatuum

Gradient il

Magnet cryoitat

Siemens Broshure (website)

Crystals

3x3 APD array

9-Channel preamplifier
ASIC board

9-Channel driver board

ﬁ 7y kAL

T —— PET#&iH3R

60cm (3[miz3

4x4x20mm

| —— Avalanche

Photo Diodes (APD)

Integrated
Cooling Channels

block



Siemens mMMR ve mCT

Transaxial FOV (cm)

59.4

70

AFOV (cm)

25.8

21.8

Ring Diameter (cm)

65.6

84.2

Energy Window

430-610

435-650

Energy Resolution

14.5%

11.5%

Timing Resolution

2930 ps

527 ps

Coincidence window

5.9

4.1

Transverse Resolution

4.3

4.4

Axial Resolution

4.3

4.4

Transverse Radial (mm)

5.2

5.2

Sensitivity (kcps/MBq)

15

9.7

Scatter fraction (%)

36.7

33.2

Peak NECR kcps

183.5 @23.1 kBg/mL
.52, No. 12, December, 2011

180.3 @28.3 kBg/mL




MR RF Shield with dip
PET Detector in the center

Modules e /

Support Ribs

MR RF Body Coil

PET detector ring mounted between the RF
shield and the gradient coil.

Silicon PhotoMultipliers (SiPMs) for size and
magnetic compatibility

Detectors in ring on outer surface of novel RF
body coil — 60 cm bore diameter

Gradient coils

Body coil former
| N

electronics

scintillator

/



PET Detector Overview

Optical fib‘ r communication Digital
electronics

Heat sink

Detector
units

Liquid cooling

RF & light shield

LBS Scintillator
Crystals (25 mm)

Circuit Board

Thermal coupling



e Dynamic temperature compensation uncorrected corrected

e Event processing pipeline optimization- - _
max NECR

e Multiple RF shields for minimal
interference




PET Energy and Timing Resolution

At .. =11ps

max




GE
SIGNA [1]

Siemens
Biograph mMR

Philips
Ingenuity TF

Trans. FOV

60

59.4

70.7

Sensitivity (kcps/MBQq)

21

15

7

Peak NECR (kcps)

183.5

90

Energy resolution (%)

14.5

12

Timing resolution (ps)

2930

Axial FOV (cm)

25.8

Spatial resolution

Transaxial (@1 cm,
10 cm)

3.7, 4.5
(Iterative)

4.3

Axial (@ 1 cm, 10 cm)

4.8, 4.7

4.3

Reconstruction

TOF and PSF

NO TOF and PSF

TOF and PSF




Foton Zayiflamasi (Attenuation)

----------

«

" 9 Kesitten bir profil
[/ \g

Wappmns®

Homojen phantomdan bir kesit

Dizeltmeden once



68Ge/ %8Ga source 137Cs source X-ray source

ACF: Attenuation Correction Factor

Kinahan et al. Sem Nucl. Med (2003)



Ge68/Gab8 Transmission Scan Low Dose CT-based Attenuation
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>0.105 cm™ : Kemik veya kemik ve
yumusak doku karisimi

Kemik ve yumusak doku arasinda ki fark 30% lara kadar ¢ikabilir



Scaled Map @511 keV
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Modified from Kinahan’s slide



CT Slice CT-based AC

FETAER ! - -
2230 w3 23 C-28T RDCEALYE — CTAL 250w thick
83

NOT FOR MEDICAL USAGE
i R 12126012 30454
3 Hadz In Dsrix

Intensity Profile

Dizletmeden sonra



e MR Segmentasyon (bolitleme) tabanh teknikler

e Vicut dokusunu farklh doku cesitlerine ayristirir.
e Her doku tipine sabit lineer azaltma katsayisi verir
e Uygulamasi kolay ve hizli

e Template veya atlas tabanli teknikler

e Emisyon ve transmisyon goruntuleri kullanilarak

Foton azalma haritasi (map) foton azalmasini ve scatter fotonlari duzeltmek
icin kullanthr



Beyin

Kemik

Foton Azalmasinin
Duzeltilmesi

Tum Vucut

Akciger



Atlas Tabanli Dizeltme Teknikleri

Template Database:
MRI
Measured Attenuation Map (MAP):

CT, 137Cs, Ge68/Gab8

MRI Template

Goruntu Cakistirma

Hasta Goruntusu
PET/MRI

T. matris

Transform MAP

Foton Zayiflama

Dilzeltimi Ham PET

Dlizeltilmis PET Goruntusu



MR FOV =46 cm

T1 weighted MR

Multi-station protocol (her station, 6 cm)
Normal bir insan (170 cm) yaklasik 5 dakika

3 doku sinifi : Hava (air), yumusak doku (soft tissue), Akciger (Lungs)
Kemik dokusu hesaba katilmiyor

Atomotik segmentasyon: Thresholding + Region growing + Deformable
model for the lungs from a set of 20 High res. CT.



MR Bolutlenmis Dizeltmeden sonra



MR MRmap Radyoaktif kaynak
Kullanilarak

Iki hastada (Ust ve alt sira) yanhs bolGtleme (beyaz oklar). bolutleme parametreleri
degistirilerek daha dogru bir bolitleme elde edilebilir(g). Ingenuity TF PET/MR



4 doku sinifi (hava, yag dokusu, yumusak doku ve Akciger) kullanilmakta
Cok yakinda buna kemik dokusunu da dahil etmek icin calisiyorlar.
2-point DIXON sequence kullanilarak yag ve su dokulari ayristiriliyor

Coil ve yatak foton azaltilmasi duzeltilmekte

Truncation artifact “HUGE” algoritmasi kullanilarak MR FOV, PET FOV
kadar genisletiyor.

Bu bilgiler kisisel iletisimle elde edildi



Donanim kismi MR gorintllerde goziikmedigi icin transmisyon tabanli
goruntulerden elde edilen azalma haritalari kullanihr

C
Boyun-bogaz RF PET/MR 3D Tabanli MR-Tabanli MR-Tabanli Yumusak
Coil CT-Tabanli azalma yumusak doku doku, masa ve RF coil
haritasi azalma haritasi

Ronald Boellaard, PhD,* and Harald H. Quick, Semin Nucl Med 45:192-200, 2015



PD-weighted ZTE Acquisition: Bolutlenmis

Goruntu
FOV =260 mm Zemin
flip angle = 1.21,
Resolution = 1.35 mm Yumusak doku
TE=0
Scan time = 173 seconds
Kemik

Hava boslugu

RF-bias corrected,
inverse log- scaled
MR images




Absence of
lung tumor in
the attenuation
map: in SUV
35%.
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FIGURE 4. Differences in mean SUVs (top) and maximum
SUVs (bottom) for each group of lesions produced by AC
with segmented attenuation map (segm, <) and attenuation
map with bone removed (no bones, A) relative to AC with
original map. Vertical bars indicate mean *= SD.




Adipose tissue Spongeous bone Cortical bone

Maximum intensity projections (MIP) of relative PET quantitation errors
induced by ignoring a certain tissue type in the segmented attenuation map.



MR gorintideki (sag) buyuk delik gogusteki kalp stentinden
kaynaklanmaktadir.



Truncation Artifact

NAC TOF-NAC

NAC kullanilarak TOF-NAC kullanilarak

duzeltilmis map duzeltilmis map




0.04

0.08

Truncation Artifact

0.12

0.16 cm!

A truncated attenuation map
created from MR data using the
segmentation method based on
Martinez-Moller et al.

An attenuation map corrected for
truncation using the method
described in Nuyts et al. on the
Biograph mMR.



Truncation Artifact

p 600 mm
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Tartisma ve Sonuclar
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