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Abstract

Coronary angiography is a common medical procedure for diagnosis of heart problems. With
catheterization, a dye is injected into coronary arteries. Through X-ray images, doctors can find any
abnormalities of coronary arteries or any blockage in the coronary arteries. The procedure requires
catheter and guidewire manipulation skills. Computer simulation has been adopted as a tool of training
those skills for coronary angiography. Spline is a mathematical function of curve and it has been used
for tracking a guidewire in x-ray images. In this paper, a guidewire and a catheter were simulated in
the aorta using spline. With B-Spline, a guidewire in aorta is simulated. Catmull-Rom spline is
adopted to simulate the movements of the catheter and the guidewire in aorta. As the simulation is
now being used in training doctors for coronary angiography, this method of spline for the simulation
of catheter and guidewire can be adopted to train the manipulation skills of the catheter and the
guidewire.

Keywords: Coronary Angiography. Simulation. Medical Education. Catheter. Guidewire.
Spline.

1. Introduction

There are challenges for tracking a guidewire in fluoroscopy. Guidewires are thin and
consequently have low visibility in fluoroscopic images. A low dose of radiation in imaging makes
even lower the visibility. Noisy images poses a challenge to track a guidewire. More challenges come
from the shape deformation of a guidewire due to a patients’ breathing and cardiac motions. Other
wire-like structures make it difficult tracking a guidewire such as guiding catheters and ribs.
Researches have been done for tracking a guidewire using spline.

A guidewire model is introduced that consists of three parts: a catheter tip, a guidewire tip and a
guidewire body [1]. The guidewire was modelled mathematically with a spline model. It used cubic
spline functions. This paper reported the spline representation reduced significantly the complexity of
guidewire tracking. Another spline use of tracking a guidewire was for endovascular interventions [2].
The paper presented a method to extract and track the position of a guidewire during endovascular
interventions under X-ray fluoroscopy. In the paper, the guidewire was represented with a spline
parameterization which was a third order B-spline curve. A deformable B-spline tube model was used
to represent the shape of a catheter and guidewire[3]. In this paper, instead of control points, knots
were modified for B-spline representation. During the catheterization, the catheter moves along the
guidewire. Consequently, the overall shape of guidewire and catheter changes because of the changes
in mechanical properties such as the bending stiffness and bending moment. Considering these, a
composite model was proposed to simulate a combination of a catheter and a guidewire[4].

Base on the literatures, B-spline curve was chosen to represent the guidewire in aorta. But, the
combination of a catheter and a guidewire behaves differently than a catheter or a guidewire alone. In
order to simulate the combination of catheter and guidewire, Catmull-Rom spline was chosen because
of more local control than B-spline. The property of Catmull-Rom spline passing through control
points gives more flexibility and control over the shape of a curve.
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The standard basis function of a B-spline curve of degree k-1 can be represented as:
n

Cw = ) Nip@P, (1)
i=0

where P; denotes the control points. n + 1 is the number of control points and N;,,(u) are B-spline
basis functions of degree .
B-spline basis functions, N;,(u), are defined recursively as:
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The basis function, N;,,(u), depend only on the value of p and the values in the knot vector.

U= {uo,ul, ,um}

,where m+1 is the number of knots.
The forth degree function is used for uniform cubic B-spline.

1 if uy <u <y
N:(u) = { 1= = i+1
ro(W) 0 otherwise
u—1u; Ujts —
Nis(u) = —N;3(W) + Niyq13(w)
Ujpqs — U Uj4s — Uj4q

CW = XioNiawP; 0<u<1
With Cox-de Boor recursion formula, the basis functions can be calculated and the k-th segment
can be written as:
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Where k=0, 1, ..., n-3 and 0 <t <1, and where
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Catmull-Rom spline was presented by Catmull and Rom [5] and can be drawn using the
following linear equation:
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The catheter tip has its particular shape so that it can be easily engaged into coronary ostium.
Judkins catheter is the most popular catheter. The shapes of Judkins catheter for right coronary arteries
and left coronary arteries are different. Each requires different manipulation. Unlike guidewire,
catheter has its own shape at the end. Their mechanical properties are different. Consequently, the
combination of the guidewire and catheter behave differently.

During the catheterization, a guide wire first is inserted and advanced into the aortic root under
the X-ray guidance. After the guidewire is placed in the aortic root, the catheter is advanced over the
guidewire until the tip reaches the aortic root. Then, the guidewire is withdrawn.

2. Implementation

For the implementation of the simulation, Unity was used. It is a cross-platform game engine
which can be used for video games, simulations for computers, consoles and mobile devices. Scripts
can be written in C# and JS for the game engine.

B-Spline has been used for tracking a guidewire in X-ray images. So, guidewire can be
simulated with B-Spline. However, the combination of guidewire and catheter moves differently than
guidewire itself moves in aorta. Catmull-Rom spline may work better to simulate the combination of
guidewire and catheter when a catheter advances over a guidewire.

Figure 1 shows the combination of a catheter and a guidewire which is simulated through
Catmull-Rom spline. The white spheres are control points. The white line is Catmull-Rom spline with
the control points. The blue line is B-Spline with the same control points. As a catheter advances into
the aortic arch along with a guidewire, the combination of the catheter and the guidewire changes its
shape of curve. To simulate the catheter bends at 45 degree, two control points are used, P; and P,. In
Figure 1, there are two gray spheres, S, and S;, that represents locations that the catheter touches the
surface of the aorta. As the catheter touches the aorta surface, it bends at an angle. As the catheter
advances to the aortic root, the control points move closer to those two spheres, S, and S;.

First aorta touch point
Control point moving So
toward the first aorta
touch point Control point moving
toward the first aorta
touch point

second aorta touch point
51

Fig.1. Splines for guidewire in the aortic arch
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Figure 2 shows how the catheter is simulated with control points for Catmull-Rom spline. It
shows how the shape of spline can be modified by moving the control points.
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Fig.2. Flow Diagram for algorithms of spline for catheter
movements in the aortic arch

In Figure 3, the catheter, which is a pink line, advances to the aortic root from the descending
aorta (a), through the aortic arch (b) reaching to the aortic root (c). As the catheter moves closer to the
aortic root, the control points, P; and P,, moves closer to the spheres, S, and S;. The movement of the
catheter is controlled with inputs from a keyboard. An up arrow key initiates the catheter movement
toward the aortic root. It simulates pushing the catheter into the aorta. A down arrow key initiates the
catheter movement away from the aortic root. It simulates pulling the catheter away from the aortic
root.
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(d)

Fig.3. Simulated catheter in the aortic arch. (a), (b), (c) are shown with control points.
(d), (), (f) are simulations of the catheter

3. Conclusion

In this paper, a catheter and a guidewire in an aorta were simulated with splines. The simulation
of a guidewire was simulated with B-Splines. The simulation of the combination of the catheter and
the guidewire used Catmull-Rom spline. This algorithm of the combination of B-Spline and Catmull-
Rom spline may be integrated in the simulation program for training of coronary angiography,
specifically for the manipulation skills of the catheter and the guidewire.
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CUMYJISILAA HAITPABJIAIOIIENR HUTKU U KATETEPA IS
BUPTYAJbHOM KOPOHAPHOM AHT MOTPA®UHN

Kum Jourxak, 'omupuznsze Upune, I'ypuxans 3Buag,
I'pysunckuit Texuuveckuit YHUBepcuTer
Pesrome

Koponapnas anrmorpadmusa - oOmas MeZUIIMHCKAA IIPOLeAypa I NUATHOCTHKU
cepieuHbIXx mpobOieM. B ciydae karerepmsanuu Kpacka OKpallWBaeT KOPOHApPHYIO
aprepuio. C IIOMOIIBIO PEHTITEHOBCKOTO H300pa’keHHMSA BpadyM MOTYT HAWTHU JH000e
IOBpeXXJeHre KOPOHApHOI apTepuu. B Ipomenype HCIONB3YIOTCA —CIIeIaTbHBIE
KaTeTephl ¥ HAIIPABJIAIONIVEe HUTKH. B oTOM cuMMyaTope GyHKIHA KPUBOH HCIIOIB3YyeTCI
IJIf IepeMelleHUs KaTeTepa M HAIPaBIAONIeN HUTH B aopre. DTOT TPEHAKEP MOXXHO
WCIONIB30BaTh [JIA Pa3BUTHA HABBIKOB, HEOOXOAWMBIX /IS W3yYeHUS KOPOHAPHOU

aHrHorpaduu BpadyaMu.
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