
2/12/2019 1

PACEMAKERS/ICDs and MRI

?
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MRI in a Pacemaker Patients is:

1. Absolutely forbidden

2. Now without risk due to MR-conditional devices

3. Requires highly-specialized equipment only available at certain 
institutions

4. Requires thoughtful programming even in MRI-conditional devices
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MRI in CIED (Cardiac Implantable Electronic Devices)

• Potential Issues

• Non-MRI Conditional
• Single Center Studies

• MagnaSafe Registry

• Abandoned Leads/Mis-Matched Systems

• MRI-Conditional

• Achilles’ Heels
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Why Might MR Pose a Problem?

Field Leads Generator

Static Magnetic Field

Strength 0.5-1.5 Tesla

Device displacement

Reed-switch interactions

Saturation of transformer 

core material (ICDs)

Radiofrequency Field

Frequency: 21-64 MHz

Heating of lead 

tip and tissue

Device reprogramming

Device reset

Rapid pacing

Magnetic Gradient Field

Strength: up to 50 mTesla

Induced voltage Inappropriate sensing

Inappropriate triggering

Luechinger PACE 2001
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Lead Heating Biomarker and Histologic Changes

Mollerus M et al PACE 2008;31:1241
Bassen HI and Mendoza GG BioMedical Engineering OnLine 2009, 8:39
Luenchinger R et al Eur Heart J 2005;26:376

Langman DA et al 

J. Magn. Reson. Imaging 2011;33:426–431
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Single Center Studies of MRI at 1.5 Tesla

Adapted From: Jung W et al Curr Opin Cardiol 2015, 30:65–73 

409 scans (311 patients)
No patient with threshold ≥ 1V
7 ERI/EOL/POR (1.9%)

Sandler DA et al HRS 2010

2019: >1500 MRIs



2/12/2019 8

MagnaSafe Registry

• Clinically indicated MRIs
• 1000 Pacemakers

• 500 ICDs

• Programmed DOO/VOO or ODO/OVO

• Limitations
• Non-Thoracic

• 1.5 Tesla

• No abandoned leads

• No ERI devices
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MagnaSafe Registry
N Engl J Med 2017;376:755-64
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Decision Memo 4/10/2018
• MRI field strength is 1.5 Tesla
• The device has no fractured, epicardial, or abandoned leads
• The facility has implemented a checklist which includes the following:

• Patient assessment is performed to identify the presence of the device 
• Risks and benefits of the MRI scan are communicated with the patient
• The device is interrogated and programmed appropriately during the scan
• A qualified physician, nurse practitioner or physician assistant with expertise with CIEDs must 

directly supervise as defined in 42 CFR § §410.28 and 410.32
• Patients are observed throughout the MRI scan via visual and voice contact and monitored 

with equipment to assess vital signs and cardiac rhythm
• An advanced cardiac life support provider must be present for the duration of the scan;
• A discharge plan that includes before being discharged from the hospital/facility, the patient is 

evaluated and the device is re-interrogated immediately after the MRI scan to detect and 
correct any abnormalities that might have developed during the MRI
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Abandoned Leads
Mayo: Higgins JV et al PACE 2014;37:1284-1290
• 19 patients

• 35 scans, mean 1.63 abandoned leads

• No adverse events
Mayo: Padmanabhan D et al HRS 2017
• 57 patients

• 70 scans and 63 abandoned leads

• No adverse Events
U of Penn: Brunker T et al: HRS 2017
• 24 patients

• 34 scans, mean 1.45 abandoned leads

• No adverse events
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Mismatched CIED Generator and Leads

University of Chicago: Moyer D et al HRS Scientific Sessions 2018 

• 18 Mismatched devices and leads

• No difference in performance (as compared to matched MRI-
conditional and Non-conditional)

Thoracic MRI
University of Arizona: Nyotowidjojo IS et al PACE 2018;41:589-96

• 238 patients (339 scans)

• No difference in performance thoracic vs non-thoracic
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“For patients who do not require pacing 

support, program the device to the non-

pacing mode (ODO for DR devices and 

OVO for SR devices)”
- Medtronic Academy

MRI–Conditional CIEDs
“Recommended” Programming 
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The Risk of “Power-On Reset”

Gimbel JR EP Europace, 2009;11( 9):1241–1242
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OHI Protocol
Pre-MRI
• EP Consulted
• Risks/Benefits Evaluated
• Programming “Prescription” Documented

• Tachy-therapies OFF on all ICDs
• Pacemaker Dependent: VOO/DOO
• Non-Dependent: ODO, OVO, DDD, VVI, AAI
• If not turning pacing off, remember to disable goofy algorithms

In MRI
• MRI conditional/non-conditional treated essentially the same
• Device interrogated and programmed pre and post (w/thresholds)
• ACLS provider monitors throughout: Telemetry and pulse oximetry
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During a Pacemaker MRI Allyson Sees This:

What Should Ally Do?

1. Run in and give adenosine
2. Run in with a defibrillator
3. Stop the MRI immediately
4. Keep sipping her coffee
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Conclusion

• Most patients with pacemaker and ICDs may undergo MRI safely in a 
controlled, supervised environment

• CMS now recognizes (pays for) MRI when performed under protocol

• Careful attention is required to program the devices appropriately for 
the scan 

• MR-conditional devices are available, but still require thoughtful 
programming and monitoring
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Still Contraindicated….
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PACEMAKERS/ICDs and MRI

?
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Pacemaker/ICDs and MRI
Fatal Attraction?

David A. Sandler, MD, FACC, FHRS

Director, Electrophysiology

Oklahoma Heart Institute

Tulsa, OK
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