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MRI Safely Performed in Patients with Pacemakers and ICDs
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At A Glance

e MRI can be performed safely in patients with non-MR compatible cardiac devices.
o Researchers enrolled more than 500 participants who had undergone a total of 608 MRI exams, including 61 cardiac MRI exams.
o Researchers enrolled more than 500 participants who had undergone a total of 608 MRI exams, including 61 cardiac MRI exams.

OAK BROOK, Ill. — MRI examinations can be performed safely in patients with non-MR compatible cardiac devices, including those who are pacemaker-
dependent or have abandoned leads, according to a study published in Radiology: Cardiothoracic Imaging.

Millions of people around the world rely on implanted cardiac devices like pacemakers and implantable cardioverter defibrillators (ICDs) to help control
abnormal heart rhythms. MRIs are discouraged or prohibited in many of these people over fears that the powerful magnet of the scanner will heat the metal
in the devices, potentially damaging heart tissue and harming the devices.
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The U.S. Food and Drug Administration (FDA) has identified a subset of implanted cardiac devices as MR conditional, meaning they pose no known hazard
under specified conditions. Pacemakers or ICDs that have not met the criteria are considered non-MR conditional. In these patients, clinicians are forced to
choose between removing a necessary cardiac device or getting an alternate and potentially less-effective imaging test.

“While all devices implanted in patients today are MRI compatible, millions of people worldwide, including many young people, have older devices
considered not compatible,” said study lead author Sanjaya K. Gupta, M.D., from Saint Luke’s Mid America Heart Institute in Kansas City, Missouri. “It’s
unfair to tell these people that they can’t get an MRI for the rest of their lives.”

Prior research has demonstrated the safety of performing MRI exams in patients with non-MR conditional devices. However, those studies did not account
for pacemaker-dependent ICD patients, or patients whose hearts won’t function if the defibrillator is removed or stops working. Other groups not
accounted for in previous studies include patients undergoing chest and cardiac MRI exams and patients with abandoned or fractured leads, or wires that
connect the device to the heart.

To develop a more comprehensive picture of risk, Dr. Gupta and colleagues established the Patient Registry of Magnetic Resonance Imaging in Non-
Approved Devices (PROMeNADe). They enrolled more than 500 participants who had undergone a total of 608 MRI exams, including 61 cardiac MRI
exams. Participants included people from groups not accounted for in previous research.

Patients had their devices checked before and after each MRI and had their vital signs monitored closely by a nurse during their time in the scanner. Devices
were turned to asynchronous mode in pacemaker-dependent patients before they went in the scanner. ICD patients had tachycardia therapies disabled
during the MRI.

The results demonstrated that MRI exams—including chest MRI exams—can be performed safely in pacemaker-dependent ICD patients and in patients
with non-MR conditional devices or abandoned leads.

“There were no adverse events,” Dr. Gupta said. “The protocol worked amazingly well. We had no issues with any of the patients and no harm to the
devices.”

The registry is now the largest series of MRI scans that has ever been put together in patients with pacemaker-dependent ICDs. It is also the second largest
in patients with abandoned or fractured leads and the third largest in non-compatible devices.

Results from a survey of the physicians who had referred the patients for MRI underscored the importance of the exams. According to responses from 150
physicians, MRI results changed the suspected diagnosis 25% of the time and changed suspected prognosis in 26% of participants, with planned medical or
surgical treatment being changed 42% of the time.

“We’re hopeful that our work will add support to expand the FDA’s indications for devices that are considered MRI-compatible,” Dr. Gupta said.

The study was inspired, in part, by the case of a patient with a brain tumor who was unable to get sorely needed MRI examinations because her pacemaker
was not MR conditional. Without MRI results to precisely localize the tumor, the patient had to undergo several risky surgeries.

“A lot of work went into this study but it’s worth it when you consider all the lives impacted,” Dr. Gupta said. “I feel like it makes a difference to a lot of
people.”

“Safety and Clinical Impact of MRI in Patients with Non-MRI-conditional Cardiac Devices.” Collaborating with Dr. Gupta were Lina Ya’qoub, M.D., Alan
P. Wimmer, M.D., Stanley Fisher, M.D., and Ibrahim M. Saeed, M.D.
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Radiology: Cardiothoracic Imaging is edited by Suhny Abbara, M.D., University of Texas Southwestern Medical Center, Dallas, and owned and published
by the Radiological Society of North America, Inc. (https:/pubs.rsna.org/cardiothoracic-imaging)

RSNA is an association of radiologists, radiation oncologists, medical physicists and related scientists promoting excellence in patient care and health care
delivery through education, research and technologic innovation. The Society is based in Oak Brook, Ill. (RSNA.org)

For patient-friendly information on cardiac MRI visit Radiologylnfo.org.
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Figure 1. Flowchart demonstrates algorithm of patient enrollment and protocol for device evaluation and programming. BP = blood pressure, ECG =
electrocardiogram, ICD = implantable cardioverter defibrillator, PVC = premature ventricular contraction, VOO/DOO = asynchronous pacing, VVI/DDI =

inhibited pacing.
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PROMeNADe Utilization Survey

Impact of Promenade Study on Clinical Decision Making

1. What field of medicine do you practice?
O Neurology

O Neurosurgery

O Interventional Neurology

O Orthopedic Surgery

O Physical Medicine and Rehabilitation

O Other (please specify): [

2. Diagnostic Utility of the MRI (please pick one choice below)

O The MRI scan confirmed my suspected diagnosis

O The MRI scan changed my suspected diagnosis

O The images were not sufficient to either confirm or change my diagnosis
3. Prognostic Utility of the MRI (please pick one choice below:)

O The MRI scan confirmed my suspected prognosis for this patient

O The MRI scan changed my suspected prognosis for this patient

O The images were not sufficient to either confirm or change my suspected prognosis

4. Impact of MRI scan on Treatment Plan (please select all that apply):

[J The image quality was not sufficient to change either medical or surgical treatment

[J The MRI scan changed planned surgical treatment

[J The MRI scan did not change planned surgical treatment, but it assisted in surgical planning or treatment

[J The MRI scan changed planned medical treatment
[J The MRI scan led to further testing that would not have been ordered otherwise
[J The MRI scan obviated the need for further testing. If so, list the test below

The test not performed as a result of the MRI was: |

]

Figure 2. The Patient Registry of Magnetic Resonance Imaging in Non-Approved DEvices survey form sent to referring physicians. The referring physician

could select more than one option when answering the fourth question in the survey.
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Figure 3. MRI examinations in patients with non-MRI-conditional cardiac implantable electronic devices according to the referring physician by specialty.

High-res (TIF) version
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Figure 4. Chest radiograph, posteroanterior view, in a 64-year-old woman with history of heart transplantation, demonstrates retained portion of right
ventricular pacing lead and defibrillator lead with superior vena cava coil. This patient underwent five MRI examinations as part of this registry.

Reason for Lead Abandonment

Explanted generator 8%

Device upgrade 8%

Contralateral implant 8%

Retained defective lead 20%

OHT 56%

0% 10% 20% 30% 40% 50% 60%

Figure 5. MRI examinations in patients with non-MRI-conditional cardiac implantable electronic devices and abandoned leads according to reason for lead
abandonment. OHT = orthotopic heart transplant.
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Figure 6. Chest radiograph, posteroanterior view, in an 85-year-old woman with history of previous pacemaker that was explanted and retained right
ventricular pacing lead. There is evidence of vertebroplasties at multiple levels.
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Figure 7. Chest radiograph, posteroanterior view, in a 79-year-old man with history of previous pacemaker, with abandoned right atrial and right
ventricular pacing leads on the right side at time of new cardiac resynchronization therapy defibrillator implant on the left side. Arrows indicate a nodular
opacity in the right midlung concerning for mass.
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Figure 8. Chest radiograph, anteroposterior view, in a 76-year-old man with history of previous abdominal cardiac resynchronization therapy defibrillator
that was explanted, with retained right ventricular defibrillator lead, coronary sinus lead, and an epicardial patch.
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Figure 9. (a-b) Description of survey responses regarding diagnostic utility and prognostic utility (a) as well as impact on treatment plans (b) for patients
undergoing cardiac and noncardiac MRI examinations in the presence of nonconditional cardiac implanted electronic devices. CMR = cardiac MRI.
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