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Outline

Why iterative reconstruction?
e [imitations of FBP
« appropriate physical and statistical models

Maximum likelthood reconstruction

e pasic algorithm
e Improving speed
e controlling noise

PET considerations

* NON-Poisson data e.g. transmission data
e alter native approachesfor noise control
 3d reconstruction

Westmead Hospital, Sydney




Filtered back projection
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detector

Problemswith filtered back projection (el asite)
e assumes very simple projection model
* non-uniform attenuation not included
o streak artifacts
e noise amplification

7

object

|terative reconstruction (e.g. MLEM)
e Mor e exact projection model
e includes variable attenuation

o flexible detector geometry |
* reduces streak artifacts ¢ "
* handles missing data

e Improved noise characteristics
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Forward projection
(re-projection)
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|ter ative r econstruction

Modelling noise
algebraic reconstruction
weighted least squares
maximum likelihood

propertiesof MLEM

o [ikelilhood always increases
with iteration

e Non-negativity of solution
guaranteed

Gaussian and Poisson distributions
(mean =2, SD=sqrt(2))

no statistical noise model
Gaussian noise model
Poisson noise model
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ML-EM reconstruction

patient

A

i

original
projections

A

1

estimated
projections

CHANGE

update
(x ratio)
Vv

83

current
estimate

Westmead Hospital, Sydney




EM reconstruction
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ML-EM: dFBP
3d Butt
prosand cons o
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Pros:

- easy to incorporate underlying physics (e.g. attenuation)
- good noise properties

- reduces streak artifacts, effects of missing data

cons.
- slow: requires multiple iterations
- noise control: unsurewhen to stop

- hotspots when projectionstruncated (zero values)
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MLEM versus OSEM
(ordered subsets)
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Clinical assessment

Published literature

e many paperson OSEM versus FBP

o iterative algorithms outperform FBP

e quantitative accuracy usually equal or better
e petter resultsfor SPM, SUV, kinetic studies

L imitations in some publications

o often comparison of OSEM with AC versus FBP without AC
e comparison of 2D versus 3D algorithms

 not always compared for ssimilar noise conditions

e problem in number of available algorithmsto compare

2000: Lahorte (Neuroimage), Gifford (Med Phys), Wells (J Nucl Med)
2001: Bai (Ann Nucl Med), Riddel (J Nucl Med), Boellard (J Nucl med), Delbeke
(Radiol), Visvikis (Eur J Nucl Med)
2002: Hsu (Comp Med I mag Graph), Bettinardi

Eur J Nucl Med
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lterative Reconstruction : OSEM
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ML EM: non-uniform convergence

True image
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Courtesy Johan Nuyts, KU Leuven, Belgium
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Acceerated ML

properties of OSEM
e subset balance assumed: 1.e. total countsin each subset the same

o [imit cycle possible: solution can oscillate for later subsets
 No proof of convergenceto ML: unless subset sizevaried
e closeto MLEM in practice, provided subset size not too small

Alternative algorithms
rescaled block iterative RBI subset balance not reqd
row action RAMLA subset size varied

See editorial by
Leahy & Byrne,
Trans Med Imag
2000; pp257-260.
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* OSEM (OSGP) ( Hudson, Larkin 1994)
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Forward
projection

a. Point projection b. Convex disk

consider ations
e accuracy

e Inter polation
* noise control
° Speed

¢. Area weighted d. Gaussian blob

. Line length f. Rotation-based

Courtesy David Lalush, Duke University, Durham  \y/estmead Hospital, Sydney




Noise control

e stop at an early iteration

e use of a ‘sieve’ . smoothing between iterations
e post-reconstruction smoothing

 penalise ‘rough’ solutions. regularisation

Image courtesy of Stefan Eberl, RPAH Westmead Hospital, Sydney




Maximum a-posteriori (MAP)

YNPD)  gaves

p(ly) =2

.
Inp(A]y) = Inp(y

0(y) theorem

|A) + Inp(A) + const

log (posterior) = log (likelthood) - (. Gibbsprior

Prior model
e encourage ssmilar neig

penalizes ‘roughness

nbouring values. quadratic

 preserve significant ‘edges : Huber

e incor por ate anatomica

Information: line sites
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MAP

o ‘strength’ of prior
defined by 3
(hyper parameter)

e degree of smoothing

ver sus edge preserving
defined by type of prior

Quadratic Huber Westmead Hospital, Sydney




MAP

Quadratic

(Huber prior) | /

P
 penalty defined by derivativeof & Hu
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energy function st
e prior penalises small differences ol
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(noise) rather than large
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MLEM MAP
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Reconstruction based
on anatomical prior
(minimum cross entr opy)
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M XE with prior

-r . R
, . ‘ : MXE - 128 iterations g
;: ‘ indiscriminate .'. .
* smoothing é
A ' . MXE - 128 iterations | ®

: ; " W
o . Q ’ edge-preserving .. q o
o thing without . #
“ srar:;tunﬁ%;lﬂ pri?:li" “ \
A A

. . MXE - 128 iterations &

i - E b L] ]
ML-EM e 1 . . . edge-preserving . -. ‘
32 iterations smoothing with “
anatomical prior

N - f Qﬁ\
64 iterations é _ﬁg AP : ' 1 =v

Interictal SPECT comparison

Image courtesy of Seu Som, POWH Westmead Hospital, Sydney




PET whole body
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Courtesy Johan Nuyts, KU Leuven, Belgium



Attenuation
Image

Difference
with true
attenuation
Image

Att. corr.
MLEM of
activity

Attenuation errorsin PET
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Courtesy Johan Nuyts, KU Leuven, Belgium
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Non-Poisson data:
NEC weighted OSEM

transmission X = In[b; /y;] with b, noise-free
correction for sensitivity, attenuation X =Y. /a;
correction for scatter Xi = Y-S with § noisy or noise-free

correction for randoms Xi =Y - I, withI; noisy

var(x;) =y, +r

scale with ai torestore
Poisson distribution!

a. = mean(x; )/var(x )
ed. &= (y -y +r)
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NEC Welghtlng for transmission

likelihood. MLEM: | MEC—HWLEM: _ _ _ MLTR: _ ..
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Short transmission scan
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3D reconstruction

Approaches

o rebin data followed by 2D reconstruction
single slice rebinning (SSRB)
multi-slicerebinning (M SRB)
Fourier rebinning (FORE)

o full 3D reconstruction
3D OSEM
3D RAMLA
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3D OSEM vs FORE
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FORE +

2D RAMLA

3D RAMLA
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Recent resear ch
and futuredirections

emission only
 3d reconstruction problems: PET, motion correction
e scatter and randoms corr ection
e alternative geometry instruments e.g. spar se data
 depth of interaction
e list mode reconstruction (OSEM)
e Simultaneous emission / transmission from emission only

Westmead Hospital, Sydney
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Smoothing prior

Gibbs prior: Oftenused: U(1) =—2. 2. Bijk®Wj — )
j KON
1 |
Mg (k) = exp(U (1))
U is concave iIf d(x) Is convex

D(X) Quadr ati

/

Huber
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Application of OSEM

attenuation correction

compensation for distance-dependent
resolution

scatter correction

motion correction

Incor por ation of anatomical information
whole body PET imaging
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What does iter ative mean?

e choose a number between 1 and 20

compare

estimate :r> b At
e with actua

£ icrlr?;fe <7 :>
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—-FBP B OSEM

Missing data: clinical studies
RMSD for heart region
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Attenuation imageerrorsin SPECT

True attenuation local error MAPTR

True activity
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Standard Deviation (64x64)
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Patient study: 3 cm hamartoma
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Tomographic
acquisition
(SPECT)

detector
(projection)
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