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Abstract — In vivo small animal imaging provides a
powerful tool for the study of a variety of diseases.
Magnetic resonance imaging (MRI) has become an
established technology for the assessment of therapies. In
this study, we used high-resolution MRI to evaluate
polycystic kidney disease (PKD) in transgenic mice. We
used a customized mouse coil to acquire serial MR images
from both wide-type and transgenic PKD mice
immediately prior to, and 2-week and 4-week after
therapy. We developed image segmentation, registration
and visualization methods for this novel imaging
application. We measured the kidney volumes for each
mouse to assess the efficacy of the therapy. The
segmentation results show that the kidney volumes are
consistent, which are 348.7 + 19.7 mm® for wild-type mice
and 756.3 £44.1 mm’® for transgenic mice, respectively.
The image analysis methods provide a useful tool for this
new application.
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[. INTRODUCTION

Autosomal-dominant polycystic kidney disease
(ADPKD) is a common genetic disorder characterized
by the formation of fluid-filled renal cysts that can
eventually lead to renal failure. ADPKD is one of the
most common human monogenetic diseases and affects
over 600,000 patients in the USA [1-4]. The disease is
characterized by excessive proliferation of renal tubular
epithelial cells which form fluid-filled cysts that
eventually replace most of the normal kidney tissue.
Consequently, ADPKD leads to severe enlargement of
the kidneys. No clinical treatment is currently available
to delay the onset of renal cystogenesis or slow its
progression.

In vivo imaging techniques provide a noninvasive
tool for monitoring the progression and/or regression of
diseases [5,6]. Serial MRI studies can provide high-
resolution anatomic structure of the kidneys and thus
could be a useful tool for the assessment of various
therapies. In this study, we use high-resolution MRI to
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measure the kidney volumes of transgenic mice with
polycystic kidney disease. We have developed image
segmentation, registration and visualization methods for
this new application that help to quantify and
characterize the impact of therapies.

II. MATERIALS AND METHODS
A. Image Acquisitions

During each imaging session, the animals were
mounted on a plastic holder and were provided with a
continuous supply of 2% isoflurane (EZAnesthesia,
Palmer, PA) in oxygen to minimize motion artifacts in
the MR images. We acquired MR images from each
mouse immediately before treatment (Week 0), and two
weeks (Week 2) and four weeks (Week 4) after
treatment.

Mouse images were obtained using a Siemens
Sonata 1.5 T scanner (Siemens Medical Solutions,
Erlangen, Germany). A custom-designed whole-body
mouse coil (2-element phased-array, ID = 32 mm) was
used to maximize the image SNR for these high-
resolution acquisitions. A three-dimensional (3D) True
FISP (True Fast Imaging with Steady-State Free
Precession) pulse sequence (TR/TE= 10.4/5.2ms) with
a slice thickness of 500 um was used to generate high-
resolution coronal images (Matrix = 256 x 192, FOV =
67 x 50-mm). The signals were acquired four times to
increase the SNR in the reconstructed images.
Sufficient slice over-sampling was obtained to
minimize the slice aliasing effects in the renal portions
of the 3D acquisitions.

B. Image Segmentation, Registration, and Analysis

We used two methods for the segmentation of the
mouse kidneys on MR images. In the first method, we
used a manual segmentation method. We first selected
coronal slices covering the kidneys (Fig. 1). We then
placed 8-15 control points along the boundaries of the
kidney. The computer program automatically connected
the points using spline curves. The points could be
edited by the user. In the second approach, we



developed a semiautomatic segmentation method. We
averaged the manually segmented boundaries from
different mice and used the result as an initial model for
automatic segmentation. To segment a new image, we
placed a point within the kidney and deformed the
model to the renal boundary. We optimized the
intensity gradients along the boundary. We used spline
curves and optimized the curves from coarse to fine.
We computed the kidney volumes after segmentation.

We used the segmented images for registration. We
aligned the corresponding kidneys for further
quantitative analyses and image visualization. Based on
our previous experiences [9-11], we chose normalized
mutual information (NMI) as the similarity measure in
our registration because it is robust and suitable for
multi-modality image registration. We used rigid body
transformation (three translations and three angles) and
trilinear interpolation. For optimization, we used the
downhill simplex method of Nelder and Mead [12].
Optimization of alignment ends either when the
maximum number of NMI calculations is reached
(typically 500) or the fractional change in NMI is
smaller than a tolerance (typically 0.0001). Our very
first initial guesses are all zeros for the three
displacements and three angles. We use IDL
(Interactive Data Language, Research System Inc.,
Boulder, CO) as the program language.

We used a variety of visualization methods to
display the kidneys and their changes over time. We
used volume and surface rendering to visually examine
the kidney changes after therapy. We displayed
registered images using color overlay, i.e., green for the
kidney in Week 0 and red for that in Week 2.

C. Evaluation for Segmentation and Registration

We evaluated the consistency of the segmentation
methods. Two users performed the segmentation and
one repeated the procedure. We compared the kidney
volumes as obtained from different segmentation. We
used visual inspections to evaluate the registration. We
used RegViz, a program written in IDL and created in
our laboratory for visualizing and analyzing registered
image volumes. Color overlay displays were used to
evaluate overlap of structures. One image was rendered
in gray and the other in the “hot-iron” color scheme
available in IDL. To visualize potential differences, it
was quite useful to interactively change the contribution
of each image using the transparency scale.

ITII. RESULTS

The segmentation results show that the kidney
volumes as measured from different users are very
consistent (Fig. 2). The volume difference is less
than 5% between the two users. For the same user, the
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difference is only 2%. The kidney volume of the
transgenic mice (756.3+44.1 mm®) is doubled as
compared to wild-type mice (348.7+£19.7 mm®). Our
results also indicates that one kidney is always bigger
that the other (Fig. 3). Figure 4 shows the kidneys of
the transgenic mouse (No. 4) in Week 0, Week 2, and
Week 4. The kidney volume decreased two weeks after
treatment indicating the effect of the therapy. However,
the volume in Week 4 increased 4% as compared to
Week 2 but it is still less than Week 0 probably because
of the nature growth of the kidney.

IV. DISCUSSION & CONCLUSION

The image segmentation, registration and
visualization methods could provide a useful tool for
the new application of in vivo assessment of polycystic
kidney diseases in transgenic mice. More animal
imaging experiments and data analyses are planned in
the future. We are integrating the image analysis
methods into a single package for this important
application.
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Fig. 1. Kidney MR images from the wild-type (left) and 300

transgenic (right) mice. The transgenic mouse had the 100
polycystic kidney disease.
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Fig. 2. Mouse kidney volumes. The top is the segmentation

results from User A. The middle and bottom are the results
O «idney 1 B Kidney 2 from User B as performed at different time. Mouse 1 and 3
are wild-type and Mouse 2 and 4 are transgenic.
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Fig. 4. Serial MR images of mouse kidneys. Images are from
the transgenic Mouse 4 as acquired in Week 0 (left), Week 2

Fig. 3. Volume comparison of two kidneys of mice. (middle) and Week 4 (right).
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