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Is magnetic resonance safe in implanted cardiac devices patients?
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Background

Magnetic resonance imaging (MRI) is often avoided in

patients with implanted cardiac devices such as pacemak-

ers (PMs) and implantable cardioverter-defibrillators

(ICDs) because of safety concerns [1]. The overwhelming

majority of implanted devices are considered a contrain-

dication to MRI by the U.S. Food and Drug Administration

and by devices manufacturers [2]. Exposure to electro-

magnetic fields could cause variations in sensing, lead

impedance and capture threshold. Moreover, it can revert

the device to a back-up programming mode known as

‘‘power on reset’’, during which the device is susceptible to

inhibition of pacing output and activation of antitachycar-

dia therapies.

These alterations together with interference with the

ICDs functions may cause adverse clinical events, such as

induction of dysrhythmias.

It is estimated that during their lives, up to 75 % of

patients with cardiac devices need an MRI examination.

While research is attempting to develop an MRI-compati-

ble pacemaker, many patients will still retain the old one

for many years.

Summary

Nazarian et al. [1] evaluate in a prospective non-randomized

trial the safety of a 1.5 T MRI protocol for patients with

implanted cardiac devices (ICD and PM). 438 participants

(54 % with PM and 46 % with ICD implanted, respectively,

after the 1998 and 2000) were enrolled and underwent 555

MRI examinations. Patients with a recent implant

(\6 weeks), those with abandoned or epicardiac leads, and

PM-dependent patients with an ICD were excluded.

According to the experimental protocol, an asynchronous

pacing mode (VOO/DOO) was programmed in the pace-

maker-dependent patients, while an inhibited pacing mode

(VVI/DDI) was used for the other patients. The ICD function

of non-PM-dependent patients was disabled. During the MRI

examination, blood pressure, electrocardiography, pulse

oximetry and symptoms were monitored by a nurse with

experience in cardiac life support and device programming

who had an immediate backup from an electrophysiologist.

Device variables including sensing, impedance, capture

threshold and battery voltage were evaluated before MRI

examination, immediately after MRI and after 3–6 months.

Variations exceeding 30, 40 and 50 % for, respectively, lead

impedance, sensing and capture threshold were considered

as significant changes in lead performance.

Baseline and immediate follow-up interrogations were

performed in all 438. Long-term follow-up device variables

were available for 266 patients (61 %). 3 of 438 patients

(0.7 %) experienced acute power-on-reset events. None of

them had device dysfunction during long-term follow-up

(3–6 months). Right ventricular sensing and atrial, right

and left ventricular impedances were reduced immediately

after MRI. At long-term follow-up in 61 % of the patients,

decreased right ventricular (RV) sensing and lead imped-

ance, increased RV capture threshold and decreased battery

voltage were noted. The observed changes did not require

device revision or reprogramming. The distributions of

changes in device variables were within the 20 % at

baseline for most participants. Thoracic MRI sequences

had a greater effect on device variables and were more
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likely to result in artifacts (for instance, image distortion,

signal voids or bright areas and poor fat suppression).

Strengths of the study

• The issue of the study was clinically relevant;

• A long term follow-up was performed;

• Although not all available cardiac devices could be

used, a table with all the technical details of the ones

tested was provided in the paper;

• The protocol adopted was clear and reproducible.

Weakness of the study

• The study was not a controlled trial;

• The follow-up was not completed; 3–6 months follow-

up information about the devices’ variables were

collected directly in only 61 % (266) of the patients,

clinical information regarding the other 172 patients

was just obtained by telephone or with an interview, but

was missing for 43 (10 %) of the patients. Moreover it

is not known if device-related malfunctions or dys-

rhythmias occurred in these patients, most of whom

were at higher risk of events (thoracic MRI).

Question marks

• The absence of identified adverse events is not equiv-

alent to demonstrating the absolute safety of MRI in

patients with cardiac devices. In the medical literature,

some deaths putatively associated with MRI examina-

tion in patients with pacemakers have been reported [3,

4]. None of them occurred during appropriate physi-

cian-supervised monitoring as is the clinical trial

setting;

• The study protocol was carried out in a highly qualified

health center. It is questionable whether the study

protocol can be applied in small centers;

• It is not clear why at least two patients who should not

have been included according to exclusion criteria (one

PM implanted before 1998 and one ICD implanted

before 2000) were included in the study.

Clinical bottom line

With appropriate safety measures and a proper protocol,

MRI examinations can be performed safely in patients with

selected cardiac devices. Since changes in device variables

and programming may occur, electrophysiologic monitor-

ing and strict follow-up are essential. Extrathoracic MRIs

seem to be less dangerous than examination involving the

body region near the heart.
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