Date: October 10, 2014 (Guidelines updated December 2017; attachments updated January 2018)
RE: Guidelines for MRI in Patients with Cardiac Pacemakers and/or Implantable Cardioverter-Defibrillators
From: MRI Safety Pacemaker Subcommittee - Karl Vigen, PhD (chair); Aaron Field, MD, PhD; Kurt Hoffmayer,
MD; Frank Korosec, PhD; Tom McKinlay, RT; Scott Reeder, MD, PhD; Meredith Welty, RT
Background: Historically, MRI of patients with cardiac pacemakers or implanted cardioverter-defibrillator (ICD)
devices has been strictly contraindicated. With the increasing prevalence of implantable devices and the
increasing utility and availability of MRI, there are many occasions where there is a great medical need to
perform MRI in patients with an implanted cardiac device. As a result, two developments have led to the
development of these guidelines for scanning patients with cardiac pacemakers / ICDs.
First, there are now several pacemakers that are FDA approved for use with MRI (MRI conditional) when
used according to specific guidelines. Second, there is a substantial and growing body of evidence that
patients with many devices not FDA-approved for MRI can be scanned safely under certain conditions. The
purpose of this document is to outline specific guidelines and circumstances in which patients can be scanned
if they have a pacemaker or ICD.
Consideration should always be given to the availability of an alternative diagnostic method, such as CT,
ultrasound, or nuclear scintigraphy, even when the patient has a device approved by the FDA for MRI.
However, for patients with an FDA-approved device, and when MRI is considered to the best study to answer
the clinical question, it is appropriate to perform the MRI exam. MRI can be performed safely so long as the
manufacturer-specified scanning guidelines are followed. There are three approved pacemakers on the market
in the United States (Revo/Advisa, Medtronic; Entovis, Biotronik). Devices from other manufacturers are
expected in the near future. Guidelines for scanning patients with approved devices are detailed below.
Informed consent is not required for approved devices. If an approved device must be scanned with
parameters that fall outside manufacturer guidelines, it will be treated as if it is a non-approved device.
MRI remains a relative contraindication in patients with devices that have not been approved by the FDA for
MRI, and these patients should only be scanned as a measure of last resort, when all other avenues have
been exhausted, including invasive diagnostic procedures such as catheter-based angiography. Although there
is a large body of evidence suggesting that scanning patients with non-approved devices can be performed
safely, the risks are not well understood. Scanning of patients with non-approved devices as a matter of
convenience or to avoid radiation from other imaging modalities is not acceptable. The decision to perform an
MRI in a patient with a non-approved device requires a discussion between the patient’s attending physician
and the attending radiologist responsible for the imaging study. Criteria and guidelines for scanning patients
with non-approved devices are detailed below. If a patient does not meet inclusion criteria, the MRI cannot be
obtained. Informed consent is mandatory when scanning patients with non-approved devices. A dedicated
consent form has been developed for scanning these patients, outlining potential risks specific to MRI scanning
with a non-approved device.
A powerscribe template has been developed to document important information that details that the patient
was scanned according to department guidelines. It is important to document this information for safety
reasons (should the patient return with problems possibly related to MRI scanning), as well as billing reasons
since some insurance does not reimburse for non-approved devices, but will for approved devices.
Scanning of patients with any device (approved or non-approved) must be performed with an
electrophysiology device nurse present for the duration of the exam. When scanning patients with nonapproved devices, an ACLS certified cardiologist must be near the MRI scanner (i.e. within 2 minutes). A
physician need not be present when scanning a patient with an approved device.
Finally, no subjects with either approved or non-approved pacemakers will be imaged as part of any
MRI research protocol, unless the research protocol specifically addresses all safety concerns within the IRB
protocol itself.
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Guidelines for UW Health-affiliated Facilities ONLY
2017 Guidelines for Scanning Patients with Non-MR Conditional Cardiac Implantable Electronic Devices (CIEDs):
1.

Devices and leads must have been manufactured in 1998 or later for pacemakers and in 2000 or later for ICDs.
a. Device screening may be performed by the Cardiac Device Clinic Nurse, Electrophysiology (EP) Advanced
Practice Provider (APP), EP fellow or EP attending.
b. Pacemaker-dependent patients, patients with coronary sinus leads and patients with epicardial systems are
considered higher risk and are eligible on a case-by-case basis, determined by the attending electrophysiologist
in consultation with the attending radiologist.
c. Patients with abandoned endocardial leads are not eligible - this should be confirmed by a detailed review of the
operative reports and chest radiography or chest CT imaging. The use of dedicated chest radiography or chest
CT imaging to determine the presence and location of abandoned leads is appropriate if needed.
d. A 6-week minimum time interval should typically be respected between the implant of the leads and MRI.
e. Patients with suboptimal pacing parameters, as determined by the attending electrophysiologist, are not eligible.
2. In every case, the risk-benefit relationship must be discussed, either in-person or via a phone-call, between the
attending faculty radiologist and the referring physician.
a. Alternative imaging modalities (e.g., CT, US) must always be considered; the use of MRI in patients with non-FDA
approved CIEDs should always be considered the diagnostic procedure of last resort.
b. However, care should be taken that the referring physician is not pursuing alternatives such as explanting the
device system, or replacing it with an MRI-compatible model, solely for the purpose of obtaining an MRI exam;
such procedures likely have a higher risk than MRI.
c. Imaging of patients with non-FDA approved devices is only available during weekdays (8 am-4 pm) at the UWHC
(University Hospital), due to staff availability.
d. The decision regarding whether MRI will be performed must be made by a Radiology faculty member only (i.e., no
residents or fellows).
e. A discussion (including informed consent) must also occur between the patient or his/her designated health care
proxy, the EP fellow, EP APP or EP attending and the Radiology fellow or attending.
3. If an MRI procedure is deemed absolutely necessary, it must be performed as follows:
a. 1.5T MRI system; University Hospital only. For cardiac MRI, a 1.5T DV system (MR450w/Artist) only.
b. MRI system set to “Normal Operating Mode” for dB/dt and SAR (<2.0 W/kg body transmit, <3.2 W/kg head).
c. Record baseline device settings.
d. Set pacing device to appropriate setting:
i. Non-pacemaker dependent ICD patients (detections and therapies off, pacing mode based on individual case).
ii. Non-pacemaker dependent PM patients (pacing mode based on individual case).
iii. Pacemaker-dependent PM patients (asynchronous pacing mode).
e. The following personnel must be present, including at least one ACLS-trained staff member:
i. Clinical MRI Physicist (required only at the beginning of the exam).
ii. A Cardiac Device Clinic Nurse (ACLS trained), EP APP, EP fellow, or EP attending (i.e., personnel who is both
ACLS-trained and familiar with device programming) must be present for the entire time the patient is in the
MRI suite (zone 4).
iii. For higher-risk patients (Section 1(b) above); the EP fellow or EP attending must be present.
iv. If not already present in the MRI control area, the EP and Radiology attending physicians must be aware of the
MRI procedure and in the University Hospital; and must be available with less than 2 minutes of response time.
f. The patient’s blood pressure, ECG and pulse oximetry will be monitored regularly throughout the study.
4. Following the MRI scan, the device must be reprogrammed to its pre-MRI settings, and interrogated for early
detection of any parameter changes. If any change occurs, routine follow-up will be scheduled as needed.
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Appendix:

MRI in Patients with Conventional Pacemakers and ICDs
UW-Madison Review: March 2017
(See end note for January 2018 updates)
Karl K. Vigen1, Kelly Bybee1, Howard A. Rowley1,2,3, Scott B. Reeder1,4,5,6,7
Departments of Radiology1, Neurology2, Neurosurgery3,
Medical Physics4, Medicine5, Biomedical Engineering6 and Emergency Medicine7
University of Wisconsin-Madison, Madison, Wisconsin 53792
In recent years, the rate at which cardiovascular implanted electronic devices (CIEDs) such as pacemakers
(PMs) and implantable cardioverter-defibrillators (ICDs) are being implanted into patients has continued to
increase. Patients with these devices will often need an imaging study at some point in their lives, and MRI was
traditionally considered an absolute contraindication due to the potential for device malfunction, inappropriate
sensing, and lead heating due to exposure to the magnetic field gradients and RF fields used in MRI. To
address the issue, device companies have begun to introduce MRI-conditional CIEDs. Pacemakers, ICDs, and
Cardiac Resynchronization Therapy Devices (CRTDs) from Medtronic, Boston Scientific, Abbott (St. Jude),
and Biotronik are currently FDA-approved and CE-marked (e.g. for use in Europe) with MR-conditional
labeling. However, patients implanted with traditional pacemakers and ICDs may develop conditions that
require MRI scans. Removal of the device and leads, and possible replacement with MR-conditional devices
has been contemplated in the past, but the required surgery and lead extraction carries its own risks. As an
alternative, many investigators have looked at the effects of MRI imaging on conventional pacemakers and
ICDs.
Possible effects of the MRI system on pacemakers and ICD’s is summarized in a review by Shinbane et al. (1).
Primarily, these effects include magnetic force on the device itself, or on the magnetically-activated reed
switch; malfunction due to RF interference with electronic components of the device; inappropriate sensing of
cardiac rhythms due to EM interference; and the induction of current in the device leads which could lead to
heating at the implanted lead tips. This last effect, in addition to tissue destruction, could cause adverse effects
on measured lead impedance, sensing, and pacing capture thresholds. An accurate estimate of the rate of
adverse events can be difficult to obtain; one review attributed 17 deaths worldwide after inadvertent MRI
imaging of cardiac devices without patient monitoring and none with appropriate patient monitoring (2), but no
sources were cited and subsequent discussion by Kanal and Gimbel questioned what role MRI actually played
in the events (3) compared with other disease-related causes. Specific studies in the literature reporting adverse
events are difficult to find. One case study reported reversible asystole during head imaging at 3T (4); another
reported inappropriate sensing malfunction of an ICD (which inappropriately was not disabled) and increased
pacing threshold (5); several additional reports have been published in the last few years (see below).
Despite the risk of adverse events, for patients that require an MRI scan, a scan following the proper precautions
is likely to be safer than alternatives such as removing or replacing a non-MRI compatible device. As noted by
Russo (6), the REPLACE study documented a six-month major complication rate in patients undergoing
pacemaker or ICD replacement of 4% for those requiring only a device replacement and 15% for those
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requiring replacement of a lead as well (7); the FDA MAUDE database reported 105 events from lead
extractions between 2007-2008; and other studies have reported a 0.4% to 2% rate of major complications after
lead extractions. A recent review of 17 studies of ICD replacement found a rate of major complications with a
median of 4.05% (range 0.55–7.37%) and minor complications of 3.50% (range 0.36–7.37%)(8). An additional
consideration is Computed Tomography (CT), often considered safe for CIEDs, has been observed to cause
(rare) malfunctions in devices in the scan (radiation) field (9-11).
The review by Shinbane et al. (1) compiled data from studies documenting MRI scans performed in patients
with implanted, non-MRI compatible-labeled devices, published up to 2011. In 37 studies, ranging from case
reports of a single patient being scanned, to large prospective trials with up to 171 scans, a total of 832 (723
PM, 109 ICD) patients with either pacemakers or ICD’s were reported to have undergone a total of 1098 MRI
sessions. No serious adverse events appeared to have occurred, although changes in certain pacing parameters
(i.e. small changes in pacing capture threshold, lead impedance, reprogramming of device) occurred in a
number of patients. Seven subsequent studies, including a significant trial from the Hopkins group (12), include
768 (PM 502, ICD 266) patients with 972 MRI examinations, with no apparent serious adverse events (12-18).
A large multicenter, prospective clinical trial called MagnaSafe (6) was begun in 2009, with the goal of
enrolling 1500 patients with either programmable pacemakers or ICDs for non-thoracic MRI. The study
authors recently published results from 19 sites, including imaging 1000 exams in patients with pacemakers and
500 in patients with ICDs, in the New England Journal of Medicine in 2017 (19). Significantly, “No deaths,
lead failures, losses of capture, or ventricular arrhythmias occurred during MRI.” Similar to other studies,
effects such as changes in battery voltage, pacing threshold, and small R-wave amplitude changes were seen in
single- to double-digit percentages, with a slightly higher percentage for ICD cases. Adverse events included
one inappropriately-programmed ICD that could not be interrogated after MRI, and needed replacement; and 6
cases of partial electrical reset. In addition, 6 cases of atrial fibrillation or flutter, which, based on the patients’
histories, may not have been related to MRI; all eventually returned to sinus rhythm (19).
As of March 2017, 71 studies with distinct patient populations (i.e. after attempting to exclude repeats from the
same institution) have been found in the peer-reviewed literature and conference proceedings, for a total of
4539 patients (3183 PM, 1323 ICD) undergoing around 5022 MRI studies (with some uncertainty in the exact
numbers due to differences in reporting methods by each author). Most cases seemed to be strictly monitored
with ACLS-trained personnel present, with an electrophysiologist available to reprogram the device if
necessary. The most commonly reported events were occasional small changes in some detected pacing
parameters (lead impedance, pacing thresholds, etc.) which did not seem to concern most study authors who
mentioned them (i.e. did not lead to device or lead replacement); battery drainage and/or inaccurate event
detection in a few ICD cases; and a few power-on-reset pacing inhibition that could be fixed by reprogramming
after the scan. There seemed to be very few serious adverse events reported in these studies; i.e. no deaths and
few long-term clinically significant adverse events.
For imaging patients with implanted devices (pacemakers and ICDs), each study typically defines its own
inclusion criteria and study workflow. Most studies follow some variation of the following steps.
- Determination of the risk/benefit ratio; and appropriateness of other non-MRI imaging modalities.
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- Discussion with patient, and likely informed consent obtained.
- Scanning at 1.5T only, with lowest reasonable SAR (i.e. <2.0 W/kg).
- Presence of adequate support staff, including ACLS-trained staff, backup pacing if needed, and an electrophysiologist available for device reprogramming.
- Programming of the pacemaker to a state suitable for the patient during the MRI exam (i.e. asynchronous
pacing mode for pacing-dependent patients).
- Monitoring the patient throughout the scan.
- Interrogation and, if necessary, reprogramming of the device following the MRI exam.
- Follow-up, for example, at 3- or 6-months to determine device status.
Two widely-used protocols are reproduced in Figures 1 and 2. The protocol reproduced in Figure 1 is from the
group at Johns Hopkins University (12,20); the one in Figure 2 is from the MagnaSafe trial (6). In both
protocols, patients with ICDs who are pacemaker dependent are excluded (it seems since many ICDs do not
have an asynchronous mode); otherwise, ICD patients who are not pacemaker dependent, and both types of
pacemaker patients are included. Also, the Hopkins protocol excludes patients whose device was implanted
before 1998 (pacemakers) or 2000 (ICDs), as the devices produced after these dates are regarded to be more
EM resistant.
In February 2014, University of Wisconsin-Madison Department of Radiology, in collaboration with colleagues
in the Electrophysiology Program in the Department of Medicine-Cardiovascular Division, implemented a
protocol similar to the Hopkins and MagnaSafe protocols to perform MRI in patients with conventional (i.e. not
labeled as MR-conditional) CIEDs. As of March 9, 2017; a total of 31 exams have been performed (15 PM, 15
ICD, 1 CRTD), with no serious complications, at a current rate of approximately 2-3 exams per month. As a
comparison, since February 2012, a total of 49 patients with MR-conditional devices (43 PM, 5 ICD, 1 CRTD)
have been scanned, currently at a rate of approximately 2 exams per month.
While rate of successful imaging in the literature is high, and no serious complications have been observed for
patients imaged at UW-Madison, diligence in adherence to the imaging protocol is still warranted. Instances of
device malfunction continue to be reported in the literature. These include power-on-resets (PORs) or partial
resets of devices (19,21-23), discharges or near-discharges of ICD therapy in undetected and not properly
programmed devices (24,25), and other device-related events such as oversensing (26,27). In addition, one
MRI-related malfunction of an MR-conditional device, causing no harm to the patient, but requiring premature
device replacement, has now been reported (28).
In addition, serious deliberation should be performed prior to modifying the protocol to address current
exclusions. For example, some CIED patients have abandoned leads from previous devices, which are
contraindicated in our current protocol. While a small number of patients have been reported to have been
imaged with abandoned leads without complications (for example, 10 patients in one study (27)), phantom
studies have demonstrated the potential for severe lead heating in both the abandoned leads and even nearby
“MR-conditional” leads due to alterations in the local electromagnetic environment and lack of lead termination
(29,30). A further consideration is that abandoned leads do not have the ability to query measurements such as
pacing capture threshold following the scan which might indicated heating-related tissue damage.
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January 2018 Update
In 2017, the Heart Rhythm Society published a comprehensive consensus statement on imaging of patients with
devices, including MRI of patients with conventional CIEDs (31). The recommendations of the HRS consensus
statement are similar to the protocols of the Hopkins group (12) and the Magnasafe study (19), described above.
Among a large number of professional society which endorsed the study, the American College of Radiology is
noted as one of the endorsing bodies.
In January 2018, the Hopkins group (Nazarian et al) published a compilation of their most recent results (32).
In this study a total of 1509 patients (880 PM, 629 ICD) underwent a total of 2103 MRI examinations, with no
clinically significant effects. The authors noted that 9 patients had devices that went into a backup mode at
some point during the MRI exam (0.4%); with 1 patient needing replacement of a device with 1 month battery
life remaining.
In addition, the Centers for Medicare and Medicaid Services (CMS) have proposed providing reimbursement
for MRI exams for patients with conventional CIEDs. (Previously, reimbursement had only been provided for
patients with devices carrying MR-conditional labeling.) Proposed guidelines state that reimbursement will be
contingent on following certain procedures, which largely mirror the Magnasafe, Hopkins, and other protocols
(33).

References
1.
2.
3.
4.
5.

6.

7.

Shinbane JS, Colletti PM, Shellock FG. Magnetic resonance imaging in patients with cardiac
pacemakers: era of "MR Conditional" designs. J Cardiovasc Magn Reson 2011;13:63.
Martin ET, Sandler DA. MRI in patients with cardiac devices. Curr Cardiol Rep 2007;9(1):63-71.
Kanal E, Gimbel JR. MR-conditional pacemakers (letter). AJR Am J Roentgenol 2012;198(5):W502503.
Gimbel JR. Unexpected asystole during 3T magnetic resonance imaging of a pacemaker-dependent
patient with a 'modern' pacemaker. Europace 2009;11(9):1241-1242.
Anfinsen OG, Berntsen RF, Aass H, Kongsgaard E, Amlie JP. Implantable cardioverter defibrillator
dysfunction during and after magnetic resonance imaging. Pacing Clin Electrophysiol 2002;25(9):14001402.
Russo RJ. Determining the risks of clinically indicated nonthoracic magnetic resonance imaging at 1.5 T
for patients with pacemakers and implantable cardioverter-defibrillators: Rationale and design of the
MagnaSafe Registry. Am Heart J 2013;165(3):266-272.
Poole JE, Gleva MJ, Mela T, Chung MK, Uslan DZ, Borge R, Gottipaty V, Shinn T, Dan D, Feldman
LA, Seide H, Winston SA, Gallagher JJ, Langberg JJ, Mitchell K, Holcomb R. Complication rates
associated with pacemaker or implantable cardioverter-defibrillator generator replacements and upgrade
procedures: results from the REPLACE registry. Circulation 2010;122(16):1553-1561.

Clinical Science Center
600 Highland Avenue
Madison, WI 53792-3252

8.

9.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lewis KB, Stacey D, Carroll SL, Boland L, Sikora L, Birnie D. Estimating the Risks and Benefits of
Implantable Cardioverter Defibrillator Generator Replacement: A Systematic Review. Pacing Clin
Electrophysiol 2016;39(7):709-722.
Interference between CT and Electronic Medical Devices. https://www.fda.gov/RadiationEmittingProducts/RadiationSafety/ElectromagneticCompatibilityEMC/ucm489704.htm. Updated
February 22, 2017. Accessed March 9, 2017.
Elagha AA, Weissman G. Pacemaker Malfunction Attributed to Multidetector Cardiac Computed
Tomography. Circulation 2016;133(3):342-343.
Hirose M, Tachikawa K, Ozaki M, Umezawa N, Shinbo T, Kokubo K, Kobayashi H. X-ray radiation
causes electromagnetic interference in implantable cardiac pacemakers. Pacing Clin Electrophysiol
2010;33(10):1174-1181.
Nazarian S, Hansford R, Roguin A, Goldsher D, Zviman MM, Lardo AC, Caffo BS, Frick KD, Kraut
MA, Kamel IR, Calkins H, Berger RD, Bluemke DA, Halperin HR. A prospective evaluation of a
protocol for magnetic resonance imaging of patients with implanted cardiac devices. Ann Intern Med
2011;155(7):415-424.
Naehle CP, Kreuz J, Strach K, Schwab JO, Pingel S, Luechinger R, Fimmers R, Schild H, Thomas D.
Safety, feasibility, and diagnostic value of cardiac magnetic resonance imaging in patients with cardiac
pacemakers and implantable cardioverters/defibrillators at 1.5 T. Am Heart J 2011;161(6):1096-1105.
Junttila MJ, Fishman JE, Lopera GA, Pattany PM, Velazquez DL, Williams AR, Trachtenberg BH,
Sanina C, Mather J, Hare JM. Safety of serial MRI in patients with implantable cardioverter
defibrillators. Heart 2011;97(22):1852-1856.
Dickfeld T, Tian J, Ahmad G, Jimenez A, Turgeman A, Kuk R, Peters M, Saliaris A, Saba M, Shorofsky
S, Jeudy J. MRI-Guided ventricular tachycardia ablation: integration of late gadolinium-enhanced 3D
scar in patients with implantable cardioverter-defibrillators. Circ Arrhythm Electrophysiol
2011;4(2):172-184.
Yamrozik J, Doyle M, Williams RB, Reddy ST, Shah M, Rayarao G, Vido DA, Biederman RW.
Imaging the PM/AICD patient; fancy or fanatical? In: Proc. 16th Annual SCMR Scientific Sessions;
2013; San Francisco.
Cohen JD, Costa HS, Russo RJ. Determining the risks of magnetic resonance imaging at 1.5 tesla for
patients with pacemakers and implantable cardioverter defibrillators. Am J Cardiol 2012;110(11):16311636.
Friedman HL, Acker N, Dalzell C, Shen WK, Asirvatham SJ, Cha YM, Hodge D, Felmlee J, Watson R,
Friedman PA. Magnetic resonance imaging in patients with recently implanted pacemakers. Pacing Clin
Electrophysiol 2013;36(9):1090-1095.
Russo RJ, Costa HS, Silva PD, Anderson JL, Arshad A, Biederman RW, Boyle NG, Frabizzio JV,
Birgersdotter-Green U, Higgins SL, Lampert R, Machado CE, Martin ET, Rivard AL, Rubenstein JC,
Schaerf RH, Schwartz JD, Shah DJ, Tomassoni GF, Tominaga GT, Tonkin AE, Uretsky S, Wolff SD.
Assessing the Risks Associated with MRI in Patients with a Pacemaker or Defibrillator. N Engl J Med
2017;376(8):755-764.
Nazarian S, Beinart R, Halperin HR. Magnetic resonance imaging and implantable devices. Circ
Arrhythm Electrophysiol 2013;6(2):419-428.

Clinical Science Center
600 Highland Avenue
Madison, WI 53792-3252

21.

22.

23.

24.

25.

26.
27.

28.
29.
30.
31.

32.

33.

Higgins JV, Sheldon SH, Watson RE, Jr., Dalzell C, Acker N, Cha YM, Asirvatham SJ, Kapa S,
Felmlee JP, Friedman PA. "Power-on resets" in cardiac implantable electronic devices during magnetic
resonance imaging. Heart Rhythm 2015;12(3):540-544.
Okamura H, Padmanabhan D, Watson RE, Jr., Dalzell C, Acker N, Jondal M, Romme AL, Cha YM,
Asirvatham SJ, Felmlee JP, Friedman PA. Magnetic Resonance Imaging in Non-Dependent Pacemaker
Patients with Pacemakers and Defibrillators with a Nearly Depleted Battery. Pacing Clin Electrophysiol
2017.
Sheldon SH, Bunch TJ, Cogert GA, Acker NG, Dalzell CM, Higgins JV, Espinosa RE, Asirvatham SJ,
Cha YM, Felmlee JP, Watson RE, Jr., Anderson JL, Brooks MH, Osborn JS, Friedman PA. Multicenter
study of the safety and effects of magnetic resonance imaging in patients with coronary sinus left
ventricular pacing leads. Heart Rhythm 2015;12(2):345-349.
Atar I, Bal U, Ertan C, Ozin B, Muderrisoglu H. Inappropriate shock and battery switching to "End of
Life" in a patient with biventricular ICD during magnetic resonance imaging. Turk Kardiyol Dern Ars
2016;44(1):79-81.
Maffe S, Paffoni P, Perucca A, Signorotti F, Dellavesa P, Parravicini U. Pseudo "end of life" indication
after electromagnetic field exposure: an unusual effect of magnetic resonance imaging on implanted
cardioverter defibrillator. Int J Cardiol 2012;156(2):e36-39.
Baser K, Guray U, Durukan M, Demirkan B. High ventricular lead impedance of a DDD pacemaker
after cranial magnetic resonance imaging. Pacing Clin Electrophysiol 2012;35(9):e251-253.
Horwood L, Attili A, Luba F, Ibrahim EH, Parmar H, Stojanovska J, Gadoth-Goodman S, Fette C, Oral
H, Bogun F. Magnetic resonance imaging in patients with cardiac implanted electronic devices: focus on
contraindications to magnetic resonance imaging protocols. Europace 2016.
Krebsbach A, Dewland TA, Henrikson CA. Malfunction of an MRI-Conditional Pacemaker Following
an MRI. Heart Rhythm Case Reports 2017;3:148-150.
Langman DA, Goldberg IB, Finn JP, Ennis DB. Pacemaker lead tip heating in abandoned and
pacemaker-attached leads at 1.5 Tesla MRI. J Magn Reson Imaging 2011;33(2):426-431.
Mattei E, Gentili G, Censi F, Triventi M, Calcagnini G. Impact of capped and uncapped abandoned
leads on the heating of an MR-conditional pacemaker implant. Magn Reson Med 2015;73(1):390-400.
Indik JH, Gimbel JR, Abe H, Alkmim-Teixeira R, Birgersdotter-Green U, Clarke GD, Dickfeld TL,
Froelich JW, Grant J, Hayes DL, Heidbuchel H, Idriss SF, Kanal E, Lampert R, Machado CE, Mandrola
JM, Nazarian S, Patton KK, Rozner MA, Russo RJ, Shen WK, Shinbane JS, Teo WS, Uribe W, Verma
A, Wilkoff BL, Woodard PK. 2017 HRS expert consensus statement on magnetic resonance imaging
and radiation exposure in patients with cardiovascular implantable electronic devices. Heart Rhythm
2017;14(7):e97-e153.
Nazarian S, Hansford R, Rahsepar AA, Weltin V, McVeigh D, Gucuk Ipek E, Kwan A, Berger RD,
Calkins H, Lardo AC, Kraut MA, Kamel IR, Zimmerman SL, Halperin HR. Safety of Magnetic
Resonance Imaging in Patients with Cardiac Devices. N Engl J Med 2017;377(26):2555-2564.
Proposed Decision Memo for Magnetic Resonance Imaging (MRI). https://www.cms.gov/medicarecoverage-database/details/nca-proposed-decision-memo.aspx?NCAId=289. Updated January 11, 2018.
Accessed January 30, 2018.

Clinical Science Center
600 Highland Avenue
Madison, WI 53792-3252

Figure 1: Johns Hopkins protocol for MRI of patients with pacemakers and ICDs; from Nazarian et al. (12).
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Figure 2: Protocol for MRI of a patient enrolled in the MagnaSafe study; reproduced from Russo (6).
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