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Abstract— Previously, methods have been proposed for the direct the likelihood (1) is rewritten as a function of the ROI-values
reconstruction of the activity in a set of regions-of-interest (ROI), p and the background values? using
given the raw emission data and the locations of these ROls
in image space. These methods work well if the ROIs are well Aj = ernpn +(1- ern)/\f 2)
aligned, but artifacts may result if the alignment is poor. In this " ”
contribution, we propose a maximum likelihood reconstruction . I .
algorithm that estimates ROl-values where ROIs are available, and Where0 <rj, < 1is the contribution of ROh to voxelj (with
that applies standard voxel-based ML-reconstruction elsewhere. In _,, 7jn < 1) and /\}9 is the background value for voxgl The
addition, it jointly estimates the alignment of the ROIs to the image MLEM algorithm can then be used to reconstrjt, (AB)T]”
being reconstructed. The activity is updated with the standard and the corresponding voxel image is computed with (2). Since

MLEM update, the alignment with a least squares registration 5 j5 ot estimated for voxelsthat are entirely covered by one
algorithm. A preliminary evaluation with simple 2D simulations J

and two microPET rat brain scans yielded promising results. or more ROIs (i.e)_, rj, = 1), the total number of parameters
to be estimated is less than in standard voxel-based MLEM.
. INTRODUCTION Using a quadratic approximation for the likelihood in every

Several groups have studied the direct reconstruction of th%(; a:}c;r)l(,mt]?seat:\ghEol\:l altireatlon can be We." approximated as
- e . . . parable quadratic surrogate function,
activity within uniform regions-of-interest (ROI), as an altemaéonstructed at that iteration [6]. Thus, in iteratibrthe image
tive to standard reconstruction of voxels, followed by averaging . (h1) hy ’
over the voxels in the ROI [1]-[3]. ROI-reconstruction can b€ 'S updated as\; = A;” + A);, where the updaté),
considered as an extreme case of reconstruction using anat6fi be regarded as the solution of

ical side information, where penalties encourage smoothness b S} 5

within the anatomical boundaries, but not across the boundaries. AN Z 7(A)\k) + LgAXg + ¢ | =0 ()

If the underlying assumptions (well aligned ROIs and uniform TNk

tracer uptake inside each ROI) are valid then methods imposiigd therefore _

smoothness or uniformity during reconstruction perform better ANj =—L;/S;. (4)
than standarq reconstrughon, followed py post—progessmg [QSSuming now that a deformed activity image was already
The reason 1Is that durm_g reco_nstructlon, the noise can g\?ailable, then one could maximize the surrogate function in
d_ealt with using the re!anvely simple P_0|sson m_odel for th ery iteration by slightly deforming that available image
sinogram, whereag during post—proces_smg, a noise model %fng deformation paramete#swhich could be computed from
the reconstructed image would be required, which is extremeﬂy

complicated and therefore usually ignored. However, if the ROIs Z(S/AM(@) L) OANL(0) 0. ®)
or anatomical boundaries are poorly aligned, artifacts may be 00,

produced. For that reason, methods have been studied to jointh/

estimate the activity and the alignment of the boundaries, evé.ere .A)"f(e) represents the change of th_e image due to de-
3], [5]. formation 8. Instead, one could apply a weighted least squares

: oo , registration algorithm to register the current activity image to
Here we propose a maximum likelihood (ML) algorithm forth image obtained by applying update (4), by minimizing
ROI-based reconstruction, given tomographic data and a set 0 '

ROls that cover part of the object. The algorithm also estimates Z wr(Ag + AXp — (A + AX(0)))?, (6)
the alignment of the ROIs to the image being reconstructed. &

The activity is updated using the ML expectation maximisatiofaking the derivative with respect # and inserting (4) one
(MLEM) or OSEM algorithm, the alignment is estimated withyptzins

a dedicated registration algorithm.

k

Z %(SkA)\k(e) + Lk)%;(m =0, )
K Ok £
Il. METHODS
) . . o which is equivalent to (5) if the weights are chosenugas= Sj.
~The MLEM algorithm is designed to maximize the logconsequently, in an alternated likelihood maximisation, MLEM
likelihood function L given by can be used to update the activity, while a weighted least squares
P L registration algorithm can be used to update the deformation.
L= Zyi mgi —gi -yt with g = Za"’j/\j’ @) This deformation is applied to the set of ROIs, which in turn
’ ! causes a deformation of the ROI-based activity image. Since the
wherey; is the measured sinogram for line of response (LQR)background image does not have to be deformed, the registration
A; is the estimated activity in voxglanda;; is the contribution is restricted to the ROIs by evaluating (6) only in voxglthat

of voxel j to LOR :. For (partially) ROI-based reconstructionare part of a ROI, i.e. witf} ", r;; > 0.



Ill. EXPERIMENTS

A simple 2D simulation was done, using a small Shepp-
Logan like object embedded in a larger one. Fig. 1 shows the
image of the true object and the MLEM reconstruction from
the noisy sinogram. The first row of fig. 2 shows the original 5
ROIs representing the small object. With these ROIls, a ROI-
based reconstruction (estimating ROI-values and background
pixel values) without joint registration was done, shown in
fig. 1. Finally, a ROI-based reconstruction with simultaneous
estimation of an affine deformation of the ROIs was performed,
shown in fig. 1 as well. The aligned ROIs are shown in fig. 2.
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Fig. 3. Coronal, transaxial and sagittal slices through the MLEM image of

Fig. 1. From left to right: the phantom, MLEM-reconstruction ROI-baseg'e microPET scan with PDE10A tracer (top), the ROI-based reconstruction
reconstruction, joint ROI-based reconstruction and ROI-deformation. center) and the corresponding deformed atlas (bottom). To display the atlas,
arbitrary numbers were assigned to each of the ROIs.

original atlas

N

Fig. 4. Transaxial slice through the MLEM image of the microPET DAT scan
(left), the ROI-based reconstruction (center) and the corresponding deformed
atlas (right).

IV. DISCUSSION

F;?- 2. The original set Ode;,OIf] (top rOVé) gnd éhe same set alftecr}| the A ROI-based maximum likelihood algorithm is proposed,

affine registration, as estimate y the joint ROI-based reconstruction and R H F

deformation. Whl_ch uses standarq MLEM or OSEM to uante _the actlv!ty
estimates and a weighted least squares registration algorithm

The method was also evaluated on a microPET brain sdfnupdate the deformation. Good results were obtained on
of a rat after injection with PF]INJ42259152, a3F-labeled 2D simulations an_d.on a microPET rat scan. However, for
tracer for PDE10A [7]. A set of 54 three-dimensional RO@nother. scan providing less 'anatomlcal mformatlon, a strong
was derived from the digital atlas by Johnson et al [8]. THePnstraining of the deformation was required. Therefore, the
atlas provides 27 ROIs, but each ROI was split in a left af@oustness of the method needs further study.
right part. An 89 min scan was started at the time of injection.
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