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Abstract

The current method of visualization of catheters during cardiac placement employs ionizing radiation which can pose significant health risks to the doctors and staff.  Alternative technologies for imaging, such as magnetic resonance imaging (MRI) and ultrasound, may provide safer work conditions without compromising patient care.


In this paper we review the technologies of both MRI and ultrasounds and then propose a method combining three dimensional ultrasound and intravascular ultrasound (IVUS).  

1. Introduction


Fluoroscopy currently is the standard method to image catheters positioning.  There are many inherent limitations which has fueled the drive to replace fluoroscopy for such procedures.  The most cited reason is the exposure of the radiological staff to ionizing radiation in the form of X-rays.  When one considers that a typical value of 2 rad/min is common for a fluoroscope which might be on for upwards to 2 hours and the maximum radiation exposure a worker is allowed is only 5 rad a year, replacing this technology becomes very appealing.  The two main technologies whose applications are currently being investigated are magnetic resonance imaging (MRI), and ultrasound.
2. MRI


Magnet resonance imaging, or MRI, involves the use of large magnetic fields and radio frequencies to obtain its information.  The patient is placed inside a MRI machine for the duration of this procedure.  A couple of limitations are immediately placed on this procedure by using MRI.  The first is there can be no metal in the room.  This means replacing the traditionally stainless steel guide wire for the catheter with a fiberglass one.  The second is this procedure could not be performed on individuals with metal inside their bodies.  There currently are two different methods being investigated.

2.1. Active Tracking


The first is deemed “active.” This imaging method requires the making of a 3-D reconstructed image of the area which the catheter is traveling through.  Then the MRI is set to spatially encode the area by switching linear gradients in main field along three orthogonal axes.  There is a small receiver coil in the catheter.  This receiver collects the RF signal and transmits it down a wire which runs the length of the catheter to a computer which processes the information.  The spatial information is then overlaid on the previously constructed 3-D image which is the final picture.  This information would only be one point.  If you wanted to get an idea of the path of the catheter, more receivers would need to be placed along the length of the catheter.  Since there is metal inside the catheter, a method is needed to negate the magnetic field which would pull at the wire.  A current wire is spiraled around the catheter and the current adjusted to compensate for the magnetic field of the MRI.  The technique has been tested in phantom and animal trials, but has not been approved for human testing for fear of safety issues such as RF heating of the wires.
2.2. Passive Tracking


The second MRI method has been deemed “passive.”  This imaging method begins with a MR angiogram.  Then the catheter is introduced.  The catheter is completely plastic with a fiberglass guide wire.  The catheter is marked with dysprosium oxide rings which disrupt the local magnetic field.  This allows for the catheter to be tracked using only the MRI where the “active” method required a secondary processes and control for the internal receiver.  The information of the moving catheter is then overlaid onto the MR angiogram and this information is displayed to the radiologist.  You have about a 1 frame per second image capture rate.  Both the spatial and temporal resolutions of the “passive” method are much lower than what can be obtained with X-ray fluoroscopy. 
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Figure 1: Software interface. Left side is the overlay.  Right side is the actual catheter signal.
3. Ultrasound


Ultrasonic may hold the best alternative to X-ray fluoroscopy for catheterization processes.  Ultrasound uses high frequency sound waves to determine distance of object from the transducer.  The transducer produces the ultrasound wave and can also be used to measure the returning ultrasound wave.  The temporal information collected is reconstructed into an image which can then be displayed on a screen.  One of the limitations is the inverse relationship between frequency and penetration.  Increased frequency means higher resolution, but the ultrasound can not penetrate as deeply into the material to be imaged.  

3.1. 3-D Ultrasound

Using three-dimensional ultrasound field and a catheter with a receiver in the tip, one could actually track the catheter inside this field as well as use this field to do structural imaging.  The receiver would detect ultrasonic transmission and a computer would calculate the distance via the flight time. The ultrasound transducer in this case would be external.  This system would resemble the “active” MRI method, but there would be no threat of RF heating and ferrous metals can be involved in the procedure.  Like the “active” MRI method, if the position of more than one point on the catheter needs to be imaged, then more receivers must be placed along the catheter.  Only in vitro testing has been done with this technology.  One of the problems which might arise is the different speeds at which ultrasonic waves travel through different tissue.  This error is minimized by the fact that we care about relative position and both the structural reconstructed image and the localized point of the catheter are subject to the same errors. 
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Figure 2: 3-D Ultrasound - Catheter tip tracked as it moves in 3-D ultrasound field

 3.2. Intravascular Ultrasound


In addition to 3-D positioning, intravascular imaging might aid in catheterization.  Intravascular ultrasound imaging (IVUS) uses ultrasound to image the inside of the blood vessel.  In effect, what this does is provide a view from the tip of the catheter facing down the blood vessel.  This technology is already used to image arterial plaque as well as vessel walls.  Applying this technology to positioning of catheters could provide for an added degree of precision which is not equaled by the overlay views.
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Figure 3:  IVUS - Displays the catheter tip view (upper left corner) as well as longitudinal reconstruction.
4. Discussion and Conclusion

There has been no discovery of any lasting side effects for exposure to high magnetic fields to date.  MRI is becoming more and more common in medicine.  The only problem which may prevent an easy migration to MRI technology from fluoroscopy is the high cost of setup and the restriction on ferrous metals.  MRI requires a dedicated setup and construction for the MRI machine.  The limitation on contact with ferrous metals would require special MR tools to be manufactured and would limit a certain population of people from being able to use this method. 

Use of ultrasound has shown no lasting side effect on the human body.  In addition, ultrasound requires no special shielding for the room or expensive construction to set up.  What is even more attractive is the lack of ionizing radiation which would eliminate all the personal protective equipment necessary.  A combination of 3-D ultrasound and IVUS could provide not only catheter position in 3 dimensions (as opposed to 2 dimensions with fluoroscopy), but also internal views which may aid in more precise catheter positioning.
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