KATHOLIEKE UNIVERSITEIT

LEUVEN

Simultaneous Reconstruction of the
Activity Image and Registration of the CT
image in TOF-PET Bl

Ahmadreza Rezaei, Johan Nuyts




Activity Reconstruction & Attenuation Registration

— Attenuation Correction, Background

 Inclinical PET/CT,

— The CT image is adjusted to the photon energy of 511 KeV.
— The projections of the “adjusted CT” is then used for attenuation correction.

— This “adjusted CT” is believed to be close enough to the true attenuation affecting
the PET emission data.

« Between-scan motion and in-scan motion can violate this assumption.

e The emission data can be corrected for attenuation:

— When the emission data is affected by an affine transform of a known attenuation
image.
* F Natterer, 1993
A Welch, et. al., 1998, A Bromiley 2001
* A Alessio, et. al., 2006

— Time-of-flight data are available
A Rezael, 2011, 2012
» M Defrise, 2012, 2013
* Y Nuyts, 2012




Joint Activity and Attenuation Reconstruction
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Activity Reconstruction & Attenuation Registration

— Incorporating “side-information”
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Activity Reconstruction & Attenuation Registration

— MLRR

Moving Image Fixed Image
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2D Simulations

— Phantom & Demons’ Registration Method
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2D Simulations

— Noiseless data

MLAA — activity MLAA - attenuation
3:42
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e Simulation specifications:
— 200*200 thorax phantom
— 168 projection angles over 180°

—  TOF resolution of 580ps MLRR — activity MLRR - attenuation
— 13 TOF-hins of 312ps 15:42
—  Oversampling of 3 causing slight - S
mismatch O
** (#iterations : #subsets) 3 ,

— True contour
—— Mismatched CT contour




2D Simulations
— Noisy data
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2D Simulations
— Noisy data
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2D Simulations
— Looking at displacements
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3D Simulations

— XCAT Phantom

e XCAT Phantom

— # of frames: 8
— Maximum Diaphragm motion: 2.0 cm L
— Max AP Expansion: 1.2 cm .
— Respiratory Motion: True
— Heart Motion: False

activity

e Simulation specifications:
— 200*200*109 phantom
— 7 obligue segments
— Span 1*
— 168 projection angles over 180°
— TOF resolution of 580ps
— 13 TOF-bins of 312ps

** (#iterations : #subsets)
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3D Simulations

— MLEM, MLAA & MLRR
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3D Simulations
— Residual Errors
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3D Simulations
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— Absolute Residual Errors
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Patient Data

— MLEM, MLAA & MLRR
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Patient Data

— MLEM: Gated data from listmode

 Amplitude-based Gating

— W van Elmpt 2011, Optimal gating compared to 3D and 4D PET reconstruction,
Eur J Nucl Med Mol Imaging, 38:843-855.

MLEM MLEM
gate 1 gate 2
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Patient Data

— MLEM: Gated data from listmode

TOF-MLEM TOF-MLEM TOF-MLEM
gate O gate 1 gate 2
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Patient Data

— MLAA: Gated data from listmode

MLAA activity MLAA activity MLAA activity
gate O gate 1 gate 2

MLAA attenuation MLAA attenuation MLAA attenuation

Gate 2




Patient Data

— MLRR; Gated data from listmode

MLRR activity
gate O
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gate 1
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Patient Data
— Difference Images
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Conclusions & Future Work

MLRR is proposed to make use of high quality CT scans.

Our 2D/3D simulations indicate:
— MLRR is able to produce aligned activity and attenuation reconstructions similar
to MLAA, with two advantages:

* The scale problem is solved!
» High quality, noise-free attenuation reconstructions are made available.

The clinical results show:

— Good agreement of MLRR attenuation reconstructions and expected breathing
patterns.

— More accurate activity reconstructions near boundaries affected by motion
(compared to MLEM activity reconstructions with the CT-derived attenuation).

Future Work:

— Incorporate physical properties of different tissue types.

— Because the emission data from a moving attenuation is inconsistent, analyzing the gated
reconstructions seems to be the only way to quantitative reconstruction in the presence of
motion.
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