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Abstract. We present an approach based on clustering to segment re-
nal arteries from 2D PC Cine MR images to measure blood velocity and
flow. Such information are important in grading renal artery stenosis and
support the decision on surgical interventions like percutan transluminal
angioplasty. Results show that the renal arteries could be extracted au-
tomatically and the corresponding velocity profiles could be calculated.
Furthermore, the clustering could detect possible phase wrap effects au-
tomatically as well as differences in the blood flow patterns within the
vessel.

1 Introduction

Renal diseases, caused by e.g. diabetes mellitus or hypertension, can lead to kid-
ney failure that requires renal replacement therapy, where early detection and
treatment can delay or prevent this progression towards end-stage renal disease
(ESRD). ESDR has an annual mortality of nearly 25%, and in the US the inci-
dence rate of ESRD is 10 new cases per hour. World-wide an accelerating number
of people will in the near future suffer from ESRD, with dialysis or kidney trans-
plantation as the costly therapeutic alternatives. Renal artery stenosis (RAS) is

Fig. 1. Images from 2D Cine PC-MRI examination of right renal artery. Left: mag-
nitude image with bright disc shaped region depicting the renal artery, right: corre-
sponding phase image depicting blood flow by grayscale level (midgray level = zero
velocity). Dark pixels represent higher blood flow towards the right kidney. The white
region next to the dark one depicts a phase wrap effect
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the leading cause of secondary hypertension caused by the reduced flow trigger-
ing the auto-regulation (renin-angiotesin) of the systemic circulation including
the contralateral kidney. By time this may lead to loss of renal parenchyma in the
stenosed kidney and microangiopathy in the glomeruli of the non-stenosed con-
tralateral kidney. To be successful, a percutan transluminal angioplasty (PTA)
should be performed before these changes have developed past certain limits in
flow-reduction, flow velocity, kidney-size and the overall- and split-renal func-
tion. Ignoring these measures may lead to a wrong selection of patients treated
with PTA and might be a reason why improvement after PTA has shown to be
rather low [1]. Thereby, MRI provides a good tool for measuring these processes
[2]. Cine Phase-Contrast MR (PC-MRI) blood flow measurements can be used
for non-invasive quantification of renal artery blood flow [3]. During acquisition
two images are generated, a magnitude image and a phase image (Fig. 1), encod-
ing blood velocity and direction. From these images the blood flow within the
vessel can be quantified and abnormalities in the flow or velocity profiles over
the cardiac cycle can be assessed and RAS can be graded.

2 State of the Art and New Contribution

Blood flow quantification from PC-MRI acquisition is usually performed by man-
ual or semi-automated delineations of the vessel area [3, 4, 5, 6]. This is time con-
suming and subject to operator dependent variability. Kozerke et al. [7] proposed
an active contour approach for vessel segmentation from PC-MRI. A segmenta-
tion approach taking the waveform of the velocities into account and applying
correlation and thresholding has been proposed in [8]. In this work we present
an approach utilising clustering of time series rather than sequential processing
of the images finding the vessel lumen frame-by-frame. By this, a segmentation
is obtained by grouping flow patterns that are similar during the cardiac cy-
cle. Furthermore, clustering may detect phase wraps caused by too low velocity
encoding (VENC), which might mislead an active contour based segmentation.
Also, possible differences in the flow pattern within the lumen, e.g. due to partial
stenosis, might be detected. In contrast to the segmentation approaches reported
in [7, 8], the complete flow pattern over the cardiac cycle is taken into account. In
addition, manual interactions and observer variability are substantially reduced.

& -

Fig. 2. Clustering results for different K. Left to right K=2,K=4, and K=12 (irrelevant
background classes removed for clarity)
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3 Methods

Five subjects (3 healthy volunteers, 2 patients) underwent renal blood flow mea-
surements on a 1.5 T scanner. For the acquisition we followed the procedure
described by Schonberg et al. [3]. A trans-sectional slice through the renal vessel
is set ca. 1-2cm distal of the stenosis for measuring the velocities. We used a
ECG gated 2D cine PC-MR sequence with TE=37ms, TR=4ms, flip angle=30°,
VENC=100 cm/s. Within the cardiac cycle between 20 and 25 images with
matrix 256x192 and spatial resolution 0.9x0.9 mm? and slice thickness 6 mm
were acquired. The blood velocity is measured by (two) so called flow encoding
gradients. Their phase difference(A¢) is then proportional to the velocity (v):

v= (%)VENC — VENC < v < VENC (1)
VENC is an operator defined parameter for each examination and describes the
maximum velocity that can be measured. For the flow analysis, the sequence of
phase images were transformed into a 2D matrix of size # pixels X time points
and then clustered using the K-Means algorithm [9]. We tested three different
distance measures (standard euclidean, cosine, and correlation distance) to see
which describes the feature space best. Furthermore, we selected several possible
numbers of clusters (K = 2,...,15) and evaluated the clustering results by
using the DB index [10]. Initialisation of the clustering was by random choice of
initial cluster centroids and the clustering was repeated ten times. To increase
processing speed the original images were cropped to a small rectangular ROI
enclosing the vessel.

4 Results

In all our five subjects clustering could discriminate the renal artery from the
surrounding tissue and the corresponding velocity and flow profiles could be
assessed. A separation of the renal artery from the background could be realised
with choosing only K=2 clusters. The analysis of the optimal number of clusters
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Fig. 3. Calculated mean velocity profiles from manual delineations and from clustering.
Data taken from feeding renal artery of the right kidney in a healthy volunteer. Negative
velocity values are due to blood flow direction opposite to the read direction in the 2D
PC-MR sequence
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[10] revealed that usually two local minima (apart from K=2) in the plot of the
DB indexes could be observed. This occurred for a small number of clusters (3-5)
and a higher one (8-10) depending on the subject and kidney. By selecting such
number of clusters, the cluster representing the renal artery was divided in two
or more sub-clusters (Fig. 2). Results using the cosine distance and the euclidean
metric differed only slightly whereas for the correlation distance, larger regions
were segmented.

In one of the data sets, phase wraps occurred (Fig. 1). This could be detected
by the clustering approach independently of the number of clusters and distance
metric being used (Fig. 4).

Superimposing the resulting clusters onto the original image visually confirms
the segmentation results. Also, the calculated velocity profiles in both healthy
volunteers and patients have a time course which are typical for those reported
in the literature [2]. To better assess our method, we also outlined the vessel
lumen manually and calculated the velocity profiles from our datasets. Figure
3 depicts one profile calculated from a manual delineation and results from the
clustering. As seen, the two curves show high degree of similarity.

5 Discussion

We have presented an approach to semi-automated extraction of velocity and
blood flow information from 2D Cine PC-MR images. This was achieved by
using K-means clustering to segment the time series of phase images. Our results
show that the images are segmented such that the calculated velocity profiles
are similar to those obtained after manual delineation — frame-by-frame — of the
vessel.

A segmentation of the images into vessel and background could be obtained
simply by selecting K=2 classes. Selecting a larger number of clusters could dis-
criminate between intra-arterial regions with different flow patterns (Fig. 2 &
5). By this approach we could also detect aliasing (phase wrap) automatically as
well as blood flow patterns in the renal artery which might not be easily detected
when applying whole vessel segmentation only. In addition, manual interaction
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Fig. 4. Clustering result depicting phase wrap in the data. Left: white region represents
the phase wrap cluster that is overlayed onto the phase image. Right: calculated velocity
profile. At t=190 ms phase wrap occurs. Data is recorded in a healthy volunteer
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Fig. 5. Clusters and corresponding velocity profiles. Left and right: cluster regions
(white) overlayed on phase images. Middle: corresponding calculated velocity profiles.
The solid line corresponds to the left cluster, the dotted line to the right cluster

Velocity [cm/s]
N ow B oG
8 8 8 8

-
S

0 100 200 300 500 600 700 800

400
time [ms]

like delineation of the vessel lumen which are mainly performed in clinical prac-
tice, are reduced to a simple outlining of a rectangular area containing the vessel
in a single frame. In addition, an appropriate number of the clusters has to be
selected. We conclude that this approach could be a very helpful tool for clinical
assessment and grading of RAS in patients with renal impairment.
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