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|. Introduction

In combined PET/MR, the high soft tissue contrdsiMagnetic Resonance Imaging (MRI) and the funalanformation of
Positron Emission Tomography (PET) are combineahi& machine. Although this combination still poseny technological
challenges, recent progress [1] indicates that irily a matter of time before PET/MR machines retite market. On the
software side, attenuation correction, which act®uor radiation attenuation properties of the ugssis mandatory for
obtaining PET images that are sufficiently accurte quantification. Usually the attenuation map abtained from a
transmission scan, which uses a rotating sourcthelrase of a PET/MR, there is insufficient spacdhe rotating source and
the attenuation map needs to be determined in eanathy. Ideally, one would want to calculate itnfrohe MR image. This is
inherently difficult: The intensities in the MR ime are proportional to the proton density; howethe,PET attenuation value
is not directly related to the proton density. B@ample bone compacta and air both do not con&ibuWVR signal whereas
their attenuation values are maximally distinctughstandard intensity based segmentation is baarfail. In order to
determine the attenuation value for a position aeehto include additional knowledge. We show hoshsknowledge can be
extracted from local image patches and the regjistravith an atlas.

Attenuation correction directly influences the stard uptake values (SUV) and can therefore direictigact diagnostic
decisions derived from the images. This meansahgtattenuation correction method needs to be atgliticarefully. We will
introduce a method for quantifying the impact obes in the attenuation map on the reconstructet iRtage.

Il. Methods

Database of matching MR-CT Pairs
(manual preregistration, automatic
refinement using ITK B-Splines,
Mutual Information)

One straightforward approach to determine the a#iton map pationt MR
from a given MR scan is by atlas registration: V¥sume that we Image

have an atlas comprising a complete MR image arel th MRoew

corresponding attenuation map. For future subjectapn-rigid
registration algorithm automatically computes aodefation field (MR} en
that aligns the MR atlas with the patient's MR irmadpplying

the same deformation to the atlas attenuation imap yields the
desired result.

or every database MR;
calculate a registration to the
patient MRpew
(using SPM5)

Instead of working only with one atlas image pa@& have built
an atlas database using MR (T1SE) and CT images fi6
patients. (From the CT image the PET attenuatiop wan be
determined via a scaling function. Currently, we é@mula and
parameters from [2]). The alignment between théviddal MR-

Apply transformation

CT pairs was performed using B-Splines deformabtgstration, .

as described separately in [3]. Our atlas is fdln images from
subjects of different ages and genders and we asghat it
incorporates intersubject variance.

Given a patient MR image, we can how compute astegion of
all atlas images to the patient MR. For 16 atlaagenpairs this
also yields 16 CT images matched to the patient WRereas it

For every voxel in the patient image

Find all neighbouring MR patches in
the registered database

v

for every voxel)

Perform Kernel Ridge Regression on

patch and position (yields CT estimate

v

would be possible simply to average over thesesfoamed CT
images, this would lose the information of how weélle
individual transformed atlas images locally mattte tpatient
image. To make use of this knowledge in the preaticof the
final CT image, we suggest using kernel ridge regjom. Inputs

for the regression function are the local imagecipaand its Qe

Attenuation

position, using a combined radial basis functiom&é e

Scale CT values (HU) to PET
attenuation values

A

Our method does not require a locally high precisibthe atlas-

patient registration method. Using the spatial radisation Fig. 1: Flowchart of the steps used for predictihg
function of SPM5, with standard settings, enablegistration of attenuation map.

all atlas images within approximately 15 minutefie Tkernel

ridge regression is computationally more expenbivecould be

optimised to similar times on standard hardware.

For the quantitative evaluation of our estimateératation maps we follow [4] and compare activityvblumes of interest
(VOI) for: a) the ground truth CT-attenuation catel (CTAC) PET and b) the MR-based attenuationected (MRAC) PET.
The VOIs were defined using an atlas of 116 labebeain structures. Our approach allows a veryahgh evaluation; it
requires however that PET, MR and CT images froarstime patient are available.



I1l. Results

MR (T1SE} - redicted [ Real CT

Fig. 2: Left: The patient MR image. Middle: The #eslo-CT” as predicted using our method. Right: fida CT image.

Using leave one out cross validation (LOOCV), therage per voxel error in the predicted CT imagas ©%00.7 HU. As can
be seen in Fig. 2 even in regions where bone antbaih of which are black in the MR) are mixedy ooethod manages to
distinguish bone, air and soft tissue with highumacy. In contrast to other algorithms that hawevimusly presented for MR-
based determination of the attenuation map [5]method predicts attenuation values on a continsoate instead of just a
small number of tissue classes. This has the adgarhat different bone densities can be considered

For the quantitative evaluation 116 VOIs were seaget in the patient MR images and the activity he torresponding
regions both in the “ground truth” CT-attenuatiasrrected PET image and in the PET image that wastion corrected
using our attenuation map estimated from the MR.
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Fig. 3: Left: Relative differences between activitpncentrations in the PET image obtained using hdBed AC in
comparison to CT-based AC. Right: Scatter plothulite ideal diagonal in green.

The relative differences between PET (MR-AC) and FET-AC) typically lie in a range of +/- 7%. It isorth noting that
with our approach, in contrast to the approachrasdits presented in [5], across subjects we obsamsignificant systematic
bias towards under- or overestimation of activity.

IV. Conclusion and Next Steps

We have presented a novel method for atlas-basatigtion of attenuation images given the MR imaga.a database of 16
MR-CT pairs we have shown that our method relialgws predicting the CT image. On an additionabdat of MR-CT-
PET triplets we have quantitatively validated tbat approach allows PET quantification with an eitwat is smaller than
what would be clinically significant.

It should be mentioned that our approach is noitdidnto brain imaging but instead we assume thiatpiarticularly strong for
whole body attenuation correction. We do not yeehsufficient data to prove this.

Our method is general in that it does not rely @spacific MR sequence. As long as MR-CT pairs awlable for the atlas
database our method could be used for CT imageqgpiad In particular our approach could be comdinéth novel MR
sequences that yield a signal even from dense ftometure. This might further improve the accuracione/air delineation.
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