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Magnetic catheterization using a medical robotic platform
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INTRODUCTION

A Chronic Total Occlusion (CTO) is a type of arte-
rial blockage, which has persisted for more than three
months, affecting the coronary arteries of the heart.
Traditionally, CTO is treated by making a large incision
in the chest area. This is a highly invasive procedure.
Instead, catheter based approaches offer smaller inci-
sions and exploit the vessels as access routes to re-
mote anatomic regions [1]. Navigating catheters through
narrow, fragile, and deformable vessels requires consid-
erable skill [2]. Robotic distributed control approaches
could potentially improve catheter navigation to bypass
anomalies and prevent tissue damage [3]. However,
when handling relatively stiff instruments, avoiding tis-
sue damage remains difficult. For particularly tortuous
vessels, remote actuation through magnetic fields could
help in performing complex coordinated motion in three
dimensional (3D) space. Magnetic fields are safe and
highly controllable [4], and magnetic catheters can be
made soft and compliant [5]. A good understanding of
the catheters whereabouts remains important. Visual-
ization during endovascular catheterization procedures
mainly relies on fluoroscopy, a harmful X-ray based
modality that only offers two dimensional (2D) views
[6]. Instead, Augmented Reality (AR) assisted 3D visu-
alization can limit exposure to harmful radiation.

In this work, a prototype of a medical robotic platform
aimed at magnetic catheterization for CTO treatment
is developed (Figure 1). The system integrates sev-
eral components: a multi-lumen guide catheter, termed
3Flex, a magnetic catheter (MC), a catheter driver, and
a navigation control module conceived to help teleoper-
ation of the 3Flex. The 3Flex catheter [7] is designed
to carry within it an MC controlled by an External
Permanent Magnet (EPM) carrying KUKA robotic arm.
The system is designed to operate through a two-stage
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approach: 1) initially, navigating the 3Flex from the
groin incision to predefined positions in the ascending
aorta, followed by 2) extending the MC from within the
3Flex, continuing under magnetic navigation to reach
the blockage site located in the Left Coronary Artery
(LCA). The details of the control module and the first
stage involving a successful positioning of the 3Flex in
the ascending aorta, and the characterization of the MC
have been outlined in previous works [8][9][10]. The
robotic control of a magnetic catheter for catheterization
of the coronary arteries has not yet been shown for this
platform, which is the second stage of the procedure.
This abstract concentrates on detailing the second stage
of the procedure and also evaluates the optimal position
of the 3Flex catheter for effective treatment.

MATERIALS AND METHODS

A soft magnetic tip was custom fabricated using the
extrusion process shown in [5] and extensively char-
acterized in [10]. The resulting axially magnetized tip
is a hollow cylinder of 7 mm length, 2.3 mm outer
diameter and has a 0.9 mm inner diameter lumen. It
was glued (Loctite Super Attak®) to a 65 cm long
4Fr medical catheter (Radifocus® Glidecath™ C2) such
that their axes align and the assembly was used as a
steerable MC. The 3Flex is also 3D printed with an
outer diameter of 12mm, a length of 500mm, and a
75mm 2 Degrees of Freedom (DOFs) steerable tip. It is
actuated by four Pneumatic Artificial Muscles (PAMs)
placed symmetrically along its periphery in their off-
centred lumens which are 90° apart from each other. The
EM sensor, placed at the tip of the 3Flex, provides the
position data to the control module.

The 3Flex carrying the MC within one of its lumens was
inserted into the aortic phantom using a catheter driver
[11]. The tip of the 3Flex was steered to reach the desired
location using EM based positioning and AR assisted 3D



Fig. 1 The robotic platform for magnetic catheterization: 1 -
KUKA robot; 2- EPM; 3- aortic phantom; 4- catheter driver;
5- 3Flex; 6- MC; 7- Electro-Magnetic (EM) field generator; 8-
gamepad; 9- head-mounted display.

Fig. 2 The positions of the 3Flex inside a realistic aortic
phantom for performing the catheterization using an MC.

visualization. The MC was then manually pushed out from
it and steered to the LCA using the KUKA mounted EPM
(outer diameter = 6cm, inner diameter = lcm, length =
7cm, diametrically magnetized). A trajectory was defined
using a few way-points for the EPM to follow and guide the
MC to the LCA. Since the phantom was transparent, the
KUKA was instructed to follow the pre-defined trajectory
based on visual feedback by the operator. Further details
about the robotic platform can be found in [8].

RESULTS AND DISCUSSION

The 3Flex was successfully advanced through the aortic
phantom to each of the pre-defined positions: A, B, C,
and D which are approximately 4 cm, 5 cm, 6 cm, and 7
cm from the aortic root, respectively (Figure 2). The MC
could also successfully be advanced through the 3Flex.
While the MC was advanced through the 3Flex, it was
guided under the influence of the EPM to the LCA. The
catheterization of the LCA was attempted ten times each
from the four different positions of the 3Flex and the
success rate of catheterization was found to be 0% from
A and B, and 100% from C and D.

Due to bending limitations, the 3Flex always rested along
the aortic wall close to the Right Coronary Artery (RCA).
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Improving the bending capabilities of the 3Flex could
mitigate this limitation. It can be concluded that 3Flex
has to be positioned such that its tip is at least 6 cm from
the aortic root. This ensures that the length of the MC
protruding from the 3Flex is enough to achieve a 90°
bending to reach the LCA and, therefore, a 100% success
rate is observed from positions C and D. If the 3Flex tip is
too close to the aortic root, the length of the MC protruding
out from it is not enough to achieve a 90° bending and,
therefore, a 0% success rate is observed from positions
A and B. From all four positions, it was not possible to
achieve a successful catheterization of the RCA which
is due to the insufficient bending radius exhibited by the
MC. These limitations could be overcome by improving
the bending capabilities of the MC. In future, Fiber Bragg
Grating (FBG) based sensors could be used to reconstruct
the shape of the MC and localize its tip in conjunction with
the EM sensor based position data of the 3Flex. This would
help in avoiding harmful X-rays and in teleoperation by
eliminating the need for maintaining line of sight for visual
feedback. Advancement of the magnetic catheter to the
blockage site within the coronary arteries could be done
in the future, bearing in mind the shortcomings of the
present system and the requirements for the propulsive
forces to overcome the friction.
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