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Background: Spinal cord stimulation (SCS) has become a vital therapy for managing intractable
chronic pain, especially in patients unresponsive to conventional treatments. However, integrating
SCS devices with magnetic resonance imaging (MRI) poses significant clinical challenges. The
strong magnetic and radio frequency (RF) fields generated by MRI can interact with the implanted
SCS devices, leading to potential risks such as device malfunction, heating, and image distortion,
which complicate both the safety and efficacy of this essential diagnostic tool. New-generation
SCS devices are now designed with modern materials and circuitry, which renders them relatively
safe. The plethora of devices and leads available in medical industry market requires practitioners
and technicians to develop a comprehensive overview of MRI-conditional technologies and remain
aware of the challenges, failures, and safety concerns that still exist, albeit to a much lesser extent.

Objective: This review aims to thoroughly evaluate the current advancements and challenges
in MRI-conditional SCS devices. The study focuses on the technological innovations that have
enhanced the safety of such devices, the specific operational conditions under which these
devices are deemed safe, and the clinical implications of these developments. By summarizing
pertinent information from manufacturer specifications and coverage of commonly encountered
malfunctions and adverse events for devices used in mainstream clinical practice, this review seeks
to offer valuable insights for clinicians navigating the complexities of SCS device management in
patients requiring MRI diagnostics.

Methods: This review was conducted through a comprehensive analysis of device manufacturers'’
manuals and guidelines; recent literature, including peer-reviewed articles; case studies; and safety
data obtained from regulatory bodies and authentic publicly available information. The analysis
focused on identifying technological advancements and reported adverse events as well as the
clinical implications of using SCS devices in MRI environments. By synthesizing findings from
various sources, the review presented an integrated perspective on MRI safety in SCS therapy.

Results: The review identified several key advancements in MRI-compatible and conditional
SCS devices, with significant improvements in lead design, shielding techniques, and device
programming that have enhanced the devices’ safety in MRI environments. However, despite
these advancements, multiple instances of device malfunction, particularly those related to high
lead impedance, heating under MRI exposure, inability to enter or exit MRI modes, and more,
were reported across various manufacturers; in some cases, these issues have led to FDA recalls,
manufacturers’ advisories, and warnings. Additionally, observations were made regarding the
prevalence of certain types of operational failures in devices made by specific manufacturers.

Conclusion: The evolution of MRI-compatible SCS devices has markedly improved the safety
and efficacy of combining SCS therapy with essential diagnostic imaging. Ongoing technological
advancements and rigorous safety validations continue to enhance patient outcomes, allowing
individuals with chronic pain to receive comprehensive care without compromising on diagnostic
accuracy or therapeutic efficacy. Knowledge of operational guidelines and device specifications
combined with guarding against commonly encountered safety challenges should protect patients
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from serious adverse events. Future developments must tackle the remaining challenges and refine MRI compatibility to further

integrate these critical aspects of patient care.
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n the realm of neuromodulation, spinal cord

stimulation (SCS) represents a cornerstone therapy

for managing chronic pain, particularly in cases
unresponsive to conventional medical management
(1,2). Emerging neuromodulation techniques offer
new possibilities for treating chronic neuropathic
pain beyond even traditional SCS (3). However, the
functionality of SCS devices intersects with the need
for magnetic resonance imaging (MRI) and has thus
historically presented significant clinical challenges (4).
For this reason, traditional SCS systems, despite their
effectiveness, have encountered limitations in attempts
to integrate them with imaging technologies like MRI,
often necessitating complex management protocols.

MRI, a critical diagnostic tool, offers unparalleled
soft tissue contrast and detail, which are essential for
diagnosing conditions that are often concomitant with
chronic pain syndromes. However, the presence of an
implanted SCS device has traditionally imposed limita-
tions, due to the risks associated with the interactions
that MRI's strong magnetic and radio frequency (RF)
fields may have with the ferromagnetic components of
the implantable pulse generator (IPG) devices and their
leads. The strong magnetic fields required for operat-
ing MRI procedures interact with the electronics and
device components in SCS systems, resulting in damage
to the device, displacement of leads in the device or
tissue, lead heating, changes in device settings, and
unprogrammed or unintended stimulations (4-7). A
device’s MRI compatibility status as defined by the FDA
is highlighted in Table 1.

Recent advancements in SCS technology have sig-
nificantly improved the safety profiles of these devices,
which is predominantly due to innovation in materials
science and electronics utilizing non-ferromagnetic
components in the setup. Modern systems are increas-
ingly designed to be MRI-conditional, permitting
patients with implants safer access to MRI diagnostics
(10,11). Such developments not only enhance patient
safety but also expand the utility of SCS therapies
by mitigating previous diagnostic and therapeutic
limitations.

This review aims to critically evaluate the safety

and performance of MRI-conditional SCS devices, ex-
amining both the technological advancements that
have been made and the ongoing challenges such as
device malfunctions and failures that arise during MRI
procedures. We will explore the important MRI condi-
tions that need to be considered under which these
devices operate safely, highlight the operational guide-
lines issued by manufacturers, and provide a snapshot
of safety profiles of these MRI devices as evaluated
based on surveys of scientific, regulatory, and news
reports. The tables of MRI-conditional specifications
are designed to provide a general and comparative
overview between brands and manufacturers. Through
this comprehensive analysis, this review seeks to serve
as a quick and useful resource for clinicians and MRI
technicians serving SCS patients.

Clinical Relevance of MRI in Chronic Pain
Management

MRI holds a pivotal role in the diagnostic process
for chronic pain conditions, offering unparalleled in-
sights into the anatomical structures and pathologies
of the spine and surrounding tissues (13,14). Chronic
pain, often a complex and multifaceted ailment, can be
rooted in various spinal abnormalities such as herniated
discs, spinal stenosis, nerve root compression, etc. MRI's
ability to provide high-resolution images of both hard
and soft tissues without ionizing radiation makes it an
indispensable tool in the comprehensive evaluation of
these conditions (15). MRI uses strong magnetic fields
and radio waves to align hydrogens (protons) in the
body’s water molecules, which are then perturbed by
RF pulses. The resulting signal emitted by these protons
as they return to their original alignment is captured
and transformed into detailed images by sophisticated
computer algorithms. This process allows for the visu-
alization of complex structures within the vertebral
column and adjacent areas, highlighting abnormalities
that may be contributing to a patient’s pain syndrome
(16). For instance, the soft tissue contrast provided by
MRI is critical for identifying and differentiating be-
tween diseased and healthy tissue in the spinal cord
and nerves.
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However, the integration of MRI examinations into
the management of patients with implanted medical
devices, such as SCS systems, introduces a layer of com-
plexity. Traditional SCS devices, which include metal
components and electronic circuits, can interact with
MRI's magnetic and electromagnetic fields, potentially
leading to adverse effects such as device malfunction,
displacement, or harm to the surrounding tissue due
to induced currents or heat (20). These risks neces-
sitate rigorous testing and modification of both new
and existing SCS technologies to ensure MRI compat-
ibility. As a result, the development of MRI-conditional
SCS devices represents a significant advancement in
the engineering of medical devices, bridging the gap
between effective pain management and essential di-
agnostic imaging.

The evolution of MRI-compatible SCS devices un-
derscores a critical shift toward safer, more versatile
treatment modalities in pain management. By accom-
modating the need for regular and emergent MRI
scans, these devices ensure that patients receive not
only ongoing therapeutic benefits but also continual
access to the best diagnostic resources. This dual capa-
bility is essential for dynamic pain management strate-
gies, particularly in cases in which pain patterns change
or evolve, requiring periodic reassessment of underly-
ing conditions and therapeutic responses.

Challenges of MRI with Implanted Devices
The integration of SCS devices with MRI systems
presents a series of technical and safety challenges that
stem primarily from the interaction between the MRI
systems’ magnetic fields and the electronic and me-
tallic components of the implanted devices (20). MRI
scanners operate using a strong static magnetic field,
gradient magnetic fields, and RF fields, each of which
can adversely affect an implanted SCS device.
Magnetic Field Interactions. The static magnetic
field of an MRI scanner, typically ranging from 0.5T to
3T in clinical settings, can exert forces on ferromagnetic
materials found in some older or non-MRI-compatible
SCS devices. This effect can lead to torque or displace-
ment of the device, potentially causing patient discom-
fort or injury and displacement of the device from its
therapeutic position (23,24). Even in devices designed
without ferromagnetic materials, the presence of any
metallic component can distort the MRI's magnetic
field, leading to significant imaging artifacts that ob-
scure diagnostic information around the implant site.
The inherent technological incompatibility between

Table 1. Major terms and their commonly accepted definitions.

Status Definition
A medical device that poses no known
hazards resulting from exposure to any
MR environment. MR-safe medical devices
MRI-safe

are composed entirely of materials that are
electrically nonconductive, nonmetallic, and
nonmagnetic.

A medical device with demonstrated safety in
the MR environment within defined conditions,
MRI-conditional | including conditions for the static magnetic
field, the time-varying gradient magnetic fields,
and the RF fields.

A medical device that poses unacceptable risks
to the patient, medical staff, or other persons
within the MR environment.

MRI-unsafe

Note: The term “MR-compatible,” which appeared in a 1997 FDA
draft guidance document and was frequently misinterpreted, is obso-
lete and should not be used. (ASTM F2503-20 Standard Practice for
Marking Medical Devices and other Items for Safety in the Magnetic
Resonance Environment. ASTM International.)

ASTM = American Society for Testing and Materials

MRI and SCS devices is further complicated by the need
for strong magnetic fields for better imaging resolu-
tion, which also increases the risks due to interference.

RF Field-Induced Heating. One of the most major
risks involves the RF fields used during MRI scans, which
can induce currents in conductive materials such as the
leads of SCS devices (25). This phenomenon can cause
significant heating at the tip of the lead or along the
lead body, potentially resulting in tissue damage if the
heating is not controlled adequately. The extent of RF-
induced heating depends on several factors, including
the design of the lead, its positioning relative to the RF
coil, and the specific MRI conditions, such as the scan-
ner's operating frequency and the type of sequence
used (20,26).

Image Distortions. SCS devices are known to cre-
ate imaging artifacts, particularly around the electrode
leads, which can impact the quality of MRI scans sig-
nificantly (27). These artifacts, which often present as
signal voids or distortions, are typically caused by signal
loss around the metallic components of the leads, dis-
turbances in the homogeneity of the magnetic field,
and changes in resonance frequencies near the implant
site. The artifacts are generally localized to areas
surrounding the electrode leads, such as the dorsal
epidural space, but can obscure important diagnostic
information, especially in cases requiring detailed
imaging of spinal cord lesions, inflammation, or other
abnormalities. The extent and severity of these artifacts
can vary depending on such factors as the design of the
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SCS leads, their position relative to the MRI coil, and
the specific MRI settings being used.

Device Functionality and Malfunction. Beyond
physical risks, the interference of the electromagnetic
environment and incident RF on the electronic func-
tionality of implantable devices in general has been
documented in a study by Brown et al (28) that pro-
vides an understanding of the mechanisms behind RF-
induced malfunctions, such as unintended stimulation
or device failure, during MRI exposure. The possible
results of interference can range from temporary mal-
functions to permanent damage, affecting the device’s
ability to deliver therapy. For instance, the gradient
magnetic fields and the radio frequencies, the former
of which change rapidly to produce images, can induce
voltages in electronic circuits that may lead to inappro-
priate responses or reprogramming of the device (29).

Given these challenges, the designing and testing
of SCS devices for MRl compatibility requires meticu-
lous engineering to mitigate risks. Manufacturers must
employ robust shielding techniques, use nonferrous
materials, and design circuits that can tolerate or avoid
the induction currents (30). Additionally, the develop-
ment of leads that minimize RF-induced heating has
been a focal point of recent innovations in device
design. Recent comparative analyses of MR-conditional
SCS devices have also highlighted several failure modes
that can arise even when designs adhere to manufac-
turer guidelines. These problems include issues such as
unexpected device lockups in MRI mode, lead imped-
ance varying in ways that affect conditionality status,
and inconsistent RF shielding performance, all of which
pose potential safety concerns during MRI exposure
(31). Additionally, mismatches in device responses to
MRI protocols across different manufacturers are also
well-documented matters of concern.

Technological Innovations Enabling MRI
Compatibility in SCS Devices

The conjunction of SCS and MRI technologies in
treatment and diagnostics has significantly advanced
due to innovations in device materials, lead technol-
ogy, and electronic safety features. Modern SCS systems
are constructed with non-ferromagnetic materials that
minimize magnetic interference and reduce risk during
MRI scans. Leads are now designed to mitigate RF-
induced heating, a critical challenge in earlier designs,
through improved structural configurations and pro-
tective coatings. These enhancements have established
a new standard in patient care, allowing individuals

with implanted SCS devices to gain access to essential
MRI diagnostics without compromising their pain man-
agement therapy. This shift not only reflects signifi-
cant technological progress but also improves clinical
outcomes by ensuring continuous compatibility with
evolving medical imaging techniques. The subsequent
sections of this article will explore specific devices from
various manufacturers, detailing their unique MRI com-
patibility features and the conditions under which they
operate safely.

Comparative Review of Current MRI-
Compatible SCS Technologies

As the intersection of SC stimulation technologies
and MRI evolves, it becomes essential for clinicians and
patients to understand the specific capabilities and
limitations of various MRI-compatible SCS systems. This
knowledge is crucial not only for ensuring the safety
of patients during MRI scans but also for optimizing
therapeutic outcomes by selecting the most appropri-
ate device tailored to individual clinical needs. The
present section of this study provides a comparative
review of the latest MRI-compatible SCS devices, draw-
ing from an extensive compilation of data on device
specifications, lead compatibilities, and the safe MRI
operating conditions. Each device’s entry is obtained
from manufacturer guidelines and clinical evaluations
available online, which are compiled here. By organiz-
ing the IPGs and leads based on their manufacturers,
we aim to provide an overview of the diverse range
of options available on the market currently and the
prominent details of their MRI operational conditions.
The ensuing analysis will delve into the core features
of each system, discussing their design innovations,
MRI-conditional statuses, and specific operational
guidelines as outlined in Tables 2 through 9, organized
in accordance with SCS brands on the market. These
tables are for cursory reference, and practitioners are
highly recommended to consult the device manufac-
turers’ manuals for a comprehensive understanding of
safe operating profiles.

In the realm of neuromodulation, significant
strides have been made to ensure that SCS devices
are not only effective in pain management but also
compatible with MRI. Abbott’s recent developments in
MRI-compatible SCS devices exemplify this progression.
The Eterna series, with model numbers 3666 and 3770,
showcases advanced MRI-safe protocols that facilitate
full-body scanning under 1.5T conditions without com-
promising patient safety or device functionality. The
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Table 2. Boston Scientific SCS devices and their feaiures relevant to their operational safety under MRI (8,9).

Compatible .
Model # Leads with | Scan Statie Max Ma?( L5T Additional
Mag. Grad. Spatial SAR Battery
and Name Model Reg. L. Notes
Str. | Slew Rate | Grad. Limit
Numbers
S e . Full <200 Bl arme =il o cenargsable Iy IS, D e MR mode
(WaveWriter a-j bod 15T T/m/s <40 T/m 3.2 uTt charge (> 3 bars) before before MRI
Alpha) Y A MRI 5
SC-1416, S C-l 432 Full <200 Bl+rms < Non-rechargeable. If Enable MRI mode
(WaveWriter a-j bod 15T T/m/s <40 T/m 3.2 uTt battery enters ERI, MRI before MRI
Alpha Prime) Y “H mode cannot be enabled. ’
SC-12.0.0 . Full <200 Bl+4rms < gl il Turn off stim
(Precision a-i bod 15T T/mls <40 T/m 2.0 uT+ charge (= 3 bars) before durine MRI
Montage™ MRI) Y T MRI R
SC-1128, SC-1126 Full <200 Blarms < Rechargeable, fully Turn off stim
(Spectra a-i bod 15T T/m/ <40 T/m 2.0 uTt charge (= 3 bars) before durine MRI
WaveWriter™) ody m/s Op MRI uring )
ST : Full <200 Bl+rms < LBl iy Turn off stim
SC-1112 a-i bod 15T T/m/s <40 T/m 2.0 uTt charge (> 3 bars) before durine MRI
(Precision Spectra™) Y Yu MRI 8 .

MRI-compatible leads from Boston Scientific « Percutaneous leads: [(a) Avista™ SC-2408 — 56 cm, 74 cm; (b) Linear™ SC-2158, SC-2138 - 50 cm,
70 cm; (c) Linear™ ST SC-2218, SC-2208 - 50 cm, 70 cm; (d) Linear™ 3-4 SC-2352 - 50 cm, 70 cm; (e) Linear™ 3-6 SC-2366 50 cm, 70 cm; (f) In-
finion™ CX SC-2317- 50 cm, 70 cm; (g) Infinion™ Pro SC-2318 — 50 cm, 70 cm] « Surgical leads: [(h) Artisan™ MRI SC-8416 — 50 cm, 70 cm; (i)
Artisan™ SC-8216, SC-8120, SC-8116 — 50 cm, 70 cmy; (j) CoverEdge™ 32 MRI SC-8436, SC-8452 — 50 cm, 70 cm].

+ o For Avista™ MRI leads: whole body < 2.0 W/kg, head < 3.2 W/kg. « All other leads: WaveWriter™ Alpha & Alpha Prime whole body and Head <

0.4 W/kg. Precision Montage™ whole body & Head < 0.2 W/kg.

All Boston Scientific models listed in the table (i) allow full-body scanning with caveats based on leads as listed above, (ii) offer supine or prone
positioning and must operate in Normal Operating Mode, and (iii) have a 30-minute active scan time limit, followed by a 60-minute cooling pe-

riod.

integration of leads like Octrode 3186, Penta 3228, and
Tricentrus 3775, which are specifically designed to mini-
mize RF-induced heating and magnetic interference,
underscores the ability of these devices to enhancing
patient care (33). Similarly, Medtronic’s SureScan™
technology was one of the first developments in MRI-
safe SCS devices. SureScan™ has been implemented in
all of Medtronic’s models since 2017 (34). This technol-
ogy has also been used in designs for MRI safety leads.
To address the most common problem of lead heating,
SureScan™ |leads incorporate braided bodies, which act
as RF shields and surfaces for heat dissipation. The de-
sign has been established as reducing the accumulation
of RF energy and heat at the lead electrodes (34).
Similarly, Abbott’s Proclaim™ XR series illustrates
how manufacturers are adapting to clinical needs by
offering devices that ensure robust performance dur-
ing MRI scans. These devices leverage technology that
adjusts automatically to MRI settings, a feature that
not only streamlines the clinical workflow but also miti-
gates the risk of manual errors during device program-
ming prior to MRI procedures. This series highlights the
crucial balance between therapeutic efficacy and diag-
nostic accessibility, ensuring that patients undergoing

chronic pain management can access MRI diagnostics
safely, a necessity in comprehensive pain management
strategies.

Boston Scientific's WaveWriter™ Alpha and Alpha
Prime systems further reflect this trend by incorporat-
ing INGEVITY MRI leads, which are known for their
operational safety in both 1.5T and 3T MRI environ-
ments, enabling their use for full-body scan under MRI
conditionality. The design of these systems emphasizes
patient-centric innovations, such as Bluetooth-enabled
adjustments and FAST™ therapy, which enhance
daily usability and patient autonomy. These features
not only cater to patient comfort but also align with
modern health care practices that prioritize personal-
ized care plans and patient engagement in managing
chronic conditions.

The clinical implications of these advancements are
profound. By integrating SCS devices that are compat-
ible with MRI, clinicians no longer need to choose be-
tween effective pain management and the diagnostic
clarity offered by MRI scans. This integration has been
shown to improve the quality of life for patients with
chronic pain by providing detailed imaging that can
inform more targeted adjustments to SCS therapy,

www.painphysicianjournal.com

455



Pain Physician: November 2025; 28:451-465

Table 3. Abbott SCS devices and their features relevant to their operational safety under MRI conditions (12).

Compatible .
Model # Leads with Scan Statie Max Grad. Maf‘ Whole ..
Mag. Spatial | Body 1.5T Battery Additional Notes
And Name Model Reg. Slew Rate ..
Numbers Str. Grad. | SAR Limit
32400 (Eterna™ Any body Enable MRI mode before
SCS System) a,b,e f e 15T | <200 T/m/s | <30 T/m | <0.1 W/kg | Rechargeable R ree i
3660, 3662 Enable MRI mode before
(Proclaim™ XR) Anv bod Non- MRI procedure. Expanded
3670, 3672 a,be ny ‘t’ Y1 15T | <200T/m/s | <30 T/m | <0.1 W/kg N on bje | - MRIlabelling allows for
(Proclaim™ XR par rechargeable higher quality images with
Plus) faster scan times.
3664 (Proclaim™
DRG SCS o d Anybody | ) S | <200 T/mss | <30 T/m | <0.1 Wikg Non- Enable MRI mode before
S part rechargeable MRI procedure
3772 (Prodigy
MRI™ SCS ae Anybody |y S | <200 T/ms | <30 T/m | <0.1 Wikg | Rechargeable | Dn2Ple MRImode before
System) part MRI procedure
3771 (Protégé
MRI™ SCS ae Any body 1.5T | <200T/m/s | <30 T/m | <0.1 W/kg | Rechargeable Enable MRI mode before
— part MRI procedure

MRI-compatible leads from Abbott « Percutaneous leads: [(a) Octrode™ 3186 - 60 cm; (b) Octrode™ 3189 - 90 cm; (c) MN20450-50 - 50 cm; (d)
MN20450-50A - 50 cm] » Surgical leads: [(e) Penta™ 5-Column Paddle Lead 3228 - 60 cm; (f) TriCentris™ 3-Column Paddle Lead 3292 - 60 cm]
All Abbott models listed in the table: (i) allow full-body scans with caveats based on leads as listed above, (ii) offer supine positioning only and
must operate in Normal Operating Mode, (iii) have a 30-minute active scan time limit, followed by a mandatory 30-minute cooling period, (iv) are
applicable only to circularly polarized transmit coils, and (v) have a 1.5-T cylindrical-bore magnet and horizontal field orientation.

For Proclaim™ SCS and DRG systems, a paired patient controller or clinician programmer is required to enable and disable MRI Mode.

1.5T SAR for head scans for integrated whole-body transmit coil with any receive coil is 1.5 W/kg; detachable transmit-receive coils for head or
extremity scan for hip and shoulder are to be consistent with Normal Operating Mode.

Table 4. Medtronic SCS devices and their features relevant to their operational safety under MRI conditions (17-19).

Max Max
Model i hole B 1.5T
odel # Scan Reg. Static Grad. Spatial Whole Ofly . > Battery Additional Notes
And Name Mag. Str. SAR Limit
Slew Rate | Grad.
977117, 977118, Any body <200 Whole body: < 2.0 W/kg, Enable MRI mode
977119 (Inceptiv™) part LIS T/m/s S DUl Head: < 3.2 W/kg el before MRI.
97715, 97716 Any body <200 Whole body: < 2.0 W/kg, Fully charge before
(Intellis™) part L3T Tss | S90T™ | Head:<32wikg | Rechargeable MRI.
?\71372?;: 977006 Any body 15T <200 <40 T/m Whole body: < 2.0 W/kg, Non- Enable MRI mode
- part ’ T/m/s - Head: < 3.2 W/kg rechargeable before MRI.
Sequentia™)
97702, 97712, <200 Non- Use detachable head
97713,97714 Head only 15T - <40 T/m Head: <3.2 W/kg transmit/receive
o T/m/s rechargeable .
(Restore™ Series) volume coil.
37701, 37702,
37703, 37704 Headonly | 15T S2000 40 T/m Head: < 3.2 W/kg Non- Enable MRI mode
o T/m/s rechargeable before MRI.
(Itrel™ Series)
37711, 37712, <200 Non- Use detachable head
37713, 37714 Head only 15T - <40 T/m Head: < 3.2 W/kg transmit/receive
o an: T/m/s rechargeable .
(Restore™ Series) volume coil.
Use detachable head
7479, 74798, 7427, <200 . Non- . )
7407V Head only 15T T/mls <40 T/m Head: < 3.2 W/kg e transmlt/rec#lve
volume coil.

IPG-leads-compatible model combinations: Intellis™ Series 97715, 97716, Inceptiv™ Series 977119, Restore™ Series 37713, 37714, 97713, 97714,
Itrel™ Series 37703, 37704, Vanta™ Series 977006, Sequentia™ Series 977005, PrimeAdvanced™ Series 97702. Some model numbers, such as 977117,
977118, 97712, 37701, 37702, 37711, 37712, 7479, 7479B, 7427, 7427V, and 7425 are unnamed.
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Table 5. Saluda SCS devices and their features relevant to their operational safety under MRI conditions (21).

Compatible Stati
Model # | Leadswith | Scan 1€ 1 Whole Bod Head/Knee 1.5 T or Additional
Ma, Y Batter
And Name Model Reg. Strg- 1.5T SAR Limit 3.0 T SAR Limit Y Notes
Numbers :
Full body 15T 2.0 W/ke or Bl Maxi 30 mi
5T : <2, gor Bl+rms < aximum 30 min
2\1/21229 : 60 cnl12§0 om 450 Bli(r)r.rgls\/g/i(%gr T | 387 uT (Zone 2) < 3.2 W/ | Rechargeable scan time
’ Hel:r(li and 1'53 TO f‘rnd =0H kg (Normal Mode) One scan per day
ee d

Evoke™ is also referred to as a closed-loop system (CLS); model number for 60 cm lead is 1008, 90 cm is 1009, and lead extension is 1011.
Time of MRI-compatibility notificaiton: Feb 2022, FDA. Check latest MRI guidelines at Saludamedicals.com before procedure.
Max gradient slew rate and max spatial gradient are not provided.

Table 6. Biotronik SCS devices and their features relevant to their operational safety under MRI conditions (22).

Compatible SAR
IPG Model Stati M
4 A d"de Leads with | Sean | %7 | Max Grad. | ( *5 | Limits RF Battery | Additional
Model Reg. 28 | Slew Rate patid 1.5 T and | Excitation attety Notes
Name Numbers Str. Grad. 3.0T
u .
éiZf‘fraw Resilience™ <30T/m Whole LST:CP Ng;alﬂ?le?ide
( it}ll) ercutaneous Fullbody | 15T, 1) 200 T/m/s _(3 000 body<2.0 | 3.0T:CP Rechargeable | Max sca;l
bt P andhead | 30T |~ ’ W/kg, head | or MC-2, 8 .
Embrace leads gauss/cm) durations
- <3.2W/kg | 2-channel .
One™) specified.

MRI-compatible leads with IPGs: Resilience™ models 457852 (55 cm), 457853 (75 cm). Lead accessories 457858 (anchor), 463926 (TrueLock an-

chor), 457854 (SCS Port Plug).

CP: circularly polarized. MC: multi-channel RF excitation mode(s). tMax 60 min per 90 min for 1.5 T, and max 30 min per 60 min for 3.0 T. Infor-

mation as of Revision E dated July 24, 2023, published on Feb 17, 2024.

leading to better overall pain management outcomes.
The latest technology in SCS development is the in-
troduction of closed-loop systems that automatically
adjust stimulation parameters to compensate for this
variability (35). Closed-loop SCS devices that are com-
patible with MRI include Medtronic’s Inceptiv® and Sa-
luda’s Evoke®. Both devices support MRI scanning even
under high impedance conditions and across a wide
range of MRI settings. Notably, Inceptiv® is safe for MRI
procedures in 3T even when the device is fully charged.
These technological advancements have consistently
demonstrated positive outcomes.

Evaluation of MRI Safety Outcomes for SCS
Devices in the Last Decade (2016 to 2024)
Despite the improvements in the MRI conditional-
ity of SCS devices, the industry continues to face chal-
lenges related to MRI compatibility, predominantly due
to the increase in volume of its usage. The heightened
use of MRI-compatible devices is attributable to the
integration of MRI therapy in mainstream pain man-
agement. Issues such as devices that fail to exit MRI
mode, device/lead heating, and other safety concerns
have led to recalls and additional interventions across

various manufacturers. Recent comparative studies
have demonstrated that MRI-conditional failure modes
in SCS devices are not limited to isolated cases but are
observed across multiple manufacturers, with common
issues including high lead impedance, device lockups
in MRI mode, and unintended RF-induced heating
(31). These findings highlight the importance of the
continuous post-market surveillance and systematic
evaluation of SCS performance under real-world MRI
conditions to mitigate patient risk. This section will
delve into prominent and recent instances of adverse
events, safety recalls, and concerns that are found in
scientific literature, documented by regulatory bodies,
and/or reported in news media. Due to the comprehen-
sive reviews analyzing such instances in the past decade
(7,10) and similar available resources (37,38), this sec-
tion will focus on instances reported since 2018.
Abbott: Table 3 lists Abbott’s MRI-conditional SCS
devices that have defined safety parameters for their
MRI-conditional use. Abbott’'s MRI-conditional SCS
devices, including the Proclaim™ and Infinity™ IPGs,
have encountered significant safety issues, particularly
concerning their performance during MRI procedures.
In 2023, those concerns culminated in a Class | recall
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Table 7. Nevro SCS devices and their features relevant to their operational safety under MRI conditions (32).

Max
i SAR Limit
PG Lead Sean | D2He | Graq, | Max e RF MRI Additional
. Mag. Spatial - Mode
Model Information | Reg. Slew Excitation .. Notes
Str. Grad. Zone A Zone B Activation
Rate
}:111151 l%())d}’ bl bl Only 3T: use only
Senza® — 9.2 2000G/ | body < body < . . ) .
headand | 15T 200 circularly Patient a transmit/
NIPG1000, | a,b,c . cm (20 04 W/kg, |2.0W/kg, . .
extremity | and3T | T/m/s polarized remote receive head
NIPG1500 T/m head<0.6 |head<3.2 .
(1.5 T and (CP) mode or local coil *
W/Kg W/Kg
3T)
Full body Whole Whole
(15T), 2000G/ | body < body < 3T: use only
Senza II* headand | 1.5T 200 ye i Only CP Patient a transmit/
a,b,c . cm (20 0.4 W/kg, 2.0 W/kg, .
NIPG2000 extremity | and3T | T/m/s mode remote receive head
T/m head <0.6 | head<3.2 .
(1.5 T and or local coil.*
W/Kg W/Kg
3T)
et Whole Whole
Senza® (157T), 2000 G/ | body < body < 3T: use only
o headand | 15T 200 y= Y= Only CP Patient a transmit/
Omnia B extremity | and3T | T/m/s (el 04Wikg, | 20Wikg, mode remote receive head
NIPG2500 T/m head<0.6 |head<3.2 ]
(1.5 T and or local coil *
W/Kg W/Kg)
3T)
Full body Whole  |Whole | OnlyCP | HEX
B (1.57T), : 3T: use only
Senza 2000 G/ | body < body < mode at patient app .
J headand | 15T 200 - a transmit/
HEFXiQ a,b,c extremi and3T | T/mys | M (20 04W/kg, |20W/kg, |15T or patient receive head
NIPG3000 (15T ar?é T/m head<0.6 |head<3.2 | Both CPand | remote or local coil*
3,1',) W/Kg W/Kg MC2at3T | control ’

All Nevro-compatible leads with all Nevro IPG for MRI: (a) percutaneous LEAD10x8-xx(B), (b) Surpass™ Surgical LEAD3005-xx(B), (c) Surpass-
C™ Surgical LEAD2005-xx(B). All leads available in 50 cm, 70 cm, and 90 cm. *Do not use integrated body coil. MRI is not usable with Lead
Extension 2008-xx(B). All Nevro batteries are rechargeable. Maximum 30 min scan per study, and minimum 60 min cooldown duration between
scans. Information as of Revision D, July 2024, for Senza® HFX iQ™ and Revision R, year 2024, for all other Senza models. Zone A is the localiza-
tion of laser light between the tip of nose and 8 inches above the knee. Zone B is any position outside Zone A.

Table 8. Curonix® (previously Stimwave Tech Inc.) SCS devices and their features relevant to their operational safety under MRI

conditions (36).

Static | M | M
PG Lead MC | Grad. af‘ SAR Temperature | MRI Mode | Additional
. Scan Reg. | Mag. Spatial - A
Model Information Str Slew Grad Limits Increase Activation Notes
: Rate :
Lllssdy 1.5T whole 33 t:rgrslzr(r)lriltlly
(1.5 T with ’ Maximum Manual .
restrictions) 15T <10 T/m ity £ 20, of 4° C for activation s g,
Freedom®- FR8A-AL, and head &’ e;n d <200 | ~ (1000 3.0T head 15 mins of required local, or
8A FR8A-B1 . T/m/s & extremity . red torso coil. No
extremity 30T gauss/cm) | 2.0, 3.0T continuous via external intearated
(1.5 T and oo scanning controller gra
30T) torso < 0.3 body coil at
d 3T.

Information as of Revision 5, released on Dec 2023. CP: circularly polarized mode. All leads are percutaneous cylindrical type, 45 cm in length.

by the FDA, the most serious type of recall, affecting
a large number of devices (39). The recall was initi-
ated after numerous reports that the devices could
become stuck in MRI mode, preventing the resumption
of normal therapy after the scan. This malfunction,
which was linked to software glitches and issues with

the patient controllers, led to 73 reported injuries
and, in many cases, required additional surgeries for
device replacement (40). This situation necessitated
device replacement surgery, as detailed in the patient
notification letters from Abbott in mid-2023 (41). The
documents highlight instances in which the device re-
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Table 9. Nalu SCS devices and their features relevant to their operational safety under MRI conditions (46).

Lead Static Max Temperature RF Additional
IPG Model . Scan Reg. | Mag. | Spatial P " SAR Limits Excitation .
Information Increase Information
Str. Grad. Mode*
11002- 40 cm Head and 15T 2000 Rty reT;reelisth::d Remove all external
040 (Dual Nalu lead extremities and | gauss/cm 2.5°C* body SAR), 3.2 & extremit pi—
Integrated) 12001-040 30T | (20 T/m) W/kg (head) e p :
. Transmit/
11,001-040 40 em Head and L5T 2000 o 10 W/kg (partial- receive head | Remove all external
(Single Nalu lead extremities and | gauss/cm 2.5°C* body SAR), 3.2 & extremit components
Integrated) 12001-040 30T | (20 T/m) W/kg (head) coils Y P ’
Remove all external
11004-002 Two 40 cm 2000 . 1.0 Wrkg (whole Whole-boc%y components. Yerlfy
(Dual Ported) Naluleads | Wholebody | 1.5T | gauss/cm 6°C i) RF transmit lead integrity,
12001-040 (20 T/m) coil impedance checks,
and RF coil config.
Remove all external
11003-002 40 cm 2000 Whole-body | components. Verify
(Single Nalu lead Wholebody | 1.5T | gauss/cm 6°C* 1.0 Wt:l;g ()W hole RF transmit lead integrity,
Ported) 12001-040 (20 T/m) Y coil impedance checks,
and RF coil config.

Version and release date not mentioned. Date of web update is Nov 2024. *Maximum 15 min continuous scanning with transmit/receive head &
extremity coils, 10 W/kg partial-body SAR, 3.2 W/kg head SAR. Nalu IPGs are non-rechargeable and powered wirelessly by external, rechargeable
therapy discs. No specific MRI mode activation procedure to follow. TExcitation mode not explicitly specified.

mained in MRl mode due to such issues as damaged or
lost patient controllers, locked controllers, or software
issues during MRI mode activation. In those cases, ad-
ditional surgeries were required to replace the IPGs to
restore normal operation and therapy (42). The scope
of this recall underscores the widespread nature of
the problem. Beyond these immediate concerns, stud-
ies have pointed out that SCS leads, including those
from Abbott and other leading brands, may experi-
ence elevated lead impedances over time. A detailed
retrospective analysis by Mullins et al (30), based on a
single-site study, showed that approximately 8% of the
568 MRI-conditional Abbott SCS systems experienced
lead issues. This problem may compromise the devices’
MRI conditionality over time, making them unsafe for
MRI procedures in the long term.

Boston Scientific: Table 2 lists Boston Scientific's
MRI-conditional SCS devices that have defined safety
parameters pertaining to their MRI conditionality.
Boston Scientific’'s MRI-conditional SCS devices have
encountered some safety and performance issues that
were reported to oversight bodies, including glitches
while entering or exiting MRI mode, problems with
rechargeability/battery life, and high impedances (43-
45). The concern regarding elevated lead impedance
has been that long-term issues can cause the devices to
fail to enter or maintain MRI-conditional mode. The is-
sue of high lead impedance also corresponded with the

findings reported in a retrospective review by Mullins
et al (30), wherein about one percent of the 1,184 leads
in the patients studied experienced elevated imped-
ance (30). This increase in impedance could be expected
to compromise the devices’ MRI conditionality, which
might require some patients to undergo alternative
imaging methods or even device explantation and
replacement.

Saluda Medical™: Table 5 lists Saluda Medical’s™
MRI-conditional SCS devices that have defined safety
parameters for their MRI-conditional use. In September
2023, Saluda’s™ Evoke® SCS system received FDA ap-
proval for use in the United States of America. A recent
report highlights a case of a patient who could not
proceed with an MRI due to the unavailability of con-
tacts in the Evoke® 12c¢ percutaneous lead. Although
no immediate safety failure occurred, the device was
explanted because the patient was unable to undergo
the necessary MRI procedure. During the revision sur-
gery, excessive scar tissue was found around the implant
site, complicating the procedure and ultimately leading
to the removal of the entire system (47). Compared to
other device manufacturers, Saluda™ is a newcomer to
the field, with only one model of SCS system. The MRI-
conditional Evoke® system has not been associated with
any major safety failures during MRI exposure or issues
with device performance over time; given the limited
number of available models, the relatively recent intro-
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duction to the market, and minimal market penetra-
tion, the absence of significant safety concerns should
be interpreted with caution, since long-term data and
broader clinical experience are still developing.

Medtronic: Table 4 lists Medtronic’s MRI-condition-
al SCS devices that have defined safety parameters for
their MRI-conditional use. The Manufacturer and User
Facility Device Experience (MAUDE) database contains
adverse reports on MRI-related failures in malfunction-
ing Medtronic devices, and these reports sporadic and
varied in category; however, a prevalent theme among
them (some of which are cited here) is the correlation
between battery recharge inconsistencies and irregular
charge level thresholds, which ultimately prevented
the device from entering or maintaining MRI mode suc-
cessfully (48-51). A case report of 3 patients published
by Takahashi et al (52) documented the introduction of
artifacts in MR images in 2 of the instances. In 2 of the 3
cases, the researchers observed metal-induced artifacts
around the electrode leads on MR images, likely caused
by signal loss and magnetic field disturbances around
the electrode materials. These artifacts were limited to
the dorsal epidural space and did not affect the ventral
epidural space or critical structures such as the spinal
cord and nerves.

Biotronik: Table 6 lists Biotronik’s MRI-conditional
SCS devices that have defined safety parameters for
their MRI-conditional use. The Prospera® system with
Embrace One™ has recently gained attention since
its FDA approval in March 2023. This system, which
includes RESONANCE™, a novel multiphase stimulation
paradigm, is designed to treat chronic pain with lower
power requirements than those of other SCS therapies.
Because the technology is relatively new, no significant
FDA recalls have been reported for the Prospera® system
or its associated leads to date. The ongoing BENEFIT-03
study aims to further evaluate the long-term safety and
effectiveness of the system, which will provide more
comprehensive data on its performance over time.

Nevro: Table 7 lists Nevro’s MRI-conditional SCS de-
vices that have defined safety parameters for their MRI-
conditional use. These devices have been reported for
device malfunctions and other minor reports of safety
concerns, though they have not faced major recalls,
perhaps due to their relatively recent advent and lim-
ited market penetration. Nonetheless, the frequency of
their post-market device malfunction and reporting of
adverse events related to the devices shows that they
may have a tendency to undergo heating during or
shortly after MRI exposure (53-56). This issue poten-

tially indicates vulnerability in Nevro’s MRI-conditional
systems, which justifies further analysis to understand
key factors (57). Hagedorn et al (58) retrospectively
reviewed 327 patients implanted with Nevro's 10 kHz
systems and found that elevated lead impedance led
to MRI ineligibility in 4% of the patients. The authors
ascertained that there was no specific link to patient
demographics or implant factors. Interestingly, how-
ever, in the aforementioned article by Mullins et al (30),
Nevro’s leads were noted to have a relatively low inci-
dence of elevated lead impedance compared to other
those of manufacturers. While impedance and heating
issues were documented, they were less frequent, and
the study suggested that Nevro’s high-frequency (10
Khz) stimulation technology might contribute to better
lead stability and fewer impedance-related complica-
tions over time. However, ongoing monitoring is essen-
tial to ensure the long-term efficacy and safety of these
devices, particularly in MRI settings.

Nalu, Curonix, and Other Devices: Currently, no
significant safety concerns or failures under MRI con-
ditions have been reported widely in association with
several other SCS devices, including those from manu-
facturers like Nalu Medical, Curonix, and others. While
these devices are marketed as MRI-conditional and
have received FDA clearance for specific MRI use, the
available reports do not indicate widespread or critical
issues related to MRI safety. Again, this phenomenon
could be due to these devices' limited market share,
shorter presence, and shallower penetration into the
clinical space. Adverse events documented in databases
such as MAUDE typically focus on device functionality
or patient outcomes unrelated to MRI exposure. As a
result, these devices have not been subject to major
FDA recalls or widespread safety alerts concerning
their performance in MRI environments. Table 8 and
9 list the MRI-conditional SCS of Nevro and Curonix
devices that have defined safety parameters for their
MRI-conditional use.

Publications by Mullins et al (30) and Jotwani et
al (57) provide an overview of impedance-related chal-
lenges and considerations. Mullins et al (30) noted that
a significant percentage of SCS devices from various
manufacturers, including Nevro, Abbott, Boston Sci-
entific, and others, showed elevated lead impedances
over time, which could compromise those devices’
MRI-conditional status, potentially making them in-
eligible for MRI procedures under certain conditions
(30). The authors concluded that if a patient was likely
to undergo MRI in the future, patients and clinicians
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should consider implanting impedance-independent
MRI-conditional systems, such as Medtronic SureScan™,
and the possible failure of MRI conditionality should
be incorporated routinely into patient consent prior to
the implantation. The 2021 paper by Jotwani et al (57)
focuses on impedance-related complications to MRI
safety in SCS devices manufactured by Medtronic and
Boston Scientific (57). Jotwani et al’s (57) report pres-
ents the overall details of a study involving 3 cases in
which elevated lead impedance in Medtronic's Intellis
and Boston Scientific’s Precision models resulted in pa-
tients being ineligible for MRI scans despite those mod-
els’ MRI-conditional status. Unfortunately, Jotwani et
al (57) did not specifically indicate which devices were
associated with each case or with the details of which
adverse event. The findings from their study necessitat-
ed either alternative imaging techniques and/or device
explantation. The paper emphasizes that lead design
and individual patient factors can influence impedance
levels over time, affecting the MRI-conditional status
of these devices, and stresses the need for continuous
impedance monitoring to maintain MRI safety.

These issues, though relatively rare, indicate that
MRI procedures can pose risks of heating and unin-
tended stimulation, which may affect patients’ safety.
Case studies and review articles suggest that while MRI-
compatible SCS devices generally perform well under
the approved conditions, there are instances in which
high impedance or device-specific limitations can pre-
vent safe MRI scans, leading to alternative diagnostic
approaches or, in some cases, the explanation of the
SCS system. In terms of the overall performance of SCS
technology, reports indicate that these devices, while
beneficial, have documented adverse events, indicating
a significant rate of device malfunctions that lead to
surgical interventions, highlighting areas for ongoing
technological improvements in MRI-conditional SCS
systems (59,60).

While there are still several instances of MRI-condi-
tional devices posing safety failures, malfunctions, and
image distortions, qualitative deduction may indicate
that these incidents represent a very small proportion
of the cases reported and an even smaller proportion
of the broader SCS patient population. To the best of
our knowledge, there have been no widespread re-
ports to date of heating, displacement of the device,
or significant MRI image distortion directly caused by
the devices under normal operation conditions, which
suggests that these devices’ core MRI compatibility fea-
tures perform as expected in preventing these specific

types of incidents. Although these failures highlight
critical risks associated with the MRI-conditional de-
vices manufactured by the major brands, real-world
clinical data provides additional context on MRI safety
outcomes in patients with both MRI-conditional and
non-MRI-approved SCS systems. For example, though
Abbott devices have appeared prominently in the con-
text of malfunctioning SCS system, a report by Reining
et al (61) paints an interesting picture: A retrospective
analysis of 149 MRI scans of 86 patients with Abbott
SCS devices (2011-2019) found that only 10.1% of the
implanted devices were officially MRI approved at the
time of scanning. Despite this figure, the overall com-
plication rate was 8.1%, with no serious adverse events
reported. These findings suggest that, when strict
safety protocols are followed, MRI can be performed
on non-MRI-approved SCS devices without significant
risk, though this should not be interpreted as justifica-
tion for routine MRI on nonconditional devices.

This outcome aligns with the ongoing efforts to
enhance device safety and MRI compatibility in modern
SCS systems, ensuring that they can be used safely in
conjunction with MRI scans when the specified guide-
lines and precautions are followed. Our literature
review indicates a consistent theme of earlier versions
of SCS devices facing challenges with MRI procedures,
including heating, potential displacement, and setting
changes. However, the lack of long-term effects of
the safety profiles of these devices, in addition to the
number of reported incidents (albeit very small) and
the potential for serious injury, presents a compelling
need for continued monitoring, rigorous post-market
surveillance, and further clinical research.

MRI Safety of SCS Leads

Though much attention is given to the IPGs when
evaluating MRI safety, the leads themselves might in-
troduce unique challenges that impact MRI compatibil-
ity, patient safety, and device longevity. The interaction
of MRI's magnetic and RF fields with implanted leads
can lead to excessive heating, unintended stimulation,
and loss of device function if impedance thresholds are
exceeded. The durability, design, and integrity of SCS
leads are key factors in ensuring that MRI scanning re-
mains a viable diagnostic option for patients implanted
with these devices. One of the primary considerations
in MRI safety is the impact of lead fractures or high im-
pedance on conditionality. Across major manufacturers,
MRI conditionality is typically voided if a lead fracture
occurs, since impedance changes can significantly alter
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the system’s response to RF energy. High impedance,
which can develop over time due to lead microfrac-
tures or insulation degradation, has been reported to
increase the risk of heating during MRI. While manu-
facturers such as Abbott, Boston Scientific, and Nevro
currently require intact leads within an acceptable im-
pedance range for MRI safety, Medtronic stands apart
as the only company that allows MRI scanning regard-
less of impedance status. Notably, Abbott has recently
sought FDA approval for MRI scanning with fractured
leads, which, if approved, could represent a significant
shift in MRI accessibility for SCS patients.

A secondary factor influencing MRI conditionality
is the potential for older leads to become MRI compat-
ible when paired with newer-generation IPGs. Some
manufacturers, such as Boston Scientific, allow certain
legacy leads to be used safely with newer MRI-condi-
tional IPGs. In contrast, other manufacturers retain
strict compatibility limitations, requiring that both the
leads and IPG be designed together for the sake of MRI
safety. This discrepancy in compatibility highlights the
importance of reviewing manufacturer guidelines for
specific model combinations rather than assuming that
an upgraded IPG confers MRI conditionality onto older
leads.

Another critical consideration is the process for
enabling and disabling MRI mode, which varies among
manufacturers. Some SCS systems, such as Boston Scien-
tific's WaveWriter™ Alpha, allow patients to activate
and exit MRI mode independently via their remote
controls, eliminating the need for a clinician or device
representative to intervene. Others, such as devices
manufactured by Abbott and Medtronic, require device
interrogation or impedance checks prior to MRI scan-
ning, with post-MRI system interrogation sometimes
necessary before resuming therapy. The need for these
extra steps can complicate access to MRI in emergency
or urgent care settings, wherein a device representa-
tive may not be immediately available.

Beyond these practical concerns, there is an
emerging discussion around long-term MRI safety in
SCS systems due to lead durability issues. Recent stud-
ies, including a 2023 report comparing the durabil-
ity of various manufacturers’ SCS-system leads to one
another, suggest that Boston Scientific leads exhibit
superior longevity over time, with Abbott and Nevro
leads showing higher rates of impedance-related com-
plications. Additionally, the Mullins MRI study found
that 43% of MRI-conditional leads from Abbott, Boston
Scientific, and Nevro develop impedance issues within

5 years, potentially compromising MRI eligibility (30).
These findings raise questions about whether MRI-
conditional labeling should account for the evolving
impedance status of leads over time, rather than as-
suming that a device remains MRI compatible for the
duration of its implantation.

Given these complexities, the role of SCS leads in
MRI conditionality warrants further in-depth explora-
tion. The present review focuses primarily on the MRI
compatibility of entire SCS systems, including manu-
facturer guidelines, operational considerations, and
regulatory updates. However, the authors recognize
that the topic of the design, impedance variability, and
durability of SCS-system leads and their direct impact
on MRl safety is an area of growing clinical significance.
To address this gap, a dedicated narrative review fo-
cusing exclusively on the MRI safety of SCS leads and
their durability and evolving conditionality status will
be submitted in a follow-up publication. This forthcom-
ing review will provide a detailed comparative analysis
of lead-specific considerations across manufacturers
and offer further insight into the ongoing challenges
associated with maintaining MRI accessibility for SCS
patients.

CONCLUSIONS

This review provides a comprehensive examina-
tion of the advancements in MRI-compatible SCS sys-
tems, focusing on the key technological innovations
and operational conditions that define their safety in
MRI environments. We have compiled detailed data on
various device models, their leads, and the specific MRI
operating conditions under which they are deemed
safe, covering brands such as Medtronic, Abbott, Bos-
ton Scientific, Nevro, and newer entrants like Saluda™
and Nalu. The review evaluates critical aspects such as
lead designs, static magnetic strength, specific absorp-
tion rates, and gradient slew rates, all of which con-
tribute to the devices’ performance during MRI proce-
dures. The analysis presented above also addresses the
instances of device malfunctions and safety failures
reported in post-market surveillance and regulatory
data. This information includes failures related to el-
evated lead impedance, heating during or after MRI
exposure, difficulties entering or exiting MRI modes,
and other operational challenges. We have identified
and discussed failures across multiple manufacturers,
including Abbott and Boston Scientific, which have
encountered glitches related to rechargeability, bat-
tery life, and lead impedance, sometimes leading to
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FDA recalls. Additionally, though their number was
relatively lower, some noteworthy reports concerning
Medtronic and Nevro devices were explored. In those
documents, certain frequently encountered condi-
tions led to adverse events that compromised MRI
safety. Our coverage of these device failures has high-
lighted the types of malfunctions that may occur in
these devices, such as heating, lead displacement, and
system lockups during MRI, offering a useful under-
standing of the risks the devices pose in MRI settings.
While these failures represent a small proportion of
the broader SCS-patient population, and SCS safety
profiles have improved significantly in recent years,
the potential for injury these devices pose underscores
the importance of adhering to guidelines during MRI

procedures. It should also be noted that the available
data on device failures and complications is inher-
ently limited by underreporting and undercounting
in regulatory databases and published literature.
Because adverse event reporting is often voluntary or
inconsistent across different surveillance systems, the
true frequency of MRI-related complications may be
underestimated. The aim of the present effort is to
serve as an overall qualitative introduction to MRI-
conditional SCS systems and the key considerations
associated with them and to summarize the current
state of MRI safety in SCS IPG technology.
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