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M

RI is an imaging modality that
uses electromagnetic fields to
generate anatomic and, at times, functional information. The combination of
superb image quality and lack of hazardous ionizing radiation have made
its use very popular. This is the image
modality of choice for imaging of the
brain, lower spine, and complex joints
such as the shoulder, hip, or knee.
The electromagnetic fields used to
obtain the MR image have the potential
to interfere with the proper function of
cardiac implantable electronic devices
(CIEDs) such as pacemakers, implantable cardioverter defibrillators, and
more complex devices such as cardiac
resynchronization therapy with a defibrillator. Therefore, for many years,
it was feared that performing MRI
in patients with such devices may be
associated with adverse effects.
However, an estimated 2 million
patients in the United States alone have
CIEDs, and likely half of these patients
will someday need an MRI. As such,
the dilemma of exposing patients carrying such devices to MRI is common
and is expected to become even more
frequent as both the implantation of

CIEDs and performance of MRI examinations steadily grow.

What Are Cardiac
Implantable Electronic
Devices?
The conduction system in the heart generates and propagates electric signals that
activate the heart muscle cells, leading to
their contraction. Heart rhythm disorders
are characterized by an abnormal heart
rate, resulting in improper heart function.
Some disorders can result in severe dysfunction of the heart and even death.
CIEDs monitor the intrinsic heart
rate and detect the presence of rhythm
abnormalities. They can deliver electric signals to the heart to treat detected
abnormalities. Pacemakers can activate
the heart once an inappropriately slow
rhythm is detected, and implantable
cardioverter defibrillators are used for
the detection and treatment of disorders with an abnormally fast rhythm.

first is a pulse generator, usually located
underneath the skin in the left upper chest
region. The second is leads that connect
between the heart tissue and the pulse
generator and convey the electric signals. Both of these components have the
potential to interact with and be affected
by the electromagnetic fields generated
during an MRI examination.
There are several potential interactions (Table):

Performance of MRI Scans
in Patients With CIEDs

Pacemakers and implantable cardioverter
defibrillators have 2 components. The

Despite these potential adverse effects,
many preclinical and clinical studies
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A. M
 ovement of the pulse generator and dislodgement of the
leads owing to the presence of
ferromagnetic materials present
in device components and the
strong magnetic field.
B. Damage to the heart tissue caused
by heating of the lead tip.
C. Change in device function and
programming.
D. Detection of electric signals generated during the scan by the
CIED and falsely relating them to
the electric activity of the heart.

How Can an MRI Scan
Interfere With the
Function of CIEDs?
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Table. Potential Problems Encountered During an MRI Examination of Patients
Harboring a CIED and Suggested Management Options
Problem

Problem Description

Suggested Measures to Prevent Problem

A

Movement of pulse generator or
dislodgment of leads

Perform examination at least 6 weeks after
device implantation

B

Damage to heart tissue caused by lead tip
heating

Theoretical problem – does not exist in clinical
practice

C

Changes in device function or programming 1. Device checking before the examination and
during the examination
performance of adequate programming
2. Use of an MRI-conditional device

D

Detection of false electric signals by the
device

1. Adequate programming of the device before
the examination
2. Use of an MRI-conditional device
3. Continuous monitoring during the examination

A–D

Perform the examination only if deemed
necessary and it provides information that cannot
be obtained by other means

CIED indicates cardiac implantable electronic device.

demonstrate them to be exaggerated
and mostly theoretical. Experiments
show that there is no tissue damage
and, when imaging is performed at
least 6 weeks after implantation, there
is no device movement.
Several studies had consistently demonstrated that, when patients carrying a
CIED are appropriately screened and the

device is both checked and adequately
programmed beforehand, they may
safely undergo MRI scans.1 Recently, the
largest series was presented at the 2014
American Heart Association Scientific
Sessions. The MagnaSafe analysis
included 1500 patients and proved that
MRI, at 1.5 Tesla, can be performed
for patients with standard devices at no

significant clinical risk, while adhering to
several important safety rules.
The mandatory steps to allow the
safe performance of MRI imaging in
patients with CIEDs are (Table):
1. Only patients for whom MRI
is deemed absolutely necessary
should undergo an examination. In addition, only patients in
whom the device was implanted
>6 weeks before should undergo
an examination.
2. The device must be checked
before the scan by a person experienced with device handling. The
device settings should be adjusted
before the MRI scan, with the
exact setting chosen depending on both patient and device
characteristics.
3. The patient must be continuously
monitored during the scan, and
both personnel and equipment for
cardiac resuscitation should be
readily available.
4. After the scan, the device
should be examined to verify its
proper function and to be reprogrammed to its original prescan
setting. At least 1 month later,
the device should be reexamined to verify that it functions
properly.
Because the safety and feasibility of
MRI in patients with a CIED have been
demonstrated, professional association
guidelines have recently changed their
definition from absolute to relative
contraindication.2–4 Nevertheless, the
major MRI vendors still do not allow
performance of a scan in a patient with
any CIED.

Recent Improvement in
MRI-Conditional Devices

Figure. An algorithm for the management of patients with a CIED planned to undergo
MRI imaging. CIED indicates cardiac implantable electronic device.

Manufacturers have raced to develop
and market CIEDs that can operate safely in the MRI environment.
In recent years, several such devices,
termed MRI-conditional, have been
marketed. These devices were modified to have less ferromagnetic interference and are equipped with special
hardware and software designs that
allow the safe performance of MRI
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examinations.5 The use of such devices
still necessitates performance of the
examination under certain patient and
MRI-system conditions.
An MRI-safe device, one that
needs no special handling or monitoring before and during an MRI scan, has
yet to be developed.

Conclusion

F1

Because the use of both CIEDs and
MRI imaging is increasing, more
patients with such devices will need to
undergo a MRI examination. Protocols
allow patients carrying conventional,
non–MRI-conditional, devices to
undergo imaging safely (Figure).
Recently, MRI-conditional devices,
which maximize safety in the MRI
environment, have entered the market.

Today, under specific conditions,
when there is a clinical need, patients
with CIEDs can usually undergo MRI.
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