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INTRODUCTION

It is estimated that up to 75% of patients with cardiac implantable electronic devices (CIEDs) will have an 
indication for nuclear magnetic resonance imaging (MRI) throughout their lives. Th is population has been historically 
excluded from the list of patients considered eligible for this examination due to the characteristics of the devices.

A CIED consists of electrode leads and a generator. Each electrode lead is a multifi lament metal spiral connector 
that connects the generator to the heart muscle. Th e generator, in turn, consists of battery, circuits and connector for the 
electrode leads. Th e function of the electrode leads is to conduct electrical impulses with minimum energy suffi  cient to 
initiate a cardiac electrical impulse (P or QRS wave). Another essential function of the leads is to transmit electrical 
information acquired in the myocardium (intracavitary electrogram) to the generator, i.e., to feel the patient’s native 
electrical rhythm, avoiding unnecessary stimulation.

Th e generator is usually located in the right or left infraclavicular space (or less frequently in the lateral region 
of the chest or abdomen). It has the function of interpreting stimuli coming from the electrode leads and generate 
electrical impulse by electric current between the myocardium and the generator (using the electrode leads as 
conductors). It contains the battery necessary for the impulse (with durability ranging from 7 to 15 years in general) 
and programmable circuits, that allow minimum frequency, increase in movement-dependent frequency, integration 
between the electrode leads located in several heart chambers, etc. In exceptional cases, such as in children, the generator 
can be positioned in the abdomen, and the electrode leads are usually transvenous and, eventually, epimyocardial. 
Systems with the generator directly implanted into the heart (leadless pacemaker) or with subcutaneous implantable 
cardioverter-defi brillator (ICD) are available for use in selected cases. Th e magnetic fi eld generated by MRI can be 
interpreted by the CIED as abnormal cardiac electrical signal (QRS or P wave) and create interference that would 
cause one of the following behaviors:

ARTIFICIAL HEART STIMULATION
Guidelines
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• Trigger artifi cial heart stimuli at high frequency;
• Inhibit stimuli of the heart;
• Damage the electrode leads, generator or heating of the system;
• Modifi cation of forced stimulation parameters (reset);
• Trigger inappropriate shocks (in the case of internal cardioverter-defi brillator).

Despite the initial concern, the movement of the device and the torsion of the electrode leads were not evident due to 
the adherence of the tissues to the subcutaneous.

Th e heating of the system (causing damage to components and injury to the myocardium around the electrode lead) 
was proven for nonconditional electrodes. Th is may lead to an increase in the threshold necessary for myocardial stimulation 
and patient discomfort.

All CIEDs to be submitted to MRI shall be reprogrammed before and after the examination. Some newer devices are 
capable to detect the magnetic fi eld of the MRI when activated for a predetermined period, which makes programming 
appropriate when the patient is inside the scanning room (zone 4). Most of them, however, should be reprogrammed to 
asynchronous or appropriate mode as late as possible and returned to the original setting after the end of the examination 
in the shortest period considered appropriate by the physician responsible for monitoring the patient with CIED. Th is 
orientation is based on the potential risk of asynchronous stimulation competing with the patient’s own pace and being 
potentially arrhythmogenic in pacemakers. Patients with cardioverter-defi brillators should not leave a supervised environment 
without adequate protection from antitachycardia therapies.

DEFINITION OF DEVICES

• Pacemaker: device that has the function of stimulation and sensitivity. Th e pacemaker allows to guarantee the 
minimum stimulation frequency of the patient. Programming is described by letters (Table 1).

• Resynchronizers: also called multisite pacemaker, they are devices that allow simultaneous stimulation of the left 
ventricle (LV) by an electrode lead positioned in a epicardial tributary vein of the venous coronary sinus. Th ey 
may or may not be associated with defi brillator function and, if so, it is called multisite defi brillator. Patients with 
cardiac resynchronizers have signifi cant structural heart disease and compromised LV ejection fraction (usually 
less than 35%). Th e LV electrode lead is positioned in a epicardial tributary vein of the venous coronary sinus. 
Eventually the LV electrode lead can be implanted by epimyocardial access.

• Cardioverter-defi brillators (ICDs): CIEDs with stimulation function identical to the pacemakers’. Th ey also 
have a capacitor that allows the device to release shocks with high energy. Th eir function is to control ventricular 
tachycardia or ventricular fi brillation, and they are usually implanted in patients with diff erent degrees of ventricular 
dysfunction or with higher risk of cardiorespiratory arrest.

• Event monitors: Subcutaneous devices from 3 to 6 cm positioned in the anterior thorax. Th eir function is the 
prolonged monitoring of cardiac arrhythmias. All currently available event monitors are MRI compatible. It is 
recommended, at the physician’s discretion, the evaluation of the data before the examination, due to the risk of 
loss of the information collected so far or even their suppression by the acquisition of magnetic fi eld artifacts.

• Conditional devices: CIEDs for which exposure to magnetic fi eld presents no risk to the patient. Th ey are DCEIs 
that contain only electrode leads described by the manufacturer as conditional, connected to generators also described 
by the manufacturer as conditional and that do not meet the exclusion criteria. Electrode leads and generators 
must be from the same manufacturer. Th e use of electrode leads and generators from diff erent manufacturers may 
not be guaranteed in case of damage to the system.

• Nonconditional devices: those that have not been extensively tested and/or are not guaranteed by the manufacturer 
against potential damage caused by the MRI environment (Table 2).
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MINIMUM SAFETY PARAMETERS

The minimum safety parameters for patients with CIED in the MRI room are:
1.	 Monitoring of cardiac rhythm (preferably by electrocardiogram) and real-time saturation during the entire examination;
2.	 Presence of a physician and staff capable of attending cardiorespiratory arrest (CRA) in the radiology section 

(immediately outside zone 4, also known as the MRI room);
3.	 Availability of CRA material immediately outside zone 4, according to the current guidelines of the Advanced 

Cardiovascular Life Support (ACLS);
4.	 It is suggested to perform these procedures in a hospital or clinic that has parameters 1, 2 and 3 and the ability to 

safely remove the patient to the intensive care unit in case of need;
5.	 Have an institutional standard operating protocol that is easily accessible to all laboratory members.

SPECIFIC GUIDELINES FOR THE DIFFERENT DEVICES
Conditional Stimulators

Conditional implantable devices arrived in Brazil in 2012. The manufacturers initially developed electrode leads and generators 
that allow the performance of magnetic resonance exams with exclusion zone (avoiding thorax, cervical region and upper abdomen), 
subsequently developing authorized devices for the whole body. Other models were developed with similar technologies.

Table 1. Pacemaker programming modes for performing nuclear magnetic resonance.

Simulated chamber Sensed chamber Response to the sensed event Adaptive frequency

O = None 
A = Atrium
V = Ventricle

D = Atrium and ventricle

O = None 
A = Atrium
V = Ventricle

D = Atrium and ventricle

O = None 
I = Inhibited

T = Triggered
D = Both

R = Connected frequency 
responde

Table 2. Checklist for performing magnetic resonance imaging (MRI) in patients with cardiac electronic devices.

Before the examination

Authorization from the surgeon informing (verification by the staff responsible for the MRI is necessary):
•	 If the device is conditional;
•	 If the autodetect or similar functions are programmed;
•	 If the programming will be performed by a member of the electrophysiologist team/member of the radiology service 

immediately before the MRI and after the end of the examination;
•	 If the patient is able to perform the procedure without reprogramming.
•	 If it complies with the institutional protocols:
•	 Check if there is a professional locally available for reprogramming the device when necessary (nonconditional or 

nonprogrammed);
•	 Check if there is staff capable of attending cardiorespiratory arrest (CRA);
•	 Check if there is material available for CRA care.

During the examination

•	 Check if there is effective rhythm and saturation monitoring.
•	 After the examination:
•	 Check the patient’s vital signs;
•	 Check if the device has been reprogrammed with the approval of the physician responsible for the procedure; 
•	 Confirm with the responsible physician the safety of the patient’s discharge.
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The patient pacemaker identification card contains the model of his electrode leads and generator with information 
about compatibility with resonance imaging. The complete updated list of electrode leads and conditional generators is 
available on the website of the Brazilian Association of Arrhythmia, Electrophysiology and Artificial Heart Stimulation 
(ABEC) (https://abecdeca.org.br/medico).

However, CIEDs must be reprogrammed prior to exposure to the magnetic field. The objective of this reprogramming 
is to make the CIED indifferent to the magnetic field (asynchronous mode) and to perform other modifications, such as 
increasing the stimulation energy. Reprogramming should also evaluate command thresholds and remaining battery charge 
to assess the safety of the patient’s exposure to the magnetic field. Ideally, the battery should not be less than 30% of its 
capacity and the control thresholds should not be raised prior to the test, although they are not absolute contraindications 
to the procedure.

Parameters of 1.5 T, gradient slew rate < or = at 200 T/m/s and maximum SAR < or = at 2 W/kg allow safety in all 
conditional devices regardless of region of interest. Some devices already allow 3 T and this can be verified if it is in the 
interest of the patient and the physician responsible for imaging.

Conditional Cardioverter-Defibrillators
Conditional cardioverter-defibrillators also demonstrate proven safety to the patient’s exposure to magnetic environment. 

They also need to be reprogrammed before the examination and return to the original parameters after its completion. 
In addition to indifference to the magnetic field (asynchronous mode), reprogramming aims to inhibit its inappropriate 
detection and its interpretation as tachycardia or ventricular arrhythmia.

This removes the antitachycardia protection inherent in the device during specific programming for resonance. Inhibition 
of tachycardia detection prevents the patient from receiving shocks during the examination.

Thus, in this context, if the patient spontaneously presents sustained ventricular tachycardia, treatment should be 
identical to that of patients who do not have an ICD, according to the current ACLS guidelines.

Nonconditional Devices
There is extensive literature on case series of patients with nonconditional CIED submitted to MRI without adverse 

events. Several studies are being conducted to validate the routine use of MRI in these devices.
Whenever MRI is the essential diagnostic method not replaceable or necessary on an emergency basis, the examination 

shall not be prevented by the presence of the CIED. Ideally, it should be carried out in an environment that meets the 
minimum conditions suggested in this document. Most devices submitted to MRI with 1.5 T tolerated the procedure, as 
well as exams lasting less than 40 minutes. Despite the absence of randomized studies, it is suggested the maintenance of 
safety parameters with short-term examinations and a field equal to or less than 1.5 T.

Reprogramming of nonconditional CIED functionality to “resonance compatible” parameters may be performed on 
any CIED, even if the manufacturer does not ensure the safety of the components in case of damage, such as: reduction 
or suppression of cardiac stimulation, sudden mode change, heating of circuits and electrode leads, and failure to capture 
during or after the procedure.

If necessary to perform MRI in nonconditional CIED, it is suggested the presence of a physician able to evaluate the 
functioning and reprogramming of the device in the radiology environment, with reassessment of the CIED functionality at 
the end of the procedure and before discharge from the supervised environment. The need for temporary cardiac stimulation 
in case of device dysfunction should also be foreseen.

EXCLUSION CRITERIA

Exclusion criteria should be considered and discussed with the attending physician. In case of patients with absolute 
need for the examination in the presence of exclusion criteria, the risk of potentially fatal events should be discussed with 
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the attending physician and the patient. The CIED shall be considered nonconditional and treated as such when there is 
(see description on nonconditional devices):

•	 Presence of abandoned or nonconditional electrode leads;
•	 Presence of epicardial electrode leads;
•	 Implant less than six weeks ago;
•	 Nonthoracic implants;
•	 Children.
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