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Qutline

PET/MR History

Philips PET/MR

Challenges

Next step and PET/MR Adoption
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PET/I

« 1986: H lida et al: Use of Magnetic field to reduce Position
Range

e 1990: Bruce E. Hammer: Patent — NMR-PET Scanner
Apparatus — First PET/MR concept

« 1996: M. Buchanan et al: NMR/Radionuclide System

« 1997: Simon Cherry et al: Simultaneous PET/MR images
(Article In Science Magazine)

Adapted from Dr. Simon Cherry’s Presentation
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PET/MR History

1997: Simon Cherry et al: Simultaneous In Vivo Imaging

1997: BJ Pichler et al: LSO-APD Detector at 9.4T T X X }’

2006: Catana et al: Preclinical Insert for Simultaneous
PET/MRI at 7T.

Software Fusion: From later 1990 to current — VVarious
Software Fusion capability — Research and products

— In parallel with PET/CT software fusion

Adapted from Dr. Simon Cherry’s Presentation
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Desigin Consideration - Applications

MR PET

Fast & easy
fibertracking
q
Easy MR brain &E@ Motion
spectroscopy ‘.' management
Prostate 2 d 4 Oncology
spectroscopy . " 2 applications
¢ Routine coronary
. imaging at 3T

Head-spine imaging

Time-of-Flight PET
imaging

‘ I Neurology
‘ ' applications

without repositioning

> Cardiology
>]  applications
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Anticipat s fou

MR/PET

Anticipated clinical indications & relative scan volumes at full market adoption level for
MR/PET.

(MR/PET Focus Group Meeting, September 2011, Philips Healthcare)
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Desigin Consi

deration = Quantitation
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Ingenuity TF P

ET/IMR Magnetic Shiel

ding

Magnetic shielding of
individual PMTs

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

Modular shielded construction F:;W-I o ;2@”5 i

in gantry ' L\ C11)423m] [ iy
Laminated transforming steel sl e u.{
cover on PET gantry MR face S [ ——— A

Z-axis distance reduces magnetic impact

Ingenuity TF PET/MR Gantry
with laminated steel shield
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Ingenuity TF PET/MR Magnetic Shielding

Unramped M3 Ramped MR, before LT recal Ramped MR Gter PET recat
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Energy and timing resolution crystal
maps

Magnetic flux density inside the PET gantry

Design and performance evaluation of a whole-body Ingenuity TF PET-MRI system, H Zaidi et al, Phys. Med. Biol. 56
(2011) 3091-3106
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Spatial Resolution Ingenuity TF PET-MR Gemini TF PET-CT

FWHM (mm) FWTM (mm)  FWHM (mm)  FWTM (mm)

Transverse, 1 cm 4.72 +£0.1 9.42 £0.2 a.7 9.7
Axial, 1 cm 457 +01 9.49 £0.1 4.7 9.6
Radial, 10 cm 495 +0.1 9.85+0.1 5.1 10.3
Axial, 10 cm 504 £0.1 9.69 £0.1 4.8 9.6
Tangential, 10 cm 5.30+£01 1045+ 0.1 5.1 10.2
— 200 . 60 S
a £ 50 g
Z 150 g 40 %\é g
g 100 g 30 "\o\o\o e
Z o %
:E 50 g 20 +,‘Cu|i g
% n 10 = 27cm
§ o 4 0 =l 3l
w
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Design and performance evaluation of a whole-body Ingenuity TF PET-MRI system, H Zaidi et al, Phys. Med. Biol. 56
(2011) 3091-3106
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ey Comnsi

ET/MR image recomnstiruction

MRAC PET

MR data

Segmentation methods
u Vvalue assignment
(metal artifact, non-uniformity, disease impact)

7

Attenuation Map [ » ...
compensation

> Scattc_ar N
correction

Listmode PET data
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R-based Attenuation Coirection

..‘ 2

Uncorrected PET Whole body MRI Attenuation Mask

Air, Tissue, Lung

T1w Fast Field Echo with 10° flip angle

— 3x3x5 mm?3
Fully automated Segmentation

No bone consideration
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MRAC = Truncation Artefacts and Compensation

atMR map ToF info Compensated

)
'4 { M Suv eror map
: "-30% +30%
'4
Uncorrected ~16% ~9% ~3%
Corrected <1% <1% <1%
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Challeng IR (conventional)
Pooi’ U'nh[fonmhtry Iuolhckctﬂnrnc Slacliing

As Bo increases so does Proton MR RF

1.5T in AH,0 = 52cm  64MHz I B S W
3.0T in AH,0 = 266m  128MHz R

Source: Merkle, E. M.
et al. Am. J.
Roentgenol.
2006;186:1524-1532
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Challenges of 3T MR (conveintio
#2: Speeiiic Absoiption Rate (SAR)

ynal)

3T =4 x SAR of 1.5T

=>» Warming up of the subiject,
=» safety limits quickly exceeded
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Miulti-Transmit MR

lmeage Quiallity

Slight uniformity
improvement

Medium uniformity
improvement

Large uniformity
Improvement
(ascites)

Enhanced Uniformity Conventional

& Inter-patient
IQ Consistency

Courtesy: Bonn University Hospital, Germany
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« Same QC procedures from PET and MR are applied

* Additions

— SUV Calibration

» Use salt water (standard hospital grade saline solution) to match tissue
characteristic for MR imaging

+ Use segmented MR as AC Map
— Alignment (less than one pixel)
* Mechanical

* Imaging space (Important to have a good MR linearity)
— Sequential and simultaneous

* Time between PET and MR AC Map acquisitions: 1-5 min (similar to PET/CT)

— Smaller MR FOV
* Proper positioning to minimize truncation

21



PHILIPS

portunit

ies

= Aicas for contiinuous Innevations and Improvements

Breast Imaging
— Attenuation, Scatter, and imaging FOV
» Pediatric Imaging
— Segmentation, Attenuation
« Truncation
— Limited MR FOV, Large Body Size
« Scatter Correction
— Assumed attenuation (Patient Dependent)
« Metal Artifact
— Fair amount of patients have metals inside bodies
* MR Attenuation Correction
— Map Optimization (MR sequence — mDxion, UTE, better segmentation method)
« Reconstruction
— Anatomic info (a prior)
— TOF Info - constraint
— New way of Recon because of MR info
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Example #1 — Breast Imaging P w
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Prone PET/MR

Coil raises patients vertically,
causing MR truncation!
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soin w/ and

Result: PET images comjpari

AC ma PET w/ TC
P PET w/o TC (using TOF info)

* Image uniformity improved;
« SUV increased less than 10%
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Example #2 — Whole body imaging

using Time of Flight information to compensate for truncation
NAC PET TOF-NAC PET

NAC PET TOF-NAC PET

Truncation compensated AC maps
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Exaiin

urate Scatter correction

Radial profile from sinogram
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Nuclear Medicine Advances in Instrumentation: PET/MRI Technical Design Challenges & Innovations, AAPM 2013 26



PHILIPS

Summairy from 1° lnternational W

orksho 10p on PET/NVIR

Imaging, March 19-23 2012 Tubingen, Germain

PET/MR Technology is available for patient management and research

The current search for a single clinical “killer application” for PET/MR
continues and may eventually prove elusive

Even without such “killer application”, the convenience of easier patient
handling, intrinsic image alignment, improved contrast for clinical
practice as well as research

Pre-clinical PET/MR already added enormous value.
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Developmeint for Future = Example

Tech nology C

Development of the Digital Silicon Photomultiplier

dSIPM

CRT ~ 250 ps CRT ~ 1000 ps ~
CRT ~ 250 ps
aim: 100 ps

Additional Benefits

* significantly reduced temperature
sensitivity (~101)

» active quenching reduces after pulsing
& crosstalk (~101)

« individually addressable cells enable
dark count control (~10-?)

non-TOF 500 ps 250 ps 100 ps

* better linearity (&correction)

Product .developin Future i
Images courtesy of H. Wieczorek, T. Dey, &ApTrlr%dade Philips * o analog electronics, no TDCs, no

Research ADCs, no ASICs
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Developmeint for

Techinology D
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Anticipated Applicatioins fo
Antcipated clinical indications & relative scan FDG Myocardial viabity  PET Guided . FDG Neurology Other
. Neurophysiology FDG Early Response/Adaptive Therapy
volumes at full market adoption level for MR/PET. - :
ports medicine/Ortho -
(MR/PET Focus Group Meeting, September 2011, Philips Healthcare) Neuromodulation
Non-FDG, Non Amyloid & “ Pediatric PET/MR
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Summary: Predict PET/MR Clinical Adoption

Clinical
Adoption |

Time
msss  PET/CT msmm SPECT/CT wee PET/MR

Nuclear Medicine Advances in Instrumentation: PET/MRI Technical Design Challenges & Innovations, AAPM 2013



PHILIPS

Summary
« Technology is available for patient » Continue the journey for “Killer”
management and research applications

« The current search for a single clinical
“killer application” for PET/MR continues
and may eventually prove elusive

Continue technology innovations

« High priority on Quantitation

« Even without such “killer application”,
the convenience of easier patient
handling, intrinsic image alignment,

improved contrast for clinical practice as )
well as research « Long journey for research

* MR has greater potential than CT for
overall system optimization

* Pre-clinical PET/MR already added * Cost must go down
enormous value.
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