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Introduction: 
 
The catheter is used for many surgical purposes, in the past it has been used for 
measuring physiological parameters such as blood pressure, flow rate etc…in vivo. The 
catheter is also used for another purpose namely for angioplasty.  
 
An angioplasty procedure is performed to remove the blockage from an artery which has 
been blocked due the deposition of fat or ‘plaque’ in medical terminology. The 
angioplasty procedure is performed at many locations in the body the most important of 
them being at the major vessels leading to the heart and brain. Depending on the severity 
of the situation the angioplasty procedure can be performed in the following ways: 

1) Use of a balloon to remove the plaque (Balloon Angioplasty) 
2) Implantation of a stent in the blood vessel. 
3) A laser used to "vaporize" the blockage in the artery (Laser Angioplasty) 
4) The blocked area inside the artery is "shaved" away by a tiny device on the end of 

a catheter (Atherectomy) 
 
In both these cases the skill of the surgeon plays an important role in the proper 
placement of the balloon or stent. The duration of the procedure is also of importance, as 
the patient is under a constant radiation because of the fluoroscopic imaging devices. In 
fact the procedure may be called off or rescheduled if the amount of radiation dosage 
exceeds the permitted amount. We also note that the duration of the procedure also has a 
bearing on the comfort of the patient and on the risk of complications. In addition to this 
medical training, that is the method by which apprentice surgeons gain expertise is quite 
primitive and rudimentary. This involves observing an expert perform the procedure, and 
trying to emulate the same. Unlike training in other fields, training in surgery is made 
difficult by the constraint that often the expert surgeon is trying to describe the physical 
sensation of touch. This makes the knowledge transfer from teacher to student difficult if 
not impossible. 
 
In light of the above concerns, we conclude that it is important to develop a simulator to 
reduce training time and reduce error in the catheter procedure. In the next section we 
give a brief overview of the catheter procedure to acquaint the reviewer with the 
complexities of the procedure. 
 
The catheter insertion procedure 
 
The angioplasty procedure has matured over the years and it is a fairly complex 
procedure now. The angioplasty procedure is performed in two stages. 



1) The exploratory surgery wherein the catheter is inserted into the patient to asses 
the extent of the blockage. 

2) The actual angioplasty performed to remove the block. 
 
The angioplasty consists of inserting the following into the patient. 

1) The main catheter which consists of the guide catheter and the guide wire 
2) Another catheter to inject the dye 
3) An optional catheter to provide electrical stimulus to the heart in case disruption 

in cardiac cycle. 
 
 
Catheters also come in a variety of sizes and shapes, Figure 1 shows a small cross section 
of these. 

 
 
 
The selection of the catheter is done based on the location of the block and the physical 
size of the patient. 
 
The procedure in itself consists of three major steps: 

1) Selection of appropriate guide catheter and guide wire. 
2) Making a small incision in a major blood vessel, and inserting the catheter at that 

point. 
3) Navigating the catheter to the site of the block, where removal of the block is 

done by a variety of methods. 

 
 

Figure 1: Different types of guidewire 



4) Periodically injecting the dye into the blood vessels to illuminate the path of the 
catheter. 

 
 
In the next section we will give a detailed description of the requirements for building a 
simulator to provide adequate training to surgeons. 
 
Requirements: 
In out interaction with the surgeons who perform this procedure regularly, we noted the 
following points. 
 

1) Selection of the catheter type is a crucial part of the procedure. 
2) Navigating the catheter to the site of the blockage is most important part of this 

procedure. 
3) In a stent procedure the placement of the stent is extremely important. 

a. During this procedure there is a risk that the catheter tip may get tangled 
with the stent after it has been deployed.  

b. This occurs if the catheter is improperly navigated, during the withdrawal.  
c. In such cases the only option may be to perform an open heart surgery 

immediately. 
 
Based on these observations we noted that the most important part of the catheter 
procedure is the navigation and the simulation must incorporate this feature as it’s 
primary component. 
 
The next section describes how navigation is performed, and how it can be simulated. 
 
Navigation: 
 
The catheter consists of a guide wire and a guide catheter. The movement of the catheter 
is accomplished by a combination of the movements of these two parts. A picture of a 
catheter with the guide wire is shown below. 
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Figure 2: Guide catheter and Guide Wire



A few points to be noted are: 
1) The angle between the guide catheter and the guide wire depends on the length of 

the guide wire outside the guide catheter. θ is directly proportional to L. This is 
illustrated in Figure 3. 

 

 
2) The orientation of the catheter can be changed about the axis guide catheter by 

‘twisting’ the other end of the guidewire. This is illustrated in Figure 4 

 
To navigate the catheter the surgeon first: 

1) Aligns the guide wire approximately along the curve of the bend, using a 
combination rotations (Twist and bend); 

2) Pushes the guide catheter along this path, which moves the entire catheter 
assembly with it. 

 
The main problem in this kind of navigation is that, the surgeon will be viewing the 
progress of the catheter via a fluoroscopic imaging system. This system gives us a 2D 
projection of what is essentially a 3D procedure. Hence it is not very easy to orient the 
guide wire properly. A picture of the fluoroscopic image shown Figure 5, to give the 
reviewer a true idea of the complexity of the procedure. 
 
In the next section we will describe our simulation of this catheter procedure and how it 
enables the surgeons to train better. 
 
The Catheter Insertion Simulator: 
 
The objective of the simulator was to allow the instructor to load a fluoroscopic video file 
of a catheter procedure and design a path for the catheter that the students must try to 
navigate.  
 
For both the design of the catheter path and the navigation we have used the PHANToM 
Omni haptic device from SensAble technologies.  A haptic device is a one capable of 
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Figure 3: Angle between guide wire and guide catheter 
 

αα

 
Figure 4: Guide wire twist 



applying forces on the user via actuation of motors. The Omni can out put forces in 3 
directions ( 3DoF) and it can sense movement in 6 directions (6DoF).  
 
The instructor should first design the catheter path with the help of the phantom device. 
The path is composed of many ‘tubes’ that can be placed in appropriate locations. Figure 
6 shows how this is accomplished. 

 

 
Figure 5: A fluoroscopic image with the guidewire 

Note: Guide catheter is radio transparent.

 
Figure 6: Design of catheter path



After the catheter path has been designed it is handed over to the student who must now 
navigate this path using a combination of rotations and translations. These rotations and 
translations are performed on the Omni haptic device. A snapshot of the screen during the 
training is shown in Figure 7. 

 The student also has the option of a red ‘guiding line’ to help him navigate the path 
designed by the instructor. In case the student makes an error in navigating the catheter 
along the path. The graphics will not show a forward movement of the catheter. In 
addition the haptic device also generates a resistive force similar to that of friction (called 
stick slip friction in haptic literature) to oppose further movement of the catheter. The 
catheter has to be subsequently realigned. 
 
A video on the use of the PHANToM Omni and that of the simulation has been handed 
over to the ICSR with this report. 
 
Future work: 
We believe that the simulator can be improved by the following additions 

1) Simulation of the injection of dye. 
2) Movement of the catheter synchronously with the movement of surrounding 

tissue because of heart movements. 
3) Simulation of stent placement or balloon inflation. 
 

Conclusion: 
The simulator is currently awaiting approval from the medical personnel. It is our hope 
that this method of training for catheter procedures will lead to safer operations with 
minimal radiation dosage. 
 

 
Figure 7: Student Training 



 
Figure 9: Photograph of prototype 

In the next section we will describe our earlier designs for this project and the reasons 
why we abandoned then in favor our current approach. 
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Earlier designs 
 
We had earlier attempted to develop the catheter simulator hardware. A schematic of our 
mechanical design is shown in Figure 8.  
 

A photograph of this proposed design (prototype) is shown in Figure 9. The reasons why 
this did not work was: 
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Figure 8: Earlier Design 



 
 

1) Haptic devices require very smooth movement, i.e the the device should be 
backdrivable. 

2) It is very difficult to align the bearings that hold both ends of the shaft. This 
causes considerable oppisition to the movement of the shaft. 

3) The lightest material to make the rollers was Nylon, however even this was too 
heavy and consequently had large inertia. 

 
We also realized that developing the hardware, the interfacing drivers and the software 
may not fit into the time allotted for the project.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


