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magnetic resonance imaging and implantable cardiac 
electronic devices: it's not what we can do, it's what  
we should do
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stimulation [1-3]. In addition, heating of 
the lead tip can result in tissue damage 
as well as changes in thresholds, with the 
potential loss of lead function. 

According to estimates, at least half of 
all patients worldwide with implanted car-
diac devices are expected to need an MRI 
scan during the lifetime of their devices 
[3]. This is certainly a burning question 
that the medical community will face 
more frequently in the coming years. 

In the 1980s, severe adverse events 
occurred as a result of unknowingly scan-
ning individuals with pacemakers [4,5]. 
With advances in technology and better 
electromagnetic interference protection, 
several devices were tested in vitro and in 
animals in the MR environment and were 
found safe [6-9]. No significant device 
malfunction occurred. More importantly, 
no tissue damage or change in threshold 
was observed, reinforcing the key role of 
heat dissipation by blood flow inside the 
heart. In parallel, in recent years, several 
prospective human trials reported the rel-
ative safety of MR examination at 0.5–3.0 
Tesla field strength. Data on almost 500 
patients who underwent clinically driven 
MRI are now available [10-16]. No deaths 
have been reported in physician-super-
vised MR studies in which the patients 
were carefully monitored. In only a few 
cases have there been reports of minor 
changes in pacing threshold, the need 
for device reprogramming, and possibly 
battery depletion. 

In this issue of IMAJ, Halshtok et al. 
[17] add to the cumulative published 
data. They present their single-center 
experience with uneventful MRI scan-

m agnetic resonance imaging is an 
invaluable medical diagnostic 

tool used for many common diseases 
and conditions. Currently, millions of 
patients around the world have implanted 
cardiac devices, namely, pacemakers or 
implantable cardioverter defibrillators. 
However, for many years these patients 
were prohibited from having MRI scans 
because their device may interact with 
MRI machines, potentially affecting the 
device or compromising patient safety. 

One of the chief advantages of MRI 
it that it has no ionizing radiation. In 
order to generate an MR image three 
types of electromagnetic fields are used: 
a constant static magnetic field, a rapidly 
changing magnetic gradient field, and a 
strong radiofrequency field. Pacemakers 
and ICDs contain ferromagnetic com-
ponents, complex electrical systems, 
and leads that are implanted into the 
myocardial tissue. As a result, several 
potentially hazardous events can occur: 
movement of the device, programming 
changes, asynchronous pacing, activa- 
tion of tachyarrhythmia therapies, inhi-
bition of pacing output, and induced 
lead currents that could lead to cardiac 

ning in 18 patients (11 pacemakers and 
7 ICDs) and a total of 34 scans (1 patient 
underwent 11 scans). They conclude that 
MRI scanning in the presence of cardiac 
implantable devices is safe and feasible, 
although not recommended for routine 
scans. Our group has performed safe 
MRI scanning in more than 40 patients 
(49 MRIs) with both pacemakers and 
ICDs and we concur with Halshtok that 
in patients with cardiac implant devices, 
when clinically indicated, MRI may be 
performed under strict conditions.

There is a wide range of available MRI 
systems, MRI scanning conditions, patient 
positions, pacemaker and ICD systems, 
and leads. Consequently, it is not possible 
to test all the combinations and prove 
the safety of a particular system. Thus, 
extending these results to recommen-
dations for routine use of MRI in these 
patients should be done with caution. The 
fact that hundreds of patients with pace-
makers or ICDs underwent uneventful 
MRI does not allow us to conclude that 
MRI in this population is indeed safe. Just 
crossing a highway blindfolded ten times 
without getting hit by a car does not make 
it safe. The true number of patients who 
experienced adverse events during and/
or after MRI is unknown because it has 
not been reported. All published studies 
were performed at centers with expertise 
in MRI and device monitoring and were 
limited to patients with a true clinical 
need for MRI. 

Another implanted cardiac device 
used to monitor arrhythmia is the 
loop recorder, a small subcutaneously 
implanted programmable device that 
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contains two surface electrodes. This 
device has no lead wires and has received 
approval from the U.S. Food and Drug 
administration for MRI. Clinical MR 
studies of patients with these loop 
recorders did not demonstrate any 
subjective symptoms experienced by 
patients, adverse clinical events, or dam-
age to the devices. Of note, interroga-
tion of the devices after MR revealed 
tachyarrhythmias and bradyarrhyth-
mias recorded during the examinations 
that were believed to be artifacts [18]. 
Patients with a loop recorder (Reveal 
Plus ILR, Medtronic) can undergo MR 
examination any time after implantation, 
provided there is no reason to believe the 
device is not well implanted. Because of 
the theoretical risk of electromagnetic 

fields adversely affecting data stored 
by the device, all stored data should be 
downloaded before scanning. 

A device may be either MR safe, which 
means that it causes no known hazards in 
all MR environments, or MR conditional, 
which means that the device has been 
demonstrated to pose no known hazards 
in a specified MR environment with 
specified conditions of use [1]. The loop 
recorder is MRI conditional, but current 
pacemakers and ICDs are neither. 

Yet, there is some encouraging 
news. A pacing system (the Medtronic 
EnRhythm-MRI SureScan) was designed, 
tested and approved for use with MRI 
under specified scanning conditions [19]. 
An international clinical trial to test the 
safety and efficacy of this prospectively 
newly designed dual-chamber pacemaker 
and modified pacing leads has recently 
completed enrollment. The interim anal-
ysis was encouraging [20]. Accordingly, 
this device, the first MR conditional pace-
maker, received the European CE mark.  
This system is now commercially avail-
able in several European countries and 
in Israel, and is currently under clinical 
evaluation in the United States.

So what should we do with the patient 
with a pacemaker or ICD who needs a 
brain or spine or knee MRI now? Our 
patients have devices that were implanted 

in the past and were not designed, tested 
or approved for use with MRI. 

The current consensus is that MRI 
should be done only when there is a 
true need, and only MRI and no other 

imaging modality can help with the 
diagnosis. The diagnostic benefit from 
MRI must outweigh the presumed 

risks [1,2]. Faris and Shein from the 
FDA [3] state: "for some patients, the 
risks presented by MRI under specific, 
characterized scanning and monitor-
ing conditions may be acceptable given 
the diagnostic benefit of this powerful 
imaging modality." 

Position papers with guidelines were 
issued in Europe and North America 
with detailed background, possible haz-
ards, available laboratory and human 
clinical data, and recommendations 
[1,2]. The risks of MR scanning should 
be discussed with the patient, and writ-
ten informed consent must be obtained 
before MR scanning. The MR study 
should be performed at centers with 
expertise in MRI and electrophysiol-
ogy. The MR scan should be optimally 
planned to minimize time and energy. 
A physician who is knowledgeable in 
device therapy and programming should 
preferably be present during the MR 
scan. Thoughtful pre-MR reprogram-
ming, careful patient monitoring during 
MR scanning, and thorough follow-up 
after MR scanning must be performed. 
Full resuscitation facilities should be 
available in case of an adverse event. 

In summary, it is not what we can 
do, it's what we should do. MR imaging 
in patients with pacemakers or ICDs 
can be performed, but it is an off-label 
procedure requiring sound justification 
and safety precautions. It should be per-
formed only when clinically indicated 
and only in selected centers with the 
proper expertise, resources and experi-
ence. Individuals with a pacemaker or 
ICD can now benefit from the advan-
tages of this imaging modality. 

FDA = Food and Drug Administration

corresponding author:
dr. a. roguin
Dept. of Cardiology, Rambam Health Care Campus, 
Haifa 31096, Israel
Fax: (972-4) 854-3451
email: aroguin@technion.ac.il

references
Levine GN, Gomes AS, Arai AE, et al. Safety 1. 
of MRI in patients with cardiovascular devices. 
Circulation 2007; 116: 2878-91. 
Roguin A, Schwitter J, Vahlhaus C, et al. MRI 2. 
in individuals with cardiovascular implantable 
electronic devices. Europace 2008; 10: 336-46. 
Faris OP, Shein M. FDA perspective: MRI of 3. 
pacemaker and ICD patients. Circulation 2006; 
114: 1232-3.
Roguin A. Magnetic resonance imaging in patients 4. 
with implantable cardioverter-defibrillators and 
pacemakers. J Am Coll Cardiol 2009; 54: 556-7.
Kanal E, Borgstede JP, Barkovich AJ, et al. 5. 
American College of Radiology White Paper 
on MR Safety. AJR Am J Roentgenol 2002; 178: 
1335-42.
Roguin A, Zviman MM, Meininger GR, et al. 6. 
Modern pacemaker and ICD systems can be 
MRI safe: in-vitro and in-vivo assessment of 
safety and function at 1.5T. Circulation 2004; 
110: 475-82. 
Luechinger R, Zeijlemaker VA, Pedersen EM, 7. 
et al. In vivo heating of pacemaker leads during 
magnetic resonance imaging. Eur Heart J 2005; 
26(4): 376-83.
Shellock FG, Tkach JA, Ruggieri PM, et al. 8. 
Cardiac pacemakers, ICDs, and loop recorder: 
evaluation of translational attraction using 
conventional ("long-bore") and "short-bore" 1.5- 
and 3.0-Tesla MR systems. J Cardiovasc Magn 
Reson 2003; 5(2): 387-97.
Luechinger R, Duru F, Zeijlemaker VA, et al. 9. 
Pacemaker reed switch behavior in 0.5, 1.5, and 
3.0 Tesla magnetic resonance imaging units: are 
reed switches always closed in strong magnetic 
fields? Pacing Clin Electrophysiol 2002; 25(10): 
1419-23.
Martin ET, Coman JA, Shellock FG, Pulling CC, 10. 
Fair R, Jenkins K. MRI and cardiac pacemaker 
safety at 1.5Tesla. J Am Coll Cardiol 2004; 43: 
1315-24.
Nazarian S, Roguin A, Zviman MM, et al. Clinical 11. 
utility and safety of a protocol for noncardiac 
and cardiac MRI of patients with permanent 
pacemakers and ICDS at 1.5T. Circulation 2006; 
114: 1277-84. 
Sommer T, Naehle CP, Yang A, et al. Strategy for 12. 
safe performance of extrathoracic MRI at 1.5T 
in the presence of cardiac pacemakers in non-
pacemaker-dependent patients: a prospective 
study with 115 examinations. Circulation 2006; 
114: 1285-92.
Gimbel JR. Magnetic resonance imaging of 13. 
implantable cardiac rhythm devices at 3.0 tesla. 
Pacing Clin Electrophysiol 2008; 31(7): 795-801.
Gimbel JR, Kanal E, Schwartz KM, Wilkoff BL. 14. 
Outcome of MRI in selected patients with ICDs. 
Pacing Clin Electrophysiol 2005; 28: 270-3. 
Naehle CP, Strach K, Thomas D, et al. Magnetic 15. 



438 

IMAJ • VOL 12 • JuLy 2010editOrials

Sutton R, Kanal E, Wilkoff BL, et al. Safety of 19. 
magnetic resonance imaging of patients with 
a new Medtronic EnRhythm MRI SureScan 
pacing system: clinical study design. Trials 
2008; 9: 68.

Sommer T, Kanal E, Taborsky M, et al. Safety 20. 
and efficacy of new pacemaker system that can 
be used in MRI environment: first clinical trial 
results. Eur Heart J 2008; 29(Suppl): 21-2.

resonance imaging: no longer an absolute 
contraindication, when scanned correctly. IMAJ 
Isr Med Assoc J 2010; 12: 391-5. 

Gimbel JR, Zarghami J, Machado C, Wilkoff 18. 
BL. Safe scanning, but frequent artifacts 
mimicking bradycardia and tachycardia during 
magnetic resonance imaging (MRI) in patients 
with an implantable loop recorder (ILR). Ann 
Noninvasive Electrocardiol 2005; 10: 404-8.

resonance imaging at 1.5-T in patients with 
implantable cardioverter-defibrillators. J Am Coll 
Cardiol 2009; 54(6): 549-55.
Goldsher D, Amikam S, Boulos M, et al. Magnetic 16. 
resonance imaging for patients with permanent 
pacemakers: initial clinical experience. IMAJ Isr 
Med Assoc J 2006; 8: 91-4.
Halshtok O, Goitein O, Abu Sham'a R, Granit H, 17. 
Glikson M, Konen E. Pacemakers and, magnetic 

Israel has long enjoyed a reputation as a global leader in medical 
R&D and high-tech applications that save lives and improve 
quality of life. The high standards of health care have given 
rise to a phenomenon known as medical tourism. In 2009 one 
and a half million Americans went abroad as medical tourists. 
Even paying a portion of the bill (the insurance company pays 
the rest) the entire medical cost in some countries can still 
result in a net savings. For those who do not have health care 
insurance, traveling internationally is often the only way to 
receive necessary medical treatment. Israel is high on the list 
for many Americans. Many Israeli specialists were trained in the 
U.S. and are recognized as world-renowned authorities in their 
field, with pioneering techniques and high rates of success. 
Numerous American companies, in seeking better health 
care for their work force, have begun offering medical tours 
to Israel as part of their employee health insurance benefits. 

Among the attractions is the prospect of an all expense-
paid vacation in a country with a rich history, Mediterranean 
climate and luxury hotels. For Americans with strong religious 
beliefs, the combination is compelling, with sites holy to 
Judaism, Christianity and Islam. One of the major options is IVF 
treatment. Couples who have not succeeded in having children 
can expect to pay over $20,000 for IVF in the United States 
(usually not covered by insurance), while the same treatment 
is available at 24 fertility clinics in Israel for $4000, in the care 
of specialists with one of the highest success rates in the 
world (35–40% compared to the global rate of 20%). All Israeli 
hospitals have medical tourism centers. The treatments are 
comprehensive and include orthopedics, oncology, cardiology, 
urology, cosmetic surgery and rehabilitation of injuries as well 
as treatment for obesity and infertility.

Israel High-Tech & Investment Report May 2010
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CD8+ T cells respond to infections by recognizing peptide 
antigens bound to major histocompatability complex class 
I (MHC class I) protein expressed on the surface of antigen-
presenting cells (APCs). Because MHC class I can only present 
intracellular antigens, antigen cross-presentation is important 
for responses to viruses that do not directly infect APCs. Antigen 
cross-presentation occurs when APCs acquire antigens by 
phagocytosis of dying virally infected cells and present them to 
CD8+ T cells. After internalization, antigens must enter the cytosol 
for processing by the proteasome. Singh and Cresswell show 

that GILT (gamma-interferon-inducible lysosomal thiolreductase) 
is required for cross-presentation in mice of disulfide-contain- 
ing viral antigens. In mice lacking GILT, the CD8+ T cell response 
to antigens derived from disulfide-rich proteins was substan- 
tially impaired after influenza A or herpes simplex virus 1 
infection. Thus, cross-presentation of some antigens requires 
an early processing step prior to proteasomal degradation in 
the cytosol and subsequent MHC class I loading.

Science 2010; 328: 1394
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“there's never been a true war that wasn't fought between two sets of people who were  
certain they were in the right. the really dangerous people believe they are doing  
whatever they are doing solely and only because it is without question the  
right thing to do. and that is what makes them dangerous”

Neil Gaiman (b. 1960), American novelist and short story writer




