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ABSTRACT
Magnetic resonance imaging (MRI) is often considered the gold-
standard test for characterizing cardiac as well as noncardiac struc-
ture and function. However, many patients with cardiac implantable
electronic devices (CIEDs) and/or severe renal dysfunction are unable
to undergo this test because of safety concerns. In the past 10 years,
newer-generation CIEDs and gadolinium-based contrast agents
(GBCAs) as well as coordinated care between imaging and heart
rhythm device teams have mitigated risk to patients and improved
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R�ESUM�E
L’imagerie par r�esonance magn�etique (IRM) est souvent consid�er�ee
comme l’examen par excellence pour caract�eriser les structures et les
fonctions cardiaques et non cardiaques. Cependant, beaucoup de pa-
tients porteurs d’un dispositif cardiaque �electronique implantable
(DCEI) ou dont la fonction r�enale est gravement atteinte ne peuvent
pas passer ce type d’examen pour des raisons de s�ecurit�e. Depuis une
dizaine d’ann�ees, les DCEI de nouvelle g�en�eration et les nouveaux
produits de contraste à base de gadolinium (PCBG), ainsi que la
with a mandate to formulate disease-specific recommendations. These recom-
mendations are aimed to provide a reasonable and practical approach to care for
specialists and allied health professionals obliged with the duty of bestowing
optimal care to patients and families, and can be subject to change as scientific
knowledge and technology advance and as practice patterns evolve. The statement
is not intended to be a substitute for physicians using their individual judgement
in managing clinical care in consultation with the patient, with appropriate regard
to all the individual circumstances of the patient, diagnostic and treatment options
available and available resources. Adherence to these recommendations will not
necessarily produce successful outcomes in every case.
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access to MRI at many hospitals. The purpose of this statement is to
review published data on safety of MRI in patients with conditional and
nonconditional CIEDs in addition to patient risks from older and newer
GBCAs. This statement was developed through multidisciplinary
collaboration of pan-Canadian experts after a relevant and indepen-
dent literature search by the Canadian Agency for Drugs and Tech-
nologies in Health. All recommendations align with the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) system. Key recommendations include: (1) the development
of standardized protocols for patients with a CIED undergoing MRI; (2)
patients with MRI nonconditional pacemakers and pacemaker de-
pendency should be programmed to asynchronous mode and those
with MRI nonconditional transvenous defibrillators should have tachy-
cardia therapies turned off during the scan; and (3) macrocyclic or
newer linear GBCAs should be used in preference to older GBCAs
because of their better safety profile in patients at higher risk of
nephrogenic systemic fibrosis.

coordination des soins entre l’�equipe d’imagerie et celle qui s’occupe
des dispositifs de r�egulation du rythme cardiaque, contribuent à
att�enuer les risques pour les patients et facilitent l’accès à l’IRM dans
de nombreux hôpitaux. Le pr�esent �enonc�e a pour but de passer en
revue les donn�ees publi�ees sur le caractère s�ecuritaire de l’IRM pour
les patients porteurs d’un DCEI compatible ou non, ainsi que les ris-
ques pour les patients associ�es aux anciens et aux nouveaux PCBG. Il a
�et�e r�edig�e par des sp�ecialistes de partout au Canada dans le cadre
d’une initiative de collaboration multidisciplinaire, et est fond�e sur les
r�esultats d’une recherche ind�ependante dans la litt�erature effectu�ee
par l’Agence canadienne des m�edicaments et des technologies de la
sant�e. Toutes les recommandations respectent le système GRADE
(Grading of Recommendations Assessment, Development, and Evalu-
ation). Voici les principales recommandations : 1) mettre en place des
protocoles normalis�es pour les patients porteurs d’un DCEI devant
passer un examen d’IRM; 2) programmer en mode asynchrone le
dispositif des patients porteurs d’un stimulateur cardiaque non
compatible avec l’IRM ou qui d�ependent de leur stimulateur cardiaque
et interrompre le traitement antitachycardique le temps de l’examen
dans le cas des patients porteurs d’un d�efibrillateur transveineux non
compatible avec l’IRM; et 3) utiliser des PCBG macrocycliques ou les
nouveaux PCBG lin�eaires plutôt que des PCBG plus anciens, en raison
de leur meilleur profil d’innocuit�e pour les patients pr�esentant un ris-
que �elev�e de fibrose n�ephrog�enique syst�emique.
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Magnetic resonance imaging (MRI) is commonly used to
evaluate patients with cardiac and noncardiac disease. In
2018, the Canadian Medical Imaging Inventory identified
366 MRI units in Canada that had performed 1.86 million
scans in that fiscal year.1 However, perceived risks to patients,
either from high magnetic fields or from gadolinium contrast
administration have often been a barrier to this imaging
modality. There are approximately 250,000 Canadians with a
permanent pacemaker or implantable defibrillator and it is
estimated that 50%-75% will require an MRI over the life-
time of their device.2 Until recently, patients with cardiac
implantable electronic devices (CIEDs) were excluded from
undergoing these examinations because of safety concerns
regarding the potential for device damage, malfunction, or
heating. However, in the early 2000s, single-site studies re-
ported few adverse events for patients with a CIED under-
going MRI when close coordination was implemented
between the imaging and heart rhythm device teams.3,4 In
parallel, manufacturers developed MRI conditional devices
with nonferromagnetic components and improved shielding
to protect against unwanted effects from high magnetic fields.
The result is that an increasing number of patients with
CIEDs previously deemed unsafe are now undergoing MRI. A
2019 Canadian Heart Rhythm Society informal survey of 24
Canadian academic and community-based institutions
showed that 14 were currently scanning patients with MRI
nonconditional CIEDs, including 13 with formal protocols
developed locally to optimize safety.

Gadolinium-based contrast is used in MRI to improve tissue
characterization and for the performance of angiography. For
cardiac MRI examinations, it is commonly used to provide in-
formation regarding myocardial perfusion, viability, or fibrosis
and tissue infiltration. However, in 2007 a black box warning on
gadolinium contrast was issued by the Food andDrug Agency in
the United States after determining that patients with advanced
renal disease were at increased risk of developing nephrogenic
systemic fibrosis (NSF), a debilitating and potentially fatal dis-
ease. Since then, newer linear and macrocyclic gadolinium-based
contrast agents (GBCAs) with better safety profiles have largely
replaced older agents linked toNSF in clinical practice.However,
MRI centres continue to screen patients with renal dysfunction
and preclude any GBCA administration in those with estimated
glomerular filtration rates (eGFRs) < 30 mL/min/1.73 m2.
More recently, potential health concerns have also been raised
regarding evidence of long-term tissue retention of GBCAs.

This statement was developed through collaboration be-
tween the Canadian Society for Cardiovascular Magnetic
Resonance and Canadian Heart Rhythm Society with input
from content experts in radiology, neurology, and nephrology.
The purpose of this statement is to provide health care pro-
viders with guidance on best practices for MRI in patients with
CIEDs and/or renal dysfunction. The methodology and pro-
cesses for development are described on the Canadian Car-
diovascular Society Web site (www.ccs.ca/about-guidelines/).
Additionally, an independent and relevant literature review and
appraisal of the evidence was performed by the Canadian
Agency for Drugs and Technologies in Health (https://www.
cadth.ca/magnetic-resonance-imaging-patients-implantable-
cardiac-devices-review-safety-and-guidelines and https://
www.cadth.ca/macrocyclic-and-linear-gadolinium-based-
contrast-agents-adults-undergoing-magnetic-resonance-
imaging). Recommendations are aligned with the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) system, which has been adopted by the Canadian
Cardiovascular Society Guidelines Committee to promote
quality and rigour in guideline development.
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Values and preferences. Patients with a left pectoral
CIED undergoing cardiac MRI are prone to suscepti-
bility artifacts from steady state free precession cine
imaging and late gadolinium enhancement (LGE)
imaging.
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Preamble and definitions

This section is an update on the previous position statement
by the Canadian Heart Rhythm Society for MRI in patients
with CIEDs.5 Shared decision-making between the care pro-
vider(s) and the patient is needed to ensure that the patient’s
values, needs, and expectations are respected. In this document,
CIED is defined as leadless, single- or dual-chamber pace-
makers, cardiac resynchronization pacemakers, transvenous
or subcutaneous cardioverter-defibrillators, internal loop
recorders, and implanted pulmonary artery pressure monitors.

Definition of MRI nonconditional (equivalent terms: non-
MRI-conditional, non-MRI compatible) is the failure to meet
both of the following criteria:

A. Device components must all be MRI-conditional and of
the same manufacturer. Any combination of products
from different manufacturers have not been tested together
and therefore cannot be classified as MRI-conditional.

B. Allowable MRI field strength (1.5 or 3.0 Tesla) set by the
product specifications. No devices have been tested or
approved at higher field strengths (> 3.0 Tesla).
RECOMMENDATION

3. For patients with a previous CIED undergoing MRI,
we recommend reviewing all available medical in-
Pre-MRI scan planning and considerations
RECOMMENDATION

1. All patients with CIEDs undergoing MRI should be
managed according to a standardized protocol
(Strong Recommendation; Moderate-Quality
Evidence).

Values and preferences. Two large, multicentre reg-
istries have shown that the use of a standardized protocol
for device management of patients with a nonconditional
CIED undergoing MRI minimizes risk of adverse
events.6,7

formation, including chest radiography, to identify
lead extenders, retained epicardial leads, abandoned
transvenous leads, and/or fractured leads. We
recommend that patients with lead extenders or
fractured leads should not undergo MRI. However,
MRI might be considered in patients with epicardial
or abandoned transvenous leads when the clinical
need is strong and believed to outweigh potential
risks (Weak Recommendation; Low-Quality
Evidence).

Values and preferences. Patients with existing or
explanted pacemakers or defibrillators might have
abandoned transvenous or epicardial leads that are not
connected to a device generator. The MRI physician
should review available medical data including chest
radiography, operative reports, and device clinic notes.
A standardized protocol should be developed collabora-

tively by the imaging and heart rhythm device teams and
adhered to for all patients with CIEDs undergoing MRI (see
Recommended Protocol for MRI in Patients With CIEDs section
and Figs. 1-3). Although these clinical MRI studies have
excluded patients with a recent implantation (< 6 weeks), the
actual patient risk is likely low8 and MRI should still be
considered when the clinical need is high and alternative
imaging is not available.
RECOMMENDATION

2. For patients with left pectoral CIEDs undergoing car-
diac MRI, we suggest the use of fast gradient echo se-
quences for cine imaging and wide band sequences for
late gadolinium enhancement imaging (Weak Recom-
mendation; Low-Quality Evidence).
Severe artifacts can preclude cine analysis in up to 15%
of cardiac magnetic resonance images, particularly with left-
sided implantable cardioverter-defibrillator (ICD) or cardiac
resynchronization therapy defibrillator (CRT-D) devices.9,10

Similar to cine imaging, image quality of LGE imaging is
most affected by left-sided ICD or CRT-D devices.9 Image
quality might be improved by using gradient recalled echo
sequences for cine imaging10 and wide band techniques for
LGE imaging.11,12 There are limited data on image artifacts
on MRI at 1.5 T in conditional vs nonconditional
devices.13
In phantom studies, abandoned or fractured leads are at
increased risk for thermal injury to vascular and/or myocardial
tissue from radiofrequency induced heating of the lead
tip.14-16 However, 2 small prospective studies (N ¼ 19 and
N ¼ 80) of abandoned transvenous leads identified no risk to
patients in terms of troponin T elevation, patient discomfort,
or device malfunction.17,18 The risk of thermal-mediated
cardiovascular injury is likely even lower for active or
retained epicardial leads, especially those used for temporary
pacing after cardiac surgery.19 There are no clinical data on
safety of MRI in patients with fractured leads or lead ex-
tenders. Because existing clinical data suggest the absence of
harm, MRI at 1.5 T could be considered in patients with
abandoned transvenous or epicardial leads after obtaining
informed consent.
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Figure 1. Summary of the recommended protocol for magnetic resonance imaging (MRI) in patients with cardiac implantable electronic devices
(CIEDs); pre-scan. The text box with a double outline indicates the start of the flow chart. * Absolute contraindications: fractured leads, lead ex-
tenders, or adaptors. Relative contraindications: leads implanted < 6 weeks from MRI, epicardial lead, abandoned transvenous lead, device
generator overlaps with scan region.
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Figure 2. Summary of the recommended protocol for magnetic resonance imaging (MRI) in patients with cardiac implantable electronic devices;
intra-scan. The text box with a double outline indicates the start of the flow chart. * Absolute contraindications: fractured leads, lead extenders, or
adaptors. Relative contraindications: leads implanted< 6 weeks from MRI, epicardial lead, abandoned transvenous lead, device generator overlaps
with scan region. y Health care practitioner required for MRI nonconditional pacemaker with pacemaker dependency or for MRI nonconditional
transvenous defibrillator. HCP, health care provider, SAR, specific absorption rate.
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Figure 3. Summary of the recommended protocol for magnetic resonance imaging (MRI) in patients with cardiac implantable electronic devices
(CIEDs); post-scan. The text box with a double outline indicates the start of the flow chart.
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RECOMMENDATION

4. For patients with an MRI-conditional CIED under-
going MRI, we recommend performing scans at 1.5 T
when possible, in a monitored setting and with access
to the device team. The device team will provide pre-
scan programming to MRI compatible mode as well
as post-scan return to pre-scan settings (Strong
Recommendation; Low-Quality Evidence).

Values and preferences. MRI-conditional electronic
implantable systems are devices that have undergone
modifications to the generator and leads to minimize de-
vice damage cause by heating. The term “conditional”
denotes that these systems were developed for and tested
only at specific MRI field strengths.

RECOMMENDATION

5. For patients with subcutaneous ICDs (S-ICDs), we
recommend scanning at 1.5 T in a monitored setting,
supervised by a health care practitioner trained in
advanced cardiac life support (ACLS) and with access
to the code and device teams. The device team will
provide pre-scan programming to turn off tachycardia
therapies, post-scan interrogation, and reprogramming
to pre-scan settings (Strong Recommendation; Low-
Quality Evidence).

Values and preferences. This recommendation places
high value on patient safety regarding scanning patients
with S-ICDs.
In prospective studies of MRI performance in patients with
conditional devices scanned at 1.5 T, no changes in pacing or
sensing thresholds were observed.20-23 There is currently no
published, externally validated data for the scanning of MRI-
conditional pacemakers or defibrillators at 3 T. However,
several CIEDs have been certified as conditional at 3 T ac-
cording to manufacturer testing.

Practical tip. In patients with conditional systems under-
going MRI, the device team should perform a pre-scan device
interrogation to evaluate the underlying rhythm, screen for
recent arrhythmias, ensure stable sensing, and program the de-
vice to MRI-compatible mode. For patients with a defibrillator,
tachycardia therapies will be turned off and such patients should
therefore be scanned at centres with access to the code team in the
unlikely event of a malignant arrhythmia. Patients should have
cardiac rhythmmonitoring during theMRI and the device team
should be available for troubleshooting rhythm disturbances or
device-related concerns. After the MRI, device sensing and
pacing performance must be rechecked and reprogrammed back
to pre-scan settings. Some CIED systems now have auto-
detection features which can automatically trigger a safe mode
when placed in the MRI without the need for preprogramming.
However, a post-MRI device interrogation is still recommended
to ensure lead integrity and return to normal pacing parameters.
The only currently available S-ICD (EMBLEM; Boston
Scientific, Marlborough, MA) is rated as MRI-conditional at
1.5 T. Because this is still relatively new technology, real-
world data regarding safety during MRI are limited. Obser-
vational studies of patients with older or newer-generation



provide pre-scan programming to turn off tachy-
cardia therapies and post-scan interrogation and
reprogramming to pre-scan settings (Strong
Recommendation; High-Quality Evidence).

Values and preferences. Two large prospective
studies (with > 1500 patients each) of MRI scans
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S-ICDs showed no significant adverse outcomes to patient or
device during various MRI scans at 1.5 T.24,25 In one study of
23 patients undergoing cardiac MRI, a permanent loss of the
S-ICD beeper volume was observed in 52% of subjects,
however, this was not believed to represent a major safety issue
with current follow-up protocols.25
RECOMMENDATION

6. For patients with leadless pacemakers, we recommend
scanning at an MRI field strength that does not exceed
the manufacturer’s specification, in a monitored setting
and with access to the device team. The device team
will provide pre-scan programming and post-scan
reprogramming to pre-scan settings (Strong Recom-
mendation; Low-Quality Evidence).

Values and preferences. This recommendation places
high value on patient safety on the basis of differences in
the product specifications and advisory status.

performed at 1.5 T in patients with nonconditional
cardiac implantable electronic systems, including pa-
tients with pacemaker dependency and patients under-
going thoracic MRI studies showed a low incidence of
adverse events.6,7

The most common observed event was transient electrical
reset in up to 0.6% of cases. One patient in each study
required device replacement, 1 pacemaker for battery near end
of life and 1 ICD generator malfunction because of failure to
turn off tachycardia therapies. A meta-analysis of > 5000
patients with nonconditional CIEDs (including 511 with
pacemaker dependency) undergoing thoracic and nonthoracic
MRI studies also showed a low adverse event rate.28 Two
prospective studies of patients (N ¼ 111 and N ¼ 438) with
MRI-nonconditional pacemakers, defibrillators, or CRT-Ds
underwent a standardized protocol for MRI including car-
diac or thoracic scans and showed no harm to patients and
minor effects on lead impedance.11,29 None of these large
studies identified the induction of atrial or ventricular ar-
rhythmias as a potential risk to the patient.

Practical tip. In patients with nonconditional systems
undergoing MRI, the device team should perform a pre-
scan device interrogation to determine pacemaker de-
In a phantom study26 and a small cohort study of 15 pa-
tients27 with leadless pacemakers undergoingMRI at 1.5 T and
3 T were evaluated and no adverse patient outcomes or device
malfunctions were reported. Currently, onlyMicra (Medtronic,
Fridley, MN) is available, which is MRI-conditional up to 3.0
T. Nanostim (Abbott, Chicago, IL) was recalled but there are
still patients with these devices implanted. Nanostim product
specification is MRI-conditional up to 1.5 T.

MRI for nonconditional devices
RECOMMENDATION

7. For patients with an MRI-nonconditional pacemaker
and no pacemaker dependency undergoing MRI, we
recommend performing scans at 1.5 T in a monitored
setting and with access to the device team. The device
team will provide pre-scan programming to sense mode
(ie, OAO, OVO, or ODO) and post-scan interrogation
and reprogramming to pre-scan settings (Strong
Recommendation; High-Quality Evidence).

8. For patients with an MRI-nonconditional pacemaker
and pacemaker dependency undergoing MRI, we
recommend performing scans at 1.5 T in a monitored
setting, supervised by a health care practitioner trained
in ACLS and with access to the code and device teams.
The device team will provide pre-scan programming to
asynchronous mode (ie, AOO, VOO or DOO) and
post-scan interrogation and reprogramming to pre-scan
settings (Strong Recommendation; High-Quality
Evidence).

9. For patients with MRI-nonconditional implantable
transvenous defibrillators undergoing MRI, we
recommend performing scans at 1.5 T in a
monitored setting, supervised by a health care
practitioner trained in ACLS and with access to the

pendency as well as sensing and pacing thresholds. De-
vices in patients with unstable intrinsic rhythms should
be programmed to asynchronous pacing, whereas devices
in patients without pacemaker dependency can be pro-
grammed to sense mode. In patients with ICDs, tachy-
cardia therapies should be turned off. During the MRI,
patients should have electrocardiogram monitoring and be
supervised by a health care practitioner, affiliated with
either the imaging or device team, with training in
ACLS. Additionally, the device team should be available
for troubleshooting rhythm disturbances or device-related
concerns. After the MRI, device sensing and pacing
performance will be rechecked and reprogrammed to pre-
scan settings. Patients with parameter changes (see the
Recommended Protocol for MRI in Patients With CIEDs
section) determined important by the device team should
undergo intensified follow-up in the device clinic for
further management.

Few data exist on safety at 3 T for patients with
MRI-nonconditional CIEDs. However, the meta-analysis
by Shah et al. identified field strength > 1.5 T to
be a risk factor for safety-related events, primarily
related to power on resets, in patients with MRI-
nonconditional devices.28 Therefore, on the basis of
currently available data, the scanning of patients with
nonconditional devices at high field strength (ie, 3 T)
is not recommended.
code and device teams. The device team will
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RECOMMENDATION

10. For patientswith an implantable/injectable loop recorder
(ILR), we recommend scanning at anMRI field strength
that does not exceed the manufacturer’s specification.
Standard requirements for monitoring and access to the
device team is good practice, but no special requirements
are necessary. However, we recommend downloading
the stored data before MRI scanning and clearing un-
wanted data after the MRI scan (Weak Recommenda-
tion, Low-Quality Evidence).

Values and preferences. This recommendation places
value on patient safety, protecting data integrity, and work
flow efficiency for a subcutaneous device with limited
function.
ILRs have a sensing function only and do not have the
ability to pace or deliver therapies. All currently available ILRs
are implanted subcutaneously and are MRI-conditional:
Reveal/Reveal Linq (Medtronic) and BioMonitor (Biotronik,
Berlin, Germany) are conditional for 1.5 T and 3.0 T,
whereas Confirm/Confirm Rx (Abbott) is conditional for only
1.5 T. However, the MRI environment might alter or erase
stored data and can commonly cause electromagnetic inter-
ference that can be incorrectly diagnosed as arrhythmia events.
Observational studies reported no adverse events in patients
with ILRs in the MRI environment up to 3.0 T, however,
MRI-related artifacts were commonly observed.30-33
RECOMMENDATION

11. For patients with implanted pulmonary artery pres-
sure monitors, we recommend performing scans at 1.5
T when possible, in a monitored setting (Weak
Recommendation; Low-Quality Evidence).

Values and preferences. This recommendation places
value on patient safety on the basis of the product speci-
fication and location of this device.
CardioMEMS (Abbott) is the only available implantable
device of this kind and is considered MRI-conditional at 1.5
T or 3 T. It functions purely as a sensor to measure heart
failure diagnostics through intravascular monitoring. It does
not have any pacing or therapeutic capabilities. A small case
series of 29 patients with pulmonary artery sensors undergoing
cardiac MRI at 1.5 T reported no patient adverse events,
device alterations, or image degradation.34 However, only the
body coil integrated within the MRI gantry was used for
imaging because surface coils interfered with the Car-
dioMEMS transmit/receive function.
Recommended Protocol for MRI in Patients
With CIEDs

The recommended protocol for MRI in patients with
CIED is sumarized in Figures 1-3. This protocol comple-
ments Supplemental Figure S1 published in the Canadian
Heart Rhythm Society and Canadian Association of Radiol-
ogists Consensus Statement.5
Pre-scan

See Supplemental Table S1 for the pre-scan checklist.

1. The MRI department receives a request to perform MRI of
a patient with a CIED.

2. The MRI department arranges posterior-anterior and
lateral chest radiograph if none is available since the last
device-related intervention or if status is unknown.

3. The MRI department sends the local CIED MRI checklist
form to the heart rhythm device clinic.

4. The device clinic completes CIED-related pre-scan infor-
mation on the checklist form.
A. Contraindications identified
i. Absolute contraindications:

� Fractured leads
� Presence of lead extenders or adapters
ii. Relative contraindications:

� Leads implanted < 6 weeks before the planned

MRI date
� Epicardial leads
� Abandoned transvenous leads
� Scan region (eg, cardiac, thorax, or brachial

plexus) overlaps with the region of the CIED

iii. Send requisition back to MRI department to review

clinical need with requesting health care provider
and plan alternative imaging if clinical benefit
perceived to be low relative to the risk of MRI. In
difficult cases, an independent review by relevant
imaging and nonimaging colleagues might also be
advisable.
B. MRI-conditional status not confirmed

i. Send requisition back to MRI department and
request health care provider to assess whether MRI is
necessary
C. Planned device settings:

i. Conditional device: MRI-compatible mode
ii. Pacemaker dependence: asynchronous pacing
iii. No pacemaker dependence: sense mode
iv. ICD: turn off tachycardia therapies
v. ILR: download data before scan
D. Confirm CIED patient scanning eligibility with MRI
department

5. If proceeding with scan, MRI department informs heart
rhythm device clinic of planned date of scan.

6. Heart rhythm device clinic arranges patient to attend clinic
on day of scan

7. The MRI department provides the patient with informa-
tion regarding the MRI scan in the context of a CIED to
prepare them for consent on the day of the scan
Intra-scan

1. CIED interrogation performed and documented
A. If concerns regarding device parametersddiscussion

between heart rhythm device and MRI physicians to
reconsider MRI
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B. If no significant concerns, then device is programmed as
per heart rhythm device physician orders. Notify MRI
department of device programming changes

2. Transport patient to MRI accompanied by hospital
personnel

3. Consent obtained for patients with MRI-nonconditional
devices or when applicable

4. Review MRI safety procedures with non-MRI medical
personnel including who those may enter the scan room in
the event of an emergency or safety event

5. Patient attached to MRI-compatible continuous electro-
cardiography, noninvasive blood pressure, and pulse ox-
imetry monitoring.

6. MRI scan performed. During scan:
A. Device nurse/technician present at the discretion of the

heart rhythm device team
B. Health care practitioner with ACLS training supervis-

ing for nonconditional devices (except pacemakers and
no dependency) or MRI-conditional defibrillators.

C. Cardiac arrest cart readily available for transcutaneous
pacing/defibrillator pads

D. MRI physician present in MRI department to ensure
the following:
Table 1
dysfunc

Group

Group I
with

Group I
agent
uncon

Group I
data r
which
have

AKI
Tab
i. Minimum number of sequences
ii. Monitor and documentation of specific absorption

ratedrecommend pulse sequence parameters set to
achieve a specific absorption rate < 2 W/kg for all
sequences.4

iii. Avoid extending field of view or slices to include
areas where device is implanted
E. Heart rhythm device physician available in hospital
Post-scan

The recommended post-scan checklist is shown in
Supplemental Table S2.

1. Transport patient to heart rhythm device clinic accompa-
nied by hospital personnel.

2. CIED testing and reprogramming by heart rhythm device
nurse/technician.
. The American College of Radiology manual classification of gadoli
tion

Gadolinium-based c

(“older linear agents”); agents associated
the greatest number of NSF cases

Gadodiamide (Omniscan
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, acute kidney injury; eGFR, estimated glomerular filtration rate; GBCA, ga
le derived from McDonald et al.35 American College of Radiology,36 and S
3. If any significant changes with device testing, discuss with
heart rhythm device physician.
A. Threshold for significant changes depend on individual

patient and local policy. As a general guide the
following thresholds, compared with pre-scan values,
can be considered clinically relevant:
nium-ba
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i. Capture threshold increase � 1.0 V.
ii. Sensing decrease � 50%.
iii. Pacing impedance change � 50 U.
iv. Shock impedance change � 5 U.
4. Continue routine follow-up with heart rhythm device
clinic, unless earlier follow-up is indicated by:
A. Significant changes (as noted in 3A)drecommend

1-week follow-up.
B. Discretion of heart rhythm device physician.

Use of Gadolinium-Based Contrast Agents

Preamble

NSF is an often progressive disease that has been reported in
patients with renal insufficiency and previous gadolinium
exposure. It is typically characterized by thickening of the skin,
especially of the arms and legs, and is associated with reduced
range of motion. Rarely, NSF might also involve skeletal
muscles, the diaphragm, dura, or mesothelium. To reduce the
potential for this rare toxicity GBCAs are routinely bound to
ligands using either a linear or macrocyclic molecular structure.
According to the definition provided in the Canadian Associ-
ation of Radiologists guidelines, or the American College of
Radiology’s classification of GBCAs, group I agents refer to
older linear agents most commonly associated with NSF, group
II agents refers to newer linear agents and some macrocyclic
agents with few if any associated cases of NSF, and group III
agents refer to macrocyclic agents with limited data on possible
associationwithNSF (Table 1). Estimation of risk is on the basis
of the presence of renal dysfunction, defined by the eGFR,
which is calculated from serum creatinine using either the
Chronic Kidney Disease Epidemiology Collaboration equation
or the Modification of Diet in Renal Disease study equation.
The following recommendations pertain to use of GBCAs in
adults, defined as 18 years of age or older.
sed agents and recommended use in patients with renal

agent Use of GBCA

ealthcare,

evist; Bayer
ppany, NJ)
et, Villepinte,

Contraindicated in patients with eGFR < 30 mL/
min/1.73 m2

ance; Bracco
ip, NJ)
althCare
y countries)
uerbet)
agnostics)

Can be safely administered for patients with eGFR
between 30 and 90 mL/min/1.73 m2

Consider on case-by-case basis for patients with
acutely unstable renal function (AKI), eGFR < 30

mL/min/1.73 m2 and/or receiving dialysis

r HealthCare
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t al.37



RECOMMENDATION

12. We recommend that when GBCAs are used, macrocy-
clic or newer linear agents (group II or III) are used in
preference to older linear agents (group I) (Strong
Recommendation; High-Quality Evidence).

Values and preferences. Nearly all nonadjudicated
cases of NSF have been reported after exposure to first-
generation group I linear agents, whereas few, if any,
have been associated with group II or III agents.38-40

14. We suggest that patients identified as high risk for
NSF are considered for screening with an assessment
of eGFR within 3 months before GBCA administra-
tion (Weak Recommendation; Low-Quality
Evidence).

Values and preferences. Patients considered at low risk
for NSF are those with no, mild, or moderate renal
impairment (previous eGFR > 30 mL/min/1.73 m2) and/
or without a history of renal transplantation, previous
dialysis, or hospitalization for AKI. Patients considered at
high risk for NSF are those admitted to hospital with
significant or decompensated cardiac disease, AKI in the
past month, or an eGFR of < 30 mL/min/1.73 m2 in the
past 6 months (Table 2).

RECOMMENDATION

15. We recommend that for patients with acutely unsta-
ble renal function, eGFR < 30 mL/min/1.73 m2,
and/or receiving dialysis that GBCA administration be
considered on a case by case basis. In those who
require renal replacement therapy, dialysis should be
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As a class, macrocyclic GBCAs have greater kinetic stability
than linear agents, leading to lower amounts of gadolinium
tissue retention.41 Nonallergic toxicity results from direct
cellular effects of gadolinium salts and competition with
calcium-dependent biologic processes; gadolinium chelates
(including GBCAs) do not have the same effect.35 However,
macrocyclic agents appear to be associated with a higher rate
of allergic-like adverse events in patients injected with
GBCAs.42

Group I agents are contraindicated in patients with an
eGFR < 30 mL/min/1.73 m2.43,44 The risk of NSF with
these agents in patients with acute kidney injury (AKI) or
severe renal impairment is estimated between 1% and 7%.36

However, at the present time, there is insufficient evidence to
recommend macrocyclic agents (gadoteridol, gadobutrol,
gadoteric acid) over newer linear agents (gadobenate dime-
glumine, gadoxetate disodium) to reduce the risk of NSF or
gadolinium tissue retention.45

Practical tip. We suggest that the lowest dose of GBCA
required to obtain the needed clinical information should be
used only when necessary, and that institutions internally
review which GBCAs are used locally to establish a safe time
interval before repeated administration.

Regular vendor-suggested dosing is recommended accord-
ing to body surface area and the indication for the study.46-48

Half- or quarter-dosing is not recommended because of the
possibility of obtaining nondiagnostic images and double-
dosing should be avoided unless for LGE imaging or large
vessel angiography, where it is routinely used. Patients should
not receive multiple doses of GBCA until sufficient time has
passed to allow for excretion, as determined by individual
institutions and clinical necessity. In general, at least 24 hours
is suggested between repeat dosing in those with normal renal
function; > 90% of each delivered dose is excreted in the
urine by 12 hours46 or 24 hours47,48 and longer in those with
impaired renal function. When repeat studies are anticipated,
the use of group II or III agents are recommended.
RECOMMENDATION

13. We recommend that outpatients undergoing GBCA-
enhanced MRI with macrocyclic or newer linear
agents (group II or III) who are identified as low risk
for NSF do not undergo further screening for renal
dysfunction (Strong Recommendation; Low-Quality
Evidence).
Overall, for patients with an eGFR between 30 and 90
mL/min/1.73 m2, group II or III GBCAs can be safely
administered. For patients with mild renal impairment (eGFR
between 60 and 90 mL/min/1.73 m2), there is no evidence to
suggest an increased risk of NSF and no special precautions,
including screening, are required before group II or III GBCA
administration.48 The risk of developing NSF with moderate
renal impairment (eGFR between 30 and 60 mL/min/1.73
m2) is exceedingly low, and in these patients, group II and III
GBCAs can also be administered safely without any sub-
stantial risk of developing NSF, need for screening or
informed consent, recognizing that consent might still be
considered for other reasons.37 Although the association be-
tween NSF development and exposure to GBCAs is most
likely to occur in those with impaired renal function, in re-
ports of NSF in patients with moderate renal dysfunction, it
generally occurred in those with AKI.49,50 Screening in this
population with either questionnaires or eGFR is resource-
consuming, and a potential barrier to timely and appro-
priate investigation.

Patients taking part in research studies should adhere to
these criteria and principles.
performed within 24 hours, ideally within 2 hours
(Strong Recommendation; Moderate-Quality
Evidence).

Values and preferences. Limiting the use of GBCAs in
at-risk patients has dramatically reduced, and possibly
eliminated new cases of NSF. The risk of administering a
GBCA must be balanced against the risk of not per-
forming a necessary contrast-enhanced MRI and the effect
on clinical outcomes.
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For patients with known severely reduced renal function
and those receiving dialysis, GBCA-enhanced examinations
should be assessed on an individual basis. Alternative diag-
nostic imaging tests (eg, unenhanced MRI, computed to-
mography, ultrasound, nuclear scans, etc) should be
considered. The decision should be left to the discretion of
individual clinicians including the patient’s nephrologist.
Informed consent should be considered and local practices
followed if the GBCA-enhanced MRI is considered necessary
with no reasonable available alternative.37

Hemodialysis efficiently removes GBCA with approxi-
mately 70% clearance in 1 session and > 95% clearance after
3 sessions,50 with the duration of the session left to the
discretion of the treating nephrology team. Multiple, frequent
dialysis sessions have previously been advocated to promote
gadolinium clearance, however, there are no formal studies
showing that these practices reliably reduce the incidence of,
or prevent NSF.51 Routine nephrology consultation is not
mandatory, but should be considered on an individual basis,
and in line with local practices for patients with eGFR < 30
mL/min/1.73 m2 who are deemed to require GBCA. For
patients who are dialysis-dependent, the dialysis service should
be contacted to coordinate scheduling and/or to consider
potential changes in dialysis prescription as per the discretion
of a nephrologist. For patients receiving peritoneal dialysis, it
is unclear as to whether switching to hemodialysis will reduce
the risk of NSF.37,52

Patients with eGFR < 30 mL/min/1.73 m2 or receiving
dialysis who receive GBCA as well as the referring health care
provider should be advised by the MRI physician to monitor
for NSF for a 2-year period on the basis of signs or symptoms
or at routine physical evaluation. Potential cases should be
investigated with histopathological confirmation (eg, skin bi-
opsy) and should be reported to Health Canada’s Adverse
Reaction Database.
RECOMMENDATION

16. We suggest that GBCA administration is not withheld
over concerns for tissue retention (Strong Recom-
mendation; Low-Quality Evidence).

Values and preferences. Preliminary evidence has
identified GBCA retention in the brain and other non-
central nervous system tissues including skin, bone, and
liver without associated symptoms, adverse effects, or
clinical relevance.35,53-55
Dose-dependent increases in signal intensity on T1-
weighted MRI of the brain have been identified in patients
who have received a linear GBCA. In other studies, there are
also reports of similar, but less pronounced, changes with
macrocyclic agents. However, studies of human and animal
brain tissues have consistently failed to show histopathologic
evidence of injury to neurons or the neural interstitium.35

At the present time, the clinical significance of gadolinium
retention is unknown. There is insufficient evidence to
withhold GBCA administration or to select a specific GBCA
agent over this concern, particularly when its use is clinically
indicated.42,53 However, because of the lack of information
regarding the effect of GBCA retention, it is prudent to limit
GBCA use unless it is clinically indicated and will modify
management. Older linear agents should be avoided altogether
whenever possible.
Conclusions and Future Directions
The past decade has seen significant changes sur-

rounding the clinical appropriateness and safe perfor-
mance of MRI in patients with cardiovascular disease.
Expanding clinical need for this technique to assist in
cardiac and noncardiac disease management has required
contextualization to the unique demographic character-
istics of this population, inclusive of higher rates of renal
insufficiency and implantable cardiac devices. Further-
more, the proportion of higher field strength scanners (>
1.5 T) in Canada has shown an interval increase from
14% in 20171 to 17% in 202056 demonstrating a trend
toward increasing barriers to MRI in patients with non-
conditional devices. Focused attention toward these
concerns has led to substantive shifts in practice with
recommendations for routine use of macrocyclic gado-
linium chelates, MRI-conditional devices, and adherence
to standardized protocols aimed at improving patient
safety in those with nonconditional devices. These par-
allel efforts have culminated in new practice standards
that expand the availability of MRI for patients with
cardiovascular disease.

In this position statement we have summarized contempo-
rary knowledge for, and provided clinical recommendations
surrounding the safe use of MRI in cardiovascular patients with
targeted focus on contrast administration and the management
of implantable cardiac devices. We acknowledge the need for
iterative consideration of emerging data and the ever-persistent
requirement for contextualization to individual patients.

Future work will inherently benefit from improved capture
of clinical data surrounding patient referral demographic
characteristics, procedural work flow, and periprocedural
complications. Coordinated efforts to collect these data in
clinical practice is of expanding importance for patient care
optimization and provides essential real-world data to assess
implementation success, guide best practice recommenda-
tions, and inform innovation. Although the latter pursues
novel approaches to MRI performance without need for
contrast administration, and optimization of imaging at low
field strengths, the previously described recommendations
provide foundational guidelines upon which to engage MRI
services while maximizing patient safety.
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Table 2. Risk of nephrogenic systemic fibrosis eGFR screening and follow-up

Risk profile Patient population eGFR screening NSF follow-up

Low risk No, mild, or moderate renal impairment
(previous eGFR > 30 mL/min/1.73 m2)

and/or without a history of renal
transplant, previous dialysis, or

hospitalization for AKI

Not recommended Not recommended

High risk Admitted to hospital with significant or
decompensated cardiac disease, AKI in the
past month, or an eGFR of < 30 mL/min/

1.73 m2 in the past 6 months

Consider for screening with an assessment
of eGFR within 3 months before GBCA

administration

Two-year follow-up by general practitioner
post GBCA exposure

AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; GBCA, gadolinium-based contrast agent; NSF, nephrogenic systemic fibrosis.
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