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In 2005, Irnich et al reported in Europace (1) the occurrence of 6 pacemaker patient deaths during Magnetic Resonance Imaging (MRI). These deaths were identified from files in German institutional medico-legal offices in various cities; it was believed that the deaths were not previously published, and thereby should be considered additional to deaths already known to the medical community at that time (1). Specifically, the authors found that the deaths had occurred under a variety of MRI circumstances, i.e., 4 different MRI manufacturers, 0.5-1.5 Tesla (T) with half the deaths occurring in low induction (0.5T) machines. It was notable that all had sinus node dysfunction as indication for pacing (pacemakers from 4 different manufacturers), but none was pacemaker dependent (1). ECG monitoring was not performed in any patient but ventricular fibrillation was given as the cause of death in 3 and suspected in two others. The remaining cause of death was not assigned. The authors provided little background information in the way of clinical data regarding the patients or their care.   

Although medical device manufacturers were aware of health risks before this time (2-4), the communication by Irnich et al seems to have been the report that triggered manufacturers, led by Medtronic Inc (Minneapolis, MN, USA), to initiate steps to modify hardware and software in their cardiac implantable electronic devices (CIEDs) and leads, and thereby make them as safe as possible during MRI. 

By 2011, after considerable research, development and great expenditure, Medtronic completed a randomized controlled clinical trial of a new pacemaker and leads designed and built to minimize adverse MRI effects (5). The trial included 464 patients with the new devices trademarked EnRhythm MRI SureScanTM and CapSureFix MR 5086TM leads. The patients were divided into a group of 258 who were scanned, using 1.5T, and 206 who were not scanned. All underwent the same measurements chosen to assess potential MRI effects. No significant differences were found in terms of pacing parameters at implant, immediately before and after scanning (or no scanning) up to 4 months, and also there were no differences in complications over these 4 follow-up months. 

Other manufacturers were obliged to follow Medtronic's lead. Approval by the U.S. Food and Drug Administration (FDA) ensued for restricted use of MRI with these devices. 

Subsequently, Medtronic's new pacemaker lead, model 5086, proved very stiff in clinical use and there were several reported cardiac perforations  with some occurring several weeks after implant (6). These adverse events prompted Medtronic to submit a previous lead design, model 5076 (7), without the re-engineering embodied in the 5086 MR conditional lead, and ultimately this ‘legacy’ lead received MR-conditional labelling. Approximately concurrently, Biotronik  (Berlin, Germany) submitted their currently available and unmodified devices for FDA MR-conditional approval which was received, albeit with more restrictions than for Medtronic's devices. The main difference was the area of the body which was permitted to be scanned. For Biotronik, the thorax had to be avoided.

Gradually, all major manufacturers received FDA approval for MR-conditional labeling of implanted devices and leads with varying restrictions. Some, such as St Jude Medical (now Abbott Labs, Chicago, IL) had gone to considerable engineering lengths to modify their devices and others had made no changes. However, MR imaging of device patients was not immediately accepted by radiologists. The latter was especially the case in the United States (US) at least, partially due to the lack of reimbursement offered for studying CIED patients with non-MRI conditional systems in situ.

During the period 2005-2018, MRI has grown substantially in clinical usage (8). For example, it is now considered almost impossible to achieve best results in tumor treatment without multiple MRi examinations. Similar developments have occurred in orthopedics and other specialties.

The growth of MRI importance has put pressure on cardiologists to make their patients as safe as possible in MR environments. One obvious way was to implant only MR-conditional devices. However, major impediments to such a policy, include both greater cost of MR-conditional systems and the residual large burden of patients already implanted with non-MR-conditional CIEDs and/or leads, some possibly abandoned. Consequently, despite initial trepidation, physicians were, of necessity, forced to undertake MRI in patients with non-MR-conditional systems. As a result, there is now substantial accumulated clinical experience indicating that such procedures can be undertaken safely (at least with current 1.5 Tesla MR equipment) (7-10). Further, available guidelines detail the necessary safety measures required for scanning MR- conditional devices (11-12), and these same techniques have been applied and also extended to include those with non-MR conditional devices (13-17). For example, in a registry of 1000 patients with non-MRI-conditional CIEDs undergoing MRI examinations in 1.5T machines, there were no recorded complications of any sort (13).


Given the apparent outcome of this story, the need for special MR conditional systems may not have been so great as was initially perceived; consequently, it is reasonable to re-examine the original report of MR related deaths. In doing so, it is apparent that the 2005 report by Irnich et al (1) does not stand up well to scrutiny; in brief it provided too little evidence of the specific circumstances. The reported deaths occurred in private MR radiology practices without ECG monitoring. Thus, although 3 of 6 deaths were attributed to ventricular fibrillation, it is impossible to understand the sequence events that took place prior to death of these patients. 

One of us (RS) was the Editor-in-Chief of Europace at the time of the Irnich publication (1) and, it may reasonably be asked whether the paper should have been published.  However, the editorial attitude at the time was that the potential safety issue was important. Subsequent developments have tended to demonstrate that provided diligent safety measures are taken, patients need not be at great risk in the MR environment even without MR conditional devices. 

So were the CIED developments in hardware and software really needed? 
In retrospect, we may say that the developments were most likely unnecessary, while stringently applied precautions were always necessary. Nevertheless, benefit has accrued. The engineering contributions should not be discarded as they will undoubtedly contribute to patient safety in the future. On the other hand, practice guidelines should be re-visited to accommodate the possibility that non-MR-conditional devices can be MR scanned safely, and also provide instruction regarding the essential required care; such instruction is lacking in both the HRS document of 2017 (11) and the ESC version of 2013 (12). The latest US CMS reimbursement decision (18) provides an ample basis for such revision of the guidelines. Further, although radiologists have been kept informed of these changes in recommendations, they often remained reluctant to expose patients with non-MR-conditional CIEDs to imaging, despite the great value such imaging offers. Some of this reluctance was understandably related to the lack of reimbursement in US, a problem now solved, in general, by changes in reimbursement criteria introduced in April 2018 (18). 

Fortunately, radiologists' reluctance is now waning. An important relevant document was released in the United Kingdom in August 2018 jointly by the Royal College of Radiologists and the British Cardiovascular Society (19). In the statement, the invaluable nature of MRI and its superiority over other available tests are stressed. Two developments have recently occurred: MR-conditionality has become the industry's standard, implying that with current CIEDs >95% of the implanted patients can undergo MRI following the advised precautions and, secondly, there has been an accumulation of evidence demonstrating that non-MR-conditional CIEDs, 'legacy' devices, with appropriate safety measures can also be safely scanned. The joint professional groups believe that CIED patients can no longer be disadvantaged by not receiving indicated MRI.  However, a problem remains with device-dependent patients as outlined in the US CMS decision. Further study of MR safety in such patients is still needed.

What precautions are mandatory? MRI must be planned and agreed by cardiologist, radiologist and patient. On the day of imaging, a suitable cardiology technologist or physician must be available to program the patient's device to the safest available mode, having tested and recorded its pacing parameters. That individual should remain present throughout the study. ECG and oxygen saturation monitoring must be functional for the whole period. The MRI will inevitably adversely impact the ECG, but oxygen saturation monitoring should be unaffected. Finally, the patient needs good verbal communication to the radiologist in order to be able to report symptoms. At the end of the examination, the pacing parameters need to be reassessed and the device reprogrammed to appropriate settings. The team accompanying the patient to the MRI suite must be trained in resuscitation and all required resuscitation equipment must be in immediate proximity.  It is recommended that these points be presented as a Table in new Guidelines and copies could be made into a poster to be displayed in the MRI unit.


In conclusion, the industry may have over-reacted to poorly documented fatalities related to MRI, but the end result has led to beneficial advances in CIED and lead design.  At the same time, MRI teams have developed protocols that now permit 'legacy' device patients to receive safely the important advantages of MRI, while new technology reduces CIED induced artifacts during scanning (14). With appropriate monitoring and device programming, given the potential for MRI benefit, even pacemaker dependent patients should now be candidates for MRI.
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