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shapes and dimensions have to be modified appropriately to accommodate different
configurations. In the 1960s, before the availability of preformed angiographic
catheters, Dr. Melvin P. Judkins shaped catheters at the time of each examination [2].
He placed a polyurethane tubing over a stiff wire bent to conform to the shape of the
vessel, and then immersed the catheter in boiling water to soften it. When the
assembly cooled, he withdrew the wire, and the catheter retained its shape. Although
there are now many commercially available preformed catheters, clinicians still use
devices like �Steam Shaping Mandrel� to modify the shape on the tip of the catheter.

In conjunction with development of our interventional radiology simulators[3-5],
we developed a software system to design the shape of the catheter. The process is
similar to the steam shaping and mandrel process, but instead of working with a
physical device, the users create and test new catheter designs through software
simulation. In such a system, the user can choose a catheter from the database with
preformed shape and predefined material composition, and then modify its shape and
size through a series of mouse clicks. In the next step, the clinician can use the
interventional radiology simulator for pretreatment planning purpose[6] to determine
the optimal shape of a catheter for a specific patient application and make the desired
modifications in catheter shape using the method described in this paper.

We call our software system for shaping catheters �Digital Catheter Shaping
Mandrel� or DCSM.  Unlike our previous work [7], it is designed as a simple and user
friendly system for training and planning through simulation. In this system,
operations related to the manipulation of the piecewise curves are defined and
implemented. Handy tools to carry out these operations are provided.  Database of
catheter shapes and materials are built. The output of the system is a finite element
model (FEM) comprising a series of nodes in a format compatible with our simulator.
Initial results of its application to interventional cardiology are described.

2. Methods

In DCSM, the catheter is defined as smoothly linked segments. For the convenience
of manipulation, the catheter shape is represented by a tree structure as explained in
the following subsection. In such a shape tree, a node corresponds to a subset of
consequent segments and the leaf represents the element shape.  The element shape is
defined by parameters such as length, cross sectional radius, curve radius, etc. The
modification of the catheter�s shape is carried out through changing of the shape tree
structure and/or changing of the element shape parameters. We have implemented
handy tools to carry out these tasks. For example, the manipulation of the element
shape such as elongation, bending and twisting are performed through mouse
dragging. The manipulation on the element segment defined the first level of our 2-
level design approach. In the second level, there are arithmetic operations including
merging, splitting, inserting and removing segments that have been defined
mathematically. Interactive tools to carry out these operations are provided.

Figure 1 illustrates the process of catheter shape modification. The user starts the
process by selecting an existing catheter from databases of catheter shapes and
materials. He/she then modifies the shape through adjusting the element shape
parameters or a combination of arithmetic operations such as merging and splitting.
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functions includes changing of the following parameters: length, radius of arc, radius
of twist cylinder. These functions include elongation/shortening, bending/straighten,
and twisting/flatten. Rulers/grids can be displayed when users are modifying the
shape of the element shape.

Figure 5. Graphical user interface for catheter shape design

Figure 6. Examples of catheter shapes designed using DCSM

Figure 7. Right coronary catheter shape model and its navigation in heart model
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Figure 6 shows some of the resultant catheter shapes we have modified from a
straight catheter. Figure 7(a) illustrates the contributing components of our catheter
shape model. Figure 7(b) and (c) show navigation of these right coronary catheters in
a heart model having different size and shape of aortic roots.

4. Conclusion and Future Works

The DCMS is developed as a low-cost, user friendly and powerful tool for the
clinicians to design and modify the catheter shapes in a computer simulation
environment. It has been integrated into our interventional radiology simulation
system for pretreatment planning. This software system has been validated by
clinicians in the clinical context. This validation proves the usefulness and correctness
of the underlying catheter shaping technique that has been defined mathematically in
this paper.

The clinicians can use DCMS to modify catheter shape to allow for differences in
human anatomical structures. However, an experienced clinician may demand more
features, such as the manipulation of material properties. We also plan to add an
expert system component to aid the catheter design and evaluation process. The goal
of this system is to enable clinicians to design and evaluate catheter shape prior to its
use in the procedures. But it is possible that the clinicians may be able to use this
system to invent new catheters and/or a new procedure.
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