PE J’/J\JR%J Trig Sirer)

sl Reoirtn of PET/VIRIEE = | -

Simon R. Cherry, Ph.D.
Center for Molecular and Genomic Imaging
Department of Biomedical Engineering
University of California, Davis

SESSE =
= 5 = =

UCDAVIS

UNIVERSITY OF CALIFORNIA

0N
=3



Early History

w
-2,
<.¢‘3=~‘=“

<

Y




Use of Magnetic Field to
Reduce Positron Range

Positron IEEE Transactions on Nuclear Science, Vol. 33, No. 1, February 1986

Magnetic tjectories
field | A SIMULATION STUDY OF A METHOD TO REDUCE POSITRON

ANNIHILATION SPREAD DISTRIBUTIONS USING A STRONG
MAGNETIC FIELD IN POSITRON EMISSION TOMOGRAPHY

H. IIDA, I. KANNO, 5. MIURA, M. MURAKAMI,
K. TAKAHASHI AND K. UEMURA.

Department of Radiology and Nuclear Medicine
Research Institute for Brain and Blood Vessels
6-10 Senshu-Kubota-machi, Akita, 010, Japan

Unfortunately, since the required magnetic
field to reduce the spread of positron annihilations
was found to be terribly high, it will be pessimis-
tic to apply the idea to the present practical PET,
because we cannot use photo-multiplier tubes without
gaudy magnetic shields. But in future, a new detec-
tor might be invented having good spatial resolution
being unperturbed even by strong external magnetic
fields.




PMT Sensitivity to Magnetic Fields
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Courtesy Hamamatsu Corp.

1T = 10,000 gauss!
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United States Patent 9

(111 Patent Number: 4,939,464

Hammer (451 Date of Patent: Jul. 3, 1990
[54] NMR-PET SCANNER APPARATUS Primary Examiner—Michael J. Tokar
Assistant Examiner—Kevin D. O’Shea
[75] Inventor: Bruce E. Hammer, Latham, N.Y. Attorney, Agent, or Firm—Helfgott & Karas
[73] Assignee: Intermagnetics General Corporation,
Guilderland, N.Y. [57] ABSTRACT
[21] Appl. No.: 378,396 NMR-PET scanner apparatus is provided wherein a
[22] Filed: Jul. 11, 1989 PET detector is dismsed‘within a magnetic imaging
sl Int. CLS GOIR 33/20 structure of an NMR device. The output of the PET
[52] Us. G 324/31 ) 1218/653f ” detector is conveyed through light pipes to photodetec-
[52] s Lede e, 250 363:03' 250 35" tors which are shielded and disposed without the mag-
[58] Field of Search 3:{4/360 ’307 /31& netic imaging structure of the NMR device to avoid
250/’363033681 28/653 i{, 65’3 S C," interaction between the photodetectors and the mag-
I netic field generated by the magnetic imaging structure
[56] References Cited of the NMR device.
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=28 Early Experimental Studies

From: Ray Raylman, PhD Thesis, “Reduction of positron range effects by use of a magnetic
field: use in positron emission tomography”, University of Michigan (1991)



28l Positron Range Reduction

counts/sec 5T

Hammer et al.
Med Phys 21; 1917-20 (1994)

Christensen et al.
Phys Med Biol 40; 691-7 (1995)

Hammer et al.
IEEE Trans Nucl Sci 42; 1371-6 (1995)
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First Biomedical Experiments
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Buchanan M, Marsden PK et al.
|IEEE Trans Nucl Sci 43; 2044-8 (1996)




1952-95 MmicroPET

multichannel PMT
optical fibers

8x8 LSO

array
2X2x10 mm
elements

readout
electronics




Simultaneous PET/MR Images




NEWS

New Dynamic Duo: PET, MRI,
Joined for the First Time

Lool

“...but performing
related feats in
people may be
difficult.”

Z.H. Cho

“...doing something
like this has been
discussed Iin the
community for a long
time”

Paul Lauterbur

Service RF, Science 272, 1423 (1996)



Simultaneous In Vivo Images

56 mm ring
diameter
72 2X2X25 mm
LSO scintillators

MRI fused PET/MRI




LSO-APD Detector at 9.4T

9.4 Tesia superconduclive coil
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PET/MR Publications versus Year
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The Dark Ages




The Invasion of PET/CT
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Courtesy Siemens Preclinical Solutions

PET FUSED PET-CT
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Fiber-Optically Coupled PET/MRI

courtesy of Ray Raylman, West Virginia University
Phys Med Biol, 2006;51:6371-6379 and NIMA, 2006;569(2):306-309.

Light guide block

Integested DOT-PET/MRI system

courtesy of Seiichi Yamamoto, Kobe, Japan



Split Magn

et PET/MRI
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timing diagram:

Readout Magnets

Polarizing Magnets

Gradients, RF etc
around spherical
sample

microPET scintillators




MR-Compatible PET Detector
based on APDs

Si avalanche photodiode with position-sensitive
resistive anode, field tolerant beyond 9.4 T

scintillator array  optical fiber bundle PSAPD preamplifiers
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PET Insert

preamplifiers PSAPDs optical fibers scintillator ring

UCDAVIS

UNIVERSITY OF CALIFORNIA




Therapeutic Monitoring with PET/MRI

Control
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Thomas Ng, Russell Jacobs, Caltech



/' 7 Tesla ClinScan,

MRI Tomograph

EBERHARD KARLS

UNIVERSITAT

TUBINGEN

APD-Based PET/MRI

Mouse glioma model imaged
with 8F-FLT, 1*1C-methionine
and various MR sequences

MR post CA FPETMR FLT PET
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Courtesy of Bernd Pichler




A_PD-Based PET/MRI

PET/MRI
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Courtesy of David Schlyer o




Approaches to PET/MRI

“tandem” PET/MRI

PET
AR

\ magnet \

B_
T |

magnet

+ interference easier to avoid
+ largely use existing hardware
+ least expensive

UCDAVIS

“integrated” PET/MRI

\ magnet \

I
magnet

+ simultaneous PET/MRI possible
+ higher throughput/easier scheduling
+ best image registration

UNIVERSITY OF CALIFORNIA
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Sequential PET/MRI

HRRT-PET




Industrial Revolution
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PET
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‘ 2.5 hours prior to acquisition

0 \ *OSEM 3D reconstruction
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Catana/Benner/van der Kouwe/Andronesi/Jennings/Gerstner/Plotkin/Rosen/Sorensen (MGH)



Clinical PET/MRI

MMR, clinical whole body PET/MRI system at 3 Tesla

« APD based LSO Block detector (4x4mm?2)
* Fully integrated with MRI system
« Shared cooling system

Courtesy of Siemens Courtesy of Henrik Michaely &Alex Guimaraes, MGH



Whole-Body PET/MR (Sequential)

Courtesy Philips and University Hospital of

Geneva Courtesy GE Healthcare and Gustav von

Schultess, University Hospital Zurich



Preclinical PET/MRI (Sequential)

Courtesy Mediso Medical Imaging Systems



The Modern Era




PET/MR Publications versus Year
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Preclinical PET/MRI Systems
so far...

Raylman et al.

Tu PET/MR

SPET only
/ RatCAP /MR

100
PET/MRI
10

/ UCD PET/MR Cambridge PET/
/ / i

| /lnveon

TuPETMRE

[
' Kanget a'-/ T microPET I

HIDAC

Volumetric resolution (mm?3)

1 10 100
Sensitivity (%) (isting incomplete)




Depth of Interaction Problem

« High sensitivity requires
thick detector crystals

« Thick detector crystals
leads to a loss in spatial
resolution with increasing
severity for

— increasing radial location
from center of scanner

— small diameter scanners
(such as found in PET/MR)

courtesy Bernd Pichler



High Resolution Depth Encoding Detectors

Energy ratio
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New Small Animal PET/MR Design
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New PET Insert Design

Cables andtubings PSAPD
Carbon fibertube Cooling LSO array

Securing part

Support

Preamplifier

HV distributor
Thermalinsulation end cap

Detector holderand cooling
Outerinsulation and shielding

Preamplifierinput adapter l Thermalinsulation

Preamplifier outputadapter Cable guide
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Dedicated Breast PET/MRI

« Dedicated system for
breast PET/MRI

e Uses modified version of
the “RatCAP” PET
detector

Patient positioned
with Breast PET insert
& Aurora Breast RF coill

« Based on APDs and
LYSO crystals
(2.2x2.2x15 mm3)

 QOperatesinside 1.5T
MRI

Aurora Dedicated 1.5 T Breast MRI

Slide Courtesy: B. Ravindranath, D. Schlyer,
Brookhaven National Laboratory



Brain PET/MR at 9.4T
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Courtesy of Hans Herzog, Julich
Brain Phantom: H. lida et al., J. Nucl. Med. 50, Suppl. 2, 123P, 2009.



Silicon Photomultipliers:
the future for PET/MRI?

! Digital
Characteristics: — Silng
High gain, fast, compact, low bias ey {'
voltage, magnetic field tolerant, scaleable FE=- # <

Challenges:
Cost per cm?, dark rate, optical crosstalk,
afterpulsing, recovery time,




Position-Sensitive SIPMs

« Continuously
position-sensitive

* Upto 10 x 10 mm
In size

No SiPM SiPM SiPM

Gradient echo on Spin echo on detector OFE ON

Spin
echo

Gradientll -

4 x 4 LSO array, 1.5 mm elements on
position-sensitive SiPM Courtesy of Purushottam Dokhale, RMD



S I P M - ‘,.:- Detector ring

_ N | il
based 7 - @ o
PET/MRI | |

Courtesy of
Selichl Yamamoto

Ve oY= - 2 N
A\ODE, Jc'pcm

MR-images
with PET

PET i
rrpooonon
MRIWRF B N




SiPM-bsed PET/MR
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44 Courtesy of Jae Sung Lee,
"\’4\..@&" Seoul National University



Human TOF PET/MRI
based on SIPMs

| Array with 22 x —
22 LYSO pixels ' ' R;
~ 3 Gradient i PET ng

SiIPM-Tile: 4x4
monolithic SIiPM
arrays with 2x2
SiPMs

| ASIC-Tile:
2x 32 Channel
TDC/ADC

Interface-Tile:
64 channel
FPGA pre-
processing

HYPERiImage consortium: http://www.hybrid-pet-mr.eu/
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The Molecular Imaging
Scanner of the Future?

magnet

* Very long axial FOV University of THEIESS
* Time of flight

« Xx100-fold reduction in variance, x10 improvement in SNR
* Whole-body MRI




PET/MRI
endless possibilities

MRI

fMRI
DCE MRI
DTI
MR Spectroscopy
paraCEST
Hyperpolarized 3C

PET

Blood flow
Receptor ligands
Hypoxia
Proliferation
Amyloid imaging
Cell trafficking

|




Summary

PET/MRI has a long history!

PET/MRI systems have been successfully
developed for small animal and human imaging

PET/MRI Is a powerful multimodality platform for
niomedical research — commercial systems for
preclinical and human imaging now available

Although most current systems are based on
APDs, SIPMs appear to offer many advantages for
hybrid PET/MR systems

To what extent simultaneous PET/MR is required
for emerging clinical applications is being debated
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