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EDITORIAL



Perspectives on the development of a magnetic navigation system for remote control of electrophysiology catheters Bruce D. Lindsay* Clinical Electrophysiology, Washington University School of Medicine, 660 S. Euclid Ave, Campus Box 8086, St Louis, MO 63110, USA Online publish-ahead-of-print 17 March 2006



Development of the magnetic navigation system was motivated by the need for accurate catheter manipulation during complex ablation procedures that may include targets that are difﬁcult to reach. The ﬁrst step in the development of this technology was to demonstrate the feasibility of catheter navigation without affecting the stability of diagnostic catheters, the quality of intracardiac and surface recordings, or the ability to perform diagnostic pacing manoeuvres. Preliminary studies conﬁrmed the safety and efﬁcacy of the magnetic navigation system for these basic requirements.1 The next step demonstrated the feasibility of this system for cardiac mapping and ablation in patients with supraventricular tachycardia.2 The ability to perform remote navigation was not a primary objective, but it is a very attractive attribute for prolonged studies because it reduces operator fatigue and radiation exposure. Innovative technologies develop incrementally because experience inevitably identiﬁes problems that require improvement on the original design of the system. The initial prototype of the magnetic navigation system, which was only used in animal studies, had an orthogonal array of electromagnets that were inactive when the power was deactivated. The array encircled the torso in a conﬁguration that was too small for human subjects. The ﬂuoroscopy system was built by Stereotaxis using an early version of ﬂat plate technology, but the images did not have the quality required for clinical use. During mapping procedures, a computer interface was used by the operator to set vectors in the right anterior oblique and left anterior oblique radiographic images. The software was rudimentary by today’s standards. The ﬁrst generation of the system used in humans (Telstar) had a greatly improved imaging system, but it retained an orthogonal array of electromagnets that surrounded the patient’s chest. The diameter was too The opinions expressed in this article are not necessarily those of the Editors of Europace, the European Heart Rhythm Association or the European Society of Cardiology.
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small for large patients and it provoked claustrophobia in those who were susceptible to this sensation. When the operator changed the vectors for catheter navigation, 5–15 s were required by the system to make the necessary adjustments. Moreover, liquid helium was required to cool the electromagnets and the helium compressors created a thumping sound that was distracting and impaired communication between physicians, nurses, and the patient. The second generation of the magnetic navigation system (Niobe) was used in the study reported by Thornton et al. 3 This system uses two large ﬁxed magnets located on either side of the patient, which rotate to generate a composite ﬁeld vector. The computer workstation allows the operator to select the desired ﬁeld vectors. The major improvements of the Niobe system compared with Telstar are that it is more reliable, silent (no helium compressors), and the changes in ﬁeld vectors are accomplished within 1–3 s. A commercial X-ray imaging system, with cine capability, improved the quality of the images, but it is a single-plane system that does not have a full range of motion when the magnets are in position. One important difference between the Niobe and Telstar systems is that the maximum ﬁeld strength dropped from 0.15 T (Telstar) to 0.08 T (Niobe). The lower ﬁeld strength had an appreciable effect on the manoeuvrability of the catheter. Catheter deﬂection depends on the strength of the magnetic ﬁeld, the angle of the ﬁeld vector relative to the shaft of the catheter, the length of the magnet, and the ferromagnetic materials that comprise the magnet. It was easier to redesign the catheter than to increase the ﬁeld strength, but a long magnet would make the distal portion of the catheter too rigid. Accordingly, the redesigned catheter employed three smaller magnets in a linear array. The ferromagnetic materials have also been improved. The most recent versions appear to have superior handling characteristics during exposure to a 0.08 T ﬁeld compared with any of the earlier versions. One of the changes in catheter design occurred during the study reported by Thornton et al.,3 but it is unlikely that these changes would have a major impact on manoeuvrability along the posterior septal
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aspect of the tricuspid annulus, where slow pathway potentials are recorded. Thornton et al. 3 have reported their initial experience with this innovative technology. The number of patients was small, yet the study suggests that the learning curve is short and the system is both safe and effective. The success rate of 90% was lower than that one might expect for ablation of atrioventricular nodal re-entry in the hands of such an experienced group of highly skilled experts. Although their limited experience with the magnetic navigation system may have been a factor, it is more likely that this was due to chance. The slow pathway of one patient was extremely close to the His-bundle. Although the catheter was stable, the authors judged that it was in the patient’s best interest to use cryothermia in this region, in order to reduce the risk of heart block. The other failure occurred in a patient with a large coronary sinus. Neither the magnetic navigation system nor a standard catheter was successful in that case. The overall results reported in this study are consistent with the observations by Ernst et al. 4 Remote catheter navigation for mapping and ablation appears to be safe and effective. Other trials in progress in the USA will provide a larger multi-centre experience with this technology. It is unlikely that these trials will demonstrate marked reductions in procedure time or radiation exposure to the patient. Both of these measures include the time required for patient preparation, insertion of catheters, diagnostic testing, analysis of recordings, an obligatory waiting period after the ablation, and ﬁnal testing to conﬁrm that the procedure succeeded. The time and radiation exposure for ablation of common supraventricular tachycardias is only one component of the study. Sometimes, it is the shortest component of the study, so the navigation system would have limited impact for these relatively easy procedures. It is more likely that the potential reductions in time and radiation exposure will be realized in complex ablation procedures requiring linear or circumferential lesion sets in areas where catheter manipulation is difﬁcult. To put these initial reports in perspective, the long-term objective for remote magnetic navigation is ablation of complex arrhythmias that are technically challenging. Clinical trials for ablation of common supraventricular arrhythmias serve as a stepping stone to more complex problems. These initial trials conﬁrm the safety and
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efﬁcacy of the magnetic navigation system, develop operator experience, and identify areas for improvement in the design of the system. One major objective is to use remote magnetic navigation to facilitate ablation of atrial ﬁbrillation. The feasibility of this approach was demonstrated in canines,5 and the preliminary unpublished experience of investigators in Europe shows promise for this technology in patients with atrial ﬁbrillation. The technical requirements for complex ablation procedures include precise catheter navigation, accurate three-dimensional imaging that integrates catheter movement with the patient’s anatomy, and optimal energy delivery. Integration of the magnetic navigation system with electroanatomic mapping has already been achieved. It is available in Europe and may be available in the USA in the near future. Although the current system uses catheters that deliver radiofrequency energy, it could be applied to other ablation energy sources such as cryothermia or ultrasound. As we look to the future, it is not difﬁcult to envision standard electrophysiology laboratories that incorporate three-dimensional cardiac mapping with other advances in technology such as remote magnetic navigation. Experience, analytical skills, and judgement will continue to be the deﬁning attributes of premier referral centres, but the ability to manoeuvre a catheter to a speciﬁed target may be reduced to a common denominator by these and other innovative advances in technology.
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