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BACKGROUND
Cardiac permanent pacemakers (PPMs) are used 

in patients with abnormalities of their intrinsic con-
duction system to prevent slow heart rates. Between 
1993 and 2009, their use increased by 50 percent, with 
2.9 million PPMs implanted.1 Implantable cardiac defi-
brillators (ICDs) are used for the prevention of sudden 
cardiac death due to ventricular arrhythmias. Though 
initially indicated only for the secondary prevention 
of sudden death, two landmark trials (MADIT-II and 
SCD-HeFT) vastly expanded their use to include pri-
mary prevention in certain patients with poor cardiac 
function. As of 2003, an estimated three million 
people met criteria for insertion of an ICD for either 
primary or secondary prevention.2  As a result, mil-
lions of people in the United States have an implanted 
cardiac permanent pacemaker (PPM) or defibrillator 
(ICD), and the number is steadily increasing.

THE PROBLEM
Magnetic resonance imaging (MRI) can provide 

important imaging information that may not be 
obtained through computed tomography (CT) scan, 
X-ray, or ultrasound, particularly with regard to spatial 
resolution and multi-plane 3-D analysis. MRI is partic-
ularly good for soft tissue imaging and is the preferred 
imaging technique for many neurological and muscu-
loskeletal conditions.3 In addition to its potentially 
superior imaging characteristics, MRI has the advan-
tage of not exposing patients to ionizing radiation.

PPMs and ICDs have traditionally been con-
sidered an absolute contraindication to MRI due to 
safety concerns regarding the potential interactions 
between MRI and an implantable cardiac device with 
metal components. Safety concerns include heating at 
the lead-tissue interface, mechanical movement of the 
leads and device in the presence of a strong magnetic 

field, damage to the electrical circuitry of the device, 
and device malfunction due to pacemaker resets or 
pacing changes.4 However, in the face of increasing 
numbers of implanted cardiac devices, and increasing 
demand for MRI as the diagnostic modality of choice, 
it is estimated that up to 75% of patients with a PPM 
or ICD will need MRI at some point following implan-
tation of their device.2

THE SOLUTION
Device manufacturers have recognized the need 

to develop MRI conditional cardiac devices, and 
in recent year, PPMs, ICDs, and leads have been 
tested and approved, making it possible for patients 
with these MRI conditional systems to have MRIs. 
However, less than 1% of current indwelling cardiac 
devices are MRI conditional.

Since 2001, advances in cardiac devices and 
MRI technology have decreased the likelihood 
of device malfunction when exposed to the MRI 
environment. As a result, several studies have been 
performed in academic medical centers across the 
United States to demonstrate the safety of MRIs 
in patients with PPMs and ICDs. Mollerus and co-
workers determined that there was no increase in 
arrhythmic activity during an MRI scan in patients 
with implanted devices.3 Nazarian and co-workers 
also studied patients with PPMs or ICDs who under-
went medically indicated MRI, and found that MRI 
is safe for cardiac device patients when preceded 
by appropriate screening protocols.5  Their patients 
experienced no immediate or long-term events 
that required lead or system revision or reprogram-
ming.6 Similarly, Russo et. al. studied over 800 
patients with non-MRI conditional PPMs or ICDs 
and reported no significant adverse events.7 
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A STUDY OF MRI FOR CARDIAC DEVICE PATIENTS AT LGH 
LGH is the first community hospital in the United 

States to gain CMS approval for a research study to 
evaluate the safety and efficacy of MRI in patients with 
PPMs or ICDs. Lancaster Heart and Vascular Institute 
is conducting the study, led by principal investigators 
Sandeep Bansal, M.D., M.P.H., and Paul A. Leslie, 
M.D.

This is a prospective, single-institution registry 
of MRI scans in patients with PPMs or ICDs who 
undergo medically indicated MRIs.  The purpose of 
the registry is to accumulate interrogation data from 
devices before and after an MRI scan to determine the 
risk of MRI to patients with implantable devices.  The 
study is similar to studies at Penn Medicine and Johns 
Hopkins,8 and will allow LGH to gather data for the 
Centers for Medicare and Medicaid Services to further 
evaluate the safety of providing access to a wider range 
of diagnostic imaging modalities in a community hos-
pital setting.

STUDY DESIGN
The registry will acquire and analyze data about 

the function of devices and the occurrence of adverse 
events related to the MRI scan. Only patients with 
implanted devices who have received an order for 
a clinically indicated MRI scans will be considered 
for inclusion in the registry. Clinical review will be 
performed by a designated radiologist to ensure the 
appropriateness of the MRI request. Any patient with 
a PPM or ICD system that meets all of the inclusion 
criteria and none of the exclusion criteria, and who 
requires a non-cardiac, medically-indicated MRI will 
be eligible to enroll in the registry. The study’s inclu-
sion and exclusion criteria are listed in Table 1.

The MRIs will be performed at the LGH Lime 
Street MRI facility.  MRI scan sequences, field 
intensity, and field(s) of exposure will be selected to 
minimize risk to the patient while gaining the imaging 
information necessary for diagnosis or management of 
therapy.

Study Enrollment
Patients will continue to be enrolled in this 

registry at LGH until CMS approves the use of 
MRIs in all patients with non-MRI conditional 
cardiac devices. We anticipate that at least five-
hundred patients will be enrolled. Patients who 
sign the research consent form and enter the MRI 
environment will be considered to be enrolled, and 

will remain so until all post-MRI followup of their 
device is completed.  

Patient Follow-up
Patient follow-up includes a check of the patient’s 

implantable cardiac device immediately post-scan 
and again one to six weeks after the scan to confirm 
appropriate function. Patients with one or more device 
parameter changes may return for a total of three fol-
low-up device interrogation visits.

The need for device reprogramming will be 
based on the clinical judgment of the attending elec-
trophysiologist. The results of each follow-up device 
interrogation will be documented and reported in 
EPIC device chart and the registry REDCap database 
(https://redcap.lghealth.org/redcap/). 

Reporting
All device-related adverse events/symptoms will be 

documented on the data collection form and reported 
to the LGH Institutional Review Board (IRB) and 
CMS on a quarterly basis. Results will also be updated 
on the clinicaltrials.gov website on an annual basis. 
Registry results will be submitted for publication to 
one or more peer reviewed journals and may also be 
presented internally to physicians and other stakehold-
ers who care for the defined study population.

Ordering Physician Workflow
The ordering physician will enter the MRI order 

and contact the Research Coordinator via the 24- 
hour Research Hotline (717-902-9544) to provide 
the patient’s information (name, MRN, reason for 
MRI, and type of MRI to be done). The Research 
Coordinator will enroll the patient in the study and 
coordinate the screening workflow with an electro-
physiology specialist, the radiologist and MRI facility, 
relevant scheduling departments, and the patient.

CONCLUSIONS
By elucidating the safety and efficacy of MRI for 

patients with PPMs and ICDs, the registry data may 
impact physicians’ diagnostic choices for this patient 
population. Patients previously excluded from under-
going MRI despite having conditions for which MRI 
remains the recommended diagnostic procedure may 
now be able to do so through participation in the reg-
istry. The diagnostic information from the MRI scan 
may alter treatment decisions and may ultimately affect 
patient outcomes.  
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Table 1 
Study Inclusion and Exclusion Criteria 

Inclusion Criteria Exclusion Criteria 

• Patient has a non-MRI conditional 
PPM or ICD implanted after 2001 

• Patient has a strong clinical 
indication for a non-cardiac MRI 
where MRI is the diagnostic 
modality of choice for specific 
disease state without acceptable 
alternative imaging technologies as 
determined by the ordering 
physician and a radiologist 

• Patient is at least 18 years of age 
• Patient is willing and able to sign 

study informed consent and 
HIPAA authorization 
 

• PPM or ICD leads implanted ≤ 6 
weeks prior to scheduled date of 
MRI 

• Presence of 
capped/abandoned/epicardial leads 
or subcutaneous coil  

• Pregnancy  
• Patient is pacemaker dependent  
• Cardiac MRI 
• Device generator at elective 

replacement interval 
• Abdominal device implant 
• Cardiothoracic surgery within 3 

months of planned procedure 
• Myocardial infarction within 3 

months of planned procedure 
• Other contraindication for MRI 

(such as implanted metallic objects, 
claustrophobia, morbid obesity) 
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