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Putting dangerous things in magnets: a risk-benefit approach. 
 

Arguably the most dangerous implanted devices in the MR environment are 
implanted electrical/conducting devices.  These include cardiac pacemakers, automatic 
implanted defibrillators, nerve stimulators, and implanted pumps.  In addition to the 
typical risks associated with any metallic device which include production of significant 
artifact, torque or movement within the magnetic field and heating, these devices have 
several additional risks.  These risks include induced currents within the device which 
might produce stimulation of cardiac or nerve tissue, potential failure or inappropriate 
dosing with implanted pumps and the risk of damage to the device necessitating removal 
or replacement with the added risk of surgery and anesthesia.  The devices have clear 
patient benefit, but in some cases may be at the added risk of the inability to receive state-
of-the-art diagnostic imaging. The majority of these devices can be scanned safely under 
clearly specified conditions.  Further, occasionally in specific situations the benefit or 
need of the patient may outweigh the potential risks and for MR imaging.   

At the time of writing this syllabus, all presently available cardiac pacemaker and 
automatic implanted cardiac defibrillator (AICD) devices approved by the FDA are 
contraindicated for use inside the MR. The primary risks associated with the devices are 
induced currents potentially causing arrhythmia, heating of the leads leading to the injury 
of cardiac tissue and damaged the device itself.  There are literature reports of significant 
injury and death in patients who have been scanned with pacemakers and AICD devices.  
On the other hand, there are numerous literature reports which have demonstrated no 
significant injury to the patient following scanning devices in place.  Many of the 
published reports do however discuss changes in capture voltage necessary for pacing 
following MRI.  This may reflect potential heating and/or damage to cardiac tissue.  
Despite the potential risks there may be situations in which the risk-benefit ratio may 
sway practitioners to scan patients with pacemakers in place.  Typically, these patients 
are not pacer dependent.  Further, appropriate monitoring and personnel at the scanner 
during imaging for these patients is likely required.  This would include trade anesthesia 
and cardiology personnel who can monitor the patient interrogate the pacemaker before 
and after imaging. It is likely that the issue of pacemakers may become less difficult in 
the future as there is at least one MR compatible pacemaker that should be available in 
the near future. 
 Nerve stimulators including vagal nerve stimulators, spinal stimulators, and deep 
brain stimulation devices are approved for scanning under very specific imaging 
conditions.  There are literature reports of injury related to imaging of these devices, 
however, this is typically in situations where the guidelines for imaging were not 
followed.  In most cases these devices are labeled as safe for imaging the brain only with 
a transmit/receive head coil and very specific SAR limitations.  More recent papers had 
suggested that safe imaging can be performed with deep brain stimulators outside of 
these guidelines.  A recent large study looking at over 1300 cases using a fairly wide 
variety of imaging techniques, showed no definite episodes of injury secondary to MR 
imaging.  The safety of imaging body parts other than the brain or use receive only coils 
which rely on the body coil of the magnet to send remained unclear.  Imaging devices in 
place has the potential to improve our understanding of device function.  Recent studies 
using functional MRI and functional connectivity has shown significant changes within 
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the brain following deep brain stimulation.  Further, studies have also demonstrated the 
value of using MRI for potential interactive placement of deep brain stimulators.  
Imaging has the potential to improve the therapeutic efficacy of these devices provided 
the safety issues can be overcome. 
 Implanted pump systems can typically be imaged under specific manufacturer 
guidelines.  The guidelines for imaging have changed over the last several years.  The 
newer pump systems appear to be relatively resilient to imaging with fewer composed 
protections. (1-30) 
 
Suggested readings: 
 
1. Baker KB, Tkach J, Hall JD, Nyenhuis JA, Shellock FG, Rezai AR. Reduction of 

magnetic resonance imaging-related heating in deep brain stimulation leads using 
a lead management device. Neurosurgery 2005; 57:392-397; discussion 392-397. 

2. Burke PT, Ghanbari H, Alexander PB, Shaw MK, Daccarett M, Machado C. A 
protocol for patients with cardiovascular implantable devices undergoing 
magnetic resonance imaging (MRI): should defibrillation threshold testing be 
performed post-(MRI). J Interv Card Electrophysiol; 28:59-66. 

3. Carmichael DW, Pinto S, Limousin-Dowsey P, et al. Functional MRI with active, 
fully implanted, deep brain stimulation systems: safety and experimental 
confounds. Neuroimage 2007; 37:508-517. 

4. Foltynie T, Zrinzo L, Martinez-Torres I, et al. MRI-guided STN DBS in 
Parkinson's disease without microelectrode recording: efficacy and safety. J 
Neurol Neurosurg Psychiatry. 

5. Fraix V, Chabardes S, Krainik A, et al. Effects of magnetic resonance imaging in 
patients with implanted deep brain stimulation systems. J Neurosurg; 113:1242-
1245. 

6. Gimbel JR. Unexpected asystole during 3T magnetic resonance imaging of a 
pacemaker-dependent patient with a 'modern' pacemaker. Europace 2009; 
11:1241-1242. 

7. Larson PS, Richardson RM, Starr PA, Martin AJ. Magnetic resonance imaging of 
implanted deep brain stimulators: experience in a large series. Stereotact Funct 
Neurosurg 2008; 86:92-100. 

8. Liu WC, Mosier K, Kalnin AJ, Marks D. BOLD fMRI activation induced by 
vagus nerve stimulation in seizure patients. J Neurol Neurosurg Psychiatry 2003; 
74:811-813. 

9. Naehle CP, Meyer C, Thomas D, et al. Safety of brain 3-T MR imaging with 
transmit-receive head coil in patients with cardiac pacemakers: pilot prospective 
study with 51 examinations. Radiology 2008; 249:991-1001. 

10. Naehle CP, Strach K, Thomas D, et al. Magnetic resonance imaging at 1.5-T in 
patients with implantable cardioverter-defibrillators. J Am Coll Cardiol 2009; 
54:549-555. 

11. Naehle CP, Zeijlemaker V, Thomas D, et al. Evaluation of cumulative effects of 
MR imaging on pacemaker systems at 1.5 Tesla. Pacing Clin Electrophysiol 
2009; 32:1526-1535. 

Proc. Intl. Soc. Mag. Reson. Med. 19 (2011)



Micheal D. Phillips, M.D. 

12. Nazzaro JM, Lyons KE, Wetzel LH, Pahwa R. Use of brain MRI after deep brain 
stimulation hardware implantation. Int J Neurosci; 120:176-183. 

13. Nordbeck P, Weiss I, Ehses P, et al. Measuring RF-induced currents inside 
implants: Impact of device configuration on MRI safety of cardiac pacemaker 
leads. Magn Reson Med 2009; 61:570-578. 

14. Phillips MD, Baker KB, Lowe MJ, et al. Parkinson disease: pattern of functional 
MR imaging activation during deep brain stimulation of subthalamic nucleus--
initial experience. Radiology 2006; 239:209-216. 

15. Rezai AR, Kopell BH, Gross RE, et al. Deep brain stimulation for Parkinson's 
disease: surgical issues. Mov Disord 2006; 21 Suppl 14:S197-218. 

16. Rezai AR, Phillips M, Baker KB, et al. Neurostimulation system used for deep 
brain stimulation (DBS): MR safety issues and implications of failing to follow 
safety recommendations. Invest Radiol 2004; 39:300-303. 

17. Roebling R, Huch K, Kassubek J, Lerche H, Weber Y. Cervical spinal MRI in a 
patient with a vagus nerve stimulator (VNS). Epilepsy Res 2009; 84:273-275. 

18. Shah RV, Smith HK, Chung J, Hegazi A, Racz GB. Cervical spinal cord 
neoplasm in a patient with an implanted cervical spinal cord stimulator: the 
controversial role of magnetic resonance imaging. Pain Physician 2004; 7:273-
278. 

19. Shellock FG. Excessive temperature increases in pacemaker leads at 3-T MR 
imaging with a transmit-receive head coil. Radiology 2009; 251:948-949; author 
reply 949-950. 

20. Shellock FG, Fischer L, Fieno DS. Cardiac pacemakers and implantable 
cardioverter defibrillators: in vitro magnetic resonance imaging evaluation at 1.5-
tesla. J Cardiovasc Magn Reson 2007; 9:21-31. 

21. Shellock FG, Hatfield M, Simon BJ, et al. Implantable spinal fusion stimulator: 
assessment of MR safety and artifacts. J Magn Reson Imaging 2000; 12:214-223. 

22. Sierra M, Machado C. Magnetic resonance imaging in patients with implantable 
cardiac devices. Rev Cardiovasc Med 2008; 9:232-238. 

23. Sommer T, Naehle CP, Yang A, et al. Strategy for safe performance of 
extrathoracic magnetic resonance imaging at 1.5 tesla in the presence of cardiac 
pacemakers in non-pacemaker-dependent patients: a prospective study with 115 
examinations. Circulation 2006; 114:1285-1292. 

24. Starr PA, Martin AJ, Larson PS. Implantation of deep brain stimulator electrodes 
using interventional MRI. Neurosurg Clin N Am 2009; 20:193-203. 

25. Sucholeiki R, Alsaadi TM, Morris GL, 3rd, Ulmer JL, Biswal B, Mueller WM. 
fMRI in patients implanted with a vagal nerve stimulator. Seizure 2002; 11:157-
162. 

26. Sutton R, Kanal E, Wilkoff BL, et al. Safety of magnetic resonance imaging of 
patients with a new Medtronic EnRhythm MRI SureScan pacing system: clinical 
study design. Trials 2008; 9:68. 

27. Tagliati M, Jankovic J, Pagan F, Susatia F, Isaias IU, Okun MS. Safety of MRI in 
patients with implanted deep brain stimulation devices. Neuroimage 2009; 47 
Suppl 2:T53-57. 

28. Ullman M, Vedam-Mai V, Krock N, et al. A pilot study of human brain tissue 
post-magnetic resonance imaging: information from the National Deep Brain 

Proc. Intl. Soc. Mag. Reson. Med. 19 (2011)



Micheal D. Phillips, M.D. 

Stimulation Brain Tissue Network (DBS-BTN). Neuroimage; 54 Suppl 1:S233-
237. 

29. Wilkoff BL, Bello D, Taborsky M, et al. Magnetic resonance imaging in patients 
with a pacemaker system designed for the magnetic resonance environment. Heart 
Rhythm. 

30. Zamponi N, Rychlicki F, Corpaci L, Cesaroni E, Trignani R. Vagus nerve 
stimulation (VNS) is effective in treating catastrophic 1 epilepsy in very young 
children. Neurosurg Rev 2008; 31:291-297. 

 
 

Proc. Intl. Soc. Mag. Reson. Med. 19 (2011)


