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Abstract—In this paper we propose a mean-shift based
technique for a precise tracking and segmentation of abdominal
aortic aneurysm (AAA) from computed tomography (CT)
angiography images. The proposed method applies median filter
on the gradient of ray-length and linear interpolation for de-
noising. The segmentation result can be used for measurement of
aortic shape and dimensions. Knowledge of aortic shape and size
is very important for selection of appropriate stent graft device
for treatment of AAA. Comparing to conventional approaches,
our method is very efficient and can save a lot of manual labors.

Keywords—Aneurysm, Abdominal Abnormal Aneurysm (AAA)
s mean-shift; computed tomography (CT)

L INTRODUCTION

Aneurysm is an abnormal dilation of the aortic to greater
than 1.5 times normal; the diameter of normal aortic vessel is
about 1.5 to 2 cm; usually arises in the thoracic aortic or
abdominal aortic. Fig.1 shows an aortic figure where A is a
normal aortic, B and C show thoracic aortic aneurysm (TAA)
and abdominal aortic aneurysm (AAA), respectively.
Aneurysm usually represents an underlying weakness in the
wall of the aorta at that location. The stretched vessel has a
great concern of the rupture risk, which causes severe pain,
massive internal hemorrhage, and death if not treated
immediately [1]. In general, the aortic aneurysm slowly swells
when it starts and grows up much faster when the size of
aneurysm becomes larger. Due to rupture risk, physicians must
carefully monitor the size and the growth rate of an aortic
aneurysm. The monitoring task usually is done by ultrasound
or computed tomography (CT). Fig. 2 is a patient's image who
has the ruptured abdominal aneurysm. The diameter of
abdominal aneurysm is more than 5 cm or the diameter of
thoracic aortic aneurysms is more than 6 cm is clinically
advised of received surgical treatment. The common treatment
is stent graft fitting by surgical operation. The stent is a mesh-
like metallic mini tube. It can provide the power of support for
vessel wall and reduces the probability of narrowing after
angioplasty [2].

The x-ray, ultrasound, CT, magnetic resonance imaging,
angiocardiography, and positron emission tomography are
common ways to acquire medical images. Among these
medical images, CT scanning can accurately demonstrate
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dilation of the aorta and involvement of major branch vessels
proximally and distally. This information helps in determining
the appropriate intervention, which may be either surgical or
endovascular repair. CT has emerged as the diagnostic imaging
standard for the evaluation of AAA, with an accuracy that
approaches 100% [3].
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Fig. I. Aortic image where A is a normal aorta, B is a thoracic aortic
aneurysm (TAA), and C shows an abdominal aortic aneurysms (AAA).

Fig. 2. Ruptured abdominal aneurysm. Hollow arrow points at aortic
aneurysms, and solid arrow means that blood flow to abdomen. (by James
Heilman, MD [4])



Once a CT slices is obtained, a physician has to locate and
measure the size of aortic aneurysm if there is any slice-wise,
which is a labor extensive task. While there are many existing
image segmentation methods, traditional methods such as
Canny, Sobel, Laplace, may not yield satisfactory results. As
observed in Fig. 3, the ideal segmentation would be along the
contour of the lumen, i.e., the epithelial tissue. But the
surrounding organ tissues are very similar to the epithelial
one’s not to mention that the possible calcifications and stents
appear in the lumen.

To solve this problem, several researches have devoted to
the issue of AAA image segmentation. These methods can be
categorized into automatic and semi-automatic segmentation.
The former means that users need not input any parameters and
the system will locate the AAA. In [5-6], they used fuzzy C-
mean and generated a binary image indicating lumen as well as
possible AAA. However, users have to align both the CT slice
and its binary result to obtain more detail information of the
AAA position. The latter means that users have to set up some
variable and/or give initial definitions before the system to
locate the region of interest (ROI). Among these semi-
automatic methods, they can further be classified as machine
learning and non-machine learning.

Marko [7] proposed an AAA segmentation of non-machine
learning in 2002. It requires users to provide the AAA
deformable model of the patient. They used two thresholds to
filter noises and distance gradient to obtain the segmentation,
finally, refine the result by the defined model. However, every
patient has his/her own complication and the default
parameters may not suitable for every condition.

In 1995, Cootes [8] proposed a machine learning method-
Active Shape Model (ASM) to segment AAA. Based on ASM,
Marleen [9] proposed an interactive segmentation of AAA in
CTA images in 2003. Users need to mark the region of AAA
on first CT. Then the system will segment the next slice
according to the previous one. Users can adjust the contour if
necessary. The major commercial software is implemented
likewise. While [8] always exploits the first segmented slice to
obtain the segmentation of the rest slices, [9] utilizes the
previous slice of current one instead. In 2005, inspired by [11],
Silvia [10] used minimum cost path to track aorta in CT slices.
The method integrates the ASM of [9] and K-NN of [12] to
tackle the blurring contour problem. In these ASM model

based methods, they need to define an initial model previously.

In this paper, we propose a semi-automatic method which only
needs simple operations to complete the initial segmentation of
the AAA.

II.  PROPOSED METHOD

The CT scanner uses a set of software algorithms to
determine the amount of x-radiation absorbed by every element
in a plane of tissue. Each of these elements is represented by a
pixel on the slice display, and the density (amount of x-
radiation absorbed) is measured in Hounsfield units (HU). To
view a CT scan slice, users choose the window width (W),
which describes the range of HU displayed. Next, users choose
the window level (L) which is the Hounsfield number in the
center of the window width. In our algorithm, we use HU

values for calculation. Fig. 4 gives a flowchart of the proposed
method and each step is described in the following.

A. Set Up Starting and Ending Slices

Similar to Worz et al. [13], users need to indicate the
starting and ending slices for the proposed method. To fully
access the information, we label a small box inside the lumen
on the starting slice. From the indicated box, not only the
starting slice is determined but the mean M; ,and the standard
deviationoy o of lumen are evaluated. As shown in Fig. 5, the
user simply labels a small box inside the lumen (shown in red)
and the system obtains the initial lumen centre and a suitable
threshold for image binarization explained below.

Fig. 3. AAA and the surrounding organs. Red arrow points at the area of
lumen, yellow arrow is the epithelial tissue, and green arrow points the
surrounding organ tissue.
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Fig. 4. The flowchart of the proposed method.



Fig. 5. Initial setting. User labels a region (the red box) inside the lumen.
Centered at the red box, the blue box is generated automatically and it is used
for abdominal aorta tracking.

B.  Image binarization

Two binarized images are produced for ROIs of lumen and
epithelia which are used for contour detection later. Equation
(1) is to get lumen’s binarized image. The result is in Fig. 6(a),
and 6(b) is a result after closing operation in Morphological
Image Processing [14].
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where H(x,y) represents the input HU value at (x, y) position,
M, sand 0 ;5 is the mean and standard deviation of HU values
of the lumen in slice s. In our experiment, ¢ is chosen to be
three. We use equation (2) to get epithelia’s binarized image.

otherwise,

1 0<H(x,y)<50
P. (x,y)= 2
£a(®.) {0 otherwise.
Since that stent would affect the system to detect the
epithelia’s contour, we use (3) to get stent’s binarized image.

1 H(x,y)=350
, e 3)
Sent.s (%) {() otherwise.

The HU range for a stent is 700-1000 as suggested by the
physicians. But, in our observation, quite a few stent images
have HU values much less than the suggested values. That is
due to the possible tissue coverage on the stents after a period
of time when the stent graft fitting surgical operation has been
executed. Therefore, we choose 350 as the threshold in (3).

(b)

(a

Fig. 6. Binarization. (a) binarized lumen image, (b) the hole-filling image of
(a) by closing operation.

In order to reduce the influence of stent, we use (4) to
obtain an appropriate epithelia’s binarized image. Fig. 7 shows
an example. The epithelial region in (a) is the area between two
green circles (the inner circle is the lumen), (b) is binarized
result for epithelia which also includes the lumen area. Since
the contour of epithelia is our concern, the lumen area will not
cause any problem. However, the white spot inside (pointed by
the green arrow) and two overflow areas (indicated in red) may
cause problems. We will explain how to overcome these
problems in Section D.
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C. Mean shift tracking

From the lumen center and lumen’s binarized image of the
previous slice, we use weighted kernel Mean shift algorithm
[15] to track abdominal aorta. Equation (5) is the Gaussian
kernel which gives more weights for points near the center
position (lumen center) and equation (6) is to evaluate the new
center ¢ = (Xeenrers Yeenser) fOr the current slice. More details are
referring to [15]. Fig. 8 illustrates some tracking results.
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Fig. 7. (a) the ideal epithelial region is between two green circles, (b) the
result of our binarized image of epithelia; the indicated areas may cause error
in contour detection.
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Fig. 8. (a), (c), () are the 1%, 9™, 17" slices. Red box on (b), (d), (f) are the
mean-shift tracking results of abdominal aorta in (a), (c), (e), respectively.

D. Lumen and epithelial contours detection

We first define the ROIs for lumen and epithelial. The
binary image obtained from (1) and the mean shift algorithm is
used as the lumen ROI, such as in Fig. 6(b), and 8 (b), (d), (f).
The binary image obtained from (4) is used as the epithelial
ROI, such as in Fig. 7(b).

Inspired by [16], we use ray-detection method as in Fig. 9
where ¢= (Xooprers Yeemer) 18 from (6). Starting from c, equal
angle rays are casted and a ray stops when the immediate next
point falls outside the ROI. A median filter is applied next.
Initial contours are obtained by connecting the end points of
the casting rays. In Fig. 10, a ray detection result is shown
where red circle is the lumen contour and green circle is the
epithelial contour. Unlike the lumen contour, it can be seen that
epithelial contour is not as stable. The length of rays may
increase (if there is an overflow area in the ROI, e.g., the red
circles in Fig. 7 (b)) and/or decrease (if there is a noise, e.g.,
stent as in the green arrow in Fig. 7(b)) rapidly which cause
error contour. Based on the assumption that the contour is
approximate oval shaped, the derivative in the radius (i.e., ray
length) of neighboring rays should be small. Therefore, the
first-order derivative of radius, as in (7), can be used to detect
abnormal increasing or decreasing in ray length.

Fig. 9. Ray-detection illustration [16]

Fig. 10. Ray detection. (a) original result, and (b) after median filter applied
where yellow arrows pointing at places to show the before-and-after filtering
effect.
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Fig. 11. Red represents the radius of ray-detection (of epithelial) in Fig.10 (b)
for A@=4°, and green represents first-order derivative of radius.

R'(s,0)=R(s,0+AB)—R(s,0), (7N

where R(s, 6) represents the radius on the angle 0 of the slice s,
and A@=360°n with n =90 used here. In Fig. 11, horizontal
axis shows zero™ ray to 8o ray of Fig. 10(b), the height of the
red bin shows the radius, and the green curve indicates the
derivative result from (7). We sort the absolute values of all
derivatives of (7) and discard the first and last 10% of the data
to reduce outliers. Then, the typical magnitude of derivatives
is taken as the mean value of the rest of data. Using this value
as the threshold (7h) in (8), we classify rays that are rapidly
changed. A matrix T of size 1 x # is used to store the markers
for rays. As in (8), the marker f; represents the ray that the
radius increases rapidly, the marker f; represents the ray where
the radius decreases rapidly, and the marker O for the rest of
cases.

i |R'(s,r-AO)[>Th & R'(s,r-A8)>0
TIl=1f,  |R(s,r-A0)>Th & R(s,r-A8) <0 &
0 otherwise,



where 7 is the ray index, » = 0, 1, ..., (n-1). Starting from the
ray with the shortest radius clockwise, the marker is checked
one by one. Once a pair of f (e.g., located at ray i) and f; (e.g.,
located at ray j) is found, rays falling between them will be
linear interpolated. Equation (9) explains the linear
interpolation using R(s, i) and R(s, j+1) where K is the number
of rays to be interpolated.

R(s,(i+k)modn) = R(s,i)+k-8, k=1,2, ..., K, )

where

j+1-i
K:
(n+j+1)—i

8 =(R(s,(j+1) - R(s,0)/K.

Jj>i

otherwise,

When a pair of f; and f; is found, we need to further check
whether the range between them is greater than 120°. Since
when there is an aneurysm, radii may increase (as in Fig. 14 c-
3) but radii stay large for a wide range. Figure 12 is the result
after (9) is executed. Comparing to Fig. 10(b), error epithelia
contour has been fixed nicely.

Fig. 12. Result of Fig. 10(b) after linear interpolation adjustment.

(@ (b)

Fig. 13. Epithelia contour detection of the image in Fig. 7. (a) is the result
after linear interpolation, overflows are fixed but the error caused by stent
noise remains; (b) refined result after temporal median filter on 5 consecutive
slices.

E. Refine Epithelial Contour

As mentioned in Fig. 7(b), the indicated areas may cause
errors in contour detection. Once the initial epithelial contour is
obtained, linear interpolation is executed if there is any pair of
/i and f,. Fig. 13(a) shows the result after linear interpolation.
of (9) is executed. As observed, the bottom and the top of the
red circle 1 (as indicated in Fig. 7(b)) constitute a pair of f; and
/> and it is fixed nicely. However, linear interpolation may fail
too. The ray positioned at the green arrow is the shortest ray
(f1) which erroneously stops because of the noise; the ray near
the top of the red circle 2 is f; since the ray length becomes
short suddenly. After the implementation of linear interpolation,
neither it produces the correct ray length on f; position nor the
ray lengths between f; and f;. A temporal median filter is
applied to solve this problem. On each ray of the same angle
among consecutive slices, we use the median filter on the
radius on five consecutive slices s, st1, s12, i.e., the median
filter on the temporal axis. Fig. 13(b) shows the refined result.

III. EXPERIMENTAL RESULTS

To validate the method, we use a normal example and eight
abdominal aortic aneurysm examples. The range of age in nine
patients is 60-85. Due to limited space, we present the result of
one normal and three AAA examples in Fig. 14. The complete
nine experimental results may be seen on [17]. In Fig.14, row
(a) is the normal case, and next three rows (b)—(d) are three
AAA cases; column (1) shows the starting slices, column (2)
shows the slices near renal artery (branch of abdominal aorta),
and column (3) shows the end slices. The proposed method is
effective as observed in Fig. 14. In particular, in (a-3), our
method is robust to the vascular calcification. While most of
segmented results are accurate, sometimes the detected
epithelia contour is wider than it is as in (c-2 & d-2). This is
due to the process of reducing the influence from the stent, as
well as too many similar tissues.

IV. CONCLUSION

We proposed a method which only requires a user to label a
small box in the starting slice and indicates where the end slice
is. Our method can automatically use the initial information to
track abdominal aortic aneurysm using weighted mean shift
algorithm. Linear interpolation in spatial and median filter in
temporal are used to detect contours. A satisfactory result is
obtained using our method. The result can be a pre-process of
AAA localization if there is any. In order to be clinical useful,
we will test our system by more examples in the future. Finally,
our method can combine clustering algorithm to track the
common iliac artery.
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