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Background: Image processing based catheter selection is a newly developed procedure in which a catheter is selected based on
patient's image data, acquired prior to the intervention. In this technique, the arteries are extracted from the data followed by the
computation of geometric parameters for all available catheters.

Objectives: To propose an improved algorithm for estimating geometric parameters such as coronary artery curve angle and
length of the coronary artery curve.

Material& Methods: We propose a new framework to compute the geometric parameters from the patient magnetic resonance /
computed tomography images. In order to meet the clinical time constraint, we calculate CACA and CACL in 3D MR cardiac
images of the patients.

Results: The method has been tested on seven MR cardiac images provided by Unieklinikum Wrzburg. The results show more
accuracy and less computation time as compared to the already developed method.

Conclusion: The proposed algorithm uses an enhanced method for extracting 3D curve to calculate the angle and there by greatly
reduces the computation time and improves the accuracy.
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Coronary angiography is an examination of the
blood vessels of the heart." It is performed to
investigate the presence of any obstruction in the
coronary arteries. During angiography, a small
incision is made in the upper thigh and a guide
wire is inserted into the femoral artery which is
threaded towards the aorta.” A catheter is then
inserted along the guide wire and is passed
through to the coronary arteries. In the next step,
contrast material is injected through the catheter
and is added to the blood in the small vessels. It
renders the blood vessels more opaque and the
clearimages of the small vessels are obtained.™

Due to the anatomical variations of the aorta and
coronary arteries in different humans, one
common catheter cannot be used for all patients.
The cardiologists test different catheters for a
patient and select the best catheter according to
the patient's anatomy’. This procedure is time
consuming and there is a slight chance of cancer
from excessive exposure to radiation. It is also
possible that a catheter not matching with the
internal anatomy can punctures the artery and
causes internal bleeding.® It will be more helpful for
the cardiologists to know in advance the optimal
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catheter before they actually start angiography.
Image processing based catheter selection is a
newly developed procedure in which a catheter is
selected based on patient's image data, acquired
prior to the intervention work’. In this technique,
the arteries are extracted from the MR/CT data
and then some geometrical parameters are
computed. In the next step, all available catheters
are considered and geometric parameters are
computed. The patient's image parameters or
then compared with the parameters of different
catheters and a best catheter is selected based on
these computation.

We have developed an enhanced method that
performs parameters estimation from patient
image data. The method extract coronary artery
curve from the image and directly calculate the
angle in 3D. On the other hand, the existing
method extracts the coronary artery curve and
project the curve on the 2D plan which creates
ambiguity in the final results. We have enhanced
the procedure of extracting the curve from the
image by directly finding the CACA, which greatly
reduces the computation time. This research work
is aimed to provide an efficient and accurate
method for the computation of features from the
coronary artery for the optimal catheter selection.
This research area is novel and unique in its
integrity and opens new area of research. Itis also
expected that our research work will open new
dimensions for both researchers and clinicians.
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Related Work

Catheter selection approaches can be divided into
two groups e.g. fry and error based andimage
processing based.Try and error based
approaches, deals with the shape of the aorta and
coronary arteries. These approaches help users
to select appropriate catheters in angiography.
However, there is a little information about patient
specific catheter selection in the literature about
this approach. Researchers such as Schneider’
and Kirks® discuss the very general cases and the
recommended catheters. Kimbiris' focuses only
on the anomalous aortic origin of the coronary
arteries. Brinkman" published results of a study
about the variability of human coronary artery
geometry. Myler'> worked on right
coronaryangioplasty and suggest general
guidelines for the selection of proper catheter. On
the other hand, similar type of work but for left
coronary artery was done by Voda®. Amore detail
work on catheter selection can be found in the
work of Baim, Grossman™ and Kern". However,
one cannot fully get the idea of best catheter
selection from the said work due to the absence of
in-depth knowledge in it. Moreover, the work of
Baim Grossman and Ken is also based on try and
error approach i.e. to obtain best catheter, try
more than one catheter of different types till the
achievement of appropriate one. In the literature,
we can also find some other workon best catheter
selection i.e. Sarkar et al.”. Sarkar et al practically
test different types of catheters on patients. For
the experiment, they take 79 catheters of different
types and tested it on 24 patients. In the
experiment of sarkar et al, an average of three
catheters per patient was used to obtained best
catheter.

The second category is image processing based
approach presented by Rahman et al.®’. In this
method, optimal catheter is based on several
steps. It estimates the parameters from the
selected catheter and from the patient's image
data. The geometric parameters that extract from
the catheters are catheter's curve angle (CCA)
and catheter's curve length (CCL). In the next
step, geometric parameters are extracted from the
patients MR/CT image of the heart i.e. coronary
artery curve angle (CACA) and coronary artery
curve length (CACL). After computing parameters
from the given patient's image data and from all
thecatheters, a formula is applied on the extracted
features to select an optimal catheter according to
the patient anatomy. The optimal catheter is given
as the minimum of all the costs computed for all

consideredcatheters .

0C = argmin{CC;} (1)
Catheter cost (CC) for every catheter i is computed as follows.

1 1
cC; = u\{(N—CL(C’CLi) — CACL)? + f)J(N—m(CCAi) — CACA)? (2)

In the above equation, a and b are the weight
factors while and are the normalization factors
for curve length and curve angle respectively. The
equation(2) uses parameters from the considered
catheters and from the cardiac image data of the
patient. It also assign weighted factors to both
parts of the equation.

The existing method of optimal catheter
selection®’, calculates the angle between
coronary artery and aorta curve from 3D image
data on 2D projected plane. The dimension of 3D
coronary artery curve is reduced to 2D in order to
compare the angle with the catheter's angle which
is in 2D. The 2D plane is generated from three
different points on coronary artery curve and these
points are extracted during the coronary artery
curve extraction. The projection of 3D curve on 2D
plan negatively affects the final computed
parameters. There is difference between the
structure of projected coronary artery curve on 2D
plane and coronary artery curve in 3D image.
Therefore, the angle of the coronary artery curve
calculated on 2D plane is not always the same as
angle in 3D image data. The calculated angle of
the coronary artery curve also depends on the
projection plane. On two different
projectionsplane different results are obtained and
there is a large number of possibilities to create a
projection plane in the image to project the
coronary artery curve.

In this paper, we have developed an improved
method that performs computation of coronary
artery curve angle (CACA) and coronary artery
curve length (CACL) directly in 3D image instead
of projecting it on 2D plane. The methodology we
have adopted for calculating the different
geometric parameters and the obtained results
are described in the subsequent sections.

Obtaining the different geometrical parameters
from the patient's MR/CT cardiac image data, our
method needs the segmented aorta and coronary
arteries from the image data of the patient. In order
to segments the aorta and coronary arteries our
proposed method can be used with any type of
segmentation algorithm.. We have used the
algorithm from Flehmann’ for the segmentation of
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the aorta and coronary arteries. Parameters
estimation from the segmented images are
required for the selection of the best fitting
catheter for the right coronary artery angiography.
The extracted parameters from segmented image
are centerline of segmented image, CACA and
CACL. The following subsections demonstrate
the use of our improved algorithm for computing
the CACA and CACL.

Centerline Extraction

Centerline extraction' of coronary arteries and
aorta is a challenging problem due to the irregular
structure of vessels and uneven heartbeats of the
patients. Therefore, more research work need to
be done in order to simplify this procedure. We use
binary thinning algorithm?' in the proposed method
that extracts the centerline from the segmented
image of the aorta and coronary artery.

Right Coronary Artery Curve Computation
Coronary artery curve angle (CACA) determines
the angle between the aorta and the coronary
artery. There are three points namely A, Band C
as shown in Figure 1 (b), which calculate the
angle between the aorta and right coronary
artery.In our method, an axial view search is
performed on centerline image for the extraction
of CACA angle. Our search for coronary artery
curve start from the first slice (abdomen aorta),
move towards the top and search for more than
two non zero neighbor pixels in the same slice.
More than two non zero neighbor pixels in the
same slice means that the search pointer is in a
place where the RCA exist. We select one pixel
with minimum x-axis value from the selected
pixels, and call this pixel as point Dis shown in
Figure 1 (a). The minimum x-axis criteria try to
select a pixel very near to right coronary artery.
From point D the search pointer moves toward the
RCA and last index of coronary artery is selected
as point C. In the next step the highest pixel of the
aorta i.e. point E are determined. Point A is the
midpoint of D and E. Subsequently we start the
search pointer from point A, move the search
pointer downwards and search for more than two
non zero neighbor pixels in the same slice. We
select a point with maximum x-axis from the
selected points and call this point as B. From point
B, we move the search pointer towards the tip of
CACA C, if it finds Point C, and then point B is
called the branching point of the RCA. If search
pointer does not finds point C, then search for the
same criteria to find branching point B.

Figure.1. Right coronary artery curve
computation

This method calculated four points on the aortai.e.
point at maximum curvature E, half length of the
right coronary artery A, last index of right coronary
artery C and branching point B of aorta and
coronary artery. Right coronary artery angle is
calculated from points A, Band C. The conversion
of pointA and B to vector and fromB and C to
vectorare shown in Figure 1 (c). This conversion is
performed with the help of equations 3 and 4. In
the equations the coordinates ofA, B and C are
and [x1,y1, z1][x2, ¥z, 22]and [x3, y3, 23] respectively.

;5,’= [X2 = X1, Y2 — Y1, 72 — 71] (3)

o [X35 — X2,V3 — Y223 — Z3] (4)

In previous steps, we have obtained two
vectors i.e. — and — . Suppose vector —
AB BC AB
is [aq,as,as] andB—éis [by, by, b3]then the
magnitude of Eandg—é are obtained with the
help of equation 5 and 6 respectively.

Magmtudeofvectorzéz r = .Jatastas
)
Magmtudeofvector;g= 1y = /by+by+bs
(6)
Vectors;; and o are in three dimension,
and the angle between two vectors in free
space is given by the equation 7, as follow.
0 =csci(ly * 1, + my*+my + 0y xny)
(7)
Where

a a a b b b
L=, mi==2,n==and , [, =2, my==2,ny- =
1_1" ’ 1—?,1! 1= T ’ 2—?,2! 2_1”2' 2

1 T2

In the above equation 7, [,,m,,n; are the

direction cosines of the vector .

andl, mq,n, are the direction cosines of the
vector —
BC
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Coronary Artery Curve Length Computation
Coronary artery curve length (CACL) is another
important parameter for the selection of optimal
catheter before angiography. CACL determine
the distance between the branching point B and
the tip of the coronary artery C as shown in
Figure1l (c). Our proposed method directly
calculates CACL in3D insteadof projecting iton as
2D plan which makes it a better choice to estimate
the exact length of coronary artery.

The experiments were carried out on Intel core i5
with 4GB memory, running under Windows 7
operating system. The algorithm was developed
in C++, the Insight registration and segmentation
toolkit** and visualization toolkit™.

The algorithm was tested on 3D MR cardiac
images of seven patients provided by Uniklinikum
Wrzburg. The size of the cardiac images was150 *
150 * 150. The parameters i.e. coronary artery
curve angle and coronary artery curve length from
the patients images were extracted using the
method already discussed. We have also applied
the existing algorithm on the same images which
also extract features from them. Our newly
developed method was compared with the
existing method on the bases of CACA and
execution time. The obtain parameters from both
algorithms are shown in Table1while execution
time to extract parameters from the image are
shownin Table 2.

It is shown in Table 1that the proposed method
shows different results from the existing method.
The proposed method directly calculates the
angle in 3D while the existing method calculates
the angle on a projected plan. Since, the chance
of losing information during the projection of 3D
curve on 2D plane is more due to which the
existing method produces ambiguous results. On
the other hand, our proposed method calculates
the angle in 3D which gives more precise and
clear results. For example, the coronary artery
curve angle estimated for patient 1 in the
proposed method and in the existing method are
112.4 and 105.3 respectively. Angle 1124 is
calculated in 3D due to which the original curve
remains the same. While the angle 105.5 is
estimated on the projection plane due to which the
resulting angle shows more change as compared
to the original curve.

The time comparison for the execution of both
methods is shown in Table 2. The execution time
for features extraction in almost every case is less
in the proposed method which shows its efficiency.
The comparison of elapsed time of the both
methods in extraction of parameters is also shown
in Figure 2. It isobvious from the Figure that the
proposed method is quicker (dotted line) than the
existing method(dashed line).

Angle (in degree)

Angle (in degree)

Data Set computation in 3D using computation in 2D (existing
proposed method method)

Patient 1 112.4 105.3

Patient 2 153.8 134.8

Patient 3 123.8 120.2

Patient 4 94.7 100.2

Patient 5 115.2 123.1

Patient 6 93.2 100.1

Patient 7 158.2 152.8

Data Set Execution time (in second)  Execution time (in second)

of the proposed method of the Existing method

Patient 1 0.87 1.32

Patient 2 1.422 1.89

Patient 3 1.01 1.43

Patient 4 1.38 1.11

Patient 5 2.01 1.9

Patient 6 0.58 1.43

Patient 7 1.21 1.78
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Figure.2. Graphical representation of time require
to extract parameters using both methods

The traditional methods of catheter selection (also
called trial and error based) are time consuming
and risky due to variations in the aorta and
coronary arteries in different humans. In the
traditional methods, it is not possible to use a
common catheter for all patients. The
cardiologists test different types of catheters on
patient and select an optimal one. It will be more
helpful for the cardiologists if they select an
optimal catheter (according to patient anatomy)
prior to coronary artery angiography. Image
processing based patient specific catheter
selection is a new and emerging field in the area
which can overcome all these issues. The
selection of patient specific catheter before
coronary angiography not only reduces the
exposure time to radiation but also the possible
risk of artery punctures and internal bleeding.

We have developed an improved algorithm for
calculating the CACA and CACL. The algorithm
uses an enhanced method for extracting 3D curve
to calculate the angle and there by greatly reduces
the computation time and improves the accuracy.
The main difference between our method and the
previous method is that they project the coronary
artery on a 2D plane, while in our method the curve
is directly computed in 3D. Therefore, avoid the
errors in computation caused by the projection of
3D curve on a 2D plane. In the existing method,
coronaryartery curve is computed following the
centerline, which needs extra computation to
extract the curve. On the other hand, the proposed
method search for more than two  connected
pixels in the same slice and then finds the rest of
coronary artery curve using centerline. This
feature of the proposed method greatly reduces
the computation time to extract the parameters
from the patientimage.

The existing method fixes the coronary artery
curve in thirty slices, while the proposed method
does not fixes the curve in 30 slices. Because of
this feature the obtained curve is exactly half of the
coronary artery curve due to which the accurate
angle between aorta and coronary is estimated.
The selection of the points and parameters
estimation does not need any interaction and
estimate the parameters automatically. This
parameter estimation serves as a basis for the
recommendation of the best fitting catheter to be
used during angiography.

In this paper, we have presented an algorithm
which automatically extract coronary artery curve
from the image and calculate the angle in 3D. The
proposed algorithm uses an enhanced image
processing based method for extracting 3D curve
to calculate the angle and there by greatly reduces
the computation time and improves the accuracy.
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