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ABSTRACT

Objective: To evaluate feasibility of MRI in patients with non-pacemaker (PM)/Implantable
cardioverter defibrillator (ICD) metallic devices and abandoned leads. Background: Relative
safety of MRI performed using specified protocol has been established in MR non-conditional
PM/ICDs. With limited safety data, many non-PM/ICD metallic devices and abandoned
leads continue to be a contraindication for MRI. Methods: We retrospectively analyzed
consecutive patients with extra-cardiac devices, non-programmable cardiac devices, and
abandoned leads, who underwent MRI (GE 1.5 Tesla, WI) at a single tertiary care center
over a span of 13 years. Scan protocol was designed to maintain specific absorption rate
(SAR) < 4.0 W/kg and scan time < 60 minutes. Results: The cohort comprised 127 MRI
exams representing 94 patients, with 13 patients having two or more scans. The devices
consisted of: 23 vagal nerve stimulators (VNS), 22 implantable loop recorders, 16 spinal
stimulators, 5 peripheral nerve stimulators, 3 bladder stimulators, 2 deep brain stimulators,
1 gastric stimulator, 1 bone stimulator, 1 WATCHMAN device, 22 abandoned PM/ICD
leads and 1 VNS lead. There was no immediate (peri-MRI exam) morbidity or mortality.
Patients did not report any discomfort, palpitations, heating, or sensation of device migra-
tion during the exam. Local follow-up data was available in 65% (100% for thoracic imag-
ing) with a mean of 190 + 475 days (median 13 days). No device malfunction was reported
during follow-up. Conclusions: With appropriate precautions, MRI is feasible in patients
with extracardiac devices, nonprogrammable cardiac devices, and abandoned leads.
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1. INTRODUCTION

Magnetic resonance imaging (MRI) has come a long way since the first human MRI scan in 1977 by
Damadian et al [1]. Despite significant technological advances in MR imaging, safety concerns have li-
mited its use in patients with metallic devices, in vast majority of institutions. The 2008 Joint Commission
Sentinel Event Issue 38 regarding MRI safety was sweeping and states “In general, do not bring any device
or equipment into the MRI environment unless it is proven to be MR Safe or MR Conditional” [2]. This
alert has since been retired and replaced by a more nuanced guidance released in 2013 from the American
College of Radiology (ACR) [3], which per se is the second update for the initial MRI safety guidance re-
leased by ACR in 2002. The growing utility and ubiquity of cardiac and non-cardiac devices has necessi-
tated studying MRI safety in patients with these devices. Indeed, MRI safety in patients with metallic ob-
jects has been studied since early years of clinical MR imaging [4-6]. Until recently, regulatory agencies
considered programmable cardiac implantable electronic devices (CIEDs) such as pacemakers and im-
plantable cardioverter defibrillators (PM/ICD) as a contraindication for MRI [7]. In 2011, the Food and
Drug Administration approved the first MR conditional pacemaker [8]. Recent work has suggested that
with an appropriate protocol, MRI in patients with legacy CIEDs (MR non-conditional PM/ICDs) may be
safer than previously believed. In 2011, Nazarian et al. reported safety of MRI with appropriate precau-
tions in a series of 438 patients with programmable cardiac devices (54% PMs and 46% ICDs) [9]. The
landmark MagnaSafe Registry, a multicenter prospective cohort study, evaluated 1500 patients with pro-
grammable CIEDs implanted after 2001 (1000 PMs, 500 ICDs) [10] with no morbidity or mortality. Pa-
tients underwent non-thoracic MRI at 1.5 Tesla (T) after appropriate screening and reprogramming based
on a pre-specified protocol [11]. No mortality, lead failure, loss of capture or ventricular arrhythmia was
reported during the scan [10]. Only an isolated ICD generator which was not reprogrammed per specifica-
tion before the scan had to be replaced. This study overwhelmingly demonstrated safety of 1.5 T in
non-conditional PM/ICDs, provided the devices were reprogrammed according to pre-specified protocol.
More recently, a single center prospective study of 1.5 T MRI in 1509 patients with legacy MR
non-conditional PM/ICDs (2103 MRI exams) also showed safety of MRI in these patients [12]. While
safety issues continue to be addressed, the additive diagnostic value of MRI in patients with PM/ICDs has
been addressed as well. We recently published a single center study of 136 patients with CIEDs undergoing
MRI demonstrating, the additive value of MRI to diagnosis and management in 97% of the patients without
any safety issues [13]. In 30% of the patients, principle diagnosis and subsequent management changed after
MRI, demonstrating that beyond safety, a bona fide protocol can catalyze appropriate management support-
ing more widespread adoption of this approach.

While the general field of MR imaging in patients with PM/ICD devices has gradually matured over
the last two decades to a semblance of acceptability, when performed at centers of expertise and onl/y when
the risk/benefit ratio permits, there remains widespread reticence for universal acceptability. Until recent-
ly, PM/ICD’s remained a relative contraindication unless the patients were to have a conditional device.
Thus, it naturally follows that safety of other metallic devices and abandoned PM/ICD leads which are not
amenable for manipulation to MRI safe or safer modes, is far from clear. Indeed, due to lack of program-
mability some of these devices are historically felt to be at the highest risk for MRI scanning. Consequent-
ly, this represents nearly an absolute contraindication in most guidelines and practices. With greater than
125,000 sacral nerve modulators, 100,000 deep brain stimulators and 75,000 vagal nerve stimulators re-
portedly implanted [14], many of these patients will have need for MRI at some stage in their lifetime. In
addition to this large population of extra-cardiac devices, there is a sizeable population with abandoned
pacemaker/ICD leads, implantable loop recorders and other non-programmable cardiac devices. Data on
safety evaluation for MRI in patients with these non-PM/ICD metallic devices and leads is limited to
non-clinical testing, retrospective studies, or anecdotes. 2013 ACR guidance on MRI safety states, patients
with “long conductive leads, pacemakers, ICDs, neurostimulators, and cochlear implants, should be con-
sidered at risk for MR studies if the body coil is to be used for RF transmission over the region of the elec-
trically conductive lead, even if only part of the lead pathway is within the volume to undergo RF irradia-
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tion” [3]. The 2017 Heart Rhythm Society expert consensus statement on MRI and radiation exposure in
patients with CIEDs, states, “in presence of abandoned leads even MRI conditional devices have to be con-
sidered as MRI non-conditional” [15]. In January 2018, based on MagnaSafe and other studies, Medicare
has extended coverage for MRI to include patients with MR non-conditional PM/ICDs who are not pace-
maker dependent but still explicitly excludes patients with “fractured, epicardial, or abandoned leads” [16]
specifically stating the data was too “sparse” to render an opinion while intimating the need for further
safety data. Herein, we report a single center experience on the feasibility of MRI in patients with
non-PM/ICD metallic devices and leads.

2. HYPOTHESIS

We hypothesize that using an established protocol analogous to that employed in PM/ICD’s,
non-programmable devices, non-cardiac devices, and abandoned leads can be imaged in a 1.5 T MRI with
acceptable procedural and post-procedural safety.

3. METHODS

We performed a retrospective analysis of consecutive patients with non-programmable cardiac de-
vices (implantable loop recorders, left atrial appendage occlusion device (LAAO), etc.), extra-cardiac de-
vices (vagal nerve stimulators, deep brain stimulators, gastric stimulators, bladder stimulators, etc.) and
abandoned PM/ICD leads, who underwent MRI (GE 1.5 T, WI) at a single tertiary care center over a span
of 13 years (Feb 2006-Mar 2019). All patients referred for MRI had a valid clinical indication, with >95%
of the referred patients having undergone the requested imaging study. Roguin et al. reported that pace-
makers and ICDs manufactured after 2000 were probably safe in MRI environment due to device im-
provements [17]. Based on this, the MagnaSafe study used an empiric implantation date cutoff of 2002 for
study inclusion. In abundance of caution, in our study, only patients with devices and leads that were im-
planted after 2004 were imaged. All patients gave written informed consent in a separate clinic witnessed
by a family member after a detailed discussion with the imaging cardiologist performing the study, re-
garding known risk and benefits. Patients were informed about the limited clinical experience with MRI in
non-PM/ICD devices and abandoned leads as an integral part of the consent process. For the purpose of
reducing induced currents (from gradient magnetic fields and RF potentials) and heating (from RF poten-
tials), the MRI scan protocol was designed to maintain specific absorbance rate (SAR) less than 4.0 W/kg
(with preferred SAR of less than 2.0 W/kg) and limit study duration to less than 60 minutes, similar to the
protocol successfully used for intact PM/ICDs in MagnaSafe study and our recent work [13]. Patients with
projectiles (bullets, shrapnel etc.) were excluded. Vital signs and EKG were monitored. The patients were
under constant audio, visual and electronic monitoring during the study for any evidence of distress or
change in vital signs. A cardiologist with training in advanced cardiac life support was in attendance dur-
ing the study. No specific device interrogation or programming was performed prior to or after the MRI
scan, other than switching to and from MRI mode in devices with that capability.

4. RESULTS

The cohort comprised of 127 MRI exams representing 94 patients, spanning 13 years from Feb 2006
through Mar 2019. Thirteen patients had repeat (2 or more) scans, including one patient with abandoned
leads who had 9 MRI scans. Average study duration was 35 + 9 min. The devices consisted of: 23 vagal
nerve stimulators (VNS), 22 implantable loop recorders, 16 spinal stimulators, 5 peripheral nerve stimula-
tors, 3 bladder stimulators, 2 deep brain stimulators, 1 gastric stimulator, 1 bone stimulator, 1 WATCHMAN
device, 22 abandoned PM/ICD leads and 1 VNS lead. Three patients had multiple non-PM/ICD metallic
devices (two patients with ILR and abandoned leads and another patient with ILR and VNS) (Table 1).
This represented 58 neuro/neurosurgical, 28 cardiovascular (including 4 post-cardiac transplant patients)
and 8 musculoskeletal studies. Some portion of the non-PM/ICD metallic device or leads was within the
region imaged in at least 38 out of 94 patients and 51 out of 127 scans (Figure 1). None of the patients
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Figure 1. Non-pacemaker/defibrillator metallic devices and abandoned leads in MRI environment.
Yellow arrows: Device/lead; White arrows: Pathology identified. A. MRI of left knee in a patient with
implantable loop recorder, showing mild tricompartmental chondrosis. B. Cardiac MRI in a noni-
schemic cardiomyopathy patient with a Watchman device, showing delayed hyperenhancement in
inferoseptal segment. C. Cardiac MRI in a heart transplant patient with retained leads, presenting
with chronic rejection. D. MRI brain in a patient with coiled abandoned leads, showing a hypoen-
hancing lesion in pituitary gland and pituitary compression. E. MRI lumbar spine in a patient with

spinal cord stimulator, showing disc herniation with spinal canal and foraminal stenosis. F. MRI
Brain in a patient with vagal nerve stimulator, showing cystic lesion in sella turcica with suprasellar
extension.

reported any discomfort, palpitations, heating, or sensation of device migration at the time of study or in
the 30-minute post-scan period. There was no immediate (peri-MRI exam) morbidity or mortality. Local
follow-up data was available in 65% (100% for thoracic imaging) with a mean of 190 + 475 days (median
13 days; range: 1 day - 10.9 years). None of these patients (0%) had device malfunction (indicated by de-
vice malfunction or alerts) at the time of short- or long-term follow-up. Importantly, with careful attention
to patient positioning and scan sequences, no safety or device issues were encountered in any patient, in-
cluding the ten patients who underwent repeat scans.

5. DISCUSSION

The hazards of MRI in patients with metallic devices are considered, in part, to be related to the main
static magnetic field By (torque), gradient magnetic field (induced currents) or radiofrequency pulse (in-
duced currents, heating from antenna effect) [18]. PM/ICDs, the most well studied device category in MR
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Table 1. Non-PM/ICD devices and abandoned leads.

Device Number of patients Number of scans Mean follow-up (days)
Vagal nerve stimulator (VNS) 23% 34* 196*
Implantable loop recorder (ILR) 22% 26% 84*
Abandoned PM/ICD leads 22% 38* 426*
Spinal cord stimulator 16 16 46
Peripheral nerve stimulator 5 5 65
Bladder stimulator 3 5 324
Deep brain stimulator 2 2 240
Gastric stimulator 1 1 0
Bone stimulator 1 1 0
Abandoned VNS wires 1 1 196
Watchman device 1 1 16
All Devices 94* 127% 190*

*One patient had both VNS and ILR and two patients had ILR and abandoned leads.

environment, have undergone design changes to improve their MRI safety. These changes include reduc-
ing the ferromagnetic content, changes in lead design to minimize heating and facilitate heat dissipation,
hermetically sealed titanium, or stainless-steel cases, etc. [18]. Recent studies have shown with appropriate
scan protocol and program settings, MRI can be safely (but not with impunity) performed in older MR
non-conditional PM/ICDs as well [10]. This still leaves a large group of patients who have non-programmable
cardiac devices, abandoned PM/ICD leads and a wide spectrum of extra-cardiac devices.

Non-programmable cardiac devices such as ILRs have not been adequately studied in clinical settings.
Even less attention has been paid to abandoned pacemaker or ICD leads and occlusion devices. Most cur-
rent generation ILRs are generally considered MR conditional (based on non-clinical testing), although
device memory/ECG recording will be inaccurate during scanning [18]. Artifacts during MRI may mimic
arrhythmia [19, 20]. Occlusion devices such as Amplatzer plug and WATCHMAN device are considered
MR conditional based on ex vivo testing [21]. Abandoned leads are disconnected from the pulse generator
and left behind due to fracture, insulation breaks, dislodgment or other failure [22]. Lead extraction is
fraught with high risk that they are often not removed even at the time of open-heart surgery. Studies
show 39% to 48% of post heart transplant patients had abandoned leads even after transplant surgery from
devices (ICDs and cardiac resynchronization therapy devices) placed in their native heart [23, 24]. The
wavelength in tissue of RF for 1.5 T MRI is 52 cm which falls in clinically relevant lead length range of 40 -
60 cm, increasing chance of antenna effect related heating [22]. Abandoned leads have been shown to ex-
hibit increased lead tip heating compared to pacemaker-attached leads [22]. In addition, capped leads have
been shown to be more prone for heating than uncapped leads [25]. Even if the lead is MR compatible by
design, abandoned leads are considered MR non-conditional and MRI is not recommended [15, 25]. The
pacing capture threshold, typically used to assess myocardial damage due to MRI exposure, cannot be
measured for abandoned leads [22]. While myocardial damage leading to under sensing or failure to cap-
ture is not a problem with abandoned leads, myocardial damage and scarring may have detrimental effects
on cardiac function as well as have a pro arrhythmic effect.

The extra-cardiac devices currently being used clinically include spinal cord stimulators, deep brain
stimulators, sacral nerve modulators, vagal nerve stimulators, gastric stimulators, phrenic nerve stimula-
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tors, bone stimulators and carotid sinus stimulators [14]. Prevalence of these devices in patients has been
expanding. These extra-cardiac devices have a wide range of properties, anatomic location, and program-
mability. Some of them are programmable and some are not. In some devices, the programming could be
performed by the patient and in some by the physician only and typically only to “on” or “off” modes. Da-
ta for MRI safety in these devices is limited to non-clinical testing and retrospective studies. Neurological
damage has been reported in a patient with deep brain stimulator undergoing brain MRI [26].

The landmark MagnaSafe study on MRI safety in MR non-conditional PM/ICDs, which one of the
authors participated in, showed MRI could be performed safely in these patients using appropriate MRI
protocols and programming the devices to specified modes. Importantly, the MagnaSafe study specifically
excluded patients with abandoned or inactive leads that could not be interrogated, non-PM/ICD devices
or devices with non-thoracic location [10]. Published safety evaluation for MRI in patients with
non-PM/ICD metallic devices is very limited.

A very small study of 2 patients with ILRs showed no safety issue with MRI in either patient [27].
Another small retrospective cohort study of 19 patients with leads who underwent MRI (35 scans) found
no safety concerns after a 7-day follow-up [28]. Incredibly, these patients had their generators removed
prior to MRI and re-implanted after the MRI scan. At the time of this study the generator was perceived to
be more of a risk in the MRI environment than the leads. Based on the safety demonstrated during Mag-
naSafe study as well our single center experience with CIEDs, we believe the risk associated with PM/ICD
removal far exceeds the risk of MRI performance. At minimum, our experience and MagnaSafe data
should suggest that MRI with the device in situ may be a far more conservative strategy than device ex-
plantation for sole purpose of performing MRI and such should be considered in the future as a preferred
strategy. Strach et al reported a series of 114 patients with CIEDs including an unknown number of pa-
tients with abandoned leads with no safety issues when imaged with 0.5 T MRI, but data on safety in the
more commonly used field strength of 1.5 T is limited [29]. Safety of permanent epicardial surgical leads
in the MRI environment is not well understood. A study of 200 patients with postoperative metallic ma-
terial (including 51 patients with abandoned temporary epicardial pacing wires) who underwent 1.0 or 1.5
T MRI after cardiac surgery did not show any symptoms suggestive of arrhythmia or cardiac dysfunction.
Only 81 of the 200 patients had ECG monitoring during the scan [30]. No intermediate or long-term fol-
low-up was performed. A MR safety survey of directors of 105 neuroradiology fellowship programs in US
and Canada did not find any safety issues for MRI in patients with abandoned epicardial pacer wires [31].
However, other investigators recommend caution [32]. Our own experience is that in actual practice, most
centers express considerable reticence towards imaging any metallic device.

A Dutch study of 73 patients with VNS who underwent MRI (101 scans) demonstrated no complica-
tions except for one instance of a lead break but it was unclear if MR scanning was responsible for the lead
break [33]. Blood oxygenation level-dependent functional MR imaging (BOLD fMRI) synchronized to
pulses from a VNS has been shown to be feasible [34]. A study of 21 patients with LAAO devices (Am-
platzer, Amulet and WATCHMAN) who underwent MRI brain within 48 hours after procedure did not
report any safety issues [35]. A series of 7 patients with LAAO devices who underwent cardiac MRI with
contrast to evaluate placement did not report any safety issues [36].

While small studies have reported safety of MRI in individual devices, our study comprised an array
of non-PM/ICD metallic devices and abandoned leads. There were no safety issues during the scan or in
the immediate post scan monitoring period. In more than a third of the scans, the entire device or aban-
doned lead or a portion of it was within the imaging field. None of the patients who had follow-up (79%),
had any safety issue at the time of follow-up. Padmanabhan et al [37] reported a favorable risk-benefit
profile for MRI in patients with abandoned leads. Based on data from our lab, Samar et al. [13] previously
demonstrated additive value of MRI in management of patients with programmable cardiac devices. We
believe our findings add to growing evidence demonstrating feasibility of MRI in patients with a wide
spectrum of devices—cardiac and extra-cardiac, programmable and non-programmable, provided appro-
priate MRI protocol is used. This approach will avoid compromising patient care by having to resort to
investigations with lesser diagnostic value or more invasive strategies with higher inherent risk, e.g., re-
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moval of devices or leads to facilitate MRI, invasive diagnostic approaches such as biopsy in lieu of MRI.
While physicians are bound by Hippocratic Oath of “primum non nocere” in being cautious about MRI in
patients with metallic devices, there is counter argument against depriving patients of this important di-
agnostic tool, shown to have impact on survival in certain conditions [38].

In 2011, the Centers for Medicare and Medicaid Services (CMS) granted a change in National Cover-
age Determination (NCD) that allowed reimbursement for MRI in patients with PM/ICD if they are
enrolled in a prospective registry designed to determine the risk associated with MRI [39]. In view of ex-
panding data on safety of MRI in patients with devices, there was clamor for re-examining of coverage is-
sues [40]. In January 2018, CMS extended coverage for MRI to include patients with MR non-conditional
PM/ICDs if following criteria are met: <1.5 Tesla; >6 weeks after device placement; not pacemaker depen-
dent; no fractured, epicardial, or abandoned leads; programming device to appropriate MRI scanning
mode [16]. We strongly believe our experience will expand current understanding in this field, as our
study includes the patients specifically excluded by CMS in the recent NCD due to limited available data:
abandoned leads, devices lacking programmability to MRI-safe mode.

While MRI safety in older MRI non-conditional cardiac devices as well as non-cardiac devices is be-
ing established, device improvements to make these devices MR conditional have been developed. It is
noteworthy that improvements in device and lead design to make them MRI conditional have their pitfalls
as well. Several studies have raised concerns about increased risk of lead dislodgement and cardiac perfo-
ration with newer MR conditional pacing leads [41, 42]. This suggests replacing MR non-conditional de-
vices with newer MR conditional devices for sole purpose of MRI is not only necessary but may be fraught
with additional risks beyond the inherent peri-procedural complications.

While our study serves to expand the knowledge of MRI safety in patients with non-PM/ICD metallic
devices, it has several limitations. The devices in our study were not interrogated before or after the MRI
exam. While the great majority of the patients (75%) had follow-up, local follow-up data was not available
for patients referred from outside centers. While no cardiovascular, neurological or other adverse effects
were noted during the scan, immediately after the scan or during follow-up, lack of data regarding the
performance of the devices in patients without long term follow-up is a limitation, notwithstanding the
notion that peri-procedural and short-term follow-up likely encapsulates the great majority of risk. While
our study represents the largest real world study representing a wide spectrum of non-cardiac devices,
non-programmable cardiac devices and abandoned leads to our knowledge, the small sample size for some
of the individual devices (2 bladder stimulator, 2 deep brain stimulator, 1 bone stimulator, WATCHMAN
device etc.) may limit applicability of our data for those devices. This is a single center retrospective study
at a Cardiovascular MRI lab with long experience in imaging patients with implantable devices. Accor-
dingly, caution is needed while extrapolating our findings to centers with less experience in imaging these
patients. Replicating this data in a multicenter prospective study would further strengthen the evidence for
MRI safety in non-PM/ICD metallic devices and abandoned leads should clinical equipoise remain.

6. CONCLUSION

In this early experience, we show that MRI is feasible in patients with implantable loop recorders, an
assortment of stimulators and abandoned PM/ICD leads, when combined with scan protocols used for pa-
tients with intact MR non-conditional PM/ICDs. Unlike most studies which focused on a particular de-
vice, our study represents the largest to date real world experience demonstrating feasibility and early fa-
vorable safety of MR imaging in patients with a wide array of non-PM/ICD metallic devices encountered
in clinical setting. With the previously demonstrated notion of “added value” for MRI in PM/ICD’s, the
feasibility of MRI with appropriate precautions that we have demonstrated in patients with non-PM/ICD
metallic devices and abandoned leads, should spur further research in this field.
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ABBREVIATIONS

MRI Magnetic Resonance Imaging

ACR American College of Radiology

CIED Cardiac Implantable Electronic Device

PM Pacemaker

ICD Implantable Cardioverter Defibrillator
LAAO Left Atrial Appendage Occlusion device
SAR Specific Absorbance Rate

ILR Implantable Loop Recorder

VNS Vagal Nerve Stimulator

BOLD fMRI Blood Oxygenation Level-Dependent functional MR Imaging
CMS Centers for Medicare and Medicaid Services
NCD National Coverage Determination
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