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Abstract @ntensity evolution can be measured a.nq visualiaed
images that reflect the passage of an injectecrtrac
In this paper we focus on motion correction of casit contrast agent through the organ.
enhanced kidney MRI time series, which is an imgoairt An important problem of measurement techniques that
step towards accurate assessment of regional remaa¢ based on sequential imaging is movement ofnsrga
function. Due to respiratory motion and pulsatioies  during image acquisitions. In our case, kidneys are
organ of interest undergoes complex movement amdbjected to complex displacements due to respyrato
deformation, which disturb further renal functionmotion and pulsations. Such movements are often
analysis. We propose geometric movement correcti@verlooked in studies of renal function. However,
by image registration. We have compared rigid andithout proper motion correction, the derived voxel
nonrigid registration methods as well as regigtratbf time courses will not represent spatially fixed reg
whole images and registration limited to ROI thatolume elements, assumed by subsequent voxel-based
defines the organ under investigation. The obtaindiine series analysis and pharmacokinetic modeling.
results show that image registration methods betefi In this paper we focused on geometrical correction
renal function analysis, i.e. to the assessment of images for movements and deformations, using
intensity time courses. Furthermore, the comparison image registration techniques. We compared four
the registration methods shows benefits of ROItéohi methods, which differ according to rigidity and
methods and eventual problems of nonrigid methods. according to the spatial extent of the geometrical
correction.
Keywords: motion correction, image registration,
contrast-enhanced MRI. 2 Image registration
1 Introduction For.a survey on image registration see [3_]. Ouep_as
motion correction of contrast-enhanced image time
The kidneys maintain normal homeostasis by fil@rinseries, is a special case of image registrationause
and excreting metabolic waste products, by requdati there are two types of motion and deformation prese
acid-base balance and by moderating blood pressute and visible in the images. The first type is motimd
fluid volume. A decrease in renal function is caliby deformation of tissues as a result of e.g. bregthimile
many disorders, among these diabetes mellitus atiie second is motion of the contrast agent. Inrotde
hypertension. Chronic renal failure is an incregsincorrect for motion resulting from breathing and
problem world-wide; up to 5% of the world's popidat pulsations, the registration method needs to be
may in the near future suffer from end-stage renainaffected by intensity changes caused by the
disease (ESRD), with dialysis or kidney transplaota accumulation and excretion of the contrast agent.
as the costly therapeutic alternatives. It is thus We focus on multi-modality registration techniques
important, for patients and society, that methods awhich enable the registration of images with comple
developed to monitor renal function precisely, thugmtensity dependencies, e.g., of images acquirath wi
enhancing the assessment of disease progress®n, different imaging techniques. In our case, these
prognosis and follow-up therapy. approaches provide the invariance to the presende a
At present, diagnosis of renal dysfunction is baseflow of the contrast agent. Thus, individual images
on indirect measurements (such as measurementstiod time series can be independently registerethen
creatinine, urea, and electrolytes), which have lowselected reference frame, without using any tenipora
sensitivity; such that a significant change is onlgonstraints. This ensures that temporal informaf®on
detectable after a 60% function loss has occuried. not distorted, which is important, since temporal
addition, these clinical chemistry measurementsictin information is later used for the analysis of renal
detect local differences in the kidneys and canndtinction. We have compared four types of multi-
distinguish between left and right kidney. To owene modality image registration:
these limitations, dynamic contrast-enhanced MR rigid registration,
imaging (DCE-MRI) has emerged as a technique that non-rigid registration,
can be used for the more accurate assessment -of ROI-limited rigid registration,
regional renal function [1,2]. With this techniqeggnal - ROI-limited non-rigid registration.
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All the methods were implemented within the sam@®ptional nonrigid registration is high-dimensioraaid

framework, which is schematically illustrated irgHi. is also based on point similarity measugg;.S-or the
detailed description of the nonrigid method see [4]
A(0)..A Q) B=A(r) ROI When ROls are used, they affect both, rigid ad wel
F‘:

as nonrigid registration. In rigid registrationethare
used in a way of limiting the computation of criter
function only to the region defined by ROL
Consequently, other regions cannot be expected to
become correctly registered. In non-rigid regisbrat
ROI only defines the region used for computing poin
similarity functions, in order to reduce the inflwe of
other regions, with eventually different intensity
properties.

3 Experiments

The experiments were performed on one image dataset
acquired using a Siemens Magnetom Symphony
A(0)..A 1) imaging device (field strength 1.5T) and a T1 weagh
3D VIBE sequence with 1.48x1.48x3.8 mm spatial
Figure 1: Image registration methods for geomdtrica  resolution, TR=3.3 ms, TE=1.79 ms, FA=9.0 degree.
correction of movements and deformations of imame t The dimension of the dataset is 256x256x22x105) wit
series. Dotted lines represent optional components.  temporal resolution 2.8 sec/3D-image. The contrast
agent (2 ml Magnevist) was injected with an autéenat
The process of correcting movements and deforrrratiomjector after 5 acquired images.
by image registration independently registers eath The data was registered with all four methods desdr
the images A(i), where i corresponds to the imagmé in the previous section, using image frame numiger 1
number in a time series, to the same referencedrBag for the reference and manually defined ROI for the
The result are registered images A’(i). The overallidney region. In all cases left and right kidnegra/

process consists of the following steps: registered independently, although they are imaged
- selection of the reference image, together. Some examples of input images are shawn i
- (optional) definition of ROI, Fig. 2. It is clearly seen how the contrast ageassps
- rigid registration, ] ) through renal compartments; starting in the reoatex
- (optional) nonrigid registration. and passing though the medulla. The geometrical

Selection of the reference image B is importantabse gifferences, which need to be removed, are in these
not all of the images in the time series A enablgnages difficult to notice. To illustrate thesefeitnces
differentiation among kidney regions. In additisome and the results obtained with the four registration
of the images are often corrupted or highly defatmemethods, the checker board images are shown ir8Fig.
due to the intense breathing movements. In oulysied | gl the cases (a-€) the checker board imagesistoof
selected the reference image B from images A withifiame 24 and frame 29, which are similar in contras
the wash-in part of the series for the renal conehich  distribution (intensities) and considerably diffén

is for a healthy patient at about 15-20 secondsr aftgeometry. The geometrical differences are the most
Injection. obvious at the top of the kidney and also at theelo
Breathing highly affects position of internal organ |eft side of the kidney. It is evident that rigiegistration
Movement of kidneys is complex, although the spinqrig 3.b) is not capable of correcting all geonuetri
which lies close in the neighborhood, is rigid dixéd.  gifferences in the kidney region. It tends to figtimal
Registration method must be able to deal with sucdlignment of the whole images, but due to different
complex geometrical changes. Consequently, rigighovement and deformation of different anatomical
registration of the whole images is not optimald anregions, large geometrical differences remain atro
other approaches must be used. Possible solutiofia images. An additional nonrigid registrationg(Bic)
include the use of nonrigid registration approacbes jmproves the results, such that images become liyisua
definition of region of interest (ROI) that locadiz the el aligned.

registration. In our study ROIs were defined malyyal  when using ROI to limit the registration to the
by approximately outlining the kidneys in all skcef kidney region only, results for the rigid registat
the reference image. improve considerably (Fig 3.d). The kidney region
Rigid registration, used in our study was perforrbgd seems to be aligned correctly, although some

optimizing global/regional image similarity, compdt nejghboring tissues, which are not in our interese
by point similarity measure 43 [4]. The detailed clearly misaligned.

description of the method is given in [5].
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i=104

Figure 2: Input images for different frames of theage data series. Image at frame i=0 represeetsitial image without the
contrast agent, i=16 corresponds to the wash-ithrenal cortex and is used as a reference, §@32,64 and 104 show
further passage of the contrast agent throughitheek. In all the cases only the central slice 80aimage is shown.

Figure 3: Checker board images (central slicesjréones 24 and 29 before registration (a) aftad niggistration (b), nonrigid
registration (c), ROI-limited rigid registratiod)(and ROI-limited nonrigid registration.

The kidneys seem to behave as a rigid body, hey t point/region in the anatomy. Such misalignmentsseau
move with respect to the other organs, while theigrrors in estimation of intensity profiles, incladisharp
deformation is not noticeable. ROI-limited nonrigidpeaks, such as those visible in Fig.4, frame numBér
registration (Fig 3.e) makes only minor additionall4, 61, 78 and 95. Images at these frames are more
changes in the kidney region, when compared to thifficult to register, because they are distortec do
ROI-limited rigid registration (Fig 3.d). The intense breathing movements of the patient. Inresht
improvements are obvious in the neighboring regionso the previously mentioned peaks, a peak of irtgns
which are not of our interest. However, somerofile for region R1 (cortex) at frame 16 is natexror.
neighboring regions are still not optimally regis, It corresponds to the wash-in of the renal corte® a
which is due to their different intensity propestie should be clearly expressed. Profile for the rediréh
compared to those for the kidney region. By adaptinilmedulla) should have lower dynamics, and no
similarity measurement only to intensity propertifs expressed peaks (for the healthy patients).
the kidney region, the matching inside the regian ¢ = The intensity profiles for different registration
improve, sacrificing the correctness in the othemtpof methods, depicted in Fig.4, support the findings
the image. described above. Profiles for rigid registratione ar
In the next experiment the registration resultsewe similar to the profiles for the unregistered datéh the
analyzed by comparing intensity profiles obtained f exception of reduced oscillations around frameTgte
small regions inside the kidney, see Fig. 4. Iritgns nonrigid registration shows only slight additional
profiles show the change of mean region intensitynprovements. Both ROI-limited registrations gain
through time. It is assumed that the change ohsitg more improvements in comparison to the unregistered
is only due to different amounts of contrast agerthe data. This is especially obvious inspecting thekpa@a
observed region. In practice, the differences @ due frame 95, which is in case of ROI-limited regisivat
to spatial misalignment, which cause the same imagerrectly suppressed. The most of the oscillatiares
point/region to belong to a different anatomicabuppressed in profiles for ROI-limited rigid regation.
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Figure 4: Comparison of intensity profiles for angl (unregistered) data and all compared registmanethods. The curves
show the mean intensity value of two small regi¢siown in upper left), with respect to the framenber.

4 Discussion and conclusion

References

In general, it is expected that nonrigid registnati [1] H.Michaely, K.Herrmann, K.Nael, N. Oesingmann,

methods are better than rigid ones, because they ca M.Reiser,
correct not only global, but also local geometrical
differences. In our case this ability of nonrigid
registration is not necessarily advantageous. €asan

is due to two kinds of movements and deformation]
present in this study: geometrical differences loé t
anatomy and passage of the contrast agent thrdwegh t

anatomy. In order to correctly register the anatoomyy

the first one must be considered, while the secmmel
should be suppressed. To do that, some method of
differentiation between both components must beluse
and this requires sprior knowledge. In our expenime [3]
this prior knowledge has a geometrical nature and i

provided by the assumption of kidney rigidity, udad
ROI-limited registration methods. The results shbat

this assumption is useful, although it may not be

absolutely correct.

Motion correction of DCE-MRI time series shown in
this paper is sufficiently accurate to successfull{5]
analyze kidney function. However, the accuracy can
stil be improved by finding better methods for

discrimination between both kinds of movements.

194

S.Schoenberg, »Functional renal
imaging: nonvascular renal diseaseddominal
Imaging Volume 32, Number 1, February 2007 ,
pp. 1-16(16).

V.S.Lee, H.Rusinek, L.Bokacheva, A.J.Huang,
N.Oesingmann, Q.Chen, M.Kaur, K.Prince,
T.Song, E.L.Kramer, E.F.Leonard, »Renal function
measurements from MR renography and a
simplified multicompartmental model«Am J
Physiol Renal PhysiplVol. 292, , No. 5. (May
2007), pp F1548-F1559.

B.Zitova, J.Flusser, »Image registration methaal
survey«image and Vision Computinyol. 21, No.
11. (October 2003), pp. 977-1000.

P.Rogelj, S.Kov&i¢, J.C.Gee. "Point similarity
measures for non-rigid registration of multi-modal
data".Computer Vision and Image Understanding
92(1): 112-140, October 2003.

P.Rogelj, S.Kov&c¢. "Rigid multi-modality
registration of medical images using point
similarity measures". Proceedings of the 8th
Computer Vision Winter Workshop CVWW'03
pp.159-163. February 2003.



