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ABSTRACT
Coronary artery disease has been the utmost mutual heart disease in the past decades. Various
research is going on to prevent this disease. Obstructive CAD occurs when one or more of the
coronary arteries which supply blood to myocardium are narrowed owing to plaque build-up
on the arteries’ inner walls, causing stenosis. The fundamental task required for the interpreta-
tion of coronary angiography is identification and quantification of severity of stenosis within
the coronary circulation. Medical experts use X-ray coronary angiography to identify blood ves-
sel/artery stenosis. Due to the artefact, the image has less clarity and it will be challenging for
the medical expert to find the stenosis in the coronary artery. The solution to the problem a
computational framework is proposed to segment the artery and spot the location of stenosis
in the artery. Here the author presented an automatic method to detect stenosis from the X-ray
angiogram image. A unified Computational method of Jerman, Level-set, fine-tuning the artery
structure, is developed to extract the segmented artery features and detect the artery’s stenosis.
The current experimental outcomes illustrate that this computational method achieves average
specificity, sensitivity, Accuracy, precision and F-scores of 95%, 97.5%, 98%, 97.5% and 97.5%,
respectively.
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1. Introduction

Coronary Artery Disease/Coronary Heart Disease is
one of the communal cardiac diseases in the world.
According to WHO, 17.9 million people die from car-
diovascular diseases and in that 85% are due to heart
attack and stroke [1]. Despitemain growths in the treat-
ment of atherosclerotic disease patients, many healthy
victims of the illness die unexpectedly without earlier
symptoms. Existing diagnostic and screening methods
are inadequate to detect the victims earlier the event
occurs [2].

Detecting stenosis using computationalmethods has
opened a new path of initial in the field of heart
medicine. This Coronary artery disease can be pre-
vented by focusing on behavioural risk factors such as
unhealthy diet, obesity, tobacco habit, alcohol habit and
physical inactivity. It is significant to detect coronary
heart disease in the initial stage, to begin the medicines
and counselling for the patient. The stenosis/plaque
causes coronary heart disease, and stenosis is nothing
but the fatty material deposited on the wall of the blood
vessel [3], which reduces the bloodstream to the heart
or brain.

If the blood flow is reduced or stopped, it leads to
Stroke and Heart attacks. So, to prevent this critical
situation, finding the disease is important. One of the
main diagnosing tests used to detect the coronary heart

disease is the coronary angiogram test. In this pro-
cedure, a tiny pipe-like structure called a catheter is
inserted into the vein.Once it comes to the correct posi-
tion in the heart, dye is injected into the catheter, then
the dye flows through the full artery; a parallel X-ray
machine will initiate capturing the images from various
angles and storing them in video format.

The primary phase of image acquisition involves
capturing the angiogram images through the sensor.
Different medical modalities are used to capture the
angiogram image, such as MRA CT, X-ray and PET.
Radiography is a medical modality that uses electro-
magnetic radiation, particularly X-rays, to see the non-
transparent part of the human body. In this procedure,
a heterogeneous beam of X-rays is produced by the
generator projected on the part of the body. The rays
penetrated the body parts and captured the image. The
captured image is two-dimensional, representing the
internal of the body.

Through analyzing the captured image, coronary
artery disease can be identified by experts. Generally,
medical images are an important part of healthcare;
through these medical images, the nature of the human
biological system is understood without surgery. The
image captured from the various medical modality is in
digital format. Digital image processing techniques are
used to understand and get information from medical
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images. These techniques help to know the abnormal-
ity in the organ or part of the body by analyzing the
image. The images are denoted in a matrix format with
rows and columns. The medical images are processed
and enhanced using image processing techniques called
medical image processing.

Recently developed a coronary extraction and steno-
sis quantification method in XCA using a deformable
spline algorithm and a string-matching technique.
These methods were not fully automatic and required
human interaction. Presented an automatedmethod for
the detection of coronary stenoses with XCA using a
spatio-temporal surface of the artery width. But, this
approach did not consider stenosis severity which is
more clinically relevant.

To avoid this issue in this work using medical image
processing methods and techniques, the author can
extract the Keyframe from the angiogram video and
pre-process it. The region of interest is also segmented
properly using the hybrid segmentationmethod. In this
research work, geometrical features are extracted from
the segmented artery and by using this feature steno-
sis is identified. The proposed computational frame-
work is presented to identify coronary artery disease. It
begins with detecting the Keyframe from the video and
pre-processing it, then segmenting the artery from the
angiogram image and locating the stenosis in the artery
region as a bounding box.

2. Literature review

Various studies proposed a number of segmentation
methods for the automatic segmentation of the artery.
Some of the research works are based on the Hessian
method and Matching filter. Ivan Cruz-Aceves et al.
[4] proposed a method to detect the vessel and non-
vessel in the angiogram image. Here author used the
Gaussianmatching templatewith an entropyminimiza-
tion function. This segmentation method is compared
with five different methods using the ROC curve and
area. In this work, the author used 45 angiograms for
demonstration and achieved 0.945 accuracies for blood
vessel detection. Tao Wan et al. [5] extracted the coro-
nary blood vessel from the angiogram image using
the Hessain-based statistical region merging method.
This experiment author validated 100 patients’ data in
the research and achieved 93% accuracy. Hengfei Cui
et al. [6] designed a hybrid method for vessel struc-
ture enhancement from medical images. In this work,
vessel diffusion and the modified Frangi method on
eigenvalue ratio are combined to get the region of inter-
est. This author experimented on the two-dimensional
retinal dataset and a three-dimensional vessel structure
dataset. In this work, author compared the results with
five other vessel enhancementmethods. In this research
work, a modified Frangi method is proposed to dis-
tinct the vessel from the image, but still the background

noise is present in the segmented image. Guangkun
Ma et al. [7] proposed a hybrid segmentation method
with a multi-scale-based vessel extraction method and
region-growingmethod to find vascular structure from
the angiogram image. Dash et al. [8] presented an
improved curvelet transform technique for finding the
region of interest in the retinal image. In this research
work, author first separated the green channels from the
image and started the enhancement using the Jerman
method. Then curvelet transformation with the Jerman
method is utilized to the enhanced image to extract the
vessel. The mean-C thresholding technique is used for
the segmented image; after that, by using the morpho-
logical operation, the segmented image is fine-tuned
further. This research work can use the pre-processing
filter before the Jerman method to eliminate the noise
in the image. Qian et al. [9] researcher proposed a new
non-local Hessain filter to segment the vascular struc-
ture from the angiogram image. This researcher incor-
porates a non-local operator in the Hessian method
to reduce the image’s noise. This work combines the
exponential function to form a new vascular enrich-
ment filter. The output of this segmentation method is
comparedwith the otherHessain-based filter. However,
segmented output from this method is not considered
an optimum.

Various authors have proposed different computa-
tional methods to identify coronary artery stenosis
in the past. Among them, Compas et al. [10] used
the spatial–temporal method to segment the artery
and tried to locate the plaque in the artery, and the
author achieved 86% sensitivity and 97% specificity
using 16 patients’ data. Zifan and Liatsis [11] pro-
posed a model to identify the narrowed artery region
by building a 3D mesh model from the 2D coronary
angiogram image. Iman [12] proposed an algorithm to
detect atherosclerosis and identify the narrowed artery
by operating the center line method. Kishore et al.
[13] employed an automatic system to find the steno-
sis grading. In this author cropped a certain part of
the segmented image and tried to measure the width
of the artery row by row pattern. In these 25 angiogra-
phies, images were experimented with and obtained
the resulting sensitivity of 94.74%, specificity of 83.3%,
Accuracy of 92% and precision of 94.74%.Wu et al. [14]
experimented a deep-learning method through tem-
poral constraints to locate the stenosis. The method
attains 87.2% sensitivity and 79.5% positive predic-
tive. Another research work is presented by Emmanuel
Ovalle-Magallanes et al. [15] to detect the stenosis
using the Inceptionn-v3, ResNet50 and VGG16 Con-
volution Neural Network using Transfer Learning. This
Inception-v3 gave a better stenosis detection compared
with others. It provided an accuracy of 0.95. Danilov
et al. [16] implemented a deep-learning technique to
detect the plaque in the coronary image. The author
experimented with 100 patients’ data in the research
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Table 1. Comparison of existing coronary artery stenosis identification methods.

Author name Methods Merits Demerits

Ivan Cruz-Aceves et al. [2016] Gaussian matching template Achieved 96% accuracy Time-consuming nature
Wan et al. [2018] Statistical image segmentation Outperforms other segmentation

methods
High false positives.

Hengfei Cui et al. [2019] Hybrid technique Proven to produce more accurate
coronary artery segmentation
results

Does not evaluated on high volume data

Dash et al [2021] Mean-C thresholding High speed and robust Can be extended for classification of abnormal
and healthy image by assimilating
deep-learning-based classifiers

Nandhu Kishore et.al. [2019] Novel method Produces sensitivity of 94.74%,
specificity of 83.3%, Accuracy of
92% and precision of 94.74%.

Increases the computational complexity

and got an F1-score of 0.96 and average precision of
0.95 through the Faster-RCNN Inception ResNetV2-
based network model. Table 1 shows the compari-
son of existing coronary artery stenosis identification
methods.

3. Material andmethods

A flow diagram of the proposed computational method
is shown in Figure 1, which contains four major
parts: Keyframe extraction from the angiogram video,

pre-processing the image, segmenting the region of
interest and detecting the stenosis. The parts are
described below.

3.1. Problem statement

Coronary artery disease (CAD), is the most common
type of cardiovascular diseases and a major cause of
mortality worldwide in the last decade.When the coro-
nary arteries are narrowed or blocked induced by the
atheromatous plaques building up inside, the reduction

Figure 1. Proposed method flow diagram.



AUTOMATIKA 625

of oxygen-rich blood flow to the heart muscle can cause
angina or a myocardial infarction. The fundamental
task required for the interpretation of coronary angiog-
raphy is identification and quantification of severity of
stenosis within the coronary circulation. However, with
the complex vessel structure, image noise, poor con-
trast and non-uniform illumination appearing in the
angiograms, the maximum degree of coronary artery
stenosis cannot be always accurately evaluated.

3.2. Data description

The coronary angiogram image sequence used in this
research work was acquired from the cardio depart-
ment of Rahavendar Hospital, Madurai. The author
collected data coronary angiogram data from the hos-
pital from 2019 to 2020. The patients underwent an
angiogram test in the cath lab in a supine position
screened by the Philips Allura X per FD20 C-arm sys-
tem. All the frames are captured at the rate of 25 frames
per second. Dataset contains three subsets: 1-17, 1-19
and 1-AVI.

Stored in DICOM (Digital Imaging and Com-
munications in Medicine) format, while angiograms
in 1-AVI were stored in AVI (Audio Video Inter-
leave) format. Patients were excluded if any of the
following occurred: incomplete injection of contrast
dye, percutaneous coronary intervention, an implanted
pacemaker or cardioverter defbrillator, or the pres-
ence of artificial objects other than the dye injection
catheter. Ultimately, 130 angiogram sequences from 50
patients were included in this study. 80 of angiogram
sequences visualize the Left Coronary Artery (LCA)
while the remaining 50 depict the right coronary artery
(RCA).

3.2.1. Keyframe extraction
Normally angiogram data is in video format. While
diagnosing the disease, the cardiologist manually deter-
mines the Keyframe from the video by visually inspect-
ing the frames. The Keyframe is the frame that con-
tains the complete structure of the artery. Identify-
ing the Keyframe through visual inception is time-
consuming, here author implemented the automatic
keyframe extraction from the angiogram video.

In this research, Keyframe is extracted from the
video using the absolute difference of the histogram
method [17]. This method starts with splitting the
frame one by one in the video. Then Convert all
frames into grayscale. Calculate the histogram dif-
ference between the following frames and compute
the mean value and standard deviation value. By
Equation (1) the threshold value is calculated. Finally,
select the Keyframe, comparing the threshold value
with the absolute difference histogram of the frames.
Figure 2 shows the key frame extraction method.

T = M_ADH + S_ADH (1)

T - Threshold
M_ADH - Mean of absolute difference
S_ADH - Standard deviation of absolute difference.

Steps

1. Extract the frames from the video
2. Change the frame into a grayscale image.
3. compute the histogram difference for consecutive

frames.
4. Using the absolute difference, calculate the mean

value.
5. Using the absolute difference, calculate the stan-

dard deviation.

Figure 2. Key frame extraction method.
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6. Find the threshold through mean and standard
deviation.

7. Check whether the threshold value is greater than
the frame, then extract it as a Keyframe.

Once the Keyframe is extracted from the above
phase, it will be pre-processed by removing the
unwanted areas to enhance the image.

3.2.2. Pre-processing
Pre-processing is a method that helps to improve the
image and to remove the artifacts from the image. In
this research, the angiogram images are mainly affected
by the artefact and also the non-illumination of light-
ing. The extracted keyframe has a black region around
the artery structure. That black area in the image/frame
is removed by means of the grey threshold method by
using Equation (2).

I = kF > th (2)

where I – Pre-processed Image
kF – Keyframe
th – Threshold value
The pre-processed image is appearing without the

black region. By using the Top hat morphological [18]
function, the angiogram image is enhanced further,
and the artery is visible after the pre-processing. The
output of the sample pre-processed image is shown in
Figure 3(a,b).

3.2.3. Segmentation
Segmenting the image means separating the original
image by gathering the pixel values of the original
image. It is mostly intended for distinguishing the
region of interest/foreground from the image. There are
many segmentation methods like multiscale Hessian-
based filtering, Gaussian Matched Filters [19], Gabor
filters [20], convolutional neural networks. In this
research work, the author first implemented the Jer-
man method to isolate the vascular structure from pre-
processed image.Where the image is converted into the
hessian matrix by using second-order derivation, and
from the hessian matrix using eigenvalues and using
eigenvector, the blood vessel is highlighted. But in this
output image, the other part is also highlighted as a ves-
sel, so the author converts that image into binary to
do further process. Then in that binary image Level set
method is used to segment the region of interest. But
till output image from the Level set method also not
extracted the artery region perfectly, the author applied
a method to find the highest connected region in the
image. Once the region is found, the other non-artery
region in that image is removed, So the artery can be
extracted clearly from the angiogram image.

Figure 4 shows the output of each stage of the
research work. Figure 4(a) is the original angiogram
acquired from the X-ray machine. Figure 4(b) is the
enhanced image, and Figure 4(c) is the output from
the Jerman method, which is also used to enhance the
vessel. Figure 4(d) is the converted binary image and

Figure 3. (a) Original image (b) Pre-processed images.
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Figure 4. (a) Original image (b) Pre-processed image (c) Highlighting the vessel using Jerman method (d) Convert the image into
binary (e) Segmented the image using Level Set method (f ) Output of proposed method.

Figure 4(e) image is the segmented image using the
Level set method. Finally, Figure 4(f) shows extracted
artery region from the proposed segmentationmethod.
In Figure 4 author presented the images individually to
brighten the proposed segmentation method.

3.2.4. Stenosis detection
Features help to detect the stenosis from the image.
Here the author extracted different geometrical features
from the segmented artery. These features are fused by
feature-level fusion, and this proposed method detects
the blockage from the coronary angiogram image. The
result is shown in Figure 5. The contour method is used
to track the coronary artery, then the artery contour
below 1500 is extracted and stored in the variable. The

distance among each contour remains calculated by the
Euclidian distance method. If the distance among the
contours is less than 15, it is considered a Stenosis area
in the artery. The Final output of the computational
method is shown in Figure 5.

ALGORITHM
Input: Angiogram video from the C-arm X-Ray device
Output: Angiogram video frame with the marked
region
Step 01: Frames are separated from the video, using the
frame extraction method
Step 02: Keyframe is identified using the Keyframe
extraction method
Step 03: Pre-process the Keyframe(image)

Figure 5. Left artery image with marked stenosis location.
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Step04: Apply the Jerman segmentation method to
extract the foreground region from the image
Step 05: Once foreground is extracted, then apply the
level set method to get the region of interest.
Step 06: From that segmented output, check the strong
connection in the image and remove the other region
in the image. Now, a clear artery structure is extracted.
Step 07: When the artery region is extracted, then
geometrical features from that image are extracted.
Step 08: Geometrical features are used to spot the
image’s blockage and are shown as the output.

4. Experimental results and analysis

In this research work, three existing segmentation
methods are tested in this dataset then the author tried
the proposed method to get the vessel structure in the
angiogram image. 100 images are used in the experi-
ment to check the method accuracy measure. In this
research work, all images are pre-processed to reduce
the image’s noise and improve the image. Top hat trans-
formation is used in the image to enhance it. Once the
image is pre-processed, to highlight the blood vessel
structure Jerman segmentation method is used. Then
change the segmented image into a binary image. The
level set method is used to extract the artery properly.
Once the artery is extracted to fine-tune the output
image, the distance between the connected component
in the image is calculated. The large distance value
indicates that the part is not linked to the artery. It
automatically removes the non-artery part in the image,
and the only artery region will remain in the resultant
segmented image.

Figure 6 presented the output obtained from the
existing method and also the proposed method.
Figure 6(a) shows the original image acquired from
the X-ray machine. In Figure 6(b), the results are pre-
sented by Frangi et. al. [22], in that result the artery
is not visible. In Figure 6(c), the result is presented by
Yang et.al. [23], wherein the segmented image back-
ground noise is presented. In Figure 6(d), the results of
the Kaifeng Chen et.al. [21] are shown; in that output
image, some part of the vessel is missing, and back-
ground noise is also there. The proposed segmenta-
tion method results are presented in Figure 6(e). These
images have a robust structure of the artery and back-
ground noise is reduced in this image.While compared
to these three existing methods, the proposed segmen-
tation method presented a whole and clear artery from
the angiogram image.

Figure 7 shows the final result of the computational
method; 7(a) is a left artery image of paitent_1 in that
the stenosis is detected in the left anterior descending
(LAD). Figure 7(b) is the right artery of the patient_2
and the stenosis is in the proximal right coronary artery
(RCA). Figure 7(c) is the right artery of the patient_3
and the detected stenosis is in the posterior descending

artery (PDA). Figure 7(d) is the right artery of patient_4
and stenosis is in Mid RCA. This proposed stenosis
detection method locates the stenosis in the angiogram
image effectively.

4.1. Performancemetrics

To assess and compute the method’s effectiveness, the
outcome of the segmentation method is compared by
means of ground truth, which the expertsmanually seg-
ment. Performance measures like accuracy, sensitivity,
precision and F-measure are computed in this research
work. The accuracy stated the ability of the method
to differentiate the artery and non-artery region. The
accuracy, true positive, true negative, false positive and
false negative standards are needed to evaluate the
method. Accuracy is Mathematically defined as:

Accuracy = TP + TN
TP + FN + TN + FP

(3)

where
TP – Number of pixels is appropriately recognized as
an artery.
FP – Number of pixels is inappropriately recognized as
an artery.
TN – Number of pixels is appropriately recognized as a
non-artery.
FN– Number of pixels is inappropriately recognized as
a non-artery.

The sensitivity stated as the method correctly
detected artery pixel and it ismathematically defined as:

Sensitivity = TP
TP + FN

(4)

Precision measures the segmentation eminence by
describing the integrity of the positive detection related
to the ground truth. Mathematically defined as:

Precision = TP
TP + FP

(5)

F-measure calculates how the segmented output is close
to the ground truth. Mathematically defined as:

F − measure = TP
TP + 1

2 (FP + FN)
(6)

Table 2 specifies the performance comparison of three
segmentation methods with the proposed method. The
author implemented three existing methods and the
proposed method on the same dataset in this research.
Table 2 indicates the input images and the perfor-
mance metrics such as the accuracy (Acc), sensitivity
(Sen), precision (Pre), F-Measure (Fm) of the pro-
posed and existing techniques. Table 2 displays the
average value for accuracy, sensitivity, precision, and
F-measure calculated and shown. From that average
value, the proposed method has 0.96 accuracy. The
proposed method produces 0.52 sensitivity, which is
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Figure 6. Output of different segmentation methods.
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Figure 7. Results of the proposed stenosis detection method.

Table 2. Performance evaluation of the proposed segmentation method with three state-of-the-art methods on the dataset.

Frangi et.al. [22] Jinzhu Yang et.al. [23] Kaifeng Chen et.al. [21] Proposed method

Image Acc Sen Pre Fm Acc Sen Pre Fm Acc Sen Pre Fm Acc Sen Pre Fm

1 0.90 0.23 0.75 0.35 0.95 0.37 0.74 0.50 0.95 0.38 0.67 0.49 0.95 0.43 0.77 0.55
2 0.91 0.24 0.76 0.37 0.95 0.38 0.77 0.51 0.96 0.42 0.68 0.52 0.95 0.40 0.80 0.54
3 0.90 0.30 0.70 0.42 0.94 0.45 0.70 0.55 0.95 0.48 0.56 0.52 0.96 0.63 0.68 0.66
4 0.91 0.25 0.72 0.37 0.95 0.38 0.75 0.50 0.96 0.43 0.64 0.51 0.96 0.44 0.79 0.57
5 0.92 0.37 0.74 0.49 0.95 0.55 0.75 0.64 0.96 0.61 0.61 0.61 0.96 0.58 0.81 0.68
6 0.91 0.31 0.77 0.44 0.96 0.50 0.76 0.61 0.95 0.48 0.68 0.56 0.96 0.51 0.82 0.63
7 0.91 0.28 0.63 0.39 0.95 0.43 0.63 0.51 0.95 0.42 0.52 0.46 0.97 0.60 0.73 0.66
8 0.90 0.25 0.68 0.36 0.94 0.41 0.68 0.51 0.95 0.46 0.59 0.52 0.96 0.52 0.74 0.61
Avg 0.91 0.28 0.72 0.40 0.95 0.43 0.72 0.54 0.95 0.46 0.62 0.52 0.96 0.52 0.77 0.61

higher than other methods, and 0.77 precision, which
is high compared to other methods. Then F-measure
is 0.61 on average, which is also high compared to
other methods. From Table 2, it shows that the pro-
posed segmentationmethod gave better outcomes than
the other three methods. Mostly, a higher accuracy
value represents the region of interest/artery extracted
from the proposedmethod better than other segmenta-
tionmethods. Figure 8 presents the graphical evolution
of average of performance metrics with the existing
method.

Similarity Checking is one of the main metrics used
to evaluate the segmentation method. In this research
Jaccard, MCC and Dice coefficients are computed to
check the similarity metrics. By using thesemetrics, the
author can prove the proposedmethod result is close to
the ground truth.

Figure 9 calculates the Jaccard similarity coefficient
(Jaccard) measures between the ground truth and the
segmented images from three existing and proposed
methods. The graph shows that the proposed method
has a higher value than other methods, which specifies
that the proposed method performs well compared to
the three methods.

Figure 10 shows theDice similarity coefficient (Dice)
ratio for the four methods.

Figure 11 shows theMatthews correlation coefficient
(MCC) for the four methods. Most of the MCC ratio
values of the proposedmethod are higher than the other
three methods.

To assess the performance of the proposed steno-
sis detection method, 100 angiogram images are used
in the experiment. Accuracy, specificity, sensitivity, F1-
score, precision and computational time are utilized
to evaluate the performance of this proposed stenosis



AUTOMATIKA 631

Figure 8. Comparison of the average values of the F-Measure, precision, sensitivity and accuracy.

Figure 9. Jaccard similarity coefficient.

Table 3. Performance evaluation for the proposed stenosis detection method.

Method Accuracy Specificity Sensitivity F1-score Precision Computational time (sec)

Proposed Stenosis Detection method 98% 95% 97.5% 97.5% 97.5% 0.42
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Figure 10. Dice similarity coefficient.

Figure 11. Matthews correlation coefficient.

detection method. Table 3 shows the evaluated results
of the current research work.

5. Conclusion

The proposed computational method fusion the geo-
metrical features to detect stenosis in the location
of the coronary angiogram image. This method per-
forms automatically without any human involvement.
Keyframe extraction, pre-processing, artery segmen-
tation and spotting the stenosis are the four phases
carried out in this method with a less computational
time of 0.42 s. This method can be an assistant tool

for the medical expert during the diagnosis of stenosis
in the coronary artery. Accuracy, specificity, sensitivity,
F1-score and precision are figured and assessedwith the
existing method. This method helps the cardiologist.
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