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Introduction: During cardiovascular interventional procedures, it is important both to accurately track catheter position and to visualize the device together with 
incoming real-time images for MR navigation and guidance [1-3].  In this work, we present an integrated system that incorporates active device tracking implemented in 
an interactive real-time sequence as well as a graphical interface for real-time catheter visualization and navigation.  The system supports tracking and visualization of 
multiple catheters and several options for automatically updating imaging planes.  The system is especially suitable for MR guided intravascular interventions in which 
real-time catheter tracking for navigation is mandatory, and is designed to present the physician with catheter visualization similar to what is provided under X-ray 
guidance, but with additional 3D context. 
Methods and Results: Pulse Sequence: The microcoil tracking module was implemented into an interactive real-time sequence (iRTTT) and image reconstruction [4].  
The sequence provides the image contrasts of spoiled gradient echo and SSFP.  The microcoil positions along the catheter were determined by acquiring three 1D 
projection images along the x, y and z directions [5].  Dephasing gradients were played out along all three gradient directions to suppress background signal along the 
shaft of the catheter that may be caused by coupling [6,7].  Cross-correlation with a theoretically derived signal model of the coil was then applied to help accurately 
detect the coil position.  The tracking module was interleaved with the imaging module for each slice of acquisition and real-time feedback was incorporated to enable 
the following automatic slice positioning and orientation modes: (1) Tip tracking: the slice position of one slice or all slices is updated to the position of the catheter tip. 
(2) Perpendicular, (3) Parallel, or (4) 3D Plane mode: the slice position is set as described in “Tip Tracking” and the slice orientation is set to be perpendicular or 
parallel to the vector defined by the position of the two distal microcoils or the plane defined by the positions of the three distal microcoils. 
Catheter Visualization: The positions of the microcoils were passed in real-time to an extended version of the Interactive Front End (IFE) [8], which supports 3D 
visualization and interactive control of scan planes.  The graphical representation of the catheter was designed to closely mimic the visual appearance of a catheter, with 
colored circled bands used to represent different components of the catheter.  The shape of the catheter was fit using non-uniform rational b-splines (NURBS) with the 
defined distances between the microcoils used as a constraint for curve fitting [9].  The color of each catheter shaft and the microcoils was configurable to distinguish 
between catheters.  Multiple catheters were supported for 3D visualization.  Catheter tracking results were superimposed on the real-time incoming images for display 
and visualization.  Automatic slice following/positioning described for iRTTT could be controlled from the IFE and simple “snap-to” commands were also incorporated 
to move the imaging plane to the catheter tip manually [10].  Spherical markers could also be dropped at the catheter tip to mark and visualize important locations 
during a procedure. 
Navigation Tools:  A 3D model created from an MRA or other 3D data can also be loaded into IFE for navigation. A clip plane was implemented for the user to view 
the interior of the 3D model(s) and to remove any parts obstructing the view.  Marker placement methods were designed to mark anatomical reference points, potential 
ablation targets, or ablated locations during the procedure.   
Validation: The system was utilized in over 10 porcine studies for cardiac RF ablation procedures on a 3T scanner (MAGNETOM Verio, Siemens Healthcare, Erlangen, 
Germany).  Procedures were done using two, custom-built electrophysiology catheters (SurgiVision, Inc., Irvine, CA) that incorporated four micro-coils for active 
tracking.  Fig. 1 shows an overview of the whole system with two catheters displayed in IFE on top of real-time images.  Fig. 2 provides close-up visualization of the 
catheter rendering (a) and catheter deflection (b). The functionalities to drop a marker at the catheter tip (c) and tip tracking in Perpendicular mode (d) are also shown in 
Fig. 2.  The multiple modes of tip tracking allowed flexibility in different parts of the procedure, such as slice following during navigation, and use of the tip location for 
marker placement. 
Conclusion: In this study, we demonstrated an integrated system for catheter tracking and visualization that was used in MR guided cardiovascular interventional 
procedures. The tracking provided robust catheter location accuracy, and the visualization of the catheters augmented the content-rich real-time MR images with the 
convenience known from X-ray fluoroscopy guided procedures, which facilitated the workflow in RF ablation procedures. 
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Fig. 1. The Interactive Front End (IFE) demonstrating the overlay of two 
catheters onto incoming real-time images, together with a 3D model built from 
pre-acquired MRA images.  User-placed marker points are shown as purple 
spheres. 

Fig. 2. (a) Close-up visualization of the catheter rendering.  (b) Visualization 
capturing catheter deflection. (c) Dropping a marker (purple sphere at purple 
arrow) at the catheter tip (yellow arrow).  (d) tip tracking with imaging plane 
perpendicular to the distal portion of the catheter. 
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