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Abstract: In computer aided diagnosis of artery motion analysis coronary angiogram seg-
mentation is of crucial importance. With vascular structures along with considerable varia-
tion in intensities and noise it is challenging to develop an automated and accurate vessel
segmentation algorithm. The proposed approach is an unsupervised approach with coro-
nary angiography as the source and is used to extract the vascular centerlines and segment
the vessels and detect the blockages in the coronary artery. Initially a preprocessing step
is applied to enhance and remove the low frequency noise in the image based on a contrast
limited adaptive histogram equalization and morphological filters. The vascular structure
is extracted by using Morphological hessian based approach and region based Otsu thre-
sholding. Two different scales are used to extract the wide and thin vessels. Then the ves-
sel centerline is extracted. A branch detection algorithm is employed to find the bifurcation.
The blockages are detected by considering the diameter along the cross sectional area of
the vessel. The proposed system has been analyzed and the experimental results con-
ducted on several images prove the efficiency of the proposed method producing an accu-
racy of 96.98%.

Keywords: Coronary Artery, Vessel Extraction, Centerline Extraction, Morphological

Operation, Thresholding, Histogram Equalization.

INTRODUCTION

Blockages in the arteries of the heart lead to Coronary artery disease (CAD) which is mainly due to
the deposition of plaque. This is the most fatal disease in the developed countries causing a death rate of
one third to one half in persons in the age limit of 35 to 64. In spite of the early successful detection tech-
niques available, prior to heart attacks only 20% of the coronary artery diseases are diagnosed. Vascular
structures vary in image intensities and noise as well as have varying cross sections and hence developing
a fully automatic and accurate vessel segmentation algorithm is highly challenging. Extraction of vessel
from coronary angiography images using intensity information is insufficient as the contrast variation
along the vessels and intensity ambiguities can cause leakages. Usage of shapes prior to vessel segmenta-
tion is also challenging as the diseased vessel have abnormal and different shapes.

Several methods have been proposed for the automatic segmentation of vascular structures. One such
segmentation method adopts a boundary model to extract the boundaries in the segmented image based
on intensity or gradient information. From the training data available the boundary model is constructed
[1-2]. A vessel extraction techniques based on parametric curve evolution is reviewed in [3]. The center-
line is extracted is pioneered in [4]. In [5] at the vessel branch the user inputs have to be provided. In this
the author models the vessel structure as a envelope of collection of spheres, thus providing a tubular
vessel model. The background and the vessel intensity distribution are estimated based on the intensity
histogram which is used to push the level set to capture the vessel boundaries. The segmentation is based
on minimal path technique. A level set method based on the information from histogram is used to de-
form the initialized vessel which is obtained from the registration of pre segmented reference image [6].
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The new variational approach of segmentation based on level set approach under intensity in homo-
geneity is discussed in [7]. In [8] the vessel and its branches are detected based on the model of each ves-
sel as a tubular structure without requiring end points of the vessel. Another method for extraction coro-
nary artery is discussed in [9]. In this method an adaptive and multi-hierarchy method is used to prepro-
cess the angiographic image. Sub images are obtained at different levels are fused to obtain the final im-
age. A matched filter based techniques is adapted to enhance and segment the retinal vessels with double
sided thresholding and first order derivative of Gaussian image [10]. In [11] morphological filters are
used to enhance the vessels. Generally, vessel segmentation methods can be classified as supervised and
unsupervised classifications. Supervised method of segmenting vessels is discussed in [12] and unsuper-
vised technique is discussed in [13]. Yet another method is proposed to extract the cardiac vascular
structure using multiscalemedialness function [14]. In this method, the blood vessels are extracted and
the 3D structure of the vascular structure is reconstructed by using volume rendering technique.

The proposed system is used to segment the vascular structure in the coronary angiography images
and to detect the blockages. The paper is organized as follows: Section II describes the preprocessing
step. Further the centerline is extracted and vessel branching algorithm is used to find the bifurcation.
Finally the blockages in the vessels are identified. Section III discusses the performance evaluation of the
proposed method with the methods described in [9] and [14]. Finally Section IV concludes the proposed
method.

PROPOSED METHOD

The proposed technique is an integrated structure designed to solve the problem of segmentation of
coronary angiogram. First the image is enhanced and it walks across the intensity gaps along the vessel
direction and extract the vessel bifurcations. The flow chart of the proposed method is shown in fig 1.

Input Image

Contrast Enhancement

Morphological filtering

Wide and thin vessel extraction

Vessel centerline extraction

Detection of Vessel
Bifurcation

|

Vascular Structure

Detection of blockages

Fig. 1: Flowchart of proposed system
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A. Preprocessing

The first step is the preprocessing which is used to enhance the image and perform illumination cor-
rections on the source image.

A.1) Contrast Limited Adaptive Histogram Equalization

Contrast limited adaptive histogram equalization is performed to enhance the image. Histogram equa-
lization is done by stretching the gray level values of low contrast image [15]. In this method the image is
divided into regions and local histogram equalization is performed [16]. The clip value is user defined.
The noise level to be smoothened and the contrast level to be enhanced can be specified in the clipping
limit. In this paper, the clipping limit is chosen from 0 to 0.01.

A.2) Morphological Filtering

The vascular structures are enhanced using morphological filters. Vascular structures appear more
contrast than the back ground. This change is reflected adversely in the entire process of vessel extrac-

tion. The morphological filter is based on top hat transform. The width of the widest vessel set as refer-

ence. In the proposed technique the width of the vessel varies between 1 to 8 pixels. The top hat trans-
formation is sensitive to noise. It causes the pixel values in the opened image to be less than or equal to
the pixel values in the input image. This leads to intensity variation. To overcome the issue a modified top
hat transform [11] is proposed which perform a closing operation followed by opening operation without
using any comparator or minimal operator. In this paper, the structure element is chosen as disk type
with radius 8 pixels. Equation (1) through (3) defines the various top hat operations.

The opening top hat transform in an image [ with S as the structure element is defined as:

Topen=I 0 S, (1)

The closing top hat transform in an image I with S as the structure element is defined as:
Teose=I .Sc (2)

The modified top-hat transform, T is defined as:
T=1-(1.S) 0 S, (3)

B. Extracting Wide and Thin Vessels

The hessian matrix and Eigen value approach are used to extract the wide and thin vessels from the
morphological enhanced image and the vascular structures are extracted using Otsu thresholding. The
second order derivative at different scales is used to represent the vessels with variable width. Suppres-
sion of non vascular structure and contrast enhancement is done using the difference in the eigen values
of hessian matrix.

The hessian matrix on a directional image I;, in a coordinate x’y’ is defined as:

H - |:h11 h12j|
h21 h22 (4)
2 2 2
hll:a—lzicos2 0, + ol sin(26’i)+a—|2‘sinzé?i
Where X Oxoy y (5)
2 2 2
h,, =a—|2isin2 0, — ol sin(20,)+ g IZ‘ cos? 6,
OX Xoy 6)
2 2 2
=y = —= T isin(26) -1 cos(2,) + = L sin(26,)
2 OX oxoy 2 )
The eigen values A, and A, are obtained as
follows.
h,=0°x*h, @)
h,, = *h,, 9)
hy =h, =0"*hy, (10)

[4,4, ] = eigen2img (h;,, hy,, h,,) (11)



1093 M. Ramamoorthy et.al

Where, 0 defines the scales for vessel enhancement. The computational complexity is reduced [17]
by taking the difference image | = 2,2 - Zl In this paper, O is chosen as 1 and 2.5.

C) Centerline Extraction

Vessels are anatomical structures that provide large information for localization of features. Several
techniques have been proposed for vessel centerline extraction based on hessian method, gabor filter,
matched filter and edge based methods. In this paper a matched filter is applied to extract the centerline

in the vascular structure. Gaussian functions are used as kernel in matched filters. However, the intensi-

ty of some wide vessels is not Gaussian, then Gaussian-Hermite mixture model is used to extract the cen-
terline[18]. To detect vessel in any direction, the two dimensional kernel is represented as two one di-
mensional kernels. Let the image intensity at the position (u,v) be represented as I(u,v). Then the

matched filter response R in the orientation 0 is given as:

R(u,v,8) = —I J: H,, (v—x)H(u—y)I(x,y,8)dxdy a2

Where H(x) represent the Gaussian Hermite kernel in the normal direction and the 1D second order
kernel is defined as:

H(x) = (1+ a(x2 —1)) 27:1 e(— x/202) (13)

2

(o}

Finally, the centerline is extracted by maximizing the response of overall orientation of each pixel.
D) Detection of Vessel Bifurcation

The vascular structure grows out and then constructs new branches. The challenge is to detect the
vessel branches. An algorithm is proposed to detect the vessel branches as it moves through the vessel
tree.

Algorithm:
1. Construct a sphere S2 of radius R.
Sample N directions di.
Construct the tubes of radius 1 and length R along each N directions.
Estimate the mean intensity in each tubes as Inean(di).
Apply threshold to the estimated intensity with respect to the parent intensity Iwmres.
Apply the subset of directions d; with the mean intensities above the threshold.

To the extracted direction apply k-means clustering[19]. That That is d,Vi e(l, N) and
| ..(d,)> 1, . with three clusters[20].

7. If number of clusters less than 3 then
No branches

ok W

8. Else
i) Compute the centroid of the direction in each cluster. This results in 3 branch directions.
ii) The direction that has the maximum overlap compared to the parent branch volume is
eliminated.
iii) Perform dot product of remaining directions with the tangent of parent branch at the
end point.
iv) The parent branch is extended by the candidate direction that is better aligned with the
tangent at the end point.
V) A new branch is created using the remaining candidate direction in the tree structure.

E) Detection of Blockages

The detection of blockage in the blood vessel and quantification is done based on the cross sectional
area A; of the vessel computed along the centerline at each position i. The value of i ranges between 1 to n,
where n represent the number of positions in the centerline. Then the radius is defined as:

R= A

i (14)
Calculate the diameter of the D. Detection of blockages are done as follows:

i) Let Di.1 be the diameter at position P;4
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ii) Din-1=Di1
lll) If (Di,n>Di,n-1) then
a. The positions with Djnis less than the diameter centered at P .1 is computed.
b. The positions calculated above are detected as blockages.
From the extracted vessel tree the blockage in the artery are detected and is shown in figure 2.

{

Fig. 2: Blockage deteted are marke in yellow color

RESULTS AND DISCUSSION

The proposed algorithm is tested on real image with blockages. The proposed algorithm is imple-
mented in Matlab 12 on i3 processor.

To adjust some parameters the algorithm is tested in simulated images and to obtain the actual per-
formance the proposed method is evaluated in actual images. The proposed method has several characte-
ristics: i) it is powerful to the detected starting point. ii) it can track along the vessel tree without any user
interaction. ii) it can automatically detect blockages by considering the narrowing of blood vessels based
on the diameter. The computational time in preprocessing is very minor about 8s, the time to track the
vessels and centreline is about 20s and the time to detection blockages is about 12s. Even though the co-
ronary artery is segmented automatically, still there is a room for detection of blockages. Blockages are
detected based on the diameter profile and long blockages remain underestimated. In the proposed me-
thod long blockages are considered based on the minimal diameter in the narrowing artery. The detailed
experimental results are shown in fig 3&4. The proposed method dealt with minimum false positives. On
an average 23false positives in 15 datasets.

(b) (@ (9 ®
Fig. 3: Preprocessed Image (a)-(b) Input image (c)-(d)partitioned with local regions (e)- (f) Contrast li-
mited Histogram equalization (g) - (h) Morphological Filtering
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(d)
Fig. 4: Extracted Vessel Structure (a)-(b) Vessels enhanced (c)-(d) Segmented thin and thick vessels (e)-
(f) Extracted vascular structure in binary

Several performance metrics are used to evaluate the performance of the proposed method. Equa-
tions (15) - (18) quantify the proposed system with manual segmentation. Percentage of overlapped ves-
sel pixels that is, True positive (TP) are used to find the Sensitivity of the proposed method.

No.OfOverlappedVesselpixels

TotalNoOfVesselPixel sinManualSegmentation

Specificity is evaluated based on false positive (FP) rate. False positive is the number of pixels availa-
ble in automatic segmentation but not in manual segmentation among the total pixels present in automat-
ic segmentation. In exceptional cases, the specificity would be useful to detect the true contours missed in
manual segmentation.

Sensitivity = x100 (15)

No.OfVesselpixelsInAuto maticSegmentation, butNotinManual
TotalNoOfVesselpixel sinAutomaticSegmentation

Table 1 shows the performance of the posed system in terms of sensitivity and specificity. The F1

measure is evaluated based on true negative(TN) values. That is the percentage of pixels available in Ma-

Specificity =1— x100 (16)

nual segmentation but not present in automatic segmentation among the total number of pixels present
in manual and automatic segmentation.

No.OfVesselpixelsinManual, butNotInAutomaticSeg mentation

TotalNoOfVesselpixel sinManualandAutomati cSegmentation
Accuracy is used to measure the no of pixels in vessels segmented in automatic segmentation.
TruePositive + TrueNegative

TruePositive + TrueNegative + FalsePositive

The segmentation of coronary artery and detection of blockages can assist clinicians to a great extent
in making diagnosis of coronary artery diseases. Accurate diagnosis of coronary diseases can be obtained
by isolating the vessels from other irrelevant anatomical structures and by visualizing the coronary tree
from the proximal end to distal end. The proposed algorithm was tested on 15 patient datasets. The re-
sults of performance evaluation on 6 dataset are shown in table 1.

Flmeasure=1— x100 (17)

Accuracy = (18)

Table 1: Comparison of Performance metrics

Data Set | Proposed Work [9] Work [14]
Sensitivity | Specificity | F1 measure | Sensitivity | Specificity | F1 measure | Sensitivity | Specificity | F1 measure

1 99.08 93.33 99.55 96.92 98.44 98.45 88.62 94.43 94.13
2 98.8 94.28 99.41 93.15 95.94 96.52 96.52 88.78 98.33
3 84.41 96.47 91.69 76.47 87.39 87.45 59.12 73.63 77.32
4 95.61 87.55 97.9 96.05 87.95 98.11 72.81 86.01 85.27
5 98.25 99.62 99.12 93.86 95.54 96.9 93.86 95.17 96.91
6 93.75 99.75 96.78 95.14 96.71 97.55 90.05 97.74 94.82




1096 Eurasian Journal of Analytical Chemistry

The proposed algorithm is developed in order to attain an optimal performance, with an average sen-
sitivity of 96.08%, average specificity of 2.93% and an average F1 measure of 1.33%. Figure 5 and Figure
6 shows the comparative performance measures of the proposed work.Based on the locations of discre-
pancies, in some cases further adjustments may not be required, given that the discrepancy may not be
directly related to any segment of the vessels. As the segmentation approaches the distal end in the vessel,
the sensitivity tends to decrease in the proposed algorithm.

100 1__ e
95 -
=
£ 90 - ----propkosed
§ 85 - wor
& 80 - work[9]
75
70 . . . . work[14]
0 5 10 15 20
1-Specificity

Fig. 5: Analysis of Sensitivity and 1-specificity
To evaluate the performance of the proposed system against the manual segmentation, two more per-
formance metrics[21] are used: Area Overlap (AO) and False Discovery Rate (FDR). The metrics are calcu-
lated as follows:
AO = m (19)
1

whereP; represents the segmented vessel pixel obtained by the proposed algorithm and P; represents

the vessel pixel in manual segmentation.

Finally, the False Discovery rate is calculated.

FDR — F-a-|SePOSIt ive _ (20)
TruePositive + FalsePositive
Where True Positive represents correctly identified vessel pixel, False Positive represents incorrectly
identified vessel pixel, True Negative represents correctly rejected vessel pixel. Table 2 shows the per-
formance assessment of the proposed work on a sample of 6 datasets. From the results, it is clear that the

proposed method offers better results for vessel segmentation.

Table 2: Shows the performance assessment of proposed approach
Dataset Accuracy Area Overlap False Discovery Rate

1 93.39 93.33 6.67
2 94.35 94.28 5.72
3 97 96.47 3.53
4 88.03 87.55 12.45
5 99.63 99.62 0.38
6 99.77 99.75 0.25
100 A
X /\
96
94 A
92 A
gg ] —— Proposed Work
e Work[9]
82 T T T T 1 WOI’k[l4]
) g (8]
k\‘\© 5\*\6 < &Q’Cﬁ v
& & ¥ &

Fig. 6: Performance analysis of various measures
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Performance assessment is evaluated using equation (21) - (23) on 22 dataset and the work is com-
pared with the algorithm implemented earlier by Jiji G.W [14] and Qingzhu Wang et.al[9]. The results of
evaluation are given in Table 3. The results show that the proposed method outperforms the earlier
works which is precise by the average of false positive rate and false discovery rate. To evaluate the de-
tection of vessel segments the Percentage of detected artery segment (DAS) is calculated. Detectedartery
segment (DAS) produced by [9] reached 95.46% and DAS% produced by [14] is 92.36% and the proposed
method produced 97%.

Table 3: Performance evaluation: Comparison between the proposed algorithm and work done in [9] and

Methods Accuracy AE‘leL;]Overlap False Discovery Rate
Proposed Work 96.98 96.855 3.145
Work [9] 95.899 95.48 4,52
Work [14] 94.32 92.905 7.095

The limitation of the proposed work is that the centerline extraction step requires initialization of
start point of coronary artery. For each data set the user has to interpret the start point. After initializa-
tion the centerlines can be automatically obtained in the vessels and across vessel branches. Blockages
can be detected with the centerlines.

CONCLUSION

The proposed method allows for segmentation of vessels and detection of blockages in the coronary
artery. The experimental results show that the proposed method produced results with similar precision
to that of experts. The results showed that the average sensitivity overall 15 data set is 96.08% with a
standard deviation of &+ 3.95. In future the work is to be extended in detection of blockages by integrat-
ing the morphological and intensity features which may lead to improvements in better detection of
blockages and also to estimate the percentage of blockage.
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